
bisphosphorylated phosphoinositides (con- 
taining phosphate at the 4-position of the 
inositol ring), such as PI(4,5)P2 (phos- 
phatidylinositol-4,s-bisphosphate),a phos- 
pholipid highly enriched within the plasma 
membrane. A cocrystal structure of the 
tubby domain with the head group of 
PI(4,5)P2 revealed a basic pocket that is 
crucial for binding of tubby to this phos- 
pholipid. Furthermore, overexpression of 
an activated form of the heterotrimeric 
GTP-binding protein Ga,-which stimu-
lates activation of phospholipase C-P and 
the hydrolysis of PI(4,5)P2-resulted in 
movement of tubbv into the nucleus. In ad- 
dition, expression of the serotonin receptor 
5HT2,, which activates Ga,, also resulted 
in relocation of tubby to the nucleus. A fur- 
ther twist to the story came with the find- 
ing that either activated or nonactivated 
forms of Ga, could bind to tubby in vivo, 
suggesting that Ga, helps to position tubby 
at plasma membrane locations where 
PI(4,5)P2 hydrolysis occurs. This would en- 
sure efficient release of tubby from the 
plasma membrane even when a relatively 
small fraction of total PI(4,5)P2 is hy- 
drolyzed. It is also possible that the water- 
soluble inositol polyphosphates, IP3 and 
IP,, that accumulate when P1(4,5)P2 is bro- 
ken down could contribute to the sustained 
dissociation of tubby from the membrane 
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by competing with PI(4,5)P2 for binding to 
tubby (see bottom figure). 

The findings of Santagata et al. raise new 
questions about the involvement of PI turnover 
in cellular si&g. It has been assumed that 
the primary task of hormone-stimulated PI 
turnover is to increase cytosolic calcium, 
which then regulates a host of cahodulin-me- 
diated events (such as calcineurin-dependent 
NFAT translocation). Calcium ions, however, 
do not appear to be primary players in tubby 
translocation because in experiments with a 
calcium ionophore (which allows calcium ions 
to flow into cells), tubby did not relocate to the 
nucleus. Interestingly, PI(4,5)P2 in yeast can 
also be hydrolyzed by a phospholipase to gen- 
erate IF3. This pathway, however, does not ap- 
pear to be linked to calcium ion regulation but 
rather is involved in the synthesis of more 
highly phosphorylated forms of inositol 
polyphosphates that are required for rnRNA 
export and tmscriptional regulation (6). Addi-
tionally, PI(4,5)P2 is involved in the polymer- 
ization of actin filaments through its direct 
binding to a host of proteins that mediate this 

Thus, it is likely that PI(4,5)P2 synthe- 
sis and its hydrolysis to IF3 evolved for diverse 
purposes that are independent of calcium ion 
regulation. Moreover, IF3-dependent increases 
in intracellular calcium are probably a relative- 
ly late (although still very important) adapta- 
tion of this pathway in higher eukaryotes. 

A New Twist on Chirality 
Ben 1.Feringa 

0
ne of the great mysteries in science 
is the homochirality (single hand- 
edness) of the essential molecules 

of life. Natural sugars are almost exclu- 
sively right-handed; natural amino acids 
are almost exclusively left-handed. Cur- 
rent life forms could not exist without the 
uniform chirality of these monomers, 
which form the building blocks of 
polysaccharides and proteins. Uniform 
chirality is also essential for information 
storage and processing, as demonstrated 
by the supramolecular chirality of the 
DNA helix. But we still do not know the 
origin of this biomolecular homochirality. 

Macroscopic chiral selection-which 
usually goes unnoticed in daily life, for in- 
stance, when one shakes hands or uses a 
corkscrew to oDen a bottle of wine-seems 
to bear no relation to chirality at the molecu- 
lar level. But on page 2063 of this issue, 
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Rib6 et al. (I) report that simple stirring can 
lead to chiral selection. At first sight, these 
results seem hard to believe, but the authors 
provide strong support for their claim. 

Pasteur tried, without success, to in- 
duce a preference for right- or left-handed 
molecules by performing reactions in a 
centrifuge and even by rotating growing 
plants to change the handedness of their 
natural products (2). Ever since, scientists 
have tried to generate excess left- or right- 
handed chiral molecules from achiral pre- 
cursors without the intervention of any 
preexisting molecular chirality. 

This problem, termed absolute asymrnet- 
ric synthesis, has turned out to be a major 
challenge (3). Recent successful studies 
have used photochemistry with circularly 
polarized light (4) ,  chiral selection based on 
the electroweak interaction (although disput- 
ed) (4,and the combination of a magnetic 
field and nonpolarized light (6). Numerous 
attempts have also been made to perform 
asymmetric synthesis by clockwise or coun- 
terclockwise rotation during the chemical 

There is much yet to learn about tubby. 
The high level of expression of both tubby 
and the 5HT2c serotonin receptor in the pa- 
raventricular nucleus of the hypothalamus 
and the observation that 5HT2,-deficient 
mice (7) have mature-onset obesity and 
other characteristics similar to those of 
mice lacking tubby imply that tubby is con- 
trolled by this receptor in vivo. However, a 
host of other hormone receptors-includ- 
ing the bombesin, dopamine Dl ,  melano- 
cortin 4, and melanin concentrating hor- 
mone receptors-are coupled to Ga, and 
could regulate tubby in vivo. In addition, 
insulin has been shown to stimulate tyro- 
sine phosphorylation of tubby, and this 
could impose an additional level of regula- 
tion (8).Finally, there is much yet to learn 
about the part that tubby plays in regulating 
downstream genes that control obesity. The 
study by Santagata et al. lays the founda- 
tion for future progress in this important 
area of research. 
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conversion of an achiral compound. But the 
resulting indications of chiral selection are 
usually discarded as irreproducible or as ar- 
tifacts. These failures are not unexpected if 
one realizes that the applied external chiral 
force must directly exert a polarizing effect 
on the reaction path, a condition not satis- 
fied by bulk rotation (3). 

Nevertheless, the vortex motion used by 
Rib6 et al. acts as a true chiral force (7). 
How can it lead to chiral selection? In Rib6 
et al.'s system (I), stirring does not act on a 
chemical reaction but rather on an aggrega- 
tion process. The assembly of identical 
achiral molecules into large chiral fiber- 
type structures under the direct influence 
of the external force created by stirring is 
biased to a particular handedness. 

Rib6 et al. use achiral disklike por- 
phyrins that have a zwitterionic structure, 
that is, they contain both negatively and 
positively charged moieties (see the fig- 
ure). These properties allow the molecules 
to aggregate through electrostatic interac- 
tions and hydrogen-bonding. A dilute so- 
lution of the porphyrin is slowly concen- 
trated while being stirred, thereby stimu- 
lating the aggregation. The disk-shaped 
molecules stack side by side to form 
strands (called J-aggregates), which com- 
bine to form fibers and bundles of fibers. 
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The individual disks can assemble linearly pnti~~ockwise vortex motion particularly of helices, which play a 
in a growing strand or can form left- or right- prominent role in many supramolecu- 
handed helices. Without stirring, equal 

- 

lar structures, including peptides, 
amounts of left- and right-handed ag- I oligomeric metal complexes, hy- 
gregates are formed, as one might b, drogen-bonded assemblies, liq- 
expect. Depending on the direction uid crystals, and gels (8). 
of the vortex during aggregation, the It will not be easy to control 
porphyin disks arrange with 85% molecular chirality by this ap- 
probability in opposite helical orien- proach. The supramolecular struc- 
tations. In other words, the c W t y  

t 
ture may, however, act as a homochiral 

of the supmolecular ensemble of template for subsequent asymmetric reac- 
disk-shaped molecules is controlled tions or may function as a chiral catalyst. 
by the direction of Stirring during If such "transfer of chiral information" 
the aggregation process. The from the vortex motion via the supra- 
left- or right-handed orienta- ( = %so osop molecular aggregate to individual mol- 
tions of the stacked porphyrins ecules can be realized, the consequences 
canbemdilydetectedbythe will be far-reaching. 
strong difference in absorption There are many theories regarding the 
between left- and right-circu- origin of biomolecular homochirality, 
lady polarized light. Chin1 selection under the influence of vortex motion. In from p~otoc~em~st ry  to the electroweak 

In these experiments, the this hierarchical mode1, of disk-sha~ed powhyrins force (4-6). It has been suggested that 
involves two stages. First, zwitterionic porphyrins spontaneous- vortex motion during key aggregation msitivi' the ly assemble into stacks as a result of electrostatic and hydm- pmcesses at some stage of bifurdOn point of gen-bonding interactions. Next, small aggregates assemble into the process seems fiberlike structures. The helical orientation in the fiber (anti- lution may have led to biomolecular ho- 

t' be The random clockwise shown) in the second stage of the assembly process mochirality. Rib6 et al. provide some sup- 
choice at this point to form is controlled by the direction of the vortex motion. port for this theory. More experimental 
left- or rrght-helical aggregates work is needed to establish whether we 
is biased by the vortex motion. must consider simple stirring as a serious 
Another hportant feature is the f m t i o n  of wise manner. The small chiral bias is ampli- candidate for chiral selection in prebiotic 
rigid and stable assemblies. In a dynanuc as- fied in the aggregation process. stages of evolution. This promises to be an 
sembly, removal of the vortex would lead to It is important to realize that the chiral se- exciting endeavor. 
equilibrium and loss of chiral selection. lection thus occurs at the supramolecular lev- 
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One for ALL? 
Brian E. Ellis and Codhay P. Miles 

T he genomics revolution provides al- 
most daily confirmation of the related- 
ness of eukaryotes, especially when it 

comes to core activities such as cell division 
and signal transduction. Against this back- 
ground of common heritage, it is the differ- 
ences among ehryotes that become partic- 
ularly interesting. In this issue of Science, re- 
ports by lJuah @age 2066) and wang (page 
2070) highlight one of the striking differ- 
ences between signaling pathways in plant 
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and animal cells-the degree to which each 
kingdom relies on heterotrimeric GTP-bind- 
ing proteins (G proteins) to transduce signals 
h m  plasma membrane receptors to the cell 
interior (1,2). 

In animals, the heterotrimeric G-protein 
c o m p l e x 4  up of Gg GP, and Gy sub 
uni- an extensive array of heptaheli- 
cal transmemhe receptors to dawnstream 
effector molecules. These effectors control a 
wide range of cellular activities, including 
cell division, pathogen defense, tolerance to 
sb.ess, apoptosis, and the generation of action 
potentials in nerve cells (3). The het- 
erotrimeric G-protein complex is inactive 

when guanosine 5'-diphosphate (GDP) is 
bound to the Ga subunit. After activation of a 
G protein-coupled receptor (GPCR) by its 
ligand, the G-protein trirner intemcts with the 
activated receptor, GDP is exchanged for 
guanosine 5'-triphosphate (GTP) and the G- 
protein complex dissociates into GTP-Ga 
and G& subunits. Both GTP-Ga and GPy 
serve as mobile second messengers that mod- 
ulate the activities of target enzymes (such as 
protein kinases, phosphatases, and phospholi- 
pases) either within the plasma membrane or 
in the cytoplasm. The GTP bound to Ga is 
eventually removed through hydrolysis by the 
intrinsic GTPase activity of the Ga  subunit, 
and the resulting GDP-~a reassembles into 
an inactive GDP-Ga.GBycomplex. f 

Mammalian genomes reflect the advan- 
tages of this signaling complex, encoding % 
more than 20 Ga, 5 GP, and 12 Gy isoforms 
and more than 1000 different GPCR recep- 8 
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