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@ Technologies for Ethanol Production
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K\)/ Pretreatment for Ethanol Production
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@ Enzymes required for CBP
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@ Enzyme system development
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) Largest Component of Recalcitrance Barrier:
k\//) Cost of Cellulase
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a) Hinman et al. 1991. Appl. Biotechnol. Bioeng. 34/35:639-657.

b) Hettenhaus & Glassner, 1997 (http://www.ceassist.com/assessment.htm).

c) NREL, 1998. Bioethanol from the corn industry. DOE/GO-1009-577.

d) Schell, 2004. ASM Natl Meeting; McMillan, 2004. DOE/NASULGS Biomass & Solar Energy Workshops.
e) Genencor & Novozyme, 2004. Press releases (e.g. http://www.genencor.com/wt/groc/pr 109831360).
f) Petiot, Novozymes, Platts Cellulosic Ethanol & Second Generation Biofuels, 2007.

g) Sheridan (Novozymes) Nature Biotech, 2008. 13
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) Technologies for Cellulose Conversion
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Consolidated BioProcessing (CBP)
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@ Consolidated BioProcessing (CBP)

Fundamentals of
Microbial Cellulose Utilization

«

Micromcroay axp MoLeooiar BroLooy REviews, Sept. 2002, p. 506-577 Vol 66, Mo, 3
1092- 7202 ML 00 +0 DO 101 12EMMBR G663 506577 2002
Copynght © 2002, American Scaety for Microbiclogy. All Rights Reserved.

Microbial Cellulose Utilization: Fundamentals and Biotechnology
Lee R. Lynd,'* Paul J. Weimer,” Willem H. van Zyl,” and Isak S. Pretorius®

Chemical and Biochemical Engineering. Thaver Scheol of Engineering and Deparment of Biological Sciences, Darirnowth
College, Honover, New Hampshire 03755 USDA Agriculnural Researck Sarvice, US. Dairy Forage Research Center and
Depantment of Bacteriology, Madisor, Wisconsin, 53706% and Department of Microbiology” amd Instinute for
Wine Biotechnology,? University of Stellenbosch, Stellenbosch 7600, Souck Africa

Microbiology and Molecular Biology Reviews 66: 506-577 (2002)

S
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@ Consolidated BioProcessing (CBP)

Consolidated bioprocessing :
update (2)

Adv Biochem Engin/Biotechnol (2007) 108: 205-235
DOI 10.1007/10_2007_061

© Springer-Verlag Berlin Heidelberg

Published online: 21 April 2007

Consolidated Bioprocessing for Bioethanol Production
Using Saccharomyces cerevisiae

Willem H. van Zyl! (t+7) - Lee R. Lynd? - Riaan den Haan' - John E. McBride?

Department of Microbiology, Stellenbosch University,
Private Bag X1, 7602 Matieland, South Africa
whyz@sun.ac.za

2Thayer School of Engineering, Dartmouth College, 8000 Cummings Hall,
Hanover, NH 03755-8000, USA

Advances in Biochemical Engineering/Biotechnology 108: 205 -235 (2007)
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@ Consolidated BioProcessing (CBP)

Consolidated bioprocessing :
update (3)

Appl Microbiol Biotechnol (2010) 87:1195-1208
DOI 10.1007/500253-010-2660-x

MINI-REVIEW

Engineering cellulolytic ability into bioprocessing organisms

Daniel C. la Grange - Riaan den Haan -
Willem H. van Zyl

Applied Microbiology and Biotechnology 87: 1195-1208 (2010)

Q
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@ Technologies for Cellulose Conversion <
Consolidated BioProcessing (CBP)
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@ Technologies for Cellulose Conversion

Growth on amorphous cellulose (PASC)

o

&q Den Haan, R., S.H. Rose, L.R. Lynd, and W.H. Van Zyl. 200/. Hydrolysis and fermentation of amorphous
il cellulose by recombinant Saccharomyces cerevisiae. Met. Eng. 9: 87-94. 22




@ Expression of cellobiohydrolases in yeast
CBH1 cellobiohydrolase production by yeast
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Den Haan, R., J.E. Mcbride, D.C. La Grange, L.R. Lynd, and W.H. Van Zyl. 2007. Functional
expression of cellobiohydrolases in Saccharomyces cerevisiae towards one-step conversion of

cellulose to ethanol. Enzyme Microb. Technol. 40: 1291-1299.
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Expression of cellobiohydrolases in yeast
Cellobiohydrolase production by yeast
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Den Haan, R., J.E. Mcbride, D.C. La Grange, L.R. Lynd, and W.H. Van Zyl. 2007. Functional expression of

cellobiohydrolases in Saccharomyces cerevisiae towards one-step conversion of cellulose to ethanol. Enzyme
Microb. Technol. 40: 1291-1299. 24
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M
5“1’: MASCOMA

Leading Investment, Unprecedented Focus on CBP

Technical Focus: Overcoming the biomass recalcitrance barrier and enabling
the emergence of a cellulosic biofuels industry via pioneering CBP technology
integrated with advanced pretreatment

Partners in Mascoma's CBP Organism Development Effort

- VTT, Finland
* Dartmouth College, USA

- University of Stellenbosch, ZA

Three Platforms

* BioEnergy Science Center, USA
- Department of Energy, USA

1. T. saccharolyticum, thermophilic bacterium able to use non-glucose sugars
2. C. thermocellum, thermophilic cellulolytic bacterium

| 3. Yeast engineered to utilize cellulose and ferment glucose and xylose

Multiple chances to succeed near-term & long-term

26



£ £ MASCOMA Scr'een CBH1 for high level expression
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2,5 MAscoMA Screen CBH1 for high level expression
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£ £ MASCOMA Screen CBH2 for high level expression
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Zuf MASCOMA  Mascoma Cellulolytic Yeast 5
Cellulase expression in Mascoma Yeast
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S uf MASCOMA Enzyme Reduction on Paper Sludge <

Mascoma CBP technology on 187% w/w paper sludge
Appearance at 120 hrs.
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% & MASCOMA Enzyme Reduction on Hardwood
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Rolling out cellulosic ethanol
in southern Africa
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SOUTH AFRICAN BASED COMPANY

TECHNOLOGIES

will lead the production of
next generation cellulosic A
ethanol in Africa '
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..and drive a sustainable bioenergy future for the continent.
www.sbmt.co.za 37
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20, == SBMT business model

TECHNOLOGIES
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Mascoma

Exclusive license
(>30 patents,
process designs)

Value addition to
process

SBMT holds the exclusive rights to Mascoma technology for Southern Africa
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&2  Costs vs timeline for technology
20-== development
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