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1. Introduction

Lancelets, subphylum Cephalochordata, are chordates important for the study of
the evolution of the Vertebrata. In July 2003, a new species of lancelets, Asymmetron
inferum, was found in the carcasses of sperm whales at Kagoshima, Japan. The
whale-fall environment is known as an extreme environment that is characterized by
hydrothermal vents and cold seeps, and has a symbiotic ecosystem based on
chemosynthetic bacteria. The whale-fall lancelet has a larger endostyle than that of the
major lancelet genus Branchiostoma. The endostyle is considered to be a homologue of
thyroid gland of vertebrates because of its intake of iodine. In 2008, the draft genome
sequences of the Florida lancelet Branchiostoma floridae were added to the genome
database. The analysis of gene models from the genome sequences indicated that the
lancelet has a similar pathway for the thyroid hormone synthesis to that of vertebrates.
However, some essential elements for the synthesis of thyroid hormones were not found
in the genome. The function of the endostyle is still not fully understood.

In this study, I explored the mechanisms of biological regulation for environmental
adaptation in the whale-fall lancelet A. inferum and the evolution of the endocrine
actions from the endostyle to the thyroid gland. In particular, I focused on two questions.
1) Is the endostyle an ancestor of the thyroid gland? 2) Are there any morphological and
physiological changes in the endostyle of the whale-fall lancelet relating to its
adaptation to the extreme and anaerobic environment?

2. Materials and Methods
2-1. Animals

Lancelets, B. belcheri were collected off Atsumi Peninsula, using a cylinder dredge.
The whale-fall lancelets, A. inferum were collected during research cruises on
Natsushima/HyperDolphin (JAMSTEC), off Noma-Misaki, Kagoshima Prefecture.

2-2. Histological observation of endostyle

Lancelet tissues were fixed in Bouin’s solution, and paraffin-embedded sections (5 -
10um thick) were observed using scanning electron, and light microscopies.
2-3. Cloning and expression of iodothyronine deiodinase (DIO) genes

The ¢cDNAs of DIO1 and DIO3 were cloned from RNA extracted from the whole
body of the lancelets B. belcheri, and the 3D structure was analyzed to confirm the
characteristics of DIO. The expression of the genes was investigated in tissues by PCR.

The phylogenetic tree was constructed from DIO genes of lancelets and vertebrates.



2-4. Mapping of trace elements using synchrotron radiation

The paraffin-embedded sections of thicknesses of 10 - 50 um were extended on
Kapton film with water. The experiments were performed in the large synchrotron
radiation facility (SPring-8) at Harima Science Garden City. Fine image-mapping was
performed with a beam size of 4 um?2 and exposure time of 3 s without an interval.

3. Results and Discussion
3-1. Morphology of endostyle
The endostyle of A.

inferum is a large organ that

protrudes from the ventral
part of the pharynx. In B.

belcheri, it 1s divided into
Left ) Endostyle of A. inferum
Middle) Endostyle of B. belcheri
Right ) Thyroid follicles of Medaka
The numbers indicate the zones.

seven zones. In this study, I

identified nine zones in the %
endostyle of A. inferum. The largest area of the protruding part named 1b has many
long cilia and secretes mucus and granules, which trap food particles in the cilia. The
role of zone 1b may be concerned with food intake. The morphology of zones 2-6 is
similar in both lancelet species. I concluded that zone 1 is specialized in the whale-fall
lancelet.

3-2. Expression of iodothyronine deiodinase (DIO) genes

DIO is an enzyme that catalyzes thyroid hormone synthesis in the thyroid gland of
vertebrates. cDNAs encoding DIO1 and DIO3 were cloned from B. belcheri. The DIO3
gene was expressed in the endostyle. However, selenocystein, which is needed to
activate the DIO function, is lacking in the DIO3 gene but is present in DIO1 gene. The
phylogenetic tree indicates that DIO3 is the ancestral molecule of types 2 and 3 of DIO
in vertebrates. It is hypothesized that the ancestral DIO gene mutated from a cystein to
a selenocystein and developed a deiodinase role with an iodine intake function during
the evolution of chordates.

3-3. Synchrotron radiation excited X-ray fluorescence analysis

The trace iodine was detected in the endostyle of both species of lancelets. Iodine
markedly accumulated in zones 5b to 6 in B. belcheri, while there was little in the same
zones in A. inferum. It is suggested that the accumulation of iodine in the thyroid
follicles may be a step in the evolution of vertebrates. Furthermore, Fe, Zn, and Cu were
detected in the endostyle.

4. Conclusion

The results of this study, indicating iodine intake and the presence of DIO in the
endostyle, suggest that part of the endostyle is an ancestral organ of the thyroid gland
and another part has a role in digestion. It is considered that the large endostyle and
the low iodine intake activity in whale-fall lancelets are important phenomena related

to the environmental conditions.
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