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either stayed awake or went to sleep, during 
which time they were reexposed to the odor. 
Odors applied during non-REM, slow-wave 
sleep stabilized memories and benefited sub-
sequent task performance.

When memory cues are reapplied dur-
ing REM sleep, however, new evidence sug-
gests that higher level cognitive abilities such 
as generalization and integration benefit 
instead13,14. Thus, although presenting cues 
during slow-wave sleep may promote veridical 
memory consolidation, presenting cues dur-
ing REM sleep may ultimately favor the ability 
to integrate and recombine elements of knowl-
edge to make creative connections. What if we 
could gain some measure of control over the 
creative processes of REM sleep, which, unlike 
non-REM sleep, might ultimately be more 
about creation and less about retrospection 

and replay of memories? By becoming lucid, 
perhaps we could learn to exert control over 
how dream fragments are connected, rather 
than passively watching as the bizarre and (at 
times) seemingly useless themes of REM sleep 
dreams unfold in our minds.

In Inception, dream ‘architect’ Ariadne 
can build cities from scratch in a lucid act 
of “pure creation,” and discoveries ranging 
from the molecular structure of benzene to 
the plot for the Strange Case of Dr. Jekyll and 
Mr. Hyde have been attributed to dreams. It 
will be fascinating to determine whether we 
can boost the brain’s ability to create during 
REM sleep, in a manner similar to boosting 
its ability to remember during non-REM 
sleep, and to discover whether lucid dream-
ing can be used to enhance and refine the 
process of creation.

Pacemaker’s burden
Neurons of the locus coeruleus (LC) in the brainstem innervate various regions  throughout the brain and 
modulate sleep, wakefulness, arousal, attention and memory. LC  neurons are a major source of  noradrenaline 
in the CNS, and these neurons fire steady and  spontaneous action potentials at a  relatively high frequency. 
These neurons, however, are also extremely vulnerable as we age, and LC  neurons are lost in neurodegenera-
tive disorders such as Parkinson’s disease and Alzheimer’s disease. Their loss may contribute to some of the 
 symptoms of these disorders, such as excessive daytime  sleepiness and memory deficits. Why is this neuronal 
population so vulnerable to aging and stress? A study in this issue of Nature Neuroscience provides some 
clues to this question and shows that the  pacemaking  properties of LC noradrenergic neurons may be partly 
responsible. On page 832, Sanchez-Padilla et al. report that the pacemaking properties of LC neurons depend 
on the opening of voltage-dependent calcium channels (VDCCs); although the resulting influx of calcium 
and dendritic calcium oscillations are necessary to maintain pacemaking, they also cause  mitochondrial 
stress, a phenomenon that is aggravated in a mouse model of Parkinson’s disease.

Sanchez-Padilla et al. used ex vivo slice electrophysiology of 3–4-week-old mice to show that LC 
 neurons—as seen in the image with a biocytin-labeled neuron counterstained with streptavidin- conjugated 
to Alexa 594 (in red) overlaid on neurons immunoreactive for tyrosine hydroxylase (in black and white)—are indeed autonomous pace-
makers. Using pharmacological agents, the scientists established that L-type voltage-gated calcium channels contribute to this pacemaking 
activity. By pharmacologically blocking mitochondrial Ca2+ entry via junctions between the endoplasmic reticulum and mitochondria, 
they found that calcium fluctuations are associated with mitochondrial  oxidative stress. Previous studies by this laboratory had suggested 
that mitochondrial Ca2+ entry in dopaminergic neurons of the substantia nigra can increase mitochondrial oxidative stress. Similarly, LC 
neurons also exhibited an increase in mitochondrial oxidant stress (as measured by a mitochondrially targeted ratiometric redox probe) 
that was blocked by inhibitors of L-type VDCCs or the mitochondrial Ca2+  uniporter. This mitochondrial oxidative stress was exacerbated 
in the DJ-1 null mouse, a genetic model of early onset Parkinson’s disease. Nitric oxide (NO) production was also correlated with high 
mitochondrial stress in LC neurons and pharmacologically blocking NO synthase activity diminished mitochondrial oxidative stress.

The activity of LC neurons is known to vary with behavioral states. During arousal, for example, an increase in LC firing is mediated 
by orexin (released by the hypothalamus), and subsequent noradrenaline released to various neocortical regions can sharpen attention 
and modulate cognitive function. Surprisingly, the current study found that exogenous orexin can attenuate mitochondrial oxidative 
stress of LC neurons, even though it also increased LC spontaneous spiking. This effect was, however, correlated with a reduction in the 
amplitude of dendritic Ca2+ oscillations in the LC neurons. Other extrinsic signals, such as high carbon dioxide, which increases spiking 
activity, increased oxidative stress in LC neurons, suggesting that pacemaking-dependent oxidative stress in the LC is subject to dynamic 
modulation by extrinsic signals.

This work presents some tantalizing clues as to why LC neurons may be susceptible to substantial neurodegeneration in Parkinson’s 
disease and adds to the evidence suggesting that, although L-type calcium channels are important for maintaining autonomous spiking 
in some neuronal populations, they may also cause increased mitochondrial stress in these neurons. Targeting these channels may be 
useful to combat some of the non-motor symptoms of Parkinson’s disease.
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