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Long-term potentiation depends on release of

p-serine from astrocytes

Christian Henneberger’, Thomas Papouin™, Stéphane H, R, Oliet"’ & Dmitri A. Rusakov'
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NEWS & VIEWS

NEUROSCIEMCE

Astrocytes as aide-mémoires

MirkoSantello and Andrea Volterra

Memary formationis known 10 occur at the level of synaptic contacts.

NATURE|Val 463/14 January 2010

NEWS & VIEWS

of NO synthases contain a haem bound to a
cysteine 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 Lo eilhcrpcmx(f,
hydroperoxe or cpd [ inter mediates.

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 acts as 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-
transmilter. 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 11 (ref. 15). HCOs
facilitate proton pumping across mitochon-
drial membranes, which generates a praton
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NEUROSCIENCE

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 receplor {or the excilatory 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-
municale like neurons do. But astrocytes are

HEFES |

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 protocal,
which involves applying repetitive electrical
stimuli to the presynaptic fibres. LTP is the
sustained increase in synaptic strength associ-
ated with memaory 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 astrocyle.
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THE AMINO ACID

The general formula of an amino acid is

OPTICAL ISOMERS

The o-carbon atom is asymmetric, which
allows for two mirror image (or stereo-)
isomers, L and 0.

- w-carbon atom
4"/
aming
group

carboxyl

II_.\.'—Cl—LZi}()H PSS

R
—=side-chain group

R is commonly one of 20 different side chains.
At pH 7 both the amino and carboxyl groups

are ionized.
H
) (=]
H;N—C—COO
|
R Proteins consist exclusively of L-amino acids.
FAMILIES OF BASIC SIDE CHAINS
AMINO ACIDS z o s
lysine arginine histidine
The common amino acids (Lys, or K} (Arg, or R) {His, or H}
are grouped according to
whether their side chains "ll ["J Il‘ @ H O
ares —N—C—C— —N—C—C— —N—C—C—
:fE ] ]
acidic H CH H Ct H Ct
basic
uncharged polar H
n(}l'l[]UlilI i This i;ot__lp a .- ci '/!'\_ 1
| l sic " .
Thesa 20 amino acids C ;e:::use Iits " // L \_'
are given both three-letter | These nitrogens have a
and one-letter abbreviations. NH,

relatively weak affinity for an
H* and are only partly positive
at neutral pH.

is stabilized by ™

positive charge
resonance. { N

Thus: alanine = Ala = A

PEPTIDE BONDS

Amino acids are commonly joined together by an amide linkage,

called a peptide bond.

Peptide bond: The four atoms in each gray box form a rigid
planar unit. There is no rotation around the C-N bond.

N
These two single bonds allow rotation, so that long chains of
ey N amino acids are very flexibla,

B3

H,(

H I|I (8] H I (8] H }ll (l? X o0
. L ] S 7
N—C —C + N— .—(\ /\—f'—C—N—('—('_

H !l. OH H r|| OH H | |!| p “oH

aming- or | carboxyl- or
Proteins are long polymers M-terminus H (-l:' | |i| H E terminus
of amino acids linked by + . ! ! . T

HyM C—FC—MW=epC C—MN=—~C — COO -

peptide bonds, and they h | L ]
are always written with the CH H "'I l," 0 ]
MN-terminus toward the left. \f i
The sequence of this tripeptide L. W 3

is histidine-cysteine-valine.

2D
NN
Shil)

=

ACIDIC SIDE CHAINS

aspartic acid glutamic acid
{Asp, or D} (Glu, or E)
H O H O
[ [
N—{—C N—0C —C
[ I
H i H |

UNCHARGED POLAR SIDE CHAINS

asparagine glutamine
(Asn, or N (Gln, ar Q)
H O H «
[ | |
Sy il N—C—C—
[5:5] L]
H 1 H 1
M
\\ ML
N o
Y -
™, F
™ P

Although the amide N is not charged at
neutral pH, it is polar.

sering threoning tyrosing
(Ser, or S) {Thr,or T) (Tyr, or Y}
H O H O H 550y
| lia] |
—N—C—C— —N—C—C(— —N—C—C—
] I3 L]
H I H I | H CH

Vi

\ o
The -0H group is polar. —

NONPOLAR SIDE CHAINS

alanine valine
(Ala, or &) {Val, ar V)
H O H O
[ [ |
—N—C—C— —N—C—C—
|2 [5z]
H 1 H 1
| |
leucine isoleucine
{Leu, or L} {lie, or 1)
H O H O
[ |
M= —C e S
J-22) s
H CH H Ch
CH I |
| I |
proline phenylalanine
{Pro, or P) {Phe, or F)
H O H ©
[ |
—N—C—C— —N—C—C—

{actually an  CH
imino acid)
methionine tryptophan
(Met, ar M} (Trp, or W)
H O H O
B | |
N—C—C N—C —C
[z |2
H H
I
glycine cysteine
(Gly, or G) {Cys, or C)
H O H {_J
Ll
N=—C C s i s el Bz
|z [
H H H CH

un

Alberts et al (2002) Molecular Biology of the Cell (4e) 131-133

Disulfide bonds can form between two cysteine side chains in proteins.
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