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Scope of the thesis

The aim of this thesis was to investigate some of the fundamental aspects 

of substrate recognition and activation during the synthesis of nonribosomal 

peptides (NRP). In this thesis, the focus is on the enzyme ACV synthetase 

(ACVS), a unique trimodular nonribosomal peptide synthetase (NRPS) 

involved in the first step of the biosynthesis of β-lactam antibiotics.

Chapter 1 provides an overview of nonribosomal synthesis, including detailed 

descriptions of each of the structural domains that play key roles during the 

process, as well as the function of trans-acting proteins. Furthermore, the 

dynamics of the domain interactions during the catalytic process are outlined. 

Lastly, the biotechnological potential of NRPS is briefly discussed, with 

a particular focus on the history of engineering approaches and the latest 

progress in the field.

In Chapter 2 we investigated the activity of the ACVS from the soil bacterium 

Nocardia lactamdurans. The protein can be very well overexpressed in E. 

coli and purified to near homogeneity, which allowed its characterization with 

respect to substrate specificity and product formation. Module 1 is strictly 

specific towards its substrate L-α-aminoadipic acid, while module 2 and 3 can 

activate a broader variety of amino acids. 

Chapter 3 focuses on the interaction between the first adenylation domain 

(module 1) of the ACVS and its cognate substrate L-α-aminoadipic acid. The 

extraordinary activity of ACVS is that the first substrate L-α-aminoadipic acid 

is activated on its δ-carboxyl group, resulting in a noncanonical peptide bond 

with L-cysteine. Here, we generated a structural model and performed multiple 

sequence alignment analysis to investigate the architecture and chemistry of 

the binding pocket. This allowed the identification of certain residues with 
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potential key roles in substrate recognition and activation. To investigate 

this, we performed site-directed mutagenesis on those residues and analysed 

the impact of the mutations on ACV synthesis. The results suggest a non-

canonical interaction between the binding pocket and the substrate.

Chapter 4 describes the discovery of a conserved domain in the first module 

of ACVS enzymes, previously unidentified. Bioinformatic analyses such 

as domain prediction and modelling revealed the presence of structured 

N-terminal regions in the first module of ACVS that show strong structural 

similarity with condensation (C) domains. However, these domains, referred 

to as C*, are about half the size of a full C domain and lack the canonical 

active site motif. To investigate their potential role, we generated deletion 

variants of Penicillium rubens and Nocardia lactamdurans ACVS and assessed 

the impact on the enzyme activity in vivo and in vitro, respectively. Both 

enzymes lost their ability to synthesize ACV, though we still observed the CV 

intermediate in the in vitro reaction, indicating that module 2 and 3 remain 

functional.

Chapter 5 briefly summarizes all the topics and findings discussed in the other 

chapters and provides a general outlook on the biotechnological potential of 

NRPS.  

9


	Title and contents



