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Context  (2-3 lignes)  

Benthic foraminiferal species have various particular physiological adaptations. Among these adaptations, some 

species have the ability to steal and sequester chloroplasts from diatoms and to keep them functional from days to 

many months. This process, called kleptoplasty, has been observed in intertidal as well as deep-sea species. 

However, kleptoplast biological functions and role in biogeochemical cycles have been little studied in benthic 

foraminifera. 

Objectives / scientific questions (2-3 lignes)   

Objective 1: To study the photosynthetic efficiency of foraminifera with sequestered chloroplasts living on 

intertidal mudflats and to quantify the foraminiferal oxygen production rate. 

Objective 2: To study the role of sequestered chloroplasts in foraminifera of coastal oxic/photic and 

hypoxic/aphotic environments and to study the inorganic nitrogen fluxes. 

Objective 3: To understand the nutrient exchange between kleptoplasts and the host cell 

Main results  

1. Photosynthetic efficiency: Our results clearly showed that H. germanica was capable of using its kleptoplasts for 

more than 1 week while A. tepida showed very limited kleptoplastic ability with maximum photosystem II quantum 

efficiency (Fv/Fm=0.4), much lower than H. germanica and decreasing to zero in only 1 day. Only H. germanica 

showed net oxygen production with a compensation point at 24 μmol photon
-2

 s
-1

 and a production up to 1000 

pmolO2 cell
-1

 day
-1

 at 300 μmol photon
-2

 s
-1

. Haynesina germanica Fv/Fm slowly decreased from 0.65 to 0.55 in 7 

days when kept in darkness; however, it quickly decreased to 0.2 under high light (Fig. 1). Kleptoplast functional 

time was thus estimated between 11 and 21 days in darkness and between 7 and 8 days at high light. These results 

emphasize that studies about foraminifera kleptoplasty must take into account light history. Additionally, this 

study showed that the kleptoplasts are unlikely to be completely functional, thus requiring continuous chloroplast 

resupply from foraminiferal food source. The advantages of keeping functional chloroplasts are discussed but more 

information is needed to better understand foraminifera feeding strategies. 

2. Functionality: Six common diatom lipophilic pigments were detected, two chlorophylls (Chl a, Chl c) and four 

carotenoids (fucoxanthin and by-products, diadinoxanthin, diatoxanthin and β-carotene), the same pigment profile 

as the diatom species frequently isolated at the sampling site. The xanthophyll cycle (XC) was functional with 

kleptoplast diatoxanthin (DT) content increase with concomitant diadinoxanthin (DD) decrease after short term 

light exposure. DT/(DT+DD) and DT/DD ratios increased significantly in specimens exposed to low light and high 

light in comparison to specimens maintained in the dark. Specimens placed in very low light after the light 

treatments reverted to values close to the initial ones, suggesting that H. germanica XC is functional. A functional 

XC is an indication of H. germanica kleptoplasts capacity for short-term photo-protection from photo-oxidative 



damages caused by excess of light. Furthermore, the pigment survey suggests that H. germanica preserved some 

chloroplasts over a longer time than others and that pigment content is influenced by previous light history. 

Finally, the current study highlighted seasonal differences, with higher pigment contents in winter specimens 

(27.35 ± 1.30 ng cell-1) and lower in summer specimens (6.08 ± 1.21 ng cell-1), a quantitative and qualitative 

composition suggesting light acclimation to low or high light availability, according to the season. 

3. N and C assimilation: All specimens (H. germanica) incorporated 
13

C into their endoplasm (stored primarily in 

the form of lipid droplets, Fig. 2), fibrillar vesicles, and electron-opaque bodies. A control incubation in darkness 

resulted in no 
13

C-uptake. Ammonium assimilation was observed both with and without light. The resulting 
15

N-

enrichments were diffusely distributed throughout the cytoplasm, with higher than average concentrations in 

fibrillar vesicles, electron-opaque bodies, tubulin paracrystals, bacterial associates, and some kleptoplasts. The 

later observation might indicate that the chloroplasts are involved in N assimilation. 

Fig. 1 

 

Fig. 2 

Fig. 1. Maximum quantum efficiency of the photosystem II (Fv/Fm, n = 3) for the different conditions (Dark, Low 

Light and High Light) (Jauffrais et al., 2016a Biogeoscience). 

Fig. 2: Foraminiferal organelles found 13C enriched during the experiment under light condition. Left column: TEM 

micrographs. Right column: corresponding NanoSIMS δ13C image expressed in ‰. A: lipid droplets (after 8 h of 

incubation) enriched in δ13C (circles: small lipid droplets; c: chloroplast; li: large lipid droplets) - Scale bars: 2 µm. 

(LeKieffre et al., in prep.) 

Future of the project : 

1. A Marie Curie fellowship has been re-submitted by T. Jauffrais in September 2017 (2016: score 91.7%) 

2. The FRESCO (Foraminiferal research Consortium) has been financed by the “Région Pays de la Loire” 

(300K€) and UA (100K€) 

3. Post-doc position (2018) about “Nitrogen assimilation by foraminiferal kleptoplast “ Financial support by 

UBL (Université Bretagne Loire) et EPFL 
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