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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
(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

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Acetylcholine (ACh) is well known as an important neu-
rotransmitter in the nervous systems of several groups
of bilaterians (bilaterally symmetrical organisms, corre-
sponding to all animals except sponges, cnidarians and
ctenophores) and is especially studied in insects and in
vertebrates [1]. ACh and the cholinergic pathway have also
been detected in various life forms, such as bacteria, plants,
fungi and various other metazoans [1,2]. These findings
suggest that ACh has been used by organisms well before
the appearance of the first nervous systems. Moreover, ACh
has been detected in several types of non-neuronal cells in
mammalian species [4-6] perhaps representing a part of a
legacy from an ancestor without a nervous system. More
generally, the integration of the cholinergic pathway in the
nervous system is a very relevant topic in order to decipher
how the nervous system appeared. From this point of view,
cnidarians and ctenophores are very important because
they are the only non-bilaterian animals with a nervous
system. In cnidarians (jellyfishes, corals, anemones, hydras,
etc.) 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 1mM acetylthiocholine) on
homogenates of 20 medusae extracted in 10 volumes of
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ice cold extraction buffer (50 mM potassium phosphate, The Clytia genes were retrieved by BLAST searches
pH 7.5) in glass-glass potter. Samples were incubated in (expect value: 0.0001) with known bilaterian AChE on
dilutions of 1nM to 1 mM eserine (Sigma). The remaining an unpublished EST collection sequenced by the Geno-
activity was expressed relative to the initial activity. scope (Evry, France) from a Clytia normalized cDNA
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Human-acche (97) QSVCYQYVDT. . (116). MWNPNR---ELSEDCLY. . (147).VWIYGGGFYSG-~ASSLDVYD. . (232) . GESAG
Human-buche (131) ANSCCQNIDQ..(150) . MWNPNT---DLSEDCLY..(180). IWNI¥YGGGFQTG--TSSLHVYD. . (265).GESAG
Lolop-achel (89) PNSCIQGFDR. .(108).MWHANT---QLSEDCLY. . (140).VWIYGGGFYSG-~TSTLDVYD. . (224) . GESAG
Brafl-achel (82) PNSCVSAPDE..(101). MWNPNT---PISEDCLY..(131).VWIYGGGFFSG--TSSLDVYD. . (215).GESAG
Brafl-ache2 (89) PNTCMQLPDT..(108) . MWNPNT—-—-PVSEDCLY..(128) . VWIYGGGFMSG--TSSLDVYD. . (222) . GESAG
Anost-achel (225) PNSCVQIVDT..(244). MWNPNT---PLSEDCLY..(274) . LWIFGGGFYSG--TATLDVYD. . (358) . GESAG
Anost-ache?2 (94) PPSCIQERYE..(113) . MWNPNT---NVSEDCLY..(171).VWIYGGGFMSG--TSTLDIYN. . (261).GESAG
Chick-acche (91) PFACYQMVDT..(110). MWNPNR---EMSEDCLY. . (140) . VWIY¥YGGGFTGG--SVSLDVYD. . (225) . GESAG
Chick-buche (90) ANSCYQLIDT..(109) . MWNPKT—-—-NLSEDCLY..(139).VWIYGGSFETG--STSLPVYD. . (224).GESAG
Checxl (147) NTLCIQYNPP.. (163) . —======= REPSEDCLY. . (189) . VWIHG-GFLLNVYSDVPGYYP. . (280) . GESSG
Checx2 (79) PPMCSQDAAG. . (100) . KESIP---LTFSEDCLY. . (132) . VWIHGGGLM----VGGASTYS. . (214) . GESAG
Checx3 (101) PAQCWDGVLK. . (123) . PFTPS---VNTSEDCLV. . (154) . VWIHGGGMLW-GYNEMFAFHP. . (245) . GESGG
Human-neuro (114) APVCPQNIID..(139).LDVVSSYVQDQSEDCLY..(177).VYIHGGSYM----EGTGNLYD. . (259) . GSGAG
* *hkkkkk * %

Fig. 1. (A-B) Whole-mount histochemical staining of AChE activity. Asterisk (*) indicates specific staining; TB: tentacle bulb; Ect: bulb ectoderm; End: bulb
endoderm; Go: Gonad; Ma: manubrium; Te: tentacle. (A) Whole medusa without eserine; (B) detail of bulb without eserine; (C) whole medusa with eserine;
(D) extent of inhibition of acetylthiocholine hydrolysis by increasing concentration of eserine (remaining activity is expressed relative to the initial activity
without eserine). (E) Alignment of partial sequences of Clytia genes candidates for cholinesterase activity (Che-Cx1, -2, and -3: Clytia hemisphaerica putative
carboxylesterases 1, -2, and -3). Informative positions are indicated. (a) Peripheral anionic site; (b) choline binding site; (c—e) aromatic residues in catalytic
gorge; (f) active site serine. Human-AChE: human acetylcholinesterase (AAH94752); Human-BuChE: human butyrylcholinesterase (EAW78592); Chick-
AChE: chicken acetylcholinesterase (P36196); Chick-BuChe: chicken butyrylcholinesterase (NP-989977); Lolop-AChE1: opal squid acetylcholinesterase
(AAD15886); Brafl-AChE1 and -2: florida lancelet acetylcholinesterase 1 (AAD05373) and -2 (AAD05374); Anoga-AChE1 and -2: Anopheles gambiae mosquito
acetylcholinesterase 1(XP_321792) and -2 (XP_310628); Human-neuro: human neuroligin 1 (NP_055747). Asterisk (*) indicates conserved position. Disulfide
bonds are indicated by a line. Numbers in parenthesis indicate the amino acid position starting from the beginning of sequences.
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library [11]. The library was constructed by Express
Genomics (Frederick, Maryland, USA) in pExpress1 from
total mRNA extracted from a mixture of all stages of the life
cycle.

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

3. Results

AChE activity was detected in the endoderm of the ten-
tacle bulbs which are structures located at the base of the
tentacles (Fig. 1A and B). This activity was found whatever
the stage of development of the bulb in the free medusae
and 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
identify three genes from neuroligin-cholinesterase fam-
ily in Clytia. The best conserved regions of these putative
Che-Cx1, Che-Cx2 and Che-Cx3 proteins were found to
correspond to the aminoacids 124-236 of human AchE,
presenting, respectively, 40%, 52% and 43% identity as well
as 56%, 68% and 59% conservation with the latter, clearly
excluding random similarities. A partial alignment of these
three sequences with bilaterian sequences known for their
enzymatic activity is presented, showing catalytic positions
(Fig. 1E). Among the selection of available positions, some
aromatics residues in the catalytic gorge and the active site
serine seem to be conserved, suggesting that these proteins
could have a cholinesterase activity.

4. Discussion

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

The endodermal cholinesterase activity suggests that
the cholinergic system in Clytia is not related to the nervous
system. More generally, no experiment clearly supports the
idea that ACh is used as a neuromediator in cnidarians
[10,16]. Two interpretations for this apparent absence of
function can be considered: either the cholinergic system
was secondarily recruited for the nervous system in the
bilaterian lineage or this function was lost in the cnidarian
lineage.

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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