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• secondary metabolites

– isolation, structure elucidation, biosynthesis, genetics, 
mode of action

• regulation of secondary metabolism

– proteomics, metabolomics, transcriptomics

• strain/compound optimization

– heterologous expression of complete gene clusters

– combinatorial biosynthesis

• organisms

– myxobacteria, streptomycetes, pseudomonads



Xenorhabdus and Photorhabdus



Important events for the
bacteria/nematode/host system

• inhibition of the insect immune response
(PLA2 inhibition?)

• killing of host

• killing of host microflora

• protection of the dead host

• symbiosis with nematode

secondary
metabolites



Photorhabdus and Xenorhabdus are potent 
secondary metabolite producers

• 10 different strains have been analyzed by HPLC-MS

• all but one show the production of 1-4 very lipophilic

compounds which are produced in high amounts up to 
400 mg/L

– these lipophilic compounds are all very small (MW 200-350)

– simple chemical structures

• several other compounds are produced by all strains 

investigated, most of them “new”



Known compounds show antibacterial, 
antifungal and cytotoxic activity
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type II polyketide synthase (PKS)
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type I polyketide synthase (PKS)
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non-ribosomal peptide synthetase (NRPS)

O

S

NH2

O

NH

NH2

S

O

O

NH

NH2

N
O

O
S

O

NH

NH2

N
O

N S

S

O

HCHCHCAvalAvalAval TTT EEE OxOxOxAcysAcysAcysAserAserAserAalaAalaAala TTTCCC TTTTTT HCHCHC

S R S

module-1
(loading)

module-2
module-3 module-4

HO2C N
H

N
H

N
H

N
H

N
HO

O

O

NH2

O
O

N
H

OH

O

OH OH

OH

OH

OHOH

Cl Cl

O

NHMe

OH

O
N
H

N
H

N
H

N
H

O

O

O

NH2

O
O

N
H

OH

NH

O

O

NHMe

O O

OH

HO2C

OH

OH

OH
Cl

Cl

O

O

OH

OH

NH2

O
OH

OH

OH

oxygenation
glycosylation



PKS/NRPS hybrids
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X. bovienii

X. bovienii sequence

4225498 bp

2: NRPS: A(gly)-T-Red

5: Siderophore?

6: NRPS (1 module) and few other enzymes

8: TE10: NRPS (3(4) modules), orphan

13: hydroxamate siderophore

1: NRPS; dipeptide

3: NRPS; cyclic heptapeptide?

4: NRPS; tripeptide

7: NRPS; 18 modules

9: NRPS; heptapeptide, unknown aa (4x)

11: PKS/NRPS; very complex...

12: PKS/FAS??

14: NRPS?? complicated...

X. nematophila sequence

4432590 bp

1 NRPS: A(gly)-T-Red

2 hydroxamate siderophore

3 NRPS: A(gly)-T-Red (transposon inside)

4 NRPS: A(leu)-T-Red

5 PKS/NRPS (xenocoumacin?)

6: PKS/NRPS (trans-AT), HMG-CoA branching

7: NRPS (linear tetrapeptide)

8: NRPS (12 modules; lipophilic)

9: PKS/NRPS (weird)

10: NRPS (tetrapeptide, unknown aa, trimethylated)

11 NRPS (partial A domain)

12: NRPS (methylated peptide)

13: NRPS (9(10?) modules)

14: NRPS (not functional?)

15: NRPS (cyclic tetrapeptide)

16: NRPS (heptapeptide, unknown aa incorporated six times)

17: NRPS (3(4) modules, might belong to 16

X. nematophila

• 6.0% of the genome

• 14 biosynthesis gene
cluster detected

– 9-10 NRPS

– 1 PKS/NRPS

– PKS/FAS?

– 1 hydroxamate

• 7.5% of the genome

• 17 biosynthesis gene
cluster detected

– 13 NRPS

– 3 PKS/NRPS

– 1 hydroxamate

P. luminescence

5688987 bp

1: carbapenem

2: stilbene?

3:

4:

5:

6:

7:

8:

9: Indigoidine?

10:11:

14:

13: siderophore

15:

16: linear tetrapeptide

12: NRPS; single 49 kb gene

17:

18:

19: antraquinone

• 5.8% of the genome

• 19 biosynthesis gene
cluster detected

– several NRPS

– some PKS/NRPS

– TypII PKS

P. luminescence

Secondary metabolism in Xenorhabdus
and Photorhabdus

4.43 Mbp 4.22 Mbp 5.68 Mbp



P. luminescence
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in silico vs. in extract secondary metabolism

• some compounds are only produced under specific
conditions

• some gene clusters might be inactive

• some compounds are unstable or difficult to isolate

• some compounds are only produced in trace amounts

• no cluster can be correlated to the compound because

the biosynthesis is unknown yet



“in silico” secondary metabolism

DNA

PKS/NRPS

compound
S

N COOH



more lipophilic compounds…
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possible xenocoumacin biosynthesis
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Summary

• Photorhabdus and Xenorhabdus are very potent 

producers of secondary metabolites

• almost all compounds show biological activity

• all strains seem to be mutiproducers of secondary
metabolites also reflected by their genome sequence

• some lipophilic compounds are always produced in high 

amounts

• the biosynthesis of some compounds does not follow

standard PKS/NRPS mechanisms
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Bacterial stilbene biosynthesis

• overexpression of the phenylalanine ammonium lyase (PAL) 
in E. coli confirmed the enzymatic activity and specificity
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Why should we look for natural products…



possible xenocoumacin biosynthesis
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possible xenocoumacin biosynthesis
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more lipophilic compounds…
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Fatty acid and polyketid biosynthesis
are closely related



non-ribosomal peptide synthetase



Prediction of precursors

G. Challis et al. 2000



Prediction of precursors

G. Challis et al. 2000



non-ribosomal peptide synthetase



non-ribosomal peptide synthetase



non-ribosomal peptide synthetase


