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The secondary structure of the precursor (gpl60) of the envelope protein of human immunodeficiency virus
type 1 (BH10) and its receptor-binding subunit (gpl20) was studied by Fourier-transformed attenuated total
reflection spectroscopy. A higher at-helix/P-sheet ratio in the gpl20 subunit than in the precursor indicates a
structural heterogeneity between the two subunits (gp120 and gp4l), in agreement with classical secondary-
structure predictions. The secondary structure of gp4l was estimated and compared with existing models. The
high a-helical content in gp4l and the dominant I-sheet content in gpl20 resemble the distribution in influenza
virus hemagglutinin subunits.

Knowledge of the structure of the human immunodefi-
ciency virus (HIV) envelope glycoproteins is essential to the
understanding of viral pathogenesis and infectivity at the
molecular level. Although the primary sequence has been
determined for many strains of HIV, little is known about
the molecular structure of HIV envelope proteins.

Specific mutagenesis and epitope mapping have permitted
identification of sites involved in CD4 recognition (20, 26, 27,
31), in transmembrane and surface subunit interactions (18),
and in the fusion of viral and cellular membranes (8, 9, 20).
However, on the basis of these indirect topological data,

establishment of an envelope glycoprotein molecular struc-
ture remains highly speculative. A major limiting step in
determining the tertiary structure of membrane proteins is
the difficulty encountered in obtaining crystals suitable for
high-resolution X-ray crystallography and in the present
case the fact that the envelope glycoprotein of HIV is made
of a transmembrane-surface protein complex. Since crystal-
lographic data about the envelope proteins of HIV are
missing, precise information about structural features such
as secondary structure could be useful for comparison with
proteins of well-known structure. However, the turbidity of
membrane systems prevents them from being analyzed by
spectroscopic methods using UV or visible light. Infrared
(IR) spectroscopy has been shown to be well designed for
studying the structure of proteins and peptides in a lipid
environment (1, 3, 12, 13, 15, 28).
The scope of the present study is to determine by Fourier

transform IR (FTIR) spectroscopy the secondary structure
of the gp160 glycoprotein precursor of transmembrane
(gp4l) and surface (gp120) subunits of the HIV type 1
(HIV-1) envelope glycoprotein in a reconstituted system
preserving its CD4-binding capacity. Comparison of the
secondary structure of gp160 with the secondary structure of
one of its subunits, gp120, provides additional information
about the structure of the transmembrane subunit gp4l.

* Corresponding author.

MATERIALS AND METHODS

Materials. Detergents octylglucopyranoside (OGP), de-
oxycholate, and polyoxyethylene-sorbitan monolaurate
(Tween 20) were purchased from Sigma Chemicals (O 8001,
D 6750, and P 1379, respectively). Triton X-100 was a Merck
product (no. 11869).

Lipids DL-a-dimyristoylphosphatidylcholine (DMPC) and
cholesterol were from Sigma (P 0888 and C 8378). Tritiated
cholesterol (40 to 60 Ci/mmol) was from Amersham (TRK
330).

Soluble recombinant CD4 (sCD4) was a gift of R. Sweet
from Smith Kline & French Laboratories, Philadelphia, Pa.
gpl20 expressed in CHO cells (Celltech lot 10004542/52) was
a gift from H. C. Holmes (Medical Research Council [En-
gland] AIDS program).

Antibodies OKT4 and OKT4a were from Ortho Diagnos-
tics, anti-gp4l sheep antibody and anti-gp120 sheep antibody
were from Biochrom (D7323 and 7324), mouse monoclonal
anti-gp120 antibody was from Dupont, and biotinylated
sheep anti-mouse antibodies and biotinylated sheep anti-
human antibodies were from Amersham (RPN 1021 and
RPN 1003, respectively). The pool of human sera containing
antibodies against gpl60 was a gift from C. Bruck (Smith-
Kline-Beecham, Rixensart, Belgium).
Other reagents were streptavidin-peroxidase complex

(Amersham, RPN 1051), orthophenylenediamine dihydro-
chloride (Sigma, P 6787), trazilol (Aprotinin, Bayer), and
phenylmethylsulfonyl fluoride (Sigma, P 7626).

Purification of gpl60. Recombinant vaccinia virus carrying
the HIV (BH10) env gene was a gift from C. Bruck (Smith-
Kline-Beecham). HIV gpl60 envelope glycoprotein was
expressed in CV-1 cells by using the vaccinia virus env
recombinant and purified on lentil-lectin agarose and immu-
noaffinity columns (unpublished data). All the purification
steps were carried out in the presence of 1% OGP. Proteins
were eluted from the immunoaffinity column with a 0.150 M
KCl-1% OGP solution adjusted to pH 2.5 with HCl instead
of conventional elution buffers, which contain carboxylic

3552



SECONDARY STRUCTURE OF gpl6O AND gpl2O 3553

acids and strongly interfere with the IR spectrum of proteins
and which are difficult to remove completely in subsequent
steps. The gpl60 showed a single band with only minor
gpl20 contamination (less than 5%) on a sodium dodecyl
sulfate gel.
Formation of liposomes. The purified gp160 (30 ,ug/ml) was

solubilized in 1% OGP-1% deoxycholate-0.1 mM phenyl-
methylsulfonyl fluoride-100 U of trazilol per ml for 1 h at
room temperature. A lipid film was formed by evaporation
under nitrogen of a chloroform solution containing DMPC
and cholesterol in a 4:3 molar ratio and an aliquot of tritiated
cholesterol. Lipids were dispersed in phosphate-buffered
saline (PBS) containing 4% OGP; proteins were then added
(protein/lipid ratio, 1:1 [wt/wt]), and the mixture was incu-
bated for 40 min at 20°C.

Reconstitution of gp160 into liposomes was accomplished
after detergent removal by dialysis against PBS at 4°C for at
least 20 h. Protein-free liposomes (control experiment) were
formed by using exactly the same procedure except that viral
proteins were omitted. For IR measurements, further dialy-
sis was made against distilled water (see below).
CD4 binding to gpl60 liposomes. Liposomes were incu-

bated with sCD4 receptor at a ratio of 0.25 ,ug/p,g of gpl60
recombinant proteins (2 h at 20°C). gpl60 liposomes (100 ,ul)
were mixed with an equal volume of 80% sucrose in PBS in
a 4-ml Beckman centrifuge tube. A 30 to 20% continuous
sucrose gradient in PBS was overlaid. Centrifugation was
carried out at 120,000 x g for 16 h at 4°C in a Beckman
SW6OTi rotor. gpl60 and the gpl60-sCD4 complex were
detected by enzyme-linked immunosorbent assay (ELISA),
and lipids were detected by radioactivity counting (3H-
cholesterol). In control experiments, sCD4 was preincu-
bated with anti-CD4 monoclonal antibodies for 1 h at 20°C (5
,g of OKT4 or OKT4a per ml) to determine the specificity of
the CD4-gpl60 interaction.

Detection of gp160 and the gpl60-CD4 complex by ELISA.
Ninety-six-well immunoplates (Nunc) were coated overnight
at 4°C with 5 p,g of anti-gp41 sheep antibody per ml. After
saturation with PBS containing 4% newborn calf serum and
1% bovine serum albumin (saturation buffer), the sample
(gpl60 liposomes in 1% Triton X-100) was added to the
coated wells and incubated for 2 h at 20°C or overnight at
4°C. The second antibody (monoclonal anti-gpl20, used to
detect gpl60, or OKT4 anti-CD4, used to detect the gp160-
CD4 complex) was then added for 90 min at 37°C. Detection
was performed with 50 pl of a streptavidin-peroxidase com-
plex diluted 1:1,000 in saturation buffer (15-min incubation at
37°C, in the dark) after addition of the chromogenic substrate
orthophenylenediamine dihydrochloride at 0.4 mg/ml in 0.1
M citrate buffer, pH 4.5, and 0.03% hydrogen peroxide. The
optical density at 492 nm was measured within 1 h.

Preparation of sample for FTIR spectroscopy. Samples
were dialyzed in a microdialysis apparatus using an 8,000-
molecular-weight cutoff membrane (Pierce), first against
PBS (24 h), then against distilled water (48 h). The mem-
brane had been washed in distilled water and tested for the
absence of released compounds interfering with IR spectra.
Samples were dried at room temperature under a nitrogen

stream on a germanium plate (Harrick, EJ2121; 50 by 20 by
2 mm) for attenuated total reflection (ATR) measurement.
Only the excess of water was eliminated during the prepa-
ration of the sample, with the film remaining in the hydrated
state, as monitored by the 0-H stretching region of water
molecules around 3,300 cm-'. The aperture angle was 450,
yielding 25 internal reflections. The ATR plate had been
cleaned by sonication in detergent and rinsed sequentially

with distilled water, methanol, and chloroform. It was fur-
ther cleaned and made more hydrophilic after passage in a
plasma cleaner (Harrick, PDC-23G).
The ATR plate was sealed in a universal sample holder

(Perkin Elmer 186-0354), and H-D exchange was obtained by
flushing D20-saturated N2 for 3 to 5 h at room temperature
before measurement. The D20-H20 exchange process was
monitored by the change of the 0-H stretching band
around 3,300 cm-' into the 0-D band around 2,490 cm-'.
During this period of time, only readily accessible peptide
bonds are exchanged. Importantly, the random structure
shifts from about 1,655 cm-1 to about 1,640 cm-1 upon H-D
exchange, allowing differentiation of the a-helix from the
random structure. The ATR FTIR spectra were recorded on
a Perkin-Elmer 1720-X FTIR spectrophotometer equipped
with a liquid nitrogen-cooled mercury-cadmium telluride
detector. For each spectrum, 64 to 128 scan cycles were
averaged; at each cycle, the ratio of the sample spectrum to
the background spectrum of a clean germanium reference
ATR plate was determined by using a shuttle to move the
sample or the reference into the beam. Prior to sample
application, the baseline of the clean sample plate was
recorded for further spectrum correction. The spectra were
recorded at a nominal resolution of 4 cm-' and encoded
every 1 cm-1. None of the experimental spectra shown was
further smoothed. However, resolution-enhanced spectra
were submitted to an apodization procedure during Fourier
self-deconvolution (see below), resulting in smoothing of
very narrow peaks present in the background of experimen-
tal spectra (19). The spectrophotometer was continuously
purged with dry air to reduce water vapor absorption in the
spectral region of interest.

Secondary-structure determination. The secondary-struc-
ture determination procedure, based on the analysis of the
amide I' spectrum (1,600 to 1,700 cm-'), has been described
extensively (3, 12, 14). Self-deconvolution of the spectrum
was carried out by using a Lorentzian function for the
deconvolution and a Gaussian function for the apodization
(19). The k factor (the resolution enhancement factor) is
defined as the ratio of the full width at half height of the
deconvoluting Lorentzian curve to the full width at half
height of the Gaussian curve used for apodization. For the
curve-fitting procedure, the amide I' band was decomposed
into a series of Lorentzian bands assigned to individual
secondary-structure components. The initial positions of the
Lorentzian bands were those corresponding to maxima most
frequently appearing in protein spectra whose resolutions
have been enhanced by numerical treatment such as Fourier
self-deconvolution, as already described (12, 14). The pro-
portion of a particular secondary structure in the protein was
calculated as the sum of the areas of all the Lorentzian bands
falling in the frequency domain corresponding to that struc-
ture divided by the sum of the areas of all the Lorentzian
bands with maxima between 1,689 and 1,615 cm-1. The
amide I' band has been divided into several frequency
domains corresponding to different secondary structures.
The frequency limits for each structure were first assigned
according to data determined theoretically (21) or experi-
mentally (2). These limits were slightly adjusted to obtain a
good agreement between the percentage of each secondary
structure determined by IR spectroscopy and that deter-
mined by X-ray crystallographic data (22) for a set of purified
proteins (12).
The frequency limits (cm-') of the secondary structure

domains were as follows: a-helix, 1,661 to 1,647.5; p-sheet,
1,689 to 1,682 and 1,637.5 to 1,615; random, 1,644.5 to
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FIG. 1. Centrifugation (120,000 x g for 16 h at 4°C) of gpl60
liposomes or free liposomes (control) on a 40 to 2% sucrose
gradient. gpl60 was detected by ELISA, and lipids were detected by
radioactivity counting. Fractions were collected from the bottom of
the tube. OD, optical density.

1,637.5; turn, 1,682 to 1,661. The initial frequencies (cm-')
of the Lorentzian bands used to fit the spectrum were 1,695,
1,683, 1,678, 1,672, 1,664, 1,657, 1,648, 1,640, 1,632, and
1,624. Intensities were calculated as two-thirds of the spec-
trum intensity at the corresponding frequency, and the full
width at half height was set at 10 cm- . Lorentzian bands
whose surface contribution to the spectrum did not exceed
25% were rejected. Then, the frequency, intensity, and full
width at half height of each Lorentzian band were varied by
using a least-squares iterative procedure (12, 14) to fit the
experimental spectrum. For a quantitative evaluation of
secondary structure, we assumed that the integrated extinc-
tion coefficient of the amide group is equal for all types of
structures and all types of proteins and that the contribution
of side chains in the region of amide I can be neglected. As
a matter of fact, these approximations have not impeded the
correct estimation (within a small percentage) of the propor-
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tion of each secondary structure for a large number of
soluble proteins in several approaches essentially identical
to ours (2, 4, 29, 30).

RESULTS

Insertion of gpl60 into the lipid bilayer of liposomes and
CD4 binding. The precursor of the envelope glycoproteins of
HIV (gpl60) contains (at least) one predicted membrane-
spanning segment and aggregates in the absence of deter-
gents. Therefore, the secondary structure of purified gp160
was investigated after insertion into the phospholipid bilayer
of liposomes made of DMPC-cholesterol (molar ratio, 4:3).
The purified gp160 solubilized in 1% OGP-1% deoxycholate
was inserted into the lipid bilayer of liposomes by using the
detergent dialysis procedure (see Materials and Methods).
After centrifugation on a continuous density gradient (Fig.
1), all the gp160 had comigrated with liposomes (fractions 6
to 10), indicating quantitative reconstitution. As expected,
liposomes formed in the absence of proteins move at a lower
density (Fig. 1, fractions 10 to 12). The capability of gp160 to
bind to CD4 after reconstitution was tested as a further
indication that the reconstitution has been performed in
conditions that preserve this essential biological property of
gpl20. After incubation with sCD4, gp160 liposomes were
centrifuged in a continuous sucrose gradient. The sCD4-
gp160 liposome complex was identified by an ELISA specific
for sCD4 bound to gpl60 (Fig. 2a). To assess the specificity
of the binding, the anti-CD4 antibody OKT4a, which com-
petitively inhibits binding of CD4 to gp160, was preincubated
with CD4. OKT4a inhibited CD4 binding to gpl60 liposomes
(Fig. 2b), whereas OKT4 antibodies (these anti-CD4 anti-
bodies do not compete with gp160-CD4 binding) did not
prevent recognition (Fig. 2a), demonstrating that CD4 bind-
ing is specific.

Secondary-structure determination. The secondary struc-
ture of gpl60 and gp120 was evaluated on the basis of the
analysis of the FTIR spectra in the 1,700 to 1,600 cm-'
region. For proteins, the major contribution (80%) to this
spectral region originates from the C=O stretching of the
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FIG. 2. (a) Binding of CD4 to gpl60 liposomes. CD4 was preincubated with OKT4 and mixed with gpl60 liposomes as described in
Materials and Methods. Unbound CD4 was separated from gpl60 liposomes by sucrose gradient centrifugation (120,000 x g for 16 h at 4°C).
gpl60 and the gpl60-CD4 complex were detected by ELISA, and lipids were detected by radioactivity counting (3H-cholesterol). (b)
Inhibition of gpl60-CD4 binding by OKT4a. CD4 was preincubated with OKT4a prior to mixing with gpl60 liposomes as described in
Materials and Methods. OD, optical density. Fractions were collected from the bottom of the tube.
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FIG. 3. FTIR spectra (amide I' band, 1,600 to 1,700 cm-') of gp160 inserted into liposomes (a) and gpl20 (b). (c) Difference spectrum for
spectra a and b; (d) calculated spectrum for gp4l. Spectra are drawn at full scale. Frequency domains corresponding to different secondary
structures are delimited by vertical lines. To calculate spectrum c, the areas of spectra a and b were normalized prior to subtraction
(subtraction coefficient = 1). Areas corresponding to positive and negative surfaces are hatched, showing their respective contributions.
Spectrum d was calculated by the same method as spectrum c except for the subtraction coefficient, which is equal to the gp12O/gp16O peptide
length ratio (0.60).

peptide amide bond. Its vibrational frequency is very sensi-
tive to hydrogen bonding with other peptide groups or with
solvent and reflects the type of secondary structure in which
it is involved.
The gp160 shows a broad-band spectrum typical of pro-

teins, with a maximum around 1,645 cm-' and a shoulder in
the 1,625 to 1635 cm-' region (Fig. 3, spectrum a). The
amide I' band (1,600 to 1,700 cm- ) of gpl20 is characterized
by an asymmetric broad-band spectrum (Fig. 3, spectrum b),
with a maximum around 1,635 cm-' in a frequency domain
typical of 3-sheet-containing proteins. Comparison of the
gpl60 and gpl20 spectra (Fig. 3, spectra a and b) provides
evidence that the two proteins have different secondary-
structure contents, with gpl20 showing a higher 3-sheet
spectral component and its precursor, gpl60, containing a

higher a-helix component together with an important ,B-sheet
contribution. Resolution enhancement by Fourier self-de-
convolution separates the spectral components better and
further confirms this view (Fig. 4). To appreciate the differ-
ences between gpl60 and gpl20, a difference spectrum
(gpl60 versus gp120) was generated (Fig. 3, spectrum c).
Strong positive deviation in the a-helix region and negative
deviation in the 1-sheet regions of the difference spectrum
suggest that domains of gpl60 that are not part of the gpl20
subunit (i.e., the gp4l subunit) have a dominant a-helix
content (a quantitative estimate will be discussed below).
Figure 3 also shows the calculated spectrum (spectrum d) for
gp4l after subtraction of the gpl20 contribution from the
gpl60 spectrum, with the subtraction coefficient being equal
to the gpl2O-gpl6O polypeptide length ratio.
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FIG. 4. Enhancement of resolution by Fourier self-deconvolution of the gp160 (a) and gp120 (b) spectra. Spectra are drawn with increasing

resolution factors (k). Frequency domains corresponding to different secondary structures are delimited by vertical lines.

The secondary structure of gpl20 and gpl60 was estimated
by applying the iterative curve-fitting procedure (see Mate-
rials and Methods) to the experimental (untreated) spectra of
Fig. 3 (spectra a and b). Figure 5 shows the Lorentzian bands
selected by the procedure and the resulting fitting. Table 1
gives the secondary-structure content deduced from the
curve fitting. With the data in Table 1, one can calculate a
p-sheet/a-helix ratio of 1.75 for gpl20 and 1.09 for gpl60,
indicating a structural heterogeneity inside the envelope
glycoprotein and suggesting that a large proportion of a-helix
should be associated with gp41. Assuming that the second-
ary structure of gpl20 in the precursor (gp160) and that in the
free form are nearly identical, one can deduce the contribu-
tion of gp41 to the secondary structure of gp160. The results
suggest a high a-helix/I-sheet ratio in gp41 (Table 1).

DISCUSSION

IR spectroscopy has been shown to be useful for analysis
of the secondary structure of proteins, especially membrane
proteins (3, 12-15, 32). It requires small amounts of protein
and is not subject to artifacts due to light scattering of
membrane systems such as those observed with circular
dichroism measurements.

In a recent study by Goormaghtigh et al. (12), it was
shown with a calibrating set of soluble proteins that IR data
analyzed by the procedure described in this article give a
correct estimation of a-helix and ,B-sheet structure contents
with a standard deviation of 8.6% (n = 28) when the
secondary structure parameters of Levitt and Greer (22) for
X-ray structures are taken as a reference. The procedure
applied to membrane proteins (12) gives results in good
agreement with available X-ray data (e.g., for bacterio-
rhodopsin and porin).
We have estimated the secondary structure of the HIV-1

envelope glycoprotein precursor (gpl60) and its gpl20 sub-
unit. The two glycoproteins were purified by the same
method (immunoaffinity), except that gpl60 was first prepu-
rified on a lentil-lectin column (see Materials and Methods),
and both recognized to the same extend recombinant sCD4.
Moreover, another gpl20, produced in a Drosophila expres-
sion system and purified by ion exchange chromatography
gave essentially the same secondary structure as that for the
gpl20 from CHO cells used in the present study (unpub-
lished data), showing that, in the present case, differences in
the expression system and purification protocol do not affect
the secondary structure. The estimated purity of protein
samples was 95% or higher, and spectra from different
purification batches were identical. Thus, the secondary-
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FIG. 5. Curve fitting of the amide I' spectra of gpl60 inserted into liposomes (a) and gpl20 (b). Individual Lorentzian components used
to fit the experimental curve are shown under the amide I' spectrum. The resulting curve is shown as a dotted line. Frequency domains
corresponding to different secondary structures are delimited by vertical dotted lines.
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TABLE 1. Secondary-structure contents of gpl60, gp120,
and gp4l

Content (%)a
Protein

a-Helix a-Sheet Coil Turn

gp160 32.0 29.4 16.5 22.1
gp120 21.7 37.9 16.4 24.0
gp4l 47.4 16.6 16.6 19.2

a The data for gpl60 inserted into liposomes and gp120 are tentative
determinations based on spectra a and b in Fig. 3. The data for the gp4l
subunit were calculated by subtracting the contribution of gp120 from the
value for gp160 for each type of structure. The subtraction coefficient was
estimated from the ratio of the polypeptide length of gpl20 to that of gp160.

structure data obtained are expected to reflect the real
structure reasonably well.
The envelope protein gpl60 was reconstituted into vesi-

cles that were dried onto a germanium plate, a process
known to orient bilayers parallel to the surface of the plate
(10). Therefore, the possibility that the protein has a prefer-
ential orientation relative to the normal axis to the plate
exists. This could tend to alter the relative intensities of
different structural components because of dichroism ef-
fects. However, analysis of spectra of aggregated gp160
(prepared in the absence of lipids), with gp160 being ran-
domly oriented, allows calculation of a secondary structure
in agreement with that of the reconstituted gpl60, indicating
that dichroism effects can be neglected in our system (data
not shown).
We have tried to use our secondary-structure data to

determine whether gp160 or gpl20 can be compared with
other proteins on a structural basis. It has been suggested
that gp120 displays some homologies with immunoglobulin
(Ig) (23) and class II major histocompatibility complex
antigen (35) and, as a ligand for CD4, could incorporate the
structural features of adhesion molecules and members of
the Ig superfamily. Class II major histocompatibility com-
plex constant regions are characterized by their 1-strand
conformation, which is a major feature of the Ig superfamily
(23). IR spectroscopy of extramembrane domains of class II
antigens as well as class I antigens, 2 microglobulin, and
IgG has shown (16) an important contribution of 1 strands to
their structure, in agreement with models proposed earlier.
The a-helical and ,B-sheet contents we found for gpl20 (21.7
and 37.9, respectively) are close to the values we obtained
for IgG and recombinant sCD4 by the same procedure as
that used for spectrum analysis (for IgG, a = 22.3% and S1
= 45.1%; for CD4, a = 20.2% and E1 = 38.1% [unpublished
data]). Thus, our data, although not sufficient to support the
hypothesis of an Ig-like structure for gpl20, are compatible
with such a structure.

In Table 1, the contribution of gp41 to the secondary
structure of gp160 was calculated assuming that the second-
ary structure of gpl20 in the precursor (gpl60) and that in the
free form are nearly identical. It seems difficult to imagine
that a drastic change in the global secondary structure would
occur upon cleavage of gpl60 while both gpl20 and gpl60
were able to bind CD4 and a series of anti-gpl20 antibodies
in ELISA (not shown). The estimated secondary-structure
content of gp41 (Table 1) confirms the high a-helical content
of this subunit. Indeed, gp4l contains a large number of
segments with a-helical propensity. The 684-to-705 region,
which is the most hydrophobic segment of at least 20
residues in the protein, is a putative transmembrane helical
segment as predicted by Venable et al. (33; also reference 6),

confirmed as a membrane anchor by experimental studies on
secretion of recombinant DNA constructs (5, 17). Two
amphipathic segments (772 to 790 and 828 to 848) lying in the
intracellular part of gp4l, although not predicted as purely
a-helical by classical algorithms (e.g., Chou-Fasman and
Garnier), have extraordinarily high helical hydrophobic mo-
ments (6), making them good candidates for a-helix forma-
tion, since peptides with such helical hydrophobic moments
almost invariably adopt an a-helical conformation in crystal
structure (7). These two peptides are thought to form sur-
face-seeking helices or a pair of antiparallel a-helices (33).
For the 828-to-855 region, the corresponding synthetic pep-
tide shows a cytolytic activity similar to that of a family of
peptides with a common a-helical motif (25). In addition to
the above-mentioned putative helices, Gallaher et al. (11)
proposed a model based mainly on classical algorithms and
experimental data which includes the 557-to-588, 624-to-636,
and 651-to-672 segments as additional a-helices. Finally,
experiments using synthetic peptides indicate that the N-ter-
minal fusion peptide adopts an a-helical conformation in a
hydrophobic environment and a 1-sheet structure in water
(24).
When all the putative a-helices mentioned above (684 to

705, 772 to 790, and 828 to 855 [33], 557 to 588, 624 to 636, and
651 to 672 [11], and the 16 N-terminal residues) are taken into
account, the proportion of a-helix in the gp41 subunit reaches
at least 41%, which is not very far from the 47.4% determined
by using IR data. A high a-helical content in the gp4l subunit
is also suggested if we apply classical secondary-structure
prediction methods to the whole gpl60 sequence. The Gamier
procedure gives 38.7 and 28.8% a-helix contents for the gp4l
and gpl20 subunits, respectively (with parameters adjusted to
fit the structure of proteins with a 20 to 50% a-helix content).
The Chou-Fasman procedure gives 32.9 and 25.5% a-helix
contents for gp4l and gpl20, respectively. Thus, all the
models and secondary-structure predictions mentioned above
are consistent with our experimental data, showing a higher
proportion of a-helix in the gp4l subunit.
Based on secondary-structure prediction, conserved cys-

teine position, glycosylation sites, immunologically relevant
epitopes, and local secondary-structure pattern, Gallaher et
al. (11) proposed a general structural model for the extracel-
lular domain of HIV-I gp4l subunit and transmembrane
proteins of other retroviruses, templated on the crystal struc-
ture of the influenza virus hemagglutinin 2 (HA2) subunit. The
model contains the fusion peptide, an amphipathic a-helix
extending towards the apex of the glycoprotein that might be
involved in homodimer formation, a dominant epitope, an
extended a-helix-coil region, an a-helical transmembrane
region, and a conserved turn just after the transmembrane
region. Our data suggest that the structural homology be-
tween the influenza virus HA and the HIV-1 glycoprotein can
be extended to the level of their subunits. As shown in the
crystal structure (34), the membrane-distal subunit, HAl, has
a high content of 1-strand structure while the membrane-
proximal subunit, HA2, is composed predominantly of a-he-
lix (the contribution of the transmembrane and short intracy-
toplasmic tail is not taken into account, since the crystal was
obtained from the extramembrane portion of HA).
The same kind of balance exists in HIV-1 envelope

glycoprotein: gpl20 contains a significantly higher amount of
1-strand than gp4l. It is, therefore, tempting to mention the
structural homology between the two glycoproteins, al-
though the viruses do not display the same cell tropism or
receptor specificity and are evolutionarily well separated.
Such a structural homology together with the possibility of
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determining the secondary-structure content of virtually any
purified viral glycoprotein subunit in a membrane environ-
ment could constitute a more rational basis for future at-
tempts to model the structure of these viral proteins when
direct crystallographic data are not available.
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