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Use‐inspired, team‐based basic science

Jay Keasling, CEO

Joint BioEnergy Institute (JBEI)
Seven partners – One location
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JBEI provides the basic science 
for converting biomass to fuels
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impact of JBEI goals
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Available at econ.jbei.org
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Eight key factors have the biggest impact 
on the price of biofuels

JBEI technology development & improvement scenarios
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Engineering cell wall deposition in fibers

Challenges
• High-density biomass would reduce transport costs 

and increase fuel yields
• More sugar and less lignin is preferable
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Engineering cell wall deposition in fibers
- the positive feedback loop

Increase of secondary cell wall biosynthesis in fiber cells

Fibers

Cellulose Xylan

NST1

lignin

Wild type Fibers

Cellulose Xylan lignin

TF engineered

before afterinterfascicular 
fibers

in Arabidopsis
(dicots)

in Brachypodium
(grasses)

NST1

NST1

Yang 2013 Plant 
Biotechnol J. 11:325

Stacking technologies: Engineered plants with 
low lignin and high cell wall deposition

Yang 2013 Plant Biotechnol J. 11:325

Lignin and Fiber engineered 
Fibers 
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Dominant lignin engineering approach:
use of competitive pathway

Target product
(e.g. lignin)

Biosynthesis pathway

Target product
(e.g. lignin)

Biosynthesis pathway

Wild type

Engineered wild type

Competitive pathway

Product X 

Diverting lignin intermediates reduces lignin 
and improves sugar release
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Challenges
• We need better pretreatment processes that 

yield cleaner cellulose/hemicellulose

Some key challenges in converting 
lignocellulosic biomass to fuels

Pretreatment
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Ionic liquids pretreatment produces clean 
cellulose/hemicellulose

Ionic 
liquids

Biomass

Mix
Heat

Stir 

Add

Anti-
solvent

Pretreatment

  
  

  
  

  
  

  
  



4

Switchgrass undergoing IL pretreatment

• [C2mim][OAc], 120°C

• In situ studies using bright field microscopy

• Complementary Raman and fluorescence studies indicate 
that lignin is solvated first, then cellulose

Does pretreatment with ionic liquids 
improve cellulose hydrolysis?

Pretreatment Enzymes
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Ionic liquid pretreated biomass 
is hydrolyzed more quickly by enzymes
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Ionic liquid pretreatment:
80% hydrolysis in 7 hours

Dilute acid pretreatment:
80% hydrolysis in 70 hours

IL pretreatment of mixed feedstocks
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Achieved >90% IL recycle and maintained 
performance

20 µm 0.2 µm 

50k 10k 3k 

Vac Centrifuga on Vac 

L3 

Adjust. 
pH=3 

Precipitates 
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92.7% 

90.8% recovery 

Recycled IL 

• Achieved >92% recovery of the ionic liquid [C2mim][OAc]
• Recycled IL preserved >90% original pretreatment efficiency 

if pH is appropriately adjusted
• Preservation of IL structure after recycle 
• No apparent lignin compounds but trace sugars in recycled IL
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Ionic liquids can be made from lignin:
“Bionic Liquids”
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Conversion of lignin 
to “Bionic liquids”
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Renewable “bionic’ liquids have comparable 
performance to imidazolium-based ILs

[Fur] [H2PO4] [p-Anis] [H2PO4]        [Van] [H2PO4]      [C2mim] [OAc]
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Challenges
• Biofuels are needed for all kinds of engines, 

particularly diesel and jet engines
• Many fuel-producing organisms can only utilize a 

fraction of the sugars from biomass

Some key challenges in converting 
lignocellulosic biomass to fuels

Sugars

Microbes
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Fuels investigated by Fuel Synthesis Division

Gasolines
• High octane
• Short-chain alkanes
• Many branches
• Some aromatics

Jet fuels
• Long-chain alkanes
• Few branches
• Some aromatics

Diesels
• Appropriate cetane numbers
• Long-chain alkanes
• Few branches
• Some aromatics

R

Engineered microbes convert sugars 
into advanced biofuels

sugars

-Pinene

Bisabolane

Methyl ketones

Isopentanol
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Engineered microbes convert sugars 
into advanced biofuels

sugars

-Pinene

Bisabolane

Methyl ketones

Isopentanol

Many useful diesel fuels 
can be made from fatty acids

PEP

PYR

AcCoA Fatty-ACP
Fatty 
acid

ACC
FAS

Lipid

FadD Fatty 
acyl-CoA

FadA

AtfA

TesA

Acetaldehyde Ethanol
Pdc

AdhB

Fatty acid ethyl esters

β-keto-
acyl-CoA

FadM
Methyl ketones

OleABCD

Alkenes

Goh et al. 2012 AEM 78:70
Müller et al. 2013 AEM 79:4433
Goh et al. 2014 Met. Eng. 26:67  

Beller et al. 2010 AEM 76:1212
Beller et al. 2011 J Biol Chem 286:le11

FadB

FadE

Steen et al. 2010. 
Nature 463:559

CIT



4

Diesel-range methyl ketones in E. coli

Goh et al. 2014 Metab. Eng. 26:67

Re-engineering β-oxidation Titers exceeding 1.4 g/L (1% Glu, M9)
40% of maximum theoretical yield

0.12 

0.62 

10 

120 

8.6 

36 

390 
570 

1350 1400 

0.1 

1 

10 

100 

1000 

10000 

M
et

h
yl

 k
et

o
n

e
s 

(m
g

/L
) 

   TSB 
   M9-MOPS (1% Gluc) 

12020

Goh et al. 2012 

‘tesA, fadE + + + + + + + + + + 

fadM + + + + + + + + 

aco, fadB, fadA + + + + + + + + 

fadR, fadD + + + + + 

poxB + + + 

1-plasmid, 
co-aco + + + 

ackA-pta + + 

E
G

S
8

9
5

 E
G

S
1

7
1

0
 

E
G

S
1

8
9

5
 

E
G

S
8

9
5

 

E
G

S
5

6
0 

E
G

S
1

3
2

0
 

E
G

S
1

37
0

 

E
G

S
18

9
0

 

EGS860 

EGS084 

Phase separation allows 
simple purification of fuel

Wastewater 
treatment

Fuel

Cells & 
media



4

Engineered microbes convert sugars 
into advanced biofuels

sugars

-Pinene

Bisabolane

Methyl ketones

Isopentanol

Improving isopentenol production 
using proteomics and metabolomics

Construct pathway variants and
Quantify proteins and metabolites 

Chou & Keasling. 2012. Appl. Env. Micro. 78:7829 
George et al. 2014 Biotech Bioeng 111:1648 

Highest reported 
yield (12%) 

46% theore cal yield 
and 1.5 g/L ter 
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Production of isopentenol is highest 
on IL-pretreated biomass 

• Mixed feedstocks

• Compared dilute acid 
(DA), soaking ammonia 
(SAA) and IL

• Simultaneous 
saccharification and 
fermentation (SSF)  
conditions

Isopentenol yield at 48h 

Shi et al., BioEnergy Research, in press, 2015

JBEI’s research program 
has reduced the fuel cost 10,000 fold
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Starting cost Cost with
current

technology

Lowest cost
(no lignin

value)

Lowest cost
(selling lignin)

Fuel cost ($/gal)

Price of fuel with current technology = $39.76/gal
Price of fuel with best technology = $3.66/gal
Price if you sell heat from lignin = $2.21/gal
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Other GSP-related 
Resources

JBEI products are shared 
with the scientific community

• Data made available through JBEI-created databases
– disseminated to external databases, including Kbase

• JBEI computational tools made available to the DOE community
• JBEI collaborates with Kbase to develop new tools for rapid synthetic 

biology
• JBEI research tools help advance other Genomic Science Programs:

– Nano-initiator Mass Spectrometry (Northen) enables ENIGMA research

JBEI‐ICE repository 

ELN EDD LIMS

- Genomes
- Metagenomes
- Omics
- Structure

D
at

a
To
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ls

Grass 
systems 
biology

Plant 
Proteomes

SUBA

Grass Expression
& Phylogenomics

Thanks to …

BER for funding

The JBEI Team
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Total

Patent Applications
233

Total

Licenses/Options2

105

Total

Invention Disclosures
427

Total

Publications1

1,799

1 Represents publications “in print” and “accepted/in 
press”
2 Represents patent applications licensed/optioned
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DOE Bioenergy Research Centers:
Publications, Patents, Licenses

Total Patents: 24
*Year 8 through 12/31/2014

Moving BRC advances to the marketplace

Afingen


