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Biochemical conversion:
integrated sugar & protein fermentation

Dilute acid (2-10% H,SO,, 90-145°C, 0.5-6 hr) &
enzymatic (0.5-2 g/L, 37-55°C, 12-48 hr)

pretreatments being evaluated

Sugar fermentation strain: E. coli KO11
for conversion of sugars to EtOH
Protein fermentation strain: E.coli YH83
for conversion of amino acids to >C2
alcohols + NH,

Amino
acids

Thr
Met

Leu
Val
Ser
Cys
Ala
Gly
Trp

Glu
Arg
Pro
His
GIn
Phe
Tyr
Lys

alanine

4 Keto Fuels \‘ Chemicals
{ acids 1
1
Isobutyric acid Imine
1 2-KB
H ¢ Ethanol : [Acetal ]
1 1-Propanol | |
: n-Butanol : 2,3-Butanediol Lactate
1 = I Isoprenoids Acetoin
1 KIC Isobutanol 1 n-Butyrate Acetone
1 4 1 Isobutene
1 1
\\ KIv 3MB U
‘~-.|‘_- ________ 4
=) Py | ——
I Pharmaceutical
intermediates ltaconate 1\
2-Methyl-1,4-butanediol
3-Methyl-tetrahydrofuran
2-Methyl-1,4-butanediamine
2-KG - r .
Homophenyl- [p-Hydroxy-cmnamlc acid ]

(Huo Nat. Biotech 2011)

1,5-Diaminopentane
2-Ketoadipic acid
Adipic acid

4.00

3.50

2

2.50

2

1.50

Alcohol yield (g/L)

5

0.50

o
8

= = g
o n o

% (w/w) amino acid
o

0.0

m phenylethanol
m (2/3)-methyl butanol

M isobutanol

100

~~-~.. dil. acid
N
%\, tenzyme

\
\

dil. acid >, /7

- 90
=" - 80
-,
- - 70
- 60
- 50
- 40
- 30
- 20
- 10

[NH4] (mM)

Fermentation progress (hours)




Optimizing yield of biochemical
conversion processes

Fermentation inhibitors & enhancers

* Optimization performed at

bench scale (1L) prior to Lipid p-particles

+ alcohols
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Redox cofactor engineering provides
60% yield improvement

NADPH depletion observed
during time course studies

llvC and ADH keto-acid
pathway enzymes modified
for NADH specificity

9]

5 new E. coli strains
showed increased
conversion yield relative
to YH83 !

Concentration (g/L)

Key to achieving FY15
milestone of 80% of net
theoretical conversion yield
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Fuels Production + Nutrient Recycling®

» Dilute acid + enzymatic pre-
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Comparative Protein Composition
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Comparative Technoeconomic
Potential of High Protein Feedstocks
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* Remineralized ammonia (as NH,MgPQO,) is included in the mass balance




Process Flow and Yield Potential

18.6g mixed
16.3g ethanol alcohols,
(11.4 gge) 10 g lipid

Dilute acid Carbohydrate Protease Protein
pretreatment Fermentation digestion Fermentation

DDGs

31g protein

34g carb

10g lipid Biomass

25g other organics solids

100g basis (AFDW) Fertilizer

recovery

NH,MgPO,

~5-10g
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