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photosynthesis and photoadaptation mechanisms in coral symbiotic algae)

The growth of reef building corals strongly depend on photosynthetic products
obtained from Symbiodinium, the microalgae which symbiosis within coral cells. Those
coral habitats are distributed from the ocean surface to around 150 m depth, where
light intensity widely changes with depth. These conditions force symbiotic
Symbiodinium to maintain optimum photosynthesis under these various light
environments to efficiently provide photosynthetic products to corals. Insufficient light
intensity results in less photosynthesis, while excess light energy causes the damage
of photosystems. To alleviate photoinhibition due to excess light, Symbiodinium has
established a photoprotection mechanism called nonphotochemical quenching (NPQ),
which is similar to the photoprotection mechanism in most other photosynthetic
organisms.

To clarify the actual photoadaptation in corals, I collected several coral species
from 2 m depth (shallow) and 43-45 m depth (deep) and analyzed their chlorophyll
fluorescence behaviors. The results of photosynthetic activity, NPQ, and size of light-
harvesting antenna suggested that symbiotic microalgae adapted to light conditions in
coral habitats. In the collected corals, the symbiotic Symbiodinium types were varied.
Some types of Symbiodinium were specifically associated with the corals collected at
each depth, and the other types were associated with the corals collected at both depths.
When I cultured several Symbiodinium strains under different light intensities, the
light-harvesting antenna size and its regulation were diversified among those strains.
From these results, it was presumable that corals have two light-adaptation strategies,
“photoadaptation by symbiotic Symbiodinium” and “live together with Symbiodinium,
which is already adapted to the light environment”.

Although photoadaptation of corals in nature were observed, the molecular
mechanisms of photoadaptation in Symbiodinium and molecular differences in
photoadaptation capacity among Symbiodinium strains were poorly understood. Thus,
I next focused on molecular mechanism of photoadaptation in Symbiodiinium. In
general, photosynthetic organisms have two photosystem cores (PSI and PSII) and
their light-harvesting antennas (LHC). In S. minutum, the genome sequenced
Symbiodnium, 145 LHC cording genes have been found. Those LHC genes are
phylogenetically classified into a LAcftype family, which is exclusively conserved in

algae species that harbor secondary plastids of red algal origin, and a Lhcrtype family,



of which members are known to be associated with PSI in red algal plastids and
secondary plastids of red algal origin. However, it has not been fully investigated how
these genes contribute to light harvesting in symbiotic algae because the biochemical
methods to purify photosynthetic protein supercomplexes from Symbiodinium have not
been established so far. To overcome this methodological limitation, I developed the
isolation and purification methods for PSI and PSII supercomplexes, and tried to
characterize these supercomplexes from Symbiodinium minutum.

A combination of sucrose density gradient (SDG) ultracentrifugation and
ferredoxin-affinity purification enabled me to successfully purify the PSI-LHC
supercomplexes from S5 minutum. Purified PSI-LHC indicated highest oxygen
absorption activity among photosynthetic organisms which have been reported so far.
As a result of mass spectrometry, 25 LHCs, including both LHCF and LHCR families,
were detected from the purified PSI-LHC supercomplex. Single-particle analysis
electron microscopy revealed a supramolecular organization of PSI that was associated
with the 8 — 18 LHCs. Pigment analysis and spectroscopic analysis indicated that the
PSI-LHC contains peridinin and chlorophyll ¢2, which transfer excitation energy to the
reaction center. These results suggest that PSI perform efficient light harvesting by
using those pigments, which can efficiently compensate the absorption of chlorophyll a
in ocean light (blue-green wavelength). Moreover, the PSI-LHC contained significant
amounts of the xanthophyll pigment diadinoxanthin (Ddx). Ddx is known as a substrate
for diatoxanthin (Dtx), which directly contributes to photoprotection in Symbiodinium.
The Ddx was efficiently converted into Dtx in the PSI-LHC supercomplex under high
light conditions. These data strongly suggest the presence of Dtx-dependent excitation
energy quenching in the PSI-LHC supercomplex, which may contribute to
photoprotection of the symbiotic alga in corals.

On the other hand, PSII supercomplex could not be isolated by the methods for
PSI supercomplex purification in Symbiodinium and PSII supercomplex purification in
other photosynthetic organisms. I assumed that PSII supercomplex in Symbiodinium
is very unstable. To overcome this problem, I screened both detergents and conditions
for thylakoid membrane solubilization. Finally, I succeeded in isolating PSII core
complex and PSII-LHC supercomplexes which were expected to form various sizes.

In my PhD course, I performed both spectroscopic measurement using corals and
biochemical analysis using cultured Symbiodinium to investigate the molecular
mechanisms of photosynthesis and photoadaptation of corals. In particular, I
established the biochemical methods to purify PSI and PSII supercomplex in
Symbiodinium,, which have never been reported. I also suggest the presence of Dtx-
dependent excitation energy quenching in the PSI-LHC supercomplex. I believe that
these biochemical breakthroughs will contribute to further researches on both

Symbiodinium photosynthesis and coral-algal symbiosis.
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