
monically coupled and hydrogen bonded 
and that this coupling has a similar 
strength in the ground state (populated at 
lower temperatures) as the first excited 
state (increasingly populated with increas- 
ing temperature). In such a situation, the 
occupation of accepting modes, and hence 
T I ,  does not depend on temperature. Also, 
the density of ice does not change appre- 
ciably over the studied temperature range 
and that of pure water only increases by 
about 5% from 273 to 363 K .  Thus,  
changes in bulk density or water-water in- 
teractions are considered to contribute 
negligibly to the observed temperature de- 
pendence of TI. 

In contrast, liquid water shows a strong 
dependence of hydrogen-bond strength on 
temperature. Earlier spectroscopic studies 
showed that with increasing liquid temper- 
ature, the hydrogen-bond strength decreas- 
es. In this situation, "if the hydrogen bond 
forms one of the accepting modes of the 
vibrational energy, this will lead to an in- 
crease of the vibrational lifetime" (3). 
Similar arguments were used to explain 
early measurements of Ti in hydrogen- 
bonded systems with hydroxyl groups on 
silica and in micas (a), mixed acid-base 
complexes (9),  and in zeolites (1 0). 

Woutersen et al. incorporated the rela- 
tive change in hydrogen-bond strength 
with temperature into an analytical hydro- 

gen-bonding model (11) to estimate TI 
lifetimes for the water OH-stretch. The fit 
of the model results to the experimental 
data is excellent (see figure), suggesting 
that the T1 temperature dependence may 
indeed be dominated by changes in aver- 
age hydrogen-bond strength within the 
medium. Molecular dynamics simulations 
of liquid water as a function of density and 
temperature, using the best available po- 
tentials, have also obtained hydrogen-bond 
lifetimes of 10 ps or less (12), similar to 
measured lifetimes (3-5, 13). 

Can we conclude then that their inter- 
pretation is correct? The answer is not sim- 
ple. Other transient IR investigations of 
HOD:D20 at room temperature (5) and up 
to 343 K (13) with longer IR pulses have 
also yielded T1 lifetimes of about 1 ps. 
However, using sophisticated two-color IR 
pump-probe spectroscopy with 1- to 2-ps 
pulses, one finds that the high-frequency 
OH-stretch absorption (3200 to 3600 cm-I) 
is actually composed of three sub-bands 
(about 45-cm-I wide) from ice-like, dimer- 
ic, or extended species, which exhibit TI 
vibrational lifetimes of 0.8 to 1.5 ps and re- 
orientation times in the 3- to 15-ps range. 
The extremely short, spectrally broad IR 
pulses used by Woutersen et al .  (200 fs, 
100 cm-' full-width at half maximum) may 
mask the dynamics of such multiple sub- 
structures existing at short time scales be- 

P E R S P E C T I V E S :  B I f 3 M t D I C l P 4 t  

Putting Stem Cells to Work 
Davor Solter and John Gearhart 

E mbryonic stem (ES) cells-pluripoten- 
tial stem cells that give rise to all adult 
cell types-can be derived from the 

blastocyst, a preimplantation stage embryo 
(I), or from primordial germ cells, cells of 

the early embryo 
Enhanced online a t  that eventually 
www.sciencemag.org/cgi/ differentiate into 
contentlfulV283/5407/1468 Sperm and oocytes 

(2). The derivation of human ES cells has 
opened up exciting new possibilities for 
therapy as well as a Pandora's box of legal 
and ethical controversies. 

Assuming that the currently available 
human ES cells (or those derived in the fu- 
ture) are similar to their mouse counterparts 
(an assumption by no means certain), it is 
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likely that they will eventually be used in 
cell and tissue replacement therapy (3, 4). 
Mouse ES cells are pluripotent-that is, 
they can differentiate into many cell 
types-but whether they are totipotent (ca- 
pable of developing into all cell types) is 
unknown. The same is true for human ES 
cell differentiation. Although it is likely that 
human ES cells form various cell types and 
simple tissues, their capacity to build com- 
plex organs in culture is entirely unex- 
plored. The judicious exploitation of cell 
and tissue interactions and the use of extra- 
cellular matrices should eventually enable 
the production of complex organs such as 
the kidney or lung. One can even imagine 
using existing organs (human or otherwise) 
as scaffolding, replacing the original cells 
with those derived from ES cells. 

Using ES cells therapeutically carries 
inherent dangers. Mouse ES cells are tu- 
morigenic, growing into teratomas or tera- 
tocarcinomas when injected anywhere in 
the adult mouse. There is no reason to be- 

cause these studies trade spectral resolution 
for high time resolution. 

We are beginning to elucidate the prop- 
erties of bulk water and ice through mea- 
suring its ultrafast molecular dynamics 
with sophisticated laser techniques. How- 
ever, further investigations will be required 
before we will fully understand the intrigu- 
ing properties of this ubiquitous and im- 
portant but complex system. 

References 
1. F. Franks, Ed., Water, A Comprehensive Treatise, 

(Plenum, New York, 1972); P. Schuster, C. Zundel, C. 
Sandorfy, The Hydrogen Bond (North-Holland, Am- 
sterdam, 1976), vols. 1-3. 

2. See A. Seilrneier and W. Kaiser, in Ultrashort Laser 
Pulses, W. Kaiser, Ed. (Springer-Verlag, New York, ed. 2, 
1993), pp. 35-1 12. 

3. S. Woutersen, U. Ernmerichs, N. Han-Kwang, H. J. 
Bakker, Phys. Rev. Lett. 81,1106 (1998). 

4. S. Woutersen, U. Ernrnerichs, H. J. Bakker, Science 278, 
658 (1997). 

5. R. Laenen, C. Rauscher,A. Laubereau, Phys. Rev. Lett. 
80, 2622 (1998); H. Graener, C. Seifert, A. Laubereau, 
ibid. 66, 2092 (1991). 

6. V. M. Kenkre, A. Tokrnakoff, M. D. Fayer, j. Chem. Phys. 
101. 10618 (19941. and references therein. 

7. D. J . ' ~ ~ e r s ,  R. S. ~;dahl, B. J. Cherayil, M. D. Fayer, ibid 
107, 9741 (1997). 

8. E. J. Heilweil, M. P. Casassa, R. R. Cavanagh, J. C. 
Stephenson, ibid. 81, 2856 (1984); E. J. Heilweil, 
Chem. Phys. Lett. 129,48 (1986). 

9. W. T. Grubbs, T. P. Dougherty, E. J. Heilweil, j. Phys. 
Chem. 99, 10716 (1995). 

10. M.J. P. Brugman8.A. W. Kleyn,A. Lagendijk, W. Jacobs, 
R.A. van Santen, Chem. Phys. Lett. 217, 117 (1994). 

11. A. Staib and J.T. Hynes, ibid. 204, 197 (1993). 
12. R. D. Mountain, j. Chem. Phys. 103, 3084 (1995); A. 

Luzar and D. Chandler, Nature 379,55 (1996). 
13. R. Laenen, C. Rauscher,A. Laubereau, I. Phys. Chem. B 

102, 9304 (1998). 

lieve that human ES cells will not be tu- 
morigenic in humans. Whatever means we 
use to separate the undifferentiated ES 
cells from the desired, differentiated 
progeny to be injected, we will have to be 
absolutely sure that the separation is com- 
plete. As yet, we do not know the minimal 
number of ES cells necessary to form a 
tumor or the length of time necessary for 
tumor development. The answers to these 
questions will not come from experiments 
with mice because mice are too short- 
lived to provide an adequate test. It is en- 
tirely possible that we will have to provide 
some genetically designed fail-safe mech- 
anism, a "suicide" gene, which will enable 
us to destroy transplanted cells if they be- 
come tumorigenic. 

Many questions related to the possible 
therapeutic use of human ES cells have not 
been addressed in mouse ES cells simply 
because of the lack of interest. Fortunately, 
our understanding of the molecular path- 
ways of differentiation and the molecules 
that mark specific cell types is extensive. 
This knowledge should help us to answer 
the following questions: Can human ES 
cells be forced to differentiate along a de- 
sired pathway? Can we make all ES cells 
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in a culture simultaneously develop along 
that pathway? What exactly are the inter- 
mediary cell types and how can they be 
defined? Which markers and which meth- 
ods can be used to sort out the desired cell 
type? Human ES cell lines will provide 
many of the answers to these questions. 

At the outset it was realized that the full 
therapeutic potential of ES cells will depend 
on using ES cell lines derived fiom the pa- 
tient's own cells for tissue replacement (5, 
6). There may be ways to circumvent this 
necessity, such as by generating large panels 
of different ES cell lines so that everybody 
will find a match or by eliminating or alter- 
ing the histocompatibility antigens, thus cre- 
ating "universal" donor lines. 

A debate is  now brewing about 
whether ES cells should be considered 
embryos (10). Studies of mouse ES cells 
may help to resolve this debate. An ES 
cell is not a fertilized egg and it does not 
have the capacity to develop into a con- 
ceptus, that is, an embryo and its extra- 
embryonic membranes (those forming 
placental tissues). ES cells placed into the 
uterus will never develop into a mouse. 
When ES cells are transferred to the inte- 
rior of a blastocyst, derivatives of the 
transplanted cells can be found in all em- 
bryonic cell lineages-that is, they form 
chimeras in which the transferred cells 
and their derivatives comingle with cells 
of the host. It has also been demonstrated 

blastocyst in order to produce offspring 
derived from ES cells. 

The production of chimeras has 
demonstrated that mouse ES cells can 
form all cell types of the organism, but it 
is not clear whether they can form all ex- 
tra-embryonic tissues of the conceptus. 
Thus, it is not clear whether ES cells are 
totipotent or pluripotent, and clarifying 
this critical issue will depend on our abili- 
ty to mimic the events of embryogenesis in 
a culture dish. The term "totipotent" has 
also been used in a different context to 
mean a cell that is capable of making an 
entirely new embryo, fetus, and adult or- 
ganism. Clearly, under this definition, ES 
cells are not toti~otent. 

Patient 

The second possibility is to use any 
mammalian oocyte as the nuclear recipient. 
Such an approach has been tried-the nucle- 
us fiom an adult human cell was transferred 
into an enucleated cow oocyte-but it 
proved impossible to assess the success of 
the procedure (7). The limited studies in 
mice testing the possibility of nuclear trans- 
fer across species have not yielded encourag- 
ing results (8). If this approach does work, 
the exact nature of the resulting blastocysts 
would certainly pose a significant scientific, 
ethical, and legal quandary. For example, 
would the embryo developing from a human 
adult cell nucleus transferred to an enucleat- 
ed cow oocyte be considered human? Could 
this embryo develop to term? 

The third possible approach is to repro- 
gram the nucleus of adult cells using ES 
cell cytoplasm. Such "cybrids" would be 
prepared by fusion of ES cell cytoplasts 
with somatic cell karyoplasts. Fibroblast 
nuclei transplanted into hepatoma cell cy- 
toplasts expressed one liver-specific gene, 
but the extent of nuclear reprogramming 
was not determined (9). 

Tissues for transplantation. A cell biopsy is taken from the patient, and the nucleus of the so- 
matic cell is transferred into an enucleated donor oocyte with the nuclear transfer techniques pio- 
neered in mice and sheep. The resulting embryo is allowed to develop until the blastocyst stage. 
The inner cell mass (ICM) of the blastocyst is then recovered by immunosurgery and cultured, and 
the embryonic stem (ES) cells are harvested from it.The ES cells are then directed to differentiate 
into the particular cell type required (for example, dopaminergic neurons to replace those lost in 
Parkinson's disease, pancreatic islet cells for patients with diabetes, hepatocytes to treat liver cir- 
rhosis) and are transplanted into the patient. 

with tetraploid host blastocysts that mice 
can be obtained that are solely derived 
from the ES cells transferred into the 
blastocyst (11). The embryonic cells of 
the tetraploid host perish, and the ES 
cells and their derivatives survive, pro- 
ducing a mouse derived entirely from the 
grafted ES cells. So, ES cells cannot de- 
velop into an embryo on their own; they 
must be placed into an artificial environ- 
ment, one in which the host cells provide 
the placental tissues of the conceptus. 
Human ES cells are predicted to behave 
in the same way. But replicating the 
mouse experiment with human embryos 
would be unethical, as one would have to 
intentionally produce a defective human 

To derive ES cells that carry the 
genome of a patient, it will be necessary to 
transfer genetic material from cells of the 
patient into an enucleated human oocyte, 
allow the embryo to develop to the blasto- 
cyst stage, and then derive ES cells from 
the blastocyst. The vast majority of em- 
bryos created in this way would not be 
able to develop further (as far as current 
experimental data suggest), but the proce- 
dure itself prevents us from definitely ex- 
cluding such a possibility. Society must 
decide whether the therapeutic benefits 
justify denying full development to the 
constructed embryos. A recent ruling de- 
creed that federal funds can be used for re- 
search on ES cells that have already been 
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derived from studies funded privately, but 
cannot be used to derive new cell lines 
from blastocysts. Obviously, if the proce- 
dure is legally prevented, the embryos will 
not be created (at least not with federal 
funds) and the question of their fill1 devel- 
opment will remain moot. 

The nuclear transfer procedure is re- 
quired for both ES cell therapy and for 
cloning. This methodological identity has 
led to confusion of the two in people's 
minds. To avoid this problem, the terms 
therapeutic cloning and reproductive 
cloning have been introduced, but these 
terms must be precisely defined and the 
public constantly reminded of the defini- 
tions. Therapeutic cloning would involve 
transfer of the nucleus with the desired ge- 
netic inaterial into an enucleated oocyte, 
development of the oocyte to the blasto- 
cyst stage, and derivation of ES cells froin 
the blastocyst for therapeutic purposes. 
But if the blastocyst is allowed to develop 
into a newborn, which is then used as an 
organ donor, the result is also therapeutic 
but clearly not permissible To avoid these 
difficulties, it would be much better to re- 
serve the term cloning to describe repro- 
ductive cloning. 

Cur r en t  a t tempts  at  reproduct ive  
cloning in livestock and laboratory ani- 

mals indicate that it is not a very safe 
procedure. The majority of clones fail 
sometime during development, and some 
fail after birth. If the recent "success" of 
cloning cows in which four out of eight 
calves died soon after birth (12) is any- 
thing to go by, it would be irresponsible 
and unethical to attempt the cloning of 
humans because this would almost cer- 
tainly condemn a large fraction of the in- 
fants to death or malformation. We know 
very little about the events involved in 
reprogramming the nucleus-activation 
of previously silent genes, initiation of 
DNA synthesis, alteration in chromatin 
structure-and even less  about  the  
molecular pathways set in motion once 
the adult nucleus is placed into an enu- 
cleated oocyte. 

For most, the term cloning means the 
creation of an exact genetic duplicate of 
the nuclear donor. The technique of nu- 
clear transfer, however, can be used in as- 
sisted reproduction in such a way that 
cloning is avoided. Preliminary results in 
mice, for example, suggest that infertile 
couples whose infertility is caused by the 
lack of germ cells in one or both partners 
can be helped in this way. The nuclei 
from somatic cells of the infertile couple 
could be transferred to enucleated germi- 

A Message from Warmer Times 
Matthew P. Colombek 

hen the Sojourner rover crawled 
over the martian surface last 
year, the images returned by the 

inission indicated that  the  si te  had 
changed little from when it was created 
by catastrophic floods some 1.8  to 3.5 
billion years ago (Ga) (I ,  2). This obser- 
vation provides quantitative constraints 
on the rate of change at the landing site 
since that time. The Pathfinder data, tak- 
en together with those frorn the recent 
Global Surveyor missions and the 20 year 
old data from the two Viking landers, 
suggest an early warmer and wetter envi- 
ronment with vastly different erosion 
rates and a major climatic change on 

Earth, such as the Ephrata Fan of the 
Channeled Scabland in Washington State 
(I--4). This similarity argues for the site 
being little altered since it forined (4) 
roughly 1.8 to 3.5 Ga (3) .  

Erosional features such as an exposed 
former soil horizon, sculpted wind tails, 
coarse pebble-rich surfaces (see figure), 
and ventifacts (rocks abraded by wind- 
borne part icles)  are abundant  at the 
Pathfinder landing site, suggesting that the 
site has undergone net deflation or loss of 
material (2, 6). The 5-  to 7-cm-thick red- 
der band along the base of several rocks, 
interpreted as a deflated soil horizon, and 
the sculpted erosional wind tails behind 

nal-stage oocytes and, after meiosis, two 
haploid genoines (one from each parent) 
could be combined in a single oocyte. If 
this approach worked, the resulting child 
would be a randoin genetic combination 
of the parental genomes, the same as ev- 
ery other human. 

It is our view that these and other bene- 
fits of nuclear transfer and cloning far out- 
weigh the possible harm, but they can only 
be achieved through determined experi- 
mental effort. It will ultimately be up to 
society to decide which way to go, but one 
must hope that the decision will be an in- 
formed one and not based on irrational 
fear, ignorance, and prejudices. 
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lag deposits (7) left behind after loss of 
finer windborne material, and thus also in- 
dicative of net erosion or deflation of the 
landing site. The presence of fluted and 
grooved rocks also argues for erosion crys- 
talline sand-size particles carried by the 
wind (8) .  In contrast, wind deposits at the 
Pathfinder site are limited to a few dunes, 
including a crescent-shaped feature im- 
aged by the rover. These features were 
most likely formed from sand-size grains 
entrained in the wind (6). The immaturity 
of the ventifacts and their different orien- 
tation from the dunes and wind trails has 
led to the suggestion that the dunes may 
have forined earlier when the supply of 
sand-size particles was greater (8) .  

The rim heights of small craters at the 
site are similar to those expected for fresh 
inartian craters. This places similar (<l  
&year), albeit less precise, constraints on 
erosion rates at the Pathfinder (9) and the 

Mars between then and now. rocks that are less than 3 cm high (2, 6) Viking 1 landing sites (10) and suggests 
Pathfinder observed a rocky surface suggest extremely low deflation rates of that a cold and dry environment, similar to 

coinposed of ridges and troughs, perched, around 0.01 to 0.04 nanometers (1 nin = today's, has prevailed since 3.1 to 3.7 Ga. 
imbricated. and partially rounded tabular m) per year. Coarse pebble-rich sur- A variety of observations by Pathfinder 
rocks, and streaiilined hills that is analo- faces and at least some of the dunes, such indicate that the earlier inartian climate 
gous to catastrophically deposited fans on as Mermaid Dune, appear to be composed was warmer and wetter than today's desic- 

of ~ o o r l v  sorted inaterial beneath an ar- cating environment. Rounded ~ebb le s  and 
A .  

The i s  at the jet Propul i ian Laboratory C a l i -  
moring veneer of dark gray granules, as cobbyes ( 7 ) ,  evidence for abundant sand- 
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