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a major scientific challenge is to find way o
balance the global carbon cycle

deforestation 1.6 Pg yr!

photosynthesis 120 Pgyr~! atmospheric

biotic pool
560Pg

i

plant respiration 60 Pg yr~!

below-ground biomass

-

pedologic pool
2500 Pg

0.6+ 0.2Pgyr!
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e SOC: 1550Pg
e SIC: 950Pg

R Phil. Trans. R. Soc. B 2008;363:815-830



biorefinery: renewable, carbon balanced
production of biocommodities

Need for:
- Innovation il
- Financing
- Market creation

- Access to renewable resources

UBURE _ s stainability criteria

http://www.abakus.be



biorefineries will produce many useful polymers
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examples of renewable biomaterials

chifin

poly-lactic
acid

e

http://www.enviropack.org.uk

hanopolis.com

www.alibaba.com



biorefineries will also produce renewable fuels

@ beboy * www.ClipartOf.com/30312

WWW.coskata.com



US oil consumption and ethanol
oroduction
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US oil consumption: http://tonfo.eia.doe.gov
US efthanol production: http://www.ethanolrfa.org



millions acres harvested

US corn production
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corn bushels/acre

future corn vyields
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28% improved yields by 2030

corn data from http://www.nass.usda.gov



we cannof grow enough corn fo replace
petroleum!

http://www.chicagoboyz.net



cellulosic biomass can replace corn to

make biofuels af larger scale
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cellulosic feedstocks are abundant, inexpensive

and reduce GHG emissions

Biomass as Feedstock for a
Bioenergy and Bioproducts Industry:
The Technical Feasibility of a
Billion-Ton Annual Supply

Perlack ef al., 2005 DOE/USDA report
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however, plant biomass is fough for microbes to

e a 1— GHoOH
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cellulose (1,4-beta-D-glucopyranoside)
35-50% of biomass
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a microbe that can convert biomass to fuel in a
single step is ideal
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Housatonic

Clostridium phytofermentans. a new opporftunity
for cellulosic ethanol

Nantucket
Sound
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Clostridium phytofermentans (Cphy) ferments
- cellulosic biomass fo efhanol and hydrogen

1 micron

Cphy genome has 161 carbohydratases (CAZy)

9 polysaccharide
15 carbohydrate lyases
esterases (7 families)
(6 families)

30 glycosyl
transferases
(7 families)

108 glycoside
hydrolases
(39 families)




Cphy is an obligate anaerobe

"la vie sans l'air’ -Louis Pasteur 1862




Chaim Weizmann: clostridia, cordite, and the
founding of Israel
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‘There is only one thing | want. A nafional home
for my people.” -Chaim Weizmann
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my research focus: new technologies

1. Systems biology: identify key enzymes/pathways
2. Synthefic biology: genome engineering

new generation &
biorefineries

fuels biocommodities



metagenomics for new enzymes from the cow

rumen

Hess et al, 2011
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and also metagenomics of the termite gut

Hongoh 2011
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many putative cellulolytic enzymes sequenced,
but what are ftheir substrates?
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systems biology of cellulosic bioconversion

cellulosm
blomass

strain, growth microbes
optimization growing on
> biomass
biofuel
systems biology

A growth, biomass B fermentation C attachment D ReDi proteomics
consumption rates yields,rates to blomass -enzyme secretion

MY i ¢ -cellulolytic enzymes
N} -metabolic changes
\\ /‘///- AHTIU _

E integrate data types to identify
factors limiting cellulosic biomass conversion

Tolonen ef al, 2011
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how profeins are identified by mass spectromefry
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quantify profein differences beftween freatments
by reduction dimethylation (ReDi)

label amines with
methyl isofopes
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distinct CAZy repond to hemicellulose and
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interaction map of profeome expression changes
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deconstruction and fermentation mode|
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Synthetic biology: once we know the enzymes,
we can engineer the microbes

de novo consfruct
biocatalysts from model microbes

study, modify natural isolates

www.trumanlibrary.org

nafure.com
a + Arabinose
e /e
|
— http://www.lesjones.com

http://ucsdnews.ucsd.ed



MAGE is a method fo make many small changes
to the £ .coli genome

synthetic DNA repeated introduction of
- synthetic DMA into cells

© continous evolution

@ of large cell populations
©o
0O i )

modifications at many
chromosomal locations

generation of diverse
sequences at each location Wang, H.H., Isaacs, F.1., et al.

.- ACGNNNNTCTANNCTCNNNNNGA ... Nature (2009) 460, 894-898



How MAGE works
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Expediting the design & evolution of organisms
with new & improved properties

sSimultaneously targets many genetic locations
sAutomatable

sHighly efficient genetic changes (>20%)
¢Integrate engineering & evolution

sCombinatorial genomic diversity

Needs

*Fewer clones with no changes
*More simultaneous changes




What about engineering novel
bacteria”? (ie Clostridium
phytofermentans)



Delivery of foreign DNA info bacteria



Plasmid DNA fransfer to bacteria

Plasmid for targeted chromosomal

DNA delivery by conjugation insertions

with E. coli

pQint Nae

10168 bp ,_ <

Tolonen et al, 2009



we need anfibiotics fo defermine which cells gof the
plasmid DNA

10°x
dilution

1x
dilution




Now we have DNA in the cell. How do we get it
info the genome”

Homologous recombination



group Il infrons are more efficient than recombination
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a single cellulase is required for cellulose
degradation

glucose cellobiose hemicellulose

fPr— )




Cphy3367: a '/Rambo” cellulase
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images from Zhang et al., 2010 (except Rambo)



Now we can efficiently modify the Cphy
genome, our future directions are to use systems
biclogy fo guide genome engineering



