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Why & How?

What can we offer and
develop in Turku?

Starting points
1.   Collaboration between the two

universities in Turku
2.   Theme must be scientifically

challenging and societally
important

Get out of the box and think widely!



Bioeconomy:
Food

Materials
Energy
Nutrition
Climate

Circularity
Innovation

What is the Bioeconomy?
• The bioeconomy comprises those parts of the economy that

use renewable biological resources from land and sea.
• Photosynthesis produces all renewable bioresources

in land and sea
• Modern science (chemistry, engineering, synthetic biology

etc) provides tools for creating smart bioproducts



Serious science is
scarcely involved!
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What is the Bioeconomy?
• The bioeconomy comprises those parts of the economy that

use renewable biological resources from land and sea.
• Photosynthesis produces all renewable bioresources

in land and sea
• Advanced science (chemistry, engineering, synthetic

biology etc) provides tools for innovations in bioeconomy





Photosynthesis

H2O + CO2
Food
Paper & Fibers
Pharmaceuticals
Biomass
Fossil fuels
Direct Solar Fuels
Novel chemicals

Sugars + O2

PS PSPS





BioCity Turku Research Programs



Partner organizations:
• University of Turku, Department of Biochemistry / Molecular Plant Biology
• University of Turku, Department of Chemistry
• University of Turku, Department of Information Technology
• Åbo Akademi University, Johan Gadolin Process Chemistry Centre (PCC)
• Åbo Akademi University, Theology
• Åbo Akademi University, Biosciences

Associated research groups participating in the programme:
• Åbo Akademi University, Center for Functional Materials (FunMat)

Collaborator:
• Turku Science Park / Smart Chemistry Park



Department of Biochemistry / Molecular Plant Biology:
Research groups of:
Professor Eva-Mari Aro
Professor Eevi Rintamäki
Professor (tenure track) Paula Mulo
Senior researcher Yagut Allahverdiyeva-Rinne
Senior researcher Natalia Battchikova
Senior researcher Hiroaki Fujii
Senior lecturer Saijaliisa Kangasjärvi
University lecturer Esa Tyystjärvi
Senior lecturer Taina Tyystjärvi
Department of Chemistry:
Research groups of:
Professor Juha-Pekka Salminen
Professor Carita Kvarnström
Department of Information Technology:
Research group of:
Senior lecturer Risto Punkkinen

University of Turku:



Johan Gadolin Process Chemistry Centre (PCC)
Research groups of:
Professor Johan Bobacka
Professor Leena Hupa
Professors Reko Leino and Jorma Mattinen
Professors Tapio Salmi and Dmitry Murzin
Professor Stefan Willför

Theology: Theological ethics and life-view research
Research group of: Professor Mikael Lindfelt

Biosciences
Research group of: Docent Jussi Meriluoto

Åbo Akademi:

Associated research groups participating in the programme
Center for Functional Materials (FunMat):
Research groups of:
Professor Ronald Österbacka
Professor Martti Toivakka
Professor Jouko Peltonen
Professor John E. Eriksson
Professor Carl-Eric Wilén



Advanced Bioresources and Smart Bioproducts
Towards Sustainable Bioeconomy





Planned acitivities
• joint seminars, in which the researchers from UTU and ÅA will get to know

each other and become familiarized with the scientific and methodological
expertise of each group

• tailored doctoral courses to support the present course offer of UTU (including
the Turku School of Economics) and ÅA.
• Summer School in Wood Biopolymer Science “New materials from trees”,

Åland, August 2016
• “Towards Bio-based Finland”, a course dealing with economical and societal

transition towards low-carbon and resource-efficient Finland
• Spring term 2017, UTU will organize

• “Publishing seminar / course”, UTU organizes (collaboration with the
Doctoral Programme of Molecular Life Sciences)

• Seminar: ethics, open access, impacts
• Course: preparing figures for publications
• December 2016

• additional workshops and seminars dealing
with bioeconomy



Fortum now announces to start
focusing on renewable energy

i.e. the forests
GREAT!!!!   BUT!!!!!



Report chair:
Prof. Jaana Bäck

from HY



Basic	Research:	a	Necessity	for	Unlocking	the	Finnish	Bioresources			…....................... new
technologies and innovations are urgently needed for sustainable energy production - also in Finland. The European Academies of Science Advisory Council
(EASAC), with the Finnish Academy of Science and Letters (Suomalainen Tiedeakatemia) as a lead academy, is currently preparing a science-based report on
sustainable use of forests for policy makers in EU. The report will be published by the end of 2016-beginning of 2017 and will hopefully serve also the Finnish
decision makers in implementing sustainable forestry policy.

Blog from Suorsa and Aro:













What do we do in:
Molecular Plant Biology

Department of Biochemistry

….how do we currently contribute to
sustainable bioeconomy

….what could we do in collaboration in
this BioCity Turku Program?



Cyanobacteria
Algae (green algae, diatomes)

Mosses and Ferns
Conifers (spruce)

Angiosperms

Photosynthesis
Efficiency/Regulation/Protection

Communication
with

environment

Communication
in planta

1. Enhancements of Biomass
Production for Food and Bioenergy
2.     Synthetic Biology for Direct
Fuel and Chemical Production

Development &
Stress & Acclimation



Three  examples
1. Living Factories

Ongoing Tekes project
2.   Towards versatility of aquatic production platforms:
un  unlocking the value of Nordic bioresources

On second round of the two phase NordForsk NCoE program
3.   Photosynthesis 2.0

In dreams but negotiations with EU have been promising



Living Factories Programme

LIVING FACTORIES:
Synthetic Biology for a Sustainable Bioeconomy (LiF)

Consortium:
prof. Merja Penttilä, VTT Technical Centre of Finland

prof. Markus Linder, Aalto University
prof. Eva-Mari Aro, University of Turku



Roadmap for Synthetic Biology in Finland



Alternative light capture
mechanisms

CO2

CO2

Chemicals

Contained production

Heat/power

Fibers
Nanocellulose

Construction
materials

Chemicals

Aromates

Fuels

Polymers

Proteins

Nanobio products

Industrial flue gas
Atmospheric CO2

Shale gas

Photosynthesis

Biomass
based

factories

Gasification

Waste carbohydrates

Methanol

SUGAR

Current
biorefinery

developments

Current
biorefinery

developments

Bioproduction
in the future:

Direct conversion
of primary

resources to the
product of interest

Bioproduction
in the future:

Direct conversion
of primary

resources to the
product of interest

Fuels

Biogas
methane

Living Factories

Combustion
Pulping,
Gasification,
Pyrolysis,
Pretreatment,
Fractionation

Photon Conversion
Efficiency PCE =

max 1%
PCE = max 0.1%

PCE: aim 7-10%
in cyanobacteria

chassis

Direct and efficient
conversion of solar energy

and CO2 into products
without a biomass phase!

Cell functions as a catalyst!

Merja Penttilä: Living Factories

Synechocystis 6803

H2O

CO2



Living Factories

Biological Solar Fuels / Solar Chemicals

• Synechocystis sp. PCC6803 is the production platform

• Sun light, H2O and CO2 are inexhaustible raw materials

• Synechocystis functions as a catalyst

• Direct production – no biomass phase - higher photon
conversion efficiency



Living Factories

Substrates Products

Pathway design and construction
for production of

carbon-based solar fuels and chemicals

H2O
CO2

ATP
NADPH

Thylakoid re-design
and re-construction
for maximal solar
energy conversion
to target products Solar biofuels

Solar chemicals

Cyanobacterial cell functions as a catalyst!
Biomass production will be limited!

1.

3.

2.
Enhancement
of CO2 acquisition

If we can create
strong sinks for

electrons  –
no protective

electron transfer
pathways are

needed!!



C-based new products

• Photosynthetic organism functions as a catalyst and produces NADPH and ATP
• CO2 fixation is enhanced
• Major part of CO2 fixation should be directed to new products
• Only minor part of CO2 fixation is used for growth and maintenance of cells

CO2 fixation for the
maintenance of

cells



Solar energy is first stored in NADPH and ATP …. then in target products
Needs strict planning, modelling and engineering to avoid the escape of ”high-energy” electrons
derived from water

CO2

Solar Fuels & Chemicals

ATP

NADPH

ATP

Hydrogenase

Flv2/4 Flv1/3



Living Factories

Substrates Products

Pathway design and construction
for production of

carbon-based solar fuels and chemicals

H2O
CO2

ATP
NADPH

Thylakoid re-design
and re-construction
for maximal solar
energy conversion
to target products Solar biofuels

Solar chemicals

Cyanobacterial cell functions as a catalyst!
Biomass production will be limited!

1.

3.

2.
Enhancement
of CO2 acquisition

If we can create
strong sinks for

electrons  –
no protective

electron transfer
pathways are

needed!!



Living Factories

Biotechnology and Bioengineering, 109: 10, 2437-2459

Cell chemistry can provide fuels and platform chemicals to
replace oil - but also chemicals for novel industrial applications

Biotechnology and Bioengineering, 109: 10, 2437-2459



CO2

RNAseq
Targeted proteomics SRM
Targeted ”metabolomics”
Automatization
Data mining and pathway design

Direct and efficient production of pyruvate
from solar energy, water and CO2H2O

pyruvatepyruvate

NADPH
ATP





Pauli Kallio [pataka@utu.fi]  - University of Turku FINLAND
Plug-and-play, Leiden 17.8.2016

Modeling; from pyruvate onwards



Pauli Kallio [pataka@utu.fi]  - University of Turku FINLAND
Plug-and-play, Leiden 17.8.2016

Modeling;
Pyruvate to ethanol



Pauli Kallio [pataka@utu.fi]  - University of Turku FINLAND
Plug-and-play, Leiden 17.8.2016

Modeling;
Pyruvate to ethanol



Towards Sustainable Bioeconomy



Full proposal was submitted in September 2016 with our unit as a coordinator



Platform
chemicals

Wastewater
Treatment

Summer
schools

Researcher /
student exhange

(univ. &
companies)

Societal
aspects

WP 7
Entrepreneeurship

Communication

WP2
Blue

Biorefinar
y

WP5
Cell

factory

Coordinator:

#82845 Towards versatility of aquatic production platforms:
unlocking the value of Nordic bioresources



One billion
EU FET Flagship
Project
Presented in the
Commission in June
and negotiations
continue



EU Flagship Project  - a billion euro project

PHOTOSYNTHESIS 2.0

Under negotiation in EU Commission
Starts earliest in 2019



Pauli Kallio [pataka@utu.fi]  - University of Turku FINLAND
Plug-and-play, Leiden 17.8.2016




