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ABSTRACT

Photoacclimation properties were investigated in two marine

microalgae exposed to four ambient irradiance conditions: static

photosynthetically active radiation (PAR: 400–700 nm), static

PAR + UVR (280–700 nm), dynamic PAR and dynamic

PAR + UVR. High light acclimated cultures of Thalassiosira

weissflogii and Dunaliella tertiolecta were exposed outdoors for

a maximum of 7 days. Dynamic irradiance was established by

computer controlled vertical movement of 2 L bottles in a water

filled basin. Immediate (<24 h), short-term (1–3 days) and long-

term (4–7 days) photoacclimation was followed for antioxidants

(superoxide dismutase; ascorbate peroxidase and glutathione

cycling), growth and pigment pools. Changes in UVR sensitivity

during photoacclimation were monitored by measuring UVR-

induced inhibition of carbon assimilation under standardized UV

conditions using an indoor solar simulator. Both species showed

immediate antioxidant responses due to their transfer to the

outdoor conditions. Furthermore, upon outdoor exposure, carbon

assimilation and growth rates were reduced in both species

compared with initial conditions, however, these effects were

most pronounced in D. tertiolecta. Outdoor UV exposure did not

alter antioxidant levels when compared with PAR-only controls

in both species. In contrast, growth was significantly affected in

the static UVR cultures, concurrent with significantly enhanced

UVR resistance. We conclude that antioxidants play a minor

role in the reinforcement of natural UVR resistance in

T. weissflogii and D. tertiolecta.

INTRODUCTION

Marine microalgae typically experience fluctuating irradiance

conditions due to co-occurring changes in intensity of incom-

ing irradiance (daily and seasonally), cloud coverage and their

changing position in the water column (1–4). In a shallow

upper mixed layer (UML; 4) vertical mixing can mediate

phytoplankton transport through a gradient of photosynthet-

ically active radiation (PAR; 400–700 nm) ranging from

saturating irradiance at depth to excess (detrimental)

irradiance close to the water surface (3,4). In contrast, UV

radiation (UVR; 280–400 nm) is attenuated much faster and

can be significantly low at the bottom of the UML. UVR may

inhibit repair pathways and therefore algae can benefit from

periods with low UVR levels to recover from photodamage

(3). Therefore, the net effect of UVR on microalgae in a

shallow UML depends on the optical properties of water,

mixing depth and speed (3,5).

The detrimental action of excess irradiance including UVR

is mostly mediated through the formation of reactive oxygen

species (ROS; 6–7). ROS production can be initiated by over-

reduction of the photosystems. Over-reduced photosystems

can leak electrons onto oxygen and therewith initiate gener-

ation of the moderately dangerous superoxide (O2
•)). These

radicals can donate their electron to other O2
•) radicals via

unchelated bivalent cations (i.e. Fe3+ ⁄ 2+) thereby generating

hydrogen peroxide (H2O2) via the Haber–Weiss ⁄Fenton reac-

tion, these two oxygen intermediates are able to produce the

most destructive hydroxyl radical (HO•; 8). ROS may damage

DNA, phospholipids and proteins such as photosystem II

(PSII) reaction centers. As a result, ROS may lead to decreased

photosynthetic efficiency or even viability loss (9,10).

To prevent irradiance-induced formation of ROS, microal-

gae apply immediate regulatory mechanisms such as nonpho-

tochemical quenching via xanthophyll cycling (11–13). On a

longer time-scale, photoacclimation occurs during which

photosynthesis and its regulatory mechanisms are adjusted to

the prevailing irradiance (9,14). To counteract ROS accumu-

lation, oxygen radicals are scavenged by a network of

antioxidants which is aimed to prevent HO• formation. In

this network, O2
•) is converted into H2O2 by superoxide

dismutase (SOD; 15,16) which is subsequently scavenged by

peroxidases like ascorbate peroxidase (APX; 17,18). During

this process, APX consumes ascorbic acid which is regenerated

using glutathione as a reducing agent, followed by glutathione

reduction by glutathione reductase (GR; 19,20).

Several laboratory studies have shown that microalgae

adjust their cellular antioxidant levels during photoacclimation

to altered PAR or UVR (11,21,22). Yet, virtually nothing is

known about antioxidant responses in marine microalgae

under ambient UVR, let alone under natural fluctuating

irradiance regimes. The unpredictable nature of fluctuating
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