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Products/Uses

Industrial

Corrosion inhibitors, dust control,
boiler water treatment, gas
purification, emission abatement,
specialty lubricants, hoses, seals

Transponation

Fuels, oxygenates, anti-freeze, wiper
fluids molded plastics, car seats, belts
hoses, bumpers, corrosion inhibitors

Textiles

Carpets, Fibers, fabrics, fabric
coatings, foam cushions, upholstery,
drapes, lycra, spandex

Safe Food Supply

Food packaging, preservatives,
fertilizers, pesticides, beverage
bottles, appliances, beverage can
coatings, vitamins

Environment
Water chemicals, flocculants,
chelators, cleaners and detergents

Communication

Molded plastics, computer casings,
optical fiber coatings, liquid crystal
displays, pens, pencils, inks, dyes,
paper products

Housing

Paints, resins, siding, insulation,
cements, coatings, vamishes, flame
retardents, adhesives, carpeting

Recreation

Footgear, protective equipment,
camera and film, bicycle parts & tires,
wet suits, tapes-CD’s-DVD’s, golf
equipment, camping gear, boats

Health and Hygiene

Plastic eyeglasses, cosmetics,
detergents, pharmaceuticals, suntan
lotion, medical-dental products,
disinfectants, aspirin

Figure 3 — Analogous Model of a Biobased Product Flow-chart for Biomass Feedstocks

Top value added chemicals from biomass. 2004. NREL report, Volume 1.
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Potential Top 30 candidates

1 Carbon monoxide & hydrogen (syngas)

2 None

3 Glycerol, 3 hydroxypropionic acid, lactic acid, malonic acid, propionic acid,
serine

4 Acetoin, aspartic acid, fumaric acid, 3-hydroxybutyrolactone, malic acid,

succinic acid, threonine

) Arabinitol, furfural, glutamic acid, itaconic acid, levulinic acid, proline,
xylitol, xylonic acid

6 Aconitic acid, citric acid, 2,5 furan dicarboxylic acid, glucaric acid, lysine,
levoglucosan, sorbitol

From: Top value added chemicals from biomass. 2004. NREL report, Volume 1.
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Building Blocks

1,4 diacids (succinic, fumaric and malic)

2,5 furan dicarboxylic acid
3 hydroxy propionic acid
aspartic acid
glucaric acid
glutamic acid
itaconic acid
levulinic acid
3-hydroxybutyrolactone
glycerol

sorbitol

xylitol/arabinitol

From: Top value added chemicals from biomass. 2004. NREL report, Volume 1.
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Choice of microorganism

- Are E. coli, C. glutamicum
and S. cerevisiae always the
best choice?




pri@bio.dtu.dk

- Lactic acid bacteria
- Yeasts

CS



Lactic acid bacteria

» Exploited for thousands of years for food fermentation
 GRAS status (generally regarded as safe)

« Small genomes, well characterized, easily transformed and
molecular tools abundant (for some of them)

» Excellent for fast anaerobic growth (30 min doubling time at 30°C).

» High glycolytic flux (glucose, lactose) and pathways to several
desired biochemicals

Desirable properties as production organisms:

-Conversion of biomass hydrolysate?
-Robustness towards inhibitors and products?

-Redirection of fluxes towards products at high yield?
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Predicted xylose pathway in L. lactis
Tanaka et al. 2002

Christian Solem Mateusz Lezyk Kia V.Pedersen

Characterization of the xylose metabolism in
L. lactis plant isolates

Transfer of xylose genes to dairy strains

Adaptive evolution of L. lactis for faster
growth on xylose

Characterization of the xylose metabolism in
Lactobacilli



Vanillin, etc

From: Palmqvist & Hahn-Hagerdal 2000. Bioresource Technology, 74, 25-33.



Brian Kgbmann Casper Nilauser



* +,-./

GML17 + 15¢g/l acetate (0.11M) GML17 + 50g/l acetate (0.36M)

O

GM17 no addition Q

O

GM17 + 15¢/l lactate (0.13M)  GM17 + 50g/! lactate (0.45M)

O
O



#6 .6 #6 .16 .76

"6 % 76 "6 %76 ".76 % 76
" 61*32 4 "61*32 4







-|;;!/



*

Expression of PDC in L. lactis

Kelli Doherty Christian Solem
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No ethanol on glucose:
co-express ADH
knock-out LDH
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The brewing bacterium
— L. lactis engineered for bioethanol production (Solem et al)
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Starch  Lignocellulose Glycerol
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Proces development/optimisation:
Screening of different yeasts
Genetic modifications
Process and media optimisation
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- used for making polymers, plastics and hydrocarbon fuels



$56'

Brian Kgbmann  Martin Belmont Christian Solem

$5 6"#

0(;G
oG, '>T

D% Dw ID %

~

%

" # " " "#B
3 ( 3 ( 3 (
+7 +CB +'B%

/ / /



D %$ D




(from C5 and C6)
$5 6|||#

0(;G
0G, '>T
o(;G ( 1D o
O(;’ ?f N
; F(<—% 2

!Doé» Dv  1Dw 0, Pl
o(;G

(from C5 and C6)

- (from C5 and C6)
0G,
o(;G A>:
v

(from glycerol)

Martin Belmont
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Redox-balance = 0
ATP-balance = 2

Under construction






Engineering approach

- Add new functions or new pathways
- Adjust native metabolism: knock-out,
tuning activity using synthetic biology

Evolutionary strategies
Selection and screening for improved mutants
Systems biology approaches to map the
changes/targets
Engineering to further optimise the strains

Choice of microorganism
- Are E. coli and S. cerevisiae always the best
choice?

Park et al, 2008.



