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Diatoms

Diatoms are photoautotropic unicellular brown algae

They are major component of marine phytoplankton

They play major role in biogeochemical cycling of silica

Comprise approximately 40% of total marine primary
production

Responsible for 20% of global carbon fixation

Capacity to accumulate large amount of lipid, which makes
them potential feedstocks for sustainable biofuels and
high-value commodities
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Phaeodactylum tricornutum: a diatom

Availability of genome sequence

Can accumulate large amount of lipid, which makes them
potential source of biofuel and high-value commodities such
as omega fatty acids

Can grow in the absence of silica which simplifies
experimental manipulation and lipid exploitation
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Modes of growth in diatoms

3 modes of growth: Phototrophic, Heterotropic, Mixotrophic

Phototrophic mode

converts the inorganic carbon (CO2) and sunlight energy into
reduced carbon, via photosynthesis

cheap way to produce biomass because only sunlight is used
as an energy source

CO2, an inorganic carbon, fixation through Calvin cycle

often limited by the difficulties in optimizing light penetration,
gas diffusion etc
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Modes of Growth in diatoms

3 modes of growth: Phototrophic, Heterotropic, Mixotrophic

Heterotrophic mode

growth is supported solely on reduced carbon

many diatoms donot support heterotrophic growth with
exception of metabolic engineered strains
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Mixotrophic mode

combination of phototrophic and heterotropic modes

simultaneously using light energy to fix inorganic carbon and
reduced carbon for growth

a lower requirement for optimum light penetration

can make use of cheap and easily available carbon sources,
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Diatoms evolutionary history

Diatoms have notably different evolutionary history from that
of other photosynthetic eukaryotes such as plants and green
algae

They are thought to have arisen from a complex
endosymbiotic event

Heterotroph Phototroph

N1
N2

Plastid Secondary 
Endosymbiosis

N1
Plastid

Heterokonts
(Diatoms)

250 Ma

Consequently, diatoms have a number of unique metabolic
features distinguishing them other photosynthetic eukaryotes.
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Metabolism: Phaeodactylum tricornutum

Metabolism different to that of higer plants and green algae

Calvin cycle enzymes are localised in both plastid and cytosol

Oxidative pentose phosphate (OPP) pathway is located in the
cytosol

Entner-Doudoroff and phosphoketolase pathways, commonly
found in prokaryotes, have been reported in Phaeodactylum
tricornutum.
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Central carbon metabolism of plants
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Central carbon metabolism of diatoms
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Central carbon metabolism of diatoms
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Project: Optimise lipid production in P. tricornutum

Aim: Identify and optimise potential routes of lipid production

Methods: Genome-scale metabolic model (GSM) and growth
experiments

GSM was constructed, curated and validated
FBA (scan analysis) was applied to identify potential routes of
lipid production
GSM results were validated using growth experiments

Results: Enhanced biomass quantity and quality by improved
growth culture of the diatom Phaeodactylum tricornutum

Villanova et al. Boosting Biomass Quantity and Quality by Improved

Mixotrophic Culture of the Diatom Phaeodactylum tricornutum. 2021.

Front. Plant Sci. 12:642199
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Genome-scale metabolic model of P. tricornutum

The GSM consists of 594 reactions and 524 metabolites

There are 4 compartments: Cytosol, Mitochondria,
Chloroplast, Peroxisomes

Model is curated and validated for mass and energy
conservation

Model is free of stoichiometric inconsistencies
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Genome-scale metabolic model of P. tricornutum
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Light Scan Analysis

minimise : |v | minimisation of total flux

subject to


Nv = 0 defines steady state
vi ..j ≥ ti ..j biomass constraint
vATPase = ATPase cell maintenance cost
vCarboxylase + vOxygenase limit on Calvin Cycle
vν = ν photon flux

(1)
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Results: Lipid Production With Light Level
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Results: Lipid Production With Light Level

Cytosolic CO2 Transporter
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Results: Lipid Production With Light Level

Cytosolic CO2 Transporter
Cytosolic HCO3 Transporter
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Results: Lipid Production With Light Level

Cytosolic CO2 Transporter
Cytosolic HCO3 Transporter

Glycollate Excretion
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Results: Lipid Production With Light Level

Cytosolic CO2 Transporter
Cytosolic HCO3 Transporter

Glycollate Excretion
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Results: Glycollate Excretion
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Results: Glycollate recycling and lipid production

X5P

Calvin CycleChloroplast

X5P

RuBP
CO2

O2

Glycollate Glyox

PGA PEP Pyr

GAP PGA

PiPi

Pi Ac-P
CoA

AcCoA

Glyox

GlySer

CO2

NH4

Ac-Ser

Cys

HS

Pi
PEP

OAA

ASP
2KG

GLT

THR AcAld

Acet
NH4

Acet

Lipid

Pi

HCO3

Cytosol

NH4

Fatty Acid
Biosynthesis

Metabolic Modelling Workshop, May, 2022
Genome-scale metabolic model of P. tricornutum
22 / 27



Results: Lipid production supplemented by HCO3
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Results: Metabolic routes for lipid production
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Summary

Lipid production increases with increase in light intensity
and addition of HCO3

What is the effect of glycerol on lipid production? You will
examine it yourself during practical session

Based on these model results, growth conditions were
optimised and scaled-up to 2 L photobioreactors to improve
the lipid production, growth rate and biomass capacity
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Summary

Villanova et al. Boosting Biomass Quantity and Quality by Improved
Mixotrophic Culture of the Diatom Phaeodactylum tricornutum. 2021.
Front. Plant Sci. 12:642199
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