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Long-term potentiation depends on release of

p-serine from astrocytes

Christian Henneberger', Thomas Papowin*", Stéphane H, R. Oliet** & Dmitri A Rusakoy'
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of NO synthases contain a haem bound to a
cysleine amine acid (the base, B, in Fig. 1b).
But their activity is confined to 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, pratons and NADPH. Each step pro-
ceeds via oxy, and follows on to either peroxo’,
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 acts as an antioxi-
dant; liberated iron{1r) 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-0O cleav-
age and formation of cpd I1 (ref. 15). HCOs
facilitate proton pumping across mitochon-
drial membranes, which generates a proton

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 receptor for the excilatory neuro-
transmitter glutamate. Memeory 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
they lack electrical excitability and do not com-
municate like neurons do. But astrocytes are

um from the
waeely 200 pen,

the first direct evidence for this proposal. The
authors induce long-term potentiation (LTP)
of excitatory synapses in the hippecampus
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 Lo 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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Heavy metals are toxic to most living organisms and
cause health problems by contaminating agricultural
products. In plant, phytochelatin synthase (PCS) uses
glutathione (GSH) as its substrate to catalyze the
synthesis of heavy metal-binding peptides, known as
phytochelatins (PC). PCS has been described as a
constitutive enzyme that may be controlled by post-
translational modifications. However, the detailed
mechanism of its catalytic activity is not clear. In this
study, in vitro experiments demonstrate that PCS
activity increased following phosphorylation by
casein kinase 2 (CK2), and decreases following
treatment with alkaline |  sphatase.

Heavymetalsaretoxictoi_ .ivingorganismsandcause
healthproblemsbycontarM;ltlngagrlculturalproducts

nplant,phytochelatinsynthase(PCS)usesglutathione(G
SH)asitssubstratetocatalyzethesynthesisofheavymetal
bindingpeptides,knownasphytochelatins(PC).PCShas

beendescribedasaconstitutiveenzymethatmaybecontrol
ledbyposttranslationalmodifications.However,thedetali
ledmechanismofitscatalyticactivityisnotclear.Inthisstu
dy,invitroexperimentsdemonstratethatPCSactivityincr
easedfollowingphosphorylationbycaseinkinase2(CK2)
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PCS FA»‘,"EJ 485 [l L% » 53—~ F [ fl# domains (N-domain *
C-domain) > £l f[1 N-domain £%{# [“ B Fr: pJ C-domain %] %L
% Cys-Cy Y Cys-X-Cys T3] » fi'f ““”ﬂ’ﬂﬁh (W= ) - B
1&«&@%—?&%“] PCS » =it s ;JFI Ji_lﬁfgl PCS (NSPCS) F,l"EJ N-
domain Sﬁ[ [y N F‘%’?%'EI*%F Ve~ 4% PCS fiv— 4 (Tsuji et
al., 2004) - NsPCS fﬁ’ﬁ@wﬁ £ PC o [EIE g5k JIEF[IJT i
F[T?'H (= Y acylation ’9% » A= GSH i Gly i % 7Y -
Glu-Cys (YEC) © NsPCS PR =" [ » Pl kil X-ray

%frﬁ (Vivares et al., 2005) » &% [i'“EJ Cys His-Asp (& {™ triad -
UJ VEC {ualhi 5 Sl (= B) o AEIRIIF - AT

[PPSR P ERE » R HRLET W GSH i/['lfl P if lfﬁEﬁB RIS
?ﬁﬁﬁ'ﬁ%; ° L EE kl?’f'r a7~ i GSH iﬁPF"TU C-domain F -
SR YEC S - ippimONS 3 PCS i~ i

P CS AT 485 ELfL » 57 |f4{ldomains(N-domain * C-
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FUE|PCS » F | FERVRL fE'PCS(NsPCS{F IE|N- domam‘ﬁ (77 o [N
Iy EW‘\T%F %)~ H]QJJECSE J- # (Tsuji et al., 2004) NsPCSHESR
Hn 55 PC [HJE[ ¥k Jl?ﬁ = %“1 = = pacylation
= E = 4 [=GSH UGlyn& 7 v -Glu-Cys(y EC) » NSPCSP‘”E
73 HI | PP RS Rl X rayadit J(Vwares et al., 2005) > &
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Chymotrypsin BY;&14%[=

Catalytic triad:

Asp 102<-His 57<-Ser 195 charge relay

(1) IRIE pH SHEEEMEMARE - EtER [RER SHE
His 57 (pKa = 6): BIxi& pH > 6, imidazole &% H* (charged)
lle 16 (new N-terminal): §IRiE pH > 9, NH,* &£& HY (&S
Ser 195: DIFP ®r]JEd Ser-OH [w fE — S EK& 4

(2) fE bRk :

P 25 B3

V Acylation: 434 N-peptide H£{B#ES1EREE L (Ser 195)
V Deacylation: jnks % ¥+ N-peptide (slow step)
Nitrophenyl acetate (fEF{RIE80EZEELLY)

3) & IE.l_/ngji,

-C-O m

Al
fcrg

‘E

Sk

1 Gly 193 Ed Ser 195 f4 -N-H =4 S miETE Y

(4) E—1EE5

& - EMEETEA non-polar pocket ¥ EEE S
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L-Form Amino Acid

e B COO

HRSEETRISE-DE

H = Glycine
CH; = Alanine
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Specific probe for every single protein?

Bamboo shoots
Underground  Full-grown (60 cm)

Three possible approaches:

‘(1) Monoclonal antibodyl
(2) Phage display (phage antibody)
(3) DNA or RNA aptamer

Silver staining
yom o

Challenges for hybridoma technique:
(1) Redundant and time-consuming

(2) Poor immunogenic proteins

Western

(3) Some proteins are less abundant

Starch phosphowlasg(mAb detection)

Pure Ag = Single mAb H Proteome — Ab bank

When comparing the 2-DE patterns, it was evidently that a specific
probe could simplify the complex pattern into rear and clear
contrast for a better comparison. In order to obtain specific probes,
generally, there are three possible approaches: [1~3].

We preferred the hybridoma technique which takes the advantage
of the natural immune response to generate huge diversity of the

antibodies. However, technical challenges do exist to this 30-year
old method, as following: [1~3].

Nonetheless, we decided to test the idea of transforming the

conventional “pure Ag to produce single mAb” into “immunize the
whole proteome to obtain the Ab bank.” At least, to run a pilot test
to prove this idea.
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