
01.w baseline observations of the un- 
eclipsed lightcurve allowed us to make 
the first positive detections of the pre- 

Reports dicted eclipses between Pluto and char- 
on ip January and February of 1985 
(Table 1 and Fig. I), even though these - 
events were shallow. The observations 
on 16 January were made by E.F.T. and 

The Detection of Eclipses in the Pluto-Charon System B.J.B. with the 1.5-m reflecting tele- 
scope at the Mount Palomar Observa- 

Abstract. The jirst eclipses between Pluto and its satellite ("Charon") were tory and a charge-coupled device (CCD) 
detected in January and February 1985, conjirming the satellite's existence. Eclipses detector (13). Each CCD image con- 
lasting a few hours will now occur at 3.2-day intervals for the next 5 to 6 years and tained two comparison stars in addition 
then will cease for about 120 years. Careful observations of these eclipses will allow to Pluto-Charon. The integrated flux of 
greatly improved determinations to be made of several physical parameters for the the three objects, corrected for instru- 
Pluto-Charon system: the diameters of the planet and satellite, the surface albedo mental effects and sky background, were 
distribution on one hemisphere of the planet, the orbit of the satellite, and the mass then compared to obtain the variation of 
of the planet and hence its density. Knowledge of the density will provide a their brightness with time. The bright- 
constraint on models of Pluto's bulk compositiort. ness ratio af the two comparison stars 

was constant to within 0.007 magnitude 
Shortly after the discovery of a satel- rotation and a nonuniform surface albe- over the period of observation, while the 

lite of Pluto in 1978 (I), it was noted that do distribution. Eclipse events will be brightness ratio of the Pluto system and 
a series of mutual eclipses might be superimposed on this rotational varia- one of the comparison stars varied as 
observable beginning in 1979 (2). An tion. Because the shape and amplitude of shown in Fig. 1 (top plot). However, 
improved orbit determination revised Pluto's rotational lightcurve have been because of 3 possible detector problem 
this estimate to the early 1980's (3). slowly changing with time, due to a (14) and the fact that this event occurred 
Because these eclipse events are observ- geometric effect, careful measurements about 3 hours (5 u) earlier than predicted 
able for only a short period every 124 of the rotational lightcurve at the current by a preliminary version of the orbit 
years, when Pluto's heliocentric motion epoch were needed so that eclipse events solution (15), these observations were 
causes the plane of the satellite's orbit to could be deconvolved from the intrinsic initially uncertain. 
sweep across Earth's orbit, their obser- rotational variatiorls. In anticipation of On 17 February an eclipse event was 
vation offers a rare and unique means to the onset of eclipses, we have been con- detected clearly by R.P.B. at the Mc- 
improve our knowledge of this distant ducting such studies for several years (9- Donald Observatory with a photoelectric 
planet-satellite system. 12). photometer (10) attached to a 0.9-m cas- 

We now report the beginning of this 
long-awaited eclipse series between Plu- 
to and its satellite, officially known as Table I .  Initial eclipse data. 

"1978 PI" and unofficially as "Charon" 
(4). Here we use the word "eclipse" as a 
general term to refer to both occultations 
(satellite passing behind the planet) and 
transits (satellite passing in front of the 
planet). 

Direct detection of Charon from 
ground-based telescopes is difficult be- 
cause its maximum apparent separation 
from Pluto is only about 0.9 arc second. 
This value is near the limiting angular 
resolution afforded by Earth's atmo- 
sphere at optical wavelengths. Although 
speckle interferometric techniques have 
been used to resolve the planet and @el- 
lite ( 5 4 ,  the small apparent sizes of 
these bodies makes an accurate determi- 
nation of their physical parameters prob- 
lematical. 

Most of our knowledge of Pluto itself 
comes from telescopic measurements 
made with photoelectric detqotors. A 
periodic variation in Pluto's brightness 
was first noted in the 1950's (8). Mea- 
surements and plots of brightness over 
time (called "lightcurves") have shown 
that this variation, presently amounting 
to 30 percent, is periodic over an interval 
of about 6.4 days due to the planet's 

Date of observation Earth- Eclipse parameters 
Pluto - .-.- 

UT, 1985 Julian date distance Phase Depth Duration 
(AU) (magnitudes) (hours) 

January 16.467 2,446,081.967 29.91 0.251 0.04 + 0.01 > 1 .O 
February 17.385 2,446,113.885 29.38 0.248 0.031 + 0.005 -2.0 
February 20.585 2,446,117.085 29.34 0.750 0.024 t 0.004 22.0 
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Fig. 1. Lightcurves of 
the first eclipse 
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level at phases 0.25 and 0.75, respectively. The upper two lightcurves correspond to rotational 
phases near 0.25, and the lower lightcurve corresponds to a phase near 0.75. 
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segrain telescope. From this detection, it 
was determined that the 16 January ob- 
servations showed an excellent correla- 
tion with those of 17 February. Thus the 
January observations represented the 
first detection of eclipses between Pluto 
and Charon. 

Confirming observations were made 
on 20 February by D.J.T. at the Mauna 
Kea Observatory with the University of 
Hawaii's 2.24-111 telescope and a pho- 
tometer equipped with an RCA C3 1034A 
photomultiplier and pulse-counting elec- 
tronics. The measurements of Pluto- 
Charon on 17 and 20 February were 
made differentially with respect to a 
nearby comparison star (-10 arc min- 
utes away) located at 1 4 ~  29"' 44.6S +03O 
04' 03" (1950 coordinates) to account 
accurately for atmospheric extinction. 
This star was selected in 1984 because of 
its close color match to Pluto. 

The phases for the eclipse events (Ta- 
ble 1) indicate the fractional part of the 
satellite's 6.38726-day synodic period 
that has elapsed since a chosen epoch: 
Julian date 2444240.661 (Plutocentric), a 
time corresponding to a minimum bright- 
ness of Pluto's rotational variation, cor- 
rected for the light travel time between 
Pluto and Earth. At this epoch the satel- 
lite was near its greatest northern elonga- 
tion. (The satellite's orbital period and 
the planet's rotational period are identi- 
cal to within the current observational 
uncertainties, implying that the satellite 
is in a synchronous orbit.) The phase for 
any time of observation is indicated by 
the fractional portion of the number E, 
computed from Eq. 1. 

where JD is the Julian date of observa- 
tion and A is the distance between Earth 
and Pluto in astronomical units (AU). 

The two events observed near phase 
0.25 are due to partial transits of the 
satellite across Pluto, and the event near 
0.75 is due to a partial occultation of the 
satellite by Pluto (Fig. 1 and Table 1). 
Although it would be premature to use 
these initial observations to refine our 
estimates of varameters in the Pluto- 
Charon system, three specific items are 
worthy of note. The first is the difference 
in the depths between the 0.25 and 0.75 
events. This can be explained most sim- 
ply by requiring that the portion of Plu- 
to's surface occulted by Charon have a 
higher albedo than the portion of Char- 
on's surface occulted by Pluto. In this 
case, although the areas involved are 
very nearly equal because of the slowly 
changing geometry, the former event re- 
sults in a greater diminution in light 

'3 Apr. 
--4 

Fig. 2. (Upper panel) The present geometry of 
the intersection between the ecliptic plane 
and the penumbral shadow cone (shaded re- 
gion), showing the locations of Earth on 
nights when eclipse events were observed as 
well as Pluto's 1985 opposition date. The 
diagram illustrates why events are initially 
seen only near preopposition quadrature. The 
shadow region is sweeping over Earth's orbit 
at a rate of about 1.2 AU per year; thus we 
can expect to observe events well past oppo- 
sition in 1986. (Lower panel) The configura- 
tion for Pluto and Charon as seen at the 0.25 
rotational phase for various points (A to D) 
along Earth's orbit. 

because a brighter surface is being ob- 
scured. Second, because the events are 
occuning almost precisely 0.5 phase 
apart, the orbit of Charon must be very 
nearly circular, as would be expected 
from the presumed synchronous orbit. 
Finally, these eclipse timings and the 
aforementioned orbital period make pos- 
sible the accurate prediction of future 
events. 

As indicated above, these initial obser- 
vations are of partial events between 
Pluto and Charon. Over the next 5 to 6 
years, Charon will appear to pass more 
centrally in front of and behind Pluto. 
Thus eclipses will occur twice every 
orbital period, that is, roughly every 3.2 
days. The eclipse lightcurves will contin- 
ually evolve over this interval as Pluto's 
heliocentric motion and the annual paral- 
lax motion of Earth result in a constantly 
changing viewing geometry. This implies 
that frequent observations of the eclipse 
lightcurves will be necessary to extract 
all of the information they offer. 

The present geometry (Fig. 2) shows 
the penumbral shadow cone sweeping 
over Earth's orbit. The exact location of 
the edge of the shadow is not yet well 
determined. Also, the diameter of the 
shadow cone depends on the relative 
sizes of Pluto and Charon, as well as 
their separation, and as such is also 

poorly determined. The length of the 
eclipse season is determined by the size 
of the shadow cone. 

Measurements of the true durations 
and depths of the eclipses as they evolve 
over the next several years will allow 
reliable diameters to be determined for 
both Pluto and Charon. Initial calcula- 
tions of eclipse lightcurves (which ne- 
glect shadowing) (16) assume that Char- 
on is one-half the diameter of Pluto, that 
the orbital separation is 10 Pluto radii, 
and that the bodies have equal albedos. 
This model predicts that a central eclipse 
will last nearly 5 hours and will reach a 
depth greater than 0.2 magnitude. Re- 
cent calculations by Tedesco that ac- 
count for shadowing (17) show that this 
effect will deepen the eclipses to as much 
as 0.4 magnitude. Eclipse timings will 
also serve to improve the orbital ele- 
ments of Charon, which will lead to an 
accurate determination of the total mass 
of the system. These diameter and mass 
determinations will allow a reliable den- 
sity to be computed for Pluto, from 
which its composition may be more ac- 
curatel y inferred. 

Finally, the eclipse series will provide 
a rare opportunity to construct an albedo 
map of one hemisphere of Pluto. This 
will be possible by making frequent ob- 
servations of the eclipse lightcurves as 
Charon transits across slightly different 
portions of Pluto. Small-scale variations 
in Pluto's albedo will be detectable as 
deviations from smooth eclipse light- 
curves. The present series of eclipse 
events will be our only opportunity to 
measure such markings on the surface of 
Pluto for many years, since no space- 
craft missions to this planet are likely 
until the next century. 

We are coordinating a global campaign 
to monitor Pluto-Charon eclipses be- 
cause only about 20 percent of the total 
number of events will be observable 
from any single observatory. Observa- 
tions with 2-m class telescopes at major 
observatories worldwide are encour- 
aged. By standardizing techniques and 
reference stars, the scientific return dur- 
ing this once-per-century opportunity 
can be maximized. 
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Enhanced Immunogenicity of the 
Pre-S Region of Hepatitis B Surface Antigen 

Abstract. The 55 codons upstream of the gene sequence encoding the hepatitis B 
surface antigen (HBsAg) are called the pre-S(2) region. It has been proposed that 
polypeptides of high molecular weight that contain the pre-S(2) region should be 
included in future hepatitis B virus (HBV) vaccines. The pre-S(2) region and the S 
gene product [25 kilodalton (kD)] together compose a polypeptide of high molecular 
weight (33 kD). As an initial attempt to determine the relevance of the 33-kD 
polypeptide to development of an HBV vaccine, the murine immune response to pre- 
S(2)-encoded determinants as compared to S-encoded determinants on the same 
polypeptide was examined. The results indicate (i) the pre-S(2) region is sign8cantly 
more immunogenic than the S region of HBsAg, (ii) the 26 amino acid residues at the 
NHz-terminus of the 33-kD polypeptide represent a dominant antibody binding site 
on the pre-S(2) region, (iii) the immune response to the pre-S(2) region is regulated 
by H-2-linked genes distinct from those that regulate the response to the S region, 
and (iv) immunization of an S region nonresponder strain with HBV envelope 
particles that contain both the pre-S(2) and S regions can circumvent nonrespon- 
siveness to the S region. 

Immunologic markers of hepatitis B 
virus (HBV) include the surface antigen 
(HBsAg), the core antigen (HBcAg), and 
the core-derived HBeAg. Since HBsAg- 
specific antibodies are protective against 
HBV infection, virus-free envelopes pre- 
sent in the plasma of chronic carriers 
have served as a source of HBV vac- 
cines. The HBsAg is composed of a 
major polypeptide, p25, and its glycosy- 
lated form, gp28 (I). The complete 226 
amino acid sequence of the p25 polypep- 
tide of HBsAg has been deduced from 
partial amino acid sequence data (I) and 
from the nucleotide sequence of the viral 
gene (S) that encodes this polypeptide 
( 2 4 ) .  Additional polypeptides of higher 
molecular weight associated with 
HBsAg have been considered aggregates 
of p25 and gp28; however, p25 begins at 
the third possible translational initiation 
site of a larger open reading frame (ORF) 
and is preceded in phase by 163 or 174 
codons (subtype-dependent) designated 

the pre-S region (5). An HBV-associated 
33- to 36-kilodalton (kD) glycoprotein 
(gp33) has been identified (6), and it has 
been suggested that the sequence of gp33 
starts at the second translational initia- 
tion signal of the ORF, which is 55 
codons upstream from the third signal 
(7). It has been shown that gp33 consists 
of the p25 sequence and a sequence of 55 
amino acid residues at the NH2-terminus 
encoded in this pre-S(2) region (8, 9). In 
support of this, Neurath and co-workers 
synthesized a peptide encompassing the 
26 amino acid residues at the NH2-termi- 
nus of the pre-S(2) region, and antibodies 
to this peptide reacted with gp33 (10). 

The fact that the pre-S region is con- 
served in all described HBV DNA se- 
quences and conserved through evolu- 
tion (11) suggests a functional role for 
this region. This interpretation is sup- 
ported by the observation that gp33 ap- 
pears to be preferentially expressed in 
viremic carriers as opposed to carriers 

with minimal or no infectious virions in 
the blood (8, 12). This suggests a correla- 
tion between viral replication and syn- 
thesis of the higher molecular weight 
polypeptides of HBsAg. Additionally, 
the receptor for polymerized human 
albumin, which has been suggested to 
mediate viral attachment, has been local- 
ized on gp33 (13). The implications of 
these recent findings relative to HBV 
vaccine development and to mechanisms 
of immune-mediated viral clearance 
prompted us to investigate the immune 
response to the S- and pre-S(2gencoded 
gp33 polypeptide of HBsAg. 

In previous studies of the murine hu- 
moral and cellular immune response to 
HBsAg, we demonstrated the influence 
of at least two H-2-linked immune re- 
sponse (Ir) genes and identified HBsAg 
high-responder (H-2d and H-2q), and 
nonresponder (H-2f and H-2" haplo- 
types (14-16). The HBsAg used in those 
studies contained the p25 and gp28 poly- 
peptides but lacked the higher molecular 
weight polypeptides coded for by the 
pre-S region, here designated as HBsAgI 
p25. In the present studies we compared 
the immune responses to pre-S(2)-en- 
coded determinants and S-encoded de- 
terminants of HBsAg in terms of immu- 
nogenicity, specificity, H-2-linked regu- 
lation, and possible overlapping regula- 
tory mechanisms (that is, whether or not 
the T-cell helper function generated in 
response to the pre-S region would influ- 
ence the anti-S response). For this pur- 
pose we used HBsAg particles derived 
from Chinese hamster ovary (CHO) cells 
transfected with a plasmid containing the 
S gene and the pre-S region of HBV (1 7); 
these particles are designated HBsAgl 
p34. The HBsAgIp34 particles are com- 
posed of the S-encoded p25lgp28 poly- 
peptides plus the pre-S(2)- and S-en- 
coded gp34 polypeptide. The gp34 poly- 
peptide corresponds to HBV gp33 (17). 

Groups of mice from a panel of H-2 
congenic strains were immunized intra- 
peritoneally with 1.0 pg of HBsAgIp34 
emulsified in complete Freund's adju- 
vant (CFA). On a weight basis this was 
equivalent to 0.913 pg of S region protein 
and 0.087 pg of pre-S(2) region protein 
per mouse or approximately a tenfold 
excess of S region protein. Ten days 
after immunization, all the strains in Fig. 
1 contained immunoglobulin G (IgG) 
specific for the pre-S(2) region polypep- 
tide but none for the S region polypep- 
tide, even though they had received a 
tenfold greater dose of S region protein 
than of pre-S(2) region protein. The re- 
sponses of these strains to a 4-pg dose of 
HBsAgIp25 are shown with broken lines 
for comparison (these lines represent re- 




