
Abstract 

Oxidative stress is an imbalance between antioxidants and free radicals, such as reactive oxygen 

species (ROS), and causes numerous undesirable chemical reactions, called oxidations. In 

uncontrolled circumstances, the imbalance can cause modifications of proteins in the system and 

thereby result in severe damage. Targeting the Keap1-Nrf2 protein-protein interaction (PPI) in the 

central nervous system (CNS) has shown to be a potential strategy to neutralize ROS related to 

diseases in the brain. Several non-covalent small-molecule Keap1-Nrf2 inhibitors have been 

reported in literature and many demonstrate promising binding to the Keap1 Kelch domain. 

However, these compounds are often large, contains several carboxylic acids, and in general 

features poor physicochemical properties for CNS permeability. In attempt to circumvent these 

challenges, fragment-based drug discovery (FBDD) has been suggested as a potential strategy. As 

a successor to FBDD, the fragment-based deconstruction-reconstruction (FBDR) approach has 

emerged as a promising strategy to develop efficient and potent lead compounds. This approach is 

based on deconstructing known inhibitors followed by rebuilding them into more favourable 

compounds.  

In this project, we started by assessing 19 published small-molecules and two peptides, reported 

to bind to the Kelch domain using three orthogonal binding assays – fluorescence polarization 

(FP), thermal shift assay (TSA), and surface plasmon resonance (SPR) – and a NQO1 induction 

cell assay. Noticeably, half of the tested compounds were inactive. By this we also confirmed the 

binding activity of several of the reported inhibitors, which thereby can serve as pharmacological 

tool or control compounds or as starting points for further drug development.  

For the FBDR approach, we selected six classes of inhibitors, which were deconstructed into a 

library of 80 fragments, which after assay optimization were screened in four assays – FP, TSA, 

saturation-transfer difference (STD) NMR, and SPR. After thorough prioritizing of the screening 

hits, 14 fragments were characterized as “high-priority”-hits, of which some were further 

optimized by fragment-growing and with the aid of X-ray crystallography. Two fragments (59m 

and 62c) were merged into an interesting lead compound (86) exhibiting a more than 200-fold 

improvement of the binding activity compared to the two fragments. Structure-activity relationship 

(SAR) study of 86 further enhanced the binding activity with a 100-fold to get compound 92d with 

a Ki = 160 nM.  

In parallel to the FBDR study, a commercial available fragment library from Maybridge was 

screened in by FP, TSA, and SPR and hits were subsequently validated by STD NMR. This 



resulted in several interesting fragment hits, and herein is described the initial attempt of 

optimizing one of these. 


