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Fungal metabolites as drugs & pesticides

Pharma indications

B Antibacterial (Penicillins, Cephalosporins) & antimycotic
(Caspofungin, Micafungin) antibiotics A

B Immunosuppressive agents (e.g. Cyclosporin, Mycophenolic acid) A
B CNS-active drugs (e.g. Ergotamine) A
B Cardiovascular drugs (e.g. cholesterin-lowering Statins) A

Agro indications
B Fungicides (e,g. Strobilurins) B
M Antiparasitic agents (e.g. emodepsin) A

Fungal metabolites continue to be of great value as lead structures
for development of new drugs & pesticides

T ﬁHELMHOLTZ
A: From Ascomycota B: From Basidiomycota ‘ZENTRUMFUR

INFEKTIONSFORSCHUNG



A ,,novel“ class of antibiotics

: ' - ' Pleuromutilin
Clitopilus prunulus (Entolomataceae) Retapamulin (Altabax®Altargo®)

(semisynthetic derivative
of pleuromutilin)

 First discovered from cultures of ,Pleurotus” spp. in 1951

1] Chemotaxonomic marker metabolite for the genus Clitopilus!

1 Highly efficient against Gram-positive bacteria (inhibitor of protein synthesis)

1 Only In 2007, Retapamulin was approved for treatment of skin infections
(further derivatives are in development)
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First systemic pleuromutilin type antibiotic was
approved by the US FDA in August of 2019 !
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Fig.8 Chemical structures of
pleuromutilin and its derivatives
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Antimycotic agents on the market/ under development
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Many of them are

derived from bacteria or fungi
(as in case of the antibacterials)

Bangramicr A
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Ibrexafungerp, a semisynthetic emfumafungin

OH

Jérs : -
- e
enfumafungin ibrexafungerp

« First newly FDA-approved antimycotic in ages
* (1,3)- B -D-glucan synthase inhibitor
 Indications: e.g. invasive candidiasis, invasive aspergillosis

First drug ever approved that is derived from a fungal endopyhte!

H Z HELMHOLTZ
Centre for Infection Research

Images from Mapook et al. Fungal Dviers 116 (2022)



Impressions from field work in Thailand

., Thailand (2014)
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New pleurotins from Hohenbuehelia grisea

Figure 1. Structures of new compounds thiopleurotinic acid A (1),
thiopleurotinic acid B (2), and pleurothiazole (3) and parental
metabolites dihydropleurotinic acid (4) and pleurotin (5).
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Article

Antiviral 4-Hydroxypleurogrisein and Antimicrobial
Pleurotin Derivatives from Cultures of the
Nematophagous Basidiomycete Hohenbuehelia grisea
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Figure 2. Chemical structures of newly isolated compounds 5-11.
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Impressions from field work in Kakamega, Kenya (Sept. 2014)

Expedition in the course of a project funded by AvH and ERAFRICA, 2014-2018
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New biotechnology platform at HZI (operative since 2021)

Upstream Processing Equipment

Shake flask cultivations Multifermenter Stainless steel Pilot scale bioreactors
bioreactors

* RAMOS (50 mL; 200 mL) + DASGIP (1.51L) + Six vessels (10 L) * 4x150L;2x350L
» Transfer from shake flask * Process development in * Process implementation » Material supply for e.g.
to bioreactor laboratory scale » Optimization for preclinical studies
* Media development technical scale » Process transfer to
CRO’s

H Z HELMHOLTZ
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Downstream Processing Equipment

,ln» T e N

Biomass separation Extraction Concentration

Product separation

» Tube centrifuge * Fluidized bed
* Filtration * Liquid-liquid

« MPLC
* Preparative HPLC

* Rotary evaporator

* High vacuum

Only facility in European academia that can handle production of 100 g scale amounts of
pure natural products
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First compound that can destroy pre-formed biofilm in Candida albicans

Microporus sp.
(new species, Kakamega, Kenia)

Organism
S. aureus

Clara Chepkirui .
C. albicans

HO._O
HO ?
o = = = =
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/O\H/r 0 NF = = =
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Ho™ O

Microporenic Acids A and B

Antibiofilm Activity (S. aureus & C. albicans)

Biofilm inhibition %
86% (256 pg mL™")

Preformed biofilm inhibition
49% (256 ug mL-)
54% (64 pg mL™1) 37% (128 pg mL)
28% (16 pg mL-) 1.5% (64 pg mL™")
- 72% (16 pg mL™1)
52% (8 pg mL-")
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Metabolites of the “Orange Pingpong Bat Fungus”

UK NEWS WEBSITE OF THE YEAR 2024

The Telegraph kogin | =

Q Your Say News Sport Business Money Opinion Ukraine Travel Healtt
—

See all News

The future’s orange in woodlands as ‘ping pong bat’
mushrooms could threaten native species

Brightly coloured invader that may have arrived on breeze from Spain among new
species thriving in UK, possibly because of climate change

[ 3 DGiftthisarticlefree 1
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Metabolites of the “Orange Pingpong Bat Fungus”
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Favolone — promising lead for a new antimycotic agent?

Compounds Antifungal activity MIC Cytotoxicity-L929 ICs0
MIC (ug/ml) (ug/mL)
Candida tenuis - | Mucor Mouse Hela-
MUCL29892 plumbeus- fibroblast- (KB3.1)
MUCL49355 L929
1 <9.37 <18.75 15.00 5.50
2 <4.68 <9.37 18.00 6.00
3 <4.68 <9.37 0.28 0.51
4 <4.68 <9.37 1.10 5.50
Favolone <£2.34 £2.34 - -
Nystatinc 2.3 24638 - -
Epothilone B® | - - - 0.00022
Epothilone A°® | - - 0.0038 -
Methanol © - - - -

1-4: New Strobilurins
[a] No antibacterial activities were observed for all the compounds against E. coli
(DSM498) and B. subtilis (DSM10) at concentration = 300ug/mL.

[b] Nystatin- antifungal reference. Epothilone A and B cytotoxicity test references.
Methanol- negative control, - no activity.

Favolascha represents the dangerous Neomycota

Table 1. Antifungal activity of favolon in the agar diffusion
assay.
Diameter of inhibition
zone (mm)
Organism —_—
ug/disc*
0.1 1 10

Absidia glauca (+)

A. glauca (—)
Alternaria porri
Aspergillus ochraceus
Botrytis cinerea
Cladosporium cladosporioides
Epicoccum purpurascens
Fusarium fujikuroi
Fusarium oxysporum
Mucor miehei
Nematospora coryli
Neurospora crassa
Paecilomyces varioti
Penicillium islandicum
P. notatum

Pythivm ultimum
Rhodotorula glutinis

Saccharomyces cerevisiae is 1**

Ustilago nuda
Zygorhynchus moelleri

19i 23i 261
11 19i 20i
161 201 26i
16 22 26i

— 15i 19i
19i 22i 22i
15 25 25

24 30 30
+ + -
20 30 30
25 34 34
12 23 25
+ - -

= 9 11
15i 22i 25i

: no inhibition zone, +: inhibition zone just visible,
*: diameter =6 mm, **: Gift of Prof. LACROUTE, STRASBOURG,

F, i inhibition incomplete.

Due to global warming & globalisation, these fungi now invade
temperate climates and are a big threat for our ecosystems!

V4

Data from Anke et al. (J. Antibiotics 1995)
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The Favolaschia species that invades Europe is
different from F. calocera

Favolaschia minutissima JM98372 Thailand

Favolaschia minutissima Dail0753 Hainan, China . - .
Favolascia minuisina Dw20086 Haio, Cina. 1> MENULISSTMA
Favolaschia minutissima Dai20088 Hainan, China

Favolaschia minutissima Dai20085 Hainan, China

99| | Favolaschia brevibasidiata JM98186 Yunnan, China F brewbaszdlata
Favolaschia brevibasidiata Cui 6573 Hainan, China i

B e FO%060 Madaguaca FE calocera
Favolaschia calocera PC99497 Madagascar

Favolaschia claudopus GDOR 03102001 Ttaly
Favolaschia claudopus Dail8656 Australia
Favolaschia claudopus Dail8663 Australia

F. claudopus

Citation: Zhang, Q-Y; Dai, Y-C. 65/ Favolaschia claudopus DUKE2952 New Zealand
Taxonomy and Phylogeny of the M Favolaschia claudopus PDD75323 New Zealand
Favolaschia calocera Complex Favolaschia claudopus SR346 Kenya

(Mycenaceae) with Descriptions of

Favolaschia claudopus PDD75686 New Zealand
Four New Species. Forests 2021,12,

Favolaschia longistipitata Dai19799 Yunnan, China
1397. https://doi.org/10.3390/ _100/199/0.99)

avolaschia I i i17597 Yunnan, China ; T
2101397 U S Fclsctia ionplotpiucac Duli 7597 Y F. longistipitata
62/7209141" | Favolaschia longistipitata Dai20019 Yunnan, China

~ Favolaschia longistipitata Dai19893 Yunnan, China

Favolaschia brevistipitata Dai19780 Yunnan, China
ms&mw«mm brevistipitata Dai19855 Yunnan, China F brevis np itata
Favolaschia brevistipitata Dail9856 Yunnan, China
- o o {F389. i
= Favolaschia varariotecta DUKE3893 Puerto Rico Outgroup

Figure 2. Maximum parsimony tree illustrating the phylogeny of the Favolaschia calocera complex based on ITS + nLSU +
mt-SSU + nu-SSU + TEF1 sequences. Branches are labelled with parsimony bootstrap values higher than 50%, and Bayesian
posterior probabilities more than 0.70.

Favolaschia claudopus has already been found in our neighbour countries (B,
NL) and will soon reach Germany from New Zealand !

H Z HELMHOLTZ
Centre for Infection Research



New terpenoids from a tropical genus of Mycenaceae

JOURNAL OF

RODUCT

pubs.acs.org/jnp

Heimiomycins A—C and Calamenens from the African Basidiomycete
Heimiomyces sp.
Tian Cheng,~ Clara Chepkirui,” Cony Decock, Josphat C. Matasyoh, and Marc Stadler*

‘ 7Y Cite This: https2/dxdoi.org/10.1021/acs jnatprod 0c00486 I: I Read Online

ACCESS I |l Metrics & More | Article Recommendations I Q Supporting Information

ABSTRACT: Three previously undescribed compounds named
heimiomycin A—C (1-3), featuring a unique scaffold with
calamenene connected to a hydroxystyryl-pyranone moiety, along
with the new calamenene derivatives 4 and $ and phenanthridine
derivative (6) were obtained from a culture of a Heimiomyces sp.
This is the first report of the occurrence of calamenene-type
terpenoids in fungi. Compound 3 exhibited antimicrobial activity
against Gram-positive bacteria and Mucr hiemalis. Compounds 1
and 3 displayed moderate cytotoxicity against KB 3.1 and 1.929 cell
lines, respectively.

y share published articles.

10w 10 legitimatel
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New terpenoids from a tropical genus of Mycenaceae
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: Calamene-Type Sesqui-, Mero-, and Bis-sesquiterpenoids from i (]
. Cultures of Heimiomyces sp., a Basidiomycete Collected in Africa Sebastian Pfitze Frank Surup
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Heimionones A-E, New Sesquiterpenoids Produced by
Heimiomyces sp., a Basidiomycete Collected in Africa

Sttn e Atk Kt o S 25,y Dk, ot o Heimiomyces: cultured and studied on its secondary
metabolites for the first time
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Even German forests harbour many basidiomycetes that are
yet utapped for secondary metabolites

s i

H Z HELMHOLTZ
Centre for Infection Research



i Let‘ter
OL ‘ Organlc b /OrgL
Lettg@) @ Cite This: Org. Lett. 2019, 21, 3286-3289 pubs.acs.org/Orglett

Antiviral Meroterpenoid Rhodatin and Sesquiterpenoids
Rhodocoranes A—E from the Wrinkled Peach Mushroom, Rhodotus
palmatus

. : T ) g P 5 s zered B e i &l : 3
Birthe Sandargo,”* Maira Michehl,”*" Dimas Praditya,*!l Eike Steinmann,®* Marc Stadler,
and Frank Surup™"*

TDepm‘tment of Microbial Drugs, Helmholtz Centre for Infection Research GmbH, Inhoffenstrafle 7, 38124 Braunschweig, Germany
:LGerman Centre for Infection Research (DZIF), partner site Hannover-Bmunschweig, 38124 Bmumchweig, Germany

STWINCORE-Centre for Experimental and Clinical Infection Research (Institute of Experimental Virology), Feodor-Lynen-Strafle
7-9, 30625 Hannover, Germany

IResearch Center for Biotechnology, Indonesian Institute of Science, JI. Raya Bogor KM 46, Cibinong, Indonesia

lDep.u‘tn‘u:m of Molecular and Medical Virology, Ruhr-University Bochum, 44801 Bochum, Germany

N —————

Figure 3. Key ROE correlations of rhodatin (1). Correlations above
the molecular main plane are indicated with solid arrows, and

correlations below with dashed arrows. HELMHOLTZ
H Z Centre for Infection Research




New carbon skeleton; antiviral activities

10° - 107
i e
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B 2
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O Ay -NH2 Oy, Ay -OH R Renilla uciferase

o =0 o 1_30 = Firefly luciferase
> , > Figure 4. Antiviral activity of rhodatin (1). Huh75 cells were

inoculated with RLuc-Jcl reporter viruses in the presence of rhodatin.

5 6 Infected cells were lysed for 3 days, and reporter virws infection was
_ _ determined by Renillh lucferase activity (Rluc). Cell viability was
Figure L Chemical structures of thodatin (1) and rhodocoranes A—E measured by determination of firefly luciferase ( Fluc), which is stably

(26, respectively). expressed in the target cells.

Significant antivral activity (HCV)
Several new acorane sesquiterpenoids were obtained concurrently
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Kakamega rainforest (February 2023)
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Meroterpenoids from Amylosporus spp.

https://inaturalist.ca/taxa/353329-Amylosports

Grass symbionts
Growth time of cultures
in the lab: 4 months

Orsellinic acid-derived carbons

Seite 26 | Name der Prasentation H Z I HELMHOLTZ
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Meroterpenoids from Amylosporus spp.

%, JOURNAL OF
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Terpenoids and Meroterpenoids from Cultures of Two Grass-
Associated Species of Amylosporus (Basidiomycota)

Blondelle Matio Kemkuignou," Ashaimaa Y. Moussa," Cony Decock, and Marc Stadler*

# § Cite This: https://doi.org/10.1021/acs jnatprod.1¢00975 I: I Read Online
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Impressmns from field work (Arabuko Sokoke NP, Kenya May 2022)

Project funded by the EU Alexander von
(H2020-MSCA-RISE Mycobiomics) ", HUMBOLDT
and AvH Foundation / STIFTUNG

Many of the strains we isolated seem to represent hitherto undescribed species
= Good chances to find novel bioactive metabolites

H Z HELMHOLTZ
Centre for Infection Research



Model Basidiomycetes: the largest organisms on Earth ?*
*Smith et al. 1992. Nature 356:428-431
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> Cosmopolitan saprotrophic
edible mushrooms
> Notorious forest parasites

Culture with rhizomorphs (by B. Schmieschek) HZ | HeMuourz

Seite 29 | Centre for Infection Research



Hypothetical scheme for melleolide biosynthesis

Protoilludene

Synthase H
—
N NS NN OPP I o
. —>
Farnesyl diphosphate *H
Protoilludene
backbone HO OH
Orsellinic acid \Q:COCOA
Transferase
Orsellinic acid
Y CoA Ester
. OH
Melleolides H
(derived from various
posttranslatory modifications after HOw

the backbone has been synthesised) o “H OH

(@]
Melleolides: HO/EEE(iI

M Esters of aromatic polyketides (orsellinic acid) with
a protoilludane sesquiterpene backbone

B Specific for Armillaria species
B Antibiotic, anticancer and other biological activities

H Z HELMHOLTZ
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The value of polyphasic taxonomy & secondary metabolomics
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General workflow

Fermentation Harvest and Extraction
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I N —1 Extraction of mycelium = Extracts
Incubation ~ Homogenization and Incubation of - ) and supernatant g_g
Seed cultures transfer to liquid/solid  scale-up cultures Separation of mycelium
(liquid) medium and supernatant ‘ Evaporation
Chemical Characterization and Metabolomics Analytics and Purification
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Structure elucidation (1D/2D  LC-ESI-MS  HR-ESI-MS and MS/MS P Analvtical and LC-ESI-MS
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Evaluation of Bioactivities
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antimicrobial (MIC) cytotoxicity (I1Cso)
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New melleolide-type meroterpenoids from A. ostoyae

) Check for update

Research Articles

www.angewandte. org

How to cite:  Angew. Chem. Int. Ed. 2024, 202318505
doi.org/10.1002/anie.202318505

Natural Products

Depicting the Chemical Diversity of Bioactive Meroterpenoids
Produced by the Largest Organism on Earth

Sebastian Pfiitze*, Esteban Charria-Girén*, Esther Schuizke, Rita Toshe, Artit Khonsanit,
Raimo Franke, Frank Surup, Mark Bronstrup, and Marc Stadler*

Armillaria ostoyae

* collected in Rhineland-
Palatinate from a dead trunk of
Pseudotsuga menziesii in 2013

» most prolific producer of in-
house strain collection
(previous screening)

* In-depth investigation on
secondary metabolism

Esteban Charria

Sebastian Pflutze

Frank Surup
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Abstract: Tn this investigation, we explored the diversity
of melleolide-type meroterpenoids produced by Armil-
laria ostoyae, one of the largest and oldest organisms on
Earth, using extracts from liquid and solid fermentation
media. The study unveiled three unprecedented dimeric
bismelleolides and three novel fatty-acid-substituted
congeners, along with 11 new and 21 known derivatives.
The structures were clucidated by 1D and 2D NMR
spectroscopy and HRESI-MS, and ROESY spectral
analysis for relative configurations. Absolute configura-
tions were determined from crystal structures and
through ECD spectra comparison. A compound library
of melleolide-type meroterpenoids facilitated metabolo-

i ide iati ling production patterns
under different culture conditions. The library enabled
assessments of antimicrobial and cytotoxic activities,
revealing that the A* double bond is not crucial for
antifungal activity. Cytotoxicity was linked to the
presence of an aldehyde at Cl1. but lost with hydrox-
ylation at C13. Ct informatic ly d rated
the intricate interplay of chemical modifications on
biological properties. This study marks the first system-
atic exploration of Armillaria spp. meroterpenoid diver-
sity by MS-based untargeted metabolomics, offering
insight into structure-activity relationships through in-

novative chemoinformatics. )

Esther Schulzke

| |/
Rita Toshe

Introduction

The phylum Basidiomycota comprises ca. 40,000 species
and represents the second largest division within the
Eumycota after the Ascomycota.l'l Taxa belonging to this
phylum are well known as creative producers of bioactive
natural products.?! Even though most of the fungal
natural product—derived drugs on the market were origi-
nally isolated from species of the Ascomycota, some of
them were obtained from Basidiomycotn.m For instance,
the pleuromutilins are a family of sesquiterpenoid anti-
biotics produced by Clitepilus spp. (Agaricales, Basidio-
mycota) that arec the most recent antibacterial drug class
to make it to the market."!

An important representative of the Basidiomycota is
Armillaria (Physalacriaceac —also known as honey mush-
rooms), a globally distributed genus of plant pathogens
whose species infect trees by causing butt and root
diseases that can lead to entire forest diebacks.P® In
particular, the ability to form thickened mycelium strands
(rhizomorphs), that allow Armillaria spp. to cxploit large
arcas in the search for essential nutrients, is of great
importance for their pathogenicity. Armillaria bulbosa
and A. estoyae have become famous for being among the
largest and oldest organisms on Earth. This is owing to
the facts that i) genetic studies on their occurrence in
some large forests of Northeastern North America
revealed that the same mycelium can cover up to several
thousands of square km and, ii) extrapolating their growth
speed, these fungal mycelia are estimated to have reached
an age of several thousand years."*!

Artit Khonsanit
Tony
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New melleolide-type meroterpenoids from A. ostoyae

15
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7 (5'-O-desmethylarmillaribin) 8 (4-dehydroxyarmillaridin) 9 (4-methoxymelleolide H)
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10 (1-hydroarmillaricin) 11 (10-hydroxy-5'-O-methylarmillane) 12 (4-dehydroxymelleclide F)

HO

13 (10-ketomelleolide E) 14 (4,10-dehydroxymelleolide 1) 15 (4-dehydroxymelleolide )

4: R" = H; R? = H (melleolide linoleate)
5: R' = H; R? = CH; (armillarine linoleate) ~0 OH ~o OH
6: R’

= OH; R? = CHj5 (melleolide H linoleate)
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Known melleolide-type meroterpenoids from A. ostoyae
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37 (5'-methoxy-6'-

38 (10-hydroxy-5'-methoxy-
chloroarmillane) 6'-chloroarmillane)

36 (A52a)

Alcohols

— together with the new derivatives, ~40% of all melleolides described in literature were isolated only from

cultures of A. ostoyae
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A. ostoyae — metabolomics

+ assessment of melleolide production in A. ostoyae under different cultivation i |
conditions (three different media: rice, Q6 2, YM6.3) ' m
+ analysis of extracts by tandem mass spectrometry (timsTOF) I' "*‘\K{f'l ‘
| 11 ‘l ﬂ
+ atfirst principal component analysis (PCA) to obtain overall picture of Esteban Charria Girén
metabolomes observed in each extract
PCA scores plot HPLC-UV/Vis chromatograms (210 nm) of different extracts

40

e _hFLL‘—A rice
YM Sup = , T - T T
e}
Q6 Y2 myc
rice
M Q6 Y2 sup
o - o > P 4‘*}\—“ = T T - T 4 J
Q6 V2 YM6.3 myc
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&
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A. ostoyae — metabolomics

« tandem mass spectrometry analysis (timsTOF) of isolated pure compounds

and evaluation of their fragmentation patterns im |
g
- distinctive patterns observed — characteristic neutral losses corresponding I' ‘ \ l
to loss of orsellinic acid (OA) moiety |

Esteban Charria Girén

» identification of chlorination and O-methylation in OA, as well as presence of
hydroxylations, fatty acid side chains, dimerisation etc.

Reference MS/MS spectrum

Intens. _

[%] Arnamial 73,1466
100
801
60}
O
Cl
40 0
~
(0] OH
20
220.9973
Loss 198.00460 Da 4711512
173.|1344 | | 255.|1397 < |||
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A. ostoyae — metabolomics

» for feature based molecular network (FBMN) analyses UHPLC-DAD-IM-

MS/MS data pre-processed with MetaboScape software " h |
+ detected features organized into 156 molecular families (MFs), with 22 MFs I' ’\\ ‘
belonging to compound class of “melleolides” )\

. . ) ) . Esteban Charria Giron
« grouping of new “melleolides” by hierarchical clustering to show effect of

cultivation conditions on metabolome in a heatmap

10-hydroxy-5'-O-methylarmillane (11)

6'-Dechloroarnamial
10-ketomelleclide | (16)
5'-O-methylarmilliphatic A (8)

14,10-dehydroxymelleclide | (14)

4-dehydroxymelleolide | (15) 3

Bismelleolide CH (3)

4-methoxymelleolide H (9)

‘ Armillarine lincleate (5) 1
Melleclide linoleate (4)
5'-0-desmethylarmillaribin (7)

| 10-ketomelleclide E (13)
4-dehydroxymelleolide F (12)
Bismelleolide BH (1)

Bismelleolide EH (2)

H Z HELMHOLTZ
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Paradigm shift in agrochemistry ?

In the past decades, the Big Agro companies have essentally given
up their internal R&D activities on natural products and biocontrol.

Unfortunately, this has now led to serious problems regarding the
development of innovative products that can help to satisfy the need

of their customers

...increasing resistances against strobilurins; problematic
use of azoles in both, agrochemistry and antimycotic therapy

Fungi and their secondary metabolites could fill some innovation gaps
because mycologists have made substantial progress in the past years!

H Z HELMHOLTZ
Centre for Infection Research




Nematode antagonists can yield interesting chemistry
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Metabolites of new nematode R e

antagonistic fungus Arthrichitin C (5): Ry = =O; Ry= CH
that represents a new genus
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Species of a new genus of root endophytes attack nematodes
and thereby protect the host plants!

Ashrafi et @ IMA Fungus (2023) 146

https://dol.org/10.1186/543008-023-00113-w 'MA Fungus
RESEARCH Open Access

®
Polydomus karssenii gen. nov. sp. nov.

is a dark septate endophyte with a blfunctlonal

lifestyle parasitising eggs of plant parasitic cyst
nematodes (Heterodera spp.)

r Wennrich™*, Yvonne Becker', Jose G. Macia-Vicente®, Anke BriBke-Rode’,
orsten "rUrm:-ﬂ‘ Abdelfattah A FJDJ..‘:T" Maria R. Finckh®, Marc Stadler™ and
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New metabolites from Polydomus
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Table 1. Compounds isolated from Polydomus
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788.50 CasHe:1N5Og
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476.27 C,sHNO;,
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Exact mass: 461.56
Sum Formula: Cy5H35NO;

Wennrich et al., submited
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Laburnicola nematophila

(Didymosphaeriaceae, Pleosporales)

i I: Laburnicola centaureae MFLUCC 13-0601 L. centaureae

- L Laburnicola zaaminensis TASM 6152 L. zaaminensis
0.94

Labumicola hawksworthii MFLUCC-13 0602 L. hawksworthii

Labumicola muriformis MFLUCC-14 0921
L. muriformis

Laburnicola muriformis MFLUCC 16-0290 (TYPE)
Laburnicola radiciphila F6B1 (DMS 112862)
100" Laburnicola radiciphila F8B4 (DMS 112861)

1 L. radiciphila
120 Laburnicola radiciphila KG280 (DMS 112864)

100
2% 1 Laburnicola radiciphila TU32 (DMS 112863)

Knapp et al. 2022. Mycological Progress 21:99

Laburnicola nematophila 20AD (DMS 112866)

Laburnicola nematophila 20K2 (DMS 112868)

- Laburnicola nematophila 20K3 L. nematophila
100
1 |Laburnicola nematophila 20K1 (DMS 112869)

Laburnicola nematophila KG133 (DMS 112865)

92/0.92 ’{Labumicola rhizohalophila JP-R-44

100 |- Laburnicola rhizohalophila JP-R-24-1 L. rhizohalophila
1
7 '9 B Labumicola rhizohalophila R17
Laburnicola dactyfidis MFLUCC 16-0285 L. dactylidis
100 | Neokalmusia scabrispora KT1023
1 Neokalmusia
A Neokalmusia brevispora KT1466

Fig. Maximum likelihood (RAXML) tree of sequences of Laburnicola species.
Laburnicola nematophila (K03) The ML and Bayesian analysis were performed using the combined data set

of four loci (ITS, LSU, SSU, and TEF1).
HZ HELMHOLTZ :
Centre for Infection Research
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Laburnicola nematophila
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This article is licensed under CC-BY 4.0 & @
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Laburnicotides A—F: Acyclic N-Acetyl Oligopeptides from the
Nematode—Cyst Associated Fungus Laburnicola nematophila

Caren Holzenkam Jan Peer Wennrich,© Jackson M. Muema, Samad Ashrafi, Wolfgang Maier,
LADUrImnicou Eb R—TI HLyL"L 'HLElyl UIIgUpEpLIUEb 1TOI gi

Nematode-Cyst-Associated Fungus Laburnicola nematophila 17 dactylfungin C

Caren Holzenkamp,O Jan-Peer Wennrich,© Jackson M. Muema, Samad Ashrafi, Wolfgang Maier,
Marc Stadler,* and Sherif S. Ebada*

Cite This: ACS Omega 2024, 9, 21658-21667 I: I Read Online

R1=CH3, Ry= OH R1=CH3z, Ry=H Ry, R=H

18 dactylfungin D
19 YM-202204

doi.org/10.1002/cbdv.202401152 Research Article (3 %:E)‘%’\IQ}E;I—?ETT% o OH ©
www.cb.wiley.com )\/\/@

Laburnicolamine: A Rare Penillic Acid Congener from the 7 o 20 laburnicolin
Nematode Cyst-Associated Fungus Laburnicola nematophila 21 laburnicolenone
Laburnicolamine: A Rare renillic Acia Lcongener rrom the oM
Nematode Cyst-Associated Fungus Laburnicola nematophila oH o I

4 S
Jan-Peer Wennrich*,™ " Caren Holzenkamp®,*® Samad Ashrafi,“ ¥ Wolfgang Maier," Ho\/m Nj\)\/
Hao Wang,'® Mahmoud A. A. Ibrahim," ¢ Sherif S. Ebada,*™ " and Marc Stadler*™® "’ © I 0™ \H,
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27 laburnicotides D
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Re-discovery of Dactylfungins (1)

1 R|= CH3, R2= OH 2 R‘,= CH:, R?= H

Dactylfungin A'8.20

Aspergillus fumigatus

A. fumigatus

A. fumigatus

A. fumigatus (azole resistant)
A. fumigatus (azole resistant)
C.albicans

Cryptococcus neoformans

Mucor plumbeus

ATCC 204305 -- 8.3

CCF 3522

CCUG 75301

CCF 6651
CCF 6674
CCM 8215
CCF 1081

CCF 2612

Miroslav Kolarik

% NATURAL
#Z PRODUCTS

pubs.acs.org/jnp

This article is licensed under CC-8Y 40 & ®

Dactylfungins and Tetralones: Bioactive Metabolites from a
Nematode-Associated Laburnicola nematophila

Jan-Peer Wennrich, Caren Holzenkamp, Miroslav Kolarik, Wolfgang Maier, Attila Mandi, Tibor Kurtan,

Samad Ashrafi, Sherif S. Ebada,* and Marc Stadler*’
I: I Read Online

{7 Cite This: J. Nat. Prod. 2024, 87, 1860-1871

1 | 2 | 3 | P

0.31A
- 03n New derivatives with enhanced effects
0-31;\ against azole resistant A. fumigatus

A
- - 8.3 1.25A
- 4.15 4.15 2.5A

JP Wennrich
N. nystatin, A amphotericin B
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CBS 137114"
Subramaniula cristata CBS 156.52
e Subramaniula thielavioides CBS 122.78"
Humicola fuscoatra CBS 118,147

Humicola olivacea CBS 1420317
Thielavia fragilis CBS 456.73"

Thielavia kuwaitensis CBS 945.72"
Thielavia hyrcaniae CBS 353,62"
1000 93] Amesia nigricolor CBS 600.66"
Amesia nigricolor CBS 291.83

Subramaniula

Humicola

Thielavia

100089} — Amesia dreyfussii CBS 376.83"
Amesia khuzestanica IRAN 3489C"

- /! Amesia khuzestanica SCUA-Sal-816-2
'MA?;:-J. hispanica CBS 143852"
Amesia atrobrunnea CBS 379.66"
Amesia atrobrunnea CBS 250.75
Amesia cymbiformis CBS 175.84

Amesia cymbiformis CBS 176 84

Amesia

1000281 Amesia raif CBS 107.83

Cor icola CBS 337.72"

Yasmina Marin-Felix

Adéla Wennrich
(née Cmokova)

1 R{=OH, R=H
2 Ry=0H, R;=0H
3 Ry=H, Ry=H
no mhibition observed under st condihons, nt: not tested.
Bioassay Test Organism/Cell Line  ——ompound Positive
| 2 3 4 Control
Rhizopus arrhizus 100 100 50 nt 16,651
Cryptococcus neaformans * 6.25 - - nt 2081
Aspergillus funigatus 6.25 25 100 nt 3331
Schizosaccharomyces pombe . - 42 = 832
Wickerf yces Ius - = 5 = B32?
Mucor hiemalis - - 66.6 : 832
Candida albicans - - - - 832
MIC (ug/mL)  Rhodotorula glutinis 66.6 - 42 66.6 422
Adcinetobacter baumanii - - - - 0263
Escherichia coli - = = - 174
Bacillus subtilis - 66.6 B 66.6 834
Mucobacterium smegmatis - - - - 175
Staphylococcus aureus - - - - D42t
Pseudomonas aeruginosa = . B . 216
Chromobacterium violaceum - - - - D42t
1Cso (uM) 1929 - - 321 5.5 0.001347
KB3.1 2 . 19.0 49 0.00006 7

* The minimum inhibitory concentration (MIC) against Cryptococcus neoformans was positively scored in case of
50% inhibition. MIC against other microorganisms was considered positive at 100% inhibition.

Strong effects against fungal pathogens

Charria-Giron et al. JOF 9:463 (2023)

HELMHOLTZ
Centre for Infection Research
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Arcopilus navicularis as source of biofilm inhibitors

baims * | ATITA | e Al B BRI ) W 1135400 | PROTMNSSOT o 189311 B394 132401 12 JEADEFALT

NLedlcmal

ors Chemistry
Arcopilins A-G —

Arcopilins: A New Family of Staphylococcus aureus Biofilm
. Disruptors from the Soil Fungus Arcaprfus navicularis
+ Pt s prt of e Jowral o] Mdicinal Chenitry s Mutsaral Prodacts Dviven Mediciral

+ Esteban Charria-Girdn," lLoxu\ .’.’,\g Tatianz L. Gerelik, Alexandra Pahl, Kha-Nghi Truong,
o« Hedlda ‘:lne\r bk Surup,® amd Yasming Marin-Felia®

Dispersion of preformed biofilm of Staph. aureus

Concentration (ug/mL)

100
m 250 53
< 80 125 58
c
2 60 u62.5 62
2
_E u31.3
£ 40 I
= 215.6
K] 20
0 7.8
0 3.9
1 Positive control
X
HN

Potentiation of antibiotic effects

(gentamicin 115x; vancomycin 31x) _
H Z I HELMHOLTZ
Centre for Infection Research




Arcopilus navicularis as source of biofilm inhibitors

I Gentamicin
Vancomycin

Arcopilin A
C r— Rl
Growih
‘ TH ‘ A .1
5 T Lag o
| z
[ 2
i — Z R
Arp A potentiates the

bactericidal activity of
gentamicin and vancomycin up
to 115- and 31-fold times,
respeCtiver HZ HELMHOLTZ

Centre for Infection Research




A new endophyte genus from Algeria

Amesis atrobrunnes CBS 37966 T

Amesia nigricolor CBS 600.66 T

Covy donium CBS 11169T
woeuopnmramoss 145777
heterdihsllica CBS 22.75T
Chaaomium eblum CBS 142084 T

ulm Dichatomopilus indicus CGMCC 314184 T
nmm[carymsaena humicds CBS 337.72T
Corynmmﬂahumcob@SS?QN
el 2 CBS 1175357
Thermathislsvioides | CBS 49274

0.98562 |

oawa2

Chry 1 @l um CBS 64483 T
Arcopilus sureus CBS 153.52

A.n:cpdus ﬂawgenus CBS33767 T

g CBS 33267 T
Achsetomium strumsadum CBS 33&T T

Micr is ovispors CBS 16575 T
Colbriells bostrychodes CBS 163.73
Collariells robusts CBS 55183 T

9 Collsriells virescens CBS 14868 T

e (&(:mmom moliicells CBS S8383T
N Ovalospors medusarum CBS 14867 T

\ E Trichocbdium ssperum CBS 903 85T
Trichoclsdum griseum CBS 11914 T

N\
{A{Mﬁu! gbomyces CBS 63804 T
Melanocarpus sibomyces CBS 747.70
P la CBS 81195T
Msdurells tropicans CBS 201.38 T
o9use Mamrela tropicana CBS 20647
1. CBS 18177T
Madurells mycetomads CBS 108801 T
Madurells fahali CBS 129176 T
Solomocapus gigesporus CBS 112082 T
Batnamyces globularicola CBS 144474 T
aweno[ Canariomyces microsporus CBS 276.74 T
_7%‘_[(:3:3&»“_\(@3 microsporus CBS 161.80
. CBS54883T
Carteria mmspny»cs 22827
C mmomcssssogr

09910 e CBS35233 T

EL] TWMMGBS 43.9
Cladomhinum foecundissimum CBS 18066 T

“’""’l m[mm fimicols CBS 482.64 T

Podospora fimicols CBS 990.96

pSBud:

d
oe
1

Characterized by phylogenetic methods and new secondary metabolites

Sarah Raouia Noumeur

oG

Mycological Progress (2020) 19:589-603
https7//doi.org/10.1007/511557-020-01581-9

ORIGINAL ARTICLE @
Check for
Diketopiperazines from Batnamyces globulariicola, gen. & sp. nov, | "%
(Chaetomiaceae), a fungus associated with roots of the medicinal
plant Globularia alypum in Algeria
Sara R. Noumeur 2 « Rémy B. Teponno ' - Soleiman E. Helaly ' + Xue-Wei Wang® - Daoud Harzallah® .
Jos Houbraken” - Pedro W. Crous’ - Marc Stadler’
| 0.99/100f Melanocarpus albomyces CBS 638.94 T
lMe:'anocarpus albomyces CBS 747.70
e Stellatospora terricola CBS 811.95T
— Madurella tropicana CBS 201.38 T
099/20| ' Madurella tropicana CBS 206.47
0991001 Madurella pseudomycetomatis CBS 129177 T
— Madurella mycetomatis CBS 109801 T
0990 L Madurella fahalii CBS 129176 T
0.97/100 'Bir — Stolonocarpus gigasporus CBS 112062 T

Batnamyces globularicola CBS 144474 T
o_ggnoo[ Cananiomyces microsporus CBS 276.74 T
Canariomyces microsporus CBS 161.80
Canariomyces notabilis CBS 548.83 T
Carteria arctostaphyli CBS 229.82 T

0.99/100

0.99/100

Close to pathogens like Madurella and also thermophilic!

HELMHOLTZ
Centre for Infection Research
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Xylariales HQ Genomes Project

B Genome sequencing of 12 representatives of Hypoxylaceae and the
ex-epitype strain of Xylaria hypoxylon

Eric Kuhnert

® High genome quality (between 16 and 88 contigs) with N50 ranging
from 1,165,420 bp to 5,039,066 bp based on third generation
techniques (Oxford nanopore/ONP) and PACBIO) polished with
lllumina

B Gene prediction and annotation using Augustus and Genemark

M Between 8,988 and 11,762 genes per genome

DFG SPP 1991

TAXON-OMICS

New SEPESRERERE o discovering dnd na SRINENBIOHING : < ity

Collaboration with Russell Cox and J. Kalinowsi in the course of DFG SPP 1991 ,Taxon-omics*
Genome data provided by CEBITEC Bielefeld and DSMZ
HZI e mection research

Wibberg et al. (2021) Fungal Divers.



1st in Class phylogenomic study on an ascomycete family
using 3rd generation genome data

Table 1 Details of the genome sequences generated for the selected Xylariales

Open Access | Published: 25 May 2020

Organism Strain Sequencing method Genome size (bp) Contigs NS0 (bp)  Annotated genes® GC (%)
Annulohypoxylon truncatum CBS 140778 ONT/ILU 38.511.861 64 1,760,563 11.384 465 ngh qua]lty e of
Daldinia concentrica CBS 113277 ONT/ILU 37.605.921 69 2,728,111 11,205 438 thirteen Hypoxylaceae (Ascomycota)
Entonaema liquescens ATCC 46302 ONT/ILU 39,197,785 31 3,541,465 10,384 434 strengthen the phylogenetic family
g aiis - 42 ’) 9 ¢ 5 N .
—Loweucnacnelloeniculese MUCL 03603 _ONTILL e 2230008 10470 backbone and enable the discovery of
Hypomontagnella spongiphila  MUCL 57903 ONT/ILU 42,173915 16 5.039,066 12,622 46.2
i new taxa
(1 el = UF\LM. 292471 UNI/ILU 1.0/ U07% | ] 0J7.010 11,092 o
ticulosa

Hypoxylon fragiforme MUCL 51264 PB 38,198,373 36 3.581.784 10,557 462 Daniel Wibberg, Marc Stadler, Christopher Lambert,
Hypoxylon lienhwacheense MFLUCC 14-1231 ONT/ILU 35.785,595 61 1,602.745 9,942 454 Boyke Bunk, Cathrin Sproer, Christian Ruckert, J6rn
Hypoxylon pulicicidum ATCC 74245 ONT/ILU 43,543,700 24 3,855,590 12,174 448 Kalinowski, Russell J. Cox & Eric Kuhnert &3
Hypoxvlon rickii MUCL 53309 ONT/ILU 41.846.710 81 3963.481 11.101 46.4
H b6 441 Fungal Diversity 106, 7-28 (2021)
: D 1 g 8019 Accesses | 57 Citations | 5 Altmetric | Metrics
P the Hypomontagnella mon- uil 449

ticulosa species complex arne:
A] o g 4 40.7
] ent media (YMG. PDA. OA).
I HM - Hypom. monticulosa

MUCL 54604, HS - Hypom.
" spongiphila MUCL 57903,

HSM - Hypom. submonticulosa
DAOMC 242471

Hypomontagnella spongiphila,
the first fungal species that was
erected based on phylogenomic
comparison data

H Z HELMHOLTZ
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available online at www.studiesinmycology.org Sruoies mn Mycorogy 99: 100118 (2021).

Secondary metabolite biosynthetic diversity in the fungal family
*Y/: Hypoxylaceae and Xylaria hypoxylon

E. Kuhnert', J.C. Navarro-Munoz®, K. Becker', M. Stadler’, J. Collemare®, and R.J. Cox’

"Centre of Biomolecular Drug Research (BMWZ), Institute for Organic Chemistry, Leibniz University Hannover, Schneiderberg 38, 30167, Hannover, Gemany,
*Westerdilk Fungal Biodiversity Institute, Uppsalalaan 8, 3584 CT, Utrecht, The Netherlands; *Department Microbial Drugs, Helmholtz Centre for Infection Research
(HZI), German Centre for Infection Research (DZIF), partner site Hannover-Braunschweig, Inhoffenstrasse 7, 38124, Braunschweig, Germany

*Correspondence: E. Kuhnert, eric.kuhnert@oci.uni-hannover.de

Table 3. Classes of biosynthetic gene clusters (BGC) and number of representatives identified in the genomes of X. hypoxylon and
selected Hypoxylaceae by manual genome mining. Frequency and total number of BGCs are colour coded (green to red — rare to
common, light blue to dark blue — low number to high number).

BC type _ Ot Several BGC analogues putatively
_ e =§ 141 5% g% §§“§ ; dg g encoding for metabolites that were
- s 2 E g 2 = . .
— R ——— —— never before found in Xylariales detected
hrPks 26 23 13 16 18 19 20 18 8
PKS prPKs 7 3 3 3 4 2 2 1 4 2 1 3 2 3
Collaborative* | - 5 2 1 4 - 2 5 6 7 - 1 - 1 . .
T N N W N W W W W W W W S S The majority of BGC detected could
Broken? 4 [EE = = = ) i
- R S S S not be associated with any known class
owws o2 2 % - o L = T of fungal metabolites
NRPS Siderophore 2 2 2 = 2 2 2 2 2 2 2 2 2 2
Other 5 5 1 2 3 3 2 2 2 =] 2 2 3 4
TE-release - 2 - 3 3 4 1 1 - = = 1 2 1
NRPS-like? :::“'::_::T 2 & 3 4 1 1 4 4 9 3 1 4 3 5
:f:d":s'::r’;l B s [l 1907 4 6§ 7 2 5 a 71 6
NRPS-PKS Al - < E = E = 1 = B
Alkaloid  Ergot alkal - - - 1 - H 1 - > -
Other - 1 - - - - 1 - - - 1 1
Alkyl® FAS 1 1 1 1 1 1 1 2 2 2 1 i 1 i
; :':lswr 1.0 9 1-0 9 1‘2 12 ; 7 ; 1-0 ; ; ; ;
Terpene® I.a:dane = : 2 - 4 i. 3 1 % : - ?
RiPP - : 1 1 1 1

Total’ -43 58 E'ﬁe 57 50 25 33 48 55

H Z HELMHOLTZ
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DFG SPP1991, project Hypoxylomics (2022-2025)

50 further high quality genomes generated (ONP) & annotated
Examples with BGC counts see below
Counts of BGCs

HI-Hypoxylon_lienhwacheense I [ .
Hsp-Hypomontagnella_spongiphila IS s
Hmc2-Hypoxylon_macrocarpum I
Hpp-Hypoxylon_papillatum I [
Hpo-Hypoxylon_porphyreum  ss—— I

Hypoxylon texense genome: 10 contigs, nine of which represent

the chromosome and the tenth the mitochondrion!

Hte-Hypoxylon_texense I e —

Hle-Hypoxylon_lechatii [
Hhi-Hypoxylon_hinnufeurn I —
Hh-Hypoxylon_haematostroma - .

Hgi-Hypoxylon_gibriacense I [ [
Hti-Hypoxylon_ticinense I /S
Hg-Hypoxylon_griseobrunneum e I
Ht-Hypoxylon_trugodes I | [
Hol-Hypoxylon_olivaceopigmentum I e
0 10 20 30 40 50 60 70 80

uPKS windole ®wPKS-NRPS = NRPS mNRPS-like mTerpene mRipp
Seite 52| Name der Prasentation H Z HELMHOLTZ
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Haoxuan Zeng

Article

Inhibitory Effects of the Fungal Pigment Rubiginosin C
on Hyphal and Biofilm Formation in Candida albicans
and Candida auris

Haoxuan Zeng 2, Marc Stadler (), Wolf-Rainer Abraham ', Mathias Miisken ** and Hedda Schrey '%*

UIE 51Z€ O U1 SUITace-pouna vesIiCies was clearly larger (rigure 7).

Control 250 pg/mL

15.6 pg/mL

Figure 9. Effects of Rub C on the planktonic cells of C. auris, as shown by SEM microgr
were incubated with Rub C in RPMI 1640 (supplemented with 0.165 mM MOPS) at 37
and exposed to Rub C with indicated concentrations. Differences with regard to cell morp
vesicles are observed in the samples treated with 250 ug/mL Rub C (yellow arrows).

. Zeng et al. JOF 9:726 (2023)

rubiginosins

OH O
S HO. -~ ™
L0 O™
HO HO \lr ~-C0 \(\v
0 (o]

OH ©O
Rubiginosin A (Rub A) Rubiginosin Z (Rub Z)
0 O A OH O O A\
il i ; I/W
’ xR o] x 0 OH 1 ~ (o] 0
[ 3 £
(o] (o]
Rubiginosin C (Rub C) Rubiginosin W (Rub W)
rutilins = = Z~OH
OH
o Famesol (FA)
o OH O
OH
HO
Orselinic acid (OA)
o}

HO (WOAC

o] o

OH O 0 HO.
Rutilin A (Rut A)

160

120 4

b
o

Biofilm attachment [%]
L=
1=
'
]
—
f—
i
o, :
— s
=
x
H
{
— e
i
—_—

Control 025 0.5 1 2 39 78 156 31.3 625

Concentrations of Rub C (ug/mL)
w2 hbiofilm »12 h biofilm 24 h biofilm

Figure 4. Effect on biofilm formation of pre-grown C. auris biofilms of different developmental
stages (2 h, 12 h, and 24 h) after 24 h treatment with Rub C. The solvent methanol served as solvent
control. Error bars indicate SD of duplicates in two biological repeats; p values: * p < 0.05, ** p< 0.01,
= p < 0.001.
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New genus justified by chemotaxonomic evidence & molecular phylogeny

Mycologicd Progress (2019) 18187-201
hipcidoiong/10.1007/511557-018-1452-2

~
DGIM]

ORIGINAL ARTICLE

Hypomontagnella (Hypoxylaceae): a new genus segregated

from Hypoxylon by a polyphasic taxonomic approach

Christopher Lambert ' - Lucile Wendt ' - Adriana |. Hladki * - Marc Stadler ' - Esteban Benjamin Sir*

Mycal Progress (2019) 18187201
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Sporothriolides =
Genus-specific marker
metabolites with
selective antifungal
effects
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Preliminary data: Sporothriolide is a selective

antifungal agent!

Table 3. Minimal inhibitory concentrations (MIC) of sporo-
thriolide (1), dihydrosporothriolide (2) and isosporothric acid
(4), all solved in MeOH, and control drugs. [a] Oxytetracyclin
hydrochloride, [b] Gentamycin, [¢] Nystatin, [d] Amphotericin
B, [e] Polymyxin B sulphate; -: no inhibition; n.t.: not tested. The
cell density was adjusted to 8 x 10° cells/ml. * spores from agar
plate were applied without justification.

MIC [ug/ml]

Test organisms 1 2 4 Reference

Mucor hiemalis* (DSM 42 nt. nt 525 M
2656)

Candida albicans (DSM 16.6 —_ — 8.3-333
1665)

Nematospora corvli 8.3 nt. nt 6700

Pichia anomala (DSM 333 — — 833330
8766)

Rhodotorula glutinis 16.6 nt. nt 1679
(DSM 10134)

Schizosaccharomyces 8.3 nt. nt 415
pombe (DSM 70572)

Trichosporon 166 nt. nt 420
oleaginosus (DSM
11815)

Bacillus subtilis — — — 333W
(DSM 10)

E. coli (DSM 1116) — — — o083™

Pseudomonas — —  — 166™
aeruginosa (DSM
50071)

i : Mycology: An International Journal on Fungal Biology
/, Publication details, including instructions for authors and subscription information:
http: //www.tandfonline.com/loi/tmyc20
Mycology

. 3 Sporothriolide derivatives as chemotaxonomic markers
) T for Hypoxylon monticulosum

; Frank Surup®, Eric Kuhnert®, Erik Lehmann®®, Simone Heitkamper®, Kevin D. Hyde®,

¢ Jacques Fournier® & Marc Stadler™

} * Department Microbial Drugs, Helmholtz-Centre for Infection Research, Inhoffenstrasse 7,

m I e B 38124 Braunschweig, Germény .

= - it German Centre for Infection Research (DZIF), InhoffenstraBe 7, 38124 Braunschweig,
Germany

© Institute of Excellence in Fungal Research and School of Science, Mae Fah Luang
University, Chiang Rai 57100, Thailand

< Las Muros, F-09420 Rimont, France
Published online: 26 Jun 2014,

Surprisingly, no cytotoxicity and no antibacterial
effects were observed, despite the presence
of an exo-methylene keto moiety !
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Biosynthesis of sporothriolides and sporochartins
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Scheme 1 Proposed biosynthesis of sporothriolide 1 and sporochartines 6. Orange compounds result from shunt steps. Compounds in solid
square brackets were not experimentally observed and those in dashed brackets were observed during experiments but structures could notbe
confirmed by NMR. Abbreviations: AT, acyl transferase; ER. enoyl reductase; MPT, malonyl palmitoyl transferase; ACP, acyl carmier protein; KR,

ketoreductase; KS, ketosynthase; PPTase. phosphopantetheinyl transferase.

Several key enzymes identified by heterologous expression

HZ

Tian et al. (2020) Chem. Sci. 11:12477-12484
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Alkyl citrates and their biosynthesis
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COMMUNICATION

Rapid Screening for Terpene Tailoring Enzymes for use in Total

Biosynthesis
Received 00th January 20xx, Yunlong Sun,” Jennifer Gerke,"”! Kevin Becker,® Eric Kuhnert,! Bart Verwaaijen,"" Jorn
Accepted 00th January 20xx Kalinowski,! Marc Stadler' and Russell J. Cox*™
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Scheme 1. Biosynthesis of aristolochene terpenoids in fungi. z
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Scheme 2. Compounds isolated and fully characterized after biosynthetic gene expression in A. oryzae showing expressed proteins and putative shunt steps.

Total Biosynthesis yields deliberately designed new terpene scaffolds
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Africa trip June 2025
Mycobiomics
EU-H2020-MSCA-RISE project

H Z HELMHOLTZ
Centre for Infection Research




(Further) Acknowledgements

[ | In-house collaboration at HZI/HIPS: Theresia Stradal, Mathias Miusken, Mark Bronstrup, Rolf Miller & co-
workers

| Co-authors of papers on Thai fungi; above all Jennifer Luangsa-ard, Kevin D. Hyde & co-workers

| Pedro W. Crous, Jerome Collemare (WFBI) and co-workers

| Collaborators in the ERAFRICA project: Josphat Matasyoh (Kenya), Cony Decock (MUCL Belgium),

| TaxonOmics project: Russell Cox, Eric Kuhnert, (LU Hannover), Jorn Kalinowski (CEBITEC Bielefeld) and co-
workers

| AvVH postdocs: Remy Teponno (Cameroon), Mark Kimani (Kenya) Soleiman Helaly T+ & Sherif Ebada (Egypt)

| Eike Steinmann & co-workers (formerly HZI; now RU Bochum)

| Wolfgang Maier (JKI Braunschweig) and co-workers;

[ | Expert technical assistance: Wera Collisi, Anke Skiba, Christel Kakoschke, Silke Reinecke, Kerstin Schober &
Aileen Gollasch (HZIl) and many others

| Various funding agencies

Hor1Zonrn~ 2020 F

\ Cusanuswerk
Bischdfliche Studienfarderung

Bundesministerium
% fiir Bildung Rk DAA D —
und Forschung g b Deutscher Akademischer Austausch Dienst == o > Alexander von Humboldt A\
3 German Academic Exchange Service = 5 Stiftung/Foundation . %
* * . {
* ICAs 460
DF Deutsche . ANTI-Infectives
Forschungsgemeinschaft BILL &
MELINDA

GATES

faund:trion



* This research benefitted from funding by the European Union’s
Horizon 2020 research and innovation program (RISE) under the
Marie Sktodowska-Curie grant agreement No. 101008129, project
acronym “Mycobiomics”.

PR Funded by o
UL the European Union -

Sktodowska-Curie
Actions




