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Sustainability sys bio
Metabolic engineering is an enabling science that can contribute
to establish a sustainable society
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The Biorefinery Concept sys bio

Metabolic Engineering of Cell Factories enables development

of novel cell factories

Engineered cell factories can be used in biorefineries for
sustainable production of fuels and chemicals
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The Value Chain

Raw Pre- Fermen- Purifi- Formu-
Material treatment tation cation lation

The research intensive part
Desire to develop plug and
play solutions, i.e. common
cell factory platforms for many
products

Typical costs for developing a cell factory is
USD50 million

There is a trend towards partnerships —
sharing competences, risks, and capital
Investments

Chemicals & Fuels

5 l:;?k

www.sysbio.se



http://www.google.com.hk/url?sa=i&rct=j&q=truck&source=images&cd=&cad=rja&docid=kYZtw8jkJ5ASMM&tbnid=SsGKKDAoaombSM:&ved=0CAUQjRw&url=http://globalforwarding.com/blog/truck-classification-and-shipping&ei=pgzGUbDRDIbjswbizIHICw&psig=AFQjCNEsmOUwkwe_ei1oUhzyh4VEhMLu0g&ust=1372020255920095
http://www.google.com.hk/url?sa=i&rct=j&q=truck&source=images&cd=&cad=rja&docid=kYZtw8jkJ5ASMM&tbnid=SsGKKDAoaombSM:&ved=0CAUQjRw&url=http://globalforwarding.com/blog/truck-classification-and-shipping&ei=pgzGUbDRDIbjswbizIHICw&psig=AFQjCNEsmOUwkwe_ei1oUhzyh4VEhMLu0g&ust=1372020255920095
http://www.google.com.hk/url?sa=i&rct=j&q=aircraft&source=images&cd=&cad=rja&docid=zQGwEXpVaARuQM&tbnid=iga4I-jg17gMfM:&ved=0CAUQjRw&url=http://www.poweroilandgas.com/2012/09/why-aircraft-electrical-systems-operate.html&ei=JAzGUeXdF4jGtAaihoG4CQ&psig=AFQjCNHTlBSWpBoUi-kx_hfOcRHHbcaOMw&ust=1372020127063656
http://www.google.com.hk/url?sa=i&rct=j&q=aircraft&source=images&cd=&cad=rja&docid=zQGwEXpVaARuQM&tbnid=iga4I-jg17gMfM:&ved=0CAUQjRw&url=http://www.poweroilandgas.com/2012/09/why-aircraft-electrical-systems-operate.html&ei=JAzGUeXdF4jGtAaihoG4CQ&psig=AFQjCNHTlBSWpBoUi-kx_hfOcRHHbcaOMw&ust=1372020127063656

Cell Factory Development  susbio

Target for industrial
implementation

Final strain
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Novel
technologies

Existing
technologies

Titer, Rate, Yield (TRY)

Proof of principle strain

3-6 years
(>100 person years)

New enabling technologies are needed to substantially reduce the
time for developing efficient cell factories for industrial production

Cell. Mol. Life Sci. (2012) 16:2671-2670; Cel/ (2016) 164:1185-1197
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Design-Build-Test Cycle  susbio

Metabolic engineering involves the design-build-test cycle
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Yeast as a Cell Factory Sy3.Dio

Some of many advantages:

Extremely well-characterized

Many online databases with information on genome,
as well as different omics data

Genetically tractable
GRAS (Generally Regarded as Safe)
Robust industrial organism

Yeast is already a widely used for:

o Baker’s yeast, wine & beer

+ Bioethanol + Fuels (alkanes, monoterpenes)

¢ Isobutanol & farnesane ¢ Commodity chemicals (malate, 3-OH
¢ Succinate propionic acid)

+ Isoprenoids (fragrances) ¢ Fine chemicals (isoprenoids)

¢ Resveratrol ¢ Food ingredients (PUFAS)

+ Insulin precursors & vaccines ¢ Protein drugs

FEMS Yeast Research (2008) 8:122-131

FEMS Yeast Research (2012) 12:228-248
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Yeast as a Platform Organism  suysbio

Our objective is to establish an extensive technology base for wider use
of yeast as platform cell factory and demonstrate its use for production of
a range of different products

Volume

S. cerevisiae

Biofuels
| Fatty alcohols

chemicals
] 3HP
Fine
chemicals

Alkanes

Sucrose
Sesquiterpenes

Xylose
t i Enzymes
L Proteins
Synthetic Biology Pharmaceuticals

‘ Value

Systems Biology




Fatty Acid Production Platform st

Through a multiple engineering strategy we improved the production of
free fatty acids >100 fold; enabling >10 g/L titer in fed-batch
fermentations

Excellent platform strain for production of fatty alcohols and hydrocarbons
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Production of drop-in fuels ~ sysbi

Sugar | Ethanol | 1-Octanol | Octane
17.0 MJ/kg 26.6 MJ/kg 40.7 MJ/kg 47.9 MJ/kg
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Production of short chain FAs susbe

Fatty acid biosynthesis involves a multi-functional enzyme that operates
In an iterative fashion where two-carbons are added in each cycle,
eventually resulting in release of fatty acids with a chain length of 16
carbon atoms (C16)

We inserted a new enzyme
activity, a thioesterase, in the
catalytic core of this multi-
functional enzyme and this
allowed us to produce C8 and
C10 fatty acids that can be
converted further to alcohols
and alkanes

DM2 <

Antiparallel
B-sheet

These molecules can be used in gasoline — octane has an energy
content of 47.9 MJ/kg compared with 17.0 MJ/kg for ethanol

Technology licensed to the French energy giant Total and the
Swedish start-up Biopetrolia AB Biopetrolia® TOTAL

Nature Chem. Biol.. (2017) 13:360-362




GHG emissions
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Nature Biotechnol. (2013) 9:789-793

Total Energy systio

Balance
Calculations

At yields of about 90% of the
theoretical yield (as for current
ethanol production) hydrocarbon
production can be profitable with
a sugar price of about :

* 0.10 USD/Kg without subsidy
« 0.28 USD/Kg with subsidy

It will require subsidy or
mandates to get the biofuels
industry to develop
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Significant reduction in sys bio
GHG emission with Crb
production of

advanced biofuels

Combining genome-scale modeling
for calculating theoretical yields
with techno-economic modeling we
performed analysis of economic
feasibility of producing farnesane,
FAEEs and alkanes

Production of these products
results in significant reduction in
Green House Gas (GHG) emission

Nature Biotechnol. (2013) 9:789-793
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0.45+

0.40-

0.35-

0.30+

0.251

0.20+

0.151

B ACCESS flight conditions

== DC-8 flight curve at FL310

High %

Maximum continuous thrust

LETTER

Maximum

endurance

050 060 070 080  0.90
True Mach number

sys b?o%

www.sysbio.se

Clean
Technology

Use of biofuels in jet may
significantly reduce
particle emission and
hereby global warming

dol:10.1038/nature21420

Biofuel blending reduces particle emissions from
aircraft engines at cruise conditions

Richard H. Moore!, Kenneth L. Thornhill2, Bernadett Weinzierl*4, Daniel Sauer™>, Eugenio D’ Ascoli**, Jin Kim?,

Michael Lichtenstern?, Monika Scheibe?, Brian Beaton!, Andreas J. Beyersdorfl-¢, John Barrick!-2, Dan Bulzan’, Chelsea A. Corr!$,
Ewan Crosbie!"?, Tina Jurkat?, Robert Martin!, Dean Riddick!, Michael Shook!2, Gregory Slover!, Christiane Voigt31?,

Robert White!, Edward Winstead!-2, Richard Yasky!, Luke D. Ziemba!, Anthony Brown!!, Hans Schlager3 & Bruce E. Anderson!



Acknowledgement

Docent Verena Siewers
Dr. Yongjin Zhou

Dr, Yun Chen

Dr. Zhiwei Zhu

Klaas Buijs

Group retreat
August 2016
Langedrag

7'%8

@ \/ﬁw’- "

0

sb?%:

www.sysbio.se

Sy

novonordisk #
fonden

(formas|

\/
e U.S. DEPARTMENT OF u Vetenskapsradet
ENERGY @ nordon

NordForsk

. ®

N\etaC
.= BIOVACSAFE o

o=@ sossoee

8488 o %\1 AAK

8a8a Path genomcmca

AJINOMOTO
Frmenich dﬂw’

ToTAL Biopetralia® novozymes

5_\ SANDOZ Rethink Tomorrow

CHALMERS


http://www.firmenich.com/pls/portal/url/page/PGRPCORPMISC/PGCORPHOME?cid=HO&sid=null
http://www.firmenich.com/pls/portal/url/page/PGRPCORPMISC/PGCORPHOME?cid=HO&sid=null
http://erc.europa.eu/index.cfm
http://erc.europa.eu/index.cfm

