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Summary 

 

In this deliverable we present the adaptation of a robotic pipetting system to a 
microcultivation and screening platform for microalgae, esp. cyanobacteria. The 
development is based on the adaptation of the pipetting robot TECAN Future Evo 200 
which has been adapted in regard to both hard- and software towards its use for HTS 
microcultivation and screening of microalgae. Such development is so far only available 
for heterotrophic microorganisms. Therefore it can be considered being a significant 
contribution to the use of High throughput (HTS) approaches in R&D and 
biotechnological exploitation of microalgae for diverse products and application.  
The proof of concept for the microcultivation of cyanobacteria in deep well 
microtiterplates (dw-MTPs) in a high throughput manner has been shown for the 
cyanobacterial model organisms Synechocystis sp. PCC6803 (see recent reports and 
the respective publication Tillich U.M. et al. 2014: High-throughput cultivation and 
screening platform for phototrophic microorganisms, BCM Biotechnology). The 
platform allows for the automated measurement of growth parameter like for instance 
optical density and chlorophyll, for the integrated analyses of parameters determined 
in colorimetric assay like for instance optical-enzymatic activity tests of enzymes but 
also for sample preparation towards strain preservation or MALDI-ToF-MS analyses 
incl. the fully automated loading of MALDI-ToF templates. 
The broad spectrum of analytic capabilities makes it obvious that the system is not 
only suited for the application as one component an integrated high throughput 
isolation and screening platform for microalgae which has been the original intend of 
the project. However, the system is also a very powerful tool for any application for 
which handling and analyses of a large number of strains, cell lines or cultivation 
conditions are required. Examples for such applications include the analyses of gene or 
transposon libraries, comprehensive nutrient and/or feeding studies as well as 
screening approaches after adaptive evolution of strains towards the desired property 
of interest.  
 
 
 
 

Partner(s) involved in Deliverable production: Cyano Biotech GmbH (partner 5)  
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Development of specialized robotics systems for microcultivation 

and screening of microalgae within the pipetting robot Tecan 

Freedom Evo 200  

 

As a major contribution within the MaCuMBA project Cyano Biotech planned to develop 
an integrated high throughput isolation and screening platform for microalgae, 
especially for cyanobacteria. The overall platform should comprise colony picking and 
transfer of selected cyanobacterial colonies into 96 dw-MTPs, the microcultivation of 
the selected cyanobacterial strains in dw-MTPs under defined conditions and 
cultivation regimes in a pipetting robot and the transfer of culture samples from the 
MTPs onto MALDI-TOF templates by the pipetting robot for the subsequent MS 
analyses of both, the protein fingerprint for taxonomic classification and the secondary 
metabolite spectrum (fig. 1).  
As reported recently we could successful proof the concept for the colony picking 
robotic as described in deliverable D8.2 and for the pipetting robotic as described for 
this deliverable by using samples of the cyanobacterial model organisms Synechocystis 
sp. PCC6803. Furthermore we did establish the respective protocols for the isolation of 
strains and their screening as described in deliverable D2.9. Results have been 
published in Tillich U.M. et al. 2014: High-throughput cultivation and screening 
platform for phototrophic microorganisms, BCM Biotechnology.  
 

 
 
Fig. 1: Components and work flow of the integrated high throughput isolation and screening 

platform for microalgae 
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As it already counts for the picking robotic (D8.2) also the here-described pipetting 
robot cannot only be applied for the isolation of microalgae from environmental 
samples.  By the integration of diverse equipment for sample processing, preparation 
and analyses (fig. 3) there exist many other applications of the established pipetting 
robot, which comprises an even wider field compared to the picking robotic. 
Consequently, the type and amount of analytic data that can be automatically 
generated depend only on the possible cultivation regimes and the integrated analytic 
equipment. Table 1 summarizes the different cultivation regimes and analytic 
parameters that have been established in the meanwhile. 
 
The main difference of the system when compared to state of the art cultivation 
techniques for microalgae is the possibility to cultivate at least hundreds of cultures in 
parallel under defined and controlled condition and to efficiently screen the cultures 
according to the interest of the researcher. Hereby the microcultivation platform not 
only allows for the establishment of uniform cultivation conditions for every culture but 
also for the adjustment of specific conditions for every MTP in regard to general 
cultivation parameter (e.g. light, CO2 supply) and even more in regard to parameters 
such as medium composition or cell dilution rate. Therefore, for the adjusted cell 
density, which also influences the light availability per cell, individual settings are 
possible for each individual well. 
Consequently, the use of the developed system is not limited to the originally intended 
isolation, cultivation and screening platform but also allows for many additional 
applications. Such applications comprises comparative cultivation approaches but also 
screenings for the property of interest and any other application for which the efficient 
handling of large collections of strains and cell lines are required. Examples include 
screening of cell lines after the transformation of a gene or transposon library or after 
an adaptive evolution of a strain towards higher stress tolerances. Therefore the 
development of the specialized robotic pipetting system for microcultivation and 
screening of microalgae will significantly strengthen the biotechnological exploitation of 
microalgae. 
 
 
   

     
 
Fig. 1: The non-adapted pipetting robot Tecan Freedom Evo 200. 
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Fig. 2: The pipetting robot Tecan Freedom Evo 200 adapted to the microcultivation and 
screening platform. 

 
 
 

 

 
Fig 3: Processing and analysis system integrated into the adapted Tecan pipetting robot  
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Table 1: Left: Possible cultivation regimes of the microcultivation and screening platform 

(beside usual batch cultivation) 
 

Examples for analytic data automatically acquired by the robotic 

system for microcultivation and screening of microalgae 

 
As mentioned above the proof of concept studies for the microcultivation and 
screening have been done with the cyanobacterial model organism Synechocystis sp. 
PCC6803. Table 1 summarized the different analytic parameters that were successfully 
established. In the following we present the respective data for the different 
parameters. 
 
 
 

 
 
Fig. 4: Optical density (OD) of PCC 6803 over the course of cultivation in dw-MTPs inside the 
pipetting robot measure by the integrated MTP photometer. 
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Fig. 5: Amount of chlorophyll of PCC 6803 in dependence on culture volume analyzed 
measured by the integrated MTP photometer. 

 

 
Fig. 6: Absorption spectra of PCC 6803 over the course of cultivation in dw-MTPs inside the 

pipetting robot measure by the integrated MTP photometer. 

 
 
 



MaCuMBA – Deliverable D8.3 

 Page 10 of 11 

 

 
Fig. 7: Emission spectra of different mixtures of viable and non-viable cells in PCC 6803 
cultures over the course of cultivation in dw-MTPs inside the pipetting robot measure by the 

integrated MTP photometer (blue - 100 % viable cells, orange – 75 % viable cells, yellow – 50 
% viable cells, green – 25 % viable cells, red – 0 % viable cells, light blue – baseline) 

 
 
As figure 7 shows, the possibility to measure the emission spectra for every well also 

allows for the determination of culture viability. The measurement is based on the red 

chlorophyll autofluorescence and an unspecific green fluorescence of non-viable cells. 

Hereby the optimal excitation occurs at 390 nm and the optimal emission wavelengths 

for the viability determination have been identified at 460 nm and 650 nm. The 

method is independent from the overall fluorescence intensity and allows for assigning 

cultures numerical values for their viability and vitality. 
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Fig. 8: Calibration curve for viability for which defined mixtures of viable and non-viable cells 

have been applied according to figure 6. 

 

Fig. 9: EtOH concentration of a ethanol producing PCC 6803-based cell line over the course of 

cultivation in dw-MTPs inside the pipetting robot measure by the integrated MTP photometer. 

 

In addition to the above introduced analytic parameters, the platform is also able to 
prepare and/or process samples for the subsequent preservation of strains whereas 
different preservation protocols were established, for MALDI-ToF-MS analyses whereas 
the MALDI-ToF template can be also loaded by the pipetting robot and for Luminex 
analyses (multiplex detection for proteins or DNA) whereas a lower variation can be 
achieved than with a manual preparation because of the fully automated assay 
preparation. 


