g
4
s

/) 75
A Nk Leiden

= )

M’b The Netherlands

Exploring the chemical space of natural products from

Streptomyces using multi-omics approaches
Nunez Santiago, I.

Citation

Nufiez Santiago, I. (2025, April 16). Exploring the chemical space of natural
products from Streptomyces using multi-omics approaches. Retrieved from
https://hdl.handle.net/1887/4212242

Version: Publisher's Version
Licence agreement concerning inclusion of doctoral
License: thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/4212242

Note: To cite this publication please use the final published version (if
applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/4212242

Exploring the chemical space of natural
products from Streptomyces using
multi-omics approaches

Isabel Nuhez Santiago



Lay-out & Print: Ridderprint | www.ridderprint.nl

© Copyright 2025: Isabel Nufiez Santiago

All rights reserved. No part of this publication may be reproduced, stored in
a retrieval system, or transmitted in any form or by any means, electronic,
mechanical, by photocopying, recording, or otherwise, without the prior written
permission of the author.



Exploring the chemical space of natural
products from Streptomyces using
multi-omics approaches

Proefschrift

ter verkrijging van
de graad van doctor aan de Universiteit Leiden,
op gezag van rector magnificus prof.dr.ir. H. Bijl,
volgens besluit van het college voor promoties
te verdedigen op woensdag 16 april 2025
klokke 11:30 uur

door

Isabel Nufiez Santiago

geboren te Madrid, Spain in 1994



Promotores:
Prof.dr. G.P. van Wezel
Prof.dr. T. Hankemeier

Promotiecommissie:

Prof.dr. A.H. Meijer

Prof.dr. D. Claessen

Dr. L. Schada von Borzyskowski

Prof.dr. A.J. Minnaard (University of Groningen)
Dr. O. Genilloud (Fundacion Medina)

The work was supported by the NACTAR program of The Netherlands
Organization for Scientific Research (NWO), Grant 16439
Cover design: H.E. Augustijn



Contents

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Exploring the Chemical Space of Microbial Natural Products:
Priorization, Strategies and Challenges

nanoRAPIDS as an analytical pipeline for the discovery of
novel bioactive metabolites in complex culture extracts at
the nanoscale

Biomimetic total synthesis and paired omics identify
an intermolecular Diels-Alder reaction as the key step in
lugdunomycin biosynthesis

Multi-Omics Analysis of Streptomyces Angucycline
Producers: Genomic, Metabolomic and Bioactivity Insights

Discovery of the piperazic acid-bearing non-ribosomal
peptide marushamycin in the talented strain Streptomyces
sp. QL37

General discussion

List of publications

References

Curriculum Vitae

9

31

7

111

145

183

191

195

217






To my parents,
with love and gratitude.

“Solo el que sabe es libre, y mas libre el que mas sabe.”
— Miguel de Unamuno



