
To analyze the expression pattern of genes of cAMP responsive element binding protein (CREB), we per-
formed in situ hybridization for the whole central nervous system (CNS) of the pond snail Lymnaea stag-
nalis. The CREB1 (activator) and CREB2 (repressor) homologues have already been cloned in L. stag-
nalis, and they are referred to as LymCREB1 and LymCREB2. Using the frozen sections and the whole
mount preparations of the CNS, we mapped the distribution of LymCREB1 and LymCREB2 mRNA con-
taining neurons. The present findings showed that the LymCREB1 mRNA containing neurons are a rel-
atively few, whereas LymCREB2 mRNA is contained ubiquitously in the whole CNS of L. stagnalis.
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INTRODUCTION

Previous studies indicated that the memory formation needs new gene expression
and protein synthesis, and in which transcription factors play pivotal roles. Among
them, cAMP responsive element binding proteins (CREBs) are considered to play a
critical role in the consolidation of long-term memory (LTM). The transcription acti-
vator, CREB1, is necessary for the initiation step of gene expression for LTM, where-
as CREB2 acts as the repressor for CREB1 [3]. Since then, the ratio of
activator/repressor CREBs has been proposed to act as a ‘molecular switch’ in deter-
mining whether LTM is formed. As the first step to investigate the gene regulation
mechanism by CREBs, such occurred in LTM formation, we performed in situ
hybridization with frozen sections and whole mount preparations, and analyzed the
expression pattern of CREB genes in the central nervous system (CNS) of the pond
snail Lymnaea stagnalis, which is widely used for elucidation of basic mechanisms
underlying learning and memory [4, 6]. The CREB1 and CREB2 homologues have
been recently cloned in L. stagnalis [9].
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MATERIALS AND METHODS

The in situ hybridization study for cryostat sections was performed according to the
same method of Sadamoto et al. [7, 9]. The whole mount in situ hybridization pro-
cedure was a modification of previously described protocols [1]. Briefly, after anes-
thetizing the snails on ice, the CNS was isolated and set in a small dish filled with
Lymnaea ringer [24 mM NaCl, 2 mM KCl, 2 mM MgCl2, 4 mM CaCl2, 0.3 mM
D-glucose, 0.1 mM NaH2PO4 and 35.4 mM HEPES-NaOH (pH 7.9)]. The hybridiza-
tion procedure was essentially the same as that by Bogdanov [1], with exception in
Proteinase K treatment. After fixation and sequential methanol treatment, the sam-
ples were treated with Proteinase K (10 μg/ml) in PBS containing 0.1% Tween 20
(PTW) for 60 min at 37 °C.

Digoxigenin (DIG)-labeled antisense RNA probes were synthesized with T7 RNA
polymerase and DIG RNA labeling mixture (Roche, Indianapolis, IN, USA) using
CREB1 (414 bp) and CREB2 (528 bp) cDNA plasmids. Denatured RNA probes
were added to the hybridization buffer (the final concentration: 0.2 to 0.5 μg/ml) and
the hybridization was performed at 50 °C overnight. The samples were washed in 5×
SSC, 50% formamide and 1% SDS at 60 °C for 30 min, washed in 2× SSC, 50% for-
mamide and 1% SDS at 60 °C for 30 min, and washed twice in 1× SSC in falcon
tubes at 60 °C for 30 min. Hybridization signals were visualized using a nucleic acid
detection kit (Roche diagnostics, Indianapolis, IN, USA) with alkaline-phosphatase
conjugated antidigoxigenin antibody and nitroblue tetrazolium (NBT), according to
the manufacturer’s instructions. After washing in PTW, the samples were incubated
sequentially in 50% ethanol for 10 min, 100% ethanol for 5 min, 50% ethanol for 5
min. After washing the samples in PTW for 5 min, the samples were observed under
the microscope.

RESULTS AND DISCUSSION

The expression of LymCREB1 gene was observed in a relatively few neurons
(Fig. 1), whereas LymCREB2 gene was expressed ubiquitously in the whole CNS
(data not shown). In the right and left pleural ganglia, the left parietal ganglia and the
buccal ganglia, the hybridization signals for LymCREB1 mRNA were too faint to be
detected. In the cerebral ganglia, the cerebral giant cell (CGC) showed strong
hybridization signal of LymCREB1 mRNA. The CGC is playing a role in feeding
behavior, and also reported as the key neuron for conditioned taste aversion, a kind
of associative learning in L. stagnalis [5]. In the pedal ganglia, the hybridization sig-
nal of LymCREB1 mRNA was observed in the right pedal dorsal 1 cell (RPeD1) and
the left pedal dorsal 1 cell (LPeD1). The RPeD1 is an identified dopaminergic
interneuron [2] and the key neuron for respiratory behavior and learning [6]. Each
pedal ganglion also possessed a cluster of LymCREB1 mRNA containing cells on the
medial surface close to the pedal commissure and one relatively large neuron on the
anterior margin. In each of the visceral ganglion and right parietal ganglion, one clus-



ter of the cells, located on anterior surface, showed the hybridization signals for
LymCREB1 mRNA. In summary, the identified LymCREB1 mRNA containing cells
are almost all the interneurons, such as the CGC, the RPeD1 and LPeD1, but not the
motoneurons. For example, no strong hybridization signal of LymCREB1 mRNA
was observed in the buccal ganglia, which contains many motoneurons. Therefore,
the ratio of CREB1 and CREB2 would decide the ability of gene expression, result-
ing in characterization of the function of the interneurons. The present findings will
stimulate the future studies in behavior and development of L. stagnalis, because
CREB is possibly crucial to the mechanisms controlling associative learning in
L. stagnalis [4, 5, 8, 9].
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Fig. 1. Summary of LymCREB1 mRNA containing neurons in the whole CNS of L. stagnalis. Dorsal
view of all the ganglia. BG: buccal ganglia, RCG: right cerebral ganglion, LCG: left cerebral ganglion,
RPlG: right pleural ganglion, LPlG: left pleural ganglion, RPaG: right parietal ganglion, LPaG: left pari-
etal ganglion, VG: visceral ganglion, PeG: pedal ganglia, CGC: cerebral giant cell, RPeD1: right pedal

dorsal 1 cell, LPeD1: left pedal dorsal 1 cell
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