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Robin Teufel studied Biology at the University of
Freiburg (Germany) with a focus on Microbiology and
obtained his Diploma in 2008. During his succeeding
PhD studies in the same place, he investigated the
enzymology of bacterial aromatic catabolism until
2011. He then pursued postdoctoral research at the
University of California San Diego (USA) until December
2014, where he explored the biosynthesis of bacterial
meroterpenoid and polyketide natural products. He
then returned to the University of Freiburg in 2015
as independent research group leader working on
the biosynthesis and enzymology of various bacterial
aromatic natural products. He completed his habilitation
in Microbiology in Freiburg in 2020, before taking on his
current position as head of the division “Pharmaceutical
Biology” at the Department of Pharmaceutical Sciences,
University of Basel (Switzerland) in 2022.

His current work centers on the identification
of natural products from plants and microorganisms
as possible drug candidates. In addition, biosynthetic
pathways and involved enzymes are being investigated
and engineered to generate novel bioactive natural
product derivatives, e.g. with antibiotic or anticancer
activity.



The 7th Toyama-Basel Joint Symposium

Pharmaceuticals and Bioscience

Session 4

HWETE R D A5 % & A
T

HC & A RRMEEWIZ. Zh
0 5 2= — yay(wr
Bitl (B : 74 b7
%%(W:vfn7ﬁ7>
iiiﬁLEﬁ LAEMEAER (B
rPalie wmbfwéo~ﬁ\
A %\m T3 LA HT
o A DHWIZET NV — T TlL. K
@ﬁé%#%%%héK%%®ﬁik%ﬁ%%ﬁ
DI X D, ZNS R D 5 FIEGGER Y
AEIR T BT B RIEMERL AR ) — FMb
EWOTRZFIEH L THIZEICHI) AT A, HH
ORYTFA54 75 —%HMHE LT, HIL¥EH
Ty LRRNAAVTF Y NAZYY—= VTR
WX D AEEY o (EFEZE - Dr. Eliane
Garo & Maria Karpouchtsi) . KR4 G K
2B 2R R A G R ORI LY LA T
Who IS OHFIE KR AEARD W) 2412
ERT AH7DIZINHTX 5,

BIE, W»oBOoNLEIELAFTF AR F Y b
eIz, MBEEAD FOR YRR AT PR
WIZHEH LT EZ DTS, FaRy04E
ERE. MENTOME & 138 5 — Rk~ E
KAH O X 55 DT, ZORMB I3~
ZMaRYTH—THY., 7= )VEEBORALIC
IDRONDIHERIHMAEL T D, ZOREKTIE,
FOSHED G BISH 7 V7 & N RS B &
%nﬁé%mﬁménf¢bﬁ%%k&%#\b
O R VAESEOLAIIEIL S VTR 22 b a R
/ﬁ%ﬁi&éh% %LT‘QGAﬁTéK%
Wi SRR ORETE D ZARALIZ, & b R RIS

He

%

x
<N

s

\/c.

R RN T —F Y 7@%:&0@%5
NbH, BFHEERY 7Z7FFiX, XY B -7 b Uiz
T A UEARY) 7 F FERICI > TEBR SN
59 —DODFEREW I T ATHbD, ZOK
DB WA 2 AL LIS RIRIL L 72, Z ok
BRI RN e T — 5 ) v TREEDNRREBRE S5
BT B o ARE T FHFERY rF ks
&hnfz@iA&fﬁtbwf REXERYIC D H%
FEMICD B 57 5 ¥ VKENB LR ITCICE D B
747—0/7@%#amiﬁubnﬁyﬂ%%

BREESEL-OIHHIN TV L2 Z/MAT 5,

EHIE, TTF IV THIZBWT, fENICE
e AFTINRY 57 b ViFEARo A R o
WY MAIZOWT LT Do ﬂu%@ﬁ“fun% [ES
%<&%mmé®$ﬁﬁﬁ%%%%$&¢éﬁﬁ
F TR D Diels-Alderase D X 9 % % /R
TWb, Fi7-bld. COEEFFRE L. BE ’Jféc
EHGD) — FLEWE LT, KRB L OIERK
DYXAFTINRFEBROEREIZFHT L L%
HigLTwb,

Biosynthesis and Bioengineering of

Bioactive Natural Products

Natural products of microorganisms and plants
typically adopt important roles for their producer, e.g.
for communication (e.g. quorum sensing signals),
defense (phytoalexins, toxins etc.), nutrient acquisition
(siderophores etc.) or mutualistic/antagonistic symbiotic
interactions (e.g. as protective antibiotics). Often, their
biosynthesis is only partially understood or remains
entirely cryptic. The Teufel group seeks to identify and
structurally characterize natural products from plants and
microorganisms and investigate their potential as possible
drug candidates or lead compounds, e.g. for the treatment
of infectious diseases or cancer. While our in-house
library of plant extracts is utilized to directly screen for
desired bioactivities in combination with biochemical
assays or high-content screens (talks Dr. Eliane Garo
& Maria Karpouchtsi), our efforts also aim to unravel
complex biosyntheses of natural products and the
underlying enzymology. This knowledge is then applied
for the bioengineering of natural product derivatives.

Currently, our efforts focus on bacterial tropone
and polyketide natural products as well as sesquiterpene
lactones from plants. Tropone biosynthesis relies on
an unusual intertwining of primary and secondary
metabolism in bacteria, in which the initial steps are
shared for the various tropones and rely on enzymes from
phenylacetic acid catabolism. In this pathway, a distinct
reactive open-chain aldehyde intermediate is formed,
which is either further catabolized to central metabolites,
or, in the case of tropone biosynthesis, cyclized to
afford the characteristic tropone scaffold. The structural
diversification of this shared natural product precursor is
then mediated by tailoring enzymes that are specific to
each type of tropone natural product and producer strain.
Aromatic polyketides represent another major compound
class, which are produced by type II polyketide
synthases that generate poly-B-ketone chains. Following
cyclization and aromatization of this highly reactive
chain, pathway-specific tailoring enzymes further modify
the carbon-backbone. I will showcase how structurally
and functionally distinct flavin-dependent redox tailoring
enzymes are employed for the functionalization of
tropone scaffolds in the late-stage biosynthesis of various
tropones as well as aromatic polyketides.

In addition, I present our efforts to understand how
structurally diverse sesquiterpene lactone derivatives
are produced in Artemisia species. Our results point
toward a hitherto unknown Diels-Alderase-like enzyme
that generates a remarkable breadth of bioactive natural
products. We seek to identify and exploit this enzyme
for the production of natural and unnatural sesquiterpene
derivatives as potential drug leads.

39



40

(2 ST I R I S S

T T ¥ AT (s—vn ks HiRa)

Ellane GarO (Research associate, Pharmaceutical Biology, Department of Pharmaceutical Sciences, University

of Basel)

[ JiE ]

[Curriculum Vitae / Biography]

O —H Y X RE (AL R) THEEZFO, 1999 412
Hostettmann ¥z ORED T, A3 - RWLF0F 52T
TS & U

AT ANVZTHF T4 TR, AT N=T
KFEAT ) v T XMW FEA O Fenical #IZ 0 b & Tl
WHERRM O LWZER & LTl <,

ZOH%. RETOWBICFEE. WH WD L KRR
7Ty N7 4 — NTH BB A T, WX Sequoia
Sciences #. (A 7 V=TFTMY>F1T) TY=7
Wge e LCHI# L7, A4 RIZRY . Zihfseik
BioFocus (A A A& « N—¥)V) IZEMARAE E LTAR:
L7z

2013 4E X 0 Bk 0 /X — BV KIS A Y 225 M o
BB I OHEME LAY TV —EID 7V — T2
Ty MM 72 VEZOIRED L LW HESH,

Eliane Garo studied pharmacy at the University of
Lausanne (Switzerland) and obtained her PhD in 1999
at the institute of pharmacognosy and phytochemistry
under the direction of Prof. Hostettmann.

She then moved to San Diego, CA for a
postdoctoral training in marine natural products
working with Prof. Fenical at the Scripps Institution of
Oceanography, University of California, San Diego.

She then held several positions in industry where
she gained experience working with different natural
product drug discovery platforms. She was first working
as a senior scientist at Sequoia Sciences (San Diego,
CA). After moving back to Switzerland, she joined
the contract research organization BioFocus (Basel,
Switzerland) as a principal scientist.

She had the opportunity to go back to academia in
2013 (in the group of Prof. Hamburger). She is working
since then as a research associate and lecturer in the
division of pharmaceutical biology currently under the
lead of Prof. Teufel.
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Lead discovery approaches in natural product
research: identifying novel compounds targeting
oncogenic MAPK/PI3K signaling in melanoma

Natural products have been a prolific source
of new medicines and continue to provide lead
compounds for drug discovery. However, identifying
bioactive compounds in complex extracts remains
a major challenge. We have established a platform
for high-throughput natural products lead discovery
that implemented new technologies and tools such as
2D-barcoded liquid extract libraries, HPLC-based activity
profiling, as well as advanced metabolomic analyses. To
illustrate our approach, we present a project aiming to
identify natural compounds targeting oncogenic MAPK/
PI3K signaling in melanoma.

A library of 2’500 plant extracts was screened in
an innovative high-content assay (HCS) using melanoma
cells. HPLC-based activity profiling combined with
UHPLC-HRMS/MS identified compounds most likely
responsible for the activity in the extracts. This approach
led to the isolation of a diverse set natural products
scaffolds. To further explore the chemical space of
natural compounds active on our targets, the assay was
upscaled to a 384-well format and used to screen a library
of 3’500 pure natural compounds. Additional natural
product scaffolds were discovered, complementing those
initially found from crude extracts. Our workflow can be
used with any modern high-throughput biological assay,
emphasizing the value of state-of-the art analytical tools
for efficient natural product lead discovery.
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Oct 2007 to Aug 2010: BioReal Inc. ( U.S.A)
Apr. 2017to Sep. 2019: Asta Pharmaceuticals
Inc.
Sep. 2013 to Apr. 2014: Graduate School of
Medicine and Pharmaceutical Sciences for
Research, University of Toyama
Aug 2010 - Aug 2013, Apr 2014 - Mar 2023
Cooperative Researcher, First Department
of Internal Medicine, Faculty of Medicine,
University of Toyama

2007 Ph.D. in Agriculture (Kinki University)

ORCID: 0000-0002-6169-9930
https://www.researchgate.net/profile/Yasuhiro-Nishida-2

Specialty: Applied Microbiology, Medicinal Pharmacology,
Molecular Applied Biology, Endocrinology

(Energy Metabolism, T2DM)

Current interests: Research and development of
nutritional supplements and other products based on
natural products
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Blessing of the Sea:
Pleiotropic Effects of Astaxanthin

staxanthin (AX) is an orange to red fat-soluble
pigment known as a carotenoids abundant in marine
products in Toyama Bay, and its strong antioxidant
activity was reported about 30 years ago. We, Fuji
Chemical Group, have been developing efficiently
commercial-production of AX by cultivation of
freshwater unicellular green alga named Haematococcus
pluvialis. We initially focused on the antioxidant activity
of AX, especially its lipid peroxidation inhibitory effect
and singlet oxygen quenching activity. Our results
also revealed that, in contrast to other carotenoids, AX
physically quenches singlet oxygen very stably in diverse
environments.

Furthermore, as AX has been recognized widely
among people, numerous researches have been conducted
on various physiological activities such as anti-
inflammatory effect, anti-aging (especially in the field
of dermatology), anti-fatigue, improvement of cognitive
function, improvement of endurance performance, and
amelioration of lipid/glucose metabolic dysfunction
associating with obesity and type 2 diabetes mellitus. In
considering the mechanism of these actions, there are
many effects that cannot be simply concluded from the
antioxidant effects of AX, therefore, we have conducted
collaborative research with the University of Toyama to
elucidate the mechanism of actions.

In the progress of this study, we found that AX has
a direct effect on the regulation of the insulin signalling
pathway, independent of oxidative stress-induced insulin
resistance. Starting from this study, we have elucidated
that AX has a "regulatory effect on mitochondrial activity
in skeletal muscle," which is partially independent of
its antioxidant activity in ameliorating obesity-related
glucose and lipid dysregulation in diet induced obese
mouse. Further analyses revealed that these effects
were mediated via activation of AMPK, a target of anti-
diabetic drugs such as biguanides and imeglimin, and
that these unique effects did not induce the exercise
resistance as commonly described in inexpertly effect
with intake of antioxidant nutrients. Moreover, it was
also revealed that AX activates the PGC-1a/Sirtuins axis,
which is expected to have potential anti-aging effects.

Through these actions, we believe that AX will
contribute to the prevention of chronic diseases such as
metabolic disorders and age related disorders, which are
becoming serious social problems worldwide.
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Mar.1994; Ph.D. in pharmaceutical sciences at Hokkaido
University, Japan

Oct.1993-Mar.1995; Junior Scientist, the Japan Society for
the Promotion of Science

Apr.1995-0ct.1996; Assistant Professor, Department of
Applied Pharmacology, Institute of Natural Medicine,
Toyama Medical and Pharmaceutical University, Japan
Oct.1996-Sep.2005; Assistant Professor, Research Center
for Ethnomedicines, Institute of Natural Medicine,
Toyama Medical and Pharmaceutical University, Japan
Nov.1997-Feb.1998; Guest Researcher, National Institute
of Mental Health, National Institutes of Health, USA
Oct.2005-May 2010; Assistant Professor, Division
of Biofunctional Evaluation, Research Center for
Ethnomedicine, Institute of Natural Medicine, University
of Toyama, Japan

June 2010-Mar.2017; Associate Professor & Head,
Division of Neuromedical Science, Institute of Natural
Medicine, University of Toyama, Japan
Apr.2017-Mar.2020; Professor & Head, Division of
Neuromedical Science, Institute of Natural Medicine,

University of Toyama, Japan
Apr.2020-Present; Professor & Head, Section of
Neuromedical Science, Institute of Natural Medicine,
University of Toyama, Japan
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Axonal repairing by diosgenin
in Alzheimer’s disease and its
application to clinical study

In Alzheimer's disease (AD), repairing neuronal
circuits is very crucial to improve memory impairment.
We have aimed to repair the neural network by natural
medicines for development of a new therapeutic
agent for AD. We had focused on diosgenin, which is
known as a constituent of Yam (rhizome of Dioscorea
japonica or D. batatas). Our studies provided solid
evidence showing that administration of diosgenin to
AD model mice (5XFAD) restored memory impairment.
To figure out its mechanism, axon-growing neurons in
the hippocampus connecting to the prefrontal cortex
were selectively visualized. Diosgenin (p.o.) extended
damaged axons successfully to the prefrontal cortex. The
axon-growing hippocampal neurons and naive neurons
were captured by laser microdissection to serve DNA
microarray. The two genes with the largest increases in
expression (SPARC and Gal-1) in axon-growing neurons
were focused. Overexpression of them in hippocampal
neurons improved memory deficits and promoted axonal
reinnervation to the prefrontal cortex in SXFAD mice.
In order to implement the results of our basic research,
effects of diosgenin in humans were evaluated. Taking
advantage of Borderline of Pharmaceuticals to Non-
pharmaceuticals in Japan, we optioned to perform
clinical studies with Yam extract as more realistic and
feasible approaches than those with diosgenin itself.
A randomized, double blinded, crossover clinical
study for healthy subjects clarified upregulation of
cognitive function by taking Yam extract for 12 weeks.
Furthermore, a specified clinical trial was conducted on
subjects with mild cognitive impairment and mild AD.
Results suggested certain effects of the diosgenin-rich

Yam extract for cognition.
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