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their major threat from illegal hunters, who 
kill them for their tusks and for food. Lead- 
er-Williams and co-authors argue the case 
for legal hunting of male elephants main- 
taining elephant numbers. Although serious 
concerns are raised elsewhere over the im-
plications of losing older males from en- 
dangered elephant populations because of 
their particular importance in breeding (2), 
male elephants were not the subjects of our 
paper. However, we emphasize in general 
terms the danger of removing older, more ex- 
perienced individuals from social groups in 
endangered populations of advanced social 
mammals, because the situation for female 
elephants has obvious parallels elsewhere (1, 
3). In many whale species, for example, 
large-brained, long-lived females also form 
closely bonded social groups (3, 4), and ex- 
amination of the size of individuals in com- 
mercial catches suggests that the largest may 
have been selectively taken (5). Given that 
our results indicate that groups may rely on 
older members for their store of social knowl- 
edge, in the absence of information on specif- 
ic cases we would urge caution over any ac- 
tivity that results in their removal from en- 
dangered populations. 
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The Fourth Dimension 
in Cellular Signaling 

A KEY QUESTION IN CELL BIOLOGY IS HOW 
signaling specificity is achieved. The 
authors of two Perspectives (1, 2) reflected 
on the difficulties of relaying information 
from a staggering number of extracellular re- 
ceptors through a small number of 
intracellular signaling molecules. A classic 
example is the cAMP (cyclic adenosine 
3',5'-monophosphate) pathway, in which the 
bindmg of hormones, neurotransmitters, and 
odorants to receptors triggers the production 
of CAMP. This soluble messenger activates 
downstream effectors such as CAMP-depen- 

dent protein kinase (PKA), which differen- 
tially phosphorylates hundreds of cellular 
targets. In the past few years, the primary fo- 
cus of research into specificity has been on 
macromolecular signaling complexes that ef- 
fectively organize proteins (from receptors to 
targets) into two-dimensional arrays at the 
surface membrane. In their report, M. A. 
Davare and colleagues provide an elegant ex- 
ample, demonstrating that P2 adrenergic re- 
ceptors assemble in complexes with L-type 
Ca2+ channels, and that signals from the re- 
ceptor to the channels (transmitted through 
the cAMP pathway) are localized (Reports, 
"A R2 adrenergic receptor signaling complex 
assembled with the Ca2+ channel Cq1.2," 6 
Jul., p. 98). 

Although this sort of organization is es- 
sential for signaling specificity, a pressing 
question remains, what happens to CAMP? 

Keeping cAMP close by. Perhaps cAMP is 
"channeled" between adenylyl cyclase (AC) and 
protein kinase (PKA) in certain macromolecular 
signaling complexes (see the response by Hall 
and Hell). (a,a C protein: P, phosphate) 

Laporte et al. (2) touch on the problem: "[Ilt 
is commonly assumed that activation of ion 
channels through second messenger-depen- 
dent kinases such as PKA can be sensed any- 
where within the cell because of the m i d  dif- 
h i o n  of small second messenger moiecules. 
The findings from Devare et al. certainly 
challenge the generality of this assumption." 
We would like to point out that this vital is- 
sue, diffusional spread of small molecules, 
has received some attention. In two cell types -
studied by Devare and colleagues, rat hip- 
pocampal neurons and human embryonic 5 
kidney cells, there are multiple lines of evi- 
dence for diffusional restrictions under the 8 
surface membranes, giving rise to chemical 5 
compartmentalization (3, 4). The latter study 
dealt specifically with CAMP. Difiional re- 
strictions have also been observed in cardiac 
myocytes (5). It is worth noting that without ; 
these restrictions, CAMP concentrations right g 
next to adenylyl cyclase (the enzyme that $ 
produces CAMP) would not be high enough 
to activate PKA, unless the entire cell filled 2 
with CAMP (4). This, of course, would acti- 
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