
retrieval process? Both microbiological statement on the Vostok operations and 
studies took careful measures to avoid highlighted a number of reasons for con- 
such contamination. Second, do the cells cern (7). The drill hole-which does not 
originate from the liquid water of Lake yet reach the liquid water level of the 
Vostok, or have they arrived in the ice by lake-has been kept open by the addition 
some alternative transport mechanism? A of drilling fluid, a mixture of aviation fuel 
variety of microorganisms have been iso- and freons. Some 60 tons of this fluid now 
lated from the overlying glacier ice at Vos- 
tok (6), and the DNA analysis by Priscu et 
al. shows that the microbiota in the deep 
ice are related to temperate latitude 
strains. These observations might suggest 
that the organisms originated in the 
glacier ice above. The work by Jouzel et 
al., however, shows that the ice core sec- 
tions analyzed by Priscu et al. and Karl et 
al. are derived from the lake and that their 
biological and chemical contents are like- 
ly to reflect those of the underlying water. 
Finally, given that the lake contains viable 
bacteria and organic carbon, are such cells 
active in the cold, hyperbaric, nutrient- 
poor, and possibly anoxic conditions that 
characterize this environment? Definitive 
answers to all of these questions will re- 
quire direct sampling of the Lake Vostok 
water column, but therein lies a new set of 
problems. 

At the 23rd consultative meeting of the 
Antarctic Treaty in May 1999, Russia 
tabled a comprehensive environmental 

resides in the hole, and about 1 ton is lo- 
cated in the drilled lake-ice section. The 
report notes that the quantity of drilling 
fluid is too large to be removed, recycled, 
stored above ground, or transported away 
from the site. It should not, however, be al- 
lowed to penetrate into Lake Vostok, 
where it would pollute one of the last re- 
maining pristine bodies of water on this 
planet. Calculations show that materials 
released into the Lake Vostok water col- 
umn could circulate to the bottom of the 
lake within days and throughout the entire 
lake basin within decades (8). Biological 
and chemical contamination are major is- 
sues of concern in penetrating the waters 
of Lake Vostok and are the focus of ongo- 
ing international debate and discussion. 
They are also an issue for sampling ice 
and water in places beyond Earth. 

Interest in Lake Vostok has been espe- 
cially intense within the astrobiology com- 
munity. The discovery of ice-water environ- 
ments on Jupiter's moons Europa and Cal- 

PERSPECTIVES: N A N O T E C H N O L O G Y  

Tweezers for the Nanotool Kit 
Chad A. Mirkin 

A 
dvances in scanning probe tech- (AFM), that catalyzed the explosion of re- 
niques have revolutionized the field search interest in this field over the past 
of nanotechnology. But for the full decade. And all signs point to it as one of 

potential of nanotechnology to be realized, the biggest growth areas in science and en- 
these techniques must be complemented gineering for the next quarter century. 
by analogs for macroscopic tools-such as One only has to consider the evolution of 
tweezers, pipettes, and pens. On page 
2148, Kim and Lieber ( 1 )  describe such a 
tool-"nanotube nanotweezersW-which 
could become an integral part of the nan- 
otechnologist's tool kit for manipulating 
structures with nanoscopic dimensions. 

Many advances-such as the invention 
of the electron microscope, the development 
of molecular recognition and self-assembly 
principles, and the prognostications of vi- 
sionary scientists like Richard Feynman- 
contributed to the establishment of nan- 
otechnology as a discipline. But it was un- 
doubtedly the invention of the scanning tun- 
neling microscope (STM) (2) and its vari- 
ants, such as atomic force microscopy 
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the microelectronics industry over the past 
few decades to understand the payoffs asso- 
ciated with miniaturization. But if we can 
learn how to routinely prepare and rnanipu- 
late structures on the nanometer length scale, 
the resulting future technological advances 
could make the engineering accomplish- 
ments in the trillion dollar microelectronics 
industry appear trivial. Nanostructures can 
be exploited in medicine and biology [for 
example, in medical diagnostics (3), ultra- 
high-density gene chips, and the surface en- 
gineering of biocompatible materials], in the 
further miniaturization of electronic circuit- 
ry, in organic devices with molecular com- 
ponents, and in catalysts with highly tailored 
properties based on catalyst component 
placement on the nanoscopic scale. 

All advances in this field will continue 
to rely on the development of new analyhcal 
tools for making, manipulating, and probing 

listo has raised many questions about their 
aqueous geochemistry and potential for life 
(9), and,Lake Vostok has been seen as an 
attractive sampling analog for these more 
extreme environments (10). Despite some 
similarities, hoyrever, there are also radical 
differences in many properties, including 
chemical composition ( I I ) ,  and biological 
parallels are unlikely. Irrespective of these 
differences, future exploration will require 
special efforts to minimize the human 
footprint on the pristine ice and water en- 
vironments of Antarctica and elsewhere 
throughout our solar system. 
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How to grab nanoscale objects. This sketch 
shows how tweezers composed of carbon nan- 
otubes can grab a particle only about 500 nm 
in diameter (Left) and move it to  a desired lo- 
cation (right). 

structures on the nanometer length scale. 
Commercial or custom-built scanning probe 
microscopes, now to be found in virtually 
every major research institution in the 
world, allow one to make electrical mea- 
surements across nanoscopic objects ( 4 ) ,  
measure the forces between molecules (5, 
6), and probe, push, and manipulate matter 
on the atomic length scale (7). Furthermore, 
in multiple probe-tip instruments, each tip 
can be run independently and in parallel 
fashion (8). These advances are paving the 
way to high-throughput AFM- and STM- 
based lithographic processing of solid-state 
materials and are beginning to overcome 
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one of the major limitations associated with 
single-tip instruments that operate in serial 
fashion-namely. prohibitive processing 
times. In addition. these instruments can 
now operate over substrate areas on the cen- 
timeter scale typically associated with lower 
resolutioll conventional lithographic meth- 
ods. Scanning probe lithographies are also 
being developed for soft (organic) materials, 
paving the way to devices that use small col- 
lections of. or even individual, organic 
molecules as electronic components. One of 
the most powerful and promising litho- 
graphic methods of this type is dip pen 
nanolithography (DPN), which uses an 
AFM as a pen to transport molecule-based 
inks directly to a substrate (9). The direct- 
write capabilities of DPN and its compati- 
bility with soft materials set it apart from 
virtually all other scanning probe lithogra- 
phies, allowing one to pattern multiple 
chemical components onto a substrate with 
a current spatial resolution limit of 5 nm. 

Collectively. these scanning probe ad- 
vances allow researchers to fabricate ex- 
traordinary structures on a time scale that 
could enable their transition from research 
curiosities to commercial processing tools. 
But absent from this nanotechnoloev tool 

u, 

kit are analogs to many tools in our macro- 
scopic kits. For example, single, or even 
multiple-tip scanning probe instruments 
cannot be used to tweeze or grab nanoscale 
objects. This is why the advance reported 
by Kim and Lieber is important. To demon- 
strate the concept of tweezing on the 
nanoscopic scale (see the figure) they first 
patterned a glass pipette probe with two 
electrodes on opposite sides of the probe 
and then attached a carbon nanotube to 
each of the electrodes. Kim and Lieber took 
advantage of the mechanical toughness and 
electrical conductivity of the carbon nan- 
otubes to miniaturize a previously demon- 
strated microscopic phenomenon (10). 
namely that application of an appropriate 
bias voltage across two tweezer arms can 
effect a mechanical change in the two arms 
that results in their pinching together. Re- 
moval of the applied voltage relaxes the 
tweezers but does not open them because of 
van der Waals interactions between the car- 
bon nanotubes. Application of the appropri- 
ate bias voltage reopens the tweezers. The 
previously demonstrated micrometer-scale 
tweezers operated at large actuating volt- 
ages (45 to 150 V depending on arm com- 
position and size). Besides being substan- 
tially smaller and offering the potential for 
further miniaturization through the use of 
smaller bundles of single-walled nanotubes, 
the nanotweezers operate at substantially 
lower actuating voltages (8.5 V). 

Lieber and Kim have demonstrated that 
their tweezers can be used to grab and ma- 

nipulate mesoscopic clusters and spheres and can be picked up and manipulated. Sup- 
even gallium arsenide nanowires. In addi- pression of nonspecific adsorption on the 
tion, because the tweezer anns are also indi- tweezer arms would also substantially im- 
vidually addressable electrodes. there is the prove the concept. Nevertheless, this is a 
tantalizing prospect of transforming this powerful demonstration and an important 
technology into a two-probe STM device. step toward the development of a useful 
which could enable electrical measurements new tool for the nanotechnologist. 
over features separated bv relatively short 
distances (11).   he ability bf the nanotweez- 
ers to grasp and physically extract a 
nanoscale component from a complex mix- 
ture and then make an electrical measure- 
ment across it could make them a valuable 
analytical tool for studying the intrinsic elec- 
trical properties of the components of hetero- 
geneous materials and nanoscale devices. 
Many other applications for the nanotweez- 
ers are within the realm of possibility, in- 
cluding its use in manipulating biological 
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P E R S P E C T I V E S :  C A N C E R  

Structural Assets of a 
Tumor Suppressor 

Nicholas K.Tonks and Michael P. Myers 

I nactivation of tumor suppressor genes is phosphate groups from other proteins. It was 
one way in which cancer cells circumvent originally described as a dual-specificity 
normal growth control. Mutations in the phosphatase, that is, it recognizes proteins 

stretch of DNA at q23 on chromosome 10 phosphorylated on tyrosine and on serinei 
are among the most commonly observed in threonine residues. Curiously. PTEN also 
human cancer and are particularly prevalent displays a veiy unusual specificity for highly 
in glioblastomas, advanced prostate cancers, acidic substrates (4). Insights into the identi- 
and endometrial carcinomas. Early in 1997. ty of its physiological substrates came with 
two groups reported the discovery of a new 
tumor suppressor gene at this locus, which 
they called PTEN (Phosphatase and Tensin 
homolog deleted on chromosome Ten) or 
MMAC (Mutated in Multiple Advanced Can- 
cers) (1, 2). Mutations in PTEN are also rec- 
ognized as the cause of cancer predisposition 
syndromes, such as Cowden disease (charac- 
terized by an increased risk of breast cancer). 
Since this discovery, rapid progress has been 
made in characterizing the PTEN protein 
and its role in regulating the signaling 
events that control cell proliferation and sur- 
vival. The latest chapter in this story. pub- 
lished by Pavletich's group in a recent issue 
of Cell (3), describes the crystal structure of 
the PTEN protein and sheds new light on 
how this phosphatase is regulated. 

PTEN contains the signature motif that 
defines the protein tyrosine phosphatase 
(PTP) family of enzymes, which remove 

the observation that PTEN has the capacity 
to dephosphorylate (remove phosphate 
groups from) inositol phospholipids such as 
PIP3 (phosphatidylinositol-3.4,5. P3). These 
molecules are crucial secondary messengers 
in signaling pathways that control prolifera- 
tion and survival (5). A substantial body of 
data from studies involving disruption of 
PTEN in mice and in the worm Caenorhab- 
ditis elegans, together with expression of this 
phosphatase in tumor cells bearing mutant 
PTEN alleles. now support the conclusion 
that PTEN is a lipid phosphatase in vivo (6). 

The structure of PTEN described by 
Pavletich's group (3) reveals the same over- 
all fold as observed for both phosphotyro- 
sine-specific and dual-specificity phos- 
phatases. However. its active-site cleft is 
twice as wide as: but of similar depth to. the 
phosphotyrosine-specific enzymes and both 
wider and deeper than that of the dual- 
specificity phosphatases. In addition. the 
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