(substructure D) (14). For T. aestivum, the
resonance at 174.9 ppm corresponds to
bonded (esterified) ferulic (or sinapic) acid
and the signal at 169.6 ppm corresponds to
either free ferulic acid (or sinapic) acid. We
made this assignment because the carbonyl
resonance shifts downfield by 7 ppm when
ferulic acid is ester-bonded to a trisaccharide
(13). The smaller resonances at 60 to 72
ppm can be attributed to a hydroxymethy-
lenic functionality in substructures A and C
through F.

REFERENCES AND NOTES

1. T. Higuchi, in Biosynthesis and Biodegradation of
Wood Components, T. Higuchi, Ed. (Academic Press,
New York, 1985), p. 141.

2. H. Grisebach, in Secondary Plant Products, The Bio-
chemistry of Plants, E. E. Conn, Ed. (Academic Press,
New York, 1981), vol. 7, p. 457.

3. E. Adler, Wood Sci. Technol. 11, 169 (1977).

4. R. H. Aralla and U. D. Agarwal, Science 227, 636
(1985).

5. G. G. Gross, Recent Adv. Phytochem. 12, 177
(1977).

6. P. Whiting and D. A. L. Goring, Wood Sci. Technol.
16, 261 (1982).

7. S. Z. El-Basyouni, A. C. Neish, G. H. N. Towers,
Phytochemistry 3, 627 (1964).

8. P. E. Kolattukudy, in Biosynthesis and Biodegradation
of Wood Components, T. Higuchi, Ed. (Academic
Press, New York, 1985), p. 162.

9. V. J. Bartuska, G. E. Maciel, H. I. Bolker, B. I.
Fleming, Holzforschung 34, 214 (1980).

10. The *C cross-polarization (CP)—magic angle spin-
ning (MAS) NMR spectra were obtained at 50
MHz on a Varian XL-200 spectrometer equipped
with a Doty Scientific MAS probe. In the CP
experiment, the Hartmann-Hahn contact time was 1
msec and the yH, field was ~50 kHz. Chemical
shifts were referenced to the aromatic signal of
hexamethyl benzene (38.56 ppm) from an indepen-
dently obtained spectrum taken under identical con-
ditions. Samples (100 mg) were packed into fused
alumina cylindrical rotors and spun at speeds in
excess of 4 kHz. Each spectrum was the result of
overnight data acquisitions at a pulse repetition rate
of 2 seconds and acquisition times of 60 msec with a
spectral window of 17 kHz. No spinning sideband
suppression was used.

11. R. H. Atalla, J. C. Gast, D. W. Sindorf, V. J.
Bartuska, G. E. Maciel, J. Am. Chem. Soc. 102, 3249
(1980).

12. W. L. Earl and D. L. VanderHart, ibid., p. 3251.

13. A. Kato, J. Azuma, T. Koshijima, Chem. Lett. 1983,
137 (1983).

14. N. G. Lewis, J. Newman, G. Just, J. Ripmeister,
Macromolecules, in press.

15. O. Lindeberg, Acta Chem. Scand. Ser. B 34, 15
(1980).

16. H. D. Ludemann and H. H. Nimz, Makromol.
Chem. 175, 2409 (1974).

17. H. H. Nimz, I. Mogharab, H. D. Ludemann, #id.,
p- 2563.

18. D. Gagnaire and D. Robert, ibid. 178, 1477
(1977).

19. E. Haslam, in Metabolites and Metabolism, vol. 12 of

International Sevies of Monggraphs on Chemistry (Clar-

endon, Oxford, 1985), p. 77.

H. Taneda, S. Hosoya, J. Nakano, H.-M. Chang,

Conference Proceedings of the International Symposi

on Wood and Pulping Chemistry, Poster Sessions (Ca-

nadian Pulp and Paper Association, Montreal,

1985), pp. 117-120.

21. A. Scalbert, B. Monties, C. Rolando, A. Sierra-

Escadero, Holzforschung 40, 191 (1986).

We thank the U.S. Department of Agriculture

(grant 3332811) and the Natural Sciences and

Engineering Research Council of Canada (grant

CRD 8414) for financial support of this research.

28 March 1987; accepted 7 July 1987

20.

22.

1346

Synthetic Peptide Immunoassay Distinguishes
HIV Type 1 and HIV Type 2 Infections

JouN W. GNANN, JRr.,* JoSEPH B. MCCORMICK, SHEILA MITCHELL,
Jay A. NELSON, MICHAEL B. A. OLDSTONE

Efforts to solve the epidemiologic puzzle of AIDS in Africa are complicated by the
presence of multiple human retroviruses. Simple serologic tests that unambiguously
distinguish among infections by these retroviruses are essential. To that end, a partially
conserved immunoreactive epitope was identified in the transmembrane glycoproteins
of human immunodeficiency viruses (HIV) types 1 and 2. Synthetic peptides derived
from these conserved domains were used in sensitive and specific immunoassays that
detect antibodies in sera from patients infected with HIV-1 or HIV-2. By making
single amino acid substitutions in the HIV-1 peptide, it was possible to demonstrate
HIV-1 strain-specific antibody responses to this epitope. Such custom-designed
peptides synthesized from this domain are likely to detect newly discovered HIV types,

define infection with specific HIV strains, and allow detection of group-common

antibodies.

LTHOUGH THE ACQUIRED IMMUNE
deficiency syndrome (AIDS) is now
recognized as an epidemic of global
dimensions, Africa has the highest preva-
lence of this disease (I). Infection with
human immunodeficiency virus type 1
(HIV-1; also known as HTLV-III, LAV-1,
and ARV), the retrovirus first shown to
cause AIDS (2), is widespread in Central
Africa (3). Serologic surveys have also con-
firmed the presence of HIV-1 in East Africa
(4) and West Africa (5, 0), although the
number of AIDS cases in these regions is
thus far much smaller than in Central Africa.
Recently another pathogenic human ret-
rovirus, termed HIV type 2 (formerly LAV-
2), was recovered from West African pa-
tients with AIDS (7). HIV-2 infection is
associated with an immunodeficiency syn-
drome clinically indistinguishable from that
caused by the prototype AIDS virus, HIV-1
(8 9). HIV-2 is related to but distinct from
HIV-1 and from simian immunodeficiency

virus (SIV or STLV-III), the etiologic agent
of simian AIDS (7). Extensive serologic
cross-reactivity exists between HIV-2 and
SIV, whereas cross-reactivity between HIV-
2 and HIV-1 is limited to core antigens (7,
9). Furthermore, numerous serologic sur-
veys, in which a retroviral isolate termed
HTLV-IV was used as antigen, have con-
firmed human infection in several West Afri-
can countries (5, 6, 10). However, HTLV-
IV is not genetically distinguishable from
SIV (11) or antigenically distinguishable
from HIV-2 (7, 10). The precise taxonomic
relationships among these viruses have not
yet been established.
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Table 1. Sequences of synthetic peptides derived from transmembrane glycoproteins of HIV-1 and
HIV-2. The amino acid position numbers for HIV-1 are based on the sequence published by Wain-
Hobson et al. (21); those for HIV-2 are based on the sequence published by Guyader ez al. (20).
Residues in the HIV-1 peptides that differ from the sequence of the prototype isolate (peptide 2) are
underlined. The boxed areas show residues conserved between HIV-1 and HIV-2.

Peptide

number Isolate name Source Amino acid sequence’® Reference
598 609
1 HIV-1 (Z-3) Zaire Leu4Gly-Leu. Trp-G]y-Cys’-Ser—G]y-Lys—Leu-Ile Cys| (14)
2 HIV-1 (LAVgpg y; HTLV-lllg; France; Leu{Gly-I1e4Trp-Gly-CystSer-Gly-Lys-Leu-Ile Cys‘ (21,29)
HTLV-lllge; WMJ-1; ARV-2)  United States
3 HIV-1 (LAV-ELI) Zaire Leu—Gly—I]eT Trp-Gly-Cys4Ser-Gly-Lys-His-I1e4Cys (19)
4 HIV-1 (LAV-MAL) Zaire Leu4Gly-Met4Trp-Gly-Cys4Ser-Gly-Lys-His-I1e{Cys| (19)
592 603
5 HIV-2gop Cape Verde éLeujAsn—Ser Trp-Gly-Cys4Ala-Phe-Arg-Gln-Val{Cys (20)
Islands _—

*The three-letter and single-letter abbreviations for the amino acids are: Ala (A), alanine; Arg (R), arginine; Asn (N),
asparagine; Asp (D), aslpa.rtic acid; Cys (C), cysteine; Gln (Q), glutamine; Glu (E), tglutamlc acid; Gly (G), glycine;
His (I—%), MSti£ne; Tle (1), isoleucine; Leu (L), leucine; Lys (K), lysine; Met (M), methionine; Phe (F), phenylalanine;
Pro (P), proline; Ser (S), serine; Thr (T), threonine; Trp (W), tryptophan; Tyr (Y), tyrosine; and Val (V), valine.
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The existence in Africa of multiple human
immunodeficiency viruses presents a com-
plex epidemiologic picture. Simple serologic
tests that unambiguously distinguish among
these retroviruses are essential for sorting
out their patterns of transmission and
pathogenesis. Immunoassays in which
whole virus lysates are used as antigens have
poor specificity due to partial cross-reactiv-
ity against conserved core antigens (6, 8). As
an alternative, we devised immunoassays
using synthetic peptide antigens that have
the inherent advantage of high specificity.
We have synthesized a 12—amino acid pep-
tide derived from gp41, the transmembrane
glycoprotein of HIV-1, that reacts in an
enzyme-linked  immunosorbent  assay
(ELISA) with sera from >99% of HIV-1-
infected patients from the United States
(12). The minimal epitope for immune rec-
ognition is a 7—amino acid sequence (en»
amino acid 603—609) containing two essen-
tial cysteine residues linked by a disulfide
bond (13). Another synthetic peptide de-
rived from the homologous location on the
transmembrane glycoprotein of HIV-2 is
highly reactive with sera from HIV-2-in-
fected patients. Thus, this sequence is a
common immunogenic domain among the
human immunodeficiency viruses. In addi-
tion, by making single amino acid substitu-
tions, we have modified the HIV-1 peptide
to enhance its ability to detect nearly all
patients infected with African strains of
HIV-1.

The reactive peptide (peptide 1) derived
from gp41 of HIV-1 (env amino acid 598—
609;  Leu-Gly-Leu-Trp-Gly-Cys-Ser-Gly-
Lys-Leu-Ile-Cys) was originally selected on
the basis of hydrophilicity and sequence
conservation (12) and corresponds to isolate
HIV-1z.3 (14). Additional peptides contain-
ing amino acid substitutions based on the
published sequences of various HIV-1 and
HIV-2 isolates were synthesized (Table 1).
All peptides were made by solid-phase meth-
ods (15) with an automated peptide synthe-

sizer and analyzed for purity by high-pres-
sure liquid chromatography. The peptides
were then used as solid-phase antigens in an
ELISA (12, 16).

Sera were collected from HIV-infected
and uninfected individuals in the United
States, Zaire, and West Africa (17). The sera
from Zairian patients were cultured for HIV
(18) and tested with a commercial ELISA
(Litton) based on the use of whole-virus
antigens. Selected sera from the Zairian
patients were analyzed for antibodies to
specific HIV-1 proteins by Western immu-
noblotting with the use of CDC strain 451
as an antigen source.

Peptide 1 (HIV-1) reacted with sera from
162 of 163 HIV-infected patients from the
United States but with 0 of 90 control sera
from uninfected individuals (Table 2).
However, peptide 1 was bound by sera from
only 33 of 38 Zairian HIV-1—infected pa-
tients (Table 2). We speculated that this
lower sensitivity of the assay for the sera
from Zairian patients might be attributable
to infection of these patients with strains of
HIV-1 having significant amino acid substi-
tutions in the area of gp4l spanned by
peptide 1.

We tested this hypothesis by synthesizing
three additional peptides containing amino
acid substitutions that have been reported to
occur between amino acids 598 and 609 of
gp4l (Table 1). Peptide 2 (which contains
an isoleucine for leucine substitution at posi-
tion 600) was essentially equivalent in reac-
tivity to peptide 1 (Table 2). The more
significant amino acid substitutions made in
peptides 3 and 4 slightly reduced their reac-
tivity with sera from American HIV-infect-
ed patients but enhanced reactivity with
Zairian sera (Table 2).

To analyze further the sera from the Zair-
ian AIDS patients, we used the five samples
that did not react with peptide 1, plus nine
of the sera that did react with this peptide.
All these sera were positive for antibody to
HIV-1 in a commercial ELISA that used

whole-virus antigen; all of the sera tested
had positive Western immunoblots, and
most were positive for HIV when cultured
(Table 3). Four of the five sera from Zairian
patients that failed to react with peptides 1
or 2 had negative or equivocal p41 bands on
Western blotting. However, peptide 3 and
peptide 4, both of which contain a histidine
for leucine substitution at position 607,
reacted with all five of the sera from the
Zairian patients that were nonreactive with
peptide 1 (Table 3). Peptides 3 and 4 both
represent sequences from HIV-1 strains iso-
lated in Zaire (19). It is interesting that
peptides 3 and 4 reacted positively even with
those sera that were gp4l negative by im-
munoblotting, indicating that the peptide
ELISA may be a more sensitive test under
some circumstances.

We next synthesized a peptide derived
from the corresponding region of the trans-
membrane glycoprotein of HIV-2. The
transmembrane glycoproteins of HIV-1
and HIV-2 are distantly related and are
homologous at approximately 44% of ami-
no acid positions (20). When compared
with amino acid sequence 598—-609 of HIV-
1 (LAVggry), amino acid sequence 592—
603 of HIV-2 (HIV-2gop) has identical
residues at 5 of the 12 positions (Table 1)
(20, 21). The two cysteine residues that we
have shown to be essential for antigenicity
of the HIV-1 peptide (13) are conserved in
HIV-2 (Table 1). Peptide 5, an 11—amino
acid peptide based on HIV-2gop, reacted
with five of five sera from HIV-2—infected
West Africans. Peptide 5 gave a weakly
positive ELISA result with sera from 1 of 40
American HIV-infected patients and 0 of 48
uninfected controls (22).

Specimens from two Zairian HIV-1—in-
fected patients (Z-46 and Z-51) reacted
with HIV-1 peptides and also less strongly
with HIV-2 peptide 5. This may represent
cross-reactivity, dual infection, or infection
with an unidentified intermediate virus. The
single specimen from patient Z-51 was cul-

Table 2. Reactivity by ELISA of synthetic HIV-1 and HIV-2 peptides with serum samples from U.S. and African patients. The data show the number of sera
positive out of the number of sera tested and, in parentheses, the percentage positive. ND, not done, insufficient quantity of sera available.

. Peptide 2 . . Peptide 5
Peptide 1 P Peptide 3 Peptide 4 P
Sera (LGLWGCSGKLIC) (LEIIIVJ_GIC(;rGaﬁcLCIC) (LGIWGCSGKHIC)  (LGMWGCSGKHIC) ~ (NSWCEAFRQVC)
HIV-1 (Zaire) United States) HIV-1 (Zaire) HIV-1 (Zaire) (Cape Verde Islands)
HIV-1-infected, 162/163 (99.4) 40/40 (100) 39/40 (97.5) 35/40 (87.5) 1/40 (2.5)
United States
Uninfected, 0/90 (0) 0/48 (0) 0/48 (0) 0/48 (0) 0/48 (0)
United States
HI%/-_I—infcctcd, 33/38 (86.8) 30/34 (88.2) 32/34 (94.1) 33/34 (97.1) 2/33 (6.1)
aire
UIlZinfected, 0/21 (0) 0/20 (0) 0/20 (0) 0/20 (0) 0/20 (0)
aire
HIV-2-infected, 05 (0) ND ND ND 5/5 (100)
West Africa
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Table 3. Characterization of sera from Zairian AIDS patients. The sera were described as positive (+) or negative (—) as described (16). ND, not done, insuf-

ficient quantity of sera available.

Enzyme-linked immunosorbent assay

Speci-  HIV Western yypole Peptide 1 Pepride 2 Peptide 3 Peptide 4 Peptide 5
men  culture blot viris  (LGLWGCSGKLIC) (Lglvf,ifggﬁm) (LGIWGCSGKHIC)  (LGMWGCSGKHIC) (NSWALATRQVO)
HIV-1 HIV-1(Zaire) United States) HIV-1(Zaire) HIV-1(Zaire) (Cape Verde Islands)

Z9 + p24+pal+/- + - + + + -

723 + p24+,p4l+/— + - - + + -

724 + p2s+ + + N + N -

729 + ND + + + - - —

Z-31 + p24+,p4l+ + + + + + —

Z-34 + p24+,p4l— + - - + + —

747 + p2a+pal- + - - + + _

Z-50 - p24+,p4l+ + - - + + ND

Z-51 - p4l+ + + + + + +

Z-52 + p25+,p4l+, + + + + + -
p60+

768 + ND + + + - + -

Z-72 + p25+ + + + + + _

Z-75 + pl8+,p25+, + + + + + -
p41+,p60-+

Z-81 + pl8+p25+, + + + + + -
p4l+,p60+

ture-negative; the HIV isolate from Z-46 is
being further analyzed.

HIV-2 is closely related to SIV, as shown
by both serologic assays and nucleic acid
hybridization studies (7, 23). The trans-
membrane glycoprotein of SIV (STLV-
IlIogM) contains a 12—amino acid sequence
[env amino acids 608—619; (24)] identical at
11 of 12 residues to the sequence of HIV-
2rop from which our HIV-2 peptide (see
Table 1, peptide 5) was derived. (STLV-
I1IoGM contains an alanine for serine substi-
tution at the third position.) HIV-2 peptide
5 was reactive with sera from three of three
SIV-infected rhesus monkeys but with 0 of
5 sera from monkeys infected with STLV-I
or type D simian retrovirus.

Two principal conclusions can be drawn
from these data. First, we have identified a
highly immunoreactive epitope on the trans-
membrane glycoproteins of all of the HIV-
like viruses (HIV-1, HIV-2, and STLV-III)
sequenced to date. The epitope is located in
an analogous region of each virus and shares
the common amino acid sequence Trp-Gly-
Cys-X-X-X-X-X-Cys. By using synthetic
peptide antigens derived from these proteins
of HIV-1 and HIV-2 in an ELISA, we can
detect specific antibodies in sera from pa-
tients infected with HIV-1 or HIV-2 or
both viruses. As other related retroviruses
are isolated and sequenced, peptides derived
from this region of the transmembrane gly-
coprotein should prove to be ready immu-
nodiagnostic reagents.

Second, single amino acid substitutions
can be made in this reactive domain of HIV-
1 to create immunodiagnostic antigens that
are increasingly or decreasingly strain-specif-
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ic. Genetic studies of HIV-1 isolates have
demonstrated geographic variability, espe-
cially in proteins encoded by the env gene
(19, 25). This genetic variability has not,
however, resulted in significant antigenic
variability as measured by ELISA and im-
munoblotting, indicating that important
antigenic regions are conserved among these
isolates (19, 25, 26). However, when we
assay for antibody responses at the level of
small peptide antigens, we can detect strain-
specific antibodies. For example, peptides 1
and 2 were highly sensitive and specific
when used to test sera from American pa-
tients positive or negative for HIV-1, but
were less sensitive for testing sera from
Zairian patients. Substitution of a histidine
residue for leucine at env position 607 pro-
duced a peptide (Table 1, peptide 3) that
detected antibodies in Zairian patients not
detected by peptides 1 or 2. Therefore, this
approach enables one to custom-design
highly specific peptide antigens that detect
different strains of HIV (for example, for
epidemiologic studies) or type-common
peptides that detect all strains (for example,
for screening blood donors).

A whole-virus ELISA designed to detect
infection with HIV-1 will not reliably detect
HIV-2 infection. The envelope glycopro-
teins of HIV-1 and HIV-2 are only about
40% homologous, with little serologic
cross-reactivity against the envelope anti-
gens (8, 9, 20). The degree of amino acid
homology between constitutive core pro-
teins is higher, but serologic cross-reactivity
between the core proteins (as measured by
ELISA) is partial and inconsistent (7-9).
Synthetic peptides such as those described in

this report provide the basis for more specif-
ic immunodiagnostic assays that are needed
to clarify the roles of HIV-1 and HIV- in
the AIDS epidemic.
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The Surface Composition of Charon:
Tentative Identification of Water Ice

ROBERT L. MARcIALIS, GEORGE H. RIEKE,* LARRY A. LEBOFSKY

The 3 March 1987 Charon occultation by Pluto was observed in the infrared at 1.5,
1.7, 2.0, and 2.35 micrometers. Subtraction of fluxes measured between second and
third contacts from measurements made before and after the event has yielded
individual spectral signatures for each body at these wavelengths. Charon’s surface
appears depleted in methane relative to Pluto. Constancy of flux at 2.0 micrometers
throughout the event shows that Charon is effectively black at this wavelength, which
is centered on a very strong water absorption band. Thus, the measurements suggest

the existence of water ice on Pluto’s moon.

HE CURRENT SEASON OF MUTUAL

events between Pluto and its satellite

Charon presents the opportunity for
many unique experiments. For example,
monitoring of these events allows the deter-
mination of absolute sizes and bulk density
of these bodies with unprecedented preci-
sion. It is also possible to separate the
contributions of both bodies to the total
observed light. A spectrum obtained during
totality may be subtracted from the mean of
spectra obtained just before and just after an
event. The remainder is a spectrum of the
Pluto-facing hemisphere of Charon alone.
Both bodies rotate synchronously, which
during a central event amounts to only
about 2°. Any color variation therefore must
arise from compositional differences be-

Lunar and Planetary Laboratory, University of Arizona,
Tucson, AZ 85721 ary v il

*Also at the Steward Obscrvatory, University of Arizo-
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tween the two bodies, rather than a regional
variation on the surface of an individual
body.

Near-infrared spectrophotometry is a
powerful diagnostic tool for the identifica-
tion of ices on outer solar system bodies
because of the strength of molecular transi-
tions in the 1.0- to 2.5-um region. On the
basis of elemental abundances and the stabil-
ity of ices, the candidate materials for solid
surfaces are relatively few, and even filter
photometry in the 1.0- to 2.5-um region is
highly diagnostic of surface composition.
We report here observations of an occulta-
tion of Charon by Pluto with a near-infrared
filter set selected to distinguish the most
likely surface constituents.

The observations reported here were
made with the Infrared Photometer and the
Multiple Mirror Telescope Observatory
(MMT) at Mount Hopkins, Arizona. This
photometer uses an InSb detector cooled
with liquid helium. Measurements were

made through an aperture 8.7 arc sec in
diameter, and relative to sky reference areas
10 arc sec above and below Pluto in eleva-
tion. The stars SAO 120107, HD 105601,
and HD 129655 were used for absolute flux
calibration.

Data on Pluto were recorded between
0730 and 1315 UT on 3 March 1987. The
approximate geometry of the Pluto-Charon
system for these times is indicated in Fig. 1.
According to the ephemeris of Tholen ez al.
(1), this interval spanned the times from
roughly 1 hour before first contact until
fourth contact. Observations were terminat-
ed at approximately 1315 due to brighten-
ing of the sky. The sky was clear all night.

Because of the faintness of Pluto, it is
currently impossible to obtain a continuous
infrared spectrum of Pluto at reasonable
signal-to-noise during the few short hours
of a single eclipse event. We therefore ob-
served with four filters, each of which has a
spectral resolution of about 5%, or 0.1 pm
(2). From previous work (3) methane was
known to be the dominant absorber for the
combined Pluto-Charon system. The two
strongest bands for methane in the near-
infrared are at 1.7 and 2.35 pm; two addi-
tional filters were used to measure the near-
by continuum at 1.5 and 2.0 wm. The
infrared photometer was set to cycle auto-
matically through these filters; each cycle
took approximately 15 minutes. After every
two cycles a set of similar measurements was
obtained on SAO 120599, a nearby GOV
star expected to have colors identical to
those of the sun. Our observations are sum-
marized in Table 1 and depicted graphically
in Fig. 2.

It should be noticed that the out-of-
eclipse light curve slope persists during to-
tality. This is in itself proof that the albedo
“spots” first proposed by Marcialis (4, 5) do
in fact reside on Pluto, and not on the
satellite.
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Fig. 1. Approximate ge-
ometry of the 3 March
1987  occultation of
Charon by Pluto. The
satellite was completely
hidden for about 2
hours.
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