
Ci-TK and Ci-TK-R are authentic tachykinin (TK) and TK receptor isolated from a protochordate, Ciona

intestinalis. In this study, we investigated a novel function of TK as an enhancer of oocyte growth. Ci-

TK-R is expressed specifically in the Ciona vitellogenic oocytes. Moreover, administration of Ci-TK to

the Ciona ovary resulted in upregulation of gene expression and enzymatic activity of several proteases.

Moreover, maturation of the Ciona oocytes from the vitellogenic stage to the post-vitellogenic stage was

induced in the presence of Ci-TK, which was completely blocked by addition of protease inhibitors.
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Ascidians (sea squirts), invertebrate deuterostome marine animals, belong to the sub-

phylum Tunicata or Urochodata within the Chordata phylum. Over the past few years

it has been proposed that the cosmopolitan species, Ciona intestinalis, possesses

orthologs or prototypes of vertebrate neuropeptides and hormones that have never

been identified in any invertebrate species [1, 2]; for instance, tachykinins or calci-

tonins. Tachykinins (TKs) are the most prevalent vertebrate brain/gut peptides [3]. In

this study, we originally identified authentic TKs and their receptor from Ciona
intestinalis. The Ciona TK (Ci-TK) precursor, like mammalian γ-preprotachykinin A

(γ-PPTA), encodes two TKs, Ci-TK-I and II, including the –FXGLM-NH2 vertebrate

TK consensus. Mass spectrometry of the neural extract revealed the production of

both Ci-TKs. Ci-TK-I contains several Substance P (SP)-typical amino acids, where-

as a Thr is exceptionally located at position 4 from the C-terminus of Ci-TK-II. The
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Ci-TK gene encodes both Ci-TKs in the same exon, indicating no alternative gener-

ation of Ci-TKs, unlike the PPTA gene. These results suggested that the alternative

splicing of the PPTA gene was established during the evolution of vertebrates. The

only Ci-TK receptor, Ci-TK-R, was equally activated by Ci-TK-I, SP, and

Neurokinin A (NKA) at physiological concentrations, whereas Ci-TK-II showed a

100-fold less potent activity, indicating that the ligand selectivity of Ci-TK-R is dis-

tinct from those of vertebrate TK receptors. Ci-TK-I, like SP, also elicited the typi-

cal contraction on the guinea pig ileum. The Ci-TK gene was expressed in neurons

of the brain ganglion, small cells in the intestine, and zone 7 in the endostyle which

corresponds to the vertebrate thyroid gland. Furthermore, the Ci-TK-R mRNA was

distributed in these three tissues plus the ovary. These results showed that Ci-TKs

play major roles in sexual behavior and feeding in protochordates as brain/gut pep-

tides and endocrine/paracrine molecules. Taken together, our data revealed the bio-

chemical and structural origins of vertebrate TKs and their receptors [1–3].

Fig. 1. Scheme of the essential molecular mechanism underlying the growth of vitellogenic oocytes trig-

gered by Ci-TK. Ci-TK activates Ci-TK-R specifically expressed in test cells residing within vitellogenic

oocytes, and up-regulated gene expressions and enzymatic activities of several proteases. The increased

protease activities enhance growth of oocytes from the vitellogenic stage to the post-vitellogenic stage



TKs and their receptors have been shown to be expressed in the mammalian ovary.

However, the biological roles for ovarian TKs have yet to be verified. In the Ciona
ovary, Ci-TK-R was found to be expressed specifically in test cells in Ciona oocytes,

and the Ci-TK-R-positive test cells were observed exclusively in vitellogenic

oocytes. Treatment of the Ciona ovary with Ci-TK resulted in up-regulated expres-

sion of several protease genes and elevation in the protease activity. Moreover,

growth of the Ciona oocytes from the vitellogenic stage to the post-vitellogenic stage

was induced in the presence of Ci-TK, which was completely blocked by addition of

protease inhibitors or a Ci-TK-R antagonist. These results suggest that Ci-TK trig-

gers stage-specific growth of oocytes via up-regulation of the gene expression and

enzymatic activities of several proteases (Fig. 1). This is the first clarification of the

biological roles of TKs in the ovary and the underlying essential molecular mecha-

nism. Furthermore, considering the phylogenetic position of ascidians as basal chor-

dates, we presume that the novel TK-regulated pathway for oocyte growth is the

‘evolutionary origin’ of the tachykinergic functions in the ovary. Our present study

also shows the considerable value of ascidians in research on neuropeptides and hor-

mones in the context of neuroscience, endocrinology, and evolution in vertebrates.
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