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Thomas Préat, and Valérie Goguel
(see pages 9535–9546)

Neprilysin isanendopeptidase that inactivates
secreted peptides throughout the body. In the
nervous system, neprilysin substrates include
endorphins, oxytocin, and neuropeptide Y,
but its best-studied substrate is ß-amyloid.
Cognitive deficits in mouse models of Alzhei-
mer’s disease are attenuated or exacerbated,
respectively, by increasing or decreasing nep-
rilysin levels. But the role of neprilysins in
cognitive function under nonpathological
conditions has not been investigated. There-
fore, Turrel et al. asked how knocking down
different neprilysin isoforms (NEP 1–4) af-
fected aversive olfactory memory in adult
Drosophila.

Drosophila learn to associate odors with
electrical shocks and subsequently avoid such
odors. Multiple physiological processes and
proteins contribute to olfactory memory, and
four memory phases can be distinguished.
Short-term memory (STM) lasts �1 h,
medium-term memory (MTM) peaks 1 h af-
ter training and decays within 2 h, anesthesia-
resistant memory (ARM) is produced when
multiple conditioning sessions are adminis-
tered one immediately after the other, and
long-term memory (LTM) requires multiple
conditioning sessions with breaks in between.
Theformationandretrievalofolfactorymem-
ories requires activity in the mushroom bod-
ies, and ARM and LTM are thought to require
interactions between mushroom-body neu-
ronsandapairofdorsalpairedmedial (DPM)
neurons that broadly innervate that structure.

Turrel et al. found that knocking down
any of the four Drosophila neprilysins in
adult DPM neurons impaired MTM, and
knocking down NEP 1, 3, or 4 in these
neurons impaired LTM as well. Knocking
down NEP 1 in mushroom bodies also
impaired MTM and LTM, but knocking
down NEP 2, 3, and 4 — either individu-
ally or in combination— did not affect
any memory phase. Finally, learning and
ARM were unaffected by knocking out
neprilysins in either location.

These results indicate that neprilysins are
required for specific phases of olfactory
memory in Drosophila. The finding that ne-
prilysins are required in DPM neurons is

particularly notable because expression of
amnesiac in these neurons is required for
consolidation of odor memories, and al-
though amnesiac has been proposed to en-
code a memory-modulating neuropeptide,
no such neuropeptide has yet been identi-
fied (Guven-Ozkan and Davis 2014 Learn &
Mem 21:519). Therefore, identifying nepri-
lysin substrates could potentially provide an
important clue regarding memory forma-
tion in this model system.
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O-linked GlcNAcylation—the addition of
N-acetylglucosamine (GlcNAc)—is a com-
mon posttranslational modification of pro-
teins. Unlike other forms of glycosylation,
which involve permanent addition of poly-
saccharide chains to extracellular domains,
O-linked GlcNAcylation typically occurs on
cytoplasmic domains and involves rapidly
reversible attachment of a single sugar resi-
due. It is thus similar to phosphorylation.
O-GlcNAcylation regulates numerous cel-
lular processes, including transcription, neu-

ronal differentiation, and synaptic plasticity,
and deletion of the sole enzyme that cataly-
zes O-GlcNAcylation—O-GlcNAc transfer-
ase (OGT)—selectively in mouse neurons
results in early postnatal death (Lagerlöf and
Hart 2014 Adv Neurobio 9:343).

To investigate the role of O-GlcNAcyla-
tion in glia, Kim et al. knocked out OGT
selectively in Schwann cells. Within 1
month of birth, focal thickenings where my-
elin was abnormally and redundantly folded
(tomacula) were present in mutant nerves,
and the amplitude and conduction velocity
of both sensory-nerve and muscle com-
pound action potentials were reduced.
These pathological features increased over
time, resulting in overt motor impairment
by 6 months of age. The density of myelin-
ated axons and the total number of axons
in the sciatic nerve also decreased in mutant
mice from 1 to 6 months, with axon loss
appearing before decreased myelination.

Proteomic analysis detected 123 O-Glc
NAc-modified proteins in rat sciatic nerve.
One of these proteins, periaxin, is enriched
in Schwann cells and its mutation causes
tomaculous demyelinating peripheral neu-
ropathy in humans. Although periaxin levels
were not significantly reduced in OGT-
deficient mice, the protein failed to localize
properly. Likely because of this mislocaliza-
tion, the mice were phenotypically similar to
those lacking periaxin. Besides tomacula for-
mation, axonal loss, and hypomyelination,
both OGT-deficient and periaxin-deficient
mice lacked appositions between compact
myelin and the Schwann cell plasma mem-
brane. Consequently, the Schwann-cell cyto-
plasm formed an annulus around the axon,
rather than being restricted to longitudinal
channels (“Cajal bands”).

These results suggest that O-GlcNAc-
ylation is required for periaxin to be
properly localized to form Cajal bands in
myelinated nerves. Notably, these channels
have been proposed to enable Schwann cells
to provide nutrients to underlying axons
(Nave 2010 Nat Rev Neurosci, 11:275).
Whether loss of this function, loss of some
other periaxin function, or loss of another
protein’s function is responsible for demy-
elination and axon loss in OGT-deficient
mice remains unknown.
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Knocking out OGT selectively in Schwann cells (bottom) results in
abnormal folding in myelin (dark rings) and loss of Cajal bands
(arrows in wild-type fibers, top). See Kim et al. for details.
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