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Current status of the pipeline of marine%é?
natural products

b H3C_

Eribulin mesylate (Halaven)
Salinosporamide A . _
Trabectin (Yondelis)

Cytarabin OH

4 drugs approved by FDA, 1 registered in the European Union.

current clinical pipeline includes more than 10 in different clinical
HEHES

4 of these originate from marine microbes
preclinical pipeline: continues to supply several hundred novel / year

Mayer et al. 2010
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,high potentials™ of the ocean &€&
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Marine Fungi
represent an excellent source for new bioactives
a—
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High added value chain from habitat to
biotechnological product in marine
biotechnology

Synthesis/ \ Approval  \

Semisyn- —>¢osmetics, food
thesis  /
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Market\

Extracts profiling development development UL Approvalye oo
T A A
. Reliable and large libraries
Supply of producer strains ofloure compouns
Access to unusual habitats P P
Large and relevant testpanels Robust and sustainable Pharma ‘s Interest

process design

venture capital

» Classical value/risk problem?
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Value/risk/scientific topics o

Discovery
. Scientifc
Clinical pharmacology topics and
competences

needed
Phase | and Phase |l

Phase Ill, PMS

Acc. to Douglas et al. 2010
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Comprehensive approaches needed

 targeted isolation
SIUEVL I - screening of strain libraries
 in situ enrichment

New structures?

6%‘5 G’

A‘>> * specific genetic screening
e metagenomics
e genomes

Secondary metabolites: potential + production!
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Marine habitat

Strains
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Imhoff et al. 2011,
Schneemann et al. 2010.
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Natural products from marine fungi for the treatment of cancer ‘

11 partner, 7 countries




WP1/2 (administrative/scientific)

/llolecular based approac\ /:ulture based approach \
v 4 A ¥ "\ IL';- v 4
Selected fungal strains = MARINE FUNGI Selected marine macrobes from
AT — geographically distinct habitates

biosynthetic genes and regulators rains and optimisation of secondary
metabolite production

A
Al

FP7, 265926
WP3 WP4
v‘ome analysis, identification of I§olation and identification of new fungal

Y A A 4
WP5 WP7
Chemical identification and biochemical | In vitro bioassays for cancer targets,
characterisation of active metabolites and | ¢ rational lead structure selection and in vivo
substance purification efficacy determination in xenograft models
r/_\
WP6
Strain improvement
;
WPS8
Robust and sustainable process
\/ _ development <
v * A A 4
WP9

Intellectual Property proc=ction and dissemination activiues

Annemarie Kramer 09.06.2011
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Fungi: secondary metabolite genes (%.59
are organized in clusters

aflatoxin gene cluster from Aspergillus flavus

000) <==gg <O mm) maogng b Enko (O0)E @ B0

adhi esta verAay bs  cypX maoxY ordB hypa rada

sterigmatocystin gene cluster from Aspergillus nidulans
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sirodesmin gene cluster from Leptosphaeria maculans
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gliotoxin gene cluster from Aspergillus fumigatus
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Figure from Rohlfs et al. 2009
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PKS/NRPS screening 5

Assumption: selected biosynthetical genes are
markers for the selection of producers of
secondary metabolites

Concerning (marine) fungi, a genetic screening for polyketide

synthasese (PKS) genes was available but not for non-
ribosomal peptide synthetase (NRPS) genes.

Nicholson et al. 2001
Klotz 2009
Schneemann et al. 2010
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Verification of PKS genes in marine
fungi

strain Primer BLASTx-Search |dentity (aa/aa)
Penicillium putative WA type 0
' Penicillium Le3/5 6-methylsalicylic acid 142/201 (70%)
-~ chrysogenum synthase
1000 e . conidial yellow pigment
222 : W e e e - ,:f:j;g,;ilus Lcl biosynthesis polyketide 84/87 (96%)
synthase
250
putative non-reducing
LF 918 Lcl lvketid th 48/92 (52%)
(L) 1 kb ladder polyketide synthase
(1) Penicillium chrysogenum as control putative WA type
(2)-(14) marine strains eke N ketosynthase domain 1 27/4B156%)
LF 918 LcS 6-methylsalicylic acid 131/175 (74%)
synthase
LF 948 Lc1/2 polyketide synthase 29/36 (80%)
putative WA type 0
LF 277 Lc2 ketosynthase 164/170 (96%)
LF 448 Lc2 pytative WA Lype 175/184 (95%)

ketosynthase
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NRPS genes in marine fungi

Bot £ HPS6_COH
Tol i simA COH

A cap 1 COH

G _mon_ 6 HRPS COH
A fum ftmA COH

R T e v . .
H c.ffﬂ.. 5 e Design of new primers
et Eaelone 5553535: - Low number of available

Coc_h HPRS1 CON [ GAlGGHTEET T[T {-E

Coc_h NRPS4 CON TOTClE g~ CLA Y A CGTEECEAC Seq uences

Coc_h HRPS6_CON TR afleccTC-—
Heo f pesl COM ATl CGTTERC ——AuaBldr ceTeECETH)

" acv com B o fpccac— - Very small range of genera

P mar_ s1d.D COH

Pyr_t_HC CON TTHT bl calics TorAC - - Tl ¢ cTEGAGER
Pyr_t_tyr COM TGT(HCG G- —{EATl: (Y - LOW homOIOgy
Sch_j_sibl_CON ETGTACTCART (Al CANAGACA——
A fum gliP_CON Bepiedleesce- -l ThA Cpfr CEEEAC——

b e (L) 1 kb ladder
R
- . - . - - (1) Penicillium chrysogenum
" - - as positive control
(2)-(14) marine fungi
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Are these gene fragments good (%.59
markers?

Presence of PKS vs production

Number of strains in cultue B PKS-NR PKS-PR B production
25
20
15
10
o
0 , : - , e . - :
Penicillium Cladosporium Acremonium Chaetomium other total

Kramer, 2011, unpublished
Schneemann et al. 2010
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Full genome sequences needed: 2
Candidate for genome sequencing @&

R
4
L-Phe Q. o3kH o
. 3
Fungal isolate on NH
chkerham S medium uN H Gly
o= O
. H, NH
HN, H :
L-Ala S u/@f
L-Val
-
n D'Leu
1: R=C2Hs
2:R=H

Scopularide A (1) und B (2) aus

Scopulariopsis brevicaulis
Yu et al. J. Nat. Prod. 2008, 71, 1052-1054.
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Robust and sustainable process
development based on genomic @
information

/As important as the establishment of\
culture collections is the maintenance
and availibility of pure compound
libraries. At this stage, marine
microbial products can be handled as
their chemically produced analogues.
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Strain improvement

Targeted mutagenesis
constitutive promoters in
front of specific genes,
gene deletions

Random mutagenesis

using UV and transposon
elements

Pachar

T HESG P l
USER lewir@stem

9]

Characterization
(using chemistry, bioassays

and proteomics)

Figures from Frandsen et al. 2008, Kempken 2011
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Supplementary slides
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2
MARINE FUNGI factsheet D©

e 2011-2014

e Programm KBBE, Budget: appr. 3 Mio €

e Duration: 3 years, starting date 1. of May 2011
e 3 fungal genomes

e 600 new strains screened

e jn vivo efficacy determination for 5 compounds

e Dissemination and PR for marine Biotechnology in
Europe
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Success?

G
GK

Table 1 | New drugz approved by the FDA CDER from 1008 to 2007 by type and dizcovering organization*

Drug classification Pharmaceutical Biotechnology
company? company
Original CDER classification
sNMEs 87.7 (75%. 60%) 8.8 (7%. 20%)
pNMEs* 55.4(57%. 38%) 15.4 (16%. 35%)
NTBs 4.0(11%. 3%) 19.9 (54%. 45%)
After reclassifying 21 polypeptide and two polynucleotide NMEs as NTBs
sNMEs 83.7 (79%. 57%) 6.4 (6%. 14%)
pNMEs? 52.2 (61%. 35%) 9.3 (11%. 21%)
NTBs (expanded) 11.2 (19%. 8%) 28.4 (47%. 64%)
All drugs (including NTBs) classified according to review priority/
Standard 90.5 (70%. 62%) 15.2 (12%. 35%)

Priority? 56.6 (46%. 38%) 29.0(23%. 65%)
All drugs classified according to scientific novelty

Follow-ons 95.6 (71%. 65%) 14.2 (11%. 32%)
Scientifically novel 51.5 (44%. 35%) 29.9 (25%. 68%)
Overall

Orphan drugs 15.6 (29%. 11%) 12.0(22%. 27%)
Total 147.2 (58%) 44.1(18%)

University; first transfer
to a pharmaceutical

company®

9.2 (8%. 43%)
9.1 (9%. 43%)
3.1(8%. 14%)

7.2 (7%. 34%)
8.6 (10%. 40%)
5.6 (9%. 26%)

10.2 (8%. 48%)
11.2(9%. 52%)

12.0(9%. 56%)
9.4 (8%. 44%)

6.7 (12%. 33%)
20.4(8%)

University; first transfer Total
to a biotechnology

company!

11.4(10%. 29%)

18.0 (18%. 46%)

10.0(27%. 25%)

8.7 (8%. 22%)
15.9 (18%. 40%)
14.7(25%. 37%)

13.0(10%. 33%)
26.3 (21%. 67%)

12.2(9%.31%)
27.2 (23%. 69%)

19.6 (36%. 49%)
40.3 (16%)

117 (46%)
98 (39%)
37 (15%)

106 (42%)
86 (34%)

60 (24%)

129 (51%)
123 (49%)

134 (53%)
118 (47%)

54(21%)
252

Kellner 2010
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