AquaVIP Klaipeda - Innovative Aquaculture Summer School
Klaipeda University - Klaipeda Science & Technology Park']‘.

Blue Biotechnology Pipeline: |
From Discovery to Application |

Mlcroalgae & Fish Waste?




Chemistry

Biotechnology:

technology that utilizes biological |
systems, living organisms or parts of |
them to develop or create dlfferent

products and services. |
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Color Application

.' Pink Human welfare and leisure
1 /Biotechnology applications

@SS ) | Blue Biotechnology:

White Industrial and manufacturing

Biotechnology applications concerned with the exploration and

C

- Ewimmem,app,mong exploitation of the resulting diverse
= _ — marine organisms in order to develop
@Bmﬁ:‘.’.ﬁm oo °r°§f,§22§$§fs"”"'“°9 new products and services.

One of 5 pillars of Blue Growth Stratégy
of EC = Sustainable Blue Bioeconomy
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Light Protection against accidents
Biotechnology / and misused biotechnology
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—— * Ecosystem \
Marine living Services per .
bt » Basic research - Blue biote
* Bioremediation . .
= — pipeline
* Drugs
Products | ® Biofuels
* Electricity
* Food
* Enzymes
* Compounds
Biotechnology * DNA blueprints
Toolbox
* Biodiscovery
* Molecular biology
* Biochemistry
* Nanotechnology

* Bioinformatics
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» Blue Biotechnology prqdu
pyramid value \
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» Blue Biotechnology Pipel
Sector Structure

Academic institutions

Compames <250 personnel - SMEs
Networke and clusters

Companies >500 personnel
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Marine organisms are rich in bioactive metabaolites and
their natural products are often of new chemical structu
and usually different from their terrestrial counterparts.

The unique properties of marine organisms are the produg
of their exclusively marine life and the effect exerted byj
the characteristics of seawater on their chemistry- |
physiology and metabolism (in addition to other

adaptations, eg: flexibility of algae in the intertidal
against the rigidity of the plants, development of g
vesicles or vacuoles to guarantee their buoyancy!
capture). 4
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Discovery: why should we look for into the sea?

» Rigid terrestrial plant due to the
composition of its cell wall

» flexible marine plants due to the
composition of its cell wall that
also has other properties ...

Fibrillas de
Pared celular celulosa

Fibrilla de
celulosa

Célula Vegetal

H OH CH,CH H OH CH,OH H OH CH,OH
— o 0 - 0
H H NH
O0oH H H OVon H b ovon o\ Y = ~4
H H H H OH o
& o)Lg A Lo AN L o-NoH b e
I T
CH,0H H  OH CH,OH H  OH CH,0H H  OH ]

Molécula de celulosa (polimero de glucosa con enlaces 8 1-4)

Presence of polyanionic polysaccharides in the cell wall. - The sulfate and
carboxyl groups of the cell wall (anionic groups) act as the main metal iol
scavenging complexes.

When there is a high concentration of metal ions in the aquatic en
the cell wall of the algae prevents their entry into the cytoplasr
exclusion mechanism, an ionic barrier.

At low concentrations of ions in the medium, the high ca
of brown algae in ion exchange was demonstrated, whi
than in terrestrial plants. P catslicade
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Discovery: why should we look for into the sea?

Only prokaryotic and eukaryotic microorganisms comprise a vast and undocumé‘nted ex
biological diversity. A phylogenetic, biochemical and physiological diversity that far e
that found in macro-organisms.

However, current research suggests that less than 1% of the total diversity of mariﬁ;
microorganism species can be cultured by commonly used methods. |

This means that the application potential of the compounds produced by 99% of mari
microorganisms is still unknown.

However, one of the main limitations of the development of marine bioproducts is the
availability of biological material. The natural abundance of organisms would not suppo
development based on natural harvesting.

Some options for the sustainable use of marine resources are: chemical synthesis,
aquaculture of the organism of interest, cell culture, molecular cloning and bios
Options that require knowing the fundamental biochemical pathways by whic

are synthesized. Universidad
% Catolica de
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Discovering the chemodiversity

» Natural product: any well-defined organic molecule produced by a
organism and not restricted to a secondary metabolite "

» Primary metabolites are essential for the life and reproduction of '

» Secondary metabolites are only found accidentally and are not essen
for the life or survival of the organism that produces them, although the
can confer adaptive advantages to the species for their survwal in th'
biological community and environment.

» Secondary metabolism can be demonstrated genetically, biochemi
physiologically.
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MAIN CHARACTERISTICS OF SECONDARY METABOLITES:

« Can be found in any group of organisms without distinction (sometimes they are formed by
relatively small groups of organisms of specific taxonomy, at other times by specific strains
but not by taxonomically defined species).

« Smaller and chemically more diverse than the primary metabolites (proteins, lipids, nucleic
acids, carbohydrates).

* Not essential for growth and reproduction, a significant humber have no apparent biologica
function

* Generated by branched pathways of primary metabolism.

» Generated as a result of defense mechanisms and / or excessive metabolic production.

» Confer selective and adaptive advantage to organisms that produce them

« Usually inverse correlation between specific growth rate and formation of secondary.
metabolites. (Generation of metabolites under stress conditions of the organism) \

« Production extremely dependent on environmental conditions = Production can be re
by the cultivation conditions. - 4 Universidad

"\ Catolica de
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Discovering the chemodiversity

Primary Malabodic Primary kMeta Cormespond
Pattway of Carbon A mumh

CO; + H,0 0,

\hv

Simple phenols & benzoic acids and its derfvatives

—= Lignan, Lignin
_.....FI i C Tp—
—= COUMAnTes
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PRODUCTION OF SECONDARY METABOLITES:

In a efficient metabolic regulation, the intermediate and terminal products of the primary
pathways do not accumulate, specially if none specific genetic library to make secondary
metabolites is present.

But some organisms have specific genes to produce secondary metabolites as well.

In these organisms, some specific steps of the primary metabolism lack regulation, resulting in the
over-synthesis of terminal and intermediates products of the primary pathways.

Under metabolic stress, such accumulated reserves of intermediates products can induce
subsidiary pathways to build secondary metabolites.
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Discovering the chemodiversity

Vias centrales del metabolismo primario

|

Glucosa » Carbohidratos/
Polisacéridos
Via
| pentosa Biosintesisde ||\
fosfato S purina/pirimidina

!

v
| Glucdlisis |

Via
Shikimate

Fosfoenol piruvato

Piruvato

Ciclo del acido
tricarboxilico

|

Aminoacidos
aromaticos <1

Aminoécidos alifaticos ---—+-4--

[

Acetil:.CoA

\

/—"* Malanil-CoA — Acidos grasos --

» Isoprenoides

Metabolitos Secundarios

------------------- {lucésidos

Aminosglucdsidos

---Puromicinas

--- Mitomisinas
Alcaloides

-- Antibioticos aromaticos
Fenazinas

---Ansamicinas

- Péptidos B-lactamicos

- Depsipéptidos
(Lipopéptidos 7)

---Policétidos

Polienos
Poliéters
Pro

Antibidticos macrociclicos

Terpenoides
Carotenoides
Estergides

Example: the combination of the
fatty acid biosynthetic network
with monosaccharide biosynthetic
pathways has resulted in the
formation of macrolide
antibiotics.
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Where competition, adaptation is required, = anywhere

-~
7

BIOFILM ﬂﬂ“ﬁ
N

BIOFILM

SEDIENT
(MICROORGANIENS)
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ADORGANIC MATTER
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Extreme habitats are very interesting, adaptation requirements are very high

SEA ICE, PERMAFROST ~ COLD SEEPS AND SHALLOW-WATER HOT-SPRINGS, HYPERACIDIC LAKES DESERTS AND ACID MINE
AND POLAR REGIONS MUD VOLCANOES HYDROTHERMAL FUMAROLEE AND AND VOLCANOES ARID ENVIRONMENTS DRAINAGE

VENTS MUD VOLCANOES

e

DEEP-SEA MARINE AND SODA LAKES NUCLEAR OPHIOLITES AND
SEDIMENTS CONTINENTAL AND HYPERSALINE CONTAMINATED CONTINENTAL
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DEEP-SEA ANOXIC DEEP-SEA SERPETINIZING

HYDROTHERMAL
LARES AND BRINES VENTS ENVIRONMENTS — ANp TRENCHES SUBSURFACE LAKES SITES SERPENTINIZATION




Discovery: where do we look for?

» Saltworks
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Hiperacid lakes
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Hydrothermal vents
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Discovery: where do we look for?

» What have we found in extreme habitats?

Food applications of
extremozymes

Extremozymes could be adapted to any of
these extreme conditions

Proteases Earhnhl.rd rases |,

o Agidle .
J==

Esterases Lipases

+  Praduction of food
v Degradation of synthetic materiaks
¢ Valorisation of food processing waste

+  Production of food funsour and aroma compounds
+  Syntheshs of structured liplds and fat analogues

+  Concentration of omega-3 fatty acids

+ Ol biadegradation

+  Producton of emulsifiers and phenclipids
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Discovery: how do we look for?

» Prospecting:

Mission to explore genomic
diversity of Indian Ocean

Vanita Srivastava
doi:10.1038/nindia.2021.37 Published online 14 March 2021

Universidad
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Prospecting:
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Discovery: how do we look for?

» Bioprospecting pipeline:

P & - =
BSelec.tu;:: °,f mftrmel orga;us;lns Selection of possible products
£ acteru;],j 181, (m1crof):-gae ancauiets d EEEm Start with a list of desired products
(fast gro » high confent ) 10act1ve_ (::ompoun S Identification of organisms that synthesize the products
\_ tolerance to various stress conditions)
i I Mechanisms of products accumulation 1
Selection of stress conditions | under stress conditions !
Environmental stressors (e.g. nitrogen, phosphorous, pH. | Omics strategies (e.g. genomics, transcriptomics. 1
\_ salinity, metals, light. oxidative stress. temperature) I lipidomics, glycomics, proteomics, |
I metabolomics) 1
=\ — e o o o o — e o o e o
Selection of cultivation and storage modes [
Selection of growth phase \
\_ Two-stage, fed-batch ; gradient strategies » \
( Identification of novel compounds ) e e — e = \
. ¢ ; . I Heterologous expression techniques
High value biochemicals (e.g. primary and secondary — = : Ex \ -
metabolites, biopolymers. proteins. enzymes) and their I SR b EAon il Retiiiie. Sditng \ %
: > : 1 methods for targeted bioactive compounds y

\_ metabolic pathways Y,
Screening of marine derived extracts

Screening for various purposes - medicine, cosmeceuticals,
nutriceuticals, food, feed, agronomy and others

) 2

Exploring biological activities B 10 p ros p € Ctlng p lp ellne Universidad
Anti-oxidant, anti-cancer, anti-microbial, immunomodulatory Catolica de

Valencia

San Vicente Martir

activities, wound healing potential and more




Blue Biotechnology findings

Source Use

Representative phyla (exemplary genera/species)

Challenges

Metazoans Medicine, cosmetics

Macroalgae and
seagrasses

Food, feed, medicine,
cosmetics, nutraceuticals,
biofertilizers/soils
conditioners, biomaterials,
bioremediation, energy

Microalgae Sustainable energy,
cosmetics, food, feed,
biofertilizers,

bioremediation, medicine

=. rl i ‘

Archaea

viediCine, COsmetcs,
biomaterials,

bioremediation, biofertilizers
Bioremediation, medicine,

cosmetics, food/feed,
biofertilizers

Fungi

Thraustochytrids Food/feed, sustainable

energy production

Viruses Medicine, biocontrol

Tunicates - Chordata (Ecteinascidia turbinata), Mollusca (Conus
magus), sponges - Porifera (Mycale hentscheli), Cnidaria (Sinularia sp.,
Clavularia sp., Pseudopterogorgia sp.)

Rhodophyta (Euchema denticulatum, Porphyra/Pyropia spp., Gelidium
sesquipedale, Pterocladiella capillacea, Furcellaria lumbricalis, Palmaria
spp., Gracifaria spp.), Chlorophyta (Ulva spp.), Ochrophyta (Laminaria
hyperborea, Laminaria digitata, Ascophyllum nodosum, Saccharina
japonica, Saccharina latissima, Sargassum, Undaria pinnatifida, Alaria
spp., Fucus spp.), seagrasses (Zostera, Cymodocea

Chlorophyta (Chlorella, Haesmatococcus, Tetraselmis), Cryptophyta,
Myzozoa, Ochrophyta (Nannochloropsis), Haptophyta (lsochrysis),
Bacillariophyta (Phaeodactylum)

Actinobacteria (salrispora tropica), Firmicutes (Baciius),

(Arthrospira, Spirulina), Proteobacteria {Pseudoalferomonas,
Alteromonas), Euryarchaeota (Pyrococcus, Thermococcus)

Ascomycota (Penicillium, Aspergillus, Fusarium, Cladosporium)

Bigyra (Aurantiochytrium sp.), Heterokonta (Schizochytrium sp.)

Mycoviruses, bacteriophages

yanobacleria

Sourcing and supply sustainability

Sourcing and supply sustainability
Yield optimization, large-scale
processing and transport

Disease management

Bioprospecting and vyield optimization
(1 —increase in biomass/volume ratio,
2 —increase vield of compound/extract
production and 3 — Improve
solar-to-biomass energy conversion)

ulturing for non-culturaole
yield optimization

Decie

H

Limited in-depth understanding, yield
optimization

Limited in-depth understanding, yield
optimization

Limited in-depth understanc UanQTSidad
optimization ‘cf:}::llgiaade

-~ T=%"  san Vicente Martir



Microalgae diversity

Microalgae are microscopic unicellular photosyn
organisms, existing individually, or in chain
groups. (5-50 microns).

Microalgae are an extremely diverse group
organisms, which include both prokaryotes a
eukaryotes and covers 14 phyla with example
described from almost every possible habitat.

An estimate of 200,000 - 800,000 species of
microalgae is widely quoted, of which only about
35,000 are described. \ .
Microalgal habitats include freshwater, seawater, 50115‘
and extreme environments. '
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Microalgae diversity

Phylogenetic tree
highlighting the di
and distribution of
(boxed groups; colot
indicate the diversit
pigmentation) across t
domains of life (
from
www.keweenawalgae.m

du/). |
For comparison a -
land plants are enc

red and green, re
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- With simple life cycles and fast cellular growth rates
produces high concentrations in short times = Red tides
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Species/Strain selection processes

« Composition: lipids, carbohydrates, and proteins, but also pigments,
antimicrobials, phytohormones,...

» Growth performance: high biomass yields

» Possibilities for industrial cultivation

» Stages for metabolites synthesis (one/two stages; stress conditions)
* Yields: biomass yield * hit concentration

» Availability: Culture Collections

» Strains improvement by selection or molecular engineering
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Species/Strain selection processes

Microorganisms from the
collections

Field collection [

Conservation ey |dentification e lsolation |

Field collection

I

I

Genetic characterisation

Biotechnological
characterisation

Growth rate

Contralled conditions
(E-flasks, FBRs)

Indoor

Outdoor
Pilot plant
[FBRs, tanks, Raceways)

Harvesting and
rocessin

iorre mer*,r‘appruac

Biomass production

Metabolite yield

Proximate analysis
[CH, lipids, proteins, ashes)

Specific metabolite content
[R-glucan, pigrments, fatty acids,
polyphenols)

Screening for activity
(antimicrobial, antioxidant)

BELSPO/ULC and ULPGC — BEA Access Workflow example: Mass collection to extract metabolites
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Species/Strain selection processes

M*"""m’:}_":;"’"‘m Field collection [~ Conservation f={ identification [ Isolation el  Field collection
= °

L |

l

§ Biomass production
Gt Growth rate
Genetic characterisation | __characterisation Metabolite yield
I
Indoor Outdoor
Controlled conditions Pilot plant
(E-flasks, FBRs) (FBRs, tanks, Raceways)

Harvesting and
rocessing
iorre |ner\lrpproac

Specific metabolite content
(B-glucan, pigments, fatty acids,
polyphenols)

Proximate analysis
(CH, lipids, proteins, ashes)

Screening for activity
(antimicrobial, antioxidant)

BELSPO/ULC and ULPGC — BEA Access Workflow example: Mass collection to extract metabolites
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Upstream processes

Light CO2 .\
Vs
——- |
I.
. \.
Bulk organic « Filtration « Culture scale: . ‘
compounds - Dilution « Laboratory
+  Wastewater . « Sterilization + Pilot
. P.rocessed mo’rerlols. « Hydrolisis «  Commercial
» Lignocellulose materials

+  Growth modes .
* Photoautotrophic
« Heterotfrophic
*  Mixotrophic
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Culture parameters

* Fundamentals:
« Light gets to algae - light will not penetrate more than 5cm in a dense culture
» Gas exchange (CO2 in 02 out); gas efficiency
» Heat exchange - not too hot not too cold
» Good mixing - shear forces, pH
» Containment: good guys stay in bad guys stay out
* Cost (CAPEX and OPEX)
» Efficiency of land use; water; labour costs
* Materials (longevity, sustainability; suitability)
* Ease of cleaning
» Ease of harvesting
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natural or artificial: fluorescent tubes or LED technology
Light parameters:
» Quality of light: radiation spectrum (white, red, blue)
* Production and accumulation of metabolites of commercial interest has been
shown to be affected by white light radiation
« Quantity of light: intensity (lux =w / cm2)
» Photoperiod: 24h light, alternative Light/Darkness, flasing light

By * Universidad
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Light limited CO, limited

region region Excess light / photoinhibition
o : : The specific growth rate of the mlcroalga
il L N e the intensity of the light
v T T——
;E ! {1 i This growth pattern in relation to light intens
g | 5 | observed in most microalgae species. Howeve
g intensity and regimen of illumination vary with
|/ e ! ; of microalgae.
compensation 1 1
point | : !

Light intensity

Respiration
rate

“Dark respiration
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Culture parameters: CO2 / O2

Cuadro 1. Concentracion de CO: tolerable para diversas especies de microalgas (Ono y Cuello, 2003)

CO2 is major carbon source used in

; Tolerancia maxima de \
Eepanie concentracién de CO; photoautotrophic microalgae cultures.
Cyanidium caldarium 100% \
Scenedesmus sp. 80% \
evsaiminn 9 60% 02 is a photosynthesis by product, should b
Synechococcus elongatus 60% removed to avoid photosynthesis inhibition.
Euglena gracilis 45% «_
Chlorella sp. 40%
Eudorina sp. 20%
Dunaliella tertiolecta 15%
Nannochloris sp. 15%
Chlamydomonas sp. 15%
Tetraselmis sp. 14%
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Temperature is one of the most important environmental factors that affect the growth a
development of living organisms.Therefore, it is required to know an optimal value for a maximu
growth rate.

Comparatively with CO2 or light as limiting factors for photosyntesis, the influence of temperature is
negligible. But, changes in temperature can also cause alterations in many of the metabolic pathways,
including carotenoid biosynthesis. Adaptation is requested, and unexpected temperature changes can
affect to growth performance.

Photosynthetic systems always generate heat because of the inefficiency of photosynthesis in
converting light energy to chemical energy. (The theoretical conversion of red light to chemic
energy is 31% and the remaining 69% is lost as heat). Therefore, the amount of cooling in a cul
system will depend on the intensity of the light and the cell concentration, however, reactor coolin
only used in closed systems. Open systems use big volumes to stabilizes temperature inertia.

\
Temperature is also important for the dissociation of carbon molecules, making it ava‘i\lable
photosynthesis. Temperature influences respiration and photorespiration more markegly
photosynthesis. 4 P
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Culture parameters: Temperature

Generally speaking, optimum temperature for the cultivation of microalgae is 20-24 °
however, these can vary depending on the culture medium, the species and the stra

used.

Microalgae cultures commonly tolerate temperatures between 16 and 27 ° C.

Temperature <16 ° C decrease growth
Temperature > 35 ° C turns out to be lethal for a great number of species

Universidad
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The pH range for most microalgae cultures is between 7 and 9, with an optimal range of 8.2 to 8.7
(although some authors claim that the optimum is at neutral pH 7.5).

An optimal pH in the culture is generally achieved through aeration with air enriched with CO2.

As CO2 is removed during photosynthesis pH increases; at alkaline pH levels photosynthesis is
inhibited.

High cell density cultures, request of addition of carbon dioxide to prevent an increase in pH.
Buffer solutions are generally used to adjust and maintain the pH of the medium. The
increases as the age of the crop is older, this is due to the accumulation of minerals angl“ th

oxidation of nutrients.

Some species (eg.: Arthrospira sp.) prefer high range of pH (9) to better growth perform"anxe, thi
avoid competition in open ponds. y .
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Culture parameters: Salinity

* Marine species have a fairly wide tolerance to salinity, between 12 and 40 %., with'
an optimum around 20 %o

» Microalgae from hypersaline media (Dunaliella, Asteromonas) must be cultured in
seawater or concentrated brines

» Tolerance depends on the ions present (osmolality)

« Salinity influences cell composition
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Uniform dispersion of the microalgae in the culture medium, eliminating
concentration gradients of light, nutrients (including CO2) and temperature is
reached by providing an efficient mixing system.

Excess mechanical agitation causes turbulence, which can cause permanent
damage to the cell structure, affecting growth and metabolite production. On
the contrary, insufficient agitation will cause sedimentation and cell death.

By Universidad
"\ Catolica de

Y Valencia
San Vicente Martir



Few quantitative studies related to hydrodynamic stress have been carried out in microalgae
cultures in photobioreactors.

It is known that the increase in the growth rate of some species of microalgae when
turbulence increases is due to the improvement of the supply of light and CO2. However, at
higher levels of turbulence, growth is drastically slowed, simultaneously increasing the
surface velocity of the gas causing possible cell damage.

Gas mixing systems or bubble column systems cause less cell damage than mechanical
stirring systems. However, although these systems appear to cause less cellular damage, they
are not exempt from causing cellular damage to a lesser extent.

Finally, it is also essential to control the possible "mutual shadowing”, produced by the |
continuous cell movement to and from the light and dark areas (essential to guarantee high
biomass productivity). :
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Main inorganic nutrients are: N, P, addicionally for freshwater species: S, Cl, K, Mg, Ca, Na.
Silicates are requested for diatoms cultures.
Trace elements:

* salts with metal ions such as Fe, Cu, Zn, Co, Mn, Mo

» Na2EDTA: chelating agent

Vitamins: tiamine (B1), biotine (B8) y cianocobalamine (B12)

There are several formulated culture media available (research, commercial) to cover
requirements for each group of microalgae.

In addition, according to the objective of the experiment/production, the composiﬁon .
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Culture nutritional modes

Energy Carbon Light availability | Metabolism

Growth mode source source reguirements variabiliry
Photo-autotrophic | Light | Inorganic Obligatory Mo switch between

! | sources
Heterotrophic Organic | Organic No requirements | Swilch between

| | sources
Photoheterotrophic | Light | Organic ]Ohligamry | Switch berween

| | _ | Somines
Mixotrophic |Light and | Inorganic and | No obligatory Simultaneous

| organic organic utilization
Autotrophic Mixotrophic Heterotrophic
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Culture nutritional modes

Table2 Challenges and opportunities for the heterotrophic/mixotrophic cultivation of microalgae

Limitation

| Opportunities

Carbon sources costs

Investigate new sources of cheap organic carbon, such as
wastewaters, lignocellulosic material, and industrial
processes wasle

Bio-prospection of strains able to assimilate cheap carbon
SOUrces

Metabolic engineering of strains able to assimilate cheap
carbon sources

Improve methods for breakdown of lignocellulose material

“{'_‘ompcljtima by fast-growing
bacteria

Development of mixotrophic cultivation strategies
Esmbli;i:ling cultures of _ri:ljmmjgac able to thrive under
bacteria-adverse environmental conditions
Bio-prospection of fast-growing strains

Metsboliy enginparing of fast-growing sirains
Immobilization of m:malgae in pdiymcrs

Bioreactor implementation and
operation costs

Downstream processes costs
(biomass harvesting and raw
product transformation)

Cheaper materials for bioreactor vessel

Implement alternative mixing strategies powered by a
renewable energy source {h}fdmulic ot wind)
Implement cheap sterilization strategies

Establish non-axenic microalgae cultures, such as open
ponds

Increase productivity of the metabolites of interest by
opeknizing hlorsacion’s pperition paniellls
Risk assessment studies and regulations of GMOs in
large-scale facilities

Enhance exo-polysaccharides production to promote
biomass flocculation

Develop immobilization technigue for the algae in
polymeric beads/sheets
Promote spontaneous excretion of metabolite of interest

Selection or design of strains that excrete products

Avoid compound extraction and separation by directly
transform the biomass to products by pyrolysis, anaerobic
digestion, gasification.

Nutritional mode affects:

Growth performance
Metabolite accumulatio
Operation costs
Production management
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Culture operational modes
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Culture dynamics:

Stationary phase

Population growth

ceases
Death
Exponential phase
(Log) phase
Declinein
Maximalrate of division population size

and population growth

Noincrease

Log number of viable cells

Time
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Culture dynamics: scaling-up

Large-scale

Cultures
Stock Starter Intermediate-scale
Cultures Cultures Cultures
@ qrf to 14 days) i : (7 to 14 days)
\_:/ - -'
{250 mi) (250 mitadl) (41 ta201)
(= 501)

>4 <12°C B - >18<22%C = .|
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Culture systems: open/close; outdoor/ indo

”

>

Raceway pond Circular pond

i _

|1 8

Plate reactora Column reactor Annular reactor Tubular reactor

* Indoor

b

Both systems can be:
» Qutdoor
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Culture systems: close systems
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Ocean-grown biofuel

NASA proposes a new source for biofuels using algae grown in plastic bags in the ocean.
Additional benefits are it also cleans wastewater, produces oxygen, and draws carbon
dioxide from the air.

o Semipermeable e Algae feed o Bags release fresh Q Cellsare
bags are filled with on the waste water and prevent salt richin oil and
wastewater, carbon and grow fatty, water from entering and would be used
dioxide and lipid cells. killing algae. for fuel.
freshwater algae. Carbon dioxide
4 \l Oxygen
(4 ‘*-‘4,;,, FrBhWaterﬂ/gaE & x%i\’ ,
Ocean sty =
Bags absorb carbon dioxide \\

from the air and release oxygen. Feiveis

OILDERIVED  Sometypesofaizze I NE— Atleast

FROM PLANTS i ehons
Paims NN 600 gallons
Gallons produced SOURCE: NASA
160 gallg -
annually per acre. Gl 150 32y CINDY JONES-HULFACHOR/
Soybeans | 50 gallons Estimated figures SUNSENTINEL
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Culture systems: close systems = bags

Ocean-grown biofuel

NASA proposes a new source for biofuels using algae grown in plastic bags in the ocean.
Additional benefits are it also cleans wastewater, produces oxygen, and draws carbon
dioxide from the air.

o Semipermeable 9 Algae feed 9 Bags release fresh o Cells are
bags are filled with on the waste water and prevent salt rich in oil and
wastewater, carbon and grow fatty, water from entering and would be used
dioxide and lipid cells. killing algae. for fuel.
freshwater algae.

(arbon dioxide

Bags absorb c |
from the air ai

OILDERIVED  Sometypesofalgze MM Atleast |

_ 2,000 gallons
FROMPLAEIS pms I 600 gallons -
Gallons produced SOURCE: NASA ' <=2 Universidad
(anola 160 gallons : : v
annually per acre. I 160gal CINDY JONES-HULFACHOR/ o >"} 4 Catdlica de
Soybeans || 50 gallons Estimated figures SUN SENTINEL 4 Valencia
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Culture systems: close systems = flat panciss




Objective: obtaining cost-effective productivity of biomass and compounds
Action: updating continuous information for assessment of culture performance
Tools: culture performace parameters:

* On-line monitoring of photosynthetic activity
» Measuring disolved oxigen (DO): |
» Reliable and sensitive indicator of state of culture, in relation to growth and productivity.
» Excess of DO may result in:
» decrease of yield of cell mass and pigment content.
» Promote photoinhibition and photo-oxidation => culture death
» Ineplicable decrease or decline of DO => culture is stressed and may quick det
» In situ monitoring of chlorophyll fluorescence
«  Well complement DO measurements for rapid and accurate assessment of we
culture. 2
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Tools: culture performace parameters:

* Measurement of cell growth and culture productivity
* Net growth may be estimated quickly by measuring changes in the overal turbidity
(Optical density) of the culture.
» OD is a rough estimation of growth and should be followed routinely by cell count, dry

weight or total organic carbon.

« Night biomass lost
» If light/dark cycles, also should be temperature cycles that could affect to the culture.

. Mamtalmng optimal cell density (OCD / OPD)

Population density represents a major parameter in the production of
photoautotrophic mass.

» OCD = concentation in continuous cultures that results in the highest output rate of
biomass and/or desired products. |

» Since culture is most stable when population density is optimal => continuous cultures
should be mantained at that density. | Z==. Universidad

- OCD is determined empirically. y yI Catélica de

\Ziy// Valencia
= San Vicente Martir




Tools: culture performace parameters:

* Preventing nutritional deficiences:

* Routine test to check any posible deficiency of mineral nutrients.

* Monitoring [N] could be a guideline for adding in proportional ammounts the entire
nutrient formula.

« Carbon and phosporous should be monitored and added separately.

« Be aware that deplection could affect to minor nutrients outside nitrogen utilization
=> scheduled replacing of 50% of culture to secure nutritional sufficiency and nutrient
balance.

* Maintenance of monoalgal cultures and combating contamination:
» Foreing algal species, grazers and predators /amoebas, cilliates, rotifers, fungi
» Buildup in microorganisms number could indicate that some nutrient has declined and ¢
the culture is under stress.
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Microalgae Downstream process =» From biomass to markets
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Microalgae Downstream process =» From biomass to markets

Algae provide valuable nutrients to the human diet. They are rich in dietary fiber, such as beta-
glucan (prebiotics), and some species have significant amounts of protein of higher quality than
plant sources like beans and grains. Some algae produce plentiful polyunsaturated fatty acids such
as omega-3 fatty acid. Algae also contain vitamins and minerals.

Additionally, studies show algae’s potential to act as a prebiotic, anti-inflammatory, anti-cancer,
neuroprotective, antidiabetic, anticoagulant, and immunomodulating agent.

Unfortunately, microalgae processing technology is highly underdeveloped, making it expensive,
particularly regarding harvesting and dewatering. Significant research and technological
improvements are necessary before microalgae can become a widely utilized protein source.
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Microalgae Downstream processes

: Electricity
Microalgae Reused water generation

cultivation ﬁ I

Biomass =) EXtraction == Separation == Transformation === Purification

harvesting

Biomass cake by-pass

Flotation « Solvent extraction « Fermentation Products:
* Flocculation - Superficial fluid extraction « Anaerobic digestion * Biofuels
+ Centrifugation « Ultrasonic-assisted « Transesterification * Lipid based food
Filtration « Enzymatic «  Pyrolisis » Pigment based food
Dewatering - Gasification (Syngas) * Protein based food
Combustion * Protein based feed

Hydrotermal liquefaction » Sugars
+ etc
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Microalgae Downstream processes

Processing is becoming a major area of R&D in microalgal biotechnology => bottleneck to \
commercialization of microalgal products. |

Supplying in situ produced whole algal cultures as feed to zooplancton (rotifer, artemia) dr
bivalve mollusks at aquaculture hatcheries is easy. |

Major obstacle on industrial scale for production of value added products => harvesting and
dewatering steps

Recovery biomass can be a significant problema because of:
» Small size of algal cells (2-30 microns)
« Low gravity settlling speed (< 10> m/s)
« Low biomass concentration in culture médium (< 5 gr DW/l)
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Microalgae Downstream processes

Harvesting methods for microalgal cultures:

* Physical methods:
« Sedimentation
» tendency for particles in
suspension to settle out of the fluid
in which they are entrained and
come to rest against a barrier.

Figure 1: Sedimentation process of microalgae over time [19].

Influent

Harvest Outflow
(a) Lamell separator tank [21].
Clear liguid owerflow HRES
A I N
Settling zone

|

(b) G eneric sedimentation tank ([21].

Figure 2: Sedimentation tanks.
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Catolica de
b

Valencia

San Vicente Martir

67



Microalgae Downstream processes

Harvesting methods for microalgal cultures:

* Physical methods:
* Filtration
* Vaccum filtration

Cake-dewatering compartment

Cake-discharging compartment
BuckyPaper

Membrane filter

(pore size 0.45 pm) with glass frit v
i ACUUM pump
and O-ring

Large ('lamp/

Open stopper ST \
Suction from the \
water pump creates

Vacuum-resistant: partial vacuum Vaciiim Her
glass flask
Filtering compartment
Filtrated solution

—up

Water pump
68

Algae feed vessel
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Microalgae Downstream processes

Harvesting methods for microalgal cultures: Cross-flow filtration

« Physical methods:
 Filtration
» Pressure filtration (Dead-end
filtration
* Cross Flow filtration
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Harvesting methods for microalgal cultures:

Microalgae Downstream processes

Physical methods:

Centrifugation (> 10,000 rpm)
« Disc stacks centrifugue
» Decanter centrifugue

‘ feed inlet

- —p liquid discharge

SEPARATION
PRINCIPLE

\ 4

solids discharge

Screw conveyor

Bulkhead
Pre-separation zone

N 3
1] Mot ‘ Vane
l r 1 [ 1 1
AJ

Control valve

Separated
" effluent

Sludge
. slurry

Reduction
gear

= H Thickening - Bowl

chamber
Thickened sludge
/ solid matter

Impeller pump
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Microalgae Downstream processes

Foam

Harvesting methods for microalgal cultures:

« Physical methods: "5;°ga.ce ﬁ
* Flotation 6

« Dispersed air flotation

Collision & Attachment

Bubble
« Dissolved air flotation (DAF)
Scraper
L |
Inlet of microalgae  [*TRer e Outflow of clarified
culture + flocculant X .:.:.‘."':;: '.. medium
L "li.'.i *

Pressurizing chamber

Air-saturated
water
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Microalgae Downstream processes

Harvesting methods for microalgal cultures: \ Recycling
%
« Chemical methods: ) Fiotiiant o

Algal biomass

» Flocculation * ol a | @
* Inorganic flocculants | L .,@. _>a

« Organic flocculants. ‘
« Polimeric flocculants. Algal cels Nerslzston  Flocosletion

L J

(a) (b) (e) = N > ()

M S (e > . s = = G

o TR
F 1o w

i) .

Flocculation of Scenedesmus acuminatus using flocculant P
of flocculant, b flocculant distribution, c destabilization
suspension, d, e floc formation, f-i floc.growth and j se
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Microalgae Downstream processes

Harvesting methods for microalgal cultures:

» Bio-flocculation methods:

* Auto-Flocculation: Auto-flocculation (AF) leads to
co-precipitation with inorganic salt ions at high pH
levels

» Bio-Flocculation: bio-flocculation (BF) depends on
the production of extracellular polymeric
substances during algal growth phases

Bio-flocculant

Universidad

% Catolica de . )
Valencia ;
San Vicente Martir



Harvesting methods for microalgal cultures:

Microalgae Downstream processes

Electrophoresis methods:
» Electrolitic coagulation
» Electrolitic flocculation
« Electrolitic flotation

https://youtu.be/1185J9dU5fY

€ 3
TERE e

- +

s

Algal Culture
B

Carbon Cathode

CarbonAnode

By
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Microalgae Downstream process =» whole crude concentrates

Live paste =» aquaculture larvae feed (75% moisture content)

ALGAL
PASTE

IP Application No.
12018050149
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Microalgae Downstream process = dehydrated crude concentrates
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Microalgae Downstream processes

Dehydrating methods for microalgal cultures: (Goal: <10% moisture content)

« Spray drying.

« Solar drying

« Convective hot air drying
« Belt vacuum drying

* Lyophilization

swivel arm

wet product dry product

PV AN S 1/
e |\ \\|l/ |

feeding pump conveyor belt heating plates cooling plate

e
Vg

Lyophilization Process

(Tee sublimation) (Desorption)

(Solidification)
—
- 201 Vacuum
£ 10 1-2% water
0 5-10% water
=10 4
-20 4
£ 2
15
50 95-99% walter
-0 -
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Microalgae Downstream process = dehydrated crude concentrates

Powder = food, feed, cosmetic applications LIS

FUENTE DE

, N e PDulcesol Ui
';_{"__1___,, - 1 eesd N=—Tova
T T ..;.,‘ $<' o &

Dunaliella
ondit

FUENTE DE
PROTEINAS

organsc
- S— shop
Agquarium Tropical Fish Foods -
Algae as ingredient in fish flakes, pellets, tablets Ol’gaﬂ IC

for nutrition and coloration Or‘gﬂnlC a I g a e

CHLORELLA R i
TABLET =

Antioxidants * Detoxifier * Vitamins + Minerals

ORGRNIC,
N

L=\
(NON-GIO)
="
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Microalgae Downstream process & Biorefinery concept
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Microalgae Downstream process =» Biorefinery concept

Biorefinery refers to a chemical facility that carries out a series of integrated processes \
the purpose of profitably and sustainably fractionating renewable algal or terrestrial biom:
into a plethora of intermediate and final products, primarily biofuels and bioproducts, for u
in the economy.

Market value
=
Market volume
o . i .
A microalgae biorefin
i concept basgd c?n the
cosmetical applications cascading principle
Fine chemical, food \
Biomass
applications
Residual Feed applications
Biomass
Residual
Biomass
Residual Bioenergy applications
biohydrogen, biogas, ...
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Microalgae Downstream process =» Biorefinery concept

Integrated fuel and food production with microalgae

Upstream process (cultivation, harvest) Downstream process (biorefinery approach)

Drying
Cultivation Harvest
Inoculum and (e.g.,
production in flocculation,
photobio- dewatering
reactors or with
open ponds centrifuge)

spray drying)

Cell disruption

(e.g. ball mil, extraction

Microalgae paste

homogenization,

\ : pressurized fluid
enzymatic lysis,

extraction,

electric fields)

(freeze drying, Dry algae

High-value
Cascaded compounds

Proteins 2
. (e.g. super-critical . '
High-pressure-
B PACS fluid extraction,

Lipid phase

acid/alkaline slots Polysaccharides [—' «
treatment. pulsed precipitation,
E membrane Residual

filtration) biomass

IIIIIIIIIIIII-IIIIIIIIIIIIIIII
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Seafood waste conversion
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Seafood waste conversion = Biorefinery concept

(Starting .fEdStC (" Materials [ High added- )

AT, : value products
Fish oil |

-3 fatly acids

Starting feedstock i

T A
>” ————

F f"i _','-'___ !""“- »‘%

i"" “"‘ii\.

. L‘ ﬂ WhOle ﬂsh andior y
Crustacean shells, fish
_bones and scales )
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Seafood waste conversion = Biorefinery concept

4 ey Collagen sources: Fishing waste and by-catch organisms

Qe

o ~TT o TS

~Gly-X-Y-Gly-X-Y-Gly-X-Y-

4 Collagen: Gelatin: Collagen Peptide?
-MW: 300.000 Da -MW: 2.000-200.000 Da -MW: 300-8.000Da
-Triple helix | Heating (Denaturation) -One chain structure | Enzymatic Hydrolysis -Free structure

@}.
|

17 Collagen scaffold
‘ AT

- Biomaterials
-Tissue engineering
- Regenerative medicing
- Dental applications
- Wound dressings

- Drug delivery
- Cosmetics
- Clinical analysis

84
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Seafood waste conversion = Biorefinery concept

SHELL BIOREFINERY

Crustacean shells contain three primary chemicals that have many industrial uses. Developing a
sustainable way to refine them could add billions of dollars to the biceconomy.

Product Use

Pharmaceutical, agricultural,
construction and paper industries —
including pigments, fillers, soil
treatments, rubber and plastics.

Nitrogen-rich chemicals for pharma- '.
ceuticals, cosmetics, textiles, water \
treatment, household cleansers, \
soaps, carbon dioxide sequestration.

—— Fractionation —

4 AN

Shell waste

Fertilizers and animal feeds. y

85
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Seafood waste conversion = Biorefinery concept

A step to shell biorefinery—Extraction of astaxanthin-rich oil, protein, chitin,

and chitosan from shrimp processing waste
Biomass Conversion and Biorefinery (IF 2.602 ) Pub Date : 2020-11-02 , DO/ 70.1007/513399-020-01074-5
P. A. Aneesh, R. Anandan, Lekshmi R. G. Kumar, K. K. Ajeeshkumar, K. Ashok Kumar, Suseela Mathew

Pro ein\

Shrimp

waste
v

Chitin &
Chitosan

Astaxanthin
rich oil
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Seafood waste conversion = Biorefinery concept

Crabs Chemical extraction . % Biological extraction

Dilute aqueous HCL solution Decalcification

Deproteination Proteases producing bacteria
Decolorization
v oH o=<}“ H
NH 5
Chitin \77\\%\ .
NH NH
= OH {
° CHy ¢ CH,

Hot concentrated Deacetylation Chitin deacetylase

NaOH solution

(40-50%) i
NH;
Chitosan "o g J HO o,
2 NH, .
OH
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AquaVIP Klaipeda - Innovative Aquaculture Summer School !
Klaipeda University - Klaipeda Science & Technology Park"ﬂ

Blue Biotechnology P1pel1ne ,
From Discovery to Appllcatlon

Tuesday, June 29th 2021

Microalgae & Fish Wastejf

Thank you!!!




