
were clearly potential targets of HBx. Sure 
enough, HBx expression was soon found to 
be associated with activation of both c-src 
andfjn genes, which encode the Src and fyn 
nonreceptor tyrosine kinases, respectively (9). 

As they could detect no direct interaction 
between HBx and either of these Src kinas- 
es, or the carboxyl-terminal Src kinase 
(Csk), Schneider and co-workers turned 
their attention to other upstream regulators 
of the Src family. This led them to the kinase 
Pyk2, a cytosolic kinase that is activated by 
transient calcium ion (Ca2+) fluxes and is 
known to activate Src kinases. In the new 
work, these investigators make a compelling 
case for involvement of this Ca2+-dependent 
Src kinase signaling pathway in at least 
some of HBx's activities (I). First, HBx pro- 
duction leads to activation of Pyk2 through 
addition of phosphate groups (phosphoryla- 
tion). Dominant-negative mutations in Pyk2 
block HBx induction of AP-1 activity, and 
also produce a substantial decline in fyn ki- 
nase activity. In addition, expression of 
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dominant-negative mutant Pyk2 in cells 
replicating wild-type HBV has exactly the 
same effect as seen in X-null mutant cells: 
reduced viral DNA synthesis in the presence 
of normal levels of viral RNA. These find- 
ings are consistent with the notion that HBx 
acts upstream of Pyk2, perhaps on a path- 
way that leads to Ca2+ release. Consistent 
with this notion are two further lines of evi- 
dence. First, molecules that chelate intracel- 
lular Ca2+ also block the HBx induction of 
Pyk2 activation. Second, the impaired repli- 
cation of HBx-deficient HBV mutants can 
be partially overcome by agents (Ca2+ 
ionophores and thapsigargin) that increase 
the concentration of cytosolic Ca2+. 

A signaling pathway that depends on 
Ca2+ fluxes is an attractive biochemical lo- 
cus for HBx action because it affects so 
many cellular processes, including tran- 
scription, translation, cell cycle control, and 
apoptosis. Many of these cellular processes 
have been suggested to be affected by HBx. 
The outstanding questions now are (i) how 
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How Ice Sheets Flow 
Christina 1. Hulbe 

does HBx influence the release of Ca2+ and 
from which organelles (see the figure), and 
(ii) are the effects of Ca2+ release limited to 
those caused by Pyk2 activation, or does 
HBx activate other Ca2+-dependent signal- 
ing events? If the latter is true, as seems 
likely, it is conceivable that many of the 
other phenotypic effects of ORF X expres- 
sion that have been described may be at- 
tributable to this activity. Time will tell. 

References 
1. M. Bouchard, L-H. Wang, R. Schneider, Science 294, 

2376 (2001). 
2. D. Ganern, R. Schneider, in Fields' Virology (Raven, 

NY, ed. 4.2001). chap. 86, pp. 2923-2970. 
3. F. Zoulirn, j. Saputelli, C. Seeger, J. Virol68, 2026 

(1994). 
4. N. Klein et al, EMBO J. 18,5019 (1999). 
5. M. Dona, N. Klein, R. Lucito R. Schneider, EMBO J. 14, 

4747 (1995). 
6. H. Maguire, j. Hoeffler, A. Siddiqui, Science 252, 842 

(1991F 
.7. j. Williams, 0. Andrisani, Proc Natl. Acad. Sci. U.S.A. 

92,3819 (1995). 
8. j. Cross, P. Wen, W. Rutter, Proc Natl. Acad. Sci. U.S.A. 

90,8078 (1993). 
9. N. Klein, R Schneider, Mol. Cell. Biol. 17,6427 (1997). 

Snow falling on the ice sheet surface 
forms layers that move downward and densi- 
fL to become glacier ice as new snow falls 
above them. The downward-moving layers 
thii as a result of horizontal spreading of the 

flowing ice (see the figure). The 

Horizontal spreading ' ' 

- .. I 

v isitors to alpine glaciers rou- process is easy to imagine for a 
tinely marve1,at the torrents simple scenario in which the ice 
of melt water rushing from sheet is frozen to its bed and is 

under the ice. As early as the late close to a steady-state mass bal- 
18th century, alpine geologists had ance. In that case, the rate of new 
surmised the importance of this liq- snow accumulation is matched by 
uid water to glacier flow. In his epic the spreading rate and the ice layers 
w a g e s  in the Alps (I), Horace- thin with depth (and thus age) in a 
Bknkdict de Saussure observed "Al- predictable way. But when Fahne- 
most all glaciers [. . .] of any appre- stock et al. (4) applied a commonly 
ciable size, have beneath them, even Peering into an ice sheet. Internal Layers thin with depth (and age) used model of that Process to a set 
in winter, streams of water that flow because of ice flow. Where basal melting occurs, ice is lost at the of well-dated layers in the Green- 
between the ice and the bed that bottom of the ice sheet and layers experience relatively less thinning land Ice Sheet, the model failed in 
supports it. One therefore under- than they would over a frozen bed. some interesting locations. 
stands that these ice masses, driven The model failed because the 
by the loss of contact with the bed on which tic Ice Sheet (2) and by the flotillas of ice- downward-moving layers do not thin as 
they rest, freed by the loss of contact with the bergs cast into the North Atlantic by surges much as they ought to thin. The implica- 
bed on which they rest, freed by water from of the Laurentide Ice Sheet, which covered tion, which the authors demonstrate quite 
contact that ice could make with that same much of North America during the Pleis- elegantly, is that the bottom of the ice 
bed, sometimes even lifted by this water, tocene glacial cycles (spanning the last 2 sheet is melting, in some places at rates of 
must little-by-little, slide and descend follow- million years) (3). up to 20 cmlyear. The largest inferred 
ing the valley slope or ridge they cover." On page 2338 of this issue, Fahnestock melting rates exceed what can be ex- 

It is perhaps less obvious that basal melt et al. (4)  report a striking example of the plained by typical heat flow in old (and 
water is also important to the much larger, power of basal melting in an unexpected hence relatively cold) cratonic crust. The 
and considerably colder, polar ice sheets. place: the northeast sector of the Green- basal melting anomaly is large enough in 
Yet the effects of water beneath ice sheets land Ice Sheet. They use an innovative both magnitude and spatial distribution to 
can be profound, as exemplified by the un- combination of remote observation and suggest that a feature similar to North 
expectedly fast-flowing networks of ice theory. The technical aim of their work is America'sYellowstone caldera lies beneath 
streams embedded within the West Antarc- narrow: to deduce surface snow accumula- the ice sheet. Such calderas are caused by 

tion and basal melting rates from the ge- the collapse of massive magma chambers, 

The author is in the Department of Geology, Port- 
ometry of ice layers within the ice sheet, indicating substantial geophysical activity. 

land State University, portland, OR 97207, US,?,. E- measured remotely by airborne radar. But The area where large basal melting begins 
mail: chulbe@pdx.edu the mark they hit is much broader. lies upstream of a heretofore unexplained 
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channel of fast-flowing ice embedded 
within the northeast sector of the ice sheet 
(5).Basal melt water, lubricating the inter- 
face between the ice and its bed, must be 
the cause of the enhanced flow. 

With the exception of his descriptions of 
the physics, de Saussure's theories about 
subglacial water were arguably quite ad- 
vanced. Water submerges the bed, thereby 
diminishing the basal drag that resists the 
gravitational driving stress. It also saturates 
and weakens subglacial tills, and under 
pressure, basal water can cause the overly- 
ing ice to float (&??).Recently, another at- 
tribute of water has been added to the list: 
Melt water, flowing down the glacier from 
its source, may redistribute energy within 
the glacier system. The effectiveness of this 
redistribution is still under investigation (9), 
but it may be critically important to one of 
Earth's three remaining great ice masses, 
the West Antarctic Ice Sheet. 

The temperature at the bottom of an ice 
sheet depends on the air temperature at the 
ice surface, the rate at which snow accumu- 
lates, the thickness of the ice, the geother- 
mal gradient in the rock beneath the ice, 
and variations arising from horizontal mo- 

tion of the ice. In general, the thinner the 
ice, the more likely it is that the geothermal 
gradient is accommodated by diffusion of 
heat through the ice and that the ice is 
frozen to its bed. But in West Antarctica, 
the fast-flowing ice streams are both thin 
and melted at the bed. And an increasing 
range of evidence suggests that this has 
been the case since at least the Last Glacial 
Maximum about 20,000 years ago (10, 11). 
Weak, water-saturated marine sediments 
beneath the ice sheet are the cause of the 
fast flow, but this subglacial till would con- 
solidate without sufficient water (7, 12). 
The apparent contradiction of thin yet fast- 
flowing ice can only be resolved by recog- 
nizing the importance of melt water and its 
distribution at the base of the ice sheet. 
Melt-water thermodynamics is thus of great 
concern to glaciologists trying to predict fu-
ture ice sheet retreat rates and correspond- 
ing changes in global sea level. 

The notion of thin, fast-flowing West 
Antarctic ice streams throughout the Pleis- 
tocene (10, 11) has implications beyond 
Antarctica. Many of the Northern Hemi- 
sphere ice sheets of recent glaciations 
were marine-based as well, and recon- 
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Genomic Views of 
Genome Duplication 

Bruce Stillman 

enomewide views of biological 
processes offer new perspectives 
on the organization of chromo- 

somes and the replication of their DNA. 
In a pair of recent Science papers (see 

page 2357 of this 
Enhanced online a t  issue), two groups 
www.sciencemag.org/cgi/ report different, but 
content/fulV294/5550/2301 c o mp 1em e n t a r  y, 

global approaches 
for mapping the distribution of origins of 
DNA replication (oris) throughout the 
genome of the budding yeast Saccha- 
romyces cerevzszae (1, 2). DNA replica- 
tion simultaneously proceeds along dis- 
crete sections of the chromosomes, and 
the oris are the DNA sequences where 
replication begins. Both techniques not 
only reveal the position of many yeast 
genome oris, but also provide a wealth of 
information about the way in which the 
genome is duplicated. The results also 
hint that the proteins that initiate DNA 

The author is a t  Cold Spring Harbor Laboratory, Cold 
Spring Harbor, NY 11724, USA. E-mail: sti l lman@ 
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replication may be important in nonrepli- 
cation events as well. 

S. cerevisiae was the first eukaryote to 
have its genome sequenced. Scientists 
have probed the sophisticated genome of 
this well-researched eukaryote to learn 
how whole chromosomes are replicated. 
The 16 chromosomes of the budding yeast 
contain multiple oris. Two decades ago, 
small pieces of yeast DNA called au- 
tonomously replicating sequences (ARSs), 
when inserted into bacterial plasmids, 
were found to promote the replication of 
these circular DNAs during each S phase 
of the cell cycle (3). Later, many, but not 
all, of these ARSs were found to corre- 
spond to oris in yeast chromosomes. 

The detailed structures of individual 
ARSs and oris were determined a decade 
ago. Simultaneously came the discovery 
of the origin recognition complex (ORC), 
a six-subunit protein complex that binds 
to oris and coordinates the assembly of a 
pre-replication complex (pre-RC) at each 
ori (3). The pre-RC contains, among oth- 
er components, the six different, but re- 
lated, mini-chromosome maintenance 

structions of their thickness histories rely 
in part on fundamental assumptions about 
basal energy balance that may need reeval- 
uation. Fahnestock et al.'s discovery of 
substantial basal melting in an unexpected 
place reminds us that basal melt water 
matters and that it may be important in 
places we never suspected. 
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(MCM) proteins (3) (see the top figure 
on the next page). We have learned much 
about how DNA is replicated in the bud- 
ding yeast (3), including the distribution 
of oris in two of its chromosomes (4). 

Brewer and Fangman and their col- " 
leagues teamed up with Davis and his 
group (I) to undertake the first genome- 
wide analysis of oris. With high-density 
DNA microarrays, they determined exact- 
ly when each region of the yeast genome 
replicated (at a resolution of about 10 kilo- 
base pairs) (1). To do this, the investiga- 
tors modified one of the most elegant biol- 
ogy experiments ever undertaken-the fa-
mous Meselson and Stahl experiment that 
proved semiconservative DNA replication 
(that is, each DNA strand is a template for 
the new strand being synthesized). Unfor- 
tunately, the yeast lacks the enzyme thyrni- 
dine kinase and hence its DNA cannot be 
labeled with the modified nucleotide bro- 
modeoxyuridine during replication. So, in- 
stead, the investigators prelabeled budding 
yeast DNA with the isotopes 15N and 13C 
(the resulting DNA strands being called 
heavy heavy, HH). Yeast cells arrested in 
late GI phase of the cell cycle were syn- 
chronously released from this block in the 
presence of two other isotopes, 14N and 
12C (light medium). At various time points 
during S phase, DNA was isolated-both 
DNA that replicated semiconservatively 
(called heavy light, HL) and DNA that re- 
mained unreplicated (HH). By calculating 
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