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ABSTRACT. We investigated the peptiddd-acetyl-AWYIK-amide andN-acetyl-VWYIK-amide corre-
sponding to single amino acid substitutions in LWYIK, a segment found in the gp41 protein of HIV and
believed to play a role in sequestering this protein to a cholesterol-rich domain in the membrane. The
effects of these peptides on the thermotropic phase transitions of 1-stearoyl-2-oleoylphosphatidylcholine
(SOPC) and mixtures of SOPC and cholesterol were intermediate between that having the wild-type
sequence (LWYIK) and another (IWYIK), the least active peptide previously studied. This correlated
with results from studies of single mutations in the gp41 protein of HIV-1, in whithdf the LWYIK
segment is replaced with either A or V, measuring the capability of TZM-BL HelLa-based HIV-1 indicator
cells to form syncytia. The peptides were also comparatively analyzed in silico. All together, the results
suggest that the mode of interaction of this region of gp41l with the polar heads of membrane lipids
contributes to its cholesterol selectivity and that this is somehow related to the biological activity of the
viral glycoprotein.

The ectodomain adjacent to the single transmembrane helixwith the property to bind to cholesterol-hemisuccinate
of the gp41 protein of HIV has the sequence KWASLWN- agarosed). In addition, we showed that the peptideacetyl-
WENITNWLWYIK and is referred to as the Trp-rich LWYIK-amide caused the redistribution of cholesterol into
juxtamembrane segment. Mutations in this region reduce domains and that cholesterol facilitated the insertion of the
infectivity, indicating a role in viral entryl). It has recently peptide into a membrand)( The segment LWYIK is called
been suggested that the fusion peptide-proximal polar seg-a CRAC motif, and it is found in several proteins that interact
ment and the Trp-rich juxtamembrane segment interact with cholesterol. A CRAC motif is defined as a sequence
during the fusion procesg). The carboxyl terminus of this  pattern -LIV-(X)1-5Y-(X) 1-5-R/K-, in which (-X-)1-s
juxtamembrane region is LWYIK. This segment is highly represents between one to five residues of any amino acid
conserved among HIV-1 strains. LWYIK has been shown (5). The loose requirements for a CRAC domain predicts
in other contexts to play a role in cholesterol recognition. that a large number of sequences would favor interaction
Linking LWYIK to the maltose binding protein endows it with cholesterol §). We have begun to test the accuracy of
the CRAC motif for predicting cholesterol binding by
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but is not present among the sequences of gp41 of knownlated structures, the 100 most stable are sorted, compared
strains of HIV. In contrast, AWYIK does not comply with by structure fitting and clustered by rms deviation less than
the rules for a CRAC motif and is less hydrophobic. VWYIK 1 A. Each cluster is represented by its lowest energy model.
is also slightly less hydrophobic than the wild-type LWYIK, Calculations are run in water, in lipids, and at a membrane
having one less CHgroup, and it is also more conforma- interface. All cluster models are tested for membrane
tionally restricted, having two methyl substitutions on the insertion.

p-carbon. The present studies will address the question of (ii) Membrane Insertionlnsertion into the membrane was
whether L is the only residue that can be accommodated intested with the IMPALA systematic progranif). The

this position without significant loss of function, either with  minimal restraint energy profile of insertion of each peptide

regard to cholesterol sequestration or fusogenicity. into the membrane was determined by inserting separately
the previously selected structures in the membrane. Each
MATERIALS AND METHODS molecule was moved everl A step across the bilayer (

axis) and was rotated in thex plane (5000 positions over
360°) at each step. The insertion profile of one peptide in
the membrane was set as the combination of the minima at
' all steps; hence, the profile could account for a different
structure and a different angle of insertion at each level of

Materials. The peptides are al-acetyl-peptide-amides,
i.e., blocked at the terminal amino and carboxyl groups. The
peptides were synthesized by Synbiosci Corp. (Livermore
CA) and purified by HPLC to>95% purity. Phospholipids
and cholesterol were purchased from Avanti Polar Lipids the membrane.

(Alabaster, AL). o (iii) Cholesterol-Peptide InteractionsDetermining the
Preparation of Samples for DSGPhospholipid and  jnteractions of the most stable conformation of each peptide

cholesterol were codissolved in chloroform/methanol (2/1, in a2 membrane with cholesterol extended the analysis. The

v/v). For samples containing peptide, an aliquot of a solution past IMPALA position was used for each peptide conforma-

of the peptide in methanol was added to the lipid solution o and the best position for the cholesterol in the membrane.
in chloroform/methanol. The solvent was then evaporated The two molecules were tested in the calculation varying

under a stream of nitrogen with constant rotation of a test e position of cholesterol in the verticat-gxis) and
tube so as to deposit a uniform film of lipid over the bottom pqrizontal (around the CRAC peptide) directions as well as
third of_the tube. The last t_races of solvent were removed by self-rotation around the long axis of cholesterol. All
by placing the tube under high vacuum for at least 3 h. The ogether 5720 400 relative positions between each peptide
lipid film was then hydrated with 20 mM PIPES, 1 MM conformation and sterol were tested to finally retain the
EDTA, 150 mM NaCl with 0.002% NaN(pH 7.40) and  conformation of maximal intermolecular interactions. The
suspended by intermittent vortexing and heating t6°60  pest complex among all complexes formed was evaluated
over a period of 2 min under argon. on the basis of it having optimal (i.e., minimal) values of
Differential Scanning Calorimetry (DSCMeasurements  intra- and intermolecule energies.
were made using a Nano differential scanning calorimeter  Cell—Cell Fusion. (i) Cell Culture 293T and TZM-BL
(Calorimetry Sciences Corp., Lindon, UT). The scan rate was cells were used for fusion assays. TZM-BL Hela-based
2 °C/min and there was a delay of 5 min between sequential H|V-1 indicator cells {7) that show a high susceptibility to
scans in a series to allow for thermal equilibration. The H|V-1 infection were kindly provided by Tranzyme Inc.,
features of the design of this instrument have been describedBirmingham, AL. These cells contain reporter genes, lu-
(8). DSC curves were analyzed by using the fitting program ciferase, andg-galactosidase, that are expressed in the
DA-2, provided by Microcal Inc. (Northampton, MA), and  presence of Tat, under the influence of HIV-1 LTR. Cells
plotted with Origin, version 5.0. were subcultured every-34 days by trypsinization and
Modeling (i) Structure PropertiesA search was made maintained in Dulbecco’s modified Eagle medium (DMEM)
for the most favorable conformation of each of the peptides supplemented with 10% fetal bovine serum and antibiotics.
by using PepLook9). The energy of peptide conformations (i) Mutagenesis and Plasmid Vectowsn NL4.3 (labora-
is calculated by an all atom description of structures with tory-adapted X4 strairfpnl—BanH|I envelope fragment was
the addition of van der Waals, electrostatic, and internal and cloned into vector pSP72. Mutations L679A and L679V of
external hydrophobicity energy terms. The van der Waals the HIV-1 membrane-proximal external region (MPER) were
contribution was calculated using the 6-12 Lennard-Jonesdesigned using QuikChange (Stratagene, La Jolla, CA). The
description of the energy of interactions between unbondedmutated envelope gene fragment was subsequently poly-
atoms (0). The Coulomb’s equation was used for electro- merase chain reaction amplified and cloned into pCDNA3.1/
static interactions between unbonded charged atoms with av5-His-TOPO as per the manufacturer’s instructions (Invit-
dielectric “constant” sigmoidally varying from 1 to 80 for rogen, Carlsbad, CA).
the region between atoms and using FCPAC partial atomic (i) Cell =Ccell Fusion Assay293T cells were transfected
charges11). The intramolecular hydrophobicity contribution = with pCDNA constructs expressing wild-type and mutant
to stability was calculated using atomic Etr (energy of HIV-1 envelopes using Fugene 6 transfection reagent (Roche
transfer) and the fractions of atomic surface covered by the Diagnostics Corp., Indianapolis, IN). Twenty hours post-
atoms in interactions. Seven atomic types are used fortransfection, they were mixed in a 1:5 ratio with TZM-BL
calculating Etr {2). When structures are calculated in water, cells and replated in 24-well plates. After 20 h, the cells were
the contribution of solvent is accounted for by an external microscopically examined for fusion by counting the blue
hydrophobicity energy term where the solvent-accessible syncytia and the number of nuclei/syncytium following
surface of atoms is calculated by the method of Shrake andaddition of 5-bromo-4-chloro-3-indoly$-b-galactopyrano-
Rupley with 162 pointsi3—15). From the 500 000 calcu- side (X-gal; Promega, Madison, WI) as described by
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Table 1: Effect of Various Peptidesn Enthalpies of the Chain Table 2: Effect of Various Peptidesn Enthalpies of the Chain
Melting Transition of SOPC (cal/mol SOPC) Melting Transition of SOPC/Cholesterol (7/3) (cal/mol SOPC)
mol % mol %
peptide LWYIKP IWYIK ® VWYIK AWYIK peptide LWYIK® IWYIK P VWYIK AWYIK
0 3800 0 520
5 3800 3600 2500 3500 5 1000 ~0 70 150
10 3800 3200 2000 2500 10 1100 ~0 200 250
15 3800 2600 2000 2400 15 1200 ~0 60 150
2 Peptides ard-acetyl-peptide-amide8.Data taken from re¥. a peptides ard\-acetyl-peptide-amideg.Data taken from ref.

Kimpton and Emermani@). Fusion was also evaluated by of 7/3, no cholesterol crystals, or at most traces of crystalline
measuring luciferase activity (Luciferase Assay System, cholesterol, are found with the lipid alone or in the presence

Promega) according to the manufacturer's protocol. All ©f Up to 15 mol % of any of the peptides. However, at a
fusion assays were done in triplicate. SOPC/cholesterol molar ratio of 6/4, anhydrous cholesterol

crystals can be detected withacetyl-AWYIK-amide as well
asN-acetyl-LWYIK-amide. At a 1:1 mixture of SOPC and
cholesterol there is still no deposition of cholesterol in the
absence of peptide, but with this lipid mixture, none or only
a trace of crystalline cholesterol is found wilracetyl-

(iv) Cell Surface Expression of krProteins.The pCD-
NA3.1 vectors encoding WT and mutant Envs were trans-
fected into 293T cells in six-well plates. At 360 h post-
transfection, the cells were trypsinized and washed in flow
cytometry buffer (PBS with 0.1% BSA and 0.1% NgN . ) . X
Cells were resuspended in 50Q of buffer. Cell-surface- AWYIK-amide or with N-acetyl-VWYIK-amide. This be-

associated Env molecules were fluorescently labeled by havior is different from that ofN-acetyl-LWYIK-amide,
incubating 10QuL of harvested 293T cells with 0,5g/mL which does cause the deposition of cholesterol crystals with
of gp120-specific b12 (a gift from Dr. Dennis Burton, Scripps th'stl.'g'd mixture @). 'I;hertﬁ ar]? two tmecha]c\nlshmls b{ WT'thh
Research Institute, La Jolla, CA) at room temperature for 1 pept _es. can promote he Tormation Of cholesterol-ric
h. This antibody had been labeled with Alexa Fluorg47 domains: one is by preferentially binding to these domains
(Invitrogen) according to the manufacturer’s instructions. The and stab|I|2|ng them and the other IS b_y b.emg excluded from
Env staining was evaluated by flow cytometry with FAC- these doma|_ns and preferentially blnd|_ng to choleste_rol-
SCalibur (Becton Dickinson, Franklin Lakes, NJ); the data depleted regions of the membrane, forcing cholester_ol Into
were analyzed using FloJo software version 8.2 (Tree StaranOther region of the _memb_ran@Z][. From the f°f_m?‘“°”_
Inc., Ashland, OR), and the mean fluorescence intensity of cholesterol crystalllte_s it is not possible to dlst|_ngwsh
(MFI) was calculated from the acquisition of at least 30 000 between these two possibilities. In the case of peptides that

gated events. Nonspecific background fluorescence due toSequester into cholesterol-rich domains, they will only cause

; the formation of cholesterol crystallites from the fraction of
the secondary antibody was subtracted from the MFIs. . i )
y y cholesterol that the peptide is not directly bound to.

RESULTS Cholesterol that is bound to peptide has a lower probability
of forming crystals. In the case df-acetyl-AWYIK-amide,
DSC.DSC can be used to assess the effect of peptides onthe amount of cholesterol crystals formed does not increase
the miscibility of cholesterol and SOPQY). In the presence  proportionally to peptide concentration. Thus, although there
of cholesterol, the melting transition of SOPC is broader and is some formation of cholesterol crystals witacetyl-
has a reduced transition enthalpy. If a peptide promotes theAWYIK-amide and N-acetyl-VWYIK-amide, as indicated
rearrangement of cholesterol into cholesterol-rich domains, by the characteristic different temperatures of the transition
the remaining SOPC-rich domains will exhibit a more on heating and cooling, it is much less than that previously
cooperative (sharper) phase transition of higher enthalpy.found with N-acetyl-LWYIK-amide @).
With SOPC, this is most easily discerned in the cooling scans  Modeling 3D structures of the four peptides were calcu-
because of the low transition temperature of this phospho-lated in conditions of hydrophilic, interfacial, and hydro-
lipid. The phase behavior of SOPC with several mole phobic media. Their intrinsic stability were analyzed on the
fractions of cholesterol in the presence of different mole basis of mean force potential (MFP) and electrostatic

fractions ofN-acetyl-LWYIK-amide @) or N-acetyl-IWYIK- potential of all models in the different medium (Figures 1
amide () has been presented. In this work, we compare the and 2). The mean MFP values of the LWYIK models at the
effects of N-acetyl-AWYIK-amide andN-acetyl-VWY K- interface are the largest, supporting the conclusion that this
amide with those oN-acetyl-LWYIK-amide and\-acetyl- peptide has the best possibilities of intrinsic stability
IWYIK-amide on the enthalpies of SOPC (Table 1) or with especially in a membrane interface (Figure 1). The models
SOPC/cholesterol (7/3) (Table 2). of IWYIK, AWYIK, and VWYIK elicit higher MFP values

Another consequence of the formation of cholesterol-rich and no clear difference in the different media. MFP values
domains can be that the sterol passes its solubility limit in a are poorly representative of electrostatic interactions, because
region of the membrane, forming crystallites. Anhydrous in peptides, as in proteins, interactions between charged
crystalline cholesterol is known to undergo a crystalline atoms are less frequent than interactions between apolar
polymorphic phase transition at 3€ on heating and at 23 atoms. Hence, we specifically examined intramolecular
°C on cooling at a scan rate of/ghin (20), with an enthalpy electrostatic interactions. Differences in electrostatic intramo-
of 910 cal/mol R1). This hysteresis is characteristic of lecular interactions can only be due to differences in peptide
anhydrous cholesterol crystals and provides a criterion for conformations, since the sequences differ by a noncharged
identifying its presence. At a SOPC/cholesterol molar ratio side chain. Here again, LWYIK at the interface has the best
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Ficure 3: Restraint value of peptide traversing across a membrane;
-150 1 In this plot, thez-axis is perpendicular to the membrane surface
(angstroms), zero being the membrane center and 18.5 A the
-155 | membrane/water interface. The systematic procedure of IMPALA
is run as described in Methods and Materials. The plot shows the
-160 envelop of minimal restraint energy (kcal/mol) that combines the

results obtained with all models of structures obtained with

Ficure 1: Mean force potential values of all calculated 3D models PepLook. Thez value maps the peptide mass center.

of AWYIK, VWYIK, LWYIK, and IWYIK (mean + SD of 99
models). Models were calculated using the Boltzmann stochastic . .
procedure of PepLook9] in hydrophilic (water), hydrophobic All models were tested in a membrane by a systematic
(lipids), and interfacial conditions. MFP values of peptides (kcal) procedure that forces the molecule across the bilayer and
were calculated by summing the MFP values of each amino acid. ca|culates the restraint energy envelope. The restraint
ltr(l)emla;:]ttte(arn\;\/catlisoI(q:glsvlftlﬁtgdcﬂz?fgdli\g;iggn(;tlggs@oll(escnblng atom envelope of a pept_ide was derived _from the in_sertion of all
models by assuming that a peptide can shift from one
conformation to another at any membrane level to fit the
external medium optimally. Using reference Etr values of
amino acids calculated from atomic E&3}, the elongated
common WYIK sequence fragment has a slightly positive
transfer energy 3.96 kcal/mol) and hence is slightly
hydrophilic. Adding a hydrophobic N-end and folding the
structure to bury one or the other chemical moiety will

AWYIK
VWYIK

IWYIK

7722222222222

< 40 | determine differences in solubility.

E The differences in restraint profiles of the peptides are

o OWATER small (Figure 3). All models of peptides prefer being at the

a -60 NINTERFACE , - : Iy

2 > interface rather than in water or in the lipid core. The most

E WLIPIDS stable at the interface is IWYIK, the difference with LWYIK

8 -80 being small. Next we analyzed the cholestef@éptide

E interaction: all peptides generated electrostatic interactions
9 100 with the OH polar head of cholesterol, at least as a H-donor
w

or as a H-acceptor, but none was simultaneously a H-acceptor
and donor as previously found for LWYIK. This is not due
-120 to the location of polar atoms because all peptides locate
several of their backbone atoms in the interface. It is obvious
140 that the 3D folding of the peptides’ fragment is crucial to

Ficure 2: Intramolecular electrostatic interactions of the 3D models regulate the apparent hydI‘Oph.O.bICIty, and changlng the II\I-.end
of AWYIK, VWYIK, LWYIK, and IWYIK calculated using  changes both the hydrophobicity and the folding plasticity.
PepLook (meant: SD). Models were calculated as described in  Mutagenesis of the Membrane-Proximal External Region
Figure 1. The electrostatic energy of interaction (kcal) were (MPER) of HIV-1 gp4l.We examined the effects of
calculated by summing the contribution calculated for each atom. . . . .
Atom contribution was calculated using a Coulomb energy function, Mutations in the LWYIK segment in the context of the entire
the FCPAC partial atomic chargead], and a sigmoidal variation ~ HIV-1 Env. This peptide is part of the HIV-1 MPER in the

of the dielectric constant with interatomic distance. gp41 ectodomain whose crucial role in viral fusion has been
establishedk). We employed the QuikChange mutagenesis
method to substitute leucine (L) at position 679 with either
alanine (A) or valine (V). The mutation was introduced in
the Kpnl—BanH| NL4.3 envelope fragment that had been
subcloned into vector pSP72. The mutated envelope fragment
was then subcloned into the envelope expression vector

intrinsic stability in electrostatic interactions, although the
differences are less marked because fluctuations between th
different models of a peptide are larger than fluctuations of
MFP (Figure 2 compared to Figure 1).
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Ficure 4: Cell—cell fusion assays of wild-type and MPER mutants L679V, L679A, and L679l. Data shown are the average of three
experiments, for each of which samples were run in duplicate. The number of syncytia per well was determined by counting the syncytia
in each well (24-well plate) and averaging the total for each mutant. The number of nuclei per syncytium was determined by counting the
nuclei in 20 syncytia per well. Luciferase activity (RLU, relative light units) was determined as per the manufacturer’s instructions and
normalized as a percentage of that observed with the wild-type.

pPCDNA3.1/V5-His-TOPO. All mutations were confirmed by
sequencing. entially locate at the interface, but IWYIK eliminates this

Effects on Cel-Cell Fusion.The fusion efficiency of all transition completely, in contrast with LWYIK, which
three mutations of L679 was between 69 and 79% that of enhances the transition enthalpy (Table 2). A decrease in
the wild-type protein, as assessed by the luciferase assayhe transition enthalpy would not be caused by the redistribu-
(Figure 4). The L6791 mutant showed the least fusion, while tion of cholesterol but rather more likely by the peptide
the L679A and L679V showed similar patterns (A being interacting with both lipid components and broadening the
slightly higher than V). The3-galactosidase assay gave transition. This effect is stronger for IWYIK than for either
similar results (Figure 4, number of syncytia per well). The VWYIK or AWYIK. Interestingly, we noticed that IWYIK
average number of nuclei per syncytium is lowest for | and has the largest diversity in structure diversity at the interface.
highest for A (Figure 4). Indeed, we previously reported that IWYIK has less structural

Cell Surface Expression of zrProteins.In our earlier diversity in the hydrophobic medium, and this is true in the
study of the L6791 mutation, we did not assess the level of present calculations, too. However, surprisingly and unlike
surface expression of the protein in the transfected c8lls (  the other peptides, IWYIK shows five different structures
In the present study, we show that there is only a small at the interface, whereas there are only two for LWYIK and
reduction in cell surface expression of any of the mutants, three for AWYIK and VWYIK (Figure 5).

relative to the WIId-type protein taken as 100%. EXpI'ESSiOH Thus, Connecting experimenta| and mode"ng data m|ght
levels for the mutant (as % of wild type) were 2913 for make sense if one considers that the structural diversity of
L679A, 77+ 12 for L679V, and 73+ 11 for L679I. IWYIK opens it to the capacity to bind either PC or
cholesterol polar heads, whereas LWYIK has an optimal
DISCUSSION binding cavity for the polar head of cholesterol with a well-

Among the sequences LWYIK, IWYIK, VWYIK, and  Positioned H-donor and H-acceptor. Hence, LWYIK selec-
AWYIK, the one that exhibits the greatest selectivity for tvity would be linked to a more fitted interaction for
cholesterol over phosphatidylcholine is the wild-type se- cholesterol, whereas the other peptides will interact either
quence, LWYIK. TheN-acetyl-LWYIK-amide is the only ~ @s H-donor or as H-acceptor with cholesterol and as H-donor
one that does not lower the enthalpy of pure SOPC, even atWith the phosphatidylcholine polar head.

15 mol % peptide (Table 1). In additioN-acetyl-LWYIK- This group of four peptides has an interesting relationship
amide is the only peptide that, in mixtures of SOPC and to the algorithm predicting “CRAC sequences” that interact
cholesterol at a 7:3 molar ratio, causes the enthalpy of thewith cholesterol-rich domains). The wild-type sequence,
SOPC transition to increase (Table 2). Thus, LWYIK exhibits LWYIK, was identified as a cholesterol-interacting segment
preferential interaction with cholesterol-rich domains, result- because it fulfilled the requirements of a CRAC domain (
ing in a clearing of part of the membrane from cholesterol. However, VWYIK also corresponds to a CRAC segment,

The VWYIK and AWYIK peptides have behavior thatis yet it is much less potent than LWYIK in preferentially

intermediate between those of LWYIK and IWYIK with interacting with cholesterol and is similar in this regard to

in SOPC/cholesterol 7/3. IWYIK and LWYIK also prefer-

mixtures of SOPC and cholesterol (Table 2). VWYIK and
AWYIK preferentially locate at the membrane interface and
both induce only partial loss of the SOPC transition enthalpy

AWYIK, which is not a CRAC sequence. Hence, the CRAC
algorithm simply restricted to a sequence motif is useful for
suggesting potential protein segments but lacks the 3D
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Ficure 5: LWYIK and IWYIK PepLook models of 3D structures at the interface. As explained in methods, the 99 structures selected with
PepLook were clustered into subpopulations on the basis of a structure fitting and rms devidtior. Each cluster is represented by

its model of lower intramolecular and membrane restraint energies. On the left, the two models of LWYIK clusters, on the right, the five
models of IWYIK clusters. Models are shown according to their position at the interface (up is hydrophobic, down is hydrophilic). (Top)
The atomic structures; the backbone is fitted by a tube (red for the Prime structure, gray for the others). (Bottom) The MHP surfaces
(molecular hydrophobicity potential); the hydrophilic isopotential surface of 0.1 kcal/mol is green, and the hydrophobic isopotential surface
of —0.1 kcal/mol is brown. MHP surfaces are calculated by taking into account the contribution of all atoms as previously de&ribed (

elements important for specific sequences. Cholesterol Thus, the potency of a peptide or protein with Leu at
selectivity may require the capacity of the segment to form position 679 is greatest and that with lle is least active, with
a three-dimensional cavity for the cholesterol polar head. Ala and Val being intermediate. There is no simple rationale
There is very good phenomenological correlation between that can explain this order. Leu and lle are the most
the behavior of these protein segments with model mem- hydrophobic, both having four carbon atoms in t_he side chain,
branes with regard to interaction with cholesterol and the Y&t they represent the two extremes of activity. The least
fusogenic potency of mutant forms of the gp41 protein of hydrophobic amino acid is Ala, and this residue makes a
HIV expressed in cells. One would not expect an exact More fusogenic protein than lle. The t@ebranched residues
agreement, as other factors in addition to cholesterol interac-uhseoI are lle and \:ﬁ# yet tr:cey glvhe pro_t?]ln/il andh pelptldes
tions undoubtedly affect fusogenic activity. We have previ- that are not very di erent from t at wit a, the least
ously shown that the L6791 mutant of gp41, containing the sgpstltuted residue used. Interestingly, the reduceq fusoge-
protein segment IWYIK, had significantly less fusogenic nicity of .the mu.tant forms of gp4l cqrrelates .W'th the
activity compared with the wild type proteii)( Two newly lowered Interaction O.f _the _correspondlng peptides with
constructed mutant forms of gp41 were expressed, L679V cholesterol in simple lipid mixtures.
and L679A. These new constructs also showed reducedREFERENCES
fusogenicity, but the loss of activity was somewhat less than

for L6791 (Figure 4). A previous report, qualitatively showing 1. Salzwedel, K., West, J. T., and Hunter, E. (1999) A conserved
reduced fusogenicity of the L679A mutant, agrees with the tryptophan-rich motif in the membrane-proximal region of the

present result4). The difference in cell surface expression human immunodeficiency virus type 1 gp4l ectodomain is
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