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ig. 1. The Goal of Biomass Conversion. Securing cost-
fFective biofuels from biomass feedstocks requires moving
iological technology from the laboratory (. Microbial
Cultures at Oak Ridge National Laboratory) through the
ilot plant (b. National Renewable Energy Laboratory’s
brocess Development Uni) to the full industrial biorefinery
e Industrial Biorefinery in York County, Nebraska (Aben-
0a Bioenergy
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DECONSTRUCTING FEEDS

Example of Metagenomic Analysis:
Understanding the Dynamics of Microbial
Colonization of Decaying Biomass

s primary decomposers, microbial communities

have evolved both as competitors and collabora-

tors in biomass deconstruction. The ultimate aim
of this research is to achieve bioprocesses for all steps in
converting biomass to cthanol. A critical need is to replace
plant biomass thermochemical pretreatment, which is now
necessary to convert recalcitrant structural lignoellulose to
a form in which cellulose is more accessible and amenable
to hydrolytic enzyme action. By analyzing natural com-
‘munities that colonize decaying biomass, we can ascertain
natural mechanisms that can be used to supplant thermo-
chemical treatments. The goal is to better understand the
complex microbial communities responsible for lignocel-
lulosic biomass deconstruction, harvest key biochemical
decay mechanisms, and develop predictive modeling and
control of these complex natural processes.

White Rot Fungus: Genome of Known Lignin Degrader Sequenced

L ignin degradation is the key to making polysaccharide components of cell walls available for break-
down. White rot fung arc the primary degraders of lignin, which is among the most abundant of natu-
+al materials on carth and plays a pivotal role in global carbon cycling, These organisms also degrade the
cellulose and hemicellulose components of plant cell walls.

To aid in understanding these processes, the DOE Joint Genome
Tnstitute sequenced the genome of the white rot fungus Phanerochacte
chrysosporium. This fungus degrades brown lignin, the protective
matrix surrounding cellulose microfibrils of plant cell walls, leav-

ing behind crystalline white cellulose. [D. Martinez ct al., “Genome
Sequence of the L Degrading Fungus P

chrysosporium strain RP78,” Nat. Biotechnol. 22, 695-700 (2004).]

Analysis of the white rot fungus genome revealed genes encoding
oxidases, peroxidases, and other enzymes that contribute to depoly-
merization of lignin, cellulose, and hemicellulose. Extensive genctic
diversity was observed in gene families encoding these enzymes,
possibly reflecting that multiple specificities are needed for effective
degradation of cell-wall polymers from different plant specics. Elu-
cidating the regulation of genes, proteins, and metabolites from this
organism and others will enhance understanding of the individual
and collective mechanisms of degradative cnzymes as well as their
interactions with other organisms in their ecosystems. Such advances
are necessary for generating the framework to engincer large-scale
processes for biomass utilization.

Cover used with permission from Narure
Biotechnology, www.nature.com/nbt/.

Lignification: Random vs Template Directed

o n terms of energy content, lignins are
I thought to be the most abundant of
T ’“‘ £y all biopolymers. They are composed
o { A otphydmyphenylprpanoidunics inc
connected through 8-O-4,8-5, 8-8,8-1,
5-5, and 4-O-5 linkages. Corresponding
substructures in the polymer include alkyl
aryl ethers, phenylcoumarans, resinols,
tetrahydrofuran-spiro-cyclohexadienones,
biphenyls, dibenzodioxocins, and diaryl
cthers (see Fig. A, at left). The primary
precursors themselves—the three mono-
lignols p-coumaryl, coniferyl, and sinapyl
alcohols—differ only according to their aro-
‘matic methoxy substitution patterns. These
‘monolignols are oxidized enzymatically
through single-clectron transfer to generate
the respective phenoxy radicals. The actual
coupling of a monolignol radical with the
growing end of a lignin chain, however, may
not fall under direct enzymatic control.

)

Accordingly, many investigators have
assumed that lignin primary structures
must be “random” or combinatorial as far as.
sequences of interunit linkages are con-
Fig.A.C ryViewof Lignin T cerned. More recently, this theory has been

I R ————— o o reinforced by reports that certain kinds
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Fig: 2. Comples Misture of i i b e
The complex ition and structure i T iy sy e S
1 but, dh in hemi Avarietyof de-
d A S et N incind
feruloyl Tl below). As the sid
leased, the sylan backbone A and mad. bl t cleavage by xlanase Beta-nylosid

1 i 1 d of the xvlan backb 1

The table shows that some of these enzymes are multi-
Xylanase functional, with catalytic domains belonging to different
—XB1-4XB1-4XB1-4XB1-4XB1-4XB1-4XB14X~ enzyme families. Their great diversity and that of other
enzymes involved in hemicellulose degradation presenta

3 rj« Xp1-4x N

f Arabinofuranosidase le Bolskiae hemicellulosic degradation.

~—Feruloyl esterase
er

Giycoside Hydrolase GH)and Garbohydrate Esterase

r-O-Fer— .
1O7Fer tanin (CE) Enzyme Families for Deqrading
; meu Enzyme. Enzyme Families
Acetyoan ‘.—u Glucuronidase | Endoxylanase GHS, 8,10, 11, 43
"_ ) Beta-xylosidase GH3,39,43, 52,54
i B1- Alpha-L GH3, 43,51, 54, 62
Alpha-glucuronidase GH4, 67
[Source: Molecular structure adapted from L. B, Selinger,
C. W.Forsberg, and K. J. Cheng, “The Rumen: A Unique. Alpha-galactosidase GH4, 36
ource of Enzymes for Enhancing Livestock Production,” Acetylxylan esterase CE1,2,3,4,5,6,7
Anaerobe 2(5), 263-84 (1996).]
Feruloyl esterase CE1
Biofuels Joint Roadmap, June 2006 - Ofice of Scence and Office of Energy Effiiency Energy - U.S.Department of Energy
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