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GenoDrug Final Report: Background €A 1B

Streptomyces strains contain numerous secondary metabolite
biosynthetic gene clusters,

much more than the number of products isolated from one strain
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GenoDrug Project: Aim €RA IB

Aim: Exploit the unused potential

A new technology for drug discovery:

Activation of previously silent biosynthetic gene clusters of microbial
genomes => Novel bioactive compounds



GenoDrug Project: Aim and ApproacifRA (718

Aim
A new technology for drug discovery:

Activation of previously silent biosynthetic gene clusters of microbial
genomes => Novel bioactive compounds

General approach

1) Bioinformatic genome analysis of actinomycete strains = new
gene clusters.

2) Development of strategies for the activation and expression of
silent biosynthetic gene clusters using:

a) global and pathway-specific regulators;
b) introduction of artificial promoters;

c) heterologous expression of gene clusters in genetically
engineered host strains.

3) Production of new compounds from the engineered strains and
testing for bioactivities, especially antibiotic and anticancer activities.
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GenoDrug Partners

€RA

Prof. Wohlleben
Microbiology
TUbingen University

Bioinformatics
Systems biology
Genetic engineering

Prof. Zakrzewska-Czerwinska
Biotechnology
University of Wroctaw

Gene regulation studies
Upregulation of expression
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TUbingen University
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Germany

Gene cluster assembly
Heterologous expression
Combinatorial biosynthesis

Prof. Méndez
Functional Biology
University of Oviedo

Precursor supply
Genetic engineering
Mutasynthesis
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Spain
Dr. Ylihonko Strain optimization
Galilaeus Oy (SME) E Fermentation
Kaarina Finland Compound generation
Dr. Moris WIS | Structure elucidation
EntreChem SL (SME ) L Biological testing
Oviedo Spain Toxicity testing
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€RA

Bioinformatic Genome Analysis (completed)

NOoO Ok WDNRE

Streptomyces argillaceus ATCC 12956
Streptomyces albus J1074
Streptomyces collinus Tu 365
Amycolatopsis balhimycina DSM 5908
Catenulispora acidiphila DSM 44928
Amycolatopsis japonicum
Streptomyces tendae Tu1028




- Development of New Bioinformatic Tools: €RA ¢
antiSMASH

e antibiotics and Secondary Metabolites Analysis SHell

e Aim:

o Integration of all available prediction methods for secondary |
metabolite biosynthesis genes into user friendly pipgline Tilmann Weber

m universityof
% / groningen

£

M. Medema / E. Takano /
R. Breitling

EBERHARD KARLS

UNIVERSITAT
TUBINGEN

K.Blin/T. Weber / W. Wohlleben

UCSE

Lisesity of Cakionia
a1 BT

P. Cimermancic / M. Fischbach

http://antismash.secondarymetabolites.org/

Blin et al., Nucleic Acids Res., 2013



- antiSMASH — Input Form

[CIDNA of Eukaryotic origin
Gene cluster types to search:
all
polyketides (type I) polyketides (type II) [¥Ipolyketides (type III)
nonribosomal peptides ¥lterpenes lantibiotics
bacteriocins beta-lactams aminoglycosides / aminocydlitols
[l aminocoumarins siderophores V] ectoines
butyrolactones indoles nucleosides
phosphoglycolipids melanins others

smCOG analysis for functional prediction and phylogenetic analysis of genes

¥|Gene Cluster Blast Comparative Analysis

[['Whole-genome BLAST results in EMBL output

¥Whole genome PFAM results in EMBL output



antiSMASH — Output Form

SMASH antibiotics & Secondary Metabolite Analysis SHell

Select Gene Cluster:

Overview | 1

" NONONO
ee 4 e 6 s 8 o@m@@@@ 16 17 18 @@@ 22 23 24725 @@

Identified secondary metabolite clusters

Cluster

Cluster 1

Cluster 2

Cluster 3

Cluster 4

Cluster 6
Cluster 7
Cluster 8
Cluster 9
Cluster 10
Cluster 11

Cluster 16

Cluster 17
Cluster 18

Cluster 19
Cluster 20

Cluster 21
Cluster 22
Cluster 23
Cluster 24
Cluster 25

Cluster 26

Cluster 27

The following clusters are from record unknown

Ectoine
Other

MNrps

Tipks
Other
T4pks
Tipks
Lantipeptide
MNrps
Terpene
Other

MNrps

MNrps

MNrps

MNrps

Tipks
Mrps-t1pks
T1pks-t4pks
Terpene
Bacteriocin
Terpene
Tipks
T3pks-nrps
Tipks
Amglyccycl
Terpene
Other

Type

From

397859
1879080
2449130
2505679
2978921
3188097
3233337
3305024
3387615
3925707
3948382
4069149
4111374
4379325
4530446
4713730
4838508
5121459
5278355
5496314
5831519
6415623
6800521
6902710
7571659
8232022
8286964

To

4082438
1922856
2519199
2610944
3022823
3238424
3277536
3328143
3459171
3946837
3992446
4120964
4163603
4441530
4587520
4760149
4932058
5172192
3299473
3507129
3852448
6461442
6897743
6949003
7618166
8254163
8327650

Blin et al., Nucleic Acids Res., 2013



antiSMASH Results €rRA .
PKS / NRPS Domain Organisation Lo

Predicted core structure 6

PKS/NRPS domain annotation

5C03230 (nrps)

Dormain AMP-binding3 (SC03230 .._._" ; Ty (;L/Y ft%’%
° } ¢ i e, .
. 7’“‘%’ j“/ o | kf‘, . cwa@
SC03231 (alvcopeptide nros MRPSPredictor code: trp Lor A g k\ )
(Q‘y’ pep D) MRPSPredictor SVM: trp ““&.
Minowa HMM: trp oy
._“_. NCBI BlastP on this domain

SC03232 (nrps)

._.'.._.’..} Monomers prediction: ser thr trp

asp asp hpg asp aly asn nrp trp
SC03230:
MRPEPredictor code prediction, Al: ser
MRPSPradictor SWM prediction, A1: sar
Mincwa prediction, &1: ser
Prediction details
MRPSPradictor code prediction, &2: thr
MRPSPredictor SVM pradiction, &2: thr
Minowa prediction, A2: thr
Prediction detsilks
MRPEPredictor code prediction, A3: trp
MRPSPredictor SWM prediction, A3: trp
Minocwa pradiction, &3: trp
Prediction detzils




€RA (1B

Products of Amycolatopsis Strains

Amycolatopsis mediterranei Amycolatopsis orientalis

Rifampicin
HO..

Amycolatopsis balfimycina

i El
L ziBalhimycin
oy l.




Identification of a Glycopeptide €lRA
Biosynthetic Gene Cluster in A. japonicum

SMASH antibiotics & Secondary Metabolite Analysis SHell ,
Shiash S ROROROC

Select Gene Cluster:

Overview | 1 ee 4 e 6 s 8 o@@@@@@ 16 17 18 @@@ 22 23 24725 @@

Identified secondary metabolite clusters

Cluster Type From To
The following clusters are from record unknown

Cluster 1 | Ectoine 397859 408248
=l Cther 1879080 1922856
Nrps 2449130 2519199
Cluster 4| Tipks 2505679 2610944
Other 2078921 3022823
Clusters | T4pks 3188097 3238424
Cluster 7| Tipks 3233337 3277536
Cluster 8  Lantipeptide 3305024 3328143
Cluster 9 U 3387615 3459171
S[TE @O Terpene 3925707 3546837
Cluster 11 ol 3048382 3992446
Nrps 4069149 4120964
Nrps 4111374 4163603
Nrps 4379325 4441530
Nrps 4530446 4587520
Cluster 16| T1pks 4713730 4760149
Cluster 17 Nrps-tipks 4838508 4932058
Cluster 18 T1pks-t4pks 5121459 5172192
Terpene 5278355 5299473
Bacteriocin 5496314 5507129
Terpene 5831519 5852448
Cluster 22" Tipks 6415623 6461442
- Cluster 23 T3pks-nrps 6800521 6897743
Cluster 24 Tipks 6202710 6949003
Cluster 25 Amglyccycl 7571659 7618166
(S[TE =gl Terpene 8232022 8254163
Syl Cther 8286064 8327650

Blin et al., Nucleic Acids Res., 2013



- ,Cluster 23* Encodes the Biosynthesis of €RA I3

a Ristomycin-like Glycopeptide

arabinose glucose
mannose ““OH

rhamnose
OH HO\)
ristosamine
HO
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OH mannose

ristomycin A

NRPS:

=7 x aromatic amino acids
3 X Hpg
2 X B-Ht
2 X Dpg

Tailoring enzymes:

" 4 x P450 monooxygenases
= 0 x acetyltransferase

= 6 X glycosyltransferase

= 2 x methyltransferase



- ,Cluster 23* Encodes the Biosynthesis of €A

a Ristomycin-like Glycopeptide

arabinose
mannose

OH HO\)
ristosamine
HO
NHz Qy
0 :/f
0, _

glucose

“““OH

QQ rhamnose

OH
OH mannose

ristomycin A

NRPS:

=7 x aromatic amino acids
3 X Hpg
2 X B-Ht
2 X Dpg

Tailoring enzymes:

" 4 x P450 monooxygenases
= 0 x acetyltransferase

= 6 X glycosyltransferase

= 2 x methyltransferase

- Cluster 23 is the first example of a type Il glycopeptide gene cluster
- Ristomycin is a component of a diagnostic kit to screen for

von Willebrand disease (VWD) and Bernard-Soulier syndrome (BSS)
- Market price: 100 mg: 560 €



- ,Cluster 23* Encodes the Biosynthesis of €A

a Ristomycin-like Glycopeptide

arabinose glucose OH

mannose O- J“‘OH
rhamnose
OH HO\)
ristosamine
HO
E
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OH

OH
OH mannose

ristomycin A

Hpg

o

..nlNH2

NRPS:

=7 x aromatic amino acids
3 X Hpg
2 X B-Ht
2 X Dpg

Tailoring enzymes:

" 4 x P450 monooxygenases
= 0 x acetyltransferase

= 6 X glycosyltransferase

= 2 x methyltransferase

- But the wild type does not produce a detectable amount of

ristomycin



- Heterologous Expression of the €RA ~ 1B
Regulator Gene bbr in Amycolatopsis japonicum

mAU

A. japonicum WT
- Below
detection limit

Bioassay of wild type (WT) and
the recombinant strain bbr*

Ristomycin A
standard
A. japonicum
bbrt Bacillus subtilis as indicator strain

Amycolatopsis japonicum bbr* produces 50 mg/| of a ristomycin-like glycopeptide in
shaking flasks and 200 mg/I in the fermenter

Under negotiation with company XYZ for commercialisation



- Amycolatopsis japonicum, a Talented ERA ~ I3

Producer of Bioactive Compounds

o

S,S-EDDS

¥<

EDDS = Ethylene-diamine-N,N' dISUCCInIC acid

% )
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1|||._
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N

DM = Defined
medium

CM = Complex
medium

0.25 0.5

2

2.5

6

DM

Amycolatopsis japonicum
produces S,S-EDDS

which has similar chelating
properties as EDTA, but which
Is biodegradable

Problem:

Synthesis is strongly
Zn-repressed and
biosynthesis was
unknown

ZnSo,
[uM]



EDDS-Production in A. japonicum

€ERA - IB

Is Repressed in the Presence of Zinc

In the presence
of Zn:
Transcription is
blocked

In the absence
of Zn:
Transcription is
possible

+Zn2+

o
|

mMRNA

N [S,S]-EDDS biosynthesis genes T
—E? ' ) 8-

HoOC COOH

|:> (::H—NH—C H,—CH,—NH c:‘,H

CHs Hy
[S,S]-EDDS

HOOC COOH

[S,S]-EDDS biosynthesis genes

y

Z.

2o

|

Identification of the
Zn-dependent regulator

Identification of the
EDDS biosynthetic
gene cluster



An A.japonicum Azur Mutant Produces EEQ 'IB
EDDS in High Yield in Complex Media )

* Solution
In the presence +Zn2+

of Zn: e e - ldentification of the

b mRNA

Transcription is o
blocked B [S,S]-EDDS biosynthesis genes T Zn-d ependent regUIator
—p RO ; > >:| I:‘:I

- |dentification of the

HOOG GOOH Z . .
In the absence B IR EDDS biosynthetic
of Zur: HoO& [S,S]-EDDS Loom
Transcription is gene Cluster
possible [S,S]-EDDS biosynthesis genes
> - Elimination of the
Zn-repression
%
125
100 -

- EDDS-production in
complex mediain the
presence of Zn

75 -

50 -
25 -

) 6 50 500 1000 2500 5000
DM CM Znso,

WMl | patent Application: P 53563 DE




Heterologous Expression of Cosmids €rRA
from Streptomyces collinus in Streptomyces albus’

Clusterl Cluster 4 Cluster7 Cluster 10 Cluster 16 Cluster 18 Cluster 19  Cluster 24

PR PO

W _’-T&. L% ; .',-_J { _(‘
k ] 3 t: A .\ &
lantibiotic  carotenoid t1pks-nrps t3pks t2pks t1pks-nrps nrps t1pks

- ,Cluster 4“ induces visible morphological changes in S. albus

Rickert et al., J. Biotechnol., 2014



- Carotenoid Production in S. albus
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- Heterologous expression of “Cluster 4” resulted in the
production of four carotenoids



Heterologous Expression of Cosmids €rRA
from Streptomyces collinus in Streptomyces albus’”

Clusterl Cluster 4 Cluster7 Cluster 10 CIuster 16 Cluster 18 Cluster 19  Cluster 24

4 3o o

e s "a" .
lantibiotic  carotenoid t1pks-nrps t3pks t2pks t1pks-nrps nrps t1pks

- ,Cluster 1“ is predcited to encode a new lantibiotic

Rickert et al., J. Biotechnol., 2014



- Heterologous Expression of €ERrRA I3

,Cluster 1“ in S. coelicolor M1146

,Clusterl” lantibiotic: Streptocollin

S. collinus Tu365 stcL StcA stcT stcH

——ED D D D —

04 i H
S. venezuelae 78% identity

[EE—————— Y 4
venL venA venl venH

Streptocollin
Structure elucidation in cooperation with
Martin Jasyk & Roderich SiiBmuth, TU Berlin

‘l'II v o ovil ¥
VenA  MENHDIELLAHLHALPETDPFGVDGAPFAA TCECVGLLTLLNTVCIGISCA

SclA  MENHDLDLLARLHALPETDPVGVDGEAFAN TCACVGLLTLLNSVCIGITC
StcA  MENQTLELLAHLHALPETDPETDPVDFDGASYSGTCACVGLLTLLNTVCVGISCA

- Characterisation of the first isolated lanthipeptide belonging to the type IV class

Iftime et al., in preparation



& Selection of Bioinformatically Identified €ERA -~ I3

B Gene Clusters from S. albus and S. argillaceus

Cluster 9 (NRPS) ]
NRP

—

Cluster 26 (NRPS-PKS)

REG PKS-NRPS

I—

Cluster 1701 (PKS)

"» e m—) E—) =) |

Cluster 909 (lanthipeptide)

t—) ) -

Cluster 25 (lanthipeptide)

(KA < K KI<KK

Cluster 1705 (other)

¢ KK KK e > <K )



iT— o
BN Activation of Silent Gene Clusters from S. albus

Cluster 9 (NRPS) S48

S. albus wt

NRPS

311 312 314 315 316

S. albus::p0J313 S. albus::p0J313

promoter insertion

Cluster 26 (NRPS-PKS)

_ s. albus::pemats7os - Overexpression of regulator

5707 s708 ) { s700|( 5710 s7T41| [5712 ) 5714 )| 5715 )| 5716 )| 5717 )
—l_ Sy GRUG SRR [ 5712 “ |ﬁj I—; |_|(,x I_(__,
REG NRPS-PK

promoter insertion s albus:pois712 s. albus:pos5713

1

/J 2 5. albus::pEMATS706
1
fM M 5. albus::pQI5713
2
M 5. albus::p0J5712

M S. albus wt 6-epi-alteranide B (2)

200 250 3.00 350 400 4.50 500 550 6.00 650 700 750 8.00

Novel compounds




iﬁa

Activation of the Silent Gene Cluster

i

-] N
[ e
e ®

BN 1701 from S. argillaceus

0.40

0.20

Cluster 1701 (PKS)

- ¢

567 89 9% 9%

| | 20 22 24 262830323436 3840 42 46 48 5052 54 56

S.argillaceus OT_SARP::gac(S)IV
promoter insertion

3.00

2.00

1.00

L

0.20

0.00 ...”

Inactivation biosynthesis gene
S. argillaceusAPKS
17 19 21 23 252729313335 37 39 41 43 44 454749 51 5355

S.argn‘;‘aceus 01tetR::aac(3)lV. Inactivation repressor

2.00
N 1 MMNT
0.00 4 //——-——~JL—‘ 1=

l LI T I | Iilllllll I'
L
3.00 380 2.50 3.00 3.50

I ] (I | ]

'
4.00

P3 2.00 P5

S.argillaceus 01tetR::aac(3)IV

0.10
S. argn‘;‘aceusAPKs
————— e P Pt S om X

3_50




I —
Eﬁe Bioassay of Novel Compounds Encoded ERQ |B

R y— by Cluster 1701 of S. argillaceus

Bioassays vs M. luteus

Argimycin | (P1) + Argimycin Il (P2) < ] @ S0
Argimycin IV (P4) No activity observed
Argimycin V (P5) No activity observed

Argimycin VI (P6)



—
& €RA ¢ IB

BN Proposed Biosynthesis Pathway for Argimycins

6 7 8 909 9%

10 11 12 13 15
Module 1 I
(Loading) Module 2 Module 3 Module Module 5 Module 6 14 16

@T%T STSTST s AS /T s /) R
8 g 8 g § §
o MO %o ° ° ° ° °
N/

i\: \ \ oH oH
\ \ \ OH
\
Argimycin | Argimycin || J\/k/k/\/\/\

Fon on , !

N N N /’>//

Argimycin VI Argimycin V Argimycin 1V Nigrifactin

o e




BN ncreasing the Intracellular Pool of
& Glucose-1-phosphate and Malonyl-CoA in €RA |C
BN S, argillaceus to Increase Production of Argimycins

Glucose
l glgCa Carbohydrate
PGM
Glucose-6-P - Glucose-1-P —X—»ADP-qucose—> storage
SCO7443 compounds
! A ;
[GLYCOLYSIS] z 1 ho ol g ! oV BoiLce

} 3 e !

} e x o
$ g 2

Pyruvate g 4 g

<] o 3,

l 24 3% 48 24 3% 48

CC Time (h) Time (h)
Acetyl-CoA i Malonyl-CoA  © D .
ovmGIH =) ) OIAGO mGIH s OWT mAFTA
=z 41 <03
aftAa % % N g
= =02
Triacylglicerides T *_ém
(TAG) = 0 = 0 2000000
24 36 48 24 38 ¢ 1800000 -
Time (h) Time (h)

1200000

1600000
1400000 ~
1000000 - W argimycin A
800000 - M argimycin B
600000
A00000
200000 -
a - : :
WT GIH AFTA

AFTA-GIH

Zabala et al., Metab. Engineer., 2013



i €RA 1B

E—ntrechem SL Evaluation of Argimycin 2 (Cytotoxicity Study)

\\\],, i F.I/Nf \\b
H\ #,Fé\ \I-I»_HOH
7 \H ."{ . .
= ( 0 Argimycin 2 showed no
L U o cytotoxic activity against
YA Argimycin 2 A459 lung cancer cells
Argimycin 2 Control
A549 48h TREATMENT F2 A549 48h TREATMENT 70124
110+ 150+
1054
100+
t 50,
95+
an T T T T 1 0 T T ¥ ¥ 1
14 12 10 8 -6 4 14 12 10 -8 & -4
log concentration (Molar) log concentration (Molar)

Patent Application: in preparation




I —
& Strategies to Activate Other €ERA ~ 1B

B Silent Gene Clusters from S. argillaceus

Cluster 909 (lanthipeptide)

) w— -

r S. argillaceus AM909  Inactivation of biosynthesis gene

S. argillaceus::erm909  promoter insertion
S. albus cos12D6

Heterologous
expression

Cluster 25 (lanthipeptide)

(< - M@@W%«I

Inactivation of biosynthesis gene S.argillaceus A25lanB

S. argillaceus::erm25E  S. argillaceus::erm25D

promoter insertion

Cluster 1705 (other)
@ SR> < K0 >k
S. arglllaceus pEM4T1705SARP1  S. argillaceus pEM4T1705SARP9 S. argillaceus A1705-0rf19-20

Overexpression of activators Deletion of biosynthesis genes



- Bioinformatic Identification of a Gene Cluster
for an Aminocoumarin Antibiotic ERQ ) |B

In Catenulispora acidiphila

Caci27- 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

| / /S S |

) CHHTH U 6 4@ DrHia)-(a]

N—

A
v

50.000 bp

Caci2717: CloL-like \\

Caci2719: hypothetical protein Aminocoumarin moiety
+ amide bond
+ halogenase

J

Caci2724. FADH-dependent halogenase (similar to clohal)



- Gene Cluster Transcriptional €RA £ ﬁ

Profiles

Different profiles of expression of genes
encoding an activator and a repressor
during culture growth

[y
o

m 2727 repressor

m 2725 activator

Relative gene expression [RQ]

O P, N W b OO N 00 ©
| |

1 2 4 7 8 9 10
Time [days]

Relative gene expression [RQ]

Expression of cluster genes is
correlated with the expression
of the activator gene

1 4 7 9
Time [days]

m2724
m2720
m2715


http://www.flag-zone.com/flag/poland/

- Activation of Heterologous
H Expression by Overexpression €kRA ~ 1B

of the luxR Regulatory Gene

P
P44 [ D= G4 ¢E (€@ O

integration cassette core partsofthe biosynthetic gene cluster

1-El1-pll 787

sioo7 bp

EcoRI (6030)

2
caci2725, a luxR family regulatory gene belonging to \\
the predicted cacibiocin cluster was cloned into caci-2725

PUWL201 under control of the ermE* promoter

Hirdlll (4573)
PermE


http://www.flag-zone.com/flag/poland/

e
rﬁ: Screening of Different Media ERE 13
R for Cacibiocin Production

70

B S.c.M1152caciJZ08 Cacibiocin A

60 B S.c.M1152caciJZ08 Cacibiocin B
M C.acidiphila Cacibiocin A
E C.acidiphila Cacibiocin B

50 -

40

[mg/L]

30

20

10

1T T 1
N~ 5] o N o St 0w N~ A o © To) < I m o ¥ @ © N VW ©w 9 o d
o N S ©O N > 4 S 4 S NS S L A N N d S 490 S N S o o
S J 8532035563029 03p3>>>>05>0503-S
U)(/)(% U)U) (/)% (7)) (/)%U) (% O nu nun un u " o (7] " un

—> Production of 60 mg/L cacibiocin A in S.coelicolor M1152(caciJZ08)
—> Production of 4.6 mg/L cacibiocin B in Catenulispora acidiphila

-> Different optimal media for C.acidiphila and the heterologous host



Fermentation of the
€ERA @ Ic

Engineered
Aminocoumarin Producer Strain
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100 liter f_ermentation | ~ 120 mL extract
of S. coelicolor M1152 10E2int pXL11 cacibiocin A and B

at Galilaeus Oy (new natural products)


http://www.flag-zone.com/flag/poland/

Structure Elucidation €rRA |C)

of Cacibiocin A and B

-10000

_-8000 OH

_-6000 H / \

-4000

TR RS

:—-2000 (0] (@)

--4000 L .
: cacibiocin A
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Patent application: 10 2013 021828.4
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.,
_E_ New Industrially Relevant €kRA B

L L Products/Processes from GenoDrug
Argimycins/

Nigrifactin: New antibiotics

Cacibiocins: New aminocoumarin

Carotenoid: New isorenieratene (?) derivative

EDDS.: Biodegradable chelator: High yield production in complex media
Ristomycin: Production strain for a high value component of a diagnostic kit

Streptocollin: First type IV lantibiotic

+ many silent gene clusters and products thereof, awaiting further characterisation

Patent application Commercialisation


http://www.flag-zone.com/flag/poland/

GenoDrug Final Report €ERA ¢/ IB

Structure:

1.Background
2.Project aim and approach

3.Project partners

4.Progress and cooperations
5.Achievement of milestones and objectives

6. Problems encountered; proposed changes



Achievement of Milestones €ERA

Project

month
M1 Bioinformatic identification of clusters 6
M 2 Bioinformatic identification of regulators 6
M 3 Transcription profiles of gene clusters o)
M4 Metabolite profiles under different growth conditions o)
M5 Techniques for overexpression/deletion of regulatory genes 15
M 6 Gene clusters with introduced artificial promoters constructed 15
M 7 Heterologous expression constructs generated 15
M 8 Engineering stategies for increasing precursor supply established 18
M9 Expression of previously silent clusters 18
M 10 |Chemical identification of novel compounds 21
M 11 |New compounds from different chemical classes by fermentation 24
M 12 |Structure elucidation of new compounds 27
M 13 |Pharmacological testing of new compounds initiated 27




Achievement of Deliverables €RA




GenoDrug Final Report €ERA ¢/ IB

Structure:

1.Background
2.Project aim and approach

3.Project partners

4.Progress and cooperations
5.Achievement of milestones and objectives

6. Problems encountered; changes

no major problems or changes



EI1B.10.023 GenoDrug €ra g} I
Genome mining for drug discovery: ‘o

Activation of silent biosynthetic gene clusters

Finland

=
- Germany I
— Thank you!

Poland

Spain
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