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Abstract

Abstract

The CO,-driven ocean acidification (OA) has been shown to reduce the calcification
of marine calcifiers. However, little knowledge has been documented on non-calcifying
organisms. Though elevated pCO, in seawater provides more substrate for photosynthetic
carbon fixation, changes of the seawater carbonate system induced by OA could stress
the cells. On the other hand, solar UV radiation would affect phytoplankton in different
ways. If OA and UV would act synergistically, antagonistically or neutrally is an
important question to be investigated. Diatoms play a fundamental role in marine
biological CO, pump, thus their physiological responses to OA and UV need to be
explored. In this study, we used pH/pCO; perturbation technique to cultivate two diatom
species (Phaeodactylum tricornutum and Thalassiosira pseudonana) and natural
phytoplankton assemblages under two different pCO, levels, representing the
atmospheric pCO;, of present and the year around 2100 (pCO,: 800-1000 ppmv, pH:
7.80-7.90), and in combination with UV technique, to evaluate the physiological
responses of the diatoms and phytoplankton assemblages to OA, and revealed the
combined effects of OA and UV. The main results are as follows:

After acclimation to high CO,/low pH (HC) for 20 generations or more, the growth
rate and photosynthetic carbon fixation of P. tricornutum were respectively enhanced by
5.2 and 10.8%, meanwhile, the dark respiration was enhanced by 34.4%, and the HC
grown cells were more sensitive to high light. Though short-term manipulation of
carbonate system indicated that the elevated CO, increased effective quantum yield and
decreased non-photochemical quenching (NPQ), the increased NPQ of HC grown cells
reflected that increase in acidity is a stressor. The elevated CO, increased the effective
quantum yield of 7 pseudonana, but decreased its growth rate. Moreover, OA affects the
inorganic carbon acquisition mechanisms of both diatoms, down-regulated their carbon
concentrating mechanisms (CCMs) and the ability to actively take up HCOs™ or CO,. The
down-regulation of CCM led to down-regulated functional absorption cross-section of
PSII (oPSII), without altering its antenna pigment content.

Though OA increased the sensitive of P. tricornutum to high PAR, it alleviated the

UV-induced inhibition on PSII. Meanwhile, the functional cross section of PSII (cPSII)
XI
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of HC grown cells was smaller in HC grown cells,, which could be responsible for the
lower UV-related inhibition since decreased oPSII leads to less UV exposures. Additional
experiments showed that the UV-induced protein damages were repaired faster, and the
synthesis of PSII proteins appeared faster in the HC-grown cells.

The photosynthetic carbon fixation and CCMs of diatoms and phytoplankton
assemblages depend on the acquisition and conversion of inorganic carbon, thus depend
on the activity of carbonic anhydrase. The membrane permeable inhibitor of carbonic
anhydrase (ethoxyzolamide, EZ) inhibited photosynthetic carbon fixation significantly,
up to 23% in the open ocean of South China Sea (SCS). Moreover, EZ synergistically
increased UV-B inhibition on photosynthesis, indicating that CCMs could act in
remediating UV-induced harms. The result implies that OA could affect the
photosynthetic carbon fixation of phytoplankton assemblages and their response to UV in
the SCS.

In conclusion, OA increased photosynthetic performance, but differentially affected
the growth of the two diatoms. It down-regulated CCM and increased dark respiration
rate and the sensitivity to high light. The interactive effects of OA and UV depend on the
levels of PAR as well as UV. Responses of different phytoplankton functional groups to
OA, and the combined effects of OA with other environmental factors on photosynthetic

carbon fixation in the euphotic zone, need to be further investigated.

Keywords: CCM, diatom, ocean acidification, photosynthesis, UVR
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