
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tejp20

European Journal of Phycology

ISSN: 0967-0262 (Print) 1469-4433 (Online) Journal homepage: https://www.tandfonline.com/loi/tejp20

Nitrate availability and calcite production in
Emiliania huxleyi Lohmann

M.J. Merrett , L.F. Dong & N.A. Nimer

To cite this article: M.J. Merrett , L.F. Dong & N.A. Nimer (1993) Nitrate availability and calcite
production in Emiliania�huxleyi Lohmann, European Journal of Phycology, 28:4, 243-246, DOI:
10.1080/09670269300650351

To link to this article:  https://doi.org/10.1080/09670269300650351

Published online: 24 Feb 2007.

Submit your article to this journal 

Article views: 236

View related articles 

Citing articles: 6 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=tejp20
https://www.tandfonline.com/loi/tejp20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/09670269300650351
https://doi.org/10.1080/09670269300650351
https://www.tandfonline.com/action/authorSubmission?journalCode=tejp20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tejp20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/09670269300650351
https://www.tandfonline.com/doi/mlt/10.1080/09670269300650351
https://www.tandfonline.com/doi/citedby/10.1080/09670269300650351#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/09670269300650351#tabModule


Eur. J. Phycol. (1993), 28: 243-246. Printed in Great Britain 2 4 3  

Nitrate availability and calcite production 
in Emiliania huxleyi Lohmann 

M. J. MERRETT, L. F. D O N G  A N D  N. A. NIMER 

School of Biological Sciences, University College of Swansea, Singleton Park, Swansea SA2 8PP, UK 

High-calcifying cells of Emiliania huxleyi were grown on a synthetic seawater medium and the effect of nitrate (NO3) concentration on 
growth, calcite accumulation, calcification rate and DIC (dissolved inorganic carbon) utilisation determined. The stoichiometry between 
NO3 utilisation and calcite production was 1:6.5 (mol/mol). Calcification and growth were tightly coupled: calcite production ceased 
when cultures entered the stationary phase due to NO; depletion, but by adding a pulse of NO; growth and calcification were restored. 
The initial C/N ratio in the medium was important in relation to calcification rate. At 20/~M NO3 the total DIC (2 mM) was rapidly 
depleted, the calcification rate subsequently declining, whereas at 5 and 10/~M NO3 ~ rates of calcification were constant at 20 g carbon 
celt ~x 1014.h ~ throughout culture growth, excess DIC being present relative to the available NO3. Calcite production per unit NO3 
was similar for isolates of E. huxleyi from neritic, oligotrophic and nitrate-rich waters. In laboratory cultures, where the photon flux density 
is optimised for growth, the initial NO; concentration is a reliable indicator of final calcite yield. 

Key words: Calcite product ion,  Emiliana huxleyi, nitrate. 

Introduction 

Coccolithophores are widespread in the oceans (McIntyre 
& Be, 1967; Klaveness & Paasche, 1979). The most widely 
distributed species, Emiliania huxleyi, forms extensive 
blooms in the North Atlantic (Holligan & Groom, 1986) 
and also extends into neritic shelf-environments. Calcite 
production by coccolithophore blooms makes the major 
contribution to ocean floor limestone sediments (Loh- 
mann, 1908; Honjo, 1976). Although nutrient status alters 
the chemical composition (i.e. the cellular fraction of the 
limiting nutrient) of phytoplankton (Ketchum, 1939) the 
growth rate in E. huxleyi is independent of the nitrogen/ 
phosphorus ratio in the medium, with a modest response 
in the cellular nitrogen/phosphorus ratio and no apparent 
response in the cellular nitrogen/carbon or phosphorus/ 
carbon ratios (Sakshaug et al., 1982). This indicates that E. 
huxleyi may not be affected by nutrient stress. 

Nitrogen limitation has a direct effect on algal growth, 
giving a reduction in the nitrogen/carbon ratio and 
chlorophyll, nitrogen and protein on a cell basis (Plumley 
& Schmidt, 1989). The decrease in Rubisco activity and the 
activity of other enzymes of photosynthetic carbon 
metabolism (Plumley & Schmidt, 1989; Falkowski el al., 
1989) under nitrogen limitation results in a reduction in 
photosynthetic capacity. Nitrogen-limited algae also 
show increased susceptibility to photo-inhibition (Prezelin 
el al., 1986; Rhiel el al., 1986). Nitrogen availability is one 
of the major factors thought to influence calcification 
(Paasche, 1964), and although high nitrate concentrations 
inhibit calcification (Wilbur & Watabe, 1963; Nimer & 
Merrett, 1993) the effect of nitrate concentrations within 

the oceanic range upon calcification and growth has not 
been determined. Ecotypes of E. huxleyi flourish under 
vastly different regimes of temperature, salinity a n d  
nutrient availability, and in this study we compared 
calcification rates for recently isolated clones of E. huxleyi 
from widely different offshore waters. 

Materials and methods 

Axenic cultures of a high-calcifying strain of Emiliania 
huxleyi Lohmann (Bigelow Laboratory no. 88E) were 
grown on media of the same composition as described 
previously (Dong et al., 1993). Non-axenic recent isolates 
of E. huxleyi strain 1779 Ga (Plymouth Marine Laboratory) 
from the Iceland Basin and strain DWN 53/74/6 (Ply- 
mouth Marine Laboratory), an oligotrophic strain from the 
subtropical Atlantic, were grown on the same media 
(Dong et al., 1993). Cultures were gently aerated with air 
(0-03% v /v  CO2) at a flow rate of 1 1 h -1, mainly to keep 
the cells in suspension rather than to maintain the 
inorganic carbon system at air equilibrium, and grown at 
15 °C with a photon flux density of 50/~mol m -2 s -'I at the 
surface, provided by cool white fluorescent lamps. 

The total dissolved inorganic carbon (DIC) concentra- 
tion was determined by the method based on the 
quantitative titration of carbonate alkalinity using volu- 
metric standard HCI (Parsons et al., 1989) as described 
previously (Dong et al. 1993). Calcification rate was 
measured as described previously (Nimer & Merrett, 
1993). The concentration of nitrate (NO3) was determined 
by the cadmium-copper reduction technique (Parsons et 
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Fig. 2. Calcite accumulation (shaded columns) in the culture, and 
calcification rate (filled circles) of culture aliquots in relation to 
DIC concentration (filled triangles) at different nitrate 
concentrations (A) 20 pM NO~, (B) 10/IM NO3, (C) 5 #M 
NO3 with a pulse of 5/~M NO3 on day 4. Temperature 15 °C, 
light flux 50/1tool m -2 s i 2 mM DIC, pH 8-3. 

Fig. 1. The growth (fflied circles) of a high-calcifying strain of E. 
hu.x]eyi at different nitrate concentrations (A) 20/~M NO3, (B) 10 
/IM NO3, (C) 5/IM NO3 with a pulse of 5/IM NO3 on day 4 
and nitrate concentration in the cultures (filled squares). 
Temperature 15 °C; light flux 50/~rnol m z s 1 2 mM DIC, pH 
8-3. 

al. 1989). Measurement of cell number, dry weight and 
total calcite was as described previously (Dong et al., 
1993). 

R e s u l t s  

Available nitrate and calcite production 

Cells from an early exponential phase culture of E. huxleyi 
strain 88E were washed and resuspended in fresh media 
lacking nitrate to provide identical initial inocula for 
cultures with various nitrate concentrations, and growth 
followed until cultures entered the stationary phase (Fig. 
1). The light flux of 50/~mol photon m -2 s 1 (Fig. 1) and 
the temperature of 15 °C provide near-optimum condi- 
tions for growth and calcification in this strain of E. huxleyi. 
There was no discernible lag phase and the rapid period of 
N O 3  depletion in the medium occurred in the mid- 
exponential growth phase (Fig. 1). At  the lower N O 3  
concentrations, i.e. 5 and 10/~M, nitrate was the factor 

limiting cell yield. Growth and calcite production were 
restored when a pulse of 5 /~M N O ;  was added to a 
stationary phase culture grown with 5 ~uM NO3,  the final 
cell yield corresponding to a culture grown with 10/~M 

NO3  (Fig. 1). 
Calcite accumulation in the culture and calcification rate 

for cell aliquots at different stages of culture growth were 
measured. Calcite production and growth were tightly 
coupled, the major increase in calcite occurring during the 
exponential phase of culture growth (Fig. 2). Calcite 
production resulted in a decrease in total DIC in the 
cultures (Fig. 2) the magnitude of which was related to the 
increase in cell number, which in itself was determined by  
the initial NO3  concentration for the lower NO~ concen- 
trations. With 20 # M  NO3  total DIC in the medium was 
depleted by day 8 (Fig. 2) but the concentration of DIC 
was adequate for the complete utilisation of the available 
NO3- because cell number and calcite yield were twice that 
for 10 #M NO3 (Fig. 2). For cells grown at the lower NO3  
concentrations the calcification rate was remarkably con- 
stant at around 20 g C cel l - Ix I0Z4"h i (Fig. 2). 
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Table 1. Dry weight, caldte produced and the stoichiometry 
between nitrate utilised to calcite produced in E. huxleyi strains 
1779Ga, DWN 53/74/6 and 88E grown at 10/tM NO3 

Stoichiometry 

between NO3 
utilisation and 

calcite 
Cell number g calcite g dry weight production 

Strain (ml *Xl0 s) (cel l - Ix10 *z) (cell ~Xl0 H) (mol/mol) 

1779Ga 5-2 1.1 4.4 1:4-9 

DWN 53/74/6 5-1 1.3 4-4 1:4-3 
88E 4-5 1-3 4-1 1:6-5 

Calcite production in ecotypes of E. huxleyi 

Calcite production in E. huxleyi strain 88E was compared 
with that in subpolar strain from the Iceland Basin and an 
oligotrophic strain from the subtropical Atlantic (Table 1). 
All three strains are recent isolates and have been 
maintained in culture with a low NO3 to total DIC ratio. 
All three isolates showed high calcification rates and for 
cultures grown with 10/ tM NO3 the final cell yield and 
calcite production were very similar (Table 1). 

The effect of nitrate concentration on calcification rate 

The direct effect of NO3 on calcite production in E. huxleyi 
strain 88E was determined in short-term experiments (Fig. 
3). Cells from an early exponential phase culture were 
harvested and aliquots resuspended in fresh media con- 
taining from 0-20 /aM NO3 and calcification rate 
measured under optimum conditions. There was an 
absolute requirement for NO3 in calcite synthesis (Fig. 3) 
and the rate was saturated at 5 NM NO3, not increasing at 
10 and 20 btM NO3 (Fig. 3). Calculation of the growth rate 
shows that this also reaches a maximum at 5 pM NO3 
(Fig. 3). 
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Fig. 3. The effect of NO3 concentration on calcification rate 
(filled circles) and growth (open circles). Cells were resuspended 
in fresh media containing different NO3 concentrations and 
calcification rate measured as described in Materials and 
Methods. Growth rate (p) was measured by following the 
increase in cell number over the exponential phase of culture 
growth. Temperature 15 °C, light flux 50/~mol m 2 s-~, 2 mM 
DIC, pH 8.3. 

D i s c u s s i o n  

The coccolithophorids are the only known group of 
intracellularly calcifying algae (Hibberd, 1976), being the 
extreme example of biologically controlled mineralisation 
(Borowitzka, 1987). Bicarbonate is the major inorganic 
carbon source for calcification in coccolithophores 
(Paasche, 1964; Steemann-Nielsen, 1966; Sikes et al., 1980, 
Nimer & Merrett, 1992). Growth and calcification by E. 
huxleyi rapidly deplete the total DIC in the medium (Dong 
et al., 1993) and, as total biomass production is dependent 
on the availability of NO3, the overall DIC depletion is 
determined by the initial NO3 concentration. There is 
therefore a quantitative relationship between the initial 
NO3 concentration and the amount of DIC used in 
growth and calcification. When the initial NO3 concentra- 
tion is in excess of the available DIC, the physiological 
state of the cells may alter with the complete removal of 
the DIC. The calcification rate fell rapidly for cells grown 
with 20 / tM N O ;  following the complete uptake of DIC 
(Fig. 3), so that bicarbonate (HCO3) in addition to being 
the substrate may be a positive effector for calcification in 
E. huxleyi. 

The measurement of calcification rate in relation to 
nitrate availability shows an absolute requirement of NO3 
for calcification, but this may reflect the coupling between 
growth and calcification and the necessity of N O ;  for 
growth. The minimum NO3 concentration supporting 
growth is probably less than 5 pM (Fig. 3) because the K0.5 
(i.e. the concentration supporting an uptake rate 50% of 
the maximum) for NO3 was 0-i /tM for E. huxleyi, this 
value being the lowest/(o-5 NO3 for marine phytoplank- 
ton (Eppley et al., 1969). The possibility of a structural 
requirement for organic nitrogen in calcite formation 
seems unlikely because in contrast to other coccoliths, 
those of E. huxleyi lack an organic baseplate (Green & 
Course, 1983), although an acid polysaccharide is asso- 
ciated with the calcite (De Jong et al., 1976). 

Although the primary function of intracellular biologi- 
cally controlled calcifications is to regulate the intracellular 
Ca z+ concentration (Simkiss & Wilbur, 1989), other 
functions have been proposed (Paasche, 1964) that may be 
of secondary importance. Laboratory studies with strain 
88E suggest the ceils lack a 'CO2-pump' (Dong et al., 
1993), photosynthesis not being saturated at the DIC 
concentration of seawater at moderate light flux (Paasche, 
1964; Nimer & Merrett, 1993). At alkaline pH calcification 
may have a role in facilitating the production of COz from 
HCO3 since cells can obtain their carbon for growth and 
calcite production from HCO3- (Dong et al., 1993). This 
gives support for the concept of two routes in HCO3 
utilisation via calcification and photosynthesis (Sikes et al., 
1980), calcite production from HCO3 within the coccolith 
vesicle requiring the extrusion of H + into the cytosol 
while COz production from HCO3 in the chloroplast or 
cytosol provides [OH-], the two processes maintaining 
cytosolic pH near neutrality (Nimer & Merrett, 1993). In 
effect the production of H + in calcification requires the net 
removal of cytosolic H + by the conversion of HCO3 to 
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CO2 so providing COz for photosynthesis. Maintaining 
cytosolic pH near neutrality would increase the avail- 
ability of HCO3 for transport into the chloroplast, where 
COz production could be catalysed by carbonic anhydrase 
(Nimer, Gaun & Merrett, unpublished data) but this would 
require the extrusion of [OH-] into the cytosol to maintain 
near neutral values for pH. However, at low temperature 
the possibility of CO2 utilisation via diffusive uptake 
providing a greater proportion of the total inorganic 
carbon remains as the CO2 concentration is appreciable 
(9'5 #M at 20 °C) in relation to the affinity of the cells for 
CO2 (K0.s (CO2) = 15/£M at 20 °C: Dong et al., 1993). 

Coccolithophorids are generally typical of warmer seas 
but E. huxleyi is a cosmopolitan species with an unusually 
wide temperature range, being one of the few coccolitho- 
phorids that is found in colder waters (McIntyre & Be, 
1967). The distribution of E. huxleyi results in various 
strains being subjected to different nutrient conditions, 
particularly with regard to NO3 availability and dissolved 
CO2, that could affect their potential for calcification. The 
three strains of E. huxleyi in this study gave essentially the 
same ratio of calcite to dry weight (Table 1), but this was 
under similar conditions. The result does not eliminate the 
possibility that in their natural environment the contribu- 
tion of exogenous CO2 to photosynthetic carbon fixation 
changes giving strain-dependent differences in the ratio of 
photosynthesis to calcification. In this respect the increase 
in CO2 solubility with decrease in temperature suggests a 
greater potential for CO2 utilisation in sub-artic regions, 
but against this the Vm+× for Rubisco is temperature 
dependent (Raven & Geider, 1988) so the K0.5 (CO2) may 
be greater. In natural populations variations in photon flux 
density may limit photosynthesis and growth whereas in 
cultures where the photon flux density is optimal for 
growth, the initial nitrate concentration is a reliable 
indicator of calcite production. 
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