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1. Introduction

Various invertebrates inhabiting hydrothermal vents and cold seeps in the deep sea
have chemoautotrophic endosymbionts (thiotroph or methanotroph). The hosts must
provide the symbionts with toxic chemicals such as sulfides to maintain the symbiosis
but the mechanism of uptake and delivery of such chemicals is still unknown. To
elucidate the mechanisms of the symbiosis, it is important to know the abundance and
distribution of endosymbionts precisely. In this study, using the deep-sea mussel
Bathymodiolus septemdeirum as a model, 1) I established a method of fluorescence in
situ hybridization (FISH) and image analysis to quantify the endosymbionts in the gill
bacteriocytes, and ii) I analyzed specimens collected at two sites, at which sulfide
levels are different, and those reared in aquarium with or without adding sodium
sulfide, to know changes in bacterial population under various sulfide concentrations.
2. Materials and Methods

Specimens of B. septemdierum were collected at the hydrothermal vents in Myojin

Knoll using ROV Hyper-Dolphin during NT08-07 cruise. Wild specimens were sampled
at two sites, Dive #819 [32°06.238'N, 139°52.169’E, depth; 1237 m, sulfide conc.; 0.41
mg/L] and Dive #822 [32°06.204'N, 139°52.18’E, depth; 1219 m, sulfide conc.;
undetected]. Specimens for aquarium experiments were obtained in several dives
including #819, and reared in the aquaria containing seawater (SW) or that with Na2S
(sulfide conc., 0.06-0.07 mg/L; 1 atm; 4°C; for 11 or 90 days). The gill of the samples
was fixed using 4% paraformaldehyde, embedded in paraffin, sectioned (thickness, 10
pm), hybridized with some FISH probes (2-4 hour at 46°C; formamide conc. 0-50%) and
washed in the buffer at 48°C for 15 min. FISH images were captured using LLSM 5
PASCAL Confocal Laser Scanning Microscope. Fluorescent intensity () and
fluorescent-area ratio (/) were evaluated using Image Pro Plus 5.1J. Statistical
analyses were performed using Welch’s t-test and Kruskal-Wallis’s H-test.

3. Result and Discussion

In the first experiment, FISH was performed using a probe that recognizes all
eubacteria, and symbionts were successfully visualized. Subsequently, I determined
16S rRNA sequence of B. septemdierum, and designed new specific probes, Bsob692
and Bsob737, by comparing the sequence with those of the symbionts of other

bathymodiolids and related species.



Using Bsob692, which showed higher specificity, wild specimens from #819 and #822
dives were analyzed and the F and F values were found to be higher in #822.
Specimens reared in NazS-containing SW also exhibited higher F{ and F values than
those reared without sulfide (Figs. 1, 2). It is inferable that sulfide concentration in
ambient SW would affect the abundance of endosymbionts. In addition, # and F
values of all aquarium specimens were significantly lower than those of wild specimens
(p < 0.001). Thus, the condition of aquarium experiment in this study may be
insufficient to maintain the abundance of endosymbionts of B. septemdierum.
Bathymodiolid mussels offers good models to study the mechanisms of symbiosis
because i) they can be reared in aquarium at normal pressure and ii) they have various
types of symbionts. I expect that the FISH protocol established in this study will be

utilized in studies on symbiosis in Bathymodiolids, and also applicable to other species.

Fig. 1. Fluorescence insitu hybridization using Cy-3 labelled Bsob692 (5’- CGCCATTGATGTTCCTTCAG-3’) of
symbiotic bacteria on trasverse section of gill filaments of B. septemdierum. (A) Wild (#819), (B) reared
for 11days with Na,S, (C) reared for 11day in seawater. Scale bar =100 um.
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Fig. 2. Abundance of symbionts in gill filaments of Wild, and aquarium-reared (for 11 and 9o days) mussels
estimated by FISH image analysis. Histograms show average value and standard error (n = 25). (A) fluorescent
intensity, (B) fluorescent-area ratio. *Indicates significant difference. *p < 0.05, **p<0.01, ***p<0.001.



