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a b s t r a c t

Cholinesterase activity is known in representatives of all living organisms phyla but the
origin of the cholinergic system as known in bilaterian animals is still undeciphered. In par-
ticular the implication of cholinesterases in the nervous system of non-bilaterian Metazoa
is not well known. We thus chose to investigate this activity in the Clytia hemisphaerica
Clytia hemisphaerica
Acetylcholine
Acetylcholinesterase
N

(Cnidaria) medusa. In toto histochemical staining revealed an acetylcholinesterase activity
in the tentacle bulbs but not in the nervous system. Sequences homologous to acetyl-
cholinesterase were searched within Clytia ESTs and compared to other sequences found in
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euroligin public databases.

. Introduction

Acetylcholine (ACh) is well known as an important neu-
otransmitter in the nervous systems of several groups
f bilaterians (bilaterally symmetrical organisms, corre-
ponding to all animals except sponges, cnidarians and
tenophores) and is especially studied in insects and in
ertebrates [1]. ACh and the cholinergic pathway have also
een detected in various life forms, such as bacteria, plants,
ungi and various other metazoans [1,2]. These findings
uggest that ACh has been used by organisms well before
he appearance of the first nervous systems. Moreover, ACh
as been detected in several types of non-neuronal cells in
ammalian species [4–6] perhaps representing a part of a

egacy from an ancestor without a nervous system. More
enerally, the integration of the cholinergic pathway in the
ervous system is a very relevant topic in order to decipher
ow the nervous system appeared. From this point of view,

nidarians and ctenophores are very important because
hey are the only non-bilaterian animals with a nervous
ystem. In cnidarians (jellyfishes, corals, anemones, hydras,
tc.) acetylcholinesterase activity was only localized in
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Hydra in the cell bodies and neurites of putative ganglion
cells, nematocytes and also in epitheliomuscular and diges-
tive cells [7]. Despite the histochemical evidence for this
activity in Hydra and more generally in cnidarians the
implication of ACh as a neurotransmitter remains equivocal
[8–10]. We chose to investigate the cholinesterase activ-
ity in medusae of Clytia hemisphaerica (Cnidaria, Hydrozoa)
and to look for potential candidate genes by sequence com-
parison.

2. Materials and methods

For all experiments we used C. hemisphaerica medusae
cultured in Paris as described in [11], except that artificial
seawater was used (36 g/l Reef Crystals®, Aquarium Sys-
tems).

Whole-mount histochemical staining was obtained
on medusae and gonozoids, fixed in 4% paraformalde-
hyde at 24 ◦C for 30 min. The staining was obtained by
the Karnovsky and Roots [12] method, using acetylthio-
choline iodide as substrate. Specific inhibition of AChE was

obtained with eserine (10−4 M).

Enzyme activity was measured according to the
method of Ellman et al. [13] (0.1 M potassium phosphate
buffer pH 7.0, 0.5 mM DTNB 1 mM acetylthiocholine) on
homogenates of 20 medusae extracted in 10 volumes of
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ice cold extraction buffer (50 mM potassium phosphate,
pH 7.5) in glass–glass potter. Samples were incubated in
dilutions of 1 nM to 1 mM eserine (Sigma). The remaining
activity was expressed relative to the initial activity.

Fig. 1. (A–B) Whole-mount histochemical staining of AChE activity. Asterisk (*) in
endoderm; Go: Gonad; Ma: manubrium; Te: tentacle. (A) Whole medusa without e
(D) extent of inhibition of acetylthiocholine hydrolysis by increasing concentratio
without eserine). (E) Alignment of partial sequences of Clytia genes candidates for
carboxylesterases 1, -2, and -3). Informative positions are indicated. (a) Peripheral
gorge; (f) active site serine. Human-AChE: human acetylcholinesterase (AAH947
AChE: chicken acetylcholinesterase (P36196); Chick-BuChe: chicken butyrylcho
(AAD15886); Brafl-AChE1 and -2: florida lancelet acetylcholinesterase 1 (AAD0537
acetylcholinesterase 1 (XP 321792) and -2 (XP 310628); Human-neuro: human ne
bonds are indicated by a line. Numbers in parenthesis indicate the amino acid po
eractions 175 (2008) 125–128
The Clytia genes were retrieved by BLAST searches
(expect value: 0.0001) with known bilaterian AChE on
an unpublished EST collection sequenced by the Geno-
scope (Evry, France) from a Clytia normalized cDNA

dicates specific staining; TB: tentacle bulb; Ect: bulb ectoderm; End: bulb
serine; (B) detail of bulb without eserine; (C) whole medusa with eserine;
n of eserine (remaining activity is expressed relative to the initial activity
cholinesterase activity (Che-Cx1, -2, and -3: Clytia hemisphaerica putative
anionic site; (b) choline binding site; (c–e) aromatic residues in catalytic
52); Human-BuChE: human butyrylcholinesterase (EAW78592); Chick-
linesterase (NP 989977); Lolop-AChE1: opal squid acetylcholinesterase
3) and -2 (AAD05374); Anoga-AChE1 and -2: Anopheles gambiae mosquito
uroligin 1 (NP 055747). Asterisk (*) indicates conserved position. Disulfide
sition starting from the beginning of sequences.
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ibrary [11]. The library was constructed by Express
enomics (Frederick, Maryland, USA) in pExpress1 from

otal mRNA extracted from a mixture of all stages of the life
ycle.

Sequences of the three Clytia genes were registered
n GenBank under the accession numbers AM902710
Checx1), AM902711 (Checx2), and AM902712 (Checx3).
ther bilaterian sequences were found in GenBank.
equences were automatically aligned using CLUSTALW in
ioEdit (Tom Hall, Ibis Therapeutics, Carlsbad, CA) and the
lignment was corrected manually. The identity of each
osition was established following the database ESTHER
14].

. Results

AChE activity was detected in the endoderm of the ten-
acle bulbs which are structures located at the base of the
entacles (Fig. 1A and B). This activity was found whatever
he stage of development of the bulb in the free medusae
nd also in forming medusae inside the gonozoid polyp
data not shown). This activity can be inhibited by eserine
compare Fig. 1C with A) at concentrations above 10−4 M
Fig. 1D).

Blast searches on our EST collection allowed us to
dentify three genes from neuroligin-cholinesterase fam-
ly in Clytia. The best conserved regions of these putative
he-Cx1, Che-Cx2 and Che-Cx3 proteins were found to
orrespond to the aminoacids 124–236 of human AchE,
resenting, respectively, 40%, 52% and 43% identity as well
s 56%, 68% and 59% conservation with the latter, clearly
xcluding random similarities. A partial alignment of these
hree sequences with bilaterian sequences known for their
nzymatic activity is presented, showing catalytic positions
Fig. 1E). Among the selection of available positions, some
romatics residues in the catalytic gorge and the active site
erine seem to be conserved, suggesting that these proteins
ould have a cholinesterase activity.

. Discussion

Before this study, numerous and various experiments
uggested the existence of a cholinergic system in different
nidarians (review in [15]). However it is the first time, to
ur knowledge, that a localization of cholinesterase activity
s described in a medusa. The only other reference, cited by
cemes [15], was never published. Whole-mount activity
ssays published before this study only concerned Hydra
nd showed that this cholinesterase activity existed in var-
ous cell types including nerve cells [7]. However these
esults were not reproduced in more recent studies and
hould be interpreted as non-specific esterases [8].

The endodermal cholinesterase activity suggests that
he cholinergic system in Clytia is not related to the nervous
ystem. More generally, no experiment clearly supports the
dea that ACh is used as a neuromediator in cnidarians

10,16]. Two interpretations for this apparent absence of
unction can be considered: either the cholinergic system
as secondarily recruited for the nervous system in the
ilaterian lineage or this function was lost in the cnidarian

ineage.

[

[

eractions 175 (2008) 125–128 127

The endodermal acetylcholinesterase of Clytia is local-
ized in one of the most active organs of the medusa, the
tentacle bulb. It could be reminiscent of the non-neural
cholinergic system recently studied in mammalian or in
non-metazoan organisms where ACh is involved in regu-
lating physiological functions as a local mediator [1,3].

As it was recently shown [17], the cholinesterase
function could be performed by several non-homologous
families suggesting that this function was recruited sev-
eral times independently. Nothing is known on this subject
in cnidarians. In order to identify the gene at the origin of
the cholinergic activity in Clytia, complementary analyses
are necessary. Co-localization of the expression patterns of
candidate genes with AChE activity remains to be demon-
strated, moreover the activity of the proteins encoded by
these genes should be directly investigated.
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