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DEVELOPMENT its beingdisturbed or lost should be particularly usefulfor subunits, this editing is site-
during interactionswith i ts own solid-state implementationsof specific and results in a mix-

Addingbm Top environment--a process known quantum computers.-I S 0  ture of functionally distinct 
t.0Bottom as decoherence. Quantum error ~ h y .Rev. ~e t t .85,1758 (2000); proteins that differ by only 

Drosophila embryos develop as correction, in which code words ~ h y ~ .Rev. Lett. 85.1762 (2000). one amino acid. 
a syncytium (containing6000 placed in the messagetell us To examine the biological 
nuclei) and then undergoescel- how much the system has been M0LEC ULA R BI0L0GY significance of RNA editing, 
lularization--a specializedtype distorted,works well for re- knefitsof Careful Palladinoetal. generated 
of cytokinesis-which involves coveringthe lost information Editing strains of the fruit fly 
the addition of membrane and but exacts a heavy computa- Drosophila that lacked a func-
the formation of 6000 polarized tional cost. In eukaryotes, the faithful tional ADAR gene and there-
epithelialcells. In a decoherence-freesub- copyingof DNA sequences in- fore were incapable of A-to-l 

Lecuit andWieschaus space (DFS), fragile quantum to RNA transcripts does not in editing.Although the flies de-
describe the delivery of intra- states are protectedfrom noisy itself ensure that an organism veloped normally, the adults 
cellular membrane components surroundings.However,it was can produce the diverse array showed profound behavioral 
first to the apicaland then to thought that useful calculations of proteins it needs. The initial defects in motor control, mat-
the lateralsurfaces of the form- requiringmanipulationof the RNA transcripts, called pre- ing,and flight.These deficits 
ingcells. By labelingthe cell quantum state would require cursor messenger RNAs (pre- increased in severity with age 
surface and tracking particle movingout of this protected mRNAs), experience a series and were associated with neu-
movements in livingembryos, environment. Now, two ap- of tightly regulatedprocessing rodegeneration.Thus, RNA 
they observed four phases of proaches have been proposed events, such as the splicing re- editing has a critical role in 
membranegrowth and reorga- that show that quantum calcu- actions that remove nocoding nervous system function, per-
nization. In phase 1invagina- lations can be performedwith- sequences, or introns.An addi- haps as a post-transcriptional 
tions developthat demarcate out the need to leave the DFS. tional, less common form of means of generatingsubtle yet 
the individualcells; in phase 2 Bacon etal. describe ascheme pre-mRNA processing is called functionalvariation. -PAK 
these furrows grow slowly, and for performinga calculation RNA editing. In one type of cell 102,437 (2000). 
the nuclei beginto elongate; in while stayingwithin the DFS. editing, adenosine (A) is con-
phase 3 the furrows extend Beigeetal. utilizethe Zeno ef- verted to inosine (I) by an en- COMPUTATIONAL BIOLOGY 

more rapidly as distinct cells fect, the quantum-mechanical zyme calledADAR (for adeno- DecodingNanco& 
become more obvious;and in equivalentto soccer's juggling sine deaminase actingon 
phase 4 cellularization is corn- the ball, to maintain the system RNA). In the case of the pre- ingRegions 
pleted. Microtubulesare re- in a DFS while the calculation mRNAs encodingglu- As the genomes of complex or-
quired for membrane delivery, takes place. Both approaches tamate receptor - ganisms are deciphered,an in-
and membrane delivery is creasing amount of DNA se-
requiredcontinuously.In addi- C H EMlST R Y  4 quence becomes avail-
tion to creating a polarized dis- Triangular B~~~~~~San&iches able, of which only a 
tribution of membrane (old at small fraction (about 3% 
the base and new at the apex) Electron-richspeciessuch as benzenecan interact L of human chromosome 
in these epithelialcells, mem- with low-lying unoccupiedorbitals of metalcen- , , 22) encodes proteins. 
brane insertion may providethe ters, for instance,when benzeneadsorbson metal Knowledgeof the genet-
impetusfor furrow growth dur- surfaces. Mercury cations and organomercurials are 'I ic code makes it feasible 
ing cytokinesis.-SMH knownto have high affinity for arenes.Tsunoda and to recognizethe amino 

I.cell B;OL1SO, 849 (2000). Gabbai have modeledsuch surface , acid-codingparts of 
F interactionswith the compound 1, - genes and to performso-

PHYSICS 

F& 

phisticated compar-
which three mer- A benzene filling between isons species

Havenfor Quan- F cury atoms bridged by fluo- of ,.
rophenylenegroups. Boil- and individuals.tum Computation ing 1in benzeneyields asupramolecular Bussemaker etal. are tack-

Their potentialfor solvingdif- complex whose crystal structure reveals 

.+JH* 

ling the problem of recognizing 
ficult problemsthat classi- stacks of benzenemolecules alternating gene regulatory sequences, 
cal computers cannot, and with 1instaggered fashion. Each mercury making use of recent data col-
doingso more quickly, has atom interactswith a rr bondof benzene lected from microarray studies. 
generated much interest in F F F F in an "q2"fashion (anorbitalfrom the Their algorithm, MobyDick, re-
the development of quantum 1 mercury atom points into an bond).The in- veals common motifs in the 
computers.Justas a noisy en- teractionis highly symmetricalin that the form of words from the unbro-
vironment can break our train benzenemolecules are undistorted; it is also weak, in that the C-C ken string of As,Ts ,Cs ,and Gs; 
of thought, the manipulationof bond lengths in benzeneremain unchanged.-PDS many of the words in their dic-
a quantum state can result in I . A ~ .Chem.SO=.. in press. tionary correspond to those 
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associated with genes whose expression E co LOG Y AND EVO LUTI o N 
changes during either sporulation or gen- 
eral repression in yeast. - GJC Clocks and Alternative 

P~OC. Natl. kad .  Sci. U.5.A.. in press. Lifestyles 

C L I M A T O L O G Y  
North American cicada nymphs (Magicicada 
spp) spend 13 or 17 years underground, de- I ... . 

Ice-Sheet-Driven Shifts pending on species, before emerging syn- 
chronously to spend their final few weeks as 

Rapid shifts from cold to warm to cold cli- reproducing adults.~his extraordinary 
mate, called Dansgaard-Oexhger (D-0) lifestyle has been a subject of research for I 
events, occurred during the lasi glacial okra century. 
period with a periodicity of about Karban et al. have 
1500 years and culminated in massive found that cicadas track 
discharges of icebergs into the North time by counting the 
Atlantic once every 5000 to 10,000 seasonal cydes of vege- 
years.These discharges, called Heinrich tation, rather than years. 
events, left trails of continental debris Cicada nymphs feed on 
on the seafloor that are found mostly root xylem sap, and the 
between the latitudes of 55" and 40° amount of nutrient ob- 
N, and are believed to have had a con- Meg-apren-- tained varies according 
trolling influence on deep water im oviposking female to season. Manipulating 
formation in the North Atlantic and (abavr);adult female the seasonal cyde of 
thus on global ocean circulation on flaww (below). host peach trees (double 
and climate. cropping) induced eady 

Using two deep-sea cores from east of metamorphosis of nymphs into adults. 
Greenland, van Kreveld etal. assessed the Two studies examine speciation. Simon et 
frequency and impact of iceberg production al. report evidence for an "instantaneous" 
at latitudes north of the main belt of Hein- speciation event by a shift in reproductive 
rich debris.They reconstructed surface- and timing (life cyde) of 17-year cicadas; a 13- 
deep-ocean characteristics to show that ice- year line=, recently derived from a 17-war 
b e i  production beheen 46,000 and heage, n& overhis 
22,000 years ago had a periodicity of about geographically with a 
1500 years, like D-O cydes.They also deter- genetically distinct, 
mined how temperat& and salinity varied 
and could be related to changes in ocean 
stratification and circulation, and how ice 
rafting events were tied to the surface air 
temperature changes recorded in Greenland 
ice. With these data, they construct a 
detailed relative timeline of a typical 1500- 
year dimate cycle and show how the inter- 
nal dynamics of the Greenland ice sheet 
may have acted as the primary pacemaker 
of the D-0 events. - HJS 

Paleoceanography 15,425 (MOO). 

pre-existing 13-year 
lineage. Marshall and 
Cooley find that male 
mating calls and fe- 
male preferences dif- 
fer between two 13- 
year species where 
they ovedap, reinforcing reproductive i& 
tion, yet the calls of 13-year and 17-year 
species are indistinguishable. -AMS 

Ecd. Lett. 3,253 (2000); Ewlut/on 54,1326 (2000): 
Ewlublon 54,1313 (2000). 
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~ e d ~ e h o ~ j ~ h )  is a &ed signahg protein that regulates 
tissue patterning during Drosophila development by binding to . . 

Patched (Ptc), its cell surface receptor. signal knsmission is accommodated by an- 
other cell surface protein called Smoothened (Smo), and it is thought that a pre- 
formed complex of Ptc and Smo inhibits Srno-mediated signaling; that is, when Hh 
binds to Ptc, a conformational change would relieve Ptc-mediated repression of S?. 

Now, in support of an indirect interaction, Denef etal. propose that, in the ab- - 
sence of Hh, Ptc promotes dephosphorylation of Smo through a type 2A protein 
phosphatase. Binding of Hh to Ptc causes a decrease in the amount of cell-surface 
Ptc, which may deactivate this phosphatase, resulting in increased phosphorylation 
of Smo and localization to the cell surface for signal transduction. - LDC 
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