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The BioEnergy Science Center is a U.S. Department of Energy (DOE) Bioenergy 
Research Center supported by the Office of Biological and Environmental 
Research within DOE’s Office of Science.
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BESC Approach
Understanding recalcitrance requires detailed knowledge of the chemical and physical properties of biomass  
that influence its resistance to degradation. BESC research aims to determine:

	 •  How biomass properties can be altered by engineering plant biosynthetic pathways.
	 •  How biomass properties change during pretreatment.
	 •  �How such changes affect biomass-biocatalyst interactions during deconstruction by enzymes and microorganisms.

BESC is making transformative advances in understanding, manipulating, and managing plant cell wall recalcitrance and 
conversion. This progress is facilitated by an integrated management structure focused on three research areas:  
(1) Biomass Formation and Modification, (2) Biomass Deconstruction and Conversion, and (3) Enabling Technologies.

Industry Collaborations
Translating BESC research results into the testing of 
applications and potential commercial deployment is an 
important step toward reaching the Department of Energy’s 
bioenergy objectives. Ongoing industrial partnerships 
include pilot testing of CBP yeast strains and field testing of 
improved bioenergy feedstocks. With its partner institutions, 
BESC evaluates the commercial potential of new inventions 
arising from its research and promotes and facilitates the 
licensing of BESC intellectual property.

Overcoming Recalcitrance
“The BioEnergy Science Center (BESC), led by Oak Ridge National Laboratory, is focused specifically on the 
challenge of overcoming biomass recalcitrance. If we can manage to understand and solve this challenge, 
we will not only improve our ability to generate cellulosic ethanol but also open doors to a vast array of 
renewable and sustainable product pipelines that can serve many different missions. To this end, BESC’s 
multi-institutional team of world-class researchers has built a culture of integration and collaboration that 
has significantly accelerated our rate of scientific discovery and application.”

—Paul Gilna, BESC director

The resistance of plant biomass to 
decomposition and subsequent 

breakdown into sugars

RECALCITRANCE

Educational Outreach
BESC’s education program, which is 75% self-sustaining, 
develops lesson plans to educate and inform students  
about the basics of energy production and use. Employing  
a hub-and-spoke approach of working through regional 
science centers maximizes hands-on access and adaptation  
to local conditions. 

Cover Image Credits: Poplar seedlings in a greenhouse (BESC); three-dimensional 
illustration of plant cell wall degradation (Thomas Splettstoesser, www.scistyle.com, 
for Oak Ridge National Laboratory); researcher evaluating fermentation performance 
of a CBP microorganism (BESC); background: plant cell wall image (BESC and National 
Renewable Energy Laboratory).

[Image courtesy Ding et al. 2012. Science. DOI: 10.1126/science.1227491.]

MOLECULAR STRUCTURE  
OF PLANT BIOMASS
Plant cell walls contain networks of cellulose 
microfibrils that can be broken down into 
sugars for fuel and complex polymers that 
shield the cellulose from enzymatic attack. 
To characterize cell wall structure at the 
subnanometer scale and assess its response to 
chemical pretreatment, BESC developed techniques 
to image enzyme digestion in real time, revealing that biomass 
reactivity is determined by the nanoscale architecture of 
plant cell walls.

Research Highlights

REAL-WORLD PERFORMANCE  
OF LOW-LIGNIN SWITCHGRASS 
Lignin in the cell walls of switchgrass and 
other bioenergy feedstocks severely limits 
the accessibility of cell wall carbohydrates 

to enzymatic breakdown into sugars and 
subsequent fermentation into biofuels. In 

the first reported study of its kind, the biofuel 
potential of transgenic switchgrass with reduced 

lignin content was evaluated over two growing seasons.
[Image courtesy BESC]

[Image courtesy iStock]

A LEAP FORWARD IN MICROBIAL  
ETHANOL YIELDS
Scientists at BESC and research partner 
Mascoma LLC have developed an 
advanced strain of Saccharomyces cerevisiae 
that sets a new standard for conversion of 
biomass sugars from pretreated corn stover. 
While conventional yeast (pictured) leaves 
more than one-third of plant sugars unused in 
the form of xylose, the C5 FUEL™ microbe efficiently 
converts this xylose into ethanol in less than 48 hours. 

Research Highlights

[Image courtesy iStock]

LIGNIN POLYMER A PROMISING 
FEEDSTOCK FOR CARBON FIBER
BESC researchers discovered an unusual 
lignin polymer in the seed coats of 
vanilla beans (pictured) that is naturally 
biosynthesized from caffeyl (C) alcohol. In 
contrast to lignin polymers that are highly cross-
linked, C-lignin is a linear polymer, which makes 
it easier to process into high-quality carbon fibers. These strong, 
lightweight fibers could be used in parts for cars, electronics,  
and sports equipment.

[Image courtesy BESC]

IDENTIFICATION OF POPLAR  
ADAPTATION MECHANISMS
Using whole-genome sequencing and 
high-throughput phenotyping, BESC 
researchers were able to pinpoint gene 
mutations responsible for causing low 

lignin levels in poplar trees planted in a 
variety of environmental conditions. This 

proof of concept is allowing researchers to tag 
genes associated with other economically important 

but complex plant traits such as biomass production, disease 
susceptibility, and ability to grow in harsh environments. 

[Image courtesy iStock]

BENEFICIAL PLANT GENE DISCOVERY
BESC researchers discovered a previously 
uncharacterized gene (GXMT1) that directs 
a key step in the development of xylan, a 
principal component of cell walls in plants 
such as Arabidopsis (pictured). Characterizing 
this gene, which makes the plant resistant 
to biofuel conversion, is leading to improved 
strategies for modifying cell wall structures to help 
turn plants into biofuels more efficiently. 

Better Plants 
Understand the scientific basis of 
recalcitrance and generate improved 
biomass with reduced recalcitrance. 
Focusing on two potential bioenergy 
crops, poplar and switchgrass, 
BESC conducts molecular-level 
investigations of cell wall assembly and 
polysaccharide and lignin synthesis to 
gain an in-depth understanding of the 
mechanisms controlling recalcitrance. 
Scientists also use targeted 
modification of plant cell walls and 
selection of natural feedstock variants 
to reduce recalcitrance and improve 
biomass characteristics. 

Better Microbes, Better Enzymes 
Use consolidated bioprocessing 
(CBP)—a game-changing, one-step 
strategy—to develop microorganisms 
that can both deconstruct and 
ferment biomass to yield the desired 
products. Overcoming biomass 
recalcitrance via CBP will reduce the 
need for pretreatment chemicals 
that are toxic to microbes and also 
decrease the energy required to 
deconstruct and convert biomass 
into biofuels. BESC is targeting 
three microbial CBP platforms: 
yeast, Clostridium thermocellum, and 
Caldicellulosiruptor species. 

Better Tools, Better Combinations  

With BESC-developed tools,  
facilitate research to make cell walls 
easier to deconstruct and to  
generate multitalented CBP 
biocatalysts customized to produce 
biofuels in a single step from the 
modified plant material. These 
enabling technologies include 
characterization and computational 
modeling efforts, as well as  
high-throughput assays that  
facilitate rapid and deep analyses  
of samples and data and provide 
 new insights into the nature  
of recalcitrance. 
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