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The Surface Composition of Charon: 
Tentative Identification of Water Ice 

The 3 March 1987 Charon occultation by Pluto was observed in the inkwed at 1.5, 
1.7, 2.0, and 2.35 micrometers. Subtraction of fluxes measured between second and 
third contaas 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. 

T HE CUR RE^ SEASON OF MUTUAL tween the two bodies, rather than a regional 
events between Pluto and its satellite variation on the surface of an individual 
Charon presents the opportunity for body. 

many unique experiments. For example, Near-infrared spectrophotometry is a 
monitoring of these events allows the deter- powerful diagnostic tool for the identifica- 
mination of absolute sizes and bulk density tion of ices on outer solar system bodies 
of these bodies with unprecedented preci- 
sion. It is also possible to separate the 
conmbutions 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". Anv color variation therefore must 

because of the strength of molecular transi- 
tions in the 1.0- to 2.5-pm 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-pm 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 
likelv surface constituents. 

arise from iompositional differences be-   he observations reported here were 
made with the Infrared Photometer and the 

Lunar and Planetary Laboratory, University of Arizona, Mirror Observatory 
~ucson, AZ 85721. (MMT) at Mount Hopkins, Arizona. This 

*Also at the Stward of t\rizo- photometer uses an InSb detector cooled 
na, Tucson, AZ 85721. 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 et al. 
( I ) ,  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 fainmess of Pluto, it is 
currently impossible to obtain a continuous 
infrared sDectrum 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 svstem. The two 
strongest bands for methike in the near- 
infiared 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 pm. 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. 

t 1987 ' occultation of 
Charon by Pluto. The 
satellite was completely 
hidden for about 2 
hours. 
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The occultation appears strongly in the 
two methane bands, indicating that a signifi- 
cant percentage of the light from the com- 
bined system comes from Charon. To  our 
surprise, the event was virtually undetected 
at 2.0 pm. Evidently Charon is much darker 
than Pluto at this wavelength (which corre- 
sponds to methane continuum), so subtract- 
ing it from the system has negligible effect. 
If Charon contributed only a smooth con- 
tinuum to the total light, then the strength 
of the methane band absorption would be 
expected to increase as the event reached 
totality; if Charon were as covered with 
methane as is Pluto, the band strengths 
would have remained the same throughout 
the event. Since neither situation held, Char- 
on must be covered with some spectrally 
active material other than methane. 

The spectral differences between Pluto 
and Charon are best illustrated by using the 
data in and out of occultation to derive plots 
of relative reflectance for the two objects, as 
shown in Fig. 3. The reflectances have been 
normalized to unity at 1.5 pm; errors in the 
1.5-pm point have been absorbed in the 
error estimates at the other wavelengths. 

Pluto shows the previously known strong 
methane absorptions at 1.7 and 2.35 pm, first 
identified by Cruikshank et al. (6) and con- 
firmed by Lebofsky et al. (7). Since that time, 
the physical state of this methane has been 
under debate (8, 9).  Buie (10) demonstrated 
that, at least in the 0.5- to 1.0-pm region, it is 

7 8 9 1 0  1 1  1 2  1 3  14  
Universal time 

Fig. 2. Measured fluxes versus time, normalized 
to their mean values outside of the event; (A) 1.5- 
pm flux (0) and 1.7-pm flux (m); (B) 2.0-pm 
flux (0) and 2.35-km flu (B). Note that at 2.0 
pm the event is virtually undetected. At all wave- 
lengths but 2.35 pm, an out-of-eclipse light curve 
slope of approximately 0.6% per hour is visible. 

Table 1. Measured flux densities (in millijanslrys) versus time. The calibration of Campins e t  al. (17) has 
been assumed. Formal error bars were determined by computing the standard deviation of each datum 
from the out-of-eclipse light curve slope of 0.6% per hour. Thus, they reflect not only uncertainties due 
to photon statistics and the atmospheric extinction determination, but are a true estimate of the 
reproducibilitv of the data as well. 

Time of 
- - -  - 

Wavelength (km) - 
observation 

(UT) 1.5 1.7 2.0 2.35 

not possible to distinguish between the pure 
frost, pure gas, or the frost plus gas cases. 
However, the spectrum of Charon is radically 
different from that of Pluto. 

Several types of ices may be excluded by 
comparison of our data to laboratory spec- 
tra. These include not only CH4 (see Pluto 
spectrum for its signature), but also C 0 2  
(2.0-pm absorption too shallow, no absorp- 
tion at 2.35 pm); H2S (2.35-pm absorption 
too shallow); NH4HS (2.0- and 2.35-pm 
depths reversed); and NH3 (1.5- and 1.7- 
pm depths reversed, 2.0- and 2.35-pm ab- 
sorptions too deep). 

The most plausible candidate is H 2 0  ice. 
Water ice has an extremely strong absorp- 
tion at 2.0 pm, and another which is moder- 
ately strong at 2.4 pm (11). At 55 K, the 
1.5-pm and 1.7-p,m reflectances of water ice 
are similar (12), although at warmer tem- 
peratures the 1.65-pm absorption band is 
relatively weak. Figure 4 shows a spectrum 
of 55 K water ice with our data superposed. 
The agreement with the spectrum of Charon 
is good, although the relative flux at 1.5 pm 

still differs by about 2 standard deviations 
from that expected for pure, fine-grained 
ice. 

The water absorption feature at 1.65 pm 
is known to deepen as grain size is increased 
(12). Further, our filter at 1.5 pm is located 
on the steep short-wavelength side of the 
1.55-pm absorption. A small shift in the 
effective wavelength of the filter could result 
in a rather substantial change in the product 
of available flux and filter response. Al- 
though more detailed spectra may reveal 
other surface constituents, it is likely from 
our data that water ice dominates the infra- 
red spectrum of Charon. 

Presumably, both Pluto and Charon have 
been near one another since their formation. 
Why, then, should such a severe composi- 
tion dichotomy exist? 

Preliminary analysis of the partial events 
observed in 1985 and 1986 (13) shows the 
visual albedo of Charon to be about half that 
of Pluto. Thus Pluto is expected to have a 
lower surface temperture than Charon. If we 
assume a temperature of 50 K for Pluto, 

Wavelength (pm) 

Fig. 3. Relative albedos for Pluto (0) and Charon 
(B), normalized to their individual reflectances at 
1.5 p m  The small (-1%) error in the 1.5-krn 
measurement has been propagated to the other 
three wavelengths. Owing to its much stronger 
signal, formal errors in Pluto's spectrum are small- 
er than the plotted symbols. 

0.01 , ' , ' ' 1  
1 .O 1.4 1.8 2.2 2.6 

Wavelength (pm) 

Fig. 4. Comparison of Charon reflectance to 
laboratory spectrum of water ice. The solid line is 
the spectrum of water frost at 55 K and the solid 
rectangles are the results of the present study. 
Horizontal bars indicate bandpass for each filter; 
vertical bars show estimates of overall errors in 
relative flux determination. Laboratory data from 
Fink and Larson (12). 
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Charon's temperature would be near 58 K. 
The vapor pressure of methane rises expo- 
nentially with temperature in this regime, 
from 3.5 ybar at 50 K to 59 ybar at 58 K 
(14). Since the root-mean-square thermal 
velocity of methane is about half of the 
escape velocity from Charon to infinity, and 
an even greater fraction of the velocity re- 
quired for transfer through the inner La- 
grange point onto Pluto, it is easy to show 
that Charon's inventory of methane would 
be lost on time scales short compared to the 
age of the solar system, whether by Jeans 
escape or hydrodynamic blowoff (15). 

The details of the partitioning of methane 
between escape to infinity and transfer onto 
Pluto are as yet unclear, but escape of up to 
22 krn of methane from Charon can occur 
over the age of the solar system. After 
shedding several kilometers of methane, the 
surface of Charon would be ex~ected to 
resemble a global "moraine," with the 
residuum composed of (cosmically abun- 
dant) water ice and a "slag" of darker carbo- 
naceous or silicaceous impurities or both. 
This process could explain both the compo- 
sitional difference and also why Charon's 
visual albedo is significantly less than that of 
Pluto (1 6). 
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Functional Regions of the Envelope Glycoprotein of 
Human Immunodeficiency Virus Type 1 

The envelope of the human immunodeficiency virus type 1 (HIV- 1) plays a central role 
in the process of virus entry into the host cell and in the cytopathicity of the virus for 
lymphocytes bearing the CD4 molecule. Mutations that affect the ability of the 
envelope glycoprotein to form syncytia in CD4' cells can be divided into five groups: 
those that decrease the binding of the envelope protein to the CD4 molecule, those 
that prevent a post-binding fusion reaction, those that disrupt the anchorage of the 
envelope glycoprotein in the membrane, those that affect the association of the two 
subunits of the envelope glycoprotein, and those that affect post-translational proteo- 
lytic processing of the envelope precursor protein. These findings provide a functional 
model of the HIV envelope glycoprotein. 

T HE HUMAN IMMUNODEFICIENCY 

virus type 1 (HIV-l), also called 
HTLV-I11 or LAV-1, is the etiologi- 

cal agent of the acquired immune deficiency 
syndrome (AIDS) and related disorders (1). 
The viral envelope is synthesized as a 160- 
kilodalton (kD) (gp160) precursor glyco- 
protein, which is subsequently cleaved into 
120-kD (gp120) and 41-kD (gp41) glyco- 
proteins present on the virion particle (2). 
The gp120 exterior glycoprotein binds to 
the CD4 protein present on the surface of 
helper T lymphocytes, macrophages, and 
other cells (3), thus determining the tissue 
selectivity of viral infection. By analogy with 
other enveloped viruses, after the gp120 
binds to CD4, virus entry is facilitated by an 
envelope-mediated fusion of the viral and 
target cell membranes. 

The HN- 1 envelope glycoprotein is also 
responsible for at least some of the cytopath- 
ic effects of virus infection on CD4' cells in 
culture (4, 5). Expression of the envelope 
glycoprotein on the surface of infected cells 
mediates fusion events among CD4' cells 
via a reaction similar to that by which the 
virus enters the uninfected cell, leading to 
the formation of short-lived multinucleated 
giant cells. Syncytium formation is depen- 
dent on a direct interaction of the HIV-1 
envelope with the CD4 protein (3-5). 

To define the relation between the struc- 
ture of the HIV-1 envelope glycoprotein 
and the ability to form syncytia, we intro- 
duced deletion and insertion mutations into 
a plasmid, pIIIenv3, that encodes the enve- 
lope glycoprotein derived from the HTLV- 
IIIB strain of HIV- 1. The gene was present 
on a plasmid that also encodes the avt gene 
product (4, 6). CD4' and CD4- cell lines 
that expressed the HIV-1 tat gene product 
constitutively (7) were used as recipients in a 
transient transfection assay. To  determine 
the size of the cell-associated and released 

proteins, we conducted radioimmunoprecip- 
itation studies using antisera from AIDS 
patients or a goat antiserum to gp120 (8) 
and detergent-disrupted cells or cell-free su- 
pernatants prepared 48 to 72 hours after the 
cells had been transfected with pIIIenv3. 
The ability of the envelope proteins to bind 
to the CD4 protein and to induce syncytia 
was also examined. 

The integral membrane protein (gp41) of 
HIV- 1 differs from that of most retroviruses 
in the presence of additional sequences at 
the carboxyl terminus (9). The gp41 on the 
carboxyl-terminal side of the probable mem- 
brane-spanning region consists of a hydro- 
philic region (residues 724-745) and a ter- 
minal region (residues 745-856) of alter- 
nating hydrophilic and hydrophobic charac- 
ter (Fig. 1). Large deletions of either of 
these regions resulted in mutant env proteins 
that efficiently formed syncytia [see plasmids 
pIIIenvA(727-751)' A813, and A7531. 
However, deletion of both of these regions 
(pIIIenvA727) resulted in very low levels of 
env protein production and loss of syncy- 
tium formation. When the deleted se- 
quences were replaced by sequences derived 
from the art gene or by random sequences 
that have varying degrees of hydrophobic or 
hydrophilic character, syncytium induction 
was observed (for example, pIIIenvA722S, 
A725S, and A732S). The avt protein-de- 
rived amino acid sequence could be intro- 
duced in the amino-terminal direction up to 
amino acid 705 without eliminating the 
ability of the mutated env protein to yield 
syncytia (pIIIenvA705S). However, substi- 
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