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COST REPORT 

Maintenance of microalgae of commercial interest and its associated 
microorganisms 

STSM-FA1103-24726

Applicant: Vera Mónica Piegas Valadas, PhD student 

Home Institution: ICAAM, Évora University, Portugal 

Host Institution:  Hochschule Anhalt, Anhalt University of Applied Science, Department 

of Applied Biosciences and Processes, Köthen, Germany 

STSM period: 22-07-2015 until 21-08-2015 

• Purpose of the visit: 

The purpose of the present STSM was the training of the PhD student Vera Mónica Piegas 

Valadas in biotechnological techniques for the culture maintenance of microalgae and the 

techniques used in the host institution to measure secondary metabolites, specially lipids 

and carotenoids (p. ex. lutein). During culture maintenance, she has also the possibility 

to isolate some of the symbionts present in some microalgae cultures which in future, will 

be further taxonomically identified using molecular techniques based on DNA sequences 

of ITS, 16S and 18S in Évora University, in Portugal.  The international recognition and 

huge experience of the host institution made it an ideal place to make this STSM, since it 

has all the conditions to perform training in microalgae culture methodologies.  

Microalgae cultures, especially the ones belonging to the genus Chlorella sp. and 

Scenedesmus sp., are considered of potential commercial interest, due to their capacity to 

produce specific  secondary  metabolites  that  can  be  further  used  in  areas,  such  as  

animal  feed, cosmetics or pharmaceutics. It is also known that in nature, microalgae  

occur  as  a  consortium  of  microorganisms,  and that these associations  interfere  with  

microalgae  growing  behaviour  and metabolites  production. However, the influence of 

these associations on microalgae under industrial cultivation is yet unknown.  

Manipulation of  symbiotic  microorganisms  towards  increased biomass yield and 

composition  in  industrial  microalgae  cultivation,  need to be understand for future 
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improvement of microalgae biomass production. For these, the first step is the 

identification of the associated microorganisms for its further manipulation in cultures. 

The contribution of the PhD student Vera Valadas will be the isolation of some of this 

microorganisms during its stay in the host institution, for further being molecular 

identified during further cooperation of both institutions.  

Due to some problems in the project where the PhD student is included at home institution 

(Évora University), the stay in Anhalt University of Applied Sciences, Department of 

Applied Biosciences and Process Engineering, has been reduced for one month with the 

agreement of Dr Martin Ecke, the coordinator of the work plan at the host institution. 

Nevertheless, the main tasks of the initial proposed work plan has been accomplished and 

the training of the PhD student has been successful achieved. 
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• Description of the work carried out during the visit: 

The tasks mentioned on the detailed description for the present STSM were successfully 

executed. 

Establish axenic microalgae cultures 

Using the below mentioned species, previously inoculated in BG11 solid medium (Stanier 

et al., 1971), inoculation was made on Setlik phototrophic liquid medium (Setlík, 1968) 

(Annex 2). 

Species (used solid plates with BG11 solid medium inoculated with): 

Chlorella kessleri (KASC 04-012) 

Spongiochlorus minor (KASC 29-01) 

Scenedesmus vacuolatus (KASC 27-11) 

Scenedesmus obliquus (KASC 27-05) 

The species where inoculated in 100mL of Setlik phototrophic medium and maintained 

at 25ºC under agitation at 250 rpm, with a photoperiod of 16H light and 8H dark. For long 

period maintenance, BG11 phototrophic medium at 18ºC, offers the most stable 

conditions for these species.  
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For check the axenic state of the cultures, the species were also inoculated on yeast extract 

agar. Plates were incubated at 18ºC and 35ºC. At 35ºC no growth was observed, but at 

18ºC there were colonies formation, meaning that we have some contamination of the 

microalgae cultures. 

It was possible to observe that the culture of Spongiochlorus minor (KASC 29-01) was 

contaminated. All the other cultures were in axenic state. The culture of the 

microorganism was isolated using repeated inoculations in yeast extract medium until 

single colonies were achieved and isolated. From the observation of the plates, it seens 

that we have some fungal specie. Nevertheless, for confirm this information, the 

microorganism culture were taken to Portugal, for further identification by molecular 

techniques using DNA.     

The initial plan for these liquid cultures where that, when they achieved enough biomass 

growth, they could be transferred to columns of 2L with Stelik phototrophic medium with 

aeration (air flow plus additional CO2 supply) and later for photobioreactors. 

Nevertheless, since the growth of the cultures were delayed, for the training of Dr Vera 

Valadas, Chlorella kessleri species, previously cultivated in 250mL, where supplied to 

the student and used for the inoculation of 2L columns. 

100mL of C. kessleri were inoculated in columns in 1.5L of Setlik phototrophic medium 

with aeration under light intensity of 150 µmol m-2 s-1. This culture was used to make the 

training to design the growth curve for the algae culture. 
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Measurement of biomass productivity of microalgae cultures – growth curve of Chlorella 

kessleri

Using the culture of C. kessleri species inoculated in the columns in 1.5L of Setlik 

medium with aeration and light intensity of 150 µmol m-2s-1, biomass production was 

measure every two days after the inoculation. 
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For the inoculation we used previous liquid cultures of C. kessleri. For the calculation of 

the initial inoculated biomass, was considered that we inoculated 100mL of the culture in 

1.5L of the column. Biomass was measured by dry weight of the collected biomass at 

105ºC and by OD measurements at 750nm.  For both OD and dry weight it was used the 

same sample collected every day. For OD, 1mL was used and for the dry biomass, 10mL 

was considered. 
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This measurements should be taken all over the time, until the stationary growth phase of 

the algae is reached, for further design the equation of the culture growth that than can be 

used for estimation of the culture growth to higher volumes (p.ex. photobioreactors).  

Isolation and identification of natural associated microorganisms present in microalgae 

culture 

To understand and train the manipulation of associated microorganism’s presents in 

microalgae cultures, samples of two mixed cultures maintained on the photobioreactors 

under photoautotrophic conditions were collected. When an inoculation is made on the 

photobioreactors, the cultures are in axenic conditions. Nevertheless it is expected that 

after some time of grow in photobioreactors the culture get contaminated with 

microorganisms. The used of mixed cultures in the photobioreactors is used to better 

control the microorganisms that are present, since each one of the microalgae species are 

more susceptible to some microorganisms. Mixed cultures, also create an environment 

closer to the one that is possible to find in natural habitats, since in nature, microalgae are 

associated to microorganisms and more than one microalgae species could coexist. 

Mixed cultures composition: 

1. Scenedesmus obliquus

2. Scenedesmus vacuolatus

3. Parachlorella kessleri

4. Chlorella zofingiensis

5. Chlamydomonas spc.

6. Spongiochloris spc.

Sample TA1: mixed cultures maintained on the photobiorecator during 9 months. The 

culture is already at stable conditions and well established.  

Sample TA2: mixed cultures maintained on the photobiorecator freshly inoculated. The 

culture is yet been evaluated to became stable. 
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To evaluate the presence of microorganism, the cultures were inoculated in yeast extract 

agar and BG11 medium. Inoculations of the original culture and diluted in 1:100 were 

inoculated on the plates at 18ºC. 

After microorganisms detection on the solid plates, several inoculations have been made 

until single colonies were achieved for later be taken to Portugal for molecular 

identification. 
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Heterotrophic growth of microalgae cultures – preparation to inoculation in 

photobioreactors 

To better understand the procedure of growth a microalgae culture for further inoculation 

in photobioreactors, Dr Vera Valadas also follow the procedure of inoculation axenic 

phototrophic cultures of C. sorokiniana in 6L flasks with Setlik heterotrophic medium, 

supplied with 30g of glucose per liter and adding three times more salts (KNO3) per liter 

of medium. The culture will be maintained under aeration and agitation until enough 

biomass will be achieved and the culture transferred to photobioreactors under 

phototrophic conditions. The described experiments is integrated in a project to evaluate 

the production of lutein under heterotrophic and autotrophic conditions. The use of initial 

heterotrophic growth is to faster the biomass increase. When all the amount of glucose 

will be consumed, carotenoids will be extracted and lutein measured on the heterotrophic 

medium by HPLC (High Performance Liquid Chromatography). After that, the culture 

will be inoculated on the photobioreactors under phototrophic conditions. From that time 

on, every 3hours a sample of the culture will be collected for latter extraction of the 

carotenoids and lutein concentration measurement. It is expected, that lutein 

concentration will increase under phototrophic conditions, taking in account that this 

carotenoid is produced under light stress conditions. Daily, biomass concentration will 

also be evaluated on the photobioreactors. 

� �

�

�



���
�

Measurement of metabolites production of microalgae cultures  

a) Metabolites (lipids, proteins, carbohydrates and chlorophyll)  

Proteins and carbohydrates are not at this moment a subject of study in the host laboratory. 

Nevertheless, using HPLC and Kjeldahl method (Magomya et al 2014), it is possible to 

quantify the total amount of proteins and to identify them. For the carbohydrates contain 

another extraction method is used and for its identification GC is used. 

Taking this into account, the Dr Vera Valadas access the protocols for the extraction of 

proteins and carbohydrates but only have been trained for the extraction of lipids and 

carotenoids. 

Lipids Extraction Procedure 

The training for lipids extraction was carried out with the samples of the dried biomass 

from the culture of C. kessleri that we have grown in the columns of 1.5L.  

For the lipids extraction all the material should be previously sterilized, dried at 105ºC 

and finally washed with chloroform or acetone. From each of the collected samples for 

lipid extraction, always two replicates should be processed to reduce the error. A previous 

solution of CHCl3: MeOH (1:2) should be prepared. 

1. The glass tubes, should be previous weighted for the final calculations. 

2.  In glass tubes weight 100mg of the dried biomass of C. kessleri.  

3. Add 5g of glass pearls (Ø = 0.5-1mm).  

4. Add 5ml of the solution CHCl3: MeOH (1:2), close the tubes. 

5. Shake the tubes during 30min at a rotation of 30s-1 in a mechanical disruptor. 

6. Centrifuge the tubes 5min at 10 000rpm. 

7. Collect the solution to new glass tubes, previously weighted. 

8. Again, add 5ml of CHCl3: MeOH (1:2) solution, and repeat the previous procedure. 

Nevertheless, shake the samples only 5min at a rotation of 30s-1 in a mechanical 

disruptor. 

9. Centrifuge the tubes 5min at 10 000rpm and collect the solution to the glass tubes. 

10. Repeat again the procedures from step 8 and 9. 
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11. For evaporation of the methanol and chlorophorm put the flash on the CombiDancer 

equipment that will dry the samples using vacuum.  

12. Then, dissolve the dried product in 3ml of chlorophorm and 3ml of water. 

Homogenize de solution and after phase separation, collect the organic phase.   

13. Using a syringe and a filter of 0.45µm, filter the organic phase for new flasks 

previously weighted.   

14. Again, for evaporation of the chlorophorm put the flasks on the CombiDancer 

equipment that will dry the samples using vacuum.  

15. Finally, when the chlorophorm has been completely evaporated, dry the flasks in an 

incubator at 105ºC. 

16. For the calculation of the total amount of lipids, weight the flasks with the dried 

extract, and the different between the empty flasks and the flasks with the extract will 

represent the total amount of lipids in our sample.
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The final lipids extract will be dissolved in 1mL of chloroform for the measurements in 

HPLC. For HPLC measurements, 400µl of the extract will be used. 
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Carotenoids Extraction Procedure 

The training for carotenoids extraction was carried out with the samples of the dried 

biomass from the culture of C. kessleri that we have grown in the columns of 1.5L.  

For the carotenoids extraction all the material should be previously sterilized, dried at 

105ºC and finally washed with chloroform or acetone. From each of the collected samples 

for carotenoids extraction, always two replicates should be processed to reduce the error. 

A previous solution of acetone should be prepared. 

1. The glass tubes, should be previous weighted for the final calculations. 

2.  In glass tubes weight 100mg of the dried biomass of C. kessleri.  

3. Add 5g of glass pearls (Ø = 0.5-1mm).  

4. Add 5ml of the acetone solution and close the tubes. 

5. Shake the tubes during 30min at a rotation of 30s-1 in a mechanical disruptor. 

6. Centrifuge the tubes 5min at 10 000rpm. 

7. Collect the solution to new glass tubes, previously weighted. 

8. Again, add 5ml of acetone solution, and repeat the previous procedure. Nevertheless, 

shake the samples only 5min at a rotation of 30s-1 in a mechanical disruptor. 

9. Centrifuge the tubes 5min at 10 000rpm and collect the solution to the glass tubes. 

10. Repeat again the procedures from step 8 and 9. 

11. For evaporation of the acetone put the flash on the CombiDancer equipment that will 

dry the samples using vacuum.  

12. At the end of the dried procedure, the samples are ready to quantify the total amount 

of carotenoids using a spectrophotometer and 4 different wavelengths (750nm, 

652nm, 665nm and 470nm). Using the following formula the total amount of 

carotenoids can be calculated. 

13. For the identification of the different carotenoids present in the sample, HPLC should 

be performed.  

14. The extract carotenoids should be conserved in the freezer and before HPLC 

measurements, the extract should be eluted in acetone or ethyl acetate solution.  
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• Description of the main results obtained: 

The main results obtained in the present STSM were the following: 

1. Maintenance of the cultures of microalgae: from small volumes until 

photobioreactors. 

2. Cultures conditions: heterotrophic and phototrophic growth conditions for 

preparation on the culture to photobioreactors. 

3. Isolation of the microorganisms associated to microalgae mixed cultures in 

the photobioreactors. 

4. Different approaches for design of the growth curve of microalgae growth: 

optical density (OD at 750nm) and dry biomass. 

5. Extraction of lipids by gravimetric method: quantification of the total amount 

of lipids in the sample and preparation of samples for further analysis by 

HPLC. 

6. Extraction of carotenoids: preparation of samples for further analysis by 

HPLC. 
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• Future collaboration with host institution: 

Algae research line at ICAAM, Évora University, Portugal, was initiated by Prof. Dr. Birgit 

Arnholdt-Schmitt (EU Marie-Curie Chair), who has recently led an application  to 

European Funding FET (Future Emerging Technologies) for the study of endophyte effects 

on plants using algae has a model organism. Concurrently, we want to look forward future 

possibilities of microalgae sustainable increased productivity. In this sense, the PhD student 

Vera Valadas applied a project for a Post-PhD position having as main coordinator Dr. Tânia 

Nobre (direct supervisor, ICAAM), with a strong background in the field of symbiosis 

and evolutionary biology, together with two other co-supervisors, Dr. Martin Ecke (GICON 

GmbH) complements the team with his practical know-how and deep knowledge on market 

needs and Prof. Dr. Philipp Franken (Leibniz-Institute of Vegetable and Ornamental 

Crops) dedicated most of his research to understanding the role of symbionts and 

phytohormones production in plant growth. 

In that sense, the PhD student Vera Valadas, if have the project approved Dr Vera Valadas 

be focused in the manipulation of microalgae associated microorganisms for biomass 

increase production as well as directed  production of selected secondary metabolites of 

industrial needs. 

For this, Dr. Vera Valadas Post-PhD program will be partly executed in this host 

institution, in a way that laboratory microalgae cultures with the associated 

microorganisms established in Évora University, Portugal will them be transferred for the 

photo-bioreactors in Anhalt University of Applied Science, Köthen, Germany to evaluate 

the performance of the cultures under industrial scale production conditions. Secondary 

metabolites production will also we evaluated and optimized under culture conditions 

manipulations. Training in Leibniz-Institute of Vegetable and Ornamental Crops, 

Germany under the supervision of Prof. Dr. Philipp Franken will also be crucial to 

understand symbiotic associations and manipulation of symbiotic cultures. 
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• Confirmation by the host institute of the successful execution of the mission: 

Dr Martin Ecke has written a letter confirming the successful execution of the mission 

(Annex 1). 

 • Annex 2 

Medium composition 

BG11 solid medium medium  

Macronutrients 

g/L

KNO3 9.780

KH2PO4 0.286

MgSO4.7H2O 0.135

CaCl2.2H2O 0.047

NH4FeIIIcitrate 0.025

Citric acid.H2O 0.006

NaCO3 0.020

Micronutrients I+III 0.040mL/L

Micronutrients II 0.080mL/L

For solid medium add 10g of Agar Agar. PH = between 6.5 and 7.5 (measured after 

autoclaving). 

Micronutrientes I+III 

g/L

H3BO3 5.7

MnSO4.4H2O 41

CoSO4.7H2O 23.8

CuSO4.5H2O 23

ZnSO4.7H2O 25
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Micronutrients II 

g/L

(NH4)6Mo7O24.4H2O 1.84

Stelik liquid medium  

Macronutrients 

g/L

KNO3  2.020

KH2PO4 0.340

MgSO4.7H2O 0.990

Micronutrientes  

Stock solution ml/L

Fe-EDTA 0.925g/500mL 10

Ca(NO3)2.4H2O 0.500g/250mL 5

H3BO3 0.309g/100mL 1

MnSO4.4H2O  0.120g/100mL 1�

CoSO4.7H2O 0.235g/100mL 1�

CuSO4.5H2O  0.124g/100mL 1�

ZnSO4.7H2O  0.143g/100mL 1�

(NH4)6Mo7O24.4H2O 0.184g/100mL 1�

PH = between 7 and 8 (measured after autoclaving) 
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Yeast extract medium 

 g/L

Yeast extract 5

Glucose monohydrate 10

Agar 10
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