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Introduction

Cell cultures can be used to grow plant cells. Typically, this technique is performed in an aseptic and 
controlled environment with a variety of nutrient solutions.1 Plant cell cultures have a wide range of 
applications from basic research (e.g., studies on plant growth and differentiation) to mass production 
of plant-derived metabolites (e.g. production of the anti-cancer agent paclitaxel).2 Therefore, they have 
become increasingly attractive and cost-effective alternatives to classical approaches for the mass 
production of plant-derived metabolites.3 However, it is crucial to monitor culture conditions to optimize 
the rate of cell proliferation and maximize productivity levels. Likewise, the cells must be characterized to 
detect changes in the cell culture, such as the formation of cell aggregates or cellular lysis. This application 
note will demonstrate how the BioLector microbioreactor and the Multisizer 4e Coulter Counter can be 
used to optimize plant cell culture conditions and therefore cell growth (Figure 1).

FIGURE 1: The BioLector microbioreactor and the Multisizer 4e Coulter Counter can be used to monitor plant cell cultures.

Monitoring Optimal Cell Culture Conditions 

The BioLector microbioreactor is a small-scale, automated system that enables high-throughput screening, 
cultivation parameter monitoring (e.g., pH, biomass, oxygen saturation, shaking speed, and fluorescence 
intensity) and feeding strategy optimization. Importantly, all these parameters are monitored online without 
the necessity to stop shaking or to take samples. In this example, the BioLector device was used to evaluate 
the influence of different carbon sources and inoculation volumes on the final biomass concentration of plants.

https://link.springer.com/protocol/10.1385%2F1-59259-959-1%3A003
https://pubs.acs.org/doi/abs/10.1021/ja00738a045
https://link.springer.com/article/10.1007/s00253-009-2049-x


Methods 

Cultivations of Nicotiana tabacum BY-2 transgenic cells expressing green fluorescent protein (GFP) were carried out 
in a 48 well microtiter plate (part no. M2P-MTP-R48-BOH1) of the BioLector instrument. Preculturing was performed 
by inoculating 180 mL fresh media (pH = 5.8) and 100 mg kanamycin sulfate with 20 mL of a seven-day-old culture 
in a 250 mL shake flask at 190 rpm (d0 = 50 mm) at 20 °C. The culture medium was composed of  
4.4 g/L MSMO (Murashige and Skoog basal salts with minimal organics, Sigma 6899), 0.2 g/L potassium 
dihydrogen orthophosphate, 0.2 mg/L 2,4-dichlorphenoxyacetic acid, 0.6 mg/L thiamine and 30 g/L carbon 
sources. Main culturing was carried out in the BioLector microbioreactor at 1000 rpm shaking frequency (d0 = 3 
mm) and 26 °C. Experiment 1 tested the proof of concept of the BioLector device. For this, five single wells were 
inoculated with 10 % (v/v) preculture and scattered light (biomass concentration), two fluorescence signals (GFP 
and NAD(P)H), pH and DO (dissolved oxygen) were measured. In experiment 2, the effect of different carbon 
source and inoculation volumes were investigated. Hence, glucose, fructose or saccharose were utilized in the same 
concentrations (30 g/L carbon source) and the wells were inoculated with either 5 or 10 % (v/v) of preculture.

Results and Discussion

Figure 2 shows the results of experiment 1. The biomass 
estimated by the scattered light signal showed typical 
exponential growth behavior (Figure 2A). The drop observed at 
approximately 110 h was not caused by a decrease of biomass, 
but by a change of morphology of the cells which influences 
scattered light (plant cells are round during the exponential 
growth phase, however they elongate after depletion of the 
carbon source). As expected, the growth dependent GFP 
expression also showed an exponential curve (Figure 2B). The 
NAD(P)H signal correlates with the biomass concentration as 
long as the metabolism of the cells remain stable (Figure 2C). 
Online monitoring also showed that the pH decreased to a 
minimal value of 5 during the first 24 h and then slowly increased 
until it reached a maximum value of 6.5 (this was likely due to 
metabolism of nitrogen compounds of the medium) (Figure 2D). 
Finally, DO values decreased slowly to a minimal value of 85% 
(Figure 2E). Similar values were observed in each of the five wells 
for all variables. 

Experiment 2 aimed to evaluate the effect of different carbon 
sources and inoculation volumes. The results are shown in 
Figure 3. The biomass concentration (measured as scattered 
light and/or NAD(P)H signal) at the end of cultivation was 
similar independently of the type of carbon source or the 
inoculation volume (Figure 3 A and C). The growing rate was 
maximal when 10% (v/v) sucrose was used. In this case, the 
maximal biomass was obtained after approximately 100 hours. 
The slowest growing rate was obtained when 5% (v/v) glucose  
was used (the maximal biomass was obtained after 
approximately 190 hours). As expected, similar results were 
obtained for the GFP signal measurement (Figure 3B). 

These results show that the BioLector instrument can be used 
to optimize culture conditions. Continuous shaking during FIGURE 2: Reproducibility of monitored plant cells.
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measurements ensures continuous mass transfer and 
homogenization of the suspended cells. The light scatter 
measurements are suitable for heterogeneous and large 
cell aggregates of plant suspension cultures. Moreover, 
the system allows for high-throughput screening of up to 
48 batches in one microbioreactor system. In summary, 
the system enables the evaluation and discrimination 
of different cultures and therefore improves screening 
conditions, process development and scale-up 
procedures.

Monitoring Cell Growth 

Cell size is a key parameter used to gain insights into 
various cellular mechanisms (e.g., cell cycle, osmotic 
regulation, cell death, pathogenesis, phagocytosis, species 
diversity, etc.). The Multisizer 4e uses the Coulter method to 
detect particles from 200 nm to 1,600 μm regardless of the 
particle’s nature or optical properties. Particles suspended 
in a 0.9% electrolyte solution are drawn through a small 
cylindrical aperture. Two submerged electrodes located on 

each side of the aperture create an electric current. As each 
particle passes through, it displaces its own volume of conducting liquid momentarily increasing the impedance 
of the aperture. This produces a voltage pulse that is proportional to the volume of the particle. The number of 
electrical pulses indicates the number of particles, while the amplitude of the electrical pulse depends on the 
particle’s volume.4 This allows researchers to accurately determine the volume, number, and cell concentration in 
a sample and detect real-time size changes. The latter is especially useful to detect cell aggregates that normally 
occur in plant cell cultures.5 In the following example, the Multisizer 4e instrument was used to evaluate the range 
of cell sizes in a plant cell culture.

Methods

A sample of the plant cell culture was pre-diluted 1:200 with Isoton 2 in a 400 mL beaker.  From this dilution,  
500 μL was used for each measurement. The aperture used was 1000 μm and each measurement lasted  
120 seconds. The complete list of settings is shown in Table 1. The generated data were processed using Digital 
Pulse Processing (DPP) technology which enables the acquisition, storage and display of each individual pulse.  
This means that individual areas of the pulse spectrum can be evaluated separately at a later date.

TABLE 1: Settings used in the experiment.

System Multisizer 4e

Aperture 1000 μm

Current/Gain 3200 μA/1

SOM Time 120 sec

Vessel 400 mL Beaker

Threshold 33,4 μm

Measuring Time 120 sec

Size bins 400

Dilution 1:200

Counts 92875

FIGURE 3: Variation of carbon source and inoculum 
concentration.

https://www.mybeckman.uk/resources/reading-material/application-notes/cellular-analysis-using-the-coulter-principle
https://www.mybeckman.uk/resources/reading-material/application-notes/cellular-analysis-using-the-coulter-principle
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4339049/


Results and Discussion

The DPP data of the experiment shown in Figure 4 indicates that the size of the plant cells in this culture ranged 
between 30 and 320 μm. 

FIGURE 4: Digital Pulse data. Impulse width vs. Impulse height. The dotted lines indicate the data points selected for further analysis. 

From this raw data it is possible to select a range of interest (dotted lines in figure 4) and create different frequency 
histograms (i.e. the number of cells for each volume). For example, figure 5 shows the resulting histogram if a range 
between 40 and 140 μm is selected. 

FIGURE 5: Distribution of cell sizes across the sample (diameter, in μm).

This data has an extensive range of applications. For example, the evaluation of samples at different time points can 
be used to study how cell size changes over time and can help to characterize the formation of cell aggregates.5 
Additionally, the comparison of cell size obtained using different environmental conditions can help to optimize cell 
culture conditions. The DPP technology provides ultra-high resolution and accuracy (i.e. detection of 1 particle in  
1 mL of a sample), which is unattainable using other technologies.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4339049/


Conclusion

The BioLector microbioreactor and the Multisizer 4e instrument are bench-top devices with an intuitive user 
interface that can be integrated into any laboratory to optimize and monitor cell plant cultures.
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*The data shown in this Application Note was generated on BioLector II and BioLector Pro microbioreactors. The BioLector model 
shown in this Application Note is the latest model of the series, a BioLector XT microbioreactor.
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