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Serotonin (5.HT) is known to be functionally active during early development in both vertebrates and 
invertebrates. However, the presence of 5-HT and its synthesis and transport system has not yet been 
demonstrated in bivalve early development. The presence of 5-HT was immunochemically demonstrated 
at the cleavage stage of bivalve Mytilus trossulus. 5-HT level dramatically increased within all embry
onic cells after incubation with 5-HTP but not after incubation with tryptophan and 5-HT. The first 5-HT 
uptake by specific transporter was detected at 13 hpf blastula stage only and it was restricted to one dis
tinct cell. 
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Serotonin (5-hydroxytriptamine, 5-HT) is considered to be one of the most ancient 
biologically active molecules [2]. One of its well-known functions is signal transduc
tion in the Metazoan central nervous system. However, 5-HT and components of the 
5-HT system including 5-HT synthesis, transport and degradation appear long before 
the nerve cells appearance both in the course of the evolution of the animal kingdom 
and the development of the individual organism. 5-HT was already found in animals 
which do not posses nervous system at all. 5-HT starts functioning within the repro
ductive system as a neurohumoral regulator of sexual reproduction. For example, 
5-HT caused spawning and induces oocyte meiotic re-initiation in molluscs and 
nemerteans [3]. 5-HT was found within the developing embryo from the beginning 
of oocyte stage and during the early development stages of nemerteans, polychaetes 
and molluscs, hemichordates, echinoderms, teleosts, amphibians and birds and mam
mals [reviewed in 4]. Like other monoamines, 5-HT cannot penetrate the cell mem
brane. At the same time, all enzymes involved in the 5-HT metabolism are expressed 
within the cytoplasm. External 5-HT either binds to specific membrane receptors 
or can be captured and carried inside the cell with the specific 5-HT transporter 
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Fig. 1. Visualization of 5-HT at different developmental stages of Mytilus trossulus. al-el - intact 
(untreated) embryos; a2-e2 - after incubation with 10-4 M tryptophan; a3-e3 - after incubation with 
10-5 M 5-HTP; a4-e4 - after incubation in 10-5 M 5-HT. Scan was performed with the same settings. 
Green - anti-5-HT immunostaining, blue - DAPT staining. Tryptophan did not affect the intracellular 
level of 5-HT (a2-e2)' 5-HTP resulted in dramatic increase in the intracellular 5-HT content in all embry
onic cells at all stages examined (a3-e3)' 5-HT did not penetrate the cell membrane and its re-uptake by 
a single cell (marked with white arrowheads) occurred at 13 hpfand 15 hpfblastula stage only (aCe4)' 
Early developmental stages of M. trossulus: aj-a4 - 4 blastomers; bj-b4 - 8 blastomers; Cj-C4 - blas-

tula 10 hpf; d j-d4 - blastula 13 hpt; ej-e4 - blastula 15 hpf. Scale bar 10 flm 

Acta Biologica Hungarica 63, 2012 



Serotonin system during bivalve early development 219 

(SERT) [5]. SERT was shown to be functionally active during the cleavage and blas
tula stages in vertebrates [1, 7] and in nervous system of invertebrates [6]. 

Despite of the broad distribution of 5-HT in both vertebrates and invertebrates 
[2-4], the presence of 5-HT synthesis and transport systems during early develop
ment is still unclear. Studying the animals with ancestral type of reproduction would 
extend our knowledge on this system. Therefore the aim of our investigation was to 
examine the presence of 5-HT and characterize its synthesis and transport during the 
early development of the marine bay mussel, Mytilus trossulus (Mollusca: Bivalvia) 
which has a typical Spiralian type of cleavage and early development. 

Sexually mature specimens of Pacific M trossulus were collected in June, July in 
Vostok Bay of the Sea of Japan (Vostok Biological Station, Institute of Marine 
Biology, FEB RAS) and kept in aquaria supplied with running aerated sea water at 
17-18 DC. Spawning was induced by thermal shock and the embryos were maintained 
at 20 DC as described previously [8]. Larvae at four blastomers stages, blastulae at 10, 
13 and 15 hours post-fertilization (hp±) and 18 hpftrochophores were incubated with 
10-5 M 5-HT (5-hydroxytryptamine hydrochloride), 10-5 M 5-HTP (5-hydroxy-L
tryptophan) and 10-4 M tryptophan (all from Sigma-Aldrich, USA) diluted in sea
water in 100 ml glass containers for 1 hour at 20 DC. After thorough washing, larvae 
were processed for the immunocytochemical visualization of 5-HT according to a 
standard protocol [8]. Preparations were examined in a Zeiss-51 0 META confocal 
laser scanning microscope at the Far East Center for Microscopy. 

Fluorescence immunocytochemistry revealed that neither 5-HT itself nor its bio
chemical precursor tryptophan caused apparent changes in the intensity of the immu
no staining at two blastomers - 10 hpf blastula stages (Fig. 1 a2-e2, aCe4)' In some 
cases punctuate bright staining appeared along the cell membrane after 5-HT incuba
tion (Fig. 1 b4) probably due to the fixation of external 5-HT to membrane surface. 
The first 5-HT labeling appeared in some specimens of 13 hpf blastula within one 
solitary cell (Fig. 1 d4). The number of larvae exhibiting this single stained cell 
increased by the 15 hpf blastula stage (Fig. 1 e4)' No specific labeling was found in 
other cells or regions within the embryo. To the contrary, incubation with 5-HTP 
dramatically increased the intensity of the immunostaining in comparison to the 
untreated controls at all developmental stages (Fig. 1 are3)' It was noteworthy that 
immunolabelling was uniformly present within all embryonic cells. In addition, in 
some cases the staining was particularly high in the nuclear region and along the line 
of the cleavage spindle (data not shown). It should also be noted that embryos incu
bated with 5-HT or tryptophan developed normally up to the veliger stage while 
5-HTP incubation resulted in numerous malformations and death of the larvae by the 
early trochophore stage. 

Our results provide the first evidence that 5-HT is present at cleavage stage of the 
bivalve Mytilus trossulus. Earlier, 5-HT was immunochemically detected at the early 
embryo of the gastropod mollusk Tritonia, the amphibian Xenopus and the cephalo
chordate Branchiostoma [reviewed in 4]. Our experiments demonstrated that 5-HT 
can be synthesized from its immediate precursor 5-HTP during cleavage and early 
blastula stages by all Mytilus embryonic cells. However, the first step of synthesis 
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pathway, tryptophan hydroxylation, is probably absent as well as the 5-HT uptake by 
a specific transporter. It is difficult to determine whether these specific steps of the 
synthesis pathway are not expressed or are functionally yet not active. It has been 
shown earlier that mouse cumulus cells, oocytes, and embryos contain 5-HT and 
SERT, while only cumulus cells possess the 5-HT-producing enzyme TPHI which 
can thus be the local source of 5-HT observed in their neighboring cells [I]. 5-HT can 
actively be taken up by mouse isolated oocytes and developing embryos when it is 
supplied exogenously in vitro. This 5-HT transport in oocytes and embryos is driven 
by a classical 5-HT transporter, expressed up to the blastocyst stage [I]. According to 
our results, the 5-HT transport system became active in a single distinct, probably 
nerve progenitor cell, only at the trochophore stage of the bivalve larvae. In addition, 
our results demonstrated that elevation of intracellular 5-HT level during early 
bivalve cleavage resulted in dramatic disturbance of development while the external 
increase of 5-HT had no effect. According to literature data, there is an inverse situ
ation in case of the early 5-HTergic system in mammals. While the increase of the 
5-HT level had no effect, the reduction of the 5-HT level induced developmental 
abnormalities at preimplantation stages [1]. 
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