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Molecular study on light-driven CI~ pumping rhodopsins of marine bacteria, Rubrivirga marina
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Abstract

Microbial rhodopsins are a superfamily of photoreceptive membrane proteins. They mostly function as light-
driven ion pumps to convert sunlight energy to chemical energy. Here, we investigated the color tuning
mechanism between two inward C1” pumping rhodopsins, R28HR1 and 2, from Rubrivirga marina SAORIC-
28T with different absorption wavelengths by 29 nm. We found that five out of twenty-five residues around
the retinal chromophore are different between R28HR1 and 2. By mutational experiments in which these
four residues were swapped between R28HR1 and 2, three residues at 52nd, 89th, and 138th positions were
revealed to be responsible for the difference in the absorption wavelength of these two rhodopsins.
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Fig. 1 Structure (top)
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diversity
(bottom) of microbial rhodopsin, the subject of this
research project.
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Fig. 4 The sift of the absorption wavelengths of R28HR1
and 2 upon the amino-acid mutation responsible for the

color tuning between these anion pumping rhodopsins
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AnaIyS|s of fish community structure in the open ocean revealed by environmental DNA analysis
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Abstract

To reveal the compositional differences in fish communities among marine regions, the fish community
structure in pelagic water was analyzed using eDNA metabarcoding, which can comprehensively identify
species in a sample. Fish eDNA was detected at all 45 sites and assigned to 170 taxa. The results showed a
clear latitudinal cline in taxonomic richness (2—48 taxa per site), with a notable boundary in the Kuroshio—
Oyashio transition zone. Successive clustering and ordination analysis indicated that the fish communities
in each region were distinguishable from one another and closely matched the conventional biogeographic
classification of pelagic waters. This result demonstrated that eDNA can depict latitudinal transitions in fish

communities in the open ocean.
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Evaluating the effect of localized diatom rhodopsins on carbon fixation and microbial

ecosystems
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HiEOE, BOK - RXUBTEAT,
Keisuke Inomura, Graduate School of Oceanography, University of Rhode Island
Susumu Yoshizawa, Atmosphere and Ocean Research Institute, The University of Tokyo

Abstract

Diatoms are globally important phytoplankton, accounting for about 40% of marine photosynthesis. The
success of their niche acquisition is underpinned by the high photosynthesis rates, yet the mechanisms behind
it have been obscure. In this study, we propose that rhodopsins in diatoms facilitate their carbon fixation.
Yoshizawa’s team discovered that rhodopsins are located at the outermost layer of the thylakoid membranes.
Given this information, Inomura’s group developed a quantitative model of diatoms representing the
transport of carbon dioxide and carbon fixation. The model shows that the rate of carbon fixation is highly
dependent on the pH in the ‘middle space’, the outermost membrane space of the thylakoid membrane. The
increase in carbon fixation is highly dependent on the ratio of the maximum carbon fixation rate and diffusion
constant, yet in any case, the decreased pH in the middle space favors carbon fixation. To test the effect of
rhodopsin on the global ecosystem, as a starter, we implemented a model of prokaryotes with rhodopsin. Our
model quantitatively shows strong light dependencies of rhodopsin abundance. In addition, homology
searches for the MMETSP database revealed that the rhodopsin gene is distributed in eukaryotic
microorganisms other than diatoms. This study suggests that decreased pH by proton pumping by rhodopsin
may increase the rate of carbon fixation in diatoms and other algae.

Cell schematic Model: CFM-CC
Cyt: Cytosol Middle space
Mid: Middle space “"DIC —mm 5 DIC
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Fig. 1 Schematic of Cell Flux Model of C concentration (CFM-CC). The left panel represents the actual cell and
the right panel represents the model. Solid arrows show net flux of C and dashed arrow indicates the influence
of pH.
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Fig. 2 The Global rhodopsin distributions.
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(B) The deep ocean (below 214.6

m). Circles are data (Tara Oceans, provided by Yosuke Nishimura) and colored backgrounds are model results with

annually averaged light (publication in preparation).
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Responses of lower trophic-level ecosystem to multi-scale hydrographic events in the Japan Sea
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Abstract

In order to predict the impact of global environmental change on chemical and biological processes in the ocean, the
Tsushima Warm Current region of the Japan Sea was set as a model area and a mooring system with a sediment trap was
successfully installed in the offshore area of Sado Island. By comparing and analysing backscatter intensity data from
past ADCP observations of the mooring system and net sampling data using a research vessel, an algorithm was
developed to estimate the diurnal vertical movement of zooplankton and the variability of present abundance optimised
for the Japan Sea. Measurements of particle fluxes using natural radionuclides in the central part of the Yamato Basin
and the eastern margin of the Yamato Basin around the Tsushima Warm Current indicate that particles resuspended in
the basin margin are transported into the mid-depth layers of the central part of the basin with a time lag of about 200
days and are the main factor determining flux variations in the basin interior.
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Fig. 1: Mooring design offshore of Sado Island in June 2022.
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Fig. 2: Photograph taken during the sediment trap deployment.
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Developing a method for reconstructing movement histories of migratory fish by isotope
analysis of eye lens
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Abstract
Identifying the migration routes of marine animals is crucial for sustainable fisheries management and
biodiversity conservation. Many methods, such as bio-logging, are used to study migration routes. Although
tracking technologies have advanced tremendously, the migration routes over their entire life including the
spawning sites or the larva and juvenile habitats are often unknown due to body-size limitations. Chemical
signatures in otolith and other body parts become a promising tool for tracing the migration routes over their
lives. Here we propose a new method capable of reconstructing the geographic and trophic histories of
migratory fish by compound-specific isotope analysis of amino acids in eye lenses with modeled nitrogen

isoscape of phytoplankton.
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Abstract

Scientific knowledge of coral reefs and coral communities within bays and straits is limited. The Oshima
Strait, between Amami Oshima and Kakeroma Island, connects the East China Sea to the Pacific Ocean and
has no other similar topography in the Ryukyu Islands. There are also many inner bays within the strait. In
this study, we conducted multibeam bathymetric survey to produce high-resolution (0.5-m and 1-m grid)
seafloor map at five areas in the straits. The seafloor geomorphology in the central part of Oshima Strait
visualized in this study shows a drowned valley with steep slope along the coast, as well as a mound and a
cauldron topography in the strait that may have been formed by tidal currents. In the inner bays, gently
sloping seafloors with few undulations were found. We hope that the high-resolution bathymetric maps
obtained in this study will promote future field research in Oshima Strait.
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Fig. 1 Five areas in the Oshima Strait surveyed by

multibeam echo—sounder
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Fig. 2 Seafloor geomorphology between Nominoura and Kuroshio Research Center visualized by multibeam bathymetry

The Digital Elevation Model (DEM)was created using l-meter grid. The interval of the XY coordinate under the

bathymetric map is 500m.
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High-accuracy 'C dating of turbidites using fossil pollen grains
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Abstract

Deep-sea turbidites have been used to estimate paleo earthquake history. Establishing robust chronology is
important issue to understand the earthquake history. However, dating of deep-sea sediment is often difficult
due to the lack of suitable materials for '“C dating. We examined the applicability of fossil pollen grains for
dating of deep-sea sediment. Our results revealed that suitable pretreatment is required to collect sufficient
amount of pollen for '*C dating. The method developed in this study enables “C dating of pollen for deep-
sea sediments and improves the accuracy of dating of deep-sea sediment.
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Fig. 1 Example of pollen isolated from deep—sea
sediemnts.
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Water mass spreading and turbulent processes associated with the gyre fluctuations off the
northern coast of the Shimokita Peninsula in autumn of 2022
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Abstract

The water mass distribution characteristics linked to the fluctuations in the offshore gyre of the northern
Shimokita Peninsula in 2022 were discerned through ship-based observations and background analysis
employing high-frequency radar and ocean data-assimilation model. Initially, on 13 October, the influx of
offshore water and the associated enhancement of turbulent vertical mixing were captured. Furthermore, on
the following day (14 October), the spread of surface low-salinity water was observed. This water exhibited
elevated silicate concentrations. According to the radar data, the flow field immediately preceding the
occurrence presented a feeble gyre and was conducive to the propagation of coastal water of terrestrial origin.
The provenance of this water mass will be probed in the future by chemical analysis of the river water.
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Changes in distribution and abundance of calcifying organisms dwelling in subtropical island-
shelf environments in response to ocean warming and acidification
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Abstract

Ocean warming and acidification are ongoing and have been reported to adversely affect shallow-water
coral-reef organisms and ecosystems. However, little is known about impacts of these threats to the survival
and growth of calcifying organisms dwelling on subtropical mesophotic island shelf environments. To
answer this question, we dredged surface sediments around island shelf environments off Sesoko Island. The
dredging successfully collected living and dead specimens of shelf-dwelling calcifying organisms such as
foraminifers and corals. At least seven genera of large benthic foraminifers were found from sediments
collected at 60 m depth off northwest of Sesoko Island. A total of 22 solitary zooxanthellate scleractinian
corals were collected, corresponding to 2 genera. These specimens will be used for taxonomical studies,
culturing experiments, and growth rate measurements to understand if the physiology and ecology of these
organisms have already suffered from increasing temperatures and decreasing pH.
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Study area showing the location of Sesoko Research
Station (star), Tropical Biosphere Research Center and dredged
area (white frame)
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Fig. 2 Large benthic foraminifers from 60 m deep off northwest of

Sesoko Island. A: Baculogypsinoides spinosus, B: Heterostegina
depressa, C: Nummulites venosus, D: Operculina sp., E: Amphisorus
sp., F: Parasorites orbitolitoides, G: Alveolinella quoyii, H:
Reticulopodia emerging from an Alveolinella individual. Scale bars
=1 mm.
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Fig. 3 Scleractinian corals. A-C: Heteropsammia cochlea,
D-F: Heterocyathus sp., Scale bars = 1 mm.
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Development of integrated seismic imaging of water column and subseafloor
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Abstract
For real-time observation of fluid discharge from fault near the seafloor, we are developing an integrated
seismic imaging method by echo-sounder survey and multi-channel seismic (MCS) survey. The former is
often used to image gas bubbles in water column and the latter is used to figure out geological structures
including faults. On 6" October 2022, a field experiment for the integrated imaging was conducted in the
Tokyo Bay, where gas bubbles have been observed in previous studies. The resulting integrated imaging
profile shows three groups of anomalies suggesting gas bubbles as well as many fish schools within the water
column. On the other hand, the profile shows several faults below the seafloor. Interestingly, the bubble
anomalies are located immediately above the faults, implying that the gas bubbles are discharged from the
faults. According to the previous gas-sampling study in the Tokyo Bay, main component of the gas bubbles
should be methane. If origin of the gas is assumed to be dissolved gas in water, which exists in the Minami
Kanto gas filed that extends deep in the Kanto area, the relationship between the gas babbles and the faults
can be well explained by the theory of the petroleum system. Namely the gases were migrated up from the
depths along the faults. Thus, the present integrated seismic imaging successfully figured out real-time fluid

discharge from fault.
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Development and application of the eddy-covariance technique to boundary-layer physics and
turbulent flux of dissolved oxygen in shallow water environments
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Abstract

Energy and mass transport induced by turbulent mixing play a crucial role in ocean and atmospheric
circulations. However, mixing processes in coastal oceans and shallow lakes have not been understood well
due to lack of suitable observational techniques. We employed a new method to infer turbulent mixing and
associated oxygen flux based on the eddy covariance method for a shallow lake, Lake Kasumigaura, to
establish an observational approach of turbulent mixing on shallow water mixing. In addition, a high-
resolution thermistor chain and acoustic Doppler current profiler were deployed to estimate vertical eddy
diffusivity based on the Ellison scale (vertical turbulent overturing scale). Parameters associated with
turbulent mixing, such as turbulent kinetic energy dissipation rate, eddy diffusivity and oxygen flux etc.,
were successfully estimated from the mooring system. Observed results show daily cycle variations of
vertical mixing and oxygen transport owing to daily sea breezes and nigh-time cooling-induced convection.
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Fig. 1 Observed (a) temperature, (b) dissolved oxygen (DO) and (c) vertical eddy diffusivity obtained from the

mooring system
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Heart rate monitoring of wild loggerhead turtles during nesting activity

MG A, SO -

/%, E-mail: narazaki(at)meijo-u.ac.jp

AR BERE, HARD I AW, E-mail: ymatsu(atyumigame.org
WA KRR, FOK « KR, E-mail: kqsakamoto(at)g.ecc.u-tokyo.ac.jp
Tomoko Narazaki, Faculty of Agriculture, Meijo University
Yoshimasa Matsuzawa, Sea turtle association of Japan
Kentaro Q Sakamoto, Atmosphere and Ocean Research Institute, The University of Tokyo

Abstract

Being adapted to marine life, nesting behaviours on land seems to be physically and physiologically
demanding for sea turtles. Heart rate of free-ranging females nesting at Senri beach were monitored
throughout their nesting activities (ascent, body-pitting, digging, egg laying, covering, camouflaging,
descent). Heart rate increased when the turtle landed and were consistently high during ascent, body-pitting
and digging (27 — 35 bpm). Heart rate decreased during egg laying up to 16 bpm with increased R-R interval
as well as increased R-R interval variability, indicating the occurrence of arrhythmia. It might be possible
that decreased heart rate during egg laying is a physiological reflex response controlled by parasympathetic
nervous system as previously reported in spawning salmons.
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Fig. 1 Heart rate of a female loggerhead turtle during
nesting behaviour. Each arrow indicates when the turtle
landed on the beach (A), started burrowing the nest (B),
started egg laying (C) and finished egg laying.
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Tracking the history of the bathyal molluscan fauna based on Recent and fossil samples
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Abstract

This study challenges a comprehensive understanding of the adaptation processes of fossil and extant
molluscs to the abyssal seafloor and speciation therein by exhaustive molecular phylogenies of living
Limopsis bivalves and Bathyancistrolepis gastropods, scrutiny of revised morphological characters, and by
critical revision of their geochronological occurrence. As a result, it was clearly shown that both fossil and
extant abyssal “species” comprises multiple species, and both bivalves and gastropods first appeared in the
lower Miocene deep-sea sediments, probably reflecting a change of marine environment rich in primary
production in the NW Pacific. Intraspecific variations in extant Bathyancistrolepis have been accumulated
slowly since the late Miocene and Pleistocene, reflecting dispersal by geographic isolation events. The newly
defined extant species are valuable as more accurate indicators for estimating the paleoenvironment of

sedimentary basins.
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Fig. 1. A Bayesian phylogeny of limopsoidean bivalves
based on partial mitochondrial cytochrome oxidase
subunit I sequences. Upper left shows topotype of
Limopsis tokaiensis from lower Pleistocene Koshiba
Formation.
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Fig. 2. Fossil record of Bathyacistrolepis.
Oldest fossils of extant two species are depicted.
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Abstract
We conducted an on-board bottle incubation experiment to verify the possibility that the growth of the
natural phytoplankton community in the subtropical mid-latitude region in the western North Pacific was co-
limited by multiple nutrients including micronutrient such as Fe. Nutrients in the study area were almost
depleted, probably due to the consumption by the diatom Rhizosolenia hebetata, which was dominant in this
study area. After the incubation period, significant growth-promoting effects were found in the nitrogen,
phosphorus, and iron added treatment, suggesting that the natural phytoplankton community was under co-
limitation. Microscopic observation showed R. hebetata cells contained the nitrogen-fixing Richelia
intracellularis trichomes. A further study is necessary to understand the relationship between co-limitation

of marine primary production and the nitrogen-fixing ability.
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Table 1. Treatment of bottle incubation experiment.

Treatment Added nutrient

Control

N 1 uM NOs, 1 uM NH,4

P 200 nM PO,

Fe 2 nM Fe

NP 1 uM NOs, 1 uM NHy, 200 nM PO,

FeN 1 UM NO;3, 1 uM NHy, 200 nM PO4

FeP 200 nM POy, 2 nM Fe

FeNP 1 UM NO;3, 1 uM NHy, 200 nM POy, 2 nM Fe

All 1 UM NO;3, 1 uM NHy, 200 nM POy, 2 nM Fe, 0.1 nM By,
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Fig. 1 Average concentration of size-fractionated Chl-a before and
after the incubation experiment. Error bar represents the standard
deviation of triplicate samples.
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Fig. 2 Composition of phytoplankton abundance estimated from
microscopic observation before and after the incubation experiment.
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Abstract

Coral, a cnidarian, symbiotically coexists with zooxanthellac and bacteria to form a complex "coral
holobiont" that functions as a cohesive entity. Over the years, a multitude of coral-associated bacteria, present
in the coral holobiont, have been identified to possess diverse coral protection mechanisms. Investigating the
specific bacterial-coral interaction responsible for coral protection will provide valuable insights into the
maintenance of homeostasis in coral reef ecosystems. In this study, we aim to experimentally reconstruct the
interaction between coral and bacteria to verify the bacterial-coral interaction relationship in the coral
holobiont. We evaluated the carotenoid-producing abilities and antioxidant activities of the isolated coral-
associated bacteria, and determined the carotenoids produced by the bacteria. Moving forward, we intend to
investigate the protective effects of these bacteria against light and heat stress on zooxanthellae and explore
the conditions required for the colonization of coral-associated bacteria on the coral holobiont.
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Fig. 1 Breeding tank for the reef-building coral
Galaxea fascicularis.
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Fig. 3 Absorption spectrum measurement of crude extract
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Abstract

The southwestern Okhotsk Sea is characterized by high biological productivity and biodiversity. However,
in-situ observations are still scarce, and the mechanisms that cause high productivity have not been well
understood. In this study, we aim to clarify the above mechanisms after spring phytoplankton bloom by
focusing on (1) tidal mixing on the shelf slope and (2) primary production processes in the post-bloom period.
To this end, we carried out mooring system retrieval and re-installation, internal wave observations, and ship
observations of water mass structure and biogeochemical parameters.
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Abstract

Energy expenditures of captive Odontoceti were measured by a newly developed pneumotachometer. The measured
activity stage of the animals was resting and their resting metabolic rate (RMR) was 7,620+4 kcal/day for Risso's dolphin.
The measured RMR was approximately 1.5 time higher than values estimated by the Kleiver’s law. Marine mammals
are known to have higher RMR than that of similar-sized terrestrial mammals, and the higher rate obtained in this
experiment was reasonable which supported that our experimental condition was adequate to proceed further experiments
using this system. In addition to measuring RMR, we examined a function of a newly developed heart rate logger as a
preliminary experiment, and we confirmed that constant electrocardiograms can be recorded by the new device.
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