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ABSTRACT 

The formation of calcite exoskeletons by calcifying algae plays an important role in the ocean carbon cycle. In 

this study we determine the average calcification state of coccolithophores based on their dielectric properties using 

impedance flow cytometry. This will enable us to study the effect of environmental factors on single cell 

calcification in a wide range of coccolithophore genotypes. 
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INTRODUCTION 

Calcifying algae play a crucial role in the ocean carbon cycle, however they are threatened by recent ocean 

acidification. These algae form an inorganic calcium carbonate exoskeleton, which is affected by the seawater’s 

acidity. The relative amount of inorganic carbon captured by calcifying algae is an essential parameter in the ocean 

carbon cycle and is therefore of special interest. This study focuses on the calcification state of Emiliania huxleyi, 

which is globally the most abundant coccolithophore species [1]. 

A recent study showed differentiation between calcified coccolithophores and coccolithophores with the 

exoskeleton dissolved by acidification (decalcified) based on the cell’s mass density [2]. In this study we 

demonstrate an improved measurement setup to study the dielectric properties of coccolithophore cells that correlate 

with the calcification state, and we confirm the potential for high throughput measurements. Three states of 

calcification are studied: calcified, decalcified and an intermediate state, as shown in Fig. 1. 

 

Fig. 1: Three calcification states: (A) calcified, (B) intermediate and (C) fully decalcified. The intermediate 

state was created by partial dissolution of the exoskeleton with acid, where after the pH was restored. The exo-

skeleton of the decalcified population was fully dissolved before restoring the pH. 

 

EXPERIMENTAL 

Differential impedance measurements were performed using a microfluidic chip, consisting of platinum coplanar 

electrodes on glass and a PDMS chip with the fluidic channels on top, as shown in Fig. 2A. The height of the 

channel is 10 µm and the electrode pairs are 20 µm separated, resulting in a practically homogeneous electric field 

in the sensing region. 

The differential impedance was recorded simultaneously at 0.5 and 27.5 MHz using a lock-in amplifier and pre-

amplifier (HF2LI and HF2TA, Zurich Instruments). Fig. 2B illustrates the real and imaginary response of a passing 

particle. The data is post processed in MATLAB (2020a, MathWorks) to express the magnitude and phase change 

of passing cells.  

Three different calcification states were prepared from the same Emiliania huxleyi culture, see Fig. 1. The 

samples were spiked with 5 µm polystyrene beads as reference. 
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Fig. 2: (A) Microfluidic channel with electrodes to perform differential impedance measurements including 

shielding electrodes (GND). The channel is 10 µm high. (B) Differential output of a passing cell. The real and 

imaginary part of the impedance are recorded at multiple frequencies simultaneously. The sign and amplitude of 

each peak is the result of the cell properties with respect to the complex impedance of the complete system at that 

frequency. 

 

RESULTS AND DISCUSSION 

Preliminary results in Fig. 3A show the magnitude and phase response of the three previously mentioned 

calcification states. In Fig. 3B we can clearly distinguish a difference in mean normalized phase, which correlates 

with the average of each distinct calcification state: the more calcified, the smaller the phase shift at 27.5 MHz. 

 

Fig. 3: (A) Normalized phase at 27.5 MHz versus normalized magnitude at 0.5 MHz for three different calcifi-

cation states. (B) Histogram of the normalized phase at 27.5 MHz. Normalization was performed using the 5 µm 

polystyrene beads in each sample. 

 

CONCLUSION 

We are able to determine the average calcification state of coccolithophore cells using the phase shift at high 

frequency. This finding enables us to track changes in the calcite exoskeleton over time, assess the impact of envi-

ronmental factors, and thereby improve parameterization of global ocean carbon models. 
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