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Preventing Peptide Amidation
Reduces Conditioned Fear Responses

Eric D. Gaier, Ramona M. Rodriguiz,
Xin-Ming M. Ma, Shobhana
Sivaramakrishnan, Danielle Bousquet-
Moore, et al.

(see pages 13656 –13669)

More than half of the bioactive peptides
used throughout the body do not become
fully functional until the terminal carboxylic
acid is replaced by an amide group. In mam-
mals, peptide amidation is catalyzed by a
single bifunctional enzyme, peptidylglycine
�-amidating monooxygenase (PAM). PAM
knock-out causes embryonic death in mice,
and haploinsufficiency in heterozygous-
null mice causes many physiological abnor-
malities. The amygdala expresses receptors
for several amidated neuropeptides, includ-
ing oxytocin, vasopressin, corticotropin-
releasing factor, and neuropeptide Y. Many
of these neuropeptides attenuate fear re-
sponses and/or enhance GABAergic signal-
ing in the amygdala. Surprisingly, however,
Gaier et al. found that PAM haploinsuffi-
ciency reduced fear responses in both con-
textual and cued conditioning. Fear
conditioning is thought to be mediated by
long-term potentiation (LTP) of thalamic
inputs to the lateral amygdala, and LTP was
not reliably elicited at these synapses in
PAM-deficient mice unless GABAB recep-
tor antagonists were present. Consistent
with this, basal levels of inhibitory transmis-
sion were elevated in PAM-deficient mice.

Œ Development/Plasticity/Repair

Nicotine Increases Firing of
Dopaminergic Neurons

Ming Gao, Yu Jin, Kechun Yang, Die
Zhang, Ronald J. Lukas, et al.

(see pages 13814 –13825)

Nicotine induces synaptic plasticity at gluta-
matergic synapses onto midbrain dopamine
neurons, and this might contribute to its re-
warding and self-reinforcing properties.
Systemically delivered nicotine increases the
proportion of currents through AMPA re-

ceptors relative to those through NMDA re-
ceptors (the AMPA/NMDA ratio) in rodent
dopaminergic neurons. Gao et al. report
that this was associated with increases in the
firing rate of dopaminergic neurons and the
number of spiking neurons detected per
penetration. The AMPA/NMDA ratio re-
mained elevated for 3 days after a single nic-
otine injection, and persisted for 8 days after
multiple exposures. The increase in AMPA/
NMDA ratio was mediated by increased
current through AMPA receptors contain-
ing GluR1 subunits and lacking GluR2 sub-
units, and could be elicited by activation of
acetylcholine receptors composed of either
�7 or �2 subunits: blocking both receptor
types was required to eliminate the effect. Al-
though NMDA currents were unchanged by
nicotine exposure, blocking NMDA receptors
eliminated the increase in AMPA currents.

f Behavioral/Systems/Cognitive

11�-HSD1 Inhibitor Improves Maze
Performance of Old Mice

Karen Sooy, Scott P. Webster, June
Noble, Margaret Binnie, Brian R.
Walker, et al.

(see pages 13867–13872)

Small increases in plasma levels of glu-
cocorticoid hormones, which are released
by the adrenal gland in response to stress,
promote learning and memory; but large
or prolonged increases cause dendritic loss,
hippocampal atrophy, and impaired cogni-
tive functioning. Basal plasma glucocorti-
coid levels are higher in old humans than in
younger adults, and this has been proposed
to underlie cognitive decline with aging.
Within cells, glucocorticoid activity is
regulated by 11�-hydroxysteroid dehy-
drogenases (11�-HSDs), which convert
glucocorticoids between active and inactive
forms. Knock-out of 11�-HSD1, which pri-
marily activates glucocorticoids, eliminates
age-related cognitive decline in mice. Sooy et
al. now show that mice heterozygous-null for
11�-HSD1 had approximately 65% less 11�-
HSD1inthebrain,hadcorrespondingly lower
levels of corticosterone in hippocampus but
not plasma, and performed better on a spatial

memory task than controls. Remarkably, a 10
day treatment with a selective 11�-HSD1 in-
hibitor improved performance of wild-type
mice, suggesting that 11�-HSD1 inhibition
might effectively treat age-related cognitive
decline.

� Neurobiology of Disease
Apolipoprotein E Allele Increases
GABAergic Neuron Death

Yaisa Andrews-Zwilling, Nga Bien-Ly,
Qin Xu, Gang Li, Aubrey Bernardo, et al.

(see pages 13707–13717)

Apolipoprotein E (apoE) is involved in lipid
and cholesterol transport, and possession of
the human �4 allele is a major genetic risk fac-
tor in Alzheimer’s disease (AD): people with
two�4allelesareapproximately12timesmore
likely todevelopADthanthosewhohaveonly
�2 or �3 alleles. Andrews-Zwilling et al. found
greater age-related loss of GABAergic neurons
in the hilus of the dentate gyrus and lower
GABAergic input to dentate granule cells in
knock-in mice expressing apoE4 compared
with mice expressing apoE3. This decrease
correlated with and preceded poorer perfor-
mance on a spatial memory task, which was
rescued by a potentiator of GABAergic trans-
mission that did not affect GABAergic inter-
neuron survival. Expression of an apoE4
fragment increased tau hyperphosphoryla-
tion, but knock-out of tau reduced loss of
GABAergicneuronsandrescued learningdef-
icits in mice expressing the fragment. These
results suggest that apoE4 causes loss of
GABAergichilarinterneuronsbyinducingtau
pathology.

Expression of a toxic apoE4 fragment (left) increases hilar
neurodegeneration compared with wild-type mice (mid-
dle). Additional knock-out of tau (right) rescues neurode-
generation in mice expressing the apoE4 fragment. See
the article by Andrews-Zwilling et al. for details.
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