...o ®e o
ODIOREFINE-20

BIoOREFINE-2G Workshop

Bioplastics from
2"d generation Biorefineries TMB

Applied Microbiology

Strain development for
® diacid production

Lisa Wasserstrom
Anders Sandstrom
‘ Marie Gorwa-Grauslund

Applied Microbiology,
Lund University

This project is co-funded by the European Union within the 7th Frame Programme . Grant Agreemen tn°613771.
The sole responsibility of this publication lies with the author. The European Union is not responsible for any use that may be made of the information contained therein.



Applied Microbiology, Lund University 3% NE-20

o %

AT G

TMB

Applied Microbiology

UNIVERSITY




Research at Applied Microbiology K2

Jenny Schelin
Peter Radstrom
Ed van Niel

Johannes Hedman
Peter Radstrom

Jenny Schelin
Linda Jansson

Industrial
biotechnology

Forensics &
Diagnostic

fuels & bulk
PCR Physiology oot

chemicals)

Molecular

mechanisms

Magnus Carlquist
Marie Gorwa-Grauslund

Water quality &

Biocatalysis \L environmental
(fine chemicals) research e

Peter Radstrom
Catherine Paul

NE-20U

Marie Gorwa-Grauslund
Ed van Niel

Anders Sandstrom

Lisa Wasserstrom



Carboxylic acid production in et o
2nd generation biorefineries OIOREFINE-2C

AIM: Engineer Saccharomyces cerevisiae to produce
carboxylic acids from biomass rich in C5 and C6 sugars




Outline REFINE

Production of carboxylic acids

» from lignocellulosic biomass

» using Saccharomyces cerevisiae
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Carboxylic acids — Why? b1 OREFINE-20

Polymers ™ Medicin

-~ Polyethylene
Terephtalate : PET

—

Gluconic acid

Acetic acid




Carboxylic acids and plastics  blcREriNE-2¢

BIOSUSTAINABLE BIODEGRADABLE
PLASTICS 3 Polyhydroxybutyrate (PHB)
Y

| (average temperature, 20°C)

) L Madison and G Huisman (1999).
& [ ..»  Microbiol Mol Biol Rev. Mar;63(1):21-53. 7
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Carboxylic acids and bio-plastics OTOREFINE-20
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Sandstrém AG et al., (2014)
Appl Microbiol Biotechnol. 98(17):7299-318.



http://en.wikipedia.org/wiki/Hexane-1,6-diamine

Diversity of the metabolism

CB/C5monosaccharides
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Appl Microbiol Biotechnol. 98(17):7299-318.
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Lignocellulosic biomass — Why? oToREFINE 20

2"d generation Biorefineries

Lignocellulose

Inhibitors

Furans Weak acids
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Extractives Phenolics
(1-5%)

Cellulose
(33-51%)

Hemicellulose
(19-34%)

Lignin
(21-32%)

» Wood resin

Almeida et al., (2007)
Chem Technol Biotechnol. 82: 340-349
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Potential microorganisms for R T
. o e o
several bioprocesses OIOREFINE-20

Escherichia
coli

Zymomonas
Xylose mobilis Ethanol

Introduced

xylose pathway Saccharomyces
cerevisiae
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Organism comparison bIGREFINE-20
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Concentration (g/L)
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http://www.biotechnologyforbiofuels.com/content/3/1/11/figure/F5
http://www.biotechnologyforbiofuels.com/content/3/1/11/figure/F5

Alcoholic fermentation even under i,

.0. (] ®
aerobic conditions OTOREFINE-20
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Alcoholic fermentation even under i,
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aerobic conditions OIOREFINE-20
FERMENTATION
Glycolysis
+0,0r-0,
Saccharomyces _
cerevisiae
acetyl-coA
Oxaloacetate
-
f , RESPIRATION
Malate TCA cycle Citrate
Fumarate a-ketoglutarate Only + O,
Succinate

Require metabolic engineering
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What is metabolic engineering? b

“optimizing genetic and regulatory processes within cells to
increase the cells' production of a certain substance”

Sucrose \
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Example of malic acid production RETIN
[ ] ® [
|n Yeast OIOREFINE-2¢
/ T IMPORTANT FEATURES
O -~ aw SR 1. No ethanol production
Lactate qebemmmmmm Pyruvate L 5«9\1N :\ [::eta:ldehyde (A pd cl,5 ,6)

2. Overexpress pyruvate
carboxylate (PYC2)

3. Overexpress cytosolic
malate dehydrogenase

LDH v
HCO5~ _\ co;
Cytosol “PX NAD(P)H
PYC2 ™
Pyruvate Acetate

ATP
Oxaloacetate
MDH3ASKL Co, NADH CoA AMP
MDH2 NADH

Acetyl-CoA

(MDH3ASKL)
~ Citrate
Malate \ 4. Malate transporter
SOMAE] FuM1 Mitochondrion Isocitrate S MAEl
. g Furmarate l)r p
N o-Ketoglutarate
Succinai_:e;-“-‘ . /
T RESULT
0.42 mol malate/mol glucose
59 g/L

Zelle et al., (2008). Appl Enivron Microbiol 74(9) : 2766-2777
Derek A. Abbott et al., (2009) FEMS Yeast Res 9 : 1123-1136
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Outline of BioREFINE-2G K
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REFINE-2G

S. cerevisiae best host since tolerant to low
pH and inhibitors

Require metabolic engineering to prevent
ethanol production

Glucose
Xylose

|

Pyruvate

7\

diacid A diacid B
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Thank you for your attention !!

Acknowledgments

Dr. Anders Sandstrom, Post Doc

‘ Nina Bjurman, 15 ECTS project

Professor Marie Gorwa-Grauslund

Lisa Wasserstrom

‘ Lisa.wasserstrom@tmb.lth.se
+46733142242

This project is co-funded by the European Union within the 7th Frame Programme. Grant Agreement n°613771.
The sole responsibility of this publication lies with the author. The European Union is not responsible for any use that may be made of the information contained therein.


mailto:Lisa.wasserstrom@tmb.lth.se

