
the relative resistance of a small fraction of 
the population to acquired immunodefici- 
ency syndrome (AIDS), in itself a massive 

stitute in Gottingen, wove together the fu- 
ture of biology and the future of the planet. 
Of the many serious problems confronting 
humans, the most urgent is that of popula- 
tion growth. According to Eigen, to feed 
the world's population in 50 years' time 
will require all our ingenuity, including the 
use of nuclear power and genetic engineer- 
ing to increase crop yields. He urged scien- 
tists to become involved in the great de- 
bates on these subjects that currently grip 
society, and he emphasized that time is of 
the essence: We do not have much time 
left to prove that we are not the products of 
a lethal mutation. 

( I ) .  Catalases reduce and effectively inacti- 
vate hydrogen peroxides, one type of reac- 
tive oxygen species (ROS) in eukaryotic 
cells. Could this member of the catalase 
familv be the salicvlic acid recevtor that 

experiment on human natural selection. 
Several sveakers sveculated on the de- 

velopments that the study of life might wit- 
ness in the next 50 vears: cures for still-in- 

mediates the SAR response? Several pieces 
of evidence suggest that it is. The binding 
of salicylic acid to catalase is regulatory and 
inhibits its enzymatic activity, at least in 
vitro. The resulting increase in ROS could 
possibly activate specific transcription fac- 
tors, as active oxygen species do in animal 
cells (4). Chen and co-workers therefore 
tested whether pathogen-related gene ex- 

tractable infectious diseases, a deeper un- 
derstanding of the origins of life, a reason- 
able insight into how the brain works, and 
the emergence of a blueprint for the devel- 
opment of organisms are all on the agenda. 
All agreed that an increasing proportion of 
biologists' time will be spent on experi- 
ments in silico, that is, by computer model- 
ine. The discussions on the fate of the sve- 

pression is increased by the addition of 
compounds that increase the amounts of 
ROS in the cell. Their results suggest that 
ROS can induce pathogen-related gene ex- 
pression. Other data also point to the in- 
duction of SAR bv salicvlic acid as beine 

- 
ties, and indeed of the planet, were rather 
more vessimistic. Manfred Eieen. Nobel 
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1. The meeting "What Is Life?" was held in Dublin. 
Ireland, on 20 to 22 September 1993. laureate and director of the ~ a l  ~ l a n c k  In- 

mediated through datalas;: The binding a{ 
finity of salicylic acid and its analogs to 
catalase parallels the inhibitory action of 
these compounds on hydrogen peroxide re- 
duction and, of critical importance, paral- 
lels their ability to induce SAR. This obser- 
vation links the action of catalase to SAR. 

Surprising Signals in Plant Cells 
Alan M. Jones 

thereby diminishing the trivial possibility 
that salicvlic acid and its analoes are 

Plants, like animals, must respond to envi- 
ronmental cues. In the past few months, 
some surprising specifics of how plants per- 
ceive and transduce these signals have 
come to light. Working independently, 
four research groups have found new signal 
perception mechanisms in plants not de- 
scribed before for any eukaryotic cell: We 
now know something about how plants 
sense blue light and the plant hormones 
salicylic acid, ethylene, and the class of 
growth-promoting hormones designated as 
auxins. of which indole-3-acetic acid is the 

- 
pathogen, and this increase occurs before non~pecificall~ binding to catalase (for ex- 
the expression of the ~atho~en-related ample, by the ability of salicylic acid to 
genes (3). chelate the iron cofactor of catalase). 

Chen and co-workers found that the That ROS may transduce the signal that 
cellular binding protein for salicylic acid mediates the response to pathogen attack 
shares high sequence identity with some fits with the observation that extracellular 
members of the catalase family of enzymes ROS elicit local defense mechanisms. Trig- 

gers of SAR such as fun- 

I 
5 gal cell wall glycans and 
5 glutathione cause local 
2 oxidative crosslinking of 
& cell wall proteins well in 

advance of the effect on 
gene transcription (5). 
This is the first action of 
the plant in response to a 

Salicylic I acid 
C2H4 Blue Auxln 

representative member. 

Salicylic Acid 
In Science, Chen and co-workers of the 
Klessig group ( I )  reported the identity of a 
receptor for salicylic acid, the endogenous 
signal required for the systemic acquired re- 
sistance (SAR) response of plants. SAR is 
part of a defense response that is induced 
locally by pathogen or pest attack but that 
spreads systemically to protect the entire 
plant. Salicylic acid likely mediates this re- 
sponse: Application of salicylic acid or cer- 
tain analogs such as aspirin (acetylsalicylic 
acid) induces the rapid expression of the 
pathogenesis-related genes, which serve as 
molecular markers for the SAR response 
(2). Moreover, the timing is right. Salicylic 
acid increases throughout the plant after 
only one part of the plant is attacked by a 

pathogen attack-erec- 
tion of a local barricade 
by stiffening of the cell 
wall through intermolec- 
ular crosscnks. Thereaf- 
ter, the plant systemical- 
ly induces defense- and 
wound-related genes that 
provide further resistance. 
Both actions are medi- 
ated bv ROS. These ROS. 

EL! .I 
*%. 

although certainly toxic 
at high concentrations, 
now must be considered 
true secondary messen- 
gers when present at 
lower concentrations. We 
may even eventually find 
that ROS are important The author is in the Department of Biology, University 

of North Carolina at Chapel Hill, Chapel Hill. NC 
27599-1 280. 

Surprising signals. The recently discovered mechanisms by whlch messengers for growth 
plants sense their environments. and development as well. 
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Ethylene 
The gas ethylene has been known since the 
turn of the century as a plant hormone, 
most notably as a signal for fruit ripening 
but also for growth regulation of certain 
plant organs (6). Because of ethylene's gas- 
eous nature, traditional methods for identi- 
fying and isolating the ethylene receptor 
have pogressed slowly. Consequently, 
Chang and co-workers (7) took a genetic 
approach and cloned the Etr gene respon- 
sible for ethylene sensitivity in Arabidopsis 
(7, 8). This Etrl gene shares sequence 
identities with a class of prokargotic pro- 
teins that are components of the two-com- 
ponent signal transduction system, proteins 
responsible for detection of simple mol- 
ecules in the periplasmic space. ETRl may 
be the ethylene receptor or a component of 
the receptor because it has several features 
consistent with recentor function: ETRl is 
the furthest upstream in the response path- 
way, has transmembrane sequences, and, 
when deficient, reduces ethylene binding 
in etr mutant nlants. However, more bio- 
chemical data are needed to be certain. 
The ident~fication of all the molecules in 
the ethylene signal pathway awaits further 
acquisition and characterization of ethyl- 
ene mutants. The available mutants have 
been used to establish the epistasis of these 
gene products. ETRl lies at or near the be- 
ginning of the ethylene perception path- 
way, consistent with its proposed receptor 
function. Downstream of ETRl is CTRl 
( lo ) ,  a protein similar to members of the 
Raf family of serine-threonine protein ki- 
nases. Soon to follow is the molecular iden- 
tification of other genes in this pathway- 
such as Ein2 and Ein3-which will add 
considerably to our understanding of the 
ethylene signal pathway. 

Blue Light 
Blue light regulates the growth and mor- 
phology of plants, but is best known as the 
signal for phototropism, the ability of 
plants to grow toward light. The blue light 
receptor, predicted to be a flavoprotein, has 
been difficult to isolate and characterize 
biochemically, largely because of its low 
concentrations in the cell. But, as for the 
ethylene perception pathway, a genetic ap- 
proach has recently permitted researchers 
to surmount this biochemical barrier. The 
hy4 mutant of Arabidopsis (1 1 ), isolated 
over a decade aeo. is insensitive to blue ', , 

light. By screening for a hy4 allele tagged 
with a T-DNA insertion, Ahmad and 
Cashmore (12) were able to isolate the 
wild-type gene, which encodes a protein 
with significant sequence identity to pro- 
kargotic DNA photolyases, flavoproteins 
that repair DNA damaged by ~~ltraviolet 

light. Although the chromophore-binding 
domain of HY4 shares homology to photo- 
lyase, HY4 most likely does not repair 
DNA. and its mode of action is unknown. 
Elucidating its mechanism of action will re- 
quire extensive investigation, but there is 
reason to believe already that this signal 
pathway will prove to be unique. 

Auxins 
Because auxins regulate so many aspects of 
plant development-cell division, elonga- 
tion, and differentiation-it has often 
seemed that it might be impossible to ob- 
tain viable auxin receptor mutants or that 
the phenotypes of such mutants might be 
unpredictable. The axrl mutant of Arabid- 
opsis is insensitive to auxin and has the 
same characteristics as a nlant that con- 
tains low concentrations of auxins. Hob,- 
ever, mutant nlants contain the same 
amount of auxin as a wild-type plant, sug- 
gesting that the lesion in axrl lies close to 
auxin perception in this signal transduction 
nathwav 11 3 ). Levser and co-workers of the , . 
Estelle group recently reported the cloning 
and sequence of the axrl gene (14). Sur- 
prisingly, AXRl shares sequence identity 
with the El enzvme of the ubiauitin activa- 
tion pathway, a pathway that tags proteins 
for a certain type of degradation. El co- 
valently binds the small protein ubiquitin 
at a cysteine in an adenosine tr~phosphate 
1ATP)Ldenendent fashion, then transfers 
ubiquitin Lo the E2 enzyme, which subse- 
quently transfers the ubiquitin tag to a pro- 
tein targeted for degradation in a protease 
complex known as the proteasome (15). 
Although ubiyuinated proteins are typi- 
cally degraded rapidly, some-such as the T 
cell antigen and platelet-derived growth 
factor recentor-are ubiauinated in a 
ligand-dependent manner, possibly as a 
reeulatorv modification. Indeed, a role for 
u6quitin' in growth control has recently 
been established (16). However, it is not 
clear whether AXRl could be..an active El 
enzyme, because it is truncated and lacks 
critical motifs such as the ATP binding 
sites and the conserved cysteine residue to 
which ubiquitin is attached.  consequent!^, 
AXRl is probably a novel element in a sig- 
nal transduction chain. How could the 
ubiquitin activation reactions fit into the 
auxin signal pathway? If indeed AXRl is 
involved in the ubiquitin pathway, then it 
perhaps controls the stability of some of the 
other elements in auxin signal transduc- 
tion. For example, rapid turnover of tran- 
scription factors is crucial for the mecha- 
nism of auxin action. Theoloeis and col- " 

leagues (1 7) recently found two genes that 
are rapidly (within 5 minutes) induced by 
auxin and that encode proteins with a pre- 

dicted structure similar to that of some 
prokargotic DNA binding proteins. These 
putative transcription factors are rare pro- 
teins with half-lives of 6 to 8 minutes, per- 
haps the shortest lived proteins discovered 
to date. Because the genes encoding these 
transcription factors are expressed when 
protein synthesis inhibitors are added, regu- 
lation of gene expression by a short-lived, 
hormone-denendent renressor has been 
proposed to explain the observation. Per- 
h a ~ s  there is a connection between the 
rapid turnover of these short-lived factors 
and AXR1, a putative member of the pro- 
tein-turnover pathway. 

Increased efforts toward elucidating 
plant cell biology are identifying new kinds 
of receptors and signal transduction path- 
ways for eukaryotic cells. Some of these 
mechanisms may be unique to plants and 
have evolved to sense the changing envi- 
ronment, but most of these new discoveries 
will undoubtedlv be confirmed and ex- 
tended in other e'ukaryotic cells. 
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