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The individual disks can assemble linearly pnticlockwise vortex motionparticularly of helices, which play a 
in a growing strand or can form left- or right- I prominent role in many supramolecu- 
handed helices. Without stirring, equal lar structures, including peptides, 
amounts of left- and right-handed ag- oligomeric metal complexes, hy- 
gregates are formed, as one might 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 
porphyrin disks arrange with 85% molecular chirality by this ap- 
probability in opposite helical orien- proach. The supramolecular struc- 
tations. In other words, the chirality ture may, however, act as a homochiral 
of the supramolecular ensemble of oso3' template for subsequent asymmetric reac- 
disk-shaped molecules is controlled tions or may function as a chiral catalyst. t 
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- 
tionscan be of readily detected by the a= ; 3 s o ~ o m p  willecules far-reaching.be realized, to the consequencesthe stacked porphyrins be can individual mol-molecular aggregate 

strong difference in absorption There are many theories regarding the 
between left- and right-circu- origin of biomolecular homochirality, 
larly polarized light. Chiral selection under the influence of vortex motion. In from p ~ o t o c ~ e m ~ s t r y  to the electroweak 

In these experiments, the hierarchical model, aggregation 'f disk-sha~ed ~ o r ~ h ~ r i n s  force (4-6). It has been suggested that 
involves two stages. First, zwitterionic porphyrins spontaneous- 

sensitivity the asymmetric ly assemble into stacks as a result of electrostatic and hydro- 
vortex motion during key aggregation 

force at the bifUrcation of gen-bonding interactions. Next, small aggregates assemble into 
processes at some stage of chemical eve-

the aggregation 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- 

at this point form is controlled by the direction of the vortex motion. port for this theory. More experimental 
left- or right-helical aggregates work is needed to establish whether we 
is biased by the vortex motion. must consider simple stirring as a serious 
Another important feature is the formation of wise manner. The small chiral bias is ampli- candidate for chiral selection in prebiotic 
rigid and stable assemblies. In a dynamic 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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P E R S P E C T I V E S :  P L A N T  B I O L O G Y  

T 

when guanosine 5'-diphosphate (GDP) is 
bound to the G a  subunit. After activation of a One for ALL? G protein-coupled receptor (GPCR) by its 
ligand, the G-protein trimer interacts with the 

Brian E. Ellis and Godfrey P. Miles activated receptor, GDP is exchanged for 
guanosine 5'-triphosphate (GTP) and the G- 

he genomics revolution provides al- and animal cells-the degree to which each protein complex dissociates into GTP-Ga 
most daily confirmation of the related- kingdom relies on heterotrimeric GTP-bind- and GPy subunits. Both GTP-Ga and GPy 
ness of eukaryotes, especially when it ing proteins (G proteins) to transduce signals serve as mobile second messengers that mod- 

comes to core activities such as cell division from plasma membrane receptors to the cell ulate the activities of target enzymes (such as 
and signal transduction. Against this back- interior (1,2). protein kinases, phosphatases, and phospholi- 
ground of common heritage, it is the differ- In animals, the heterotrimeric G-protein pases) either within the plasma membrane or 
ences among eukaryotes that become partic- complex-made up of Ga, GP, and Gy sub- in the cytoplasm. The GTP bound to G a  is 
ularly interesting. In this issue of Science, re- units-links an extensive array of heptaheli- eventually removed through hydrolysis by the 
ports by Ullah (page 2066) and Wang (page cal transmembrane receptors to downstream intrinsic GTPase activity of the G a  subunit, ; 
2070) highlight one of the striking differ- effector molecules. These effectors control a and the resulting GDP-Ga reassembles into 2 
ences between signaling pathways in plant wide range of cellular activities, including an inactive GDP-GaGPy complex. z 

cell division, pathogen defense, tolerance to Mammalian genomes reflect the advan- 2I 

stress, apoptosis, and the generation of action tages of this signaling complex, encoding 2
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tors. This large suite of interacting 
molecules affords an enormous array of reg- 
ulatory combinations. The situation in 
plants is remarkably different, even though 
the human genome and the genome of the 
plant Arabidopsis are similar in size. Ara- 
bidopsis appears to make do with one clas- 
sical Ga, perhaps two GP, and one known 
Gy subunit, and possesses only a limited 
number of GPCR-related membrane pro- 
teins. Despite this apparently much lower 
capacity for G protein-associated signal 
processing, there is considerable pharmaco- 
logical and other evidence that plant G pro- 
teins are crucial for sensing and responding 
to environmental and hormonal signals. For 
example, a dwarf mutant in rice has a dele- 
I 

SCIENCE'S COMPASS 

corresponding increase in the frequency of 
cell division, a phenotype that mimics the 
behavior of wild-type cells treated with the 
plant hormone auxin. Despite the centrality 
of auxin to plant growth and development, 
the molecular basis of its activity has re- 
mained frustratingly elusive. The results of 
the Ullah et al. study, however, indicate that 
at least one mode of auxin signaling requires 
participation of the single prototypical plant 
G a  protein. In this signaling pathway, Ga  
may be directly involved or GDP-Ga may be 
required to sequester the activity of the GPy 
dirner. It is not yet clear how the perception 
of auxins by plants is linked to G a  activity, 
particularly as the only functionally charac- 
terized GPCR-type membrane receptor in 

ion channel 

Less known than unknown. Plant heterotrimeric C proteins are involved in signal transduction 
pathways activated by the hormones auxin and ABA. CCRI, the first heptahelical C protein-coupled 
receptor identified in plants, has been linked experimentally to  a signaling pathway activated by the 
hormone cytokinin, but has not yet been connected to  a specific C protein. It remains to  be deter- 
mined whether auxin and ABA use heptahelical receptors or other types of receptors when signaling 
through the plant C a  subunit, CPAI. Downstream signaling could be transmitted through either 
GPAI or the CPy dimer. How these downstream signals are connected to plant MAPK modules, and 
what part, i f  any, is played by an atypical C a  subunit AtXLCl in phytohormone signaling are still un- 
clear. Solid arrows denote an established interaction, dashed lines a potential interaction. 

tion within the coding sequence of its G a  
protein suggesting that this lesion renders 
the mutant unable to respond to plant 
growth hormones (4). 

With their study, Ullah et al. (1) provide 
compelling evidence that G-protein signal- 
ing is important for plant responses to phyto- 
hormones (see the figure). They show that 
silencing the Arabidopsis gene encoding Ga  
(GPAI) results in an extended GI phase of 
the cell cycle and a reduced fkequency of cell 
division (mitosis) in aerial tissues (such as 
leaves and stem) of the gpal mutant plants. 
They also found that overexpression of Am- 
bidopsis GPAI in cultured tobacco plant 
cells produced a shortened cell cycle and a 

Arabidopsis (GRC1) is a sensor for cy- 
tokinins, not auxins (5). How G d G h  action 
might be tied to cell cycle control is also un- 
known, but it may be relevant that fkee GPy 
in animal cells activates mitogen-activated 
protein kinase (MAPK) signaling (3), and 
that activation of a specific MAPK cascade 
in plants was recently found to prevent tran- 
scription of genes induced by auxins (6). 

Wang et al. (2) have used the same Ara- 
bidopsis gpal mutants to study a very spe 
cific aspect of plant biology-regulation of 
the closure of stomatal apertures by the phy- 
tohormone abscisic acid (ABA). ABA stim- 
ulates loss of turgor in leaf guard cells result- 
ing in closure of stomata, and also inhibits 

stomatal opening. Several modes of signal 
processing have been identified in this sys- 
tem, including the activities of protein kinas- 
es, protein phosphatases, and phospholipas- 
es, as well as changes in Ca2+ ion fluxes, 
phosphoinositides, and cytosolic pH, but the 
link between ABA and these biochemical re- 
sponses is unclear. Analysis of the gpal mu- 
tants revealed that ABA could no longer 
block stomatal opening because of a failure 
to inhibit inward-rectifymg K+ channels. Cu- 
riously, however, ABA still promoted stom- 
atal closure in the gpal mutants. This appar- 
ent anomaly was resolved when the authors 
discovered that cytosolic H+ depletion in- 
duced by M A  was responsible for activation 
of the anion channel activity that underpins 
stomatal closure. Whatever links ABA per- 
ception to this pH shift is evidently not Ga- 
dependent, whereas Ga  clearly is essential 
for connecting ABA perception to K+ chan- 
nel activation. Again, defition of the links 
upstream and downstream of the guard cell 
Ga  protein will require fbrther work. 

These new results fit another piece into 
the puzzle of plant hormone signal process- 
ing, but they also serve to emphasize the 
huge gaps in our knowledge. It is striking 
that silencing of GPA1, the only prototypi- 
cal G a  encoded in the Arabidopsis genome, 
creates such a mild phenotype. Either the 
heterotrimeric G-protein signaling module 
is of relatively modest importance in plants, 
or redundant signaling complexes exist that 
are able to compensate for its loss. The 
small number of Ga, GP, Gy proteins, and 
GPCR receptors in plants might argue for 
the first interpretation. On the other hand, 
the existence in Arabidopsis of highly atyp- 
ical Ga-type proteins (such as AtXLG1) (7) 
raises the possibility that the ancestral het- 
erotrimeric G-protein transduction module 
may have evolved along different paths in 
plants and animals. In either case, we can 
anticipate that systematic gene silencing ex- 
periments in Arabidopsis and other plants, 
combined with micromay analysis of the 
resulting phenotypes, will be likely to re- 
veal new plant-specific signal transduction 
networks. These will have evolved to meet 
the unique challenges faced by that large 
part of the biosphere that must deal with its 
daily environmental challenges without 
running away. 
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