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patients there is a decreased accumulation of tenance is required to provide enough pro- telomere maintenance in some tissues and 
hTR, reduced telomerase activity, and abnor- liferative capacity for multiple types of so- telomere shortening in others affect the in- 
mally short tracts of telomeric DNA. Al- matic cells during the human life-span. tact organism. 
though the investigators could not rule out This leads to the hypothesis that telomere 
the possibility that some defect in ribosome maintenance defects could be causal in cer- References 
biogenesis or other cellular process con- 
tributes to the syndrome, a telomere mainte- 
nance disorder is sufficient to account for the 
various disease phenotypes. 

How could a mutation in dyskerin cause 
a deficiency in telomerase? Dysfunctional 
dyskerin could inhibit the stability or pro- 
cessing of the telomerase hTR, or the as- 
sembly, stability, or activity of the telom- 
erase RNF! The investigators observed a re- 
duction in the steady-state levels of hTR in 
DKC lymphoblasts and fibroblasts, which 
is consistent with a defect in RNA or RNP 
stability. Lymphocytes normally express 
telomerase when stimulated to divide. Acti- 
vated DKC lymphocytes expressed much 
lower levels of telomerase than did lym- 
phocytes from healthy individuals. Thus, 
DKC cells appear to have a relative defi- 
ciency in telomerase rather than a total lack 
of the enzyme. Still to be resolved is 
whether DKC isoforms act recessively, 
dominantly, or codominantly with respect 
to the wild-type protein. If the DKC iso- 
form is recessive, would overexpression of 
wild-type dyskerin rescue the telomerase 
RNA deficiency? 

Fibroblasts and lymphocytes from DKC- 
affected individuals demonstrate an age-de- 
pendent increase in chromosomal rearrange- 
ments that is consistent with telomere short- 
ening. This results in the formation of 
telomeric fusions (including dicentrics), 
Robertsonian translocations, and ring chro- 
mosomes (I). So DKC may also be regard- 
ed as a chromosomal instability syndrome. 
The symptoms of DKC appear with variable 
onset in those tissues that proliferate rapidly 
(such as gut epithelia or bone marrow) and 
have the greatest need for telomere mainte- 
nance. Patients with this disease have an 
age-dependent increase in risk for develop- 
ing certain cancers, such as epithelial tu- 
mors of the skin and gastrointestinal tract 
(1). This is consistent with a telomeric 
maintenance disorder that leads to chromo- 
somal instability, telomeric rearrangements, 
and cancer progression. It will be interesting 
to compare telomere length in various tis- 
sues of DKC-affected and unaffected indi- 
viduals and to address the extent to which 
telomerase-dependent maintenance of 
telomeres is required during embryonic de- 
velopment or in response to proliferative de- 
mands on specific differentiated cell types. 
It is now becoming clear that telomere 

s maintenance requirements are likely to be 
$ more complex than a simple oxdoff switch. 

The many phenotypes of DKC suggest 
a that telomerase-dependent telomere main- 
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Imaging Elusive Solute Atoms 
M. K. Miller 

n 1948, Cottrell developed a theory in 
which the strength of iron was explained 
by the formation of "atmospheres" of 

carbon atoms around line defects (disloca- 
tions) in the crystal lattice (1). However, it 
took more than 50 years for his theory to 
be verified experimentally. On page 23 17 
of this issue, Blavette et al. (2) use a three- 
dimensional atom probe to determine the 
distribution of individual boron atoms 
around a dislocation in FeAl (see the fig- 
ure), providing the first full experimental 
description of a Cottrell atmosphere. 

According to Cottrell's theory, the 
smaller solute atoms present in steel, such 
as carbon, segregate to those regions of the 
crystal lattice around a dislocation that are 
compressed relative to the bulk, whereas 
larger solute atoms segregate to the dilated 
regions. These solute atmospheres pin the 
dislocation and make it more difficult for it 
to move, thereby increasing the resistance 
of the metal to deformation. The experi- 
mental verification of such solute atmo- 
spheres around dislocations long remained 
beyond the resolution of microscopes. In 
the last decade or so, solutes have been de- 
tected near dislocations by field ion mi- 
croscopy, and solute concentrations have 
been characterized bv atom   robe field ion 
microscopy (3-5). However, the precise so- 
lute distribution around the dislocation 
core could not be resolved until three-di- 
mensional atom probes were developed. 

The three-dimensional atom probe 
(3DAP) combines the virtues of the field 
ion microscope (6) with those of the atom 
probe (7). Shortly after the concept and a 
prototype of the 3DAP were developed at 

Oak Ridge National Laboratory by the au- 
thor in 1986 (8), substantially improved 
variants of the instrument were construct- 
ed at the University of Oxford by Cerezo 
et al. (9) and at the University of Rouen by 
Blavette et al. (10). These instruments, 
known as the position-sensitive atom 
probe (9) and the tomographic atom probe 
(lo), respectively, are designed to deter- 
mine the distribution of all the elements 
present in a material and have been used to 
study a wide spectrum of metals ranging 
from simple model systems to complex 
commercial alloys. 

The 3DAP is the only instrument that can 
determine the identities of individual atoms 
in a material and measure their spatial coor- 

Atom map of a  Cottrell atmosphere. Each 
dot or sphere denotes the location of an indi- 
vidual atom. The figure has been oriented so 
that the aluminum (001) planes are visible as 
the nearly vertical lines of dots. The iron atoms 
have been omitted for clarity. The presence of 
a dislocation in this volume is indicated by the 
extra aluminum plane along the top of the 
marked box compared withthe bottom. The 
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dinates with close to atomic resolution (= 0.3 
nm). The instrument consists of an extremely 
sharp, needle-shaped specimen and a time- 
of-flight mass spectrometer equipped with a 
single atom-sensitive detector. The surface 
atoms of a cryogenically cooled specimen 
are individually ionized by the application of 
a short (10 ns), high-voltage pulse and then 
radially projected from the specimen toward 
a position-sensitive detector. Typically, the 
specimen surface is magnified by a factor of 
about 5 million at the single-atom detector. 
The identities of the ions are determined 
from their flight times in the mass spectrom- 
eter, which has sufficient mass-resolving 
power to distinguish the isotopes of all ele- 
ments. The specimen volume that may be 
analyzed typically has an area of about 10 to 
20 nm2 and is about 100 to 250 nm deep, 
containing up to about 1 million atoms. The 
compositions of small volumes are deter- 
mined by simply counting the number of 

atoms of each type w i t h  that volume, and 
thus the technique provides a fundamental 
measure of local concentrations. 

This powerful microanalytical technique, 
also known as atom probe tomography 
(APT), enables unique information about 
the distribution of elements to be experi- 
mentally obtained at the atomic level.?his 
information can be used to provide experi- 
mental verification of theoretical models, as 
evidenced by Blavette et al.'s (2) verifica- 
tion of a Cottrell atmosphere. The atomic 
level distribution of elements also vrovides 
valuable insights into the earliest stages of 
decomposition of metals (11) and may lead 
to the design of new and improved alloys, by 
suggesting alterations in alloy composition 
and thermal treatments. For example, sub- 
stantial improvements in the fuel efficiency 
and the environmental impact of gas tur- 
bines should be possible based on the results 
of APT investigations of the distribution of 

alloying elements in the high-temperature 
superalloys used in these turbines. 
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potential pockets generated by time-de- 

Toward Efficient Smart Pixels pendent voltages can accumulate many 
photogenerated electrons and move them 
like aconveyor belt (5 )  to the outside cir- 

Jorg P. Kotthaus cuit. The astonishing recording sensitivity 

M 
uch of information technology re- onds, and reemits it again as a light pulse. of a CCD camera is a result of the rather 
volves around the analysis, stor- Such a storage device for photonic signals long natural lifetime of a photoexcited 
age, and processing of visual im- might be developed into a smart pixel that electron-hole pair in silicon, which allows 

ages and patterns. Usually an image is can easily be fabricated in large numbers on efficient electron trapping. The opposite 
recorded with a charge-coupled device a single chip. happens in an LED (see panel B in the fig- 
(CCD) camera in the form of pixels, that The device aims to combine the sensi- ure): Electrons and holes are injected from 
is, points of varying color and intensity, tivity of a CCD camera with the efficient different contacts into the active region of 
thus converting the image into a series of emission of an LED in a single device. It a suitable semiconductor, where they 
digital electronic signals. These are stored relies on controlling the lifetime of light- quickly recombine, emitting photons with 
and processed by a computer, often trans- generated electron- 
mitted through fiber optic networks, and hole pairs by spatial- A C D *, 

finally converted back into visual images ly separating them Record Record 
. . . . . . . .... on a display consisting of light-emitting in a reversible man- 

,--- ! si 
diodes (LEDs). A more direct way of im- ner (4-6). In a CCD _._- -. 

age processing uses so-called smart pixels camera (see panel A 
(1, 2): arrays of active devices fabricated in the figure), an in- 
on the same chip that operate in parallel to dividual photon lifts Q' 

detect, process, and emit photonic signals. an electron from an ! 
By combining the world of image detec- occupied state in the 
tion and processing with that of electron- so-called valence B 
ics on a single chip, smart pixels have the band of  silicon 
potential to process visual images more ef- across an energy . . 

ficiently than present technologies. gap into the conduc- 
Today's smart pixels are rather complex, tion band, leaving 

and their image resolution cannot match that behind a positively 
of a CCD camera. But a clever device re- charged empty state 
ported by Lundstrom et a/. (3) on page 23 12 called a hole. Strong 

this issue may make smart pixels potential  processing of photonic in semiconductor devices. In a CCD 
competitive. The device detects light gradients generated camera (A), photons (blue arrows) excite electrons (red) across the band 

pulses photogenerated charges, by gap (yellow) of silicon that are trapped at the Si-SiO, interface. In an LED 
stores its intensity information for up to set- trades spatially sep- (B), a photon is generated .when a conduction band electron recombines 

arate the  electron with a valence band hole (green). Reversible storage of photogenerated 
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