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of Applied Biosciences and Processes, Kéthen, Geayma
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» Purpose of the visit:

The purpose of the present STSM was the trainirigegoPhD student Vera Monica Piegas
Valadas in biotechnological techniques for theuralimaintenance of microalgae and the
techniques used in the host institution to measecendary metabolites, specially lipids
and carotenoids (p. ex. lutein). During culture memance, she has also the possibility
to isolate some of the symbionts present in soneeaalgae cultures which in future, will
be further taxonomically identified using molecuieachniques based on DNA sequences
of ITS, 16S and 18S in Evora University, in PorlugBhe international recognition and
huge experience of the host institution made itlaal place to make this STSM, since it
has all the conditions to perform training in migigae culture methodologies.

Microalgae cultures, especially the ones belongmghe genusChlorella sp. and
Scenedesmusp., are considered of potential commercial inteckge to their capacity to
produce specific secondary metabolites that leanfurther used in areas, such as
animal feed, cosmetics or pharmaceutics. It is &tsown that in nature, microalgae
occur as a consortium of microorganisms, thatithese associations interfere with
microalgae growing behaviour and metabolitegdpction. However, the influence of
these associations on microalgae under industridtivation is yet unknown.
Manipulation of symbiotic microorganisms towardacreased biomass yield and

composition in industrial microalgae cultivatjo need to be understand for future



improvement of microalgae biomass production. Hoesé, the first step is the
identification of the associated microorganismsiferfurther manipulation in cultures.
The contribution of the PhD student Vera Valadas lva the isolation of some of this
microorganisms during its stay in the host instut for further being molecular

identified during further cooperation of both ingtions.

Due to some problems in the project where the Rh@esit is included at home institution
(Evora University), the stay in Anhalt University Applied Sciences, Department of
Applied Biosciences and Process Engineering, has teduced for one month with the
agreement of Dr Martin Ecke, the coordinator of W@k plan at the host institution.
Nevertheless, the main tasks of the initial prodagerk plan has been accomplished and

the training of the PhD student has been succeashi¢ved.



» Description of the work carried out during the visit:

The tasks mentioned on the detailed descriptiomh®present STSM were successfully
executed.

Establish axenic microalgae cultures

Using the below mentioned species, previously itated in BG11 solid medium (Stanier
et al., 1971), inoculation was made on Setlik ptrofahic liquid medium (Setlik, 1968)
(Annex 2).

Species (used solid plates with BG11 solid medinoculated with):
Chlorella kessler(KASC 04-012)

Spongiochlorus mingfKASC 29-01)

Scenedesmus vacuolafitASC 27-11)

Scenedesmus obliqu(lsASC 27-05)

The species where inoculated in 100mL of Setliktpttophic medium and maintained
at 25°C under agitation at 250 rpm, with a photigokof 16H light and 8H dark. For long
period maintenance, BG11l phototrophic medium atC185ffers the most stable

conditions for these species.



For check the axenic state of the cultures, theispavere also inoculated on yeast extract
agar. Plates were incubated at 18°C and 35°C. &Q@ 86 growth was observed, but at
18°C there were colonies formation, meaning thahese some contamination of the

microalgae cultures.

It was possible to observe that the culturé&pbngiochlorus minofKASC 29-01) was
contaminated. All the other cultures were in axesiate. The culture of the
microorganism was isolated using repeated ino@uilatin yeast extract medium until
single colonies were achieved and isolated. Fraeottservation of the plates, it seens
that we have some fungal specie. Nevertheless,céofirm this information, the
microorganism culture were taken to Portugal, fmtHer identification by molecular

techniques using DNA.

The initial plan for these liquid cultures wheratthwhen they achieved enough biomass
growth, they could be transferred to columns ofazih Stelik phototrophic medium with

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

Nevertheless, since the growth of the cultures wletayed, for the training of Dr Vera
Valadas,Chlorella kesslerspecies, previously cultivated in 250mL, where $iegpto

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

100mL ofC. kesslerwere inoculated in columns in 1.5L of Setlik phodphic medium
with aeration under light intensity of 150 pmotra®. This culture was used to make the

training to design the growth curve for the algakure.



Measurement of biomass productivity of microalgalduces — growth curve @hlorella

kessleri

Using the culture ofC. kesslerispecies inoculated in the columns in 1.5L of Ketli
medium with aeration and light intensity of 150 Jmo?s?, biomass production was

measure every two days after the inoculation.




For the inoculation we used previous liquid cultuoéC. kessleriFor the calculation of

the initial inoculated biomass, was consideredweainoculated 100mL of the culture in
1.5L of the column. Biomass was measured by drghteof the collected biomass at
105°C and by OD measurements at 750nm. For botar@@ry weight it was used the
same sample collected every day. For OD, 1mL wed aad for the dry biomass, 10mL

was considered.




This measurements should be taken all over the timtéd the stationary growth phase of
the algae is reached, for further design the eguoati the culture growth that than can be

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

Isolation and identification of natural associateiroorganisms present in microalgae

culture

To understand and train the manipulation of assedianicroorganism’s presents in
microalgae cultures, samples of two mixed cultunesntained on the photobioreactors
under photoautotrophic conditions were collectedhewwWan inoculation is made on the
photobioreactors, the cultures are in axenic cat Nevertheless it is expected that
after some time of grow in photobioreactors thetuwmsl get contaminated with
microorganisms. The used of mixed cultures in thet@bioreactors is used to better
control the microorganisms that are present, sgach one of the microalgae species are
more susceptible to some microorganisms. Mixeducedt, also create an environment
closer to the one that is possible to find in rathabitats, since in nature, microalgae are

associated to microorganisms and more than oneaigae 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 TAL: mixed cultures maintained on the phiotelsator during 9 months. The

culture is already at stable conditions and wehlgsshed.

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

culture is yet been evaluated to became stable.



To evaluate the presence of microorganism, thei@gdtwere inoculated in yeast extract
agar and BG11 medium. Inoculations of the origmdture and diluted in 1:100 were
inoculated on the plates at 18°C.

After microorganisms detection on the solid plagesjeral inoculations have been made
until single colonies were achieved for later b&eta to Portugal for molecular

identification.



Heterotrophic growth of microalgae cultures — pragan to inoculation in

photobioreactors

To better understand the procedure of growth acalgae culture for further inoculation
in photobioreactors, Dr Vera Valadas also follow firocedure of inoculation axenic
phototrophic cultures of. sorokinianain 6L flasks with Setlik heterotrophic medium,
supplied with 30g of glucose per liter and addimgé times more salts (KNPDper liter

of medium. The culture will be maintained underasien and agitation until enough
biomass will be achieved and the culture transferte photobioreactors under
phototrophic conditions. The described experimenistegrated in a project to evaluate
the production of lutein under heterotrophic antbraphic conditions. The use of initial
heterotrophic growth is to faster the biomass iasee When all the amount of glucose
will be consumed, carotenoids will be extracted laein measured on the heterotrophic
medium by HPLC (High Performance Liquid Chromatqdrg. After that, the culture
will be inoculated on the photobioreactors undeatptiophic conditions. From that time
on, every 3hours a sample of the culture will bbected for latter extraction of the
carotenoids and lutein concentration measurementis | expected, that lutein
concentration will increase under phototrophic ¢bois, taking in account that this
carotenoid is produced under light stress conditidmaily, biomass concentration will

also be evaluated on the photobioreactors.




Measurement of metabolites production of microalgstires

a) Metabolites (lipids, proteins, carbohydrates emdrophyll)

Proteins and carbohydrates are not at this monmaittjact of study in the host laboratory.
Nevertheless, using HPLC and Kjeldahl method (Magmet al 2014), it is possible to

quantify the total amount of proteins and to idigrthem. For the carbohydrates contain
another extraction method is used and for its ifleation GC is used.

Taking this into account, the Dr Vera Valadas asdhe protocols for the extraction of
proteins and carbohydrates but only have been ttdimethe extraction of lipids and

carotenoids.
Lipids Extraction Procedure

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

from the culture oCC. kesslerthat we have grown in the columns of 1.5L.

For the lipids extraction all the material shoukl greviously sterilized, dried at 105°C
and finally washed with chloroform or acetone. Freath of the collected samples for
lipid extraction, always two replicates should begessed to reduce the error. A previous
solution of CHC4: MeOH (1:2) should be prepared.

1. The glass tubes, should be previous weightethéofinal calculations.

2. In glass tubes weight 100mg of the dried bionudi€s kessleri.

3. Add 59 of glass pearls (& = 0.5-1mm).

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

5. Shake the tubes during 30min at a rotation of 808 mechanical disruptor.

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

7. Collect the solution to new glass tubes, previougighted.

8. Again, add 5ml of CHGI MeOH (1:2) solution, and repeat the previous pdute.
Nevertheless, shake the samples only 5min at @iaotaf 30s'in a mechanical
disruptor.

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

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



11. For evaporation of the methanol and chlorophpuirthe flash on the CombiDancer
equipment that will dry the samples using vacuum.

12. Then, dissolve the dried product in 3ml of cbpdrorm and 3ml of water.
Homogenize de solution and after phase separatodiect the organic phase.

13. Using a syringe and a filter of 0.45um, filtdéretorganic phase for new flasks
previously weighted.

14. Again, for evaporation of the chlorophorm pué ttlasks on the CombiDancer
equipment that will dry the samples using vacuum.

15. Finally, when the chlorophorm has been completelporated, dry the flasks in an
incubator at 105°C.

16. For the calculation of the total amount of Igidveight the flasks with the dried
extract, and the different between the empty flasidsthe flasks with the extract will
represent the total amount of lipids in our sample.



The final lipids extract will be dissolved in 1mlf chloroform for the measurements in
HPLC. For HPLC measurements, 400pl of the extrakttoe used.






» Description of the main results obtained:

The main results obtained in the present STSM wesdollowing:

1.

Maintenance of the cultures of microalgae: fromalk volumes until

photobioreactors.

Cultures conditions: heterotrophic and phototrogfrowth conditions for
preparation on the culture to photobioreactors.

Isolation of the microorganisms associated toroaigae mixed cultures in
the photobioreactors.

Different approaches for design of the growthveuof microalgae growth:
optical density (OD at 750nm) and dry biomass.

Extraction of lipids by gravimetric method: quéination of the total amount
of lipids in the sample and preparation of samtesfurther analysis by
HPLC.

Extraction of carotenoids: preparation of samglasfurther analysis by
HPLC.



» Future collaboration with host institution:

Algae research line at ICAAMEvora University, Portugalyas initiated by Prof. Dr. Birgit
Arnholdt-Schmitt (EU Marie-Curie Chair), who hasceatly led an application to
European Funding FET (Future Emerging Technolodaeshe study of endophyte effects
on plants using algae has a model organism. Casmlyr we want to lookorward future
possibilities of microalgae sustainable increageduyxctivity. In thissensethe PhD student
Vera Valadas applied a project for a Post-PhD jmositaving as main coordinat®r. Tania
Nobre (direct supervisor, ICAAM), with a strong kgoound in the field of symbiosis
and evolutionary biologypgether with two otheto-supervisors, Dr. Martin Ecke (GICON
GmbH) complements the team with his practical krimmt anddeep knowledge on market
needs andProf. Dr. Philipp Franken (Leibniz-Institute of Viegble and Ornamental
Crops) dedicated most of his research to understignthie role of symbionts and

phytohormones production in plant growth

In that sense, the PhD student Vera Valadas, & bia project approved Dr Vera Valadas
be focused in the manipulation of microalgae asgedi microorganisms for biomass
increase production as well as directed produatioselected secondary metabolites of

industrial needs.

For this, Dr. Vera Valadas Post-PhD program will gatly executed in this host
institution, in a way that laboratory microalgae ltetes with the associated
microorganisms established in Evora University tégal will them be transferred for the
photo-bioreactors in Anhalt University of Appliedi€nce, Kéthen, Germany to evaluate
the performance of the cultures under industrialesproduction conditions. Secondary
metabolites production will also we evaluated aptimized under culture conditions
manipulations. Training in Leibniz-Institute of Megble and Ornamental Crops,
Germany under the supervision of Prof. Dr. Phillpanken will also be crucial to

understand symbiotic associations and manipulati@ymbiotic cultures.



» Confirmation by the host institute of the succegal execution of the mission:

Dr Martin Ecke has written a letter confirming theccessful execution of the mission
(Annex 1).

e Annex 2
Medium composition
BG11 solid medium medium

Macronutrients

g/L
KNOs 9.780
KH2PQy 0.286
MgSQi.7H,0 0.135
CaCb.2H.0O 0.047
NHa4F€" citrate 0.025
Citric acid.H20 0.006
NaCQ 0.020
Micronutrients I+111| 0.040mL/L
Micronutrients Il 0.080mL/L

For solid medium add 10g of Agar Agar. PH = betwéeh and 7.5 (measured after
autoclaving).

Micronutrientes [+l

g/L
H3BOs 5.7
MnSQO,.4H0 41
CoSQ.7H.0 23.8
CuSQ.5H.0 23
ZnSQ.7H0 25
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