
7.4), 5 mM NaCI, 2 mM MgCI,, 1 mM EGTA, 1 mM 
dithiothreitol (DTT), and protease inhibitors (leu- 
peptn, pepstatin, and aprotinin) for 5 mln at 4°C. 
After being wasbed twice in the same buffer, cells 
were incubated for 30 min at 23°C in the d~fferent 
incubation conditions. A h~gh-speed supernatant 
was prepared from Xenopus eggs resuspended in 
20 mM Hepes (pH 7.5), 70 mM KCI, 1 mM DTT, 
and 250 mM sucrose and centrifuged at 13,000g 
and then at 190,000g. The addition of ATP corre- 
sponded to 1 mM ATP, 10 mM creatine phosphate, 
and creatine phosphokinase (4 U/ml). 

14. For indirect ~mmunofluorescence analys~s, cells 
were fixed for 10 min with 2% paraformaldehyde 
and 0.1% glutaraldehyde and permeabilzed with 
0.1 % Triton X-100 for 5 min. A monoclonal anti- 
body (mAb) to MYC (9ElO) was applied for 30 min 
followed by a 30-min Incubation with fluorescein 
~sothiocyanate-conjugated donkey anti-mouse 
immunoglobulin G (Jackson). Cover slips were 

The Possibility of 

N. J.  S. Stacy et al. (1) have dealt a blow 
to the hypothesis that ice deposits may exist 
in permanently shadowed regions at the 
lunar poles. Their ground-based radar ob- 
servations detected several areas with high 
backscatter cross sections and circular DO- 

larization ratios consistent with ice, but in 
locations that are at least occasionally illu- 
minated by sunlight. These features are as- 
sociated with walls and rims of small craters; 
the most likely explanation for their occur- 
rence is high surface roughness at the scale 
of the radar wavelength. Mercury has re- 
gions with similarly anomalous radar prop- 
erties located near its poles, in permanently 
shadowed floors of large craters (2). These 
anomalies have been interpreted as result- 
ing from ices accumulated by cometary and 
meteoritic bombardment 13). The  results of ~, 

Stacy et al. imply an alternative explana- 
tion: Thev mav be a result of a difference in , , 
texture rather than composition. Such a 
difference could be caused by their thermal 
environment. 

The  sunlit and permanently shadowed 
regions of Mercury are, respectively, the 
hottest and coldest surfaces in the solar 
system that have silicate composition and 
are subiect to meteoroid bombardment. 
Their responses to impacts should differ 
accordingly. Hot target material will yield a 
higher proportion of impact melt, while 
cold material should have a greater tenden- 
cy toward brittle fracture, producing frag- 
ments that are more angular. Thus, one may 
expect mature regoliths developed at such 
different temperatures to have different ra- 
dar scattering properties, with the colder 
surface having higher roughness and radar 
albedo. It is not clear whether this effect 
would suffice to account for the magnitude 

mounted in Moviol (Hoechst, Frankfurt, Germany). 
Photographs correspondng to the different condi- 
tions were taken with the same settng parameters. 

15. Cells were treated first with 1 yg of deoxyribonucle- 
ase I before being ysed In Laemmli sample buffer 
containing 8 M urea. Proteins were resolved by 10% 
SDS-PAGE and transferred to nitrocellulose mem- 
brane. Membranes were incubated with mAb 9E10 
and an mAb to hnRNP C (4F4), followed by an ncu- 
bation with anti-mouse coupled to horseradish per- 
oxidase, and finally developed wlth the chemiluml- 
nescence protein immunoblotting reagents (POD, 
Boehrlnger Mannheim, Germany). Quantitation of 
protein immunoblots was performed with the Bio- 
print acquisition system and Bioprof program (VII- 
bert Lourmat). 

16. S. Nakelny and G. Dreyfuss, J. Cell Bioi. 134, 1365 
(1 996). 

17. B. Wolff, J. J. Sangier, Y .  Wang, Chem. Bioi. 4, 139 
(1 997). 

Ice on the Moon 

of the radar anomalies observed on Mercu- 
ry, but this hypothesis could be experimen- 
tally tested by hypervelocity impacts into 
silicate targets at extreme temperatures. 
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W e  would like to clarify our understanding 
of events associated with the 1992 Arecibo 
observations of the lunar south pole (1 ) and 
the Clementine bistatic radar experiment 
(2). The  Cle~nentine team was fully aware 
of the Arecibo observations before conduct- 
ing the bistatic radar experiment. Although 
interpretation of the Arecibo observations 
was inconclusive, it had been suggested that 
areas showing high circular polarization ra- 
tios (CPRs), observed below the sun line 
inside the crater containing the south pole, 
could be underlain by ice (3). Surface 
roughness was an alternative explanation 
for the observed high CPR. The  Clemen- 
tine bistatic radar experiment was designed 
to resolve this ambiguity. Observations over 
a range of bistatic (phase) angle, p, can 
distinguish diffuse scattering caused by 
wavelength-scale roughness from the highly 
directional coherent backscatter opposition 
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effect (CBOE), indicative of low-loss tar- 
gets (for example, ice). This measurement 
cannot be made from ground-based tele- 
scoues. The  rationale for bistatic observa- 
tions is well documented (4). 

Clementine observed a CPR ~ e a k  around 
p = 0 near the south pole, consistent with the 
presence of ice at the surface. This peak was 
not observed anywhere else on the lunar sur- 
face and was isolated to an area within 60 km 
of the south pole. The radar footprint was 
fairlv broad, and included areas outside of 
permanent shadow; thus, only a tiny fraction 
of this area could be underlain by ice. The 
method used (2) to estimate the area of puta- 
tive ice deposits is similar to that applied to 
the polar deposits on Mercury (5). A n  upper 
limit on the area of ice deposits of 80 to 135 
km2 was estimated, assuming contributions to 
the scattered signal from the total observed 
area of 45.000 km2. If the estimate is made . , 

strictly from the surface area that can contrib- 
ute to the observed CPR peak (that is, the 
area over which the range of P = ? lo) ,  the 
area of possible ice deposits is reduced to 7 to 
10 km2. Given uncertainties in the properties 
of the putative ice deposits, this estimate can 
be reconciled with areas showing high CPR in 
the Arecibo images. We should have been " 

clearer in our presentation in order to avoid 
misleading interpretation. The high spatial 
resolution of the Arecibo images show that 
any possible ice is small and patchy, as we 
suggested (2). Stacy et al. suggest that Clem- 
entine and Arecibo measurements are in dis- 
agreement ( I ) ,  but meaningful comparisons 
can be made only for regions observed at 
similar incidence and p, normalized to the 
same area. 

A result reported by us (2) for a specific 
area (80' to 82' south latitude), angle of 
incidence 84", p ? 1 degree, CPR 0.36 2 
0.01, is in agreement (3 a) with the 
Arecibo near south pole (CPR 0.43 2 ?) 
values, given that no error was stated (1). 
This correct Clementine near south pole 
CPR value was not used by Stacy et al. (1 ). 
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The Arecibo and Clementine north  ole 
values reported (1, 2) show disagreement. 
Because Arecibo cannot measure CPR as a 
function of p, Greet comparisons between 
the data sets must be done carefullv. The  
Clementine north and south pole val'les in- 
ternally agree (3 a), as do the reported 
Arecibo measurements, although n o  error is 
reported (1) except for fi -t. l o  at the south 
pole. The Clementine values used (1) were 
not comnared in a consistent manner. The  
actual Clementine p = 0 areas are an order 
of magnitude smaller than the reported (1) 
Arecibo areas, and in two cases the Clem- 
entitle median CPR (over 82" to 90" angle of 
incidence) was compared instead of the ap- 
propriate values of P, incidence angle, and 
area (1). The Arecibo and Clementine data 
are fundamentallv different measurements 
with different err& sources, one made with a 
macecraft transmitter near the moon with 
rapidly changing geometry (incidence angle, 
p, illuminated surface area) and one ground- 
based over a range of incidence angles at P 
= 0. Given these inconsistencies and differ- 
ences in data analysis, the conclusion that 
the Clernentine and Arecibo data sets do not 
agree is probably incorrect. 

Surface roughness was postulated to be 
responsible for areas of local high CPR ob- 
served from Arecibo, because these areas are 
associated with impact craters (1). But the 
interiors of impact craters near the poles are 
also the areas most likely to be permanently 
shadowed. Ice, if present, must be associated 
with impact craters. A majority of the high 
CPR patches observed from Arecibo within 
60 km of the lunar south nole are likelv to be 
in permanent shadow. 0;e of the areas with 
highest CPR found from Arecibo is in the 

L. 

deepest part of the south pole crater observ- 
able from Earth. From the combination of 
Clementine and Arecibo observations, it can 
be shown that this Dart of the crater is in 
permanent shadow. Ice can occur wherever 
it is thermodynamically stable, on a crater 
wall or on the floor. We suggest that the 
lower part of the south pole crater wall is a 
principal source of the CPR peak observed 
by Clementine. There is no a priori geolog- 
ical reason for the south pole crater to be any 
rougher than its neighbors. Roughness will 
produce diffuse scattering and a general CPR 
enhancement over a range of p at many 
surface locations. Clementine observed a 
CPR and SS peak centered at P = 0 localized 
to the south pole. A comparison of the 
Clementine data with physically based com- 
putations of coherent backscattering suggests 
that the peak measured by Clementine is 
consistent with CBOE produced by grazing 
incidence scattering in an area where the 
scatterers only cover a fraction of the surface 
(6). Perhaps the strongest evidence in this 
regard is the lack of a CPR peak in the 

Clementine bistatic measurements of regions 
not in permanent shadow. These terrains 
contain geological units comparable to the 
south polar region, being rugged highlands, 
including several 20-km diameter craters. 
Only the south polar pass (orbit 234) shows 
the CPR enhancement at P = 0. This 
strongly suggests a controlling factor related 
to shadowing. Surface rough~~ess does not so 
qualify. 

On Mercury, radar bright features are 
observed well off the pole, but they are not 
assumed to be produced by the same scat- 
tering mechanism as the polar deposits (5 ) .  
This situation illustrates the difficulty in 
correctly interpreting combined space- and 
ground-based data sets. Ground-based radar 
observations of Venus revealed radar 
"bright" regions (for example, Maxwell 
Montes) that were initially attributed to 
roughness (7, 8). Low-resolution space- 
based observations by Pioneer Venus sug- 
gested that some of these areas were bright 
as a result of intrinsic chemical differences, 
not roughness (9); finally, high-resolution 
bistatic observations by Magellan showed 
this to be the case (1 0) .  The  main weakness 
in the Clementine result is that the CPR 
peak was only observed on one orbit, albeit 
the only orbit with correct geometry for 
detecting CBOE at the south pole. T h e  
existence of ice will await confirmation by 
another independent spacecraft (Lunar 
Prospector). If confirmed, we believe that it 
will have been discovered by Clemeiltine. 
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Response: Contrary to their earlier analysis 
( I ) ,  Nozette et al. now state that the mag- 
nitude and polarization of the enhanced 
radar echo observed by Clementine at  the 
lunar south pole can be reproduced by a 
target of 7 to 10 km2 cross section with the 
radar-scattering characteristics of pure wa- 
ter ice. W e  would not necessarily disagree 
with this internretation of their data if 
their measurements were made at close to 
normal incidence, but we noint out that. 
because the observation was made at  an 
incidence angle of 85", a geometrical cor- 
rection must be applied (2).  T h e  resulting 
surface area is about 400 km2, which is 
(barely) consistent with the Arecibo re- 
sults (3) ,  but cannot be attributed to ice, 
because the observed areas of anomalous 
backscatter in the Arecibo images are not  - 
correlated with regions of permanent 
shadow, but with regions that would be 
expected, on  geological grounds, to  possess 
high surface roughness. 

W e  obtained the Clementine CPR of 
0.29 (-5.4db) for P = 0 for the near south 
pole Clementine orbit (235) from figure 
3 A  of the report by Nozette et al. (1 ) .  T h e  
Arecibo value is 0.43 [table 1 of ( 3 ) ] .  
Because almost all systematic measure- 
ment errors in  the Arecibo data will can- 
cel out when deriving polarization ratios, 
we conclude that the two CPR values 
differ significantly. 

It is inappropriate to compare the lunar 
measurements with those of Maxwell Mon- 
tes on Venus, where the early interpreta- 
tions from ground-based observations-that 
the enhanced radar backscatter from Max- 
well is a result of high surface roughness at 
wavelength scale-have not been over- 
turned, although subsequent studies have 
confirmed the presence of a second, perhaps 
more exotic, scattering component (4).  
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