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Topics addressed

Basics of enzymatic degradation of lignocellulose
The need for efficient enzymes and enzyme cocktails
Diversity of fungal degrading enzymes

Genomic and proteomic approaches to characterize
enzymes and develop enzyme cocktails



Feedstock composition varies
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Lignocellulose-active proteins

Cellulose

* Endoglucanase, exoglucanase,
beta-glucosidase
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Hemicellulose

Xylan - endoxylanase, xylosidase,
acetyl-xylanesterase, feruloyl
esterase,

alpha-glucuronidase,

Mannan - mannanase, mannosidase
Arabinan - arabinofuranosidase,
arabinase,



Cellulase refers to a mixture of 4 distinct
enzyme activities

{a) Celuloss fibers

Chsis o RSP
Glucose . makecides d—ﬂ'g_m@—fr\qo
- Endoglucanase

Beta-glucosidase g9

Cellobiose @9 = )
0 educing end

Reducing en

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Exoglucanase CBH-I
Exoglucanase CBH-II

Other, unknown proteins are required for efficient digestion of
crystalline cellulose
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"-:!f: Commercial cellulase

« Cellucast ( Trichoderma reeser) and beta-glucosidase
from Aspergillus niger

» Efficient in hydrolyzing cellulose, less efficient in
heterogenous substrates

* Production of Trichoderma reeser cellulase induced by
sophorose/lactose with cellulose as carbon source

« Cellobiohydrolase (exo-glucanase) constitutes
about ~60% of total protein

« Endogenous beta-glucosidase activity is low

* GH61 proteins of unknown biochemical mechanism
improves activity



Conversion of lignocellulose to fuels and
products

| Feedstock I
2

Pretreatment |

| /§ 1
(1) A cellulase
en:
1

l Cellulose

l Fermentation |

T

! Fuels and products |




‘ Source of biomass-degrading enzymes -
| microbial extracellular proteins

Aerobic environment (fungi)
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Graphics obtained from U.S. Department of Energy Genomics program, http://genomics.energy.gov
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=" -5 The case for diversity search for new
2= lignocellulolytic enzymes

« Trichoderma reesei and Aspergillus niger are low-cost
producers of cellulases, but they may not have the
most efficient enzymes

« Efficient hydrolyzing of lignocellulose require
additional enzymes, many of which may not have been
characterized previously

 Diversity of the Fungal Kingdom classified
« 7 phyla
+ 129 orders
»  Over 60,000 species

« Fewer than 100 species been sequenced



Carbohydrate-degrading enzymes
(glycoside hydrolases) of select fungi

Industrial workhorse Cellulase producer Baker's yeast
Aspergillus niger Trichoderma reesei Saccharomyces cerevisiae
(Phylum: Ascomycota) (Phylum: Ascomycota) (Ascomycota)
49 GH families 43 GH families 12 GH families
239 GH proteins 153 GH proteins 19 GH proteins

White-rot fungus Brown-rot fungus Plant pathogen Frog pathogen
Phanerochaete chrysosporium Postia placenta Rhizopus oryzae Batrachochytrium dendrobatidis
(Phylum: Basidiomycota) (Phylum: Basidiomycota) (Phylum: Zygomycota) (Phylum: Chytridiomycota)

29 GH families 22 GH families 24 GH families 10 GH families
106 GH proteins 148 GH proteins 91 GH proteins 20 GH proteins

Data source: Joint Genome Institute, http://jgi.doe.gov. Broad Institute, www.broad.mit.edu



Fungal genomes to industrial applications -
a vertical approach

Sequence and analysis of fungal genomes Transcrip.‘rome
(thermophilic, and white & brown rots) analysis .

Secreted proteins
(computational & analytical)
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Profiling fungal lignocellulolytic enzymes
induced by natural and homogeneous

" ‘@ substrates: exo-acting and endo-acting
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In collaboration with DOE Pacific Northwest National Laboratory
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Improvement of Aspergillus niger* as
an enzyme production host

Proteins secreted in
wild-type strain

Recombinant proteins secreted in
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Recombinant enzymes with diverse
biochemical properties
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Most extracellular, unknown proteins
expressed encode biomass-degrading
enzymes

Recombinant hypothetical, secreted
proteins are screened for activity on
36 natural and synthetic substrates

Unknowns
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Concluding remarks

The search for efficient enzymes for lignocellulose
degradation has just begun

Fungi possess enormous diversity of lignocellulolytic
enzymes

Enzymes produced by fungi in the presence of
homogenous substrates are very different from those
induced by natural substrates

monocot and dicot straws appear to elicit distinct
profiles of lignocellulolytic enzymes



Funding sources

Cellulosic Biofuels Network - Agricultural Bioproducts
Innovation program of Agriculture & Agri-Food
Canada

Applied Genomics Research in Bioproducts and Crops
program - Genome Canada and Genome Quebec

Bioconversion Network - NSERC Strategic Networks
Program

NSERC Strategic projects grants



Partners and collaborators

v UNIVERSITE
UNIVERSITY

FPInnovations

* Greg Butler * Manoj Kuma : :
: : . * Michael Paice
« Justin Powlowski * Rutger van Rooijen ,
) , * Robert Bourbonnais
* Reginald Storms * Rob Meima :
, , ) « Sylvie Renaud
« Jack Min * Anja Reimens .
: . * Vineet Dua
* Natalia Semova * Lisette Mohrmann . Xiao Zhan
* Nick O'Toole * Alard van Dijk . David N ugen
* Tricia John * Ilja Westerlaken gty
* Peter Ulyncznj « Diana Gutker

* Regis Benech
« Emma master

Pacific Northwest National Laboratory
Operated by Battolle for the LS. Department of Energy

» Scott Baker . _
\’ e Ellen Panisko I*I ﬁﬂ“?lfﬁ&e c?:r?ada ﬁﬁ:ﬁ;gj‘m Canada
I « Jon Magnuson
IOCEN' * Serge Laberge
CORPORATION A s Tim McAllister
* Theresa White Argonne == * Margie Gruber

« John Tomashek « Ron Teather
* Frank Collart * Robert Forster
* Rima Menassa
+ Joe Mazza



