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Dear Young Algaeneers,

Welcome! Merèba!
On behalf of the Organising Committee, we are delighted to welcome you to the Third Edition of the
Young Algaeneers Symposium. The Young Algaeneers Symposium is an international gathering of young
scientists working in the field of algae research organised by their peers. Previous symposiums have been
highly successful and we hope that the Maltese edition will be just as great.
This edition has attracted a multinational group of scientists from equally diverse disciplines which we
have grouped into three distinct sessions: ‘Cooltivation, bro’ where all aspects of algal cultivation will be
addressed, ‘Algaeneering: from bench to bank’ which will include talks and discussions on fundamental
research approaches and industrially-relevant applications, and ‘Midas Touch: turning waste into green
gold’ where we will cover the use of algae in bioremediation and wastewater treatment.
Thanks to your input, Algal Gap discussions will address the knowledge and research gaps you felt we
currently faced in the field of algal research. The common themes were multidisciplinary approaches to
research, future of cultivation, novel applications of algal biotechnology, and industry-based issues.
A word of thanks to the Young Algaeneers Symposium Advisory Board and all the sponsors who came on
board. Thank you to all those that worked tirelessly to make this edition possible.
Our hopes are that when you leave Malta, you leave with more than just a tan and sand in your shoes –
but a renewed love of algal research and bountiful new ideas!
We hope you enjoy the symposium as much as we enjoyed organising it!

Your Organising Committee
Martina Angeleri
Tiago Guerra
Anna Matuszyńska
Fiona Moejes
Anthony Riseley
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This Edition of YAS was brought to you by two European Initial Training Networks

funded by the People Programme (Marie Curie Actions) of the European Union’s Seventh Framework Programme under the
grant agreement number PITN-GA-2012-316427 and REA grant agreement nr 317184

represented by YAS2016 Crew Members:
Martina Angeleri, University of Turku (Finland)
Tiago Guerra, A4F (Portugal)
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Anthony Riseley, University of Cambridge (United Kingdom)
supported by our ITN Project Managers:
Kristine Groth Kirkensgaard, PHOTO.COMM, University of Copenhagen (Denmark)
Kathrin Müller and Stephanie Spelberg, AccliPhot, Heinrich Heine University of Düsseldorf (Germany)
advised by YAS Scientific Board:
Alison Smith, University of Cambridge (United Kingdom)
Lenny de Jaeger, Wageningen University (The Netherlands)
Dries Vandamme, KU Leuven (Belgium)
Jean-Philippe Steyer, INRA (France)
Dries Vandamme, KU Leuven (Belgium)
Rene Wijffels, Wageningen University (The Netherlands)
Luisa Gouveia, LNEG (Portugal)
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is a Marie Curie Initial Training Network funded by the European Commission. The main research aim of AccliPhot is
to investigate and understand short-term acclimation mechanisms to changes in light conditions in photosynthetic organisms. The AccliPhot network
comprises 14 network partners, including 3 private companies. Together the project forms
a unique combination of expertise in the area of photosynthetic acclimation. A distinctive
feature of AccliPhot is the strong emphasis on interdisciplinarity between experimental
and theoretical scientists, combining basic with industrial research. The aim is to generate
bright, ambitious and well-trained young researchers with multidisciplinary skills in this
field. Therefore the research programme is supplemented by a strong, multidisciplinary
training programme in research skills and complementary transferrable skills. Altogether,
AccliPhot supports 13 Early Stage Researchers and two Experienced Researchers on their
ways to a future scientific career. To learn more please visit us at www.accliphot.eu
www.accliphot.eu.

AccliPhot is funded by the European Union under the Seventh Framework Programme (SP3-People) under the
grant agreement number PITN-GA-2012-316427.

PHOTO.COMM - “Design & Engineering of Photosynthetic Communities for Industrial Cultivation” is an EU-funded collaborative
project on the design of light-driven microbial communities of microalgae or cyanobacteria for sustainable large-scale production of
chemicals, general biomass and eventually fuels. The overall aim of
the PHOTO.COMM research is to improve the sustainability and economic viability of industrial biotechnological products from microalgae
and cyanobacteria. The primary strategic aim of PHOTO.COMM is
to train a new generation of young researchers to meet the formidable
challenges involved in this field. PHOTO.COMM consist of 7 academic partners and 3 industrial partners and have employed 15 fellows
distributed on 13 ESRs (Early Stage Researchers) and 2 ERs (Experienced Researchers).
To learn more please visit us at http://photocomm.ku.dk/
http://photocomm.ku.dk/.

PHOTO.COMM is funded by the People Programme (Marie Curie Actions) of the European Union’s Seventh
Framework Programme FP7/2007-2013/ under REA grant agreement no 317184.
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Useful Information
Welcome to Malta! A Mediterranean island that boasts 300 days of sunshine a year.
Malta is the smallest country belonging to the European Union and consists of three main
islands. We are staying on the biggest one - Malta itself. Be ready to take in thousands
of years of culture, beautiful cities, enchanting nature and delicious food. The average
diurnal temperature for April is around 20◦ C, perfect conditions to speak about algae,
learn more about Maltase culture, explore the main cities or relax on the beach. If you
are planning to stay in Malta longer after the conference or your partner is coming with
you http://www.visitmalta.com/ will provide more information on what is possible to
do on the island.
You should not have any problems finding your way around Malta with one of the two
official languages being English and the Maltese people will be happy to help you. Please
note that Italian is also widely spoken.
Information for Keynote Talk speakers
The allocated time for a Keynote Talk is 15 minutes + 5 minutes for discussion. Speakers
are kindly asked to keep within this allocated time to allow for the smooth running of the
symposium. The chairperson will act as time keeper and if you go over the allocated time,
the question session will be skipped, leaving you without so crucial feedback from your
fellow Algaeneers.
Information for Flash Talk speakers
The Flash Talks are designed to allow as many Algaeneers as possible to pitch their
research. The aim is to give a brief but exciting overview of your work and invite people
to your poster, so please do not forget to put your poster number on the slide you present.
Remember! There is a prize for the most exciting Flash Talk given.
Each Flash Talk session starts after the coffee break and you are asked to come 5 minutes
before the end of the break to the Conference Room and await for the instructions from
the Session Chair.
Information for Poster presentations
Please put up your poster as soon as you have registered. Each poster has been allocated
a number so please find the corresponding posterboard number. Members of the YAS
Crew will provide you the materials required to hang up your poster.
Social event: Valletta GPS Challenge
The GPS Challenge takes you on a magical mystery tour around Malta’s capital city,
Valletta, whilst enabling you to enjoy a fun event with your fellow Algaeneers. Participants
are split in teams and after a briefing by the Challenge co-ordinators you are free to set off
on a quest around Valletta completing a selection of challenges to win points for your team.
Each team uses its Tablet to find its way to different locations. Once in the right spot they
just follow the on-screen instructions and tasks. Only when the GPS verifies that you are in
exactly the right location will you be able to activate the hotspot and attempt the challenge!
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A live scoreboard, penalty points for incorrect answers and exciting timed challenges add
a real-time competitive twist to this game. This will be a great way to get out and about
to experience the historical treasures of Valletta in an interesting and fun way.
A bus will depart from The Dolmen Resort Hotel at 14:00.
Algal Speed Dating and Welcome Dinner
Both events will take place at The Chophouse in Valletta. The Algal Speed Dating session
will be a way to break the ice and get to know your fellow Algaeneers. This will be set up
in the same way traditional speed dating is – introducing yourself to a bunch of strangers
and hope that at the end of the evening you will make some new connections. The Algal
Speed Dating is followed by dinner at The Chophouse on the Valletta harbour.
For those who missed the initial bus to the GPS Challenge, a second mode of transport
has been organised to The Chophouse that leaves The Dolmen Resort Hotel at 17:00.
The YAS program
On Sunday morning we will embark on a 36 hour-long journey of (almost) non-stop algae
fun. Take this opportunity for networking and connect with more and more like-minded
algae-philes! Get your morning energy burst with a lovely breakfast at The Dolmen Resort
Hotel breakfast bar served every day from 07:30 to 10:00. There will be in total 3 Sessions
of presentation: 1) Cooltivation, bro, 2) Alganeering: from bench to the bank and 3)
Midas touch: turning waste into green gold. We selected 12 speakers (4 for each session)
who will present the current hot topics within each session, followed by up to 11 Flash
Talks per session.
The Algal Gap session
This session will allow us to address the gaps in knowledge or research approaches we, as
the future of algae research, believe need to be addressed. The topics are: Multidisciplinary
approach to algal research, Future of cultivation, Novel applications of algal biotechnology,
The business of algae.
Fuelling all Algaeneers: information of food and drink
Throughout the program we have coffee breaks and lunches. The coffee breaks include a
selection of fresh fruits, refreshing drinks, as well as coffee/tea. This is all included in the
conference fee.
Symposium dinner at Tal-Kaptan
The symposium dinner takes place on Sunday 24th of April and will be held at Tal-Kaptan
restaurant. The maritime-themed Tal-Kaptan is located about 700 m from The Dolmen
Resort Hotel and contains a menu filled with a variety of other dishes such as pasta,
salads, grills and homemade desserts, catering for patrons with all taste buds and dietary
requirements.
Dress code
The dress code for the Symposium and Symposium Dinner is smart-casual.
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Currency
On the 1st of January 2008, Malta adopted the Euro as its currency. Exchange offices in
Malta International Airport are open 24 hours. Banks on the island remain open until
early afternoon from Monday to Friday, and until midday on Saturdays. Banks, cash
machines (ATMs) and exchange offices are located throughout the island.
Important numbers
In case of an emergency, please call 112. This number will connect you to the Maltese
police, ambulance service and fire department.
The list of embassies and consulates of foreign countries in Malta can be found on the
website: http://foreignaffairs.gov.mt
http://foreignaffairs.gov.mt.
You can reach the passport office in Malta on +356 2122 2286.
The YAS Crew can be reached on +356 9953 4588.

Remember to follow us on Facebook and Tweeter @yas2016malta for any news!

Disclaimer
In the event of unforeseen circumstances, the organisers of YAS do not accept responsibility
for losses incurred by participants. The information provided in the book of abstracts is
the same as provided by the participants at the moment of abstract submission. Minor
changes might happen for editing purposes. Errors might result from unclear or delayed
submissions. We do not accept any responsibility for the scientific content nor for report
errors. The program is correct at the time of publishing and may change.
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Scientific Programme

Saturday, 23th April 2016
13:00 – 14:00

Early registration - for all excited algaeneers who wish to explore Malta with us.

14:00 – 17:00

Valletta GPS Challenge
We will all depart at 14:00 from the Dolmen Resort and stay in the capital city untill
late evening.
Registration – for all the busy algaeneers who could not make it earlier.
Second transport to Valetta leaves from Dolmen at 17:00.
Speed dating amongst the algal suspects
Networking session to get to know each other @ The Chophouse.
Be prepared for a lot of fun!
Dinner and drinks @ The Chophouse, Valletta

14:00 – 17:00
17:15 – 19:00

19:00 – late
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Sunday, 24th April 2016
08:15 – 09:00

Last-minute Registration

09:00 – 09:10

Opening Session by Fiona Moejes

Session I: Cooltivation, bro
Chaired by: Anthony Riseley, University of Cambridge (United Kingdom)
09:10 – 09:20

Introduction by Anthony Riseley

Keynote Talks 15 min talks + 5 min questions
09:20 – 09:40

Continuous pressure of selection to improve temperature response of Tisochrysis Lutea
Hubert Bonnefond, Inria (France)

09:40 – 10:00

Scalability of microalgal cultivation
Bojan Tamburic, University of Technology Sydney (Australia)

10:00 – 10:20

Metaproteomics provide insight into algal-bacterial interactions
David Russo, University of Sheffield (United Kingdom)

10:20 – 10:40

Understanding biofouling on different materials surfaces used for microalgae photo-bioreactors
José Vicente Reinoso Moreno, University of Almería (Spain)

10:40 – 11:10

Coffee break

Spotlight Algaeneer 5 min poster teaser talks
11:10 – 12:00

Harvesting of microalgae by means of flocculation
Dries Vandamme, KU Leuven (Belgium)
Characterisation and optimisation of mixotrophic growth in Phaeodactylum tricornutum
Valeria Villanova, Fermentalg (France)
Turbidostat operation in outdoor photobioreactors
Jeroen de Vree, Wageningen University (The Netherlands)
Influence of different light intensities on the growth of Chlorella sorokiniana in flat panel
airlift reactors
Claudia Holdmann, University of Stuttgart (Germany)
Forward genetics toward the light-use efficiency improvement of Nannochloropsis gaditana
Giorgio Perin, University of Padova (Italy)
A comparison of metagenomic tools based on 16S Synechocystis 6803 amplicon sequencing data
Witold Januszewski, ALU Freiburg (Germany)
Model-based approach to optimize nutrient and carbon supply in macroalgae cultivation
Tonia Schmitz, Bauhaus University Weimar (Germany)
Dynamics of the bacterial community associated with Phaeodactylum tricornutum cultures
Fiona Moejes, Daithi O’Murchu Marine Research Station (Ireland)
Microbial consortia: a way forward for the commercialisation of microalgae for industrial
biotechnology?
Christian Ridley, University of Cambridge (United Kingdom)
Microalgae are Friendly Creatures: A description of the microbial diversity present in the
green microalgae Botryococcus braunii
Joao Gouveia, Wageningen University (The Netherlands)

12:00 – 13:30

Lunch Break
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Session II: Alganeering: from bench to bank
Chaired by: Anna Matuszyńska
13:30 – 13:40

Introduction by Anna Matuszyńska

Keynote Talks 15 min talks + 5 min questions
13:40 – 14:00

Recent progress in metabolic modelling of microalgae: the new generation of metabolic simulators
Caroline Baroukh, INRA UR0050, LBE (France)

14:00 – 14:20

Improvement of carotenoids extraction process from several microalgae species
Javier Camacho Rodríguez, University of Almería (Spain)

14:20 – 14:40

Endolysin production in Chlamydomonas reinhardtii at pilot scale
Laura Stoffels, University College London (United Kingdom)

14:40 – 15:00

Potential of biodiesel production from native Finnish microalgae strains
Anita Isabel Santana Sanchez, University of Turku (Finland)

15:00 – 15:10

Algal gaps: Future challenges and prospects: find your topic.

15:10 – 15:40

Coffee break

Spotlight Algaeneer 5 min poster teaser talks
15:40 – 16:25

Dynamic flux balance modeling to increase the production of high-value compounds in
green microalgae
Robert J. Flassig, MPI Magdeburg (Germany)
Doubling Hydrogen production by knocking down an isoflavone reductase-like protein in
Chlamydomonas reinhardtii
Deepak Venkanna, Algae Biotechnology and Bioenergy, University Bielefeld (Germany)
Optimizing the production of high-value products in Porphyridium purpureum
Josef Taucher, FAU Erlangen-Nuremberg, Germany (Germany)
Developing a system for the production of marker-less transformants of Synechocystis sp.
PCC 6803
Yuen Tin Lui, University College London (United Kingdom)
Deletion of metabolic electron sinks in Synechocystis enhances biophotovoltaic power output
Toby Call, Cambridge University (United Kingdom)
A systems biology approach to study fatty acid biosynthesis and TAG formation in
microalgae
Elahe Radmaneshfar, University of Aberdeen (United Kingdom)
Investigating lipid production in a genome scale metabolic model of Phaeodactylum
tricornutum
Dipali Singh, Oxford Brookes University (United Kingdom)
Synthesis of antibacterial proteins against Gram-negative bacteria in the green alga
Chlamydomonas reinhardtii
Juliana da Costa Ramos, University College London (United Kingdom)
Microalgae breeding: sorting cells with increased TAG productivity
Iago Teles D. Cabanelas, Wageningen University (The Netherlands)
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Algal Gaps – Future Challenges and Prospects
Chaired by: Dr Tiago Guerra
16:25 – 17:30

Algal Gaps: Future challenges and prospects: discussion in parallel groups.
(A) Multidisciplinary approach: are theoretical models reflective of reality?
mentored by Dr Antonella Succurro
Hot topics: Are theoretical models reflective of reality? What is the current state of
bioinformatics approaches in algal research? How well are we utilising and analysing big
data?
(B) Future of cultivation
mentored by Gergana Kostova
Hot topics: What is the potential of anaerobic digestion of algae? What causes biogas
production inhibition when using algae as the substrate? Can we design cell wall-less
mutants? How far can be push the modification of active ingredients? Any improvements
in DIY cultivation-harvesting methods?
(C) Novel applications
mentored by Witold Januszewski
Hot topics: To what extent could algal biotechnology aid in international development
approaches? Is there any advancement in the use of algae as a biofilter? Are we aware of
any novel valuable products from algae? Is the use of algae as bioindicators being utilised
to its full potential?
(D) Maintaining positive client-investor relationship
mentored by Dr Tiago Guerra
Hot topics: What is the current state of biofuel production from microalgae? Can
promises meet industrial expectations? How much can we, as algaeneers, promise potential
investors? How can expertise from academia and laboratory-scale be more effectively
translated into efficient algal companies and upscaling projects? Does legislation hinder
the full potential of algal products?

17:30 – 19:00

20:00 – late

Poster Session I with drinks
Your chance to ask questions to the Spotlight Algaeneers
Official Conference Dinner @ Tal Kaptan
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Monday, 25th April 2016
Session III: Midas touch: turning waste into green gold
Chaired by: Fiona Moejes
09:00 – 09:10

Introduction by Fiona Moejes

Keynote Talks 15 min talks + 5 min questions
09:10 - 09:30

Thermodynamic studies and selectivity of biosorption of neodymium and europium by
selected photoautotrophic species
Marcus Heilmann, Friedrich-Alexander-University (Germany)

09:30 - 09:50

Microalgae cultivated on flue gas and waste heat from a Swedish pulp and paper mill to
prove feasibility for sustainable biomass and oil production – A pilot case study
Mathias Bark, SP Technical Research Institute of Sweden (Sweden)

09:50 - 10:10

Microalgae for phosphorus recovery from wastewater effluents: going to pilot
Philippe Mozzanega, University of Bath (United Kingdom)

10:10 - 10:30

Are cyanobacteria comparable to microalgae biomass in terms of wastewater treatment
and biogas production?
Lara Méndez, IMDEA Energy Institute (Spain)

10:30 – 11:00

Coffee break

Spotlight Algaeneer 5 min poster teaser talks
11:00 – 11:25

Effects of nitrogen availability on Si uptake and organic biomass composition of marine
diatom: Cylindrotheca fusiformis as resource for biocement production
Yuzhu Wei, Wageningen University (The Netherlands)
Valorization of the aqueous phase from hydrothermally treated remnant biomass of
Dunaliella salina
Kristin Pirwitz, MPI Magdeburg (Germany)
Co-digestion of microalgae and activated sludge following a novel bioflocculation method
Dorottya Sarolta Wágner, Technical University of Denmark (Denmark)
Cultivation of wastewater-borne cyanobacteria in a tertiary wastewater treatment system
for bioplastics production
Dulce Maria Arias Lizarraga, Univeritat Politecnica de Catalunya (Spain)
Hydrothermal liquefaction of Nannochloropsis microalgae under sub-critical condition
using different solvents
Martín Pablo Caporgno, Universitat Rovira i Virgili (Spain)

11:30 – 12:30

Poster Session II
Your chance to ask questions to the Spotlight Algaeneers

12:30 – 13:30

Lunch Break

Algal Gaps – Future Challenges and Prospects
Chaired by: Dr Tiago Guerra

15:00 – 15:30

Presentations and discussions
Each group presents the results of each parallel group and general discussion of the
outcomes among all algaeneers.
Coffee break

15:30 – 16:00

Symposium Summary: wrap up and conclusions

16:00 – 16:30

Closing ceremony

13:30 – 15:00

Keynote Talk
Abstracts
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Cooltivation, bro

Continuous pressure of selection to improve temperature response
of Tisochrysis Lutea
presented by Hubert Bonnefond
H. BONNEFOND1 , G. GRIMAUD2 , J. RUMIN3 , E. PRUVOST1 , O. BERNARD O2 AND A.SCIANDRA1
CNRS-UMPC, France; 2 INRIA BIOCORE, France; 3 IFREMER, France

1

Strains used to biofuel production are too often wild type with poor industrial performances. Like in
the agricultural field, the need to obtain selected strains, more productive, is critic. More specifically, in
outdoor production, microalgae have to cope with high amplitude temperature fluctuations especially
in photobioreactors or greenhouses. As a consequence, an important loss of productivity was observed
coupled with high cooling/heating costs at the day and/or year scale. The static response of microalgae
to temperature can be predicted by a model involving three cardinal temperatures: Tmin, Tmax and
Topt, corresponding respectively to the temperature below and beyond which the algae do not grow,
and the optimum growth temperature [1]. The modification of these cardinal temperatures, to obtain a
new adapted strain with a broader thermal niche (Tmax - Tmin) seems an interesting way to increase
productivity. The continuous pressure of selection is based on the exclusion principle in a continuous
reactor [2]. The theoretical outcome of the competition, when nutrients are not limiting is simple: the
individuals which have the highest average growth rate, in stressing conditions, win the competition and
stay in the reactor. The new idea was to implement this principle, with a daily temperature fluctuation
increasing weekly, as forcing parameter to select individuals with modified cardinal temperatures. The
Tisochrisis lutea strain was grown over 260 days to improve its thermal performances. At the end, the
temperature responses of the different strains before and after the selection process were compared. Higher
thermal niche (+20%) and DHA production (+100%) were obtained, whereas the key wild type properties
(growth rate, lipid content) were conserved.

References
[1] Bernard, O. and Rémond, B. (2012) Bioresour. Technol. 123, 520–7. doi:10.1016/j.biortech.2012.07.022.
[2] Masci, P., Bernard, O. and Grognard, F. (2008) Proc. of the IFAC conference, doi:10.3182/200807065-KR-1001.3265.
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Scalability of microalgal cultivation
presented by Bojan Tamburic
B. TAMBURIC, O. VRONSKA, C.R. EVENHUIS, A. TANINEC AND P.J. RALPH
University of Technology Sydney, Australia
Algal researchers face a common problem – laboratory results tend to be a poor predictor of algal
performance in large outdoor systems. Many of the processes studied at small scale become irrelevant or
insignificant at large scale. Consider for example the recent drive to increase lipid yield of algal cells; this
has little value unless it increases long-term lipid productivity. Different considerations, such as managing
evaporation and harvesting algae, become increasingly important. In order to make laboratory studies
more powerful and informative, we need to do a better job of controlling for differences in cultivation
conditions. For example, we know that light and temperature are influenced by location, season, time of
day, and reactor geometry. We therefore set up our laboratory photobioreactors (PBRs) with top-side
illumination and 20-30 cm path length to mimic the vertical cross-section of an algal pond. Incident
irradiance and water temperature are measured in our outdoor raceway pond, then programmed into our
PBRs. Next, we must consider carbon dioxide availability, which is governed by mass transfer between
the algal culture and its surroundings. Carbon availability can be adjusted by changing either the partial
pressure of delivered carbon dioxide or the surface area available for mass transfer. We set up our raceway
pond and our PBRs with identical mass transfer rates, then provide equal concentrations of nitrogen,
phosphorus and other dissolved nutrients. Our results demonstrate that algal growth rates are consistent
at PBR and raceway scales once all of these abiotic controls have been put in place.

References
[1] Tamburic, B. et al. (2015) ChemSusChem, 8(16), 2727–2736.
[2] Tamburic, B. et al. (2014) PLoS ONE, 9, e86047.
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Cooltivation, bro

Metaproteomics provide insight into algal-bacterial interactions
presented by David A. Russo
D.A. RUSSO, N. COUTO, A. BECKERMAN AND J. PANDHAL
University of Sheffield, United Kingdom
The concept of microalgae as a biomanufacturing platform has rapidly expanded in the last decade.
Current algal cultivation systems utilise uni-algal populations and are prone to contamination and sudden
crashes. Therefore, cultivation practices have to be improved. One approach is to harness the extensive
ecological knowledge of microbial systems and apply this to algal cultivation. Thus, utilising ecological
principles to study natural communities that thrive under similar conditions as those used in industrial
cultivation can provide valuable insight. Here, we applied a metaproteomic approach to investigate the
interactions between algal and bacterial communities, over time, in freshwater microcosms. 1048 proteins
were identified and quantified by their exponentially modified protein abundance index. Bacteroidetes
express extracellular hydrolases and Ton-B dependent receptors to degrade and transport high molecular
weight compounds captured while attached to the phycosphere. Alpha- and Beta-proteobacteria were
found to utilise different substrates from algal exudate (carbohydrates and amino acids, respectively)
suggesting resource partitioning to avoid direct competition. This study provides insight into freshwater algal-bacterial interactions and creates new avenues of research for the improvement of algal cultivation.

References
[1] Smith, V.H., and Mcbride, R.C. (2015) J. Plankton Res. 37, 671-682. doi:10.1093/plankt/fbv053.
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Understanding biofouling on different material surfaces used for
microalgae photo-bioreactors
presented by José Vicente Reinoso Moreno
J.V. REINOSO MORENO 1 , O. ZERIUOH, F. GARCÍA CAMACHO, L. LÓPEZ ROSALES, M DEL
CARMEN CERÓN GARCÍA, A. MIRÓN SÁNCHEZ, AND E. MOLINA GRIMA
1
University of Almería, Spain
Optimization of microalgae culture systems is mandatory to overcome its application for commercial
purposes. Mitigation of biofouling development on partial or semi- partial closed photo- bioreactors is
one necessary improvement. Biofouling on this systems leads to a decrease in their efficiency, because
it limits the light amount reaching their inner parts, and it can increase the contamination risk. The
presented work is a study about how microalgae from a given species (Nanocloropsis gaditana) develop
biofouling on different surface material usually employed for microalgae reactors (several glasses and
polyethylene samples). Aiming to extend the information usually taken from other related research works,
which have been focused on short time periods[1], at the present work, assays were held for longer time
periods, fact which allowed to note changes on biofouling development rate which could be explained from
a subsequent surface properties evolution. The different material tested, also exhibited different adhesion
properties. XDLVO (Extended Derjaguin, Landau, Verwey and Overbeek)[2] model was selected, between
different theoretical models, and applied in order to calculate the adhesion energy between cells and the
considered substrate. This XDLVO model was successfully employed to simulate the differences seen concerning the biofouling formation rate between the several materials tested and how this rate evolves in time.

References
[1] Ozkan, A. (2013) Colloids and Surfaces B: Biointerfaces, Vol 112; p 302- 309.
[2] Chisti, Y. (2007) Biotechnolology advances; Vol 25; p 294.
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Algaeneering: from bench to bank

Recent progress in metabolic modelling of microalgae: the new
generation of metabolic simulators
presented by Caroline Baroukh
C. BAROUKH1 AND O. BERNARD2
INRA, France; 2 INRIA-BIOCORE, France

1

Microalgae and cyanobacteria production yields are low and need to be optimized in order to obtain
environmental-friendly and low-cost bioprocesses. Integrating the metabolic knowledge into mathematical
models could pave the way to this optimization, by helping to understand how microalgae grow and
produce molecules of interest, by predicting their behavior in several environmental conditions, by optimizing their growth performance and by controlling culture systems. Most of the molecules of interest
from microalgae and cyanobacteria are intracellular molecules. Metabolic modelling could thus reveal
particularly interesting to help understand their synthesis steps and optimize their production. However,
when grown autotrophically or mixotrophically, these microorganisms do not have a direct coupling
between carbon and energy, unlike classically used heterotrophic organisms such as yeast. In addition, light
is highly fluctuating, whether due to mixing inducing a flashing effect or day/night cycles if grown outside.
The energy source for microalgae and cyanobacteria thus undergoes fast dynamics. As a consequence
classical metabolic modeling tools are often inadequate, and need to be adapted. Here, we present the
new generation of metabolic simulators. In particular, we discuss a recent metabolic framework that
relaxes in a mild way the quasi-steady-state [1] assumption to obtain small complexity models that can
predict the dynamics of both the macroscopic and the intracellular scale of the bioprocess. We also
present an adaptation of an existing framework (dynamic Flux Balance Analysis) to take into account the
particularities of phototrophic microorganisms. Both frameworks will be illustrated with examples on
different microalgae and growth conditions. Finally, information gained on microalgae metabolism will be
emphasized in order to highlight the strength of metabolic modeling for microalgal biotechnologies.

References
[1] Baroukh, C. et al. (2014) PLoS One 9, e104499.
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Improvement of carotenoids extraction process from several microalgae species
presented by Javier Camacho Rodríguez
J. CAMACHO-RODRÍGUEZ1 , C.V. GONZÁLEZ-LÓPEZ, M.C. CERÓN-GARCÍA, L. LÓPEZ-ROSALES
AND E. MOLINA-GRIMA
1
IMDEA Energy Institute, Madrid, Spain
Microalgae are an interesting source of natural pigments, whose use is becoming more diverse and demanded.
Carotenoids have demonstrated antioxidant, anticancer and immunomodulation activities. Currently, the
market of functional foods based on microalgae is growing up due to their potential possibilities. For
that reason, carotenoids extraction is a process which must be optimized with the aim of reaching a
high recovery, in conjunction with avoiding their degradation. In the present work, several microalgae
(Eustigmatophyceae, Chlorophyceae, Prymnesiophyceae, Prasinophyceae and Dinophyceae) have been used
for optimizing their carotenoids extraction based on an alkaline saponification. In this process both the
temperature and the KOH concentration have been evaluated using freeze-dried biomass, previous cell disruption, and a monophase tricomponent solution composed of ethanol-hexane-water. Data showed that the
optimal extraction conditions varied depending on the microalga and the pigment. Thus, Nannochloropsis
sp. and Chlorella sp. required a temperature of 60 o C, while for Isochrysis galbana, Scenedesmus almeriensis, Tetraselmis suecica, Karlodinium veneficum, Haematococcus pluvialis and Protoceratium reticulatum
temperatures below 40 o C were established for the optimal carotenoids extraction. On the other hand, the
KOH concentration has a high impact on certain xanthophylls, since fucoxanthin and vaucheriaxanthin
ester are completely degraded above 10% and 20% KOH (g KOH/100 g biomass), respectively, while
vaucheriaxanthin drops a 75% its content when using above 20% KOH. Furthermore, according to the
data achieved, we can conclude that establishing a general method for every microalga is not possible in
such a way that pigments extraction has a different behavior depending on the strain and the pigment type.
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Endolysin production in Chlamydomonas reinhardtii at pilot scale
presented by Laura Stoffels
L. STOFFELS, B. PARKER AND S. PURTON
University College London, United Kingdom
Microalgae represent a promising biotechnology platform for the light-driven synthesis of therapeutic
proteins such as vaccines and antimicrobials. In the last years >50 such proteins have been made in
microalgae, mostly in the chloroplast of Chlamydomonas reinhardtii [1]. Although the work has highlighted
the potential of this benign and potentially low-cost host, very few studies have gone on from lab-scale
production to investigate the biological and technical issues of scale-up. A pilot scale study of the
cultivation and downstream processing in combination with an analysis of the costs of production in C.
reinhardtii is essential in order to evaluate the feasibility and competitiveness of this alga as an expression
platform. The Purton group is currently working on the production of novel, protein-based antibiotics in
the C. reinhardtii chloroplast. The emergence of antibiotic resistance amongst bacterial pathogens is a
major cause for concern, and there is a pressing need to develop new classes of antimicrobials. We are
focusing on endolysins – enzymes produced in bacteriophage-infected bacteria which lyse the bacterial
cell wall [2]. In this ongoing study we are using a Streptococcus pneumoniae-specific endolysin as a
model to investigate the production of a recombinant protein in C. reinhardtii at pilot scale. We have
established the cultivation of C. reinhardtii in a 100-litre hanging bag system. Furthermore, we are
working on the development and evaluation of pilot-scale methods for cell harvesting, endolysin extraction
and purification. The results will be used for a production cost modeling to evaluate the commercial
potential of the microalgal expression platform.

References
[1] Rasala, B.A. and Mayfield, S.P. (2015) Photosynth. Res. 123, 227–239.
[2] Schmelcher, M., Donovan, D.M. and Loessner, M.J. (2012) Future Microbiol. 7, 1147–1171.
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Potential of biodiesel production from native Finnish microalgae
strains
presented by Anita Santana Sanchez
A.S. SANCHEZ, F. LYNCH, E. ARO AND Y. ALLAHVERDIYEVA
University of Turku, Finland
The imminent depletion of fossil fuels and their significant contribution to environmental pollution have
increased the need for new alternatives which are clean, sustainable and renewable [1]. Microalgae
(cyanobacteria and green algae) have been proposed as a promising biodiesel feedstock, predicted to
outperform traditional energy crops on an area basis [2]. An exceptional adaptability to changes in
environmental conditions may be an advantage towards a more efficient and inexpensive production of
biodiesel. Drastic seasonal variations in temperature and daylight availability are characteristic for Nordic
climates. The screening of Nordic native microalgae strains to find well-adapted organisms may reduce
the energy input in the cultivation process. We have assessed eight native Finnish microalgae strains,
using synthetic wastewater as a low-cost nutrient source, for their lipid characteristics. A one-step in
situ transesterification method was employed to maximize the coverage of lipids detected in the whole
microalgal biomass. These lipids were converted to Fatty Acid Methyl Esters (FAME) and identified by
GC/MS analysis. The native Finnish green alga UHCC0027 stood out as the best candidate for application
as a biodiesel feedstock, having highest neutral lipid content and promising fatty acid composition (C16:0,
15.3%; C18:1, 17.5%; C18:2, 10.5%; C18:3, 17%).

References
[1] Witcover, J., Yeh, S., and Sperling, D. (2013) Energy Policy, 56, 63-74.
[2] Mata, T. M., Martins, A. A., and Caetano, N. S. (2010) Renew Sust Energ Rev, 14(1), 217-232.
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Thermodynamic studies and selectivity of biosorption of neodymium
and europium by selected photoautotrophic species
presented by Marcus Heilmann
M. HEILMANN1 , R. BUCHHOLZ AND A.M. BECKER
Friedrich-Alexander-University, Germany

1

In a search for alternative methods for the isolation of rare earth elements (REEs) from highly diluted
solutions, the possibility of preconcentration such elements on biomass of mainly photoautotrophic species,
was investigated in this study. A screening of 33 biological species, consisting of 29 microalgae, one
yeast species, one diatom, one moss and the exoskeleton of a coccolithophore was performed in regard to
their biosorption of neodymium (Nd) and europium (Eu) on the lyophilized biomass. Maximum sorption
capacity (qm) was determined after incubation with Nd3+ /Eu3+ -solution for 3 h at room temperature,
centrifugation, removal of the biomass and quantification of the remaining REE-ions in the supernatant via
a spectrophotometric assay. The obtained qm values ranged from 0.05 mmol Nd*g−1 (Nostoc commune) up
to 0.75 mmol Nd*g−1 (Physcomitrella patens) and from not detectable Eu amounts (e.g. Chlamydomonas
reinhardtii, Chlorella kessleri, Chlorella sorokiniana) up to 0.48 mmol Eu*g-1 (P. patens). Adjusting
the pH-values to pH of 1 lead to increased qm values up to 2.0 mmol Nd*g−1 (P. patens). Adsorption
isotherms registered for P. patens and Calothrix brevissima showed very effective Sorption even at very
low Nd-concentrations. Based on titration studies the proton exchange capacity was found to be 0.39
mmol*g−1 for C. reinhardtii and 0.44 mmol*g−1 for P. patens leading to the conclusion that proton
exchange is one of the most important but not only important mechanism of the biosorption. In Addition,
pKa values for various species were determined via titration studies. Moreover, a selective sorption
behavior towards Nd and Eu in presence of Ni was identified for P. patens.
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Microalgae cultivated on flue gas and waste heat from a Swedish
pulp and paper mill to prove feasibility for sustainable biomass
and oil production – A pilot case study
presented by Mathias Bark
M. BARK1,2 , N. STRÖMBERG1 , J. ENGELBREKTSSON1 , C. KARLSSON3 , D. NIYITEGEKA3 , E.
ALBERS2 AND S. EKENDAHL1
1
SP Technical Research Institute of Sweden, Sweden; 2 Chalmers University of Technology, Sweden; 3 Nordic
Paper Bäckhammar, Sweden.
The forest industry represents 9-12% of the Swedish national turnover from industry, and the largest part
is the pulp and paper sector [1], which today struggles with low profitability. The mills emit CO2-rich flue
gas (mainly non-fossil) and can potentially work as carbon source to produce algae biomass and oil. Such
bulk production of oil faces challenges such as finding profitable product areas and minimizing material
and energy costs for cultivation systems [2]. Moreover, combustion plants release around 142 different
compounds [3] with uncertain effects on algae and, hence, pilot-case studies are needed. This three-year
case study investigated the possibility of using waste from Nordic Paper Bäckhammar (Sweden) to provide
carbon and heat for seasonal cultivation of freshwater microalgae on-site in semi-closed pond systems
(low cost and energy consumption). A strain of Scenedesmus dimorphus and locally isolated species were
inoculated in separate ponds. Flue gas was transferred from the soda-boiler to the cultivations with
automated CO2-supply. Low-value waste heat from the process-water treatment plant was integrated
beneath the construction to extend the cultivation season. NPK fertilizers provided nutrients. The biomass
production capacity and its oil content were evaluated. A total harvest of 26 kg dry algae biomass was
obtained and consisted of multi-species communities. Despite contaminations, photosynthetic efficiencies
around 1% were obtained with 20-25% lipid content. Hence, flue gas can provide carbon for large-scale
cultivations of microalgae. We suggest that indigenous algae mixtures should be used in this system,
instead of slow-growing monocultures acquired from culture collections.

References
[1] Lundberg, C. and Mellquist, L. (2015) Grafiska Punkten: Växjö.
[2] Lam, M.K. and Lee, K.T. (2012) Biotechnol Adv, 30(3): p. 673-90.
[3] Van Den Hende, S., Vervaeren, H. and Boon, N. (2012) Biotechnol Adv, 30(6): p. 1405-24.
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Microalgae for phosphorus recovery from wastewater effluents:
going to pilot
presented by Philippe Mozzanega
P. MOZZANEGA1 , T.C. ARNOT1 AND R.J. SCOTT1
University of Bath, United Kingdom; 2 Wessex Water Ltd

1

Water utilities are under constant legislative pressure to reduce and re-capture the nutrients in the effluents
it releases, with a particular focus on phosphorus, whilst also reducing their energy consumption. In
the UK, over 11 bn litres (3 bn gal.) of wastewater are generated, collected and treated daily, and the
European Union wastewater directive (EUWWD) dictates nutrient discharge limits (consent) in effluent
WW, making nutrient recovery paramount for a sustainable treatment process. Microalgae have long been
reported as efficient in removing nutrients from wastewater effluents. Here, we took an integrated approach
whereby bio-prospecting at local wastewater treatment works allowed to identify robust microalgae strains.
Using real wastewater (secondary effluent), these strains were tested (under laboratory batch conditions)
for their nutrient removal performance, and the kinetic data extracted. A mathematical model able
to explain biomass growth and nutrient capture was developed (modified Monod). These microalgae
strains were assessed for water:solids separation (passive harvesting by settling). The best performing
strain(s) were taken forward and their performance further evaluated under various seasonal conditions
(i.e. 4 UK seasons) in an environmental modelling photobioreactor (Algemr ). A first scale-up step was
undertaken by taking these strains into 500 L raceway ponds, under semi-continuous conditions (up to
5 days hydraulic retention time), where we achieve consistently over 80% TP-capture in the polished
effluent. Routes for biomass valorisation (AD, HTL, fertilizer) were also explored. Finally, a larger 25m3
(6,600 gal.) pilot HRAP–the larger such microalgae system in the UK- has been developed at a local
WWTW in partnership with the local water utility company to test our best performer strain(s) at scale,
and is currently running.
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Are cyanobacteria comparable to microalgae biomass in terms of
wastewater treatment and biogas production?
presented by Lara Méndez
L. MÉNDEZ1 , E. TOMÁS-PEJÓ1 , M. BALLESTEROS1,2 AND C. GONZÁLEZ-FERNÁNDEZ1
IMDEA Energy, Spain; 2 CIEMAT, Spain

1

The ability of microalgae to effectively remove nutrients from wastewater provides an alternative cost
effective approach to wastewater treatment. Integrating wastewater treatment, algal biomass production
and valorization via anaerobic digestion has the potential to increase the economic feasibility of the
microalgae based bioprocess. Although until now, research has mainly focused on microalgae, cyanobacteria can overcome the low digestibility frequently reported on microalgae due to their differences in cell
wall characteristics. In this sense, batch anaerobic assays revealed that some cyanobacterial strains can
support 1.3-1.8-fold higher methane yield than common microalgae strains (Chlorella vulgaris [1]). On
the other hand, cyanobacterial growth has been pointed out to be lower than microalgae in synthetic
media [2]. In the context of wastewater treatment, there is a lack of data comparing cyanobacteria and
microalgae. For this purpose, the aim of this study was to compare the growth of C. vulgaris (microalgae),
Aphanizomenon ovalisporum and Anabaena planctonica (cyanobacteria) in urban wastewater at different
temperatures (22, 27 and 32o C) in order to asses biomass production, nutrient removal and methane yield.
Results showed that maximum cyanobacterial growth was attained at 22o C while C. vulgaris did not show
remarkable differences among temperatures. For all the microorganisms, ammonium removal was higher
than phosphate. In terms of biomass valorisation via anaerobic degradation, C. vulgaris showed 184.8 mL
CH4 g COD in-1 while cyanobacteria resulted in 1.2-1.4-fold enhancement. Overall, the results showed
that cyanobacteria growth rates could be comparable to microalgae while presenting the additional benefit
of an increased anaerobic digestibility.

References
[1] Mendez, L. et al. (2015) Energy Convers. Manag. 92, 137–142.
[2] Lürling, M. et al. (2013) Freshw. Biol. 58, 552–559.
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Harvesting of microalgae by means of flocculation
presented by Dries Vandamme
poster nr [1]
D. VANDAMME, I. FOUBERT AND K. MUYLAERT
KU Leuven University, Belgium
The large-scale production of microalgae for biofuels is still facing several major challenges to become
competitive with other forms of renewable and non-renewable energy. A major challenge is harvesting,
which requires the separation of a low amount of biomass consisting of small individual cells from a large
volume of culture medium. Flocculation is seen as a promising low-cost harvesting method for microalgae
biomass. The advantages and challenges of flocculation, such as interference of organic matter, will be
highlighted for several methods including metal coagulants, biopolymers, electrocoagulation, cellulose
nanocrystals and alkaline flocculation. Novel approaches and recent advances will be overviewed and
discussed in the framework of efficiency, impact on up and downstream processes including medium
recycling and toxicity.

References
[1] Vandamme, D. et al. (2016) Water Research. 88, 301–307.
[2] Eyley, S. et al. (2015) Nanoscale 7, 14413–14421.
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Characterisation and optimisation of mixotrophic growth in Phaeodactylum tricornutum.
presented by Valeria Villlanova
poster nr [2]
V. VILLLANOVA1 , A.E. FORTUNATO2 , M. CONTE3 , T. OBATA4 , D. SINGH5 , A. FALCIATORE2 , E.
MARECHAL3 , A. FERNIE4 , M. POOLMAN5 , J. PAGLIARDINI1 , A. LE MONNIER1 , G. FINAZZI3 ,
D. PETROUTSOUS3
1
Fermentalg SA, France; 2 Sorbonne Universités, UPMC, France; 3 CNRS, CEA Grenoble, France; 4 Max
Planck Institut für Molekulare Pflanzenphysiologie, Germany; 5 Oxford Brookes University, United Kingdom
Diatoms are photosynthetic organisms with a strong influence on the global biogeochemistry. Among
diatoms, the pennate Phaeodactylum tricornutum is considered a potential candidate for biotech applications, via TAGs production for biofuel. However, under strict phototrophic regime, its productivity is not
compatible with industrial standards. On the other hand, while P. tricornutum is not an heterotroph,
it can use a carbon source in the light via mixotrophy. The simultaneous use of photosynthesis and
respiration largely increases biomass productivity and reduce the energy cost for its industrial exploitation.
Previous works have shown that Phaeodactylum is capable to grow in mixotrophy in presence of different
carbon sources such as glycerol, acetate, glucose and fructose. So far, glycerol is the best candidate for
enhancing biomass and lipid productivity. However, there are little information of how the glycerol is used
by this alga. During my PhD I have studied the glycerol metabolism and the mechanisms of mixotrophy
combining metabolomic, transcriptomic, lipidomic and physiology approaches. All together, these analyses
have elucidated the main pathway used by the glycerol to support growth and lipid production. Moreover,
the development of a new growth medium have largely improved both uptake of inorganic (HCO3) and
organic (glycerol) carbon to boost productivity. In these optimized conditions, mixotrophic cells increased
the biomass concentration of about 78% comparing to phototrophic control.
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Turbidostat operation in outdoor photobioreactors
presented by Jeroen de Vree
poster nr [3]
J. H. DE VREE1 , R. BOSMA1 , H.J.J. WIEGGERS1 , S. GEGIC1 , M. JANSSEN1 , M.J. BARBOSA1
AND R.H. WIJFFELS1,2
1
Wageningen University, The Netherlands; 2 Nordland University, Norway
The effect of biomass concentrations on the average areal productivity and average photosynthetic efficiency
of Nannochloropsis sp. CCAP211/78 was studied in outdoor pilot-scale photobioreactors; open raceway
pond, horizontal tubular and vertically stacked horizontal tubular. Highest areal productivities for all
systems were obtained on days with high photon flux density, while highest photosynthetic efficiencies
were obtained on days with low photon flux density. In the tubular photobioreactors no effect of biomass
concentration on areal productivity was observed, resulting in the following average areal productivities; ±8
g m−2 d−1 and 13 g m−2 d−1 for the horizontal and horizontally stacked vertical tubular photobioreactor,
respectively. Only one biomass concentration (2.0 g/L, vertical stacked tubular) resulted in significantly
lower areal productivities compared to the other biomass concentrations (9 g m−2 d−1 ). In the open
raceway pond, biomass concentration strongly influenced areal productivity and photosynthetic efficiency;
higher productivity (15 g m−2 d−1 ) was obtained for the lower biomass concentration (0.25 g/L). Night
respiration was positively correlated with net daily productivity, suggesting that night respiration is
coupled to net growth. Absorption coefficients proved to be correlated to biomass concentration. Highest
areal productivities were obtained with the open raceway pond and the vertical tubular photobioreactor,
due to the efficient ground areal light interception.
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Influence of Different Light Intensities on the Growth of Chlorella
sorokiniana in Flat Panel Airlift Reactors
presented by Claudia Holdmann
poster nr [4]
C. HOLDMANN1 , U. SCHMID-STAIGER2 AND T. HIRTH3
University of Stuttgart, Germany; 2 Fraunhofer Institute for Interfacial Engineering and Biotechnology
IGB, Germany; 3 Karlsruhe Institute of Technology KIT, Germany
1

The patented flat panel airlift reactor (FPA) works on the basis of an airlift loop reactor and has static
mixers causing a circulate current in every chamber of the reactor which offers an efficient intermixing
for homogeneous light distribution and high CO2 and O2 transfer rates. The 6-liter laboratory reactors
are illuminated with LEDs to ensure a homogenous distribution of the light all over the reactor surface.
Additionally, a control and automation system is used for nutrient supply of the culture and control of
temperature and pH-value. The influence of different relative light availabilities (mol photons gDW−1 s−1 )
on the growth of Chlorella sorokiniana SAG 211-8k was investigated. This parameter is the most important
for the growth of a non-nutrient limited algae culture. Repeated fed batch cultivations with 24 hours of
illumination and a starting biomass concentration of about 1.5 g/l were conducted. The light intensity was
increased every day according to the growth of the culture to keep the relative light availability constant.
When the maximum light intensity of the LEDs was reached, the culture was diluted to 1.5 g/l again.
The relative light availability was varied between 2-23 µmol photons g−1 s−1 and biomass concentrations
up to 12 gDW/l were achieved. Increasing relative light availabilities led to higher productivities, but the
growth rate (d−1 ) positively correlated with the relative light intensity and negatively with the biomass
concentration. High growth rates can only be achieved with low biomass concentrations, but high biomass
concentrations might lead to a similar productivity.
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Forward genetics toward the light-use efficiency improvement of
Nannochloropsis gaditana
presented by Giorgio Perin
poster nr [5]
G. PERIN, A. BELLAN, A. SEGALLA, A. MENEGHESSO, A. ALBORESI AND T. MOROSINOTTO
University of Padova, Italy
When microalgae are cultivated in a photobioreactor or pond, the high cells densities cause an inhomogeneous light distribution. Consequently, cells at the peripheral layers absorb most of the radiation,
saturate their photosynthetic ability and dissipate most of the harvested energy. On the other side,
limited energy reaches the cells in inner layers to support their metabolism. This fact causes a strong
reduction of the overall solar light to biomass conversion efficiency, limiting productivity and therefore the
development of economically competitive industrial processes based on microalgae biomass. Strains with
a tuned composition of the photosynthetic apparatus have the potential of enhancing overall productivity
by improving light distribution and energy conversion mechanisms. To meet these needs, we generated
a collection of Nannochloropsis gaditana random mutants and selected strains for alterations in their
photosynthetic properties. We used two major phenotypes as selection criteria, the reduction in Chl
content and in the ability to activate heat dissipation mechanisms. When tested in industrial-simulating
growth conditions, both phenotypes indeed proved to be effective in enhancing biomass productivity.
Their theoretical advantage is achieved thanks to a higher photosynthetic efficiency with a consequent
higher electron transportation rate. Physiological, biochemical and genome-wide analysis were carried
out to understand the molecular origin of these phenotypes, highlighting a minor remodeling of the
photosynthetic apparatus. This work represents a proof of concept that genetic engineering efforts needs
to be directed toward a fine tuning of photosynthesis, since expensive photosynthetic alterations would
most likely negatively affect productivity.

References
[1] Perin G. et al. (2015) Biotechnol Biofuels. 8:161. doi: 10.1186/s13068-015-0337-5.
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Opening up novel approaches for an efficient anaerobic degradation of Chlorella vulgaris
presented by Ahmed Mahdy
poster nr [6]
A. MAHDY1,2 , M. BALLESTEROS1,3 AND C. GONZÁLEZ-FERNÁNDEZ1
Biotechnological Processes for Energy Production Unit – IMDEA Energy, Spain; 2 Zagazig University,
Egypt; 3 Research Center for Energy, Environment and Technology (CIEMAT), Spain
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Microalgae are an attractive feedstock for anaerobic digestion; however, there are some barriers that
prevent an efficient conversion of microalgae to methane. In particular, their hard cell wall that impedes
the penetration of anaerobic flora(1) results in low hydrolysis efficiency and their typical protein rich
content leads to ammonium accumulation which inhibits methanogens. In this context, the aim of this
study is to overcome the obstacles of microalgae degradation in order to attain an efficient methane
production. More specifically, manipulation of microalgae composition by microalgae cultivation under
nutrient limitation conditions; enzymatic pretreatment to disrupt cell wall and counteract the high
ammonium loads in digesters through bio-augmentation were the strategies investigated. Methane yield of
enzymatically pretreated protein-rich microalgae (65% w/w TSS) increased 2.6-fold in the semi-continuous
digestion mode in comparison to not-treated microalgae; however, a continuous reduction of methane
production took place along digestion time. Ammonium inhibition (up to 1800 mg L-1) resulted in
VFAs accumulation (up to 615 mg L−1 ) instead of further proceed to methane. Microalgae cultivation
in wastewater induced a nutrient limitation that resulted in carbohydrate rich biomass (37% w/w TSS).
Subjecting the later biomass to anaerobic process, after enzymatic pretreatment provided a steady methane
production. Nevertheless, the typical protein rich profile of microalgae cannot be neglected and therefore
nowadays studies are conducted to check the possibility of bioaugmenting anaerobic sludge with specific
methanogenic archaea able to work under high total ammonia nitrogen to overcome this common inhibition
in CSTR fed with protein-rich microalgae.

References
[1] Gonzalez-Fernandez, C., Sialve, B. and Molinuevo-Salces, B. (2015) Bioresour. Technol. 198,896–906.
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A comparison of metagenomic tools based on 16S Synechocystis
6803 amplicon sequencing data
presented by Witold Januszewski
poster nr [7]
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University of Freiburg, Germany; 2 A4F-Algafuel, S.A., Portugal
The gist of metagenomics is the evaluation of environmental DNA samples. In order to describe microbial diversity in the sequencing data, the concept of an operational taxonomic unit (OTU), a common
group of sequences belonging to the same species or a narrow group of species, has been introduced.
Until recently, the popular methods of OTU picking and functional metagenomics analysis have not
been compared in the context of microalgal data. Therefore, a case study was designed, basing on 16S
amplicon sequencing data. Two small photobioreactors (green walls), 80l each, one inoculated with
a Synechocystis PCC 6803 culture and one without inoculation were run in an industrial plant for 29
days and sampled twice a day by filtration. Samples were frozen immediately in liquid nitrogen for
subsequent analyses. Several of the daily microscopic observations of the culture indicated presence of
contaminating algae, amoeba and fungi. In order to determine the degree and source of contamination,
samples taken on days of peak optical density for both inoculated and control green wall were analysed
by 16S amplicon sequencing of the bacterial V3-V4 region. Obtained data has been processed with
Usearch, QIIME, Mothur, MEGAN stand-alone software as well as MG-RAST and One Codex servers.
Resulting OTUs, their size and quantity, also runtimes of the taxonomical analyses have been juxtaposed
for all the aforementioned methods. Usearch and One Codex have proven the fastest methods with lowest
OTU count, however they require backup from other methods to provide functional metagenomics analysis.
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[1] Wooley, J. C., Godzik, A. and Friedberg, I. (2010) PLoS Comput Biol, 6(2), e1000667.
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Model-based approach to optimize nutrient and carbon supply in
macroalgae cultivation
presented by Tonia Schmitz
poster nr [8]
T. SCHMITZ, E. KRAFT, L. KÖSTER AND M. RIEBESECKER
Bauhaus University Weimar, Germany
Macroalgae cultivation in closed-loop photobioreactorsystems can be an efficient way to produce biomass
as feedstock for variing purposes. However, in closed cultivation systems special attention is required
to prevent over-fertilization engendering microalgal and bacterial blooms. By increasing the turbidity,
both are deteriorating the light conditions in the cultivation medium and thereby significantly reducing
macroalgae growth. To remediate over- while preventing under-fertilization, a mathematical model for the
calculation of the specific nutrient demand of different macroalgae species is presented. Together with
values for typical daily growth rates, the elementary composition of the cultivated macroalgae is implemented in already existing mathematical models describing biological growth (f.i. exponential, logistic,
logarithmic). As a result, the amount of chemical elements needed for biomass growth can be prognosed
on a daily basis. To date, prediction is possible for C, N, P, K, Mg, Fe, Ca, S. A first validation of the
model results has been achieved using the red macroalgae Palmaria palmata. In preliminary experiments,
the maximum daily ammonium (NH4 ) uptake rate has been assessed by analytical photometry of the
cultivation medium. The resulting value of 0.12 mg NH4 per gramm fresh algae mass and day fits into the
model-predicted demand for elementary Nitrogen (0,13 mg N/gFM d) when assuming a daily growth rate
of nearly 3%. Since actual algae growth depends on a multitude of factors, the assumed growth rate has
been investigated and confirmed in a 28 days cultivation experiment. Further model validation considering
more elements and using different algae species is planned.
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Dynamics of the bacterial community associated with phaeodactylum tricornutum cultures
presented by Fiona Wanjiku Moejes
poster nr [9]
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The pennate diatom Phaeodactylum tricornutum is a model organism able to synthesise a number of
industrially relevant molecules. Realising the industrial potential of microalgal-derived products relies
on keeping large-scale monocultures which are prone to contamination by other organisms. However,
little is known about the identity and characteristics of the invading organisms. In nature, diatoms are
not found as isolated entities but rather are active members of a complex ecosystem, which is poorly
understood. Bacteria, which have co-existed with diatoms for more than 200 million years, form a
crucial part of this ecosystem and have been shown to enhance the growth of diatoms [1,2]. Increased
understanding of the interactions could allow for the exploration of ’synthetic ecology’ as a novel scaling
up technique [3]. To gain insight into the dynamics of the bacterial communities associated with diatoms,
we translated the complexity of a natural system into a reproducible, systematic experimental approach
where we investigated the microbiome of batch grown non-axenic cultures of P. tricornutum (CCAP
1052/1B) using barcoded 16S-V6-Next-Generation-Sequencing. Our results reveal that the bacterial
community associated with P. tricornutum cultures changes over time. We identified four main families,
Alteromondaceae, Pseudoalteromonadaceae, Flavobacteriaceae and Pseudomonadaceae, as major players
within the microbiome. From our results, we propose a network of putative interactions between P.
tricornutum and each of the bacterial factions, thus providing a framework to understanding the dynamics
of diatom-associated microbial communities. Further species-specific co-culture experiments coupled with
a metabolic profiling approach are on-going. Preliminary results show increased growth rates and maximal
cell densities when P. tricornutum is co-cultured with representative members of the four identified families.
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Microbial consortia: a way forward for the commercialisation of
microalgae for industrial biotechnology?
presented by Christian J A Ridley
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University of Cambridge, United Kingdom
Algal biotechnology has so far struggled to achieve economically and energetically viable algal cultivation.
There are many reasons for this, including the loss of yields at scale and contamination by adventitious
organisms. In recent years, it has become apparent that algae are dependent on bacteria for the provision
of nutrients, and algal-bacterial symbioses are common in nature [1]. By understanding and exploiting
these interactions, it may be possible to ameliorate some of the issues facing algal biotechnology. In this
presentation, I will describe some of the ways that I have enhanced algal culture productivity and stability
through the use of microbial consortia. A model algal-bacterial consortium was used between the green
alga Lobomonas rostrata and the bacterium Mesorhizobium loti. Unfortunately, this co-culture exhibited
a lower growth rate than axenic L. rostrata. Nonetheless, I characterised the effects of contaminating
bacteria on L. rostrata and L. rostrata + M. loti, and using two of these bacteria I was able to boost the
growth rate of the consortium to be the same as axenic L. rostrata. I also determined that the invasion of
contaminating bacteria into algal cultures was reduced in L. rostrata + M. loti cultures compared to axenic
L. rostrata. Using another consortium (Phaeodactylum tricornutum + natural bacterial assemblages), I
showed that the presence of bacteria enhanced lipid (TAG) productivity by up to 100%. In conclusion,
microbial consortia can be significantly more productive and stable than axenic algal cultures, and should
be explored more in an industrial context.
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Microalgae are Friendly Creatures: A description of the microbial
diversity present in the green microalgae Botryococcus braunii
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Microalgae are an exciting raw material for bio-based industry, therefore efforts are being made to develop
technologies and methods for large scale production. Recent work on microalgae and microbial communities, show symbiotic, parasitic or opportunistic type of interactions, which can affect the cultivation
productivities. In this work some results are presented from recent study, investigating the diversity of the
microbial community associated to Botryococcus braunii. B. braunii is a well known green microalgae, for
its ability to produce long chain unbranched hydrocarbons and exopolymeric substances. B. braunii is
subclassified into four races, designated A, B and L, and S, a recent assignm, based on the chemicals they
produce. Race A strains synthesise odd-numbered alkadienes and trienes (C25 to C31), race B strains
synthesize a class of isoprenoid derived compounds termed botryococcenes (C30 to C37) and methylated
squalenes (C31 to C34), race L strains synthesize lycopadiene (C40). 13 strains of B. braunii covering the
race A, B and L subdivisions, were cultivated in shake flasks. To determine biomass productivity and for
bacterial identification by 16S rRNA gene analysis, samples were taken at four time points over a period
of 11 days. Bacterial community composition differed from each other when comparing the B. braunii
strains The class Alphaproteobacteria is predominant across all strains of B. braunii, with individual
members such as those belonging to Rhizobiales and Sphingomonadales present but in different ratios.
Flavobacteria and Betaproteobacteria were also detected in different ratios across the strains.
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Dynamic flux balance modeling to increase the production of
high-value compounds in green microalgae
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Photosynthetic organisms can be used for renewable and sustainable production of fuels and high-value
compounds from natural resources. Costs for design and operation of large-scale algae cultivation systems
can be reduced if data from laboratory scale cultivations are combined with detailed mathematical models
to evaluate and optimize the process. In this work we present a modeling formulation for accumulation
of high-value storage molecules in microalgae that provides quantitative predictions under various light
and nutrient conditions. The modeling approach is based on dynamic flux balance analysis (DFBA) and
includes regulatory models to predict the accumulation of pigment molecules. The accuracy of the model
predictions is validated through independent experimental data followed by a subsequent model-based
fed-batch optimization. In our experimentally validated fed-batch optimization study we increase biomass
and β-carotene density by factors of about 2.5 and 2.1, respectively. Our study shows that a model-based
approach can be used to develop and significantly improve biotechnological processes for biofuels and
pigments.
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Doubling Hydrogen production by knocking down an isoflavone
reductase-like protein in Chlamydomonas reinhardtii
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The unicellular green algae Chlamydomonas reinhardtii belongs to a select group of microorganisms, which
are capable of solar-driven hydrogen production. Sulphur starvation induces photoinhibition of PSII which
lowers oxygen evolution rates below that of mitochondrial consumption rates leading to establishment
of an anaerobic environment and induction of hydrogen production by an oxygen sensitive hydrogenase.
Though the induction of anaerobiosis requires a diminished water splitting activity at PSII, numerous
studies underscore the importance of residual PSII activity that is required for high hydrogen yields. In
the following study a reverse genetics approach using artificial microRNA (amiRNA) was applied to assess
the role of Isoflavone Reducatse like Protein (IRL). Transcriptome analyses suggested an increase in the
expression of IRL under H2 production. A comparison between a high hydrogen producer stm6glc4 (mt)
and parental strain cc406 (wt) showed that the expression of IRL was higher in the wt which is a low H2
producer and vice versa. An amiRNA targeting IRL was constructed and transformed into C. reinhardtii
strains cc124 (wt) and high H2 producer stm6 (mt). The resulting mutants showed a reduction in IRL
and stayed green during sulphur starvation. IRL knockdown led to a 100% increase in H2 yields due
to a prolonged production phase. h Our findings suggest the main reason for this prolongation being a
stabilized PSII which is less susceptible to photoinhibition under sulphur depletion. IRL is a promising
and novel target for engineering approaches aiming at increasing hydrogen production in C. reinhardtii.
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Optimizing the production of high-value products in Porphyridium purpureum
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Microalgae, including cyanobacterica, are a rich source of commercial value products. Such products
as carotenoids, phycobiliproteins (PBP), polyunsaturated fatty acids (PUFAs) and exopolysaccharides
(EPS) are already used. Nevertheless, only a few species have been cultivated in commercial scale, due
to a lack of efficient processes and the high involved production costs. A promising approach to design
economically feasible processes is a combined, nearly complete conversion of microalgae biomass to gain
various products, recycling of nutrients and integration of waste streams from other processes. Currently,
such reliable data is not available. One aim of this project is to select production organisms that could
fulfill biorefinery requirements best. Within the 30 screened microalgae, P. purpureum and A. platensis
were selected. Both organisms show high biomass concentrations and multiple high-value products. For a
standard cultivation of P. purpureum product concentrations of 95 mgL−1 PBP (phycoerythrin (PE)),
401 mgL−1 PUFAs, 2 mgL−1 carotenoids and 0.85 gL−1 EPS could be achieved after 14 days. So far, the
influence of temperature, light as well as different concentrations of certain nutrients on the growth and
product spectra of P. purpureum was investigated. In this context a modified medium was established,
which results in nearly same growth behavior, 5-fold higher PE concentrations (584 mgL−1 ), 3-fold higher
carotenoid concentrations (8 mgL−1 ) after 14 days and reduces the cost of production by 46 % compared
to the used standard medium. In the next step, the collected knowledge will be used for continuous
cultivations and scale-up cultivations in a 25 L thermal sterilizable photobioreactor.
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Developing a system for the production of marker-less transformants of Synechocystis sp. PCC 6803
presented by Yuen Tin Lui
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University College London, United Kingdom
As photosynthetic bacteria, cyanobacteria are an ideal platform for the sustainable production of biofuels
and high-value products. Cyanobacteria grow much faster than plants and compared to eukaryotic algae
are much easier to genetically engineer. Although cyanobacteria offer significant promise the current
molecular techniques available to engineer Synechocystis sp. PCC 6803, the model strain of cyanobacteria,
lag behind those that have been developed for Escherichia coli and Saccharomyces cerevisiae. Selectable
markers are normally required to identify successful transformants, and typically antibiotic resistance
markers are used. However, a selection system that results in marker-less transformants is of value
since it avoids regulatory issues relating to potential horizontal gene transfer of the marker. Multiple
cycles of transformation are also not limited by the number of antibiotic resistance markers available.
The aim of this project is to establish a new system for the production of marker-less transformants of
Synechocystis based on the use of a recipient strain expressing codA, a gene encoding cytosine deaminase.
Cytosine deaminase usually coverts cytosine to uracil, but can also convert 5-fluorocytosine to the toxic
product 5-fluorouracil. Expression of codA has therefore been used as a negative selectable marker in
other organisms. A method for transforming Synechocystis to produce marker-less transformants has been
established based on the loss of codA, and has been used to successfully introduce and express the gene
for limonene synthase in the Synechocystis genome without the need for an antibiotic resistance gene.
Limonene synthase converts geranyl diphosphate into limonene, a C10 cyclic terpene that has potential as
a jet fuel.
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Deletion of metabolic electron sinks in Synechocystis enhances
biophotovoltaic power output
presented by Toby P. Call
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University of Cambridge, United Kingdom
We are investigating the effect of removing genes involved in photosynthesis and downstream metabolism
on biophotovoltaic (BPV) electrical power output from the photosynthetic cyanobacterium Synechocystis sp. PCC 6803. The precise mechanisms of extracellular electron export are as yet unknown in
Synechocystis, but by removing target genes we hope to demonstrate increased electron flux to the
anode. This project builds on previous work in our lab enhancing BPV power output from Synechocystis
by knocking out the photosynthetic and respiratory terminal oxidases. Unmarked genomic knockouts
were generated in the wild type and the triple terminal oxidase knockout backgrounds, and the light
response measured in BPV devices. We observe changes in chronoamperometric current response to
light and the power output. Biophotovoltaics uses self assembling and repairing light harvesting units in
cells to convert sunlight to electrical power, and could play a part in a carbon free renewable energies future.
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A systems biology approach to study fatty acid biosynthesis and
TAG formation in microalgae
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Omega-3 fatty acids have vital roles in human health. Fish oils are a rich source of omega-3. However, due
to the depletion of wild fish stocks, a different source of omega-3 is required. In the food chain, microalgae
are the primary producers of omega-3 and are good alternatives to fish oils [1]. The production of omega-3
involves chain elongation and desaturation of primer fatty acids, which are then being incorporated and
stored in many different types of lipids. However, the unique properties of edible oils from different
sources utilized for food is dependent on the fatty acid composition of triacylglycerol (TAG). Therefore,
we are interested to direct the fatty acids to be stored in TAG. Although many components of the this
pathways have been identified, the production of omega-3 in industrial scale is still challenging and
requires a platform to study the impact of kinetic properties of the enzymes on the production of omega-3
[2]. In this talk, I will present a mathematical model, which addresses the combinatorial explosion of
intermediates in the synthesis pathway of fatty acids [3]. This complexity arises from the unspecificity
of some enzymes. Our model simulates the distribution of various fatty acids in TAG over time. The
model predicts the total number of free fatty acids in the endoplasmic reticulum, and also the average
degree of desaturation and the length distribution of fatty acids as functions of the enzymatic rate constants.
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Investigating lipid production in a genome scale metabolic model
of Phaeodactylum tricornutum
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Diatoms can store carbon in the form of lipids which has raised new possibilities to increase algal oil
production as an alternative source of energy. However, they have unique biochemistry compared to
higher plants. Calvin cycle enzymes are localised in both plastid and cytosol, and a functional oxidative
pentose phosphate (OPP) pathway is translocated to the cytosol. Recently, Entner-Doudoroff and phosphoketolase pathways, commonly found in prokaryotes, have been reported to be present in the model
diatom Phaeodactylum tricornutum. A genome scale metabolic model (GSM) describes the metabolic
interactions in a given organism based on the reaction network predicted from enzymes encoded by the
genome. This allows us identify potential routes and essential reactions for biomass production. The
goal of this project is to investigate the metabolism of P.tricornutum using a GSM and identify the
potential strategies to optimise the lipid production so that it can be used as an economical algal strain
for biofuel production. A GSM of the P. tricornutum has been constructed and is compartmentalised
into cytosol, mitochondria, chloroplast and peroxisome. It is capable of producing all major biomass
components (carbohydrates, nucleotides, amino acids, lipids) under a range of realistic environmental
conditions. It is analysed using Flux Balance Analysis (FBA) and results show that, in high light, lipid
production increases with fixation of bicarbonate, photorespiration turns on and glycolate, a product of
photorespiration, can be either excreted out of the system or recycled to contribute towards lipid production.
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Synthesis of antibacterial proteins against Gram-negative bacteria in the green alga Chlamydomonas reinhardtii
presented by Juliana da Costa Ramos
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The widespread antibiotic resistance among pathogenic bacteria increases the need for the development
of new antibacterial drugs. Endolysins are lytic enzymes produced by bacteriophages to digest the
peptidoglycan layer of the bacterial cell wall for progeny release at the end of the lytic cycle. These
enzymes target molecules that are essential for bacterial viability, so the development of resistance is
very rare. Therefore, endolysins have potential as novel antibiotics. Eukaryotic microalgae can be an
alternative platform for production of recombinant proteins due to established techniques for foreign
gene expression, inexpensive cultivation and ease of large-scale production. The aim of this work is to
produce bacteriophage endolysins in the chloroplast of the microalga Chlamydomonas reinhardtii. So far,
an endolysin that has been shown to be effective against both Gram-negative and Gram-positive bacteria
was chosen from the literature and assigned the code “JR1”. A synthetic gene encoding this enzyme has
been designed and successfully integrated in the chloroplast genome, and protein accumulation in the alga
has been confirmed. Further work is now being done to analyze the endolysin’s antimicrobial activity
against species of Gram-negative bacteria. One drawback of the chloroplast expression platform is the lack
of an effective regulatory system. Therefore, a further part of this work is to study regulatory elements for
chloroplast transgene expression. A gene construct (plasmid pJR_Ribo) was made in which a synthetic
theophylline-responsive riboswitch was inserted in the 5’ UTR of the psaA promoter element fused to a
second endolysin gene, to test for translation regulation. C. reinhardtii was transformed with pJR3_Ribo
and homoplasmic lines were confirmed by PCR. Induction assays are in progress to test the system.
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Microalgae breeding: sorting cells with increased TAG productivity
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Microalgae have potential to replace current feedstocks for commodities due to its versatility (biorefinery)
and sustainability (CO2 neutral and no arable land required). Production costs, however, still impair
commercial application to low-value markets like biofuels. Increasing productivity is one strategy to
reduce production costs, which can be done for example by developing microalgae strains with higher
growth rates and/or lipid content. Cells with increased triacylglycerides (TAG) content can be selected by
fluorescence assisted cell sorting (FACS). FACS allows to rapidly screen a population and to sort target
cells to establish new inoculum. We developed a strategy to sort cells with increased TAG content and
constant growth rate. Subsequent sorting rounds resulted in 5 populations (S2 to S5), with progressively
higher TAG contents. S5 showed 1.9x higher lipid productivity in comparison with the wildtype (Wt),
under simulated outdoors conditions. Sorted populations 1] have lost the low TAG producers cells, 2]
and is composed of cells that are more similar to each other in TAG content. As a result, there is an
increase in lipid fluorescence in the sorted populations caused by an enrichment of the population with
lipid-rich cells. Process-wise this resulted in an threefold increase in the maximum daily TAG productivity
of Chlorococcum littorale in comparison with the Wt. The presented strategy explores the potential of
nature to develop new strains of microalgae with higher industrial potential. Our approach can be adapted
to other industrial traits and to increase the productivity of metabolites, other than lipids.
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Effects of nitrogen availability on Si uptake and organic biomass
composition of marine diatom: Cylindrotheca fusiformis as resource for biocement production
presented by Yuzhu Wei
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Worldwide cement production is responsible for about 7% of human CO2-emission. The emission can be
significantly reduced if renewable high alkaline calcium and silica containing bio-based resources are used
as cement replacements. Diatoms have mineral building capability and biogenic silica cell wall, which
may be one of the solutions. This study mainly focused on biogenic silica accumulation. Cylindrotheca
fusiformis was selected from 46 diatom strains. It has relatively high growth rate, lipid, and silica content.
Furthermore, fast settlement makes this strain outstanding in large-scale cultivation of downstream process.
Both Si uptake rate and organic biomass composition were studied in replete-, limited- and depletedN cultures. We found that N source limiting results in Si uptake rate increasing. However, further N
starvation was not able to push the Si uptake level higher. It suggested that N availability is one of
the important parameters for optimizing the C. fusiformis production process, for example determining
the appropriate condition for accumulating high Si but low organic biomass content in this strain. For
reducing the cost, C. fusiformis will be cultured in waste water during further study. N and P removal
ability and Si uptake rate are studied under different dilution rates in photobioreactors. The related
results will be available during the symposium. Moreover, biocement is just an option for using both
organic and inorganic compounds of C. fusiformis. The special nanostructure of its biogenic silica cell
wall may have several potential applications in nanotechnology field as well.
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Valorization of the aqueous phase from hydrothermally treated
remnant biomass of Dunaliella salina
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The green microalga Dunaliella salina is an industrially exploited organism for natural β-carotene production. After the extraction of the pigment up to 90% biomass remains unexploited in the process.
Valorization of this remnant biomass can improve the overall process economics significantly. The potential
of hydrothermal liquefaction (HTL) to exploit the residual biomass as source of valuable by-products was
assessed. Initially, the macromolecular and elemental biomass composition was determined to identify
possible liquefaction products. To test the economically most feasible biomass treatment, moderate
temperatures between 100-200◦ C were investigated. As the HTL experiments resulted mainly in the
conversion of biomass into water-soluble components, aqueous phase products were identified. The
analyses indicated that 80% of the applied biomass was converted into glucose. The recovered glucose
was successfully used as carbon source to cultivate biotechnologically relevant microorganism, namely
Chlorella vulgaris, Escherichia coli and Saccharomyces cerevisiae. One of the main challenges of HTL
is the considerable energy consumption due to the high operation temperatures and pressures used in
the process. Therefore, energy consumption and operating costs for the applied liquefaction condition
were calculated based on a process model [1]. The cost analysis confirmed the beneficial effect of mild
liquefaction on the overall process economics.
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Batch vs. Semi-continuous: culture mode affects microalgae performance in terms of wastewater treatment and biomass macromolecular profile
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Conventional aerobic wastewater treatments plants (WWTP) require intensive oxygenation, large amount
of chemicals and the operation and maintenance is energy demanding. By using microalgae based systems,
nutrients such as ammonium and phosphate can be recovered by microbial assimilation and operational
cost of oxygenation avoided by in-situ production via photosynthesis. This work evaluated organic
matter, nitrogen and phosphorous removals from piggery wastewater (diluted at 250 mg/L N-NH4+ )
inoculated with microalgae consortium in batch and semicontinuos culture at 23o C and 14 h of illumination.
Macromolecular profile was determined at the end of both cultivation modes. The maximum biomass
concentration reached 1.25 g VSS L−1 after 10 days cultivation in the batch mode (4.2-fold increase
compared to the initial biomass concentration) while biomass growth was slightly lower (0.9 g VSS L−1 )
in semicontinuous mode. Phosphate removal was higher in batch mode (100%) than in semicontinuous
culture mode (82%). Regardless culture mode, 99% ammonium removal was attained; however, removal
mechanism was different in each case. Ammonia stripping and nitrogen uptake accounted similarly in batch
mode while in semicontinuous culture mode, ammonia stripping prevailed in the beginning of cultivation
(1st HRT) while nitrification became a relevant ammonium removal mechanism during the 2nd and 3rd
HRT. The different ammonium mechanisms affected the macromolecular profile of the harvested biomass.
Microalgae macromolecular profile cultured in semicontinuous mode provided a typical microalgae profile
rich in proteins (57% w/w VSS) while carbohydrates was accumulated up to 50-60% in batch mode.
Thus, culture mode can be envisaged as potential strategies to induce microalgae to accumulate target
macromolecules for biomass revalorization purposes.
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Co-digestion of microalgae and activated sludge following a novel
bioflocculation method
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New technologies are developed to recover wastewater resources and increasing energy yields in form
of biogas. Microalgae cultivation on wastewater resources has the potential to recover nutrients and
energy, however the available harvesting methods are costly and energy intensive. We present a twostep flocculation methodology whereby microalgae is flocculated using first a minimal dose of cationic
polymer and then activated sludge (AS) as a coagulant to enhance the recovery. Biogas tests were
carried out assessing the impact of the co-digestion of algae and AS. Results show that the optimal
polymer dose corresponds to 16 mg polymer/g algae when using AS (0.1 g algae/g AS) as coagulant,
resulting in 97% recovery of algae. With the algal biomass flocculated with PDADMAC alone, the
optimal concentration of 27.3 mg PDADMAC/g algae resulted in 92% recovery of microalgae. This
shows both an improvement in recovery and a 41% decrease of the amount of PDADMAC needed when
adding AS in the second step. Co-digestion of microalgae and AS improved the biogas potential of
both AS and algae. The co-digestion scenarios, where AS derived from the anaerobic reactor was used
(wastage carried out from the solids-liquid separation unit installed between the anaerobic and aerobic
reactors of an EBP2R system) show the highest methane yields, i.e. algae + ASAN (560 ± 24 ml
CH4/g VS). This indicates an effective preservation of organic matter for biogas production via the
EBP2R, explained by the extra organic material stored in the form of PHA by PAOs in the anaerobic phase.
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Cultivation of wastewater-borne cyanobacteria in a tertiary wastewater treatment system for bioplastics production
presented by Dulce Maria Arias
poster nr [25]
D. ARIAS1 , E. UGGETTI AND J. GARCÍA
Universitat Politecnica de Catalunya, Spain
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Cyanobacteria are by far the largest group of photosynthetic prokaryotic microorganisms. In addition to
various bacterial species, cyanobacteria are emerging as potential prokaryotic candidates for polyhydroxybutyrates (PHB) production which occurs as intracellular carbon storage. Growing cyanobacteria with
wastewater streams offers a double advantage since wastewater treatment can result into clean water while
high value byproducts can be obtained. The main objective of this study was to test the suitability of
digestate diluted with secondary wastewater effluent as growth medium for cyanobacteria culture and PHB
production. For this purpose, a 30L closed-photobioreactor (PBR) was utilized for biomass production
through 7 months of operation at 10d of hydraulic retention time (HRT). The PBR, inoculated with
microalgae/cyanobacteria culture, was fed with digestate diluted with secondary wastewater effluent at
1:50 ratio. According to the results, conditions of temperatures between 25 and 30◦ C, pH of 8-9 and
N:P ratio of 12:1 in the culture played an important role for the growth and dominance of cyanobacteria.
After 130 days of operation, the culture was dominated by Oscillatoria sp. and Chrooccocus sp. at a
biomass concentration of 2.6 g L d−1 . Moreover, an efficient nutrients uptake was accomplished (95% of
3−
NH−
4 and 52% of PO4 ). After achieving the dominance of cyanobacteria, the culture was submitted
to nutrients-starved condition reaching the highest PHB content of 8.5% of dry cell weight. This study
demonstrated that digestate and wastewater treatment effluents could be a suitable medium to grow
cyanobacteria, also offering a promising option for valuable byproducts production as bioplastics.
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Hydrothermal liquefaction of Nannochloropsis microalgae under
sub-critical condition using different solvents.
presented by Martín Pablo Caporgno
poster nr [26]
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Universitat Rovira i Virgili, Spain, 2 Université de Nantes, CNRS, France, 3 AlgoSource SAS, France,
4
Ecole des Mines de Nantes, GEPEA, France
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Hydrothermal liquefaction (HTL) is a promising technology for converting microalgae into liquid fuels, the
bio-oil. The bio-oil from microalgae is produced from all the different fractions of microalgae: lipid, protein
and carbohydrates. Since the reactions in the process take place in the aqueous medium, it is possible
to use wet biomass, being one of the main advantages of HTL. Even after concentration, microalgae
are characterised by high water content; the elimination of water results in high energy consumption
[1]. Although the bio-oil has been considered as an alternative for diesel, its low heating value, high
oxygen content, high viscosity and high corrosive properties are some disadvantages which prevent the
application in automotive engines [1]. The bio-oil needs to be upgraded. The addition of catalysts is
a way to improve the bio-oil quality, but the addition of organic solvents such as ethanol or methanol
also demonstrated being an interesting option to improve the quality [2,3]. The aim of this study was to
investigate the HTL of Nannochloropsis microalgae in water and in several mixtures of water and alcohols,
ethanol and methanol. The first part of the experiments evaluated the effects of the temperature on
the products obtained using only water as solvent. Afterwards, the experiments were performed using
different ethanol-water and methanol-water ratios in order to improve the bio-oil characteristics.
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CO2 capture, biomass production and nutrients removal by microalgae and cyanobacteria: the effect of increasing CO2 concentrations in the air stream
presented by Ana L. Gonçalves
poster nr [27]
A.L. GONÇALVES, J.C.M. PIRES AND M. SIMÕES
Universidade do Porto, Portugal
The accumulation of carbon dioxide ( CO2 ) in the atmosphere, as well as the enrichment of water courses
in nutrients are environmental issues associated to numerous impacts on natural ecosystems. Several
attempts have been made to address these issues, but the cost and sustainability of current methodologies
are still a concern. Cultivation of microalgae and cyanobacteria appear as a viable solution for these
problems because: (i) they can effectively uptake CO2 and nutrients; and (ii) the resulting biomass can
be processed into valuable products. In this study, the effect of different CO2 concentrations on biomass
production, CO2 capture and nutrients uptake was assessed for the microalgae Chlorella vulgaris and
Pseudokirchneriella subcapitata and the cyanobacteria Synechocystis salina and Microcystis aeruginosa.
Optimal CO2 concentrations for the selected microalgae and cyanobacteria were determined through
mathematical modelling. The results have shown that P. subcapitata presented the lowest growth and
nutrients removal kinetics, as well as the lowest CO2 fixation rates. Regarding the other studied microorganisms, increasing CO2 concentrations up to 5% (v/v) has resulted in increased specific growth rates,
followed by a decrease observed for higher CO2 concentrations. Average biomass productivities and CO2
fixation rates have shown a similar behaviour to the one reported for specific growth rates, with minimum
values determined for cultures grown with non- enriched air streams. Nitrogen and phosphorus removal
efficiencies were also higher in cultures performed with CO2 -enriched air streams, reaching values very
close to 100%. These results suggest the suitability of these microorganisms in CO2 capture from flue gases.

Influence of Different Light Intensities on the Growth of Chlorella
sorokiniana in Flat Panel Airlift Reactors
presented by Claudia Holdmann
poster nr [28]
C. HOLDMANN1 , U. SCHMID-STAIGER2 AND T. HIRTH3
University of Stuttgart, Germany; 2 Fraunhofer Institute for Interfacial Engineering and Biotechnology
IGB, Germany; 3 Karlsruhe Institute of Technology, Germany
1

The patented flat panel airlift reactor (FPA) works on the basis of an airlift loop reactor and has static
mixers causing a circulate current in every chamber of the reactor which offers an efficient intermixing
for homogeneous light distribution and high CO2 and O2 transfer rates. The 6-liter laboratory reactors
are illuminated with LEDs to ensure a homogenous distribution of the light all over the reactor surface.
Additionally, a control and automation system is used for nutrient supply of the culture and control of
temperature and pH-value. The influence of different relative light availabilities (mol photons gDW−1 s−1 )
on the growth of Chlorella sorokiniana SAG 211-8k was investigated. This parameter is the most important
for the growth of a non-nutrient limited algae culture. Repeated fed batch cultivations with 24 hours of
illumination and a starting biomass concentration of about 1.5 g/l were conducted. The light intensity was
increased every day according to the growth of the culture to keep the relative light availability constant.
When the maximum light intensity of the LEDs was reached, the culture was diluted to 1.5 g/l again.
The relative light availability was varied between 2-23 µmol photons g−1 s−1 and biomass concentrations
up to 12 gDW/l were achieved. Increasing relative light availabilities led to higher productivities, but the
growth rate (d−1 ) positively correlated with the relative light intensity and negatively with the biomass
concentration. High growth rates can only be achieved with low biomass concentrations, but high biomass
concentrations might lead to a similar productivity.
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Phototrophic processes for protein production by Chlorella vulgaris: A step towards global food security
presented by Andreas Trautmann
poster nr [29]
A. TRAUTMANN AND C. POSTEN
Karlsruhe Institute of Technology, Germany
By the year 2050 over nine billion people will populate the earth which corresponds to a growth of 29% in a
period of 45 years. In view of this rapid increase, global food security is one of the major challenges of this
century. The project presented here is an approach for the utilization of phototrophic microalgae products
as alternative protein sources for future food application. To meet this goal, different process strategies are
developed based on characterizations of kinetic parameters with regard to growth and product formation.
Since the cultivations shall be performed under phototrophic conditions, it is crucial to determine light
and carbon dioxide (CO2 ) kinetics of the organism. Our current experiments are conducted in a stirring
tank photobioreactor equipped with warm-white LEDs and collimating lenses. Different light intensities
and CO2 -concentrations of the exhaust and inlet gas flow were measured, respectively, while pH and
temperature were controlled. To prevent light and nutrient limitation the cultivations are operated as a
continuous process in turbidostat mode. The system presented here enabled to obtain a protein content
of approximately 50% in cultivations of the green microalgae Chlorella vulgaris. This species is already
authorized as a food ingredient. Further on we intend to specifically manipulate the protein or amino
acid profile by applying different process parameters. The target protein is the most common enzyme in
phototrophic organisms: Ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO). By means of the
measured kinetics, further process strategies will be developed. A scale-up of the optimized process is
envisaged.

Detection and control of predators in microalgal cultures
presented by Bert Deruyck
poster nr [30]
B. DERUYCK, E. DECAESTECKER AND K. MUYLAERT
KU Leuven Kulak, Belgium
Today, microalgae production is moving from lab-scale to full-scale production. One of the major challenges
in large-scale systems are grazing predators (e.g. protozoa and rotifers), which can infest cultures and
decimate microalgal biomass within days. So far, there has barely been research into the identity of
these predators, their impact on productivity and how to effectively control them. There is a need for
innovative approaches for crop control of microalgae, preferably using ecological methods that avoid the
unsustainable use of chemical pesticides. The aim of my research is to develop effective crop control
strategies to detect, monitor and control grazing predators in large-scale microalgal cultures. The focus
will be on ciliates and rotifers as these are known to readily infest open pond microalgal cultures. In the
first phase, we will investigate the culture conditions that influence the invasion success of a predator
(including nutrient status, biomass concentration). Next, we will evaluate if we can use SIFT-MS for on-line
detection of predation. Microalgae release volatile compounds when they are consumed by predators and
these could theoretically be detected using a sensitive method such as SIFT-MS. In a third phase, the
application of trophic cascades to control predators of microalgae as an ecological control measure will
be tested. The idea is to introduce a predator of the predator of microalgae. At last, the use of feeding
deterrents (e.g. DMSP and polyunsaturated aldehydes) to control predators in microalgal cultures will
be explored. They are naturally produced by several microalgal species and may serve as natural pesticides.
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Outdoor continuous production and growth modelling of Nannochloropsis gaditana in flat-panel photobioreactors
presented by Cynthia V. González López
poster nr [31]
C.V.GONZÁLEZ-LÓPEZ1 , A. SAN PEDRO, F.G. ACIÉN AND E. MOLINA-GRIMA
University of Almería, Spain
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Aiming large scale production from microalgae, the use of an adequate cultivation technology is imperative.
Although a wide range of closed photobioreactors have been proposed to accomplish the requirements of
different microalgal strains, vertical flat panel photobioreactors have emerged as an attractive alternative.
These reactors allow a substantial reduction of operation cost versus tubular reactors because of a lower
requirement of power supply while maintaining biomass productivity. Anyway, long-term cultivation
studies are necessary to evaluate the performance of these systems. Thus, outdoor continuous production of N. gaditana in flat panel reactors over a period of two years was evaluated in this work. First,
dilution rate was optimized and afterwards nitrate and phosphate supply were optimized to enhance
lipid accumulation. Maximum biomass and lipid productivities of 0.19 g/l/day and 38.0 mg/l/day were
−3
obtained when operating at a dilution rate of 0.35 1/day providing 10.0 mM NO−
3 and 0.8 mM PO4
in the culture medium. When operating under moderate solar radiation and temperature a decrease of
the specific nitrate input below 2 mmol N/g/day favored saturated and monounsaturated fatty acids
enhancement up to 10.0 mg/l/day. The obtained data allows developing a model to describe the behavior of
this species in this kind of reactor as a function of average irradiance, temperature and imposed dilution rate.

Microalgae screening system for artificial flue gas studies in a
controlled pH-environment
presented by Hanna Rosengren
poster nr [32]
H. ROSENGREN, M. BARK, S. EKENDAHL, J. ENGELBREKTSSON AND N. STRÖMBERG
SP Technical Research Institute of Sweden, Sweden
Industrial flue gas has got great attention worldwide as a potential carbon source for microalgae but
work remains to be done in order to investigate the suitability of different industrial waste resources and
microalgae species and strains. In such work, flue gas tolerance, growth characteristics, robustness to
changing environment (e.g. pH), and chemical cell compositions (e.g. CHNPS, lipids, carbohydrates,
proteins, pigments, other bio-molecules) must be evaluated. In line with this, the algae research at
SP recently resulted in unique screening system with special design and construction for artificial flue
gas supply, which enables twelve cultivations to be run in parallel. The pH is individually controlled
by internal pH-electrodes, which determines the addition of gas and hence keeps the pH below its
set-point. As the system allows for mixing of five gas components, such as CO2 , NO and SO2 it is
possible to simulate combustion plant emissions. Of course, lab-scale screenings are not fully comparable with real conditions since flue gas contains several more compounds. However, this research is
important to be done in parallel to field studies so that laboratory work can be connected to large-scale
cultivations. Furthermore, the SP Algae Research Facility was inaugurated in 2014 for up-scaled field
research. In order to provide carbon for the algae cultivations, a wood pellet burner was installed to
produce flue gas and waste heat resulting from the process water is used to extend the cultivation season.
We are interested in creating collaboration projects that include industry, academia and potential end users.
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Pathway Engineering in nuclear and chloroplast genomes of Chlamydomonas reinhardtii
presented by Annette Petersen
poster nr [33]
A. PETERSEN1 , B. HALKIER AND H.H. NOUR-ELDIN
University of Copenhagen, Denmark
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Many important industrial and pharmaceutical compounds are plant specialized metabolites. Typically
plants produce very limited amounts. Therefore heterologous production in microbial hosts would be
highly profitable. The compounds are, however, often the products of complex multigene biosynthesis
pathways that include steps in chloroplasts. Hence, non-photosynthetic microbial expression hosts such
as E. coli and yeast are not well suited for production. In this project, we investigate the potential
of the eukaryotic microalgae Chlamydomonas reinhardtii as an expression host for complex pathways
of valuable plant compounds. We aim at engineering an 11 gene pathway from Arabidopsis thaliana
into C. reinhardtii. The pathway synthesizes the anti-cancerous glucoraphanin (the reason for eating
broccoli) and is natively compartmentalized between the chloroplast and cytosol. The pathway begins
with chain-elongation of methionine by four enzymes, which will be engineered into the chloroplast
genome of C. reinhardtii. The genes are homologous to enzymes of the leucine biosynthesis pathway.
The second half of the pathway (seven genes) synthesizes the glucosinolate core structure and will be
engineered into the nuclear genome. The first two enzymes belong to the cytochrome P450s family,
known to be difficult to express in E. coli but widespread in plant synthesis pathways. Thus, our projects
investigates the potential of C. reinhardtii alga to express a complex biosynthesis pathway of a plant
specialized metabolite that includes P450 enzymes and which includes steps in both chloroplast and cytosol.

Efficiencies determined by TD-NMR to characterize the lipid extraction and encapsulation process
presented by Annika Linke
poster nr [34]
A. LINKE, J. WEISS AND R. KOHLUS
University of Hohenheim, Germany
Microalgae are a potential source of valuable substances for food applications. In respect to lipids, they
produce Poly Unsaturated Fatty Acids (PUFAs), which are of interest from a nutritional point of view.
Compared to fish PUFAs, they are a vegan and sustainable alternative. Providing PUFAs in form of
a stable and convenient powder, allows the enrichment of food products. In order to do so, in a first
step lipids have to be extracted from microalgae and afterwards encapsulated. Currently many studies
investigate the optimization of the extraction process regarding the lipid yield, which is determined
gravimetrically. This study shows the potential of Time Domain (TD)-NMR to characterize and assess
the extraction and encapsulation process. Based on a lipid balance, the extraction and encapsulation
efficiency are determined. Its application opportunities are demonstrated over the supply chain, including
the biomass as a raw material, the extraction process and the encapsulated powder. In terms of the lipid
extraction, cell disruption, the solvent type and time are modified.
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Creating model-driven algal cultures in autonomously experimenting appliances
presented by Simon Schliesky
poster nr [35]
S. SCHLIESKY, P. NORF, R. MACHNÉ AND O. EBENHÖH
Heinrich Heine University, Germany
Finding suitable mathematical models to explain biochemical mechanisms in algae has come into focus,
recently. A common approach is to derive model parameters from a controlled experiment and generate
hypotheses for new experiments by investigating these parameters. This project is presenting a complementary approach. Adjusting algal cultures to match a given model outcome by altering the experimental
conditions. Thus, automatically creating model-derived experiments instead of experiment-derived models.
Here, we present the principle ideas behind unsupervised model-driven experiment design and compare
the capabilities of these two complementary approaches. There is no off-the-shelf solution for such a setup,
therefore cost, reusability, and extensibility of self-made appliances are the main concerns. Fortunately,
the recent spread of 3D-printing, laser sintering, and laser cutting applications, in combination with the
availability of high power microcontrollers allows for highly customized, modular, yet low-cost experimental setups. Hence, an implementation design and the major challenges of automation will be illustrated.

Systematic study of the schizokinen biosynthesis genes in Anabaena sp. PCC 7120
presented by David Malatinszky
poster nr [36]
D. MALATINSZKY, J. ROWLAND, P. BARTASUN AND P. JONES
Imperial College London, United Kingdom
Many cyanobacteria excrete siderophores to scavenge for iron in the surrounding medium. Siderophores are
high-affinity chelators of the essential iron (III) ion and are produced only under iron-limiting conditions.
Several siderophores are synthesized in Anabaena sp. PCC 7120 in response to iron deprivation, but
schizokinen is the only siderophore that has been structurally characterized so far. The genomic context
of gene alr0397 encoding for a schizokinen outer membrane transporter is hypothesized to harbour genes
involved in the biosynthesis of this iron chelator, however, the actual pathway has not been characterized
yet. Based on previously published data sources, we propose that the biosynthesis genes of schizokinen
constitute an operon structure that is under the control of FurA, the master regulator of iron homeostasis.
Similar gene clusters can be identified in other cyanobacteria and the arising pathway starting from
aspartate-semialdehyde is analogous to that of aerobactin in Escherichia coli and rhizobactin 1021 in
Sinorhizobium meliloti. In this work we are systematically investigating the biosynthetic function of
seven genes in the schizokinen operon. The corresponding 10.6-kb genomic region on the chromosome
of Anabaena sp. PCC 7120 was removed and seven versions of the operon are being expressed from an
expression vector, each of which is lacking a different gene in the operon. The comprising strains will be
analysed for an increased production of assumed intermediate metabolites in the proposed pathway.
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Integrated wastewater treatment and biofuel production with a
green alga isolated from Finnish waterway
presented by Mikael Jämsä
poster nr [37]
M. JÄMSÄ, F. LYNCH, A. SANTANA-SÁNCHEZ AND Y. ALLAHVERDIYEVA
University of Turku, Finland
To improve the feasibility of photosynthetic bioenergy production in the Nordic region, we are investigating
the employment of native strains of microalgae for integrating bioenergy production with wastewater
treatment. Algal wastewater treatment is not yet considered a standard process, particularly in the Nordic
region where average light intensities and temperatures are low. In this study, we have evaluated nutrient
removal and biofuel production capacities of a native green alga from the Scenedesmacea family, obtained
from the University of Helsinki Culture Collection (UHCC). Previously we have analysed these properties
at laboratory-scale. In this study, the experiments we performed new investigations at pilot-scale. The
native alga strain was seeded into batch mode rotating air reactors which demonstrated efficient nutrient
removal meeting the requirements of European union directive (91/271/EEC) for total nitrogen and
phosphorous. The total-lipid content, fatty acid methyl ester (FAME) content and profile were measured
three times over the course of the experiment The highest total-lipid content of 47% per dry weight
was seen at the conclusion of the experiment (after 14 days) when the nutrient levels in the reactor had
dropped from 56 mg/L (Tot-N) and 5.8 mg/L (Tot-P). To 2.4 mg/L (Tot-N) and 0.8 mg/L(Tot-P).

Understanding the mechanisms behind biofilm formation in a
closed photobioreactor system
presented by Javier Giraldo
poster nr [38]
J. GIRALDO1 , L. ROEF, W. VYVERMAN, S. MANGELINCKX, A. WILLEMS AND M. MICHIELS
Proviron Industries, Belgium
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Several production systems have been designed for the purpose of industrial microalgae cultivation.
However, one of the major bottlenecks in microalgae production in closed reactor systems is biofilm
formation. These biofilms are formed on the plastic surface due to interactions between algae and other
microorganisms present in the system. Consequently, the light penetration is reduced over time and
productivity is diminished. The Marie Sklodowska-Curie Initial Training Network ALFF is a European
consortium whose central objective is the study of the algal microbiome. This particular project aims
to understand the microbial interactions that induce biofilm formation, using the ProviAPT reactor
as a model. The ProviAPT system includes an array of vertical flat-panel type reactors enclosed in a
translucent plastic bag filled with water. This feature increases productivity compared to other systems.
During the first phase, biofilm formation will be studied in outdoor production reactors as well as in
experimental lab-scale conditions. Subsequently, a prevention strategy will be designed and implemented
at pilot scale. This strategy will combine technical operations with the biological knowledge acquired in
the first step of the project.
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Design of communities with mutualistic dependency on assimilable nitrogen exchange to enhance the productivity of photobiotechnological processes
presented by Marine Valton
poster nr [39]
M. VALTON AND P.R. JONES
Imperial College London, United Kingdom
Cyanobacteria can potentially be used as a host for biotechnology if they can be engineered to channel
the majority of their metabolic flux into commercially attractive chemical products. In the FP7 DEMA
project the model cyanobacterium Synechocystis sp. PCC 6803 is engineered for the biosynthesis of
ethanol, an established biofuel. Towards the goal of enabling commercial production we are attempting to
improve the productivity of the intended biotechnological process by constructing an ethanol-producing
synthetic consortium that is dependent on nitrogen fixation by a diazotroph. The reciprocal exchange of
nutrients between different species, a key concept of ecology, is indeed recognized to enhance the stability
of populations1 and the supply of assimilable nitrogen to algal cultivation media represents a significant
cost and supplies an essential nutrient to many potential contaminants. We are therefore interested in
investigating the impact of co-cultivation strategies on the robustness of the production system as a whole
in relation to the possible impact of undesirable contaminants.

Effects of time and nutrients concentration in the red seaweed
Kappaphycus alvarezii cultivated in vitro with pulse-fed
presented by Thallis Felipe Boa Ventura
poster nr [40]
T.F. BOA VENTURA, V. DE ALMEIDA PONTINHA, T. ROVER, L. HAYASHI AND M. PCHARA
Federal University of Santa Catarina, Brazil
Kappaphycus alvarezii is one of the most important sources of carrageenan, a commercial polysaccharide
widely used in food, pharmaceutical and cosmetics industry. Usually, this species is cultivated with von
Stosch solution (VS) in laboratory conditions; however, the constant presence of nutrients in seawater
make cultures susceptible to contaminations. Therefore, nutrients pulse-fed is recommended to guarantee
the seaweed growing, avoiding contamination. The present work aims to find the best pulse-fed treatment
for K. alvarezii cultivated in vitro, considering time and nutrients concentration. For that, 0.5 g thalli
were acclimated for 10 days in the dark, with aeration and divided in three concentrations of VS solution:
50% (VS50), 100% (VS100) and 200% (VS200) in sterilized seawater. As control, seawater with no VS
solution was used. Two pulse periods was tested for each concentration and control: 24 hours and seven
days. All treatments and control were made in triplicates, and seedlings were cultivated for 35 days.
Weekly, water and flasks were changed and seaweeds were weighted. Thalli grown in the 7 day-pulse in
VS100 have significantly higher grow rate in comparison of other treatments and control. No significant
differences among the 24 hours’ treatments and control were observed. The use of the 7 days pulse-fed
with 100% VS solution after 10 days in the dark can be a used for the maintenance of K. alvarezii in vitro
preventing further contamination, and minimizing the use of nutrients without prejudice in growth rates.
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Algae delivering waste phosphorus to soil and crops
presented by Ines S. Hotopp
poster nr [41]
I.S. HOTOPP AND O. EBENHÖH
Heinrich Heine University, Germany
Phosphorus (P) is a finite non-renewable resource, a major nutrient for plants, and a foundation of modern
agriculture. Nevertheless, the efficiency of P usage today hardly reaches 20% with the rest ending in
wastewater or being carried away by runoff from fields to rivers and oceans. In our work, we investigate
the potential to close the cycle from waste back to agriculture by exploiting the capability of microalgae to
accumulate large P quantities. This potential of algae for a ‘luxury P uptake’ will be combined with the
benefit of delayed release of P from the algal biomass applied as a fertilizer to soil. The increased accumulation of phosphorus at non-surplus conditions of external phosphorus in certain algae strains has yet to be
understood completely. By now, it is not known how, where and in which form the phosphorus is stored.
An assumption is that the storage of surplus P occurs in form of polyphosphates in the cell. Also, different
light conditions affect the concentrations of different algal P-pools, and these in turn have a strong impact
on metabolic activity, such as the flux of the Calvin-Benson-Cycle. We use models to understand the underlying dynamics of the conversion of different P-pools in soil, the transport and utilization of P within the
plant, and the distribution and usage of P-forms in the algal cell under different environmental P conditions.

Genome scale metabolic model of C. reinhardtii offers insight
into its photosynthetic metabolism
presented by Kailash Adhikari
poster nr [42]
K. ADHIKARI, D. FELL AND M. POOLMAN
Oxford Brookes University, United Kingdom
A genome scale metabolic model (GSM) represents the entire metabolic capabilities of an organism and is
built from data typically extracted from annotated genome databases. With aid of other computational
tools, GSM can be used as an in-silico lab, allowing us to simulate metabolic behaviours of an organism
under given environmental conditions. Here we present a fully compartmentalised GSM of Chlamydomonas
reinhardtii, reconstructed using the latest annotations in the ChlamyCyc database. As the model is based
on a recent release of the database, with more genome annotations, it includes a larger coverage of the
metabolic network compared to its predecessors and therefore gives an opportunity to uncover newer insight
about the organism’s metabolic behaviour. Exposure to the varying intensities of light affects the photosynthetic metabolism of algae. We used the GSM of C. reinhardtii to study its responses to varying input of
photons using flux balance analysis. Although we find most of the flux is centered around the Calvin cycle,
a shift in the energy metabolism is observed from the mitochondria to the chloroplast as the availability
of light increases in the system. When the light intensity exceeds the requirement of photosynthesis,
excess of energy is generated in the system, which is harmful to the organism. Under such supra optimal
light conditions, we find that most of the flux is directed towards the photorespiratory reactions and the
resulting production of glycollate is recycled through threonine synthesis pathway to produce acetyl Co-A,
a precursor for the production of lipids. Further, we used the light scan analysis technique to identify other
possible modes that could act as potential energy dissipating cycles under high light conditions in the model.
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The microalga Chlorella sorokiniana as a platform for the production of tailored high-value oils.
presented by Xenia Spencer-Milnes
poster nr [43]
X. SPENCER-MILNES1 , M. HAMILTON2 , O. SAYANOVA2 AND S. PURTON1
University College London, United Kingdom; 2 Rothamsted Research, United Kingdom
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Microalgae are promising biotechnological platforms: oil-rich biomass can be used for biofuels, and many
species accumulate large amounts of high-value products such as pigments and long chain poly-unsaturated
fatty acids (LC-PUFAs) including the well-known omega-3 oils EPA (20:5n-3) and DHA (22:6n-3) which
are proven to have nutritional benefits. However, there is often a trade-off in the production of these
LC-PUFAs in that oil accumulation in the microalgae is stimulated when under stressful growth conditions
such as nitrogen deprivation. As a consequence, growth rate is dramatically reduced and this decrease in
productivity can be a barrier to economic viability of industrial production. My project aims to produce
LC-PUFAs in the freshwater microalga Chlorella sorokiniana (UTEX1230). This strain is of interest due
to its intrinsic high growth rate, tolerance to high light intensity, growth in high temperatures up to
42◦ C and overall ‘tough’ nature. C. sorokiniana must be genetically engineered to produce LC-PUFAs
since normally it only produces fatty acids up to ALA (18:3n-3). This work will involve developing and
characterising a toolbox of genetic parts such as promoters, which will enable heterologous expression of
key fatty-acid metabolism enzymes for LC-PUFA production. Also, alternative strategies for triggering
oil accumulation through metabolic engineering will be explored. This PhD project forms part of a
BBSRC funded sLoLa grant ‘Algal Oils by Design’ in collaboration with groups at Rothamsted Research,
University of Cambridge and University of Aberdeen.

Dynamical modeling of the heat shock response in Chlamydomonas
reinhartii
presented by Stefano Magni
poster nr [44]
S. MAGNI1 , A. SUCCURRO1 , A. SKUPIN2 AND O. EBENHÖH1
Heinrich Heine University, Germany; 2 Luxembourg University, Luxemburg
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Organisms exposed to temperatures higher than usual can activate a heat shock response (HSR) allowing
them to react to the new conditions. We focus on Chlamydomonas reinhartii which, beside being a
model organism for green algae, is also interesting for the production of biofuels and hydrogen. Processes
involved in the HSR are highly conserved among species, thus similar mechanisms might be at work in crop
plants, subject to heat stress due to global warming. Here, we build a data driven mathematical model
for the HSR in C. reinhartii, employing ODEs based on simple mass action kinetics and involving few
non-linear terms. The signaling network structure is extracted from various experimental data available
in the literature, which we further use to validate the model. Temperature variations are sensed via
the accumulation of unfolded proteins, which activate a heat shock factor. This in turn activates the
expression of genes coding for heat shock proteins able to repair the unfolded proteins. The model allows
to analyze the response on different signal levels and to various stimuli not easily accessible through
experiments. In C. reinhardtii the HSR has been shown to be elicited also by light, via an independent
regulatory pathway which involves intermediates of Chlorophyll biosynthesis as Mg-Protoporphirin IX
(MgProto). We thus extend our model to include the description that we are developing of this activation
mechanism. This comprehends light activating the release from the Chloroplast of MgProto, and the
activation of the HEMA gene necessary for the first step of Chlorophyll biosynthesis.
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Utilising the microalgal thylakoid lumen for biotechnological applications
presented by Julie A. Z. Zedler
poster nr [45]
J.A.Z. ZEDLER1 , C.W. MULLINEAUX2 AND C. ROBINSON1
University of Kent, United Kingdom; 2 Queen Mary University of London, United Kingdom

1

In recent years, microalgae have attracted great interest as an alternative biotechnological platform for
the production of recombinant proteins. The chloroplast of Chlamydomonas reinhardtii, in particular,
has been shown to be a promising host chassis to produce various recombinant proteins for a range of
applications (e.g. oral vaccines, terpene synthases, immunotoxins). The full potential of the chloroplast is,
however, far from being unravelled. To date, nearly all records of recombinant proteins in C. reinhardtii
show expression in the stroma. Therefore, in this study, we expand the chloroplast toolkit by looking at
the untapped potential of the thylakoid lumen for biotechnological applications. A fluorescent reporter
protein, pHRed, and a biopharmaceutical model substrate, an scFv antibody fragment, were targeted to
the lumen. Efficient translocation was observed using a bacterial Tat substrate signal peptide. Here, we
report the addition of the thylakoid lumen to the chloroplast toolkit of C. reinhardtii. A straight-forward
method for transformation and generation of marker-free strains was used and a simple bacterial Tat
signal peptide assists substrate translocation to the lumen. Further research of transport mechanisms, in
and across the thylakoid membrane, can facilitate exploitation of the protein translocation machinery
in the chloroplast. Lumen targeting can offer additional quality control, a protected environment for
recombinant proteins and it further expands the algal chloroplast toolkit.

Production of Protein Extracts from Heterotrophically Cultivated
Chlorella protothecoides
presented by Lutz Grossmann
poster nr [46]
L. GROSSMANN, J. HINRICHS AND J. WEISS
University of Hohenheim, Germany
The microalgae Chlorella protothecoides accumulates depending on cultivation parameters high protein
levels in the dry mass. However, the whole cells show a low functionality but the high protein content
inside the cell might be a good source of functional proteins, which can be used in foods as e.g. emulsifier.
In this study we used a combination of high pressure microfluidization and solvent precipitation to liberate
and obtain the immobilized proteins from food grade, and heterotrophic cultivated Chlorella protothecoides
with a protein content of 62% in the dry matter. First, the cell disruption was studied. For that purpose,
the cells were passed up to 9 times through a high pressure microfluidizer at 150 MPa. The particle size
was monitored as an indicator for cell disruption. Subsequently, the crude microalgae dispersion was
fractionated into a soluble and insoluble fraction using centrifugation at 20,000 rpm for 30 min. The
protein enriched fractions were precipitated by solvents with varying polarities. Depending on the solvent
polarity, protein contents of up to 84% were achieved by precipitating the proteins from the insoluble
fraction. These results demonstrate that is possible to obtain protein precipitates with a high protein
content from Chlorella protothecoides.
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Mild extraction of microalgae components using Aqueous twophase systems
presented by Catalina A. Suarez Ruiz
poster nr [47]
C.A. SUAREZ RUIZ, M.H.M. EPPINK AND R.H. WIJFFELS
Wageningen University, The Netherlands
Aqueous two-phase system (ATPS) was adopted as extraction technology in a microalgae biorefinery
framework for the need of soft, simple, cheap and efficient separation of hydrophilic (e.g. proteins) from
hydrophobic (e.g. lipids, pigments) components. ATPS have been proven to be much more qualified for the
separation of biomolecules than conventional methods. This biocompatibility characteristic is mainly due
to the high fraction of water present in both phases, which is often more than 80%. In order to study this
technology for extraction of proteins from more hydrophobic components in microalgae first a screening
was performed to explore possible solvents that could form ATPS. Ionic liquids were found promising
solvents due to their tuneable properties which can be selected by choosing appropriate cationic or anionic
constituents. The solvents were selected based on their capacity to form ATPS and their interaction
with proteins. Finally, the Polyethylene glycol (PEG) 400-Potassium citrate; Iolylite 221PG- potassium
citrate and PEG 400- Cholinium dihydrogen phosphate systems were chosen. Characterization of these
systems was done in order to provide a starting point for subsequent application. Therefore, binodal
curves were constructed for each system and the factors influencing the phase formation were investigated.
Furthermore, Ionic liquid-based ATPS were used to extract at first Rubisco (Ribulose-1,5-biphosphate
carboxylase/oxygenase) protein, which is predominantly present in microalgae. Experimental results show
that 80% - 100% of proteins could be extracted in a single-step extraction.

The effect of light pulse intervals on PAM measurements in various microalgae
presented by Philipp Norf
poster nr [48]
P. NORF, A. MATUSZYŃSKA AND O. EBENHÖH
Heinrich Heine University, Germany
Pulse amplitude modulation (PAM) is a commonly used noninvasive method to study photosynthesis.
By measuring chlorophyll fluorescence emission we gain knowledge on various photosynthetic parameters
like quantum yield. At the end of a period of prolonged darkness a high intensity pulse of white light is
applied, followed by a short period of low intensity actinic light (40 µE to 100 µE) and then darkness
again. During this low light and darkness phase one or several additional pulses of light are applied.
These light pulses saturate the photosystem II by blocking the photochemistry and allowing for specific
fluorescence trace interpretation. Despite the wide use of this method there seems to be no consent on
a standardized protocol in the literature. Beside experimental approaches, there are also mathematical
models of the photosynthetic electron transport chain (PETC) available allowing for in silico simulations
of PAM measurements. Here I used a dual approach featuring theoretical work on the PETC model and
experimental work using a flatbed bioreactor (Photon Systems Instruments, FMT150) to investigate if the
time intervals between the saturating pulses of light have an effect on and therefore interfere with the
measurements. This was done for the green alga Chlamydomonas reinhardtii and the diatomsThalassiosira
pseudonana and Phaeodactylum tricornutum.

62

The effect of acid-induced hydrolysis on the solubility of microalgae proteins
presented by Laixin Dai
poster nr [49]
L. DAI, B. ZEEB, J. EWERT, J. HINRICHS, T. STRESSLER, L. FISCHER AND J. WEISS
University of Hohenheim, Germany
Proteins are the fundamental building blocks of biological and food systems. However, there is a shortage of
functional proteins, especially proteins derived from animal for technologically use. Therefore, alternative
protein sources receive more and more attention. Microalgae, for example, are of interest because of their
high protein content. Our studies showed that the functionality and characteristics of microalgae proteins
highly differ from animal source proteins. One key problem was that the solubility of microalgae protein
was relatively low, especially for spices like chlorella vulgaris in which the soluble protein content was
around 13.4%. Because of the low solubility of the proteins, it is problematic to reveal their functionality.
Due to their strong hydrophobicity on the surface, some protein fractions stay completely insoluble and
cannot be dissolved in an aqueous system. A common way to increase the solubility of proteins is a
hydrolysis. Using hydrolysis, the quaternary and tertiary structure of globular proteins is destroyed and
hydrophilic groups, hidden in the protein interior, are exposed to the surrounding. Based on this approach,
acid hydrolysis can be used to denature and partial hydrolyze proteins in order to increase their solubility.
In addition, hydrolysis is a top-down method to generate protein fragments and lays a foundation for
further bottom-up researches.

Using Tat proteins for pathway organization of light-driven biosynthesis of natural products
presented by Maria Henriques de Jesus
poster nr [50]
M. HENRIQUES DE JESUS, T. GNANASEKARAN, A. ZYGADLO NIELSEN, B. LINDBERG MØLLER
AND P.E. JENSEN
University of Copenhagen, Denmark
Photosynthesis drives the production of ATP and NADPH, and also acts as a source of carbon for primary
metabolism. NADPH is consequently used in the production of many natural bioactive compounds. Many
of these compounds are synthesized by cytochrome P450 monooxygenases, found in the endoplasmic reticulum in plants, using electrons derived from NADPH. Recently, we have demonstrated that it is possible
to break the evolutionary compartmentalization of energy generation and P450-catalyzed biosynthesis, by
relocating an entire P450 dependent pathway to the chloroplast and driving the pathway by direct use
of the reducing power generated by photosystem I in a light dependent manner. We demonstrate the
potential to transfer pathways for structurally complex high value compounds by directly tapping into
the reducing power generated by photosynthesis. Current work is directed towards the optimization of
substrate channeling in order to improve product formation and reduce the formation of side products.
Using the dhurrin pathway as a proof of concept, we attempt to increase the effective concentration of
pathway intermediates by the co-localization of enzymes in the thylakoid membrane. This is achieved by
fusing the relevant enzymes to components of the Twin-arginine translocation pathway – TatB and TatC.
TatB and TatC are membrane anchored proteins that inherently self-assemble, which allows us to recruit
enzymes into close spatial proximity. We show improved substrate channeling, reduced formation of side
products, and consequently increased yields in tobacco. Parallel work is currently being carried out in the
cyanobacterium Synechocystis sp. PCC6803.
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Planktoponics: The vision of advanced production system
presented by Antonín Střížek
poster nr [51]
A. STŘÍŽEK AND L. NEDBALOVÁ
Charles University in Prague, The Czech Republic
The project introduces a vision of facility, which can lead to sustainable production of high quality
functional food. Its principle is similar to cultivation techniques called Aquaponics with the difference that
fishes and plants used in Aquaponics are replaced by plankton, hence I call this system Planktoponics. It
is well known that some microalgal strains produce long-chain polyunsaturated fatty acids (LC-PUFAs),
which have positive effect or are even essential for higher organisms. The diet of modern humans often
lacks sufficient quantity of these compounds, what can cause civilization diseases. Food rich in LC-PUFAs
are marine fishes, which accumulate these compounds from algae, but also some freshwater algae produce
high amount of LC-PUFAs. The aim of Planktoponics system is a highly efficient cultivation combined
with low-cost incoming sources and harvesting processes. It is achieved by connection of photobioreactor
and zooplankton cultivations in two loops. The first loop is liquid: the biomass of LC-PUFAs rich algae is
flowed to the zooplankton tanks and water enriched by zooplanktons excrements is subsequently returned
to the photobioreactor. Second loop is gaseous: oxygen enriched air from photobioreactor is blown to the
zooplankton tanks, there it is replaced by carbon dioxide and returned back. Water losses are minimalized,
but it is necessary to input substances that are discharging with harvested zooplankton, particularly
carbon dioxide and phosphates, but also other nutrients, vitamins and trace elements. For a sustainable
and renewable production, it is necessary to search alternative sources of nutrients than conventional
fertilizers, for example wastewaters or urine.

Cultivation of microalgae with recovered nutrients after hydrothermal liquefaction (HTL)
presented by Manuel Bauer
poster nr [52]
M. BAUER, D. LÓPEZ BARREIRO, U. HORNUNG AND A. KRUSE
University of Hohenheim, Germany
Regarding the development of microalgal biofuels, one major key factor for sustainability is the amount of
nutrients needed for cultivation. Our poster shows cultivation trials of Chlorella vulgaris, Nannochloropsis
gaditana, Phaeodactylum tricornutum and Scenedesmus almeriensis, where the nutrients from the aqueous
by-product obtained during a hydrothermal liquefaction (HTL) were reused. Thus we provide a way to
recover valuable nutrients while simultaneously treating the wastewater generated during the production
of biofuel. The percentage of substitution of nutrients from a standard medium was investigated and an
extra intermediate step (supercritical water gasification) was performed to purify the water phase and to
compare it to a direct recycling. The responses of microalgae species to the recycling of nutrients was
strain-dependent: P. tricornutum and S. almeriensis were not able to grow well in recovered aqueous
by-products. For C. vulgaris and N. gaditana up to 75% of the nutrients from the standard medium could
be replaced with nutrients recovered from HTL without reducing the algae growth. Supercritical water
gasification of the aqueous phase did not bring additional benefits in growth performance.
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Effectiveness of algae immobilization on reduction of Chromium
(VI)
presented by Maryam Ameri
poster nr [53]
M. AMERI1 ,N. SOLTANI2 , M. SABERI NADJAFI1
Jahad Daneshgahi Mashhad, Iran; 2 Research Institute of Appllied Science, Iran
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Biological methods are being recently used for remediation of various pollutants, especially heavy metals.
Algae are organisms that can accumulate and transform diverse pollutants through different mechanisms.
Due to that ability, their immobilization has become an innovative technique for toxic metal remediation.
We wanted to apply algae immobilization to remediate Cr VI in various environments from Iran, where
that metal is a serious contaminant. With that purpose we first selected diverse microalgae from those
environments (Spirulina, Tetraselmis, Chlorella, Scenedesmus, Microchaete and Calothrix), and then
treated them with Cr VI at different pH (2-5), concentration (10-150 mg/L) and time (20-200 min).
Afterwards, Cr absorption was determined by atomic absorption. The condition for highest absorption
was selected to test the effect of algae immobilization. The maximum absorption by free algae was
with Scenedesmus, 16% after 110 minutes. The absorption capacity was reduced with increasing Cr
concentration. The best absorption occurred at higher pHs (pH 5). Immobilization in alginate almost
doubled (31%) the absorption by Scenedesmus after 110 min, and triplicated it (49%) after 200 minutes.
As a whole, our data clearly indicate that immobilization in alginate help algae to absorb Cr; therefore,
this polymer should be considered for biofilter application in the future.

Production of protein antibiotics in microalgae
presented by Max Blanshard
poster nr [54]
M. BLANSHARD, L. STOFFELS AND S. PURTON
University College London, United Kingdom
Bacteriophage endolysins are a potential class of novel antibiotics. Two endolysins, A and B, have
been successfully expressed in the microalgae Chlamydomonas reinhardtii and Synechocystis PCC6803,
respectively. An initial aim is to improve both the expression level and the activity of these endolysins.
Codon pair optimization (CPO) and the disruption of endolysin binding sites have been used to investigate
these goals. Results have so far indicated that CPO can indeed improve expression of endolysin A, and
that binding site disruption affects lytic activity. Future work aims produce a “cocktail” of endolysins by
expressing multiple endolysins in a single microalga.
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Peculiarities of long-term hydrogen photoproduction in N2 -fixing
heterocystous cyanobacteria
presented by Gayathri Murukesan
poster nr [55]
G. MURUKESAN, S. KOSOUROV, E.M. ARO AND Y. ALLAHVERDIYEVA
University of Turku, Finland
Heterocystous filamentous nitrogen fixing cyanobacteria are capable of performing indirect water biophotolysis, a light-driven reaction resulting in splitting of water to H2 and O2 . In these strains, H2 is released
in heterocysts as a by-product of nitrogen fixation. The electrons for H2 photoproduction are mainly
furnished by sugar degradation produced as a result of photosynthetic carbon fixation in vegetative cells.
Our studies have demonstrated that immobilized strains of Calothrix 336/3, Anabaena PCC 7120 and
the ∆hupL (uptake hydrogenase deficient mutant of Anabaena PCC 7120) are capable of extended H2
photoproduction when supplemented periodically with air and CO2 [1]. This condition, though, still leads
to the degradation of photosynthetic apparatus in cells and decline in H2 photoproduction over time.
Visible degradation of the pigments was observed in the untreated samples in all strains and in air + CO2
treated sample of ∆hupL. This was further confirmed by quantifying chlorophyll a and total carotenoids in
all the biofilms towards the end of the experiment. During the experiment, accumulation of glycogen was
observed in the air-treated samples of Anabaena (wt) and ∆hupL when compared to untreated. However,
Calothrix did not show the same trend and accumulated significantly less glycogen under all conditions
tested. Performing further acid hydrolysis of Calothrix samples revealed the accumulation of carbon in
the extracellular polymeric substances (EPS). Effect of oxidative stress on protein level was verified by
quantifying carbonylation of proteins.

Beyond green – harvesting and dissipating light energy in the
heterokont alga Nannochloropsis oceanica
presented by Dagmar Lyska
poster nr [56]
D. LYSKA, M.D. BROOKS AND K.K. NIYOGI
University of California Berkeley, United States
Understanding the fundamental processes of photosynthesis and its regulation has become more and more
important with growing energy and agricultural demands and the need to enhance feedstock performance
and yields. Until recently, research on photosynthesis has been focused largely on cyanobacteria, green
algae and land plants. However, heterokont microalgae, such as Nannochloropsis, are emerging as potential
feedstocks for biofuels due to their high photoautotrophic biomass and lipid accumulation rates. The
photosynthetic properties of Nannochloropsis are similar to, but also significantly different, from green
algae, e.g. in terms of light harvesting or dissipation of excess light energy (Non-Photochemical Quenching,
NPQ). We want to understand these mechanisms and their regulation in Nannochloropsis and therefore
designed molecular tools for the genetic modification of this non-model organism. Using a non-lethal,
easy-to-screen mutant phenotype, we have established protocols for targeted gene knockout by homologous
recombination and by the CRISPR/Cas9 system for the Nannochloropsis oceanica strain CCMP1779.
Furthermore, we have created a library of random insertional mutants with altered NPQ capacities
and/ or kinetics and identified disrupted genes using PCR-based methods. Combining the forward and
reverse genetics approaches with biochemical and spectroscopic analyses, we are now able to address the
significance of the xanthophyll cycle-dependent vs. the LHCX(LHCSR)-dependent component of NPQ
and the molecular basis of light harvesting in Nannochloropsis.
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CrPBCP, a new chloroplast phosphatase involved in light acclimation in Chlamydomonas reinhardtii
presented by Federica Cariti
poster nr [57]
F. CARITI1 , M. CHAZAUX2 , P. LONGONI1 , X. JOHNSON2 AND M. GOLDSCHMIDT-CLERMONT1
University of Geneva, Switzerland; 2 CEA Cadarache, France
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In the green alga Chlamydomonas reinhardtii, a major component of short-term acclimation of the
photosynthetic apparatus to changing light is the ability to distribute energy between photosystem II
(PSII) and photosystem I (PSI). In response to changes in the redox state, light quality or quantity, the
light harvesting complex (LHCII) can migrate between PSII and PSI in a process called “state transitions”.
LHCII allocation to PSI is triggered by threonine phosphorylation; the kinase responsible for this process,
Stt7, was identified more than a decade ago. In Arabidopsis thaliana a kinase homologous to Stt7 (STN7)
phosphorylates the LHCII while a single phosphatase (PPH1/TAP38) is mainly responsible for LHCII
de-phosphorylation which favors its association to PSII. Another antagonistic pair of kinase (STN8) and
phosphatase (PBCP), is involved in light acclimation in Arabidopsis. They are mainly involved in the
phosphorylation / de-phosphorylation of PS II core proteins (D1, D2, CP43 and PsbH). Here we show that
a mutant in a putative CrPBCP orthologue is affected in different targets compared to Arabidopsis. Besides
PSII core proteins, some LHCII components appear constitutively more phosphorylated in the Crpbcp
mutant. Our preliminary results indicate that the roles of PBCP for light acclimation in Chlamydomonas
differ from those of the plant orthologue, suggesting a different scenario for the regulation of LHCII
phosphorylation in the green algae. The next questions we are addressing aim to elucidate the consequences
of constitutive antenna phosphorylation and the role of PBCP phosphatase in Chlamydomonas.

Molecular phylogenetic relationship of high salinity, high temperature Synechococcus isolated from the Red Sea based on 16S
ribosomal rRNA and Internal Transcribe Spacer region sequences
presented by Yi Mei Ng
poster nr [58]
Y.M. NG1 , N.A. MOKHTAR1 , J. DUGDALE-WARWICK2 , K. MOHAMMED1 AND J. ARCHER1
King Abdullah University of Science and Technology, Saudi Arabia; 2 University of Exeter, United Kingdom
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The climate of the Arabian Peninsula makes it one of the preeminent locations for cyanobacterial biotechnology. However, current model cyanobacteria originate from higher latitude, temperate freshwater or
relatively low salinity seas and do not thrive under Saudi Arabian environmental conditions. Therefore,
there is a need to discover new robust marine strains capable of growing at 22◦ C - 40◦ C, 41 PSU Red
Sea derived media, and at least 200 µM photons m−2 s−1 . The Red Sea is highly oligotrophic, with high
salinity, high temperature waters coupled with high insolation. To address this, we have carried out a
longitudinal cyanobacterial isolation and screening project centered on the Makkah province coastal region
targeting marine locations of rapid shelving from deep ocean > 1,500 m and facing the prevailing current
that providing an upwelling of water and turbulent mixing. Following purification to unialgal status, the
sequences of 16S ribosomal RNA and internal transcribed spacer (ITS) region were used to construct a
phylogenic tree for these new Red Sea strains. Our analysis shows that they map to the Synechococcus
group of marine picocyanobacteria, closely linked to Synechococcus spp. WH7803 and WH7805 and may
form a high salinity, high-temperature sub-clade. From this single gene phylogenetic study, we make an
observation. Surprisingly, our strains form a sub-clade that is more closely related to North Atlantic
Synechococcus spp. WH 7903 and WH7805 than the only two other unialgal Red Sea Synechococcus spp.
RS9916, RS9917, which were isolated from the Gulf of Aqaba in the far Northern Red Sea.
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Molecular identification and biochemical constituent of marine
oleaginous microalga Nannochloropsis (Eustigmatophyceae), isolated from Mediterranean Sea, Eastern Harbor of Alexandria
coast, Egypt
presented by Mohamed Ashour
poster nr [59]
M. ASHOUR1 , A. KAMIL1 AND A. IBRAHIM2
National Institute of Oceanography and Fisheries, Egypt;2 Biovision Scientific Consultancy Center, Egypt

1

Screening of local isolated Egyptian marine microalgal species, with potential for aquaculture, biodiesel and
biotechnology, are essential to achieve strong microalgal database with successful commercial applications.
In this study, identification of Nannochloropsis, isolated from the eastern south of Mediterranean Sea,
was carried out using morphological identification, scanning electron microscope and molecular technique
(18S rDNA). Moreover, biochemical constituents (lipid, protein, and carbohydrates) were observed. Our
promising isolate was carefully identified as Nannochloropsis in the light of obtaining specific genomic
band with 982 bp. Alignment of specific band sequence confirmed our identification as Nannochloropsis
oceanica strains LAMB0001, N. oceanica strains CCMP531 and N. oceanica strains IMET1 with 100% of
identity. On the other hand, total lipid, protein and carbohydrate of isolated and identified N. oceanica
strains LAMB0001 were 37.71±4.27%, 22.81±3.71%, and 18.93±2.19% of dry weight, respectively, which
make this strain considered a good source for either biodiesel production or aquaculture feedstock.

Computational analysis of hydrodynamics and light distribution
in photo-bioreactors for algae biomass production
presented by Varun Loomba
poster nr [60]
V. LOOMBA, E. VON LIERES AND G. HUBER
Forschungszentrum Jülich, Germany
Microalgae can be directly used in health food or as bio-filters for waste water treatment. They also have
numerous commercial applications in cosmetics, aquaculture and chemical industry as a source of highly
valuable molecules, e.g., polyunsaturated fatty acids. Moreover, they are increasingly recognized as a
promising source for biodiesel production. To realize the full potential of microalgae, optimal operating
conditions for their cultivation in photo-bioreactors (PBR) need to be identified in order to maximize
productivity, lipid content, and efficiency of photosynthesis. The most important parameters affecting PBR
performance are reactor shape, light intensity distribution, algae growth and other metabolic properties.
The presented study aims at optimizing these parameters using Computational Fluid Dynamics (CFD)
simulations with the COMSOL Multiphysics software. Specifically, flat panel photo-bioreactors with
turbulent mixing due to air sparging and one-sided lighting are studied. First, flow profiles of both liquid
and gas phases are computed using the Euler-Euler approach for analyzing the air sparging and detecting
potential dead zones. Then, light intensity distributions are calculated inside different PBR types, based
on absorption and light scattering by algae and gas bubbles. Subsequently, the paths of individual algae
are traced, and the environmental conditions they are exposed to are recorded over time, in particular
aeration and light intensity. Results of the above described simulation stages will be presented and
discussed.
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Micronanobubbles (MNBs) and LEDs for Enhanced Microalgae
Biomass Production
presented by Philippe Mozzanega
poster nr [61]
P. MOZZANEGA, B. SHERWOOD, T.C. ARNOT, W.N. WANG3 AND R.J. SCOTT
University of Bath, United Kingdom
The production of microalgae biomass commercially can be hindered by various factors. The clever
provision of light and CO2 can greatly participate in drastically increasing the product, be it the biomass
or a (high) value-added product extracted from the biomass (e.g. astaxanthin, omega-3 oils, neutraceuticals
etc.). Here, we demonstrate how the integration of flashing LEDs lighting and CO2 (micro)nanobubbles
(MNBs) in the production set up can help boost performance and reduce costs. CO2 MNBs were characterised and their light guiding effect demonstrated: MNB-media scattered 200% more light through the
microalgae culture, with implications in PBR design and culture densities. LED lighting (red at 685 nm,
blue at 460 nm) was also explored, with flashing LEDs (20% ON duty cycle at 100 Hz, mean light intensity
I0 =272µE) conferring an 11% gain in dry weight over continuous lighting. MNBs are expected to provide
greater capabilities of CO2 mass transfer against conventional macro bubble sparging, coupled with a
longer longevity in solution (reduced associated cost of dissipated CO2 ). A negative zeta potential creates
a negative charge barrier around the cells preventing aggregation. MNBs transport nutrients directly
to the microalgae in concentrated packages. MNBs in a PBR will distribute the provided light more
efficiently and overcome the effect of mutual shading. A flashing light supply through LEDs will enhance
microalgae biomass production while reducing energy consumption by > 80% (against conventional white
lighting). The flashing light supplies enough energy to optimize light-dependent photosynthetic reactions
(Z-Scheme), also limiting the effects of photo-inhibition which have adverse effects on growth.

The dawn of a symbiosis? - Investigating the evolution of vitamin
B12 auxotrophy in Chlamydomonas reinhardtii and how this may
lead to a mutualistic relationship with Mesorhizobium loti
presented by Freddy Bunbury
poster nr [62]
F. BUNBURY
University of Cambridge, United Kingdom
Roughly half of all algal species depend upon exogenous provision of cobalamin (B12 ) for their survival.
The complex distribution of B12 auxotrophy among algal lineages may suggest that the fitness cost or
benefit of this trait is both weak and highly dependent upon environmental conditions. The parsimonious
aspect of survival of the fittest ensures that when it is less metabolically expensive to take up a resource
than it is to synthesise it or go without it, then auxotrophs are favoured. However, auxotrophs live a
less autonomous lifestyle: their fitness is determined in part by the growth of producers of their required
nutrient, and can hence be much more variable. A strain of B12 -dependent Chlamydomonas reinhardtii
(metE) previously arose and was selected for under high concentrations of B12 by experimental evolution.
Here I show that at low concentrations of B12 growth of metE is arrested and cell diameter increases.
Growth can be restored by co-culturing metE with B12 -producing bacteria includingMesorhizobium loti.
A system of ordinary differential equations was developed to model the interaction between M. loti and
metE via production of B12 and organic carbon respectively. This model accurately predicts the growth
of both species under normal conditions, however perturbing the interaction by addition of nutrients to
the co-culture elicits an unpredicted response, potentially indicative of metE being able to reduce its
contribution of organic carbon to the interaction when B12 is not limiting.
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From waste to resource: Microalgae cultivation on wastewater to
enhance water quality and for sustainable production of biobased
products
presented by Fabian Abiusi
poster nr [63]
F. ABIUSI1 , R. BOSMA1 , M. GYALAI-KORPOS2 , HANS REITH1
Wageningen University, The Netherlands; 2 PANNON Pro Innovations Ltd., Hungary

1

Microalgae are highly efficient in removing nitrogen, phosphorus, and toxic metals from a wide variety
of wastewater streams and are able to grow using flue gas as a CO2 source. However, high nutrient
loadings, suboptimal composition and the presence of toxic compounds can affect algae growth reducing
productivity and making the culture unstable. In order to select algae strains able to cope with these
conditions, the authors aim to develop a robust and easy to apply strain selection protocol that is relevant
for industrial utilization. The selected algal strain(s) should be adapted to grow optimally in selected
streams of wastewater treatment and flue gas, providing sufficient nutrient removal coupled to high
productivity of biomass with suitable composition for biorefinery. To this aim a microplate strain selection
protocol has been developed and tested, using effluent from anaerobic digestion of sewage sludge as growth
medium provided by the North Budapest Wastewater Treatment Plant (Hungary). So far, three newly
isolated strains and eleven strains from culture collections, were tested at different effluent dilutions. Five
of the tested strains were able to grow in undiluted effluent and, in some cases, no growth reduction
was found when strains were grown in media containing 75% effluent. A ranking of suitable strains was
obtained based on specific growth rate. Temperature tolerance and pigment content were also investigated.
Based on the results a robust selection protocol has been created. Overall, results show that a microplate
based testing protocol offers a fast, low-cost, high-throughput method for strain selection, that does not
require intensive labour and is well suited for industrial use. In the next phase of the project the selected
strains will be used for cultivation using effluent and flue gas and biorefinery on pilot scale. The paper
will present the approach and results of the work to date.

Sub- and supercritical water extraction of valuable substances
from microalgae
presented by Lin Du
poster nr [64]
L. DU AND ANDREA KRUSE
University of Hohenheim, Germany
The research is based on the properties of water, specifically, lower dielectric value and density at high
temperature and pressure, which are comparable with polar solvents. Sub- and supercritical water
(critical point 374◦ C, 22.1MPa) is promisingly a feasible green solvent for algal extracts production. After
pretreatment, the extraction will be conducted in a self-assembled flow reactor where temperature, pressure
and flow rate are controlled. Thus, the selectivity of extraction can be examined at different conditions
for different substances, for instance, fatty acids, amino acids and phenols. Extracts will be analyzed to
obtain the efficiency and to understand chemical reactions of valuable substance from microalgae. With
life cycle assessment, the extraction process of various compounds will be analyzed both from economical
and environmental view. The extraction system will be optimized to get high efficiency and low input
maintaining the functional properties of extracts.
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Development of high efficiency cyanobacterial cell factories: Isolation and taxonomic analysis of new group of high light, high
salinity Cyanobacterium sp. from the Red Sea
presented by Noor Azlin Mokhtar
poster nr [65]
N.A. MOKHTAR, S.A. JAMHOR AND J. ARCHER
King Abdullah University of Science and Technology, Saudi Arabia
The climate, geography and industrial infrastructure of the Arabian Peninsula make it one of the preeminent locations for algal biotechnology. However, current industrial and model cyanobacteria cannot
grow efficiently in the high salinity, oligotrophic and high insolation conditions of the Red Sea , there
is a need to discover new robust, high biomass accumulating marine strains capable of growing in Red
Sea-derived media for algal biotechnology applications in Saudi Arabia. We have developed a Red Sea
cyanobacterial isolation, characterization pipeline targeting physiologically robust high salinity tolerant,
high biomass-accumulating strains. Here we report the isolation and characterization of a new clade
of marine Cyanobacterium from the Red Sea that grows at 22◦ C – 50◦ C, 41 PSU, 200 µM photons
m−2 s−1 on Red Sea media. Isolates grow as single or binary cells; single cells are ovate 2µm wide, 2-3
µm long; in fast growing cultures on Red Sea media pairs of binary cells 2µm wide 4 - 6 µm long are
observed. Cells are blue-green. Cell ultrastructure is clearly visible under phase contrast light microscopy
revealing a mucilaginous outer layer surrounding a multigranular cell interior. Phylogenetic analysis
based on full-length 16S rRNA and ITS regions from independently isolated Red Sea strains place them
unequivocally within the Cyanobacterium clade, closely related to each and forming a distinct Red Sea
sub-clade.

Tertiary wastewater treatment by growing microalgae to produce
biogas and treat the digestate
presented by Dulce Maria Arias
poster nr [66]
D. ARIAS1 , M. SOLÉ, E. UGGETTI, M., GARFÍ, J. GARCÍA, I. FERRER
Universitat Politecnica de Catalunya, Spain

1

Microalgae are photoautotrophic microorganisms currently investigated to produce bioenergy, biofuels and
bioproducts. However, low-cost technologies are needed to be competitive with petrol and fossil fuels. In
this context, the integration of microalgae production and wastewater treatment is a promising strategy
for costs reduction. The objectives of this research were: 1) to treat secondary wastewater and digestate
in a photobioreactor, to produce microalgal biomass; and 2) to co-digest harvested biomass with sewage
sludge to increase biogas generation. The experimental set-up consisted of a pilot urban wastewater
treatment system, composed by a homogenisation tank, a primary settler, a high rate algal pond and a
clarifier, followed by a lab-scale anaerobic digester producing biogas from harvested microalgal biomass.
The effluents from this system were here mixed (1:50 digestate: secondary wastewater) and treated in a
closed photobioreactor (30 L). Anaerobic codigestion of harvested biomass and sewage sludge was then
studied in mesophilic batch tests. In the photobioreactor, microalgal biomass showed an exponential
growth during the first 5 days, increasing the initial concentration of 0.5 g L−1 by 57.0%. From the 5th day
on, a constant concentration of 1.1g L−1 was maintained throughout 31 days of experiment. Microalgal
biomass was mainly composed by Scenedesmus sp. In batch tests, anaerobic digestion of Scenedesmus as
sole substrate produced 83 ml CH4·gVS−1 , while codigestion of biomass with sewage sludge (20%:80%)
after an autohydrolysis pretreatment increased the methane yield by 130%. Our results show how the
integration of a photobioreactor as tertiary treatment would close the loop of algae-based wastewater
treatment and bioenergy production systems.

Notes
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