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Abstract—Recent studies of the freshwater planarian Dugesia
japonica have revealed fundamental mechanisms and unique
aspects of neuroscience and neuroregeneration. Here, we
identified the gene for planarian choline acetyltransferase
(Djchat), which is essential for acetylcholine (ACh) biosyn-
thesis. Immunofluorescence studies using anti-Dugesia ja-
ponica ChAT (DjChAT) antibody revealed that cholinergic
neurons are widely distributed in the planarian nervous sys-
tem, including the brain, ventral nerve cords, optic nerves,
and pharyngeal nerve plexus. In order to investigate the func-
tion of cholinergic neurons in planarians, we used both phar-
macological and RNA interference (RNAi) approaches. Ad-
ministration of physostigmine (an acetylcholinesterase inhib-
itor) clearly elevated the amount of ACh, and then induced
sudden muscle contraction behavior in a concentration-de-
pendent manner. In addition, we found that pretreatment with
tubocurarine (a muscle nicotinic ACh receptor antagonist) or
atropine (a non-selective muscarinic ACh receptor antago-
nist), but not pretreatment with mecamylamine (a neural nic-
otinic ACh receptor antagonist), significantly extended the
latency time for physostigmine-induced contraction behav-
ior, suggesting that muscle nicotinic ACh receptors and mus-
carinic ACh receptors contribute to physostigmine-induced
contraction behavior. We also confirmed that ACh biosynthe-
sis ability and DjChAT-immunoreactivity were eliminated in
Djchat(RNAi) planarians. Moreover, the decrease of the level
of ACh induced by Djchat(RNAi) caused extension of the
latency time for contraction behavior. Our findings support
the possibility that the cholinergic functions of planarians are
similar to those of vertebrates, suggesting that planarians are
simple but useful model organisms for getting insight into
the cholinergic nervous system in higher animals. © 2010
IBRO. Published by Elsevier Ltd. All rights reserved.
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Freshwater planarians are simple but useful organisms for
understanding stem cell regulatory systems and neurore-
generation. The planarian CNS is composed of the brain in
the anterior part of the body, and a pair of longitudinal
ventral nerve cords (VNCs) along the ventral side of the
body. The brain is composed of two lobes, and forms an
inverted U-shaped structure with nine pairs of lateral
branches (Agata et al., 1998; Okamoto et al., 2005). Pla-
narians possess powerful regenerative ability, which is
derived from pluripotent stem cells (Agata and Watanabe,
1999; Agata, 2003; Reddien and Sánchez Alvarado, 2004;
Reddien et al., 2005; Newmark and Sánchez Alvarado,
2002). The regulation of the plasticity and heterogeneity of
stem cells enables the regeneration of complete animals
from even very small fragments (Sánchez Alvarado, 2006;
Pellettieri and Sánchez Alvarado, 2007; Eisenhoffer et al.,
2008). Especially, the stem cell regulatory system under-
lying planarian brain regeneration has revealed interesting
aspects, suggesting that these processes can be divided
into at least five steps (Agata and Umesono, 2008). The
genes that are expressed in the sequential steps underly-
ing planarian brain regeneration are similar to those ex-
pressed during the course of mammalian brain develop-
ment (Cebrià et al., 2002a; Nakazawa et al., 2003; Inoue et
al., 2007; Yazawa et al., 2009).

Recently, we identified in planarians several neuro-
transmitters that are known to be present in vertebrates,
and determined their neural networks by immunofluores-
cence analysis using specific antibodies (Nishimura et al.,
2007a,b, 2008a,b). Several neuroreceptor genes were
also identified, and ligand identification and expression
analysis were carried out (Saitoh et al., 1996; Nishimura et
al., 2009). Accordingly, it is now possible to begin to ana-
lyze neural functions from both the presynaptic and
postsynaptic points of view. Moreover, since planarians
show specific behavioral patterns in response to treatment
with pharmacological drugs, some analytical methods
have been established to simply but quantitatively evaluate
such behavioral changes (Kitamura et al., 2003; Raffa and
Desai, 2005; Pagán et al., 2008). In addition, computer-
based analytical methods have also begun to be estab-
lished, allowing us to conduct behavioral analyses with
high resolution (Inoue et al., 2004; Hicks et al., 2006).
Based on these advances, planarians have provided many
unique insights into neuroscience (Nishimura et al., 2008c;
Cebrià, 2007, 2008).
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Acetylcholine (ACh) acts as an excitatory neurotrans-
mitter in various organisms. ACh is synthesized by choline
acetyltransferase (ChAT; EC2.3.1.6) from choline in cho-
linergic nerve terminals (Fig. 1A) (Oda, 1999). ACh is then
hydrolyzed by acetylcholinesterase (AChE; EC 3.1.1.7)
after being released into the synaptic cleft, and then taken

up by cholinergic nerve terminals by a high-affinity choline
transporter, and used to resynthesize ACh by ChAT
(Haga, 1971; Misawa et al., 2001). Previous reports indi-
cated that cholinergic drugs induce specific behavioral
changes in planarians (Carolei et al., 1975; Buttarelli et al.,
2000; Pagán et al., 2009). In addition, it has been reported

Fig. 1. (A) ACh biosynthetic pathway. ChAT, choline acetyltransferase; AChE, acetylcholinesterase. (B) Multiple alignment of the predicted amino acid
sequence of DjChAT with ChAT of C. elegans (AAA53660), D. melanogaster (AAA28406), M. musculus (NP_034021), and H. sapiens (NP_066265).
Conserved amino acids are indicated by dots. Gaps are indicated by hyphens. Asterisks indicate the EHS motif.
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