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e 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

¢ Qrganisms
— myxobacteria, streptomycetes, pseudomonads
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Xenorhabdus and Photorhabdus
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Important events for the
bacteria/nematode/host system

Inhibition of the insect immune response

(PLA, inhibition?) \

killing of host —eeeeeeee. S€CONdary
killing of host microflora 47 metabolites
protection of the dead host /

symbiosis with nematode



~ Photorhabdus and Xenorhabdus are potent

secondary metabolite producers
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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
iInvestigated, most of them “new”



Known compounds show antibacterial,
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s type || polyketide synthase (PKS)
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type | polyketide synthase (PKS)
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s NON-ribosomal peptide synthetase (NRPS)
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PKS/NRPS hybrids
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Myxalamid A R = isobutyl
Myxalamid B R = isopropyl
Myxalamid C R = ethyl

Myxovirescin A
Myxovirescin C

Myxochromide A, R = Et
Myxochromide A, R = CH=CH-Me
Myxochromide A, R = CH=CH-Et

DKxanthenes




~ Secondary metabolism in Xenorhabdus
and Photorhabdus
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X. nematophila X. bovienii P. luminescence

« 7.5% ofthe genome + 6.0% of the genome * 5.8% of the genome
« 17 biosynthesis gene <« 14 biosynthesis gene » 19 biosynthesis gene
cluster detected cluster detected cluster detected
— 13 NRPS — 9-10 NRPS — several NRPS
— 3 PKS/NRPS — 1 PKS/NRPS — some PKS/NRPS
— 1 hydroxamate — PKS/FAS? — Typll PKS

— 1 hydroxamate
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In silico vs. in extract secondary metabolism
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e some compounds are only produced under specific
conditions

« some gene clusters might be inactive
e some compounds are unstable or difficult to isolate
e 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
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wasie - more lipophilic compounds...
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X. nematophila: 43 kb @ 1.86 Mb (12 aa)

Acyl  Val Leu Leu Thr Val Val

EAOEEDEAOEATCERDEEDHEEDEEDEE® ! @ETEE® | @EEEOHEETEOEEOIEEDEE )

Acyl Pro Gly Val Leu Leu Gly Leu Gly Leu lle Gly Leu Thr Val ? Thr Gly

X. bovienii: 60 kb @1.86 Mb (18 aa)



possible xenocoumacin biosynthesis
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Summary
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« 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
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« 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...

news feature

A shot in
the arm

Antibiotics are failing
and drug companies
have all but stopped
developing new

ones. Wil conguered
diseases come back to
haunt us? Martin Leeb
examines one plan to
avert the crisis.

starkes Anubioukum Konntemnenen... Jetzt breitet sich dieser ,mu tiresi- | Desaster!”
Ursache war ein harmloser Erre- | stenle” Eweger, der bisher nur in | Wie die Arzte die Kontrolle ver-
ger, den jeder zweite Mensch am | Kliinken becbachtet wurdse, well | loren - Scite 9.

W Staphylokokken Im schlichen Blut
(stark vergréBert). X Iweite t
diets normal

nen in der

antibiotics |
D run dry

Mjye f

r
I.U.l:u.k
sor Bei ge | weill aus. Ale.. fer Tomasz, Mikro-
sch agortig | biologe der New Yorker Rockelel
v Lunge zer- | lerUniversitat: , Wir stehen an der
us aureus.




_ possible xenocoumacin biosynthesis

DR EOEENEEEE DEEO®

DES
SAARLANDES

- Enzyme-SH
-2H,0



possible xenocoumacin biosynthesis
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Fatty acid and polyketid biosynthesis
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- are closely related
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wmse nON-ribosomal peptide synthetase

A module 1 module 2

ATP amino acid aminoacyl adenylate



Prediction of precursors
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G. Challis et al. 2000



Prediction of precursors
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wmse nON-ribosomal peptide synthetase

B module 1____module 2. module 1____Module 2

aminoacyl adenylate aminoacyl adenylate



wmse nON-ribosomal peptide synthetase

R, O R; o
donor substrate  acceptor substrate



non-ribosomal peptide synthetase
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module x-1___module x module x-1___module x

NH 1
nﬁm A. hydrolysig B. cyclization
X Q&Eﬂ

linear product, cyclic product,
e.g. vancomycin precursor e.g. tyrocidine



