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Le microalghe

S—
Definizione in ficologia applicata riferito alle alghe unicellulari che operano fotosintesi
ossigenicgspesso inclusi anche i Cianobatteri)

Gruppo eterogeneo di organismi

Miversa organizzazione cellulare: Aecologia: acqua salata o acqua dolce
Unicellulari
Coloniali
Filamentosi

Aviobili o immobili (presenza di flagelli) Aampia distribuzione

DIVERSI CAMPI DI APPLICAZIONE




Vantaggi delle microalghe
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w accumulanograndiquantita di oli/ carboidrati o
proteine

w sfruttano energiasolare

LCO: 1 HyO +LUCE —> C Hp O, 604+ b HaW O

w assorbonoCQ C no gasserra
W cresconovelocemente
w non sonostagionali(come lepiante superiori)

w nhon sfruttano terreni coltivabili e acquapotabile .
(no competiziong




Microalgae for industrial applications
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> Groundbreaklng approach for industrial explontatlon of microalgae

‘ ) )| .’. r j ! " \r t:- '

Time




N\C: i
F » ( |
= 'S =y E\a

5 Economic and
Experimental % Kinetic * "% Process feasibi
ZIN f N . .
e, model & simulation :
measures e, | odels s analisys
@%i;e\@j &5 S e
\ ‘r%\;(k\m o / s =" \
X I T
‘p(‘\&@\@/ e e

%557

Tests in real scale
plants
Collaboration
with Italian

Y companies




EAVIFreOnmEnT

A Microalgae for urban/industrialwastewater
treatment

A Microalgae bacteria consortia

A Augmentationapproach speciesspecific
interactions

A Bioremediation: synthetic biology gf

Synechocystisp. for PFAS

removal (Prof.Filippini, UniPD

Enzrgy-C0, cuviure

A Integration of microalgal cultivation and
biogasproduction

A Sequestration of Cgfrom flue gas

A Exploitation of digestate frorFORSU

A Production of lipids

A Production of carbohydrates

Oprimizaiion
of
imicroalgal

GiROWji

A Respirometry for kinetic
parameters determination

AModeling of mixotrophy

Anhibition due to oxygen in close®BR

AMlicrophotobioreactors

Antegration of ASMmodel (with Prof.Ficara

A Production ofSpirulinain PBR(with
Alghitaly)

A Production ofFucoxanthinfrom diatomeae
(with Prof. Tredici UNIFI)

A Production ofpigmentsfrom

cyanobacteria (phycocyanin) POLIM) o _
A Production ofprotein for food and feed ARaceway monitoring (with ProMezzanotte
BICOCCA

Products of inierest Modzling end simulaiion



Microalgal composition

DISSIPATION
PROCESSES

CARBOHYDRATES

Microalgae can accumulate
many compounds of industrial
interest.

The biochemical composition of
microalgaemay depend on:

A Species

A Light intensity

A Nutrient availability

A Growthphase

A Metabolic pathways




Carbohydrates
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CARBOHYDRATES

DISSIPATION

PROCESSES
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The continuougrowth of the populationand the increasing amount of wastewater generated by
human activitiesfrom one side, thevater scarcityand the increasing demand for high quality from
the other, makdreshwater availabilityas one of the greatest future global challenges of our modern
society

Conventional wastewater treatmentsy
although efficient and implemented for a lon
time, are usually rather expensive. One of tha.#®
major issues of current wastewater treatme ft :

processes is related tbe energy consumption
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TOPT r freatment by microalga
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Microalgaeuse CQ and a part of nutrients dissolvedn wastewater (N and P) to grow, releasing
oxygenas byproduct Aerobicbacteriausethis dissolvedoxygento consumeorganicsubstrate The

CQ producedis usedby microalgaefor photosynthesis¢losingthis biologicalcircle

Light
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Micrographs of the scanning electron microscopy of Brevundimonas diminuta.
(Ji et al., 2016)

A Gramnegative,
Caulobatteraceae

A Optimal growth

conditions: pH =7 and

temperature 30-37 AC

Motile

Aquatic

To o

Scanning electron microscope pictures :;j"
of the C. ellipsoidea culture either with Y
Brevundimonas sp (Park et al., 2008) g




Energia elettrica/ calore

--4 —— Makeup di acqua

511 (6], o SO ——

Bicarbonato

Microalghe/cianobatteri—# ?77??

Digestato liquido
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Prof Francesco Filippini
Prof. Elisabetta Bergantino
Prof. Laura Cendron

Molecule Organism Bioprocess
Proteome wide Synechocysis A"i’;:’;ifa/ e:’mJgleJ 1€ thl mJg

—> search for e |
proteome

| degrading enzyme

< | screening Kinetic
_* parameters of
Cloning and . ) Accllmatnon of L Synechocystis
Trascriptomics

3

éspression Synechocystis in
\, T / Follow up synthetic Mass and
\\ T J energy
Biochemical and PFAS balance
: i i 4
structural <> degrading s - l Kinetic
T g Microbiome Acclimation of |
) i parameters of
L characterization y capacity J analysis - conr:zrlnm in __,—1 Braiein

l Adapted
organism or
Cloning in consortium
evoluted
organism

Rational
design

P v -

Process
simulation

Plant design

Protein
engineering

Verification of growth
capabilities in continuous

Improved Microbiome
Enzymes analysis

Metabolomic
analysis
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TOPIC 2: BIOBASED INDUSTRY

-

World population

Global population has been increasing

It isexpected to increase upto>9 billion people by 2050 (and maybe > 11 billion people by
2100)

Food production will have to increase by at least 60%
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Source: United Mations, Department of Economic and Social Affairs, Population Division (2017).
World Population Prospects: The 201 7 Revision. New York: United Nations.

Fertilizers

In 2013-2014 the N fertilizers demand was of 110 Mton /y
Fertilizersdemand isexpected to increase by 1.6% per
year until 2021
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Chemical N fixation
N->+3H> — 2NHj;

The Haber-Bosch process

i High temperatures (700K) and pressures (100-200 atm) ;
o 300 Mt of CO, emissions each year;
i Exploits 2% of global natural gas reserves;

i Hasreached its maximum energy efficiency
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Nitrogenfixationisa
processn
whichnitrogen(N,) in
the atmosphereis
converted

into ammonia(NH;)

!7,

Blue greeralgaebelongingto a generatyanobacteriagenus Nostocor Anabaenaor Tolypothrixor
Aulosirg fix atmosphericnitrogenand areusedasinoculationsfor paddycrop grown.

Anabaenan associatiorwith waterfern Azollg inricefields, canfix over 1kg N hal day?!
(Rasciaand La Rocca, 2013).

Can Nfixing cyanobacteria bexploited for industrial application?







