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The world view of a mycologist
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From Introductory Mycology, 4™ Edition by Alexopoulos, Mims and Blackwell
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Filamentous fungi inside the Bio-refinery

Bio-refinery

Fungal Fungal
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Biofuels of the future: DOE is moving from Ethanol to
Hydrocarbon Biofuels

Pretreatment :|I> thanof or
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Issues
Moving primary metabolites into secondary metabolites .
Disrupting primary metabolism for secretion of compounds "’qy{/
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Organic acids as commodity chemicals —
The “Top 10" Report
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Products/Uses

Industrial

Corrosion inhibitors, dust control,
boiler water treatment, gas
purification, emission abatement,
specialty lubricants, hoses, seals

Transportation

Fuels, oxygenates, anti-freeze, wiper
fiuids melded plastics, car seats, belts
hoses, bumpers, comosion inhibitors

Textiles

Carpets, Fibers, fabrics, fabric
coatings, foam cushions. upholstery,
drapes, lycra, spandex

Safe Food Supply

Food packaging, preservatives,
fertilizers, pesticides, beverage
bottles, appliances, beverage can
coatings, vitaming

Environment
Water chemicals, flocculants,
chelators, cleaners and detergents

Communication

Molded plastics, computer casings,
optical fiber coatings, liquid crystal
displays, pens, pencils, inks, dyes,
paper products

Housing

Paints, resins, siding, insulation,
cements, coatings, varnishes, flame
retardents, adhesives, carpeting

Recreation

Footgear, proteciive equipment,
camera and film, bicycle paris & tires,
wet suits, tapes-CD's-DVD's, golf
equipment, camping gear, boats

Health and Hygiene

Plastic eyeglasses, cosmetics,
detergents, pharmaceuticals, suntan
loticn, medical-dental products,
disinfectants, aspirin

ere.energy.gov/biomass/pdfs/35523.pdf
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Filamentous fungi are foundational organisms
for the biorefinery

PNNL Fungal Biotechnology Research Program

Bioconversion

Strain discovery
& optimization

Strain discovery
& optimization

Advanced
Biofuels

Why filamentous fungi?
Digest biomass

Utilize C5 and C6 sugars
Grow at low pH

Produce enzymes &
organic acids

Can produce ethanol
Molecular tools available

B (Genome sequences
available

o
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Fungal relevance to DOE bioenergy and
carbon cycle mission areas

co,

Biomass
feedstock
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Why Fungal Genomics?

Genome sequence paints a high level picture of organism
biology

Genome sequence is a platform for discovery

Genome sequence enables other high throughput
discovery tools (proteomics, transcriptomics, etc)

A genome project can unite/revive a research community

Tremendous metabolic and enzymatic diversity still
undiscovered
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The current state of fungal genomics

JGI Genomes/Genomes
Ascomycota

: 18/242
@There is a heavy o

taxonomic bias toward
ascomycetes and
basidiomycetes

Basidiomycota

Glomerulomycota

1/1

Zygomycota

e 3/5
Blastocladiomycota
O 0/1
Chytridiomycota
3/5
Neocallimastigomycota
2/2

o
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What do we get from a genome sequence?

>scaf f ol d00114 | engt h=153150
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TAATTATCATTAAGATTATCATTAGATTGGT TATTTATCATACCATGTAAACAATCCTTA
TAAACAAATAATAATTCACGAATATTTTt ATTAATATTATTTTt AGTAATAATAGTGTAT
TGATTTTTAAACTTAATAATGAATATATTATTGAGTAATATTTATCTATGAAATTATTTT
t GGAATTTTGATGAT TETATTAATAATACAATTTTt CTTTTATATACTTTGITTA

ATGTTTGACAT, T, T TTTT
CATATTTTTt CCATT T AAT
TATATAAATTTTGAA TTETT! TRTARA T TAT

TGTAATATTATCAAAATCAAGAT ATACAACTGGAAATTGACCT! TARAGGTCAATATA
ATTTTGGTTGTTTTt CTTTt CTTTTGATATATTTAACTTTTt AAAAAGTTCACGGTTTTt

ACGTTTTTTCGI TTTCATAATCCATTTCGAAAATATATTTCATCATAGT TATATTGACAG
TCTTTCCGTAATGT GTAGGT CTAGTAACGCATATAATGTCCGAAATATCTTCTATAAATT
CTTTAATTATTAACGATTTATCTATAAAGAACATCGAACAAAAGAAATTATTTATTAATT
CGTCATTTCTAAAAGTTCGTCTTTTTt GTTACTAGATCTTAGAATCGAGAGT TGAAATAT
TTCTTCGAATAAACGTTTCATTTTt GGTTt ATTCTTTt GCGTATTATTATTATTTTTTt t

ATTTGTTTTt AAAAaGTATAAAAaTGTaTTTGT TAATCTTTTt AAAAATATTCATTTTAC
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TATTATTTATTATTTATAATATATATTTACCTAACA
TAGCTGACTTCTTTTTATGT T TGAAACCGAGACCTTGG

TGTTTGACTTGITGTTCTTGT TGAAGTTTTTGT TGT TGA

TGTTGAGCTTGACT TTGT TCAAGTCTTTGT TGAAGATGI TCTTGAACTATTAATTGITCT
TGITGITTTt CCTGTTCTTTTt CTAATAATTTTt GATAGTGTTGACTTGATAATTGGAAA
TTCTTATGTGTGGGTGGAGT TAATTGAACATTTATGGT TTCTTTTGATGGCGGTGAGTAG
AGACTATGATCTGTTTTTt GTGAAATAATTGAATTTCTATAACTTTCTTTAGATTTAGTA
GGGTCGATAACACCATATCCACCACAAACTATAATTACATTTTE AAAAATE ATTTTGAGA
TAATAAATAATAaTt AAAAaaAAAAAAAAaaGT aTAAGAATCAATATATATAATTATAAT
TTTAATTATTAATTTTTATCATAATTATAAATAATCCTTGATTATCCTTGATTATATGAT
TATTTACCTGGACAATCTTTACAATGGAAACAT CTCATGGTACTTGGTGTTACATTATGA
ACATATTTTGAATT TGGAGGATGATACCAACCCTTTGCTATTTATTTTATATTATTAATT
AATATAAATAAAACGGAATAATATTTTTTATATGGCTTTATTTTt ATATAAAATTGITAA
ATTATTGAAATAAATTTACATACCACTACAATGTGTACAAGCT TGTTTTCCTACAATAAT
ACCAGCACCTGCACATACTGT TACATTTAAAAT AATGGTAATGGAAAAaGAATATAATTA
ATTTTTTTTt CTTATTATACAAATATACAATAATTACACACACAAAATATATATATATAG
ATATAAATTTATATTTACCTCTACAAACACTACAAAATTTACAAGGTTTTCCTGITGGTT
TATCGTGAGGTATATGACTTTCATGAACGAAACCTAATGCTTTAATATTAAaAaTAaTAA

TTTATTTTt t ATt AATAATATGTATATTTATTTGT TATAAATATATTTTATCATATAAAa
TATAATATAATATTGATTGAATATTTTTTTTt t AGTt GGATAAATTGTATTTTTAATTGA
ATTAGTTTTTGAATTAATTATTAATTTAAATTATCAAATAATATTGT TTt ATAATATTAA
CAATTAACAATTTCATTAATATATAAATTCAATATCAGTATTTTATT Tt ATTAGAAATAT
GAATTATTTt ATTTATTTTTt t AATt GTCAATAATAACTGGAAAAaTATAACAGAGTATA
GATTt GTTAATATTTt ACAGAATGTTCATTATATATTGTAT
\TA W TGACTACATAATCATTGATAAAATAATTTTAAAAATAATTT
T TTACTAATTTTt ATTGCATTGAAaTAATATAATATAAAGATATTTTG
TATTTTTt CATTTTCAAAATAAATTGATTAGGGTGAATTATATATTTGITTTt CCTTTCA
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ATATATATATATATFTAAt AAATt t ATAATATTCATTTGTCATTAGCATTATTTTt ATAT
Tf TR t CCTTCTAATTCTTGAATTTGATAAACATA
I
T

TCYTRT T CTGTTTTTGAAGAGTAGTAATCt AAATTTT
CTTTGITCTTT y TTATTAAATATAATTATAAAATTAATGITTt
ATACTTTt ATTATTTTUATTATTATTATTAAAAATATAATATTTAAAATATACTTGGGT T
TGITTTt GTTCCGGATCTTCATCATTAGT TTTAGTGAGATTCATAAAGGTTTCATAAGT T
AAAGGATCACCATTTTt AATTAATTTt CCGGTTTCATCTAATATATTATTCTTTTCAGAA
AGTTCAGAATTCAAAGCAGATATTTTTt CTTCATAGGAATCAATTTt CTTTTGATAATCG
TCAATATATATTTGATGT TGAATACACAAACTATCTATTTCATATTGITTTt CTGCAACT
ACTTGATCTTTTt CTTTTTCAAGGATTTCAATTTTTt CCATGGTATTTAATTCTTGTAAT
TGTTTATCTCTAGT TAATTTTt CTATTTGAGTATTCAATTTATCAATATTTTCTTGTAAG
GCTTTTt CTTCTGT TTTATCTTTTATCTTTTCATTTAATTCTTTTATTTTAATTTGTAAT
TGAGTAATTTCTAATGATTTTt CCTGTAAAATCTAAATATATATATTTCATAAAGGTGAT
ATTTTAATAAATGAAATATAATATATTGCAATACTACATCAAAAAAATATTAATATATTT
ATTAAGATTTAATTACCGT Tt CCTTTt CTATCTTTAACATATTCTCCTTCTCATAATCAA
TCTTAAGTGAACTAATTTCTTGT TCCATTTTCTGT TTGAAATTTTTATAATAGI TATTAG
AATAGTTTATATATGAAAAAAA AAAAAATE AAcaTt AATATATAL At aCTCNNNNNNNN
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Cochliobolus heterostrophus and Southern Corn

Leaf Blight
' I

Mexico¥} A March, 1970
7 July, 1970
M Sept. 1970

o MR TGN —
The 1970 outbreak of SCLB in the United States
-- the worst plant disease epidemic on record

» More than 30 states affected OHOHO O OHO O OHO O OHO
T 1|

O
 15% of corn crop destroyed I Ll \g/
* $1 hillion lost
T-toxin (C,,) Pacific Northwest

NATIONAL LABORATCORY
(Gillian Turgeon, Cornell Univ)



Cochliobolus heterostrophus: From Southern Corn
Leaf Blight to genome sequence
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Trichoderma: Plant health and enzyme

production

Bubicek of & Genore Boiagy 2517, TERD
P gy e 231 LRAD

E{:ﬂmmc—r Biology

RESEARCH

Open Acess

Comparative genome sequence analysis
underscores mycoparasitism as the ancestral life
style of Trichoderma

Chaalyrhuwt glabogun

Kubicek et al., Genome Biology 2011, 12:R40

*Trichoderma, is an important
biocontrol genus

*Trichoderma reesei, isolated
during WWII by the US Army is the
major producer of plant cell wall
degrading enzymes

«Seminal research on the T. reesel
cellulase system was performed at
the US Army Natick Research
Laboratory in Natick, MA led by
Mandels and Reese

*A number of high enzyme
producing mutant T. reesei strains
have been generated

7
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Trichoderma reesei genomics

Use genomics information to better understand hyperproductivity in

industrial organisms

» Fungi are the primary
source of most
enzymes involved in
industrial biomass
degradation and they
are the cell factories
that produce them

» Currently, most of the
enzymes produced for
biomass degradation
are produced by
Trichoderma reesei

» Increased production
host enzyme output £
leads to decreased Z.
cost of enzymes

, . LA
Resequencing of Trichoderma QM 6a
reesei strain lineages QM 9123
uv
Improved | > M?’

cellulase
production

\‘ QM 9414

Carbon catabolite
derepression

\ /NTG lh
RL P3? UV-light (UV),

nitrosoguanidine
(NTG) or linear
accelerator (LA)

Tracking the roots of cellulase hyperproduction
by the fungus Trichoderma reesei using massively
parallel DNA sequencing

Stéphan
Joal Martind, Irina 5. Druzhlnlna', Hugues Mathisd, Fr d
Randy Ber rhah , Christian P. Kubicek®, Scott E. l’lual:er‘"

& La Cram®5=" Wendy Schackwitz™?, Lo r\;P\rf nnace chia®, lon K. Magnusan® . Drawid E EU“F’!, la rn s R, Colle
Mom:lt Bernha di.e-ll}nth Barbara Cherry", Mi hareIF! '.Ih
r.I Antoine Margeot®?
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Aspergillus niger and citric acid

«1917 — Citric production from
Asperqgillus niger first patented
by James Currie at USDA in
Peoria

*1917 — James Currie hired at
Pfizer. Pfizer begins
development of the citric
acidprocess in response to
limited citrus fruit supplies during
WWI

*1924 — First commercial
process

«1933 — Lowered feedstock cost
with development of A. niger
citric from molasses process
*Currently — The citric acid
process is the most productive
fungal bioprocess currently L
employed

Pacific Northwest
NATIONAL LABORATORY
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Cell factory genomics: A tale of two

Aspergillus niger strains

- Aspergillus niger genome project
published in Genome Research

Research

Comparative genomics of citric-acid-producing
Aspergillus niger ATCC 1015 versus enzyme-producing
CBS 513 88

1 by Cold Spring Harbor Laboratory Press; 1S5N 1088-9051/11; www.genome.omg Genome Research 1

WWW EeNnome. org

m  Comparison of an Aspergillus niger enzyme
producing strain (CBS 513.88) with an A. niger
citric acid strain (ATCC 1015)

®  Enzyme production strain has extra copies of
gluco-amylase encoding gene

®  Chromosomal rearrangements were evident in
comparison of strains

= High diversity detected within the Aspergillus
niger species complex leads to versatility in
phenotype (i.e. enzyme or acid production)

.Ullli.lll.lh.u.

R .-ﬂ..ll.l ’ ..u.-.lJ.. l.uu
D T

bt L. o ﬂLh IR [T Iy Y |
T |

"
R

A .L.... ik ll bl o AT i

l..l LR

i L ol H.t....u_;.h | bl
U A

Ll bhooc MRl o LR 4
+_ X I &

[T N
& o | . E—

o Blikinl B

i“..ulﬂ i, b f ] aaid el ki I:.qu.jiﬂ
ja = |-~ N .

hllll.ll;

Pacific Northwest
NATIONAL LABORATORY



SAMs

Hg)léa Sphinganine Analog Mycotoxins
O

HOOC <+— Fumonisin B1

*Mycotoxin

*Produced by Fusarium spp.

«Ceramide synthesis inhibitor

@) OH OH

Me o Me OH NH2
HOOC
HOOC 0 OH OH OH
AAL toxin
*Virulence factor ve do me OH NH2
*Produced by A. alternata lycopersici
*Ceramide synthesis inhibitor HOOC
HOOC 0]

Pacific Northwest
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Conserved fumonisin-like gene clusters

Aspergillus
niger

Fusarium
verticilliodes

Cochliobolus
heter ostr ophus

19

Fuml Fum19 Fum15 Fuml4 Fuml3 Fum8 Fum3 Fum7 Fuml0 Fumi6 Fumé
4— 4—
XX
Fuml B % / Q13 FumI#kuml5 Fuml16Fuml7 FumIB m19
P> —
A I
Fuml Fuml4 Fum7 Fum8 Fuml3 Fum3 Fuml0 Fum19 Fum15 Fume6

“ m s o L o AGFe Foodf Ohan 2007, 55, ETET-ETR2 GTEP

AGRICULTURAL AND
FOOD CHEMISTRY

Fumonisin Bz Production by Aspergillus miger %
Teds ©. FRISWVADL, Jomd SuEDsGasiD,” ROUERT A, Samiso,
|'

M G, Pacific Northwest
i : NATIONAL LABORATORY
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Compounds synthesized by Aspergillus
niger ATCC 11414
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Phenotype: Melanin and naphtho-y-pyrone production
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Fungal relevance to DOE bioenergy and
carbon cycle mission areas
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