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surface fluorine atoms tilevers and smaller oscillation amplitudes 
is caused by the con- (8). The use of carbon nanotubes as tips 
tribution to the image (15) promises to improve the weakest link 
from fluorine atoms in these experiments. Once we have identi- 
just below. This re- f ied surface atoms and their bonding 
sult is important be- strengths, we will be able to do more atom- 
cause this type of ic manipulation (I@, even at room tempera- 
sample, being an in- ture (1 7). The use of sophisticated tactile 
sulator, cannot be ("haptic") interfaces (18, 19) will allow us 
imaged with STM. to "feel" the atoms in real time and gently 
Giessibl et al. have push them to desired locations. We may at 
also shown that un- last be able to take off the boxing glove. 
der special condi- 
tions, it is possible to Referencesand Notes 
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ment of the surface atoms) was imaged with 
an AFM (3, 4). It was the atomic-scale P E R S P E C T I V E S :  C A R B O N  C Y C L E  
imaging of this surface that gave the scan- 
ning tunneling microscope (STM), the older 
sibling of the AFM, instant fame in 1983 Discriminating Plants 
(5). Lantz et al. chose this classic surface for 
their experiment. It is ideal for this first F. I.Woodward 
demonstration because the atoms are widely 
spaced and each has a "lone" atomic orbital 

The increasing concentration of car- criminate in a systematic way against C 0 2  
sticking out of the surface. All the atoms are bon dioxide (C02) in the atmosphere containing the stable isotope 180, offering 
silicon, but their stiffness differs neverthe- (1) is the surest evidence that hu- an exciting opportunity to differentiate the 
less depending on their position, which de- mans are changing the global environ- terrestrial from the oceanic sink (2, 3); the 
termines the way they bond to their neigh- ment. Atmospheric C 0 2  would accumulate greater the terrestrial sink the lower the 
bors underneath. This type of force spec- even faster if the oceans and the terrestrial 180content of atmospheric C02  (4). How- 
troscopy has been done on surfaces for biosphere did not absorb about half the ever, Gillon and Yakir (5) suggest on page 
some time (@, but this is the first time that C 0 2  emissions from burning fossil fuels 2584 of this issue that current understand- 
the surface is also imaged with atomic reso- and deforestation. The amounts of C02  ab- ing of this discrimination may be incom- 
lution in the same experiment (after all, you sorbed by these sinks are difficult to quan- plete, resulting in incorrect sink estimates. 
have to take the blindfold off to check that tify, however, and this is hampering a de- Both transpiration and photosynthesis 
your identification of the fruit is correct!). tailed understanding of the carbon cycle. are involved in the discrimination of plants 
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evaporative 180 enrichment in water is 180-enriched C02. The 180-enriched C02 ly and sequentially from base to tip; the 
transferred first to the water in the chloro- flux from global vegetation was only 78% 1 8 0  composition of source water should be- 
plast (where photosynthesis takes place) of that expected for equilibrium with leaf come enriched by evaporation along this 
and then, by the enzyme carbonic anhy- water. This indicates the substantial impact pathway. It has been shown for C3 and C4 
drase, to dissolved C02 in the chloroplast of the incomplete 1 8 0  equilibrium in vege- grasses (8) that the longer the leaf, the 
(2). C02 entering the leaf thus equilibrates tation dominated by C4 species. Back cal- greater the enrichment of the source water 
isotopically with chloroplast water. culations from these fluxes assuming iso- and the greater the deviation of the 1 8 0  

Plants fall into two groups determined topic equilibrium would underestimate concentration of the enriched water calcu- 
by their photosynthetic pathway. About gross primary production (GPP) by about lated from a constant source water compo- 
85% of plants use the C3 sition. Longer leaves (typify- 
pathway, with the remainder ing C4 species) therefore have 
using the more recently a greater enrichment. Perhaps 
evolved C4 pathway. A frac- the large scatter and high dise- 
tion F of the C 0 2  diffuses quilibrium values for C4 grass- 
out of the leaf without being 

P' 
es estimated by Gillon and 

fixed photosynthetically but Yakir result, at least in part, 
after isotope exchange with ?![ from variations in leaf length 
chloroplast water. In C3 and the necessity to account 
plants, F is about 50% of the for the linear evaporative 
inward flux of C02. In con- enrichment of 1 8 0 .  Helliker 
trast, F is only about 30% in and Ehleringer (9) have also 
C4 plants, where the photo- found low and very variable 
synthetic rate is higher and m CA in C4 grasses, in keeping 
the C02 ~oncentrati01-1 in Lower epidermis ,,,., ,,.. Guard cell with Gillon andyakir's results. 
the chloroplast lower. This Uptake and release Stoma Transpiration Precise quantification of 
outward flux discriminates of ci80160 from cell surface 1 8 0  discrimination by plants 
against C180160;  that is, and ecosystems (10) is still not 
C180160 is preferentially re- Discriminating Leafs. The fluxes of H2180 (purple) and C180160 (red) into and possible, but the work of 
tained in the plant. Previous out of a Leaf through a stoma to the sites of evaporation (cell surfaces). EX- Gillon and Yakir has brought 
studies have assumed com- panded inset: C 0 2  exchange in the chloroplast. CA, carbonic anhydrase. us one step closer to this im- 
plete isotopic equilibrium portant goal. Ultimately, this 
between water and C 0 2  when calculat- 22%, with particularly marked underesti- approach will provide information about 
ing this discrimination. mates of C4 activity. the carbon cycle unmatched by any other 
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complete (nonequilibrium) in C3 species ered from the chloroplast surface rather than online 8 March 2001 (10.1 126lscience.1056374). 
(2, 7). For grasses, however,   ill on and 
Yakir find that isotopic exchange is in- 
complete, at about 75% for C3 grasses and 
just 38% for C4 grasses, where carbonic 
anhydrase activity, CA, is both low and 
variable between species. 

For C4 species with low chloroplast 
CO?. low CA. and therefore a lack of iso- 
topic equilibrium, these new results indi- 
cate a smaller impact on atmospheric 
C180160 than indicated by the original 
equilibrium theory. Gillon and Yakir have 
expanded these estimates using data on the 
distribution of vegetation types, including 
C4 species, to estimate the global fluxes of 

the chloroplast itself, as suggested previous- 
ly by Gillon and Yakir (6). This would lead 
to an 18% underestimate of GPP calculated 
from changes in atmospheric C180160 and, 
assuming equilibrium, slightly less than the 
22% calculated by Gillon and Yakir but still 
a substantial error. 

One of the key points raised by Gillon 
and Yakir is that grasses, and C4 grasses in 
particular, show the greatest disequilibrium 
between 1 8 0  in water and C02. C4 dicotyle- 
dons do not show this effect, indicating that 
nonequilibrium is not simply associated 
with the C4 pathway of photosynthesis. 
Water supply to grass leaves occurs linear- 

6. . Plant ~h~siol.~123.201 (2000). 
7. L. B. Flanagan et aL. Aust j. Plant Physiol. 21, 221 

(1994). 
8. B. R. Helliker. J. R. Ehleringer, Proc. Natl. Acad. Sci. 

U.S.A. 97,7894 (2000). 
9. . personal communication. 

10. Unpublished work (C. Still. B. R. Helliker, M. Ribas-Car- 
bo, S.Verma, J.A. Berry, unpublished data) in a tall-grass 
prairie, dominated by C., grasses, but with C3 grasses 
active during spring, has indicated that differentiating 
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