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Long-term potentiation depends on release of

p-serine from astrocytes

Christian Henneberger’, Thomas Papouin'”, Stéphane H, R, Ofiet* & Dmitri A. Rusakov’
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Astrocytes as aide-mémoires

Whitko Santello and Andrea Volterra

NATURE|Vol 463(14 January 2010
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of NO synthases contain a haem bound to a
cysleine amino acid (the base, B, in Fig. 1b).
But their activity is confined Lo the amino acid
L-arginine, which it converts to NO — a signal-
ling molecule vital to the nervous, immune and
cardiovascular systems. The chemistry involves
two sequential oxidations, each requiring
oxygen, protons and NADPH. Each step pro-
ceeds via oxy, and follows on to either pcrnxu",
hydroperoxo or cpd | intermediates.

In some enzymes, such as haem oxygenases
(HOs), ferric hydroperoxide is the oxidizing
species', and the substrate is the haem itself.
HOs are found in many organisms, and in
mammals the oxidation products are biologi-
cally vital: biliverdin, which acl an antioxi-
dant; liberated iron(11) ions, which are recycled
for use elsewhere (primarily in haems); and
carbon monoxide, which is used as a neuro-
transmitter. Reactions mediated by the enzyme
cytochrome ¢ oxidase, a member of the haem-
copper oxidase (HCO) superfamily, probably
also proceed through a ferric hydroperoxo
complex, which then undergoes O-O cleav-
age and formation of cpd II (ref. 15). HCOs
facilitate proton pumping across mitochon-
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Astrocytes as aide-mémoires

Mirko Santello and Andrea Volterra

Memory formation is known to occur at the level of synaptic contacts
between neurons. It therefore comes as a surprise that another type of
brain cell, the astrocyte, is also involved in establishing memory.

Memory is the result of long-lasting changes
in synaptic activity usually involving the acti-
vation of NMDA receptors (NMDARs) — a
special class of receptor for the excitatory neuro-
transmitter glutamate. Memory formation has
always been thought to depend on events occur-
ring exclusively in neurons. But the brain pos-
sesses another cell population, glial cells, which
include the highly ramified, star-shaped astro-
cytes. Despite their abundance — they make
up 90% of all human brain cells — astrocytes
have been relatively overlooked in the search
for mechanisms of memory formation because
theylack electrical excitability and do not com-
municate like neurons do. But astrocytes are

the first direct evidence for this proposal. The
authors induce long-term potentiation (LTP)
of excitatory synapses in the hippocampus
using a high-frequency-stimulation protocol,
which involves applying repetitive electrical
stimuli to the presynaptic fibres. LTP is the
sustained increase in synaptic strength associ-
ated with memory formation, and the authors
monitored this synaptic potentiation locally, in
domains roughly corresponding to the territo-
ries of individual astrocytes. They did this by
recording the electrical signal generated by the
ensemble of synapses in the territory, using an
extracellular electrode or, alternatively, directly
through the astrocyte.
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Teaching Portfolio

FOREWORD BY WILBERT J. McKEACHIE

FOURTH EDITION

THE

Teaching

Portfolio

A Practical Guide to Improved Performance
and Promotion/Tenure Decisions

Peter Seldin : ‘
Distinguished Professor, Management & e
Management Science, Pace University, J. Elizabeth Miller
Pleasantville, New York, USA Clement A. Seldin
J. Elizabeth Miller
Associate Professor, School of Family, Consumer & 2009/03/07 %ﬁftﬁ%ﬁiﬁﬁ

Nutrition Sciences, Northern Illinois University,
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Teaching Portfolio (Example)

Table of contents Cover letter

(1) Teaching responsibilities T .
(2) Teaching philosophy

(3) Teaching objectives, strategies, and methodologies
(4) Teaching materials (syllabi, handouts, assignments)
(5) Efforts to improve teaching:

® [nnovation in teaching
@® Curricular revisions
® Teaching conferences/workshops attended

(6) Student ratings
(7) Evidence of student learning
(8) Short-term and long-term teaching goals

Appendices

Learning-outcome based
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