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Corn Futures (C) 
Delayed 10 minute data as of April 02, 2009 16:53 CDT

$32.61$32.61 corn oil pricecorn oil price

$53.01$53.01 corn oil pricecorn oil price

http://www.nextag.com/norob/PtitleSeller.jsp?chnl=main&tag=719295865&ctx=9%2FYtvy0Peb9qEyoYHNQqhzy51TLG60U5ulLVsfqhvk2Ue%2F8gK%2F%2FUiKiwKF3eK2AHV6J9k%2FMdmUZO1uvkzRxCjomuwnj9wlPYASQNIW6EavXolq9GqTfaY%2B%2FZGegeqN1vMD0LBITR4q%2BFK0pJdHh01frF3Z70PDukFTXUo6HpEQ7YAHA9iBQ2yDZ8hXaHJvN0%2FueNGnKJm0yU%2B1OEWIF09w%3D%3D&ptitle=539384165
http://www.nextag.com/norob/PtitleSeller.jsp?chnl=main&tag=719295865&ctx=9%2FYtvy0Peb9qEyoYHNQqhzy51TLG60U5ulLVsfqhvk2Ue%2F8gK%2F%2FUiKiwKF3eK2AHV6J9k%2FMdmUZO1uvkzRxCjomuwnj9wlPYASQNIW6EavXolq9GqTfaY%2B%2FZGegeqN1vMD0LBITR4q%2BFK0pJdHh01frF3Z70PDukFTXUo6HpEQ7YAHA9iBQ2yDZ8hXaHJvN0%2FueNGnKJm0yU%2B1OEWIF09w%3D%3D&ptitle=539384165


Soybeans Futures (S) 
Delayed 10 minute data as of April 02, 2009 16:53 CDT

$35.10 soybean oil 

$65.10   soybean oil



USDA NASS: USDA EXPECTS TOTAL CORN, SOYBEAN 
ACRES ON PAR WITH LAST YEAR

8 billion gallons of ethanol production per year, 
approximately 800 million gallons of corn oil is 
potentially available for biodiesel production 

USDA National Agricultural 
Statistics Service (NASS)

**EXPECTS TOTAL CORN, 
SOYBEAN ACRES ON PAR 
WITH LAST YEAR**

Principal Crop Area Expected to 
Decline Nearly 8 Million Acres



US Energy Independence and Security Act of Jan 2008
SUMMARY OF  BIOFUELS ELEMENTS

1. The Renewable Fuels Mandate 500 percent increase to 36 
billion gallons of renewable by year 2022. 

Stimulus Package changes?

2.  The Vehicle Fuel Economy Mandate specifies a national 
mandatory fuel economy standard of 35 miles per gallon by 
2020. 

FACTS

Ethanol production has increased from 1.6 billion gallons 2000 to and 
estimated 7.2 billion gallons end 2008

Next generation biofuels such as cellulosic ethanol being tested in new 
format pilot refineries.  

U.S. produced about 450 million gallons of biodiesel – up 80 percent from 
2006.  

Over the last five years, the U.S. invested about $1.2 billion in hydrogen 
research



Net Energy:  US energy needed to produce ethanol



Global Ethanol Production
US Renewable Fuels Standard and World Ethanol Outlook
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BIOMASS TO FUEL

http://www1.eere.energy.gov/biomass/pdfs/final_billionton_vision_report2.pdf

368M

998M

1366M

http://www1.eere.energy.gov/biomass/pdfs/biodiesel_from_algae.pdf

Fischer- Tropsch reactor fed by syngas

coal into ethanol 



Date:  April 21, 2009   at  11:35pm

Seminar Title:  Anaerobic Conversion of Pretreated Lignocellulosic 
Sugars to Ethanol and Biodiesel:  The GMAX-L                       
Saccharomyces cerevisiae strain concept

Authors:
Stephen R. Hughes, PhD   USDA, ARS, NCAUR, BBC
Ken Tasaki, PhD   Mitsubishi Chemical Corporation
Bryan Moser, PhD   USDA, ARS, NCAUR, FIO
Ken Doll, PhD   USDA, ARS, NCAUR, FIO
Marge Jones, PhD  llinois State Univrsity
Amanda Harmsen   Illinois Stsate I|University



USDA ARS to boldly go…………



US Ethanol
• Corn starch
• Sugarcane
• Sugar Beets
• Potato starch
• Biomass
• Sweet Sorghum

http://www.freeclipartpictures.com/clipart/pages/00pics.shtml?pclips012.jpg


Global Ethanol Production
US Renewable Fuels Standard and World Ethanol Outlook
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Max Corn Use

• 2005 (present use)
Corn used 7.5%

• 2010-2015  (corn cap)
Corn use 13%



World Ethanol Production Statistics and Costs

 

LIFESPAN OF PLANT

AVG. COST OF  PLANT

Wet Mill Dry Mill / Grind Sugarcane Lignocellulose Combined
Refinery

A  Based on first quarter 2008 average prices in US dollars.

A

B  Time projections made at time of refinery construction.

B

C  Average prices based on USDA ERS 2008 first quarter values in US dollars.
D  Cost in US dollars for plant operation in 2007 using sucrose refinery operation in Brazil or for wet and dry mill refinery operation in US Midwest.
E  Based on 2007 Novozyme and Danisco price levels.
F  Values represent world production levels for 2007 in US dollars based on Chicago Board of Trade ethanol average price in first quarter 2008.
G  Value of combined coproducts for 2007 in US dollars.
H  For concept plant using shared utilities and operational staff  (crossover model from Center for Bioresearch and Development, South Dakota State Univ.)

H  

COST ENZYMES

PRODUCTION COSTS

PRICE FEEDSTOCK C

E

D

TOTAL  ETHANOL PROFIT

TOTAL COPRODUCT PROFIT

F

G

$42.00 mt $95.00 mt <$50.00 mt

potentially $0

$188.46 mt

$0.06/gallon

$1.03/gallon $0.85/gallon $0.81/gallon

$0.06/gallon <$0.01/gallon $0.30/gallon

$188.46 mt

> $100 billion

> $70 billion

$115.5 million $62.5 million

30-60 years 40-60 years>60 years continuouscontinuous

>$375.00 million >$200.00 million$233.84 million

$2.56 billion

$5.05 billion

$16.77 billion

$9.80 billion

$46.65 billion

$6.64 billion experimental

$2.25/gallon <$1.07/gallon

$0.051 billion

Refinery Statistics
Operations in 2007



SUGARCANE ETHANOL PLANT

Courtesy of Edward Richard,  
RL for sugarcane studies at ARS SRRC New Orleans 
and Houma, LA USDA sugarcane outstation



Badger State Ethanol dry grind ethanol plant 
designed by ICM/Fagan joint design
Located: at 820 W. 17th Street, Monroe, WI 53566. 

Picture courtesy of Gary Kramer, Badger state Ethanol, President

14.8 million bushels of corn into approximately 
40 million gallons of ethanol, 
128,000 tons of DDGS, DWG
128,000 tons of raw CO2 gas 



Aventine Renewable Energy 110 mgy Wet MillAventine Renewable Energy 110 mgy Wet Mill

Courtesy G. Welch, Aventine Renewable Energy, Inc.Courtesy G. Welch, Aventine Renewable Energy, Inc.



LIGNOCELLULOSIC ETHANOL 
PRODUCTION

• USDA Automation to Screen for Cellulosic 
Ethanol Yeast Transformed With XI and XKS 

• Screened by Addition of Whole Fungal and 
Bacterial  FLEXGene Libraries

• Screened Mated Library for Anaerobic Growth 
on Xylose



WHICH ETHANOLOGEN ?

 

Saccharomyces 
cerevisiae

glucose, sucrose, maltose, 
galactose, fructose,trehalose, 
isomaltose, raffinose, maltotriose, 
ribose, glucuronic acid and 
have been engineered to
use lactose, xylose, arabinose

glucose, sucrose, maltose, 
galactose, fructose,trehalose, 
isomaltose, raffinose, maltotriose, 

glucose, sucrose, maltose, 
galactose, fructose, trehalose, 
isomaltose, raffinose, maltotriose,
xylose, arabinose 

glucose, sucrose, maltose, 
galactose, fructose,trehalose, 
isomaltose, raffinose, maltotriose,
xylose, arabinose 

3.5-3.8% / 
<4.6-4.8%

6.0-11.1 / 
<22.5%

4.38% / 
<5%

8.1-10.5% / 
<15%

4.4-6.0% / 
<10%

10-40 C° <40 C° 27-37.5 C°<49 C°<44 C° 26-35 C°

15-21% / 
<22-23%

3.0-8.0 4.0-7.5 3.0-7.5 4.8-6.3 4.8-6.3 5.5-6.8

glucose, sucrose, maltose, 
galactose, fructose,trehalose, 
isomaltose, raffinose, maltotriose,
xylose, arabinose, lactose

glucose, sucrose, maltose, 
fructose, xylose, arabinose 

glucose, sucrose, maltose, 
galactose, fructose,
xylose, arabinose, mannose 

glucose, sucrose, maltose, 
galactose, lactose, fructose,
xylose, arabinose, mellibiose, 
raffinose, mannose 

glucose, sucrose, maltose, 
galactose, lactose, fructose,
xylose, arabinose, mellibiose, 
raffinose, mannose 

glucose, sucrose, maltose, 
galactose, fructose, 
glucuronic acid, galacturonic 
acid, xylose, arabinose, mannose

glucose, sucrose, maltose, 
galactose, fructose, trehalose,
isomaltose, raffinose, maltotriose,
ribose, glucuronic acid,
lactose, xylose, arabinose,
cellobiose,  rhamnose, fucose,
sorbose and maltotetrose 

glucose, sucrose, maltose, 
galactose, fructose, raffinose,
xylose, arabinose,
 

YES

GRAS Possible
GRAS

NOT 
GRAS GRAS NOT 

GRAS
NOT 
GRAS

YES NO YES NONO

N/A N/ANEGATIVENEGATIVENEGATIVEPOSITIVE

Scheffersomyces
stipitis

Pichia stipitis

 
 

(formerly 
)

Candida 
Shahatae or
Pachysolen 
tannophilus

Kluyveromyces 
marxianus

Escherichia coli 
(FBR2)

Zymomonas 
mobilis (Zm4)ETHANOLOGEN

TRAIT TABLE

SUGARS 
METABOLIZED

SUGARS 
FERMENTED

MAXIMUM
TEMPERATURE
GROWTH 

ETHANOL 
PRODUCTION
/TOLERANCE

GENOME 
SEQUENCED

CRABTREE TYPE

FDA-CVM 
STATUS

pH RANGE

W. Gibbons and S. Hughes, Springer Verlag In Vitro Plant Journal : Section on Cellulosic Biorefinery 2009  



CELLULOSIC ETHANOL YEAST

NEED AN ENGINEERED YEAST



A GMAX-YEAST FOR CELLULOSIC ETHANOL FERMENTATION 
IN ADDITION TO OTHER ETHANOL FEEDSTOCKS?

Bettiga et al. Biotechnology for Biofuels 2008 1:16 ETHANOL

GLYCOLYSISSUCROSE

STARCH GLUCOSE

FRUCTOSE

PYRUVATE

GROWTH

GROWTH



Lignocellulosic Hydrolysate:  Corn Plant Sugars
Table. Composition of defatted corn germ.  From Timothy Leathers USDA ARS 

Wet mill   Dry mill 
Glucose from glucoamylase digestiona  148 ± 7   227 ± 4 
(mg g−1 dry wt) 
Protein (mg g−1 dry wt)   251 ± 2   180 ± 2 
Neutral sugars in trifluoroacetic acid 
hydrolysatesc 
Glucose (mg g−1 dry wt)   164 ± 9   285 ± 4 
Xylose (mg g−1 dry wt)   101 ± 7   87± 2 
Arabinose (mg g−1 dry wt)   110 ± 6   81± 15 
Total (mg g−1 dry wt)   375 ± 13   453 ± 16 

30% Glucose 
20% Xylose 
11% Arabinose 
5% Galactose 
3% Mannose 
21% Lignin 
10% Protein         
(T. Leathers, USDA, 
ARS, NCAUR, BBC 1997)

From Rose and Bennett (1999) Trends in Plant Sci. 4:176-183 



ULTIMATELY: MONOMER SUGARS AND LIGNOL MOIETIES

Chemical structures of the main components of cellulose and hemicellulose

Chemical structure of the main components of lignin



Future Crossover Refinery
SWITCHGRASS,
SWITCHGRASS ENZYMES,
OIL PLANTS WITH
LIGNOCELLULOSE

ADVANCED NUTRITION
THROUGH TAILORED
ANIMAL FEEDS USING
RECOMINANT YEAST

CELLOBIASE, 
DEXTRINASE,
ALPHA AMYLASE
BETA AMYLASE,
PECTINASE,
EXOGLUCANASE,
ENDOGLUCANASE,
BETAGLUCOSIDASE,
PEROXIDASE,
PROTEASE,
BETAXYLOSIDASE, 
XYLANASE,
ARABINOFURANOSIDASE,
LACCASE, ESTERASE

SOLIDS THERMOCHEMICAL CONVERSION,
GASIFICATION, PYROLYSIS, BIOCRUDE

Wet Distillers Grains (WDS)
Dried Distillers Grains Solubles (DDGS)

GERM 
FIBER
GLUTEN

ETHANOL

CORN OIL

TRANSESTERIFICATION
UTILIZING CATALYTIC
COLUMN

ETHYL ESTER
BIODIESEL

PLANT REMOVAL
FROM LIGNOCELLULOSE

POLYESTER
THERMOPLASTICS

CONDENSED
WITH DIACID

DIALCOHOL

THIN 
STILLAGE
MICROBE 
GROWTH

A. B.
Lignocellulose

Dry Mill / Grind

Wet Mill

Densifying
Chopping

Fine
Grinding

Hydrolysate
Production

Neutralization

Cellulase Hemicelluase
Enzyme Treatment

Lignin Separation

Liquid Hydrolysate

Enzymatic 
Saccharification

SSF Yeast
Fermentation

Distillation

Corn Milling

Cooking

Enzymatic 
Saccharification

Liquefaction

Yeast 
Fermentation

Beer Well

Distillation

Dehydration

Corn Steeping

Grinding

Filtration
Washing

Germ Separation

Grinding

Separation

Starch

Liquefaction

Enzymatic 
Saccharification

Yeast 
Fermentation

Distillation

Dehydration

S. Hutchinson, K. Tasaki, J. Thomas,  S. Hughes, W. Gibbons, S. Kohl,   South Dakota Biofuels Consortium Section of CBRD



USDA NCAUR Automated 
Integrated 
Plasmid-Based Functional 
Proteomic Workcell

• Genes Assembly
• Amino Acid Scanning Mutagenesis
• Mass Transformations



Workcell Adapted Molecular Biology Paradigm Using 
Combination of TOPO ENTR Cloning of Libraries and Invitrogen 

Gateway® Recombinational Cloning

LIBRARY OF FULL LENGTH  cDNA

Libraries of Genes or 
Clone Sets into
pENTR D TOPO

CLONING

pEXP-1 DEST,
pDEST 17 or

pYES2 DEST52
Expression Vehicles

LR CLONASE
RECOMBINATION

STEP

XI / XKS yeast

Generate Libraries 
Primers Construct

TRANSFORM
TOP 10

PLASMID
PREP

TRANSFORM
TOP 10

PLASMID
PREP

WESTERN

IN VITRO
EXPRESSION

REVERSE ADH ASSAY @ 25ºC
FOR ETHANOL AMT.

XYLOSE OR XYLULOSE 
GROWTH

ASSAY @ 30ºC
IN OMNITRAY

AZO CELLULOSE 
PLATE 

LONG TERM 
STORAGE OF 
EXPRESSION 
CLONE SETS

TRANSFORM
YEAST  INVSc1

LONG TERM 
LIBRARY 
STORAGE

Hughes SR, et al. JALA, 2007

XI / XKS yeast



Engineer Yeast For Ethanol Production from Respective 
Feedstocks and Value-Added Products 

i

 
Need Process:  USDA proposal for cellulosic ethanologen

According to National Program 213 (formerly NP307):
http://arsserv0.tamu.edu/research/programs/programs.htm?NP_CODE=307

Hemicellulases
Cellulases

S cerevisiae
K Marxianus

Xylose Isomerase
Xylulokinase Assemble

Express 
ORF 
Optimize 

Mass Transform 
Strain Improvements
Proteomic Arrays

Core Automated 
HTP-Molecular Biology

Plasmid-Based 
Functional Proteomics

Fungal & Bacterial
cDNA Libraries

soluble

active, stable

indirect gene analysis

direct gene insertion 
strain production

FULLY AUTOMATED MOLECULAR BIOLOGY PROTOCOLS
FOR USE ON FUNCTIONAL PROTEOMIC WORKCELL

START

DAY 1

DAY 6

DAY 4

DAY 5

DAY 3

DAY 2

END
POSSIBLE 
REPEAT

1x MATRIX 2D barcoded
0.75 mL  96 -well 
deepwell collection tube
 rack

4x MATRIX 2D barcoded
0.75 mL  96 -well 
deepwell collection tube
 rack

1x ABgene 2.4 mL  
96-well pyramid

bottom deepwell plate
square 

2x ABgene 2.4 mL  
96-well pyramid

bottom deepwell plate
square 

1x ABgene 2.4 mL  
96-well pyramid

bottom deepwell plate
square 

4x ABgene 2.4 mL  
96-well pyramid

bottom deepwell plate
square 

16x ABgene 10 mL  
-well round

bottom deepwell plate
square 24

4x ABgene 2.4 mL  
96-well pyramid

bottom deepwell 
solid medium plates

square 

4x sets of Qiagen Turbo Plate
and
Qiagen Qia Prep Plate
From Turbo Prep Kit

Qiagen Turbo plate
 for filtration

BioRad 0.2 mL 96-well 
Hard-Shell plate

BioRad 0.2 mL 96-well 
Hard-Shell plate

PCR Minigene Assembly and Purification

TOPO Ligation and Transformation

KAN 25 Deepwell Plating Inoculation of KAN 25 Liquid Expand Cultures For Large Scale KAN 25 Cultures

Turbo Plasmid Prepaprations



DRY GRIND  FERMENTATION
USING ZEIN/LIPASE/PHYTASE
EXPRESSING YEAST STRAIN

DENATURED
ETHANOL

with 5% petroleum

DDGS
Pelleted WDGS and DDGS-without 

corn oil for animal feed
(yeast/protein/reduced lignocellulose)

Zein

Corn Oil

Lipase 
purification for 

column use

Hydrolysate: hexose and 
pentose sugars/
lignin monomers/ 

yeast  / 
protein without zein/ 

lysate

Monomer Lignin Diacids

Continuous Column Separation Of 
Lignol Derived Diacids
From Each Other For 
Use Of Pure Monomer

In Polymer Condensations

CROSSOVER BIOREFINERY DESIGN FOR COMBINED STARCH ETHANOL/ CELLULOSIC ETHANOL OPERATION 
CONCURRENT WITH BIODIESEL PRODUCTION AND POLYESTER PRODUCTION

CORN

SORGHUM (MILO)

SUGAR

Production and 
Isolation of corn oil

ethyl esters for biodiesel 

Bioreactor 
Novozyme 454

mediated
polyester formation

Cloumn
Production
and
Purification Of 
Glycerol and
Ethylesters

Polyester Polymers

1,3 Propanediol

2-Methyl-1,3-Propanediol
( Trimethylene glycol )

Transportation Biodiesel
and Small Engine Fuel

Fermentation of glycerol 
to 1,3-propanediol

by Clostridium butyricum

Fermentation of glycerol 
to 2-Methyl-1,3-Propanediol

by Citrobacter freundii 

Column Isolation
1,3-propanediol

from fermentation
for concentration

Column Isolation of
2-Methyl-1,3-Propanediol

from fermentation
for concentration

Mix glycerol
with thin stillage

Mix glycerol
with thin stillage

Extraction Zein /
Sterilization 
Hydrolysate

Mixed Lignin Monomers 

ADDITIONAL
LIGNO-
CELLULOSE
CORN COBS
CORN STOVER
SWITCHGRASS
FORAGE AND MILO

ADDITIONAL
TRIGLYCERIDES
SOYBEAN
PENNYCRESS
SUNFLOWER
CANOLA/RAPESEED

OTHER DIACIDS
TERETHALIC ACID
SUCCINIC ACID

Alkaline
Hydrolysate 
FormationEnzymatic 

Treatment of
Lignocellulose

Stationary Diesel Electric 
Generation Using Corn 
Oil Derived Biodiesel

Stationary Syngas-Electric
Generation Using Methane

Thermochemical 
conversion
to steam and
biocrude

Water treatment
with methanogens
and recycling/
syngas production

SWITCH 2

Thin stillage
and water

Glycerol

WIC Process
For Oil Removal 

From DDGS

SWITCH 1

SWITCH 3

AIR DRIED ZEIN

Ethanol

CELLULOSIC ETHANOL 
FERMENTATION USING 

XI-XKS-value added peptide or protein-
Laccase, Peroxidase, 

Polyphenol Oxidase Expressing 
YEAST STRAIN

Wind Farm 
Backup Electrical GridBiorefinery 

Operation

Centrifugation Of Cellulosic
Solids From 
Lignol Derived Monomers

Incubation in laccase, lignin 
peroxidase, l ignin oxidase
and polyphenyl oxidase

South Dakota Biofuels Consortium

Lipase



AEROBIC YEAST GROWTH ON 
XYLOSE USING  XX-STRAIN

• 6 Hr. Doubling Time on Xylose

• 2 Hr. Doubling Time on Glucose



ANAEROBIC GROWTH OF 
Saccharomyces cerevisiae

• What gene is needed?

• What strategy can find this gene?

• Can this be added to the fast growing 
xylose utilizing S. cerevisiae XI-XKS- 
INVSc1?



Robotic Screening Using Yeast Mating Paradigm 
To Isolate Anaerobic Diploid Yeast

Diploid Mated pJ694 with XI 
and Library Clone in YPD

5632 Full Length Yeast Clone 
Expression Library

pJ694 MATalpha haploid

XI expressing 
pJ694 MATa haploid
Selective growth in CM glucose  -

 

TRP

Selective growth in CM glucose  -

 

LEU

Diploid Mated pJ694

Selective growth in CM glucose  -TRP-LEU

Diploid Mated pJ694
Selective growth in CM xylose

 

-TRP-LEU
Incubation at 30C

Fully Anaerobic Conditions

Isolate Colonies that grow 
Anaerobically on XyloseGlycerol Stocks Made 

Microaerophilic Glucose

Glycerol Stocks Used to Start
300 mL Microaerophilic Xylose Growth

16 x 384 well plates



Yeast Mating



Broadcast Matings Into Yeast Selective Medium 
and Make Storage Glycerol Stocks



Spot Onto Xylose Anaerobic Plates



5623 yeast genes 
mass mated to XI yeast

grown on xylose anaerobically

AXG 1

AXG 2
AXG 3

AXG 4

AXG 5



Workcell Adapted Molecular Biology Paradigm Using 
Combination of TOPO ENTR Cloning of Libraries and Invitrogen 

Gateway® Recombinational Cloning

LIBRARY OF FLEXcDNAs
AND

CLONES FROM MATING

Libraries of Genes or 
Clone Sets into
pENTR D TOPO

CLONING

USE HIGH LEVEL  
pSUMO duo -HIS

EXPRESSION VECTOR

LR CLONASE
RECOMBINATION

STEP

Generate clone libraries

TRANSFORM
TOP 10

PLASMID
PREP

TRANSFORM
TOP 10

PLASMID
PREP

XYLOSE LIQUID GROWTH
ASSAY @ 30ºC

MICROAEROPHILIC

LONG TERM 
STORAGE OF 
EXPRESSION 
CLONE SETS

TRANSFORM
YEAST  INVSc1 WITH 

XI / XKS /AXG1-5

LONG TERM 
LIBRARY 
STORAGE

Hughes SR, et al. JALA, 2007

XI / XKS yeast

SUMO 
PROTEASE

SUMO

SUMO

SUMO

SUMO

SUMO

SUMO

SUMO

SUMO

P-HIS

FLAG

RGS T-HIS

MAT IEP GENE

MAT IEP GENE

XYLOSE ISOMERASE

P-HIS XYLOSE ISOMERASE

XYLULOKINASE

RGS T-HIS XYLULOKINASE

AXG GENE

FLAG AXG GENE

MT

URA3

TRP1

LEU2

HIS

pADH pT7

TRANSPORT
METABOLIC
CORRECTION

SUGAR 
UTILIZATION

XI / XKS / 
AXG /  yeast



SUMO 
PROTEASE

SUMO

SUMO

SUMO

SUMO

SUMO

SUMO

SUMO

SUMO

P-HIS

FLAG

RGS T-HIS

MAT IEP GENE

MAT IEP GENE

XYLOSE ISOMERASE

P-HIS XYLOSE ISOMERASE

XYLULOKINASE

RGS T-HIS XYLULOKINASE

AXG GENE

FLAG AXG GENE

MT

URA3

TRP1

LEU2

HIS

pADH pT7

TRANSPORT
METABOLIC
CORRECTION

SUGAR 
UTILIZATION

Added 
Saccharomyces cerevisiae 

The GMAX yeast 

Glucose Mannose Arabinose 
Xylose Utilization 

Low xylitol production 

Fastest anaerobic growth 

Ethanol Production



GMAX-L Yeast Crossover Refinery
SWITCHGRASS,
SWITCHGRASS ENZYMES,
OIL PLANTS WITH
LIGNOCELLULOSE

ADVANCED NUTRITION
THROUGH TAILORED
ANIMAL FEEDS USING
RECOMINANT YEAST

CELLOBIASE, 
DEXTRINASE,
ALPHA AMYLASE
BETA AMYLASE,
PECTINASE,
EXOGLUCANASE,
ENDOGLUCANASE,
BETAGLUCOSIDASE,
PEROXIDASE,
PROTEASE,
BETAXYLOSIDASE, 
XYLANASE,
ARABINOFURANOSIDASE,
LACCASE, ESTERASE

SOLIDS THERMOCHEMICAL CONVERSION,
GASIFICATION, PYROLYSIS, BIOCRUDE

Wet Distillers Grains (WDS)
Dried Distillers Grains Solubles (DDGS)

GERM 
FIBER
GLUTEN

ETHANOL

CORN OIL

TRANSESTERIFICATION
UTILIZING CATALYTIC
COLUMN

ETHYL ESTER
BIODIESEL

PLANT OR ALGAE 
OIL REMOVAL
FROM 
LIGNOCELLULOSE

POLYESTER
THERMOPLASTICS

CONDENSED
WITH DIACID

DIALCOHOL

THIN 
STILLAGE
MICROBE 
GROWTH

A. B.
Lignocellulose
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Transform ed Y east Strains G row n on W heat Straw H ydro lysate
Show ing G lucose, Xylose , Arab inose C onsum ption ,
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External CALB Lipase-Lyt-1-HIS Yeast Crawls On Dry Grind Corn Oil 
and Internal CALB Lipase Yeast Does Not
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Coproduction of Ethanol and Biodiesel From Corn Oil and Ethanol 
Using Saccharomyces cerevisiae Biocatalyst

ETHANOL AND BIODIESEL FROM YEAST
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MITSUBISHI ETHANOL AND BIODIESEL REFINERY USING COLUMN 
PROCESS



GMAX-L:    ALLOWS STABLE EXPRESSION 
OF CALB LIPASE IN CELLULOSIC 
YEAST BACKGROUND 
AFTER ETHANOL 
PRODUCTION HAS 
COMPLETED
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PLANT COSTS COULD BE LOW

LIFESPAN OF PLANT

AVG. COST OF  PLANT

Wet Mill Dry Mill / Grind Sugarcane Lignocellulose Crossover 
Refinery

A  Based on 2008 adjusted prices for construction materials
B  Time projections made at time of construction and expected amount of ethanol produced in planning stages

COST ENZYMES

PRODUCTION COSTS

PRICE FEEDSTOCK

TOTAL  ETHANOL PROFIT

TOTAL COPRODUCT PROFIT

$42.00 mt $95.00 mt $<50.00 mt

potentially $0

$188.46 mt

$0.06/gallon

$0.88/gallon $0.71/gallon $0.54/gallon

$0.06/gallon <$0.01/gallon $0.30/gallon

$188.46 mt

> $100 billion

> $70 billion

$115.5 million $62.5 million

30-60 years 40-60 years>60 years continuouscontinuous

>$375.00 million >$200.00 million$233.84 million

$2.56 billion

$5.05 billion

$16.77 billion

$9.80 billion

$46.65 billion

$6.64 billion experimental

experimental experimental

$0.051 billion

Ethanol Refinery 
Cost Comparison



264 billion barrels US security 

US dependant 

Short term amounts (2052) 

Replace petroleum 
products: 

oil 
diesel 
tar 
plastics 
olefins 
alkanes 
C3-C8  
alkenes



DEPENDENCY=SECURITY/SUSTAINABILITY 
THE BIOFUEL BENEFITS

Powered by a 2.9-litre, four-cylinder engine with a two-speed transmission, the 
Model T was simple and reliable, but surprisingly fast for its day. Top speed 
was around 45mph, with fuel economy of around 40mpg depending on how the 
car was driven. It was originally designed to run on bio ethanol, but the 
decreasing cost of oil (and US prohibition) meant that most were run on oil- 
derived petrol. The standard 4-seat open tourer of 1909 cost US$850 

Henry Ford designed the famed Model T Ford to run on alcohol –
he said it was "the fuel of the future". 



Conclusion
-World Ethanol Production Will Climb Dramatically. With World 
Production Reaching 25 Billion Gallons By 2015

-US Energy Independence and Security Act Will Require 
Large Amounts of Biofuels To be Produced From Cellulosic, 
Starch, and Sucrose Feedstocks

-Ethanol alone is not profitable and valuable coproducts will 
make biorefineries sustainable

-Better strains needed quickly.   Advanced Biorefineries Could 
Produce Fuels, Plastic, Chemicals, and Animal Feed 
Simultaneously Using Engineered Saccahromyces cerevisiae
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