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Associated laboratories

Laboratory of systems and synthetic biology -
Prof. Mart Loog (www.looglab.com)

The laboratory for novel bio-based chemicals
and polymers - Dr. Lauri Vares, Prof. Patric
Jannasch

Laboratory of Synthetic Biology and Bioprocess
optimization - Dr. Petri-Jaan Lahtvee

Laboratory of Gas Fermentation Technologies -
Dr. Kaspar Valgepea

Chair of Organic Chemistry - Prof. Jaak Jarv, Dr.
Siim Salmar
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SCOTT BOTTOMS 1]

EDUCATION

Purdue University
BSc. Microbiology

University of Wisconsin
MSc. Bacteriology

Technical University of Munich
PhD Candidate. Biotechnology

SELECT PUBLICATIONS

. Chemical genomic guided engineering of gamma-valerolactone tolerant yeast. Microbial Cell Factories
2018, 12:17(1)5. DOI:
. Mechanism of imidazolium ionic liquids toxicity in Saccharomyces cerevisiae and rational

engineering of a tolerant, xylose-fermenting strain. Microbial Cell Factories 2016, 15:17. DOI:

. Inhibition of microbial biofuel production in drought-stressed switchgrass hydrolysate.
Biotechnology for'Biofuels 2016, 9:237. DOI:

. SynergyScreen, an R package for design and analysis of compound synergy screens. F1000Research 2016,
5(1SCB Comm J):1886. DOI:

. Diverse lignocellulosic feedstocks can achieve high field-scale ethanol yields while providing flexibility for

the biorefinery and landscape-level environmental benefits. GCB Bioenergy 2018; 1-16. DOI:

. Identifying and engineering ancient variants of enzymes using Graphical Representation of Ancestral
Sequence Predictions (GRASP). (Pre-print 2020: DOI: Under review)
. “Recombinant Yeast Having Increased Tolerance to lonic Liquids and Methods of Use”. United States

Patent Application: . Publication Date: November 17, 2016.


https://doi.org/10.1186/s12934-017-0848-9
https://link.springer.com/article/10.1186/s12934-016-0417-7
https://link.springer.com/article/10.1186/s13068-016-0657-0
https://doi.org/10.7490/f1000research.1112663.1
https://doi.org/10.1111/gcbb.12533
https://doi.org/10.1101/2019.12.30.891457
https://patents.google.com/patent/US20160333362A1/en
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¢ Challenge to Using Lignocellulosic Feedstocks
e Cellular inhibition by lignin monomers

® Microbial Strain Development is Essential
e The Chemical Genomics Approach

Genome-wide yeast mutant pool
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Growth with compound
or feedstock hydrolysate

Sequence barcodes and identify
compound-gene Imum:ﬁm
relative to solvent control

Determine significantly responsive mutants,
Correlation with other known compounds,
Predict mode of action and cellular target

Bottoms et al., 2016
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RESEARCH

RESEARCH ARTICLE

MICROBIAL ENGINEERING

A heterogeneous microbial consortium producing
short-chain fatty acids from lignocellulose

Robert L. Shahab'?, Simone Brethauer?, Matthew P. Davey?, Alison G. Smith3, Silvia Vignolini®,
Jeremy S. Luterbacher’, Michael H. Studer®*

Microbial consortia are a promising alternative to monocultures of genetically modified microorganisms
for complex biotransformations. We developed a versatile consortium-based strategy for the direct
conversion of lignocellulose to short-chain fatty acids, which included the funneling of the lignocellulosic
carbohydrates to lactate as a central intermediate in engineered food chains. A spatial niche enabled
in situ cellulolytic enzyme production by an aerobic fungus next to facultative anaerobic lactic acid
bacteria and the product-forming anaerobes. Clostridium tyrobutyricum, Veillonella criceti, or
Megasphaera elsdenii were integrated into the lactate platform to produce 196 kilograms of butyric
acid per metric ton of beechwood. The lactate platform demonstrates the benefits of mixed cultures,
such as their modularity and their ability to convert complex substrates into valuable biochemicals.

Shahab et al., Science 369, eabb1214 (2020)
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196 kilograms of butyric
acid per metric ton of beechwood.

A membrane-aerated bioreactor featuring an oxygen gradient (depicted at the bottom) allows for
the consolidated bioprocessing of lignocellulose to short-chain fatty acids by a heterogeneous
consortium consisting of an aerobic, cellulolytic fungus growing as a biofilm in the oxygenreplete
spatial niche, a facultative anaerobic lactic acid bacterium to funnel the carbohydrate mixture to
lactate, and a lactate-consuming obligate anaerobic bacterium for product formation.




LETTER

https://doi.org/10.1038/541586-019-0978-9

Complete biosynthesis of cannabinoids and their
unnatural analogues in yeast

Xiaozhou Luo™', Michael A. Reiter*", Leo d’Espaux™", Jeff Wong™', Charles M. Denby'-", Anna Lechner®>4,
Yunfeng Zhang"®, Adrian T. Grzybowski', Simon Harth?, Weiyin Lin®, Hyunsu Lee™’, Changhua Yu™?®, John Shin’*,
Kai Deng®?, Veronica T. Benites®, George Wang?, Fdward E. K. Baidoo®, Yan Chen?, Ishaan Dev**, Christopher . Petzold® &

Jay D. Keasling'~*4510:11+

Cannabis sativa L. has been cultivated and used around the globe
for its medicinal properties for millennia'. Some cannabinoids,
the hallmark constituents of Cannabis, and their analogues
have been investigaled extensively for their polential medical
applications®. Certain cannabinoid formulations have been
approved as prescription drugs in several countries for the
treatment of a range of human ailments®. However, the study and
medicinal use of cannabinoids has been hampered by the legal
scheduling of Cannabis, the low in planta abundances of nearly
all of the dozens of known cannabinoids®, and their structural
complexity, which limits bulk chemical synthesis. Here we report
the mmglcle biosynthesis of the major cannabinoeids cannabigerolic
acid, A”-tetrahydrocannabinolic acid, cannabidiolic acid, A’
tetrahydrocannabivarinic acid and cannabidivarinic acid in
Saccharomyces cerevisiae, from the simple sugar galactose. To
accomplish this, we engineered the native mevalonate pathway lo
provide a high Mux of geranyl pyrophosphale and introduced a
heterologous, multi-organism-derived hexanoyl-CoA biosynthetic
pathway”. We also introduced the Cannabis genes that encode
the enzymes involved in the biosynthesis of olivetolic acid®,
as well as the gene for a previously undiscovered enzyme with
geranylpyrophosphate:olivetolate geranyltransferase activity and the
genes for corresponding cannabinoid synthases”®, Furthermore, we
eslablished a biosynthetic approach that harnessed the promiscuily
of several pathway genes Lo produce cannabinoid analogues, Feeding
Aitferant fatty acide ta e enod nearsd ctraine vialdod canmnahinandd

of hexanoyl-CoA'". To increase the supply of hexanoyl-CoA, we fed the
yCANO1 strain with 1 mM hexanoic acid, which can be converted to
hexanoyl-CoA by an endogenous acyl activating enzyme (AAE), and
observed a sixfold increase in olivetolic acid production (1.3 mg 1),
A known byproduct of TKS, hexanoyl triacetic acid lactone (HTAL)®,
was also detected (Extended Data Fig. 1),

To optimize the conversion of hexanoic acid to hexanoyl-CoA, we
introduced CsAALL an AAE from Cannabis that is thought to catalyse
this step in planta, into yCANO1'%, When fed with 1 mM hexanoic acid,
the resulting strain (yCAN02) showed a twofold increase in olivetolic
acid titre (3.0 mg 1~") compared with yCANO1 (Fig. 2a). To produce
hexanoyl-CoA [rom galactose and complete the olivetolic acid path-
way, we introduced a previously reported hexanoyl-CoA pathway into
yCANO1°. The resulting strain (yCANO3) produced 1.6 mg 1! olive-
tolic acid (Fig. 2a).

Cannabigerolic acid (CBGA)—the precursor to A*-
tetrahydrocannabinolic acid (THCA), cannabidiolic acid (CBDA) and
numerous other cannabinoids—is produced from olivetolic acid and
the mevalonate-pathway Intermediate geranyl pyrophosphate (GPP)
by a geranylpyrophosphate:olivetolate geranyltransferase (GOT). GOT
activity was detected in Cannabis extracts two decades agu”. and a
Cannabis GOT (CsPT1) was patented ten years later'®, To test CsPT1
in vivo, we constructed a GPP-overproducing strain (yCAN 10) with
an upregulated mevalonate pathway'* and a mutant version of the
endogenous farnesyl pyrophosphate synthase ERG20 (ERG20(F69W/
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NEWS

e Research article published from the
ERA Chair and collaborators in
Proceedings of the National Academy
of Sciences (PNAS)

e Research article published from the
ERA Chair and collaborators in
Frontiers in Bioengineering and

Biotechnology

e Start-up of the state-of-the-art gas

fermentation facility at GasFermTEC

&8 Kaspar Valgepea, PhD

Group Leader/Senior Research Fellow * Rrepont iomtie ERA.Coairania



Gas fermentation platform at ECB
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Demonstrated range of chemistries and functional groups directly from gas
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