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Algatech Trebon - Centre for Algal Biotechnology - since 2011
Laboratory for Algal Research - est. 1960 in Trebon
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R&D Topics in Laboratory of Algal Biotechnology

® Screening and selection of microalgae strains

® Design and construction of various cultivation units

® Optimisation of culturing regimes for microalgae

® Production of biomass as food and feed additives

® Isolation and characterisation of bioactive compounds — analytical techniques

Keywords: Macroalgae vs. Microalgae,
Mass culture vs. Phytoplankton population
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Macroalgae VS. Microalgae

Kelps, seaweeds — dimensions of thallus Photosynthetic microorganisms - prokaryotic
in cm or m (Ulva, Porphyra, Gracilaria) cyanobacteria & eukaryotic algae)

Dimensions of cells in ~1-30 ym
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Microalgae — Single-Cell Solar Factory
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Advantages of Microalgae

Thousands of strains in collections

 Fast reproductive cycles - fast growth (doubling time of several hours)

* Single-celled micro-organisms — minimum internally competitive metabolic functions
(as compared to crops) — high photosynthetic efficiency

« Grow in aquaculture in man-made cultivation systems - cultivation process can
be well controlled and manipulated

- Mass cultures of microalgae in photobioreactors — dense, well-mixed,
homogenous suspensions of cells in man-made cultivation systems with sufficient
supply of light and nutrients - represent artificial production system

« Very different from natural phytoplankton populations
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Schematic Diagram of Mass Production

LIGHT Water, nutrients,
CO:

Oxygen

Contral of cultivation
condifions: temperature,
pH, furbulence, nutrients,
Chil fluorezcence, O;,
imadiance, O.D_etc.
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The scale-up of Microalgae Production:
starting with agar and flask culture up to pilot and production units
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Cultivation Systems for Microalgae Growth

Open Outdoor Systems Closed and Semiclosed Outdoor Photobioreactors
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Goal of Microalgae Biotechnology

The major goal of microalgal biotechnology:
to achieve higher production of biomass, or valuable compounds per
illuminated surface or volume of culture, i.e. to optimise/maximise

the culture growth and productivity
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Cultivation Areas of Microalgae

Production >30,000 metric tons, large-scale outdoor systems

North Americas (Mexico,

’

Major producers Asia (Japan, China, Taiwan, Thailand, South Korea, India)

USA), Europe, South Africa, Australia
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Use of Microalgae

Food & feed additives Technology & Environment

= Wastewater treatment (removal of N,
P, heavy metals, etc.)

Health food, supplements

) Feed = Agriculture use — biostimulants,
v" Chicken, eggs biopesticides, biofertilisers
v' Ornamentals — fish, birds = Production of bio-fuels and sources of
, chemicals
= Cosmetics

Pharmacology
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The Current Industrial-scale Applications of Most Exploited Microalgae

Health food, food and feed

Established Arthrospira (Spirulina), Chlorella
supplements
B-Carotene Established Dunaliella
Astaxanthin Established Haematococcus
Live food and feed Nannochloropsis, Isochrysis, Chaetoceros, Pavilova,
Established
supplements in aquaculture Tetraselmis, Phaeodactylum, Skeletonema, etc.
Established Phaeodactylum, Nannochloropsis
Xanthophylls (lutein,
) Developing Scenedesmus, Chlorella
zeaxanthin)
Polysaccharides Developing Porphyridium
_ _ _ Botryococcus, Nannochloropsis, Phaeodactylum,
Oils, biofuels Developing
mutants of Chlamydomonas & Synechocystis
Biopharmaceuticals Developing Nostoc, Cylindrospermum, Anabaena
RS Biostimulants, biopesticides Developing Chlorella, Scenedesmus, Nostoc
AI_GA‘.TECJH.: 14
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Downstream Processing

Downstream processing is any treatment of culture after cultivation to concentrate
and purify products.

It follows a general sequence of steps:

1. Harvesting - cell removal (centrifugation, floculation, filtration, cross-flow filtr.)
2. Desintegration - destroying of the cell walls to release intracellular compounds
3. Dewatering - drying, lyophilization, precipitation

4. Primary isolation - to remove components with properties significantly different from those of
the products (adsorption, extraction, precipitation, hydrolysis).

5. Purification. Highly selective (chromatography, ultrafiltration, fractionation)

6. Finalisation (crystallization, followed by centrifugation or filtration and drying, tableting,
packing). Typical for high-quality products such as pharmaceuticals.
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interreg H
Rakousko-Ceska republika

Czech - Austrian Centre for Algal Biotechnology (2017-2019)

Research objective: Construction and characterisation of genetically improved /modified strains
of the cyanobacterium Synechocystis PCC 6803 as a potential producers of valuable energetic
compounds — bioethanol, glycogen and starch

Cross-boarder collaborative research between ;h QESEAQEH &

o FH OO Forschungs & Entwicklungs GmbH in Wels oeercstemreon ) JEVELUPMENT
o Centre Algatech, Institute of Microbiology in Trebon "%
o
o o
Strategic Partners: ALGATECH 2
FH OO Studienbetriebs GmbH ". ; o
e

University of South Bohemia in Ceské Budé&jovice
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EU H2020 SABANA = Sustainable Algae Biorefinery
for Agriculture aNd Aquaculture (2016-2021)

coordinated by G. Acién (University of Almeria, Spain)

- Andalusia, Spain — 25 000 ha
Feed additives, aquafeed

‘ biostimulants, biopesticides of greenhOUSeS
‘/,1i§ (, — j & -\b A 2
‘ ; n. 0 o .\> ¥ :‘K , ‘

Nitrogen
Phosphorus

AIM

 To demonstrate a large-scale microalgae-based biorefinery for production of high-value
products (biostimulants, biopesticides, aquafeed additives) as well as Jow-value
products (biofertilizers, fish feed) recovering nutrients from wastewaters (sewage,
centrate and pig manure) in continuous mode all year around (Spain)

& DEMO scale plants — 1 and 5 ha for biomass production and processing
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Project Algae4Fish — Interreg Proigramme Czech Republic — Austria (2020-2022)

Scheme of the project

Y ROTIFER sl FISH LARVAE

Day 4-12
Pikeperch

MICROALGAE
PHOTOBIOREACTOR

e

Microalgae in inorganic Brachionus FISH (Wlth
media, or wastewater added value)
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A BRI, Horizon 2020 Bio Based Industry project
@ﬂ
= speosene p==. MULTISTR3EAM (2020-2024)

A sustainable multi-strain, multi-method, multi-product microalgae biorefinery
integrating industrial side streams to create high-value products for food, feed and

fragrance Coordinator: A4F Algafuel SA, (Portugal)

- Sustainable products from microalgae for food, feed and cosmetics

- Dedicated to multi-strain, multi-process and multi-product biorefinery

- In-demand products: lipids including omega-3 and omega-6 fatty acids for feed and food
applications

- Pigments such as carotenoids and phycocyanin for food and feed applications

- Low molecular weight organic compounds for fragrance applications

IMIC role: heterotrophic and phototrophic cultivation, mutagenesis, countercurrent
chromatography
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Genetically Modified Synechocystis PCC 6803 Strains for Bioethanol and Starch Production
Tomds GRIVALSKY, Gergely LAKATOS and co-workers

a) Ethanol Production

Glucose Overexpression
Knockdown/-out
G6P
F6P N RiP RUP
F1.6P, RUBP | +| CO,
‘ rubisco
v A
GAP |« 1.3BPG |« 3PGA
Pyruvate » Acetaldehyde Ethanol
pdc adh

PHB ;{?
Acetyl |
CoA |
Fatty
acids

* Pyruvate decarboxylase = pdc (Zymomonas mobilis)

* Alcohol dehydrogenase = adh (Synechocystis PCC6803)
Polyhydroxybutyrate (PHB)
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b) Starch Production

Photosynthesis

Light

Glucose

Glu-6P

pgm

Glu-1P

Overexpression

Exchange
Glycogen/
- “ Starch
A
glgB
A
glgA1
glgA2
glgC
ADP-Glu

Phosphoglucomutase (PGM) = pgm
ADP-Glucose pyrophosphorylase (AGP)-=> glgC
Glycogen synthases (GS) = glgA1, glgA2
Eukaryotic branching enzyme = glgB
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