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List of abbreviations  

ANK Ankyrin domain 
ARM Armadillo domain 
BLI Biolayer interferometry 
BMDMs Bone marrow-derived macrophages 
CDR Complimentary determining region 
CL-MS Crosslinking mass spectrometry  
EEA-1 Early endosome antigen 1 
GAPs GTPase-activating proteins  
GDI GDP-dissociation inhibitors 
GEFs Guanine nucleotide exchange factors 
GWAS Genome-wide association studies 
H2DCFDA 2′,7′-Dichlorofluorescin diacetate 
IC50 Half maximal Inhibitory concentration  
INF Interferon 
IRFs Interferon regulator factors 
IκB Inhibitor of nuclear factor kappa beta 
KD Dissociation constant  
KO / KI / KD Knock-out / Knock-in / Knock-down 
LCIP LRRK2 COR Interacting Peptides 
LPS Lipopolysaccharides 
LRIP LRRK2 Roc Interacting Peptides 
LRRK2 Leucine-rich-repeat kinase 2 
MAPKs Mitogen-activated protein kinase 
MFI Mean fluorescence intensity  
MST Microscale thermophoresis 
Nbs Nanobodies 
NFAT Nuclear factor of activated T-cell 
NF-kβ Nuclear factor kappa beta 
NOD Nucleotide-binding oligomerization domain 
NOX2 NADPH oxidase 2 
NRON Noncoding RNA repressor on NFAT 
PD Parkinson’s disease 
PI Phosphatidylinositol 
PKA Protein-kinase A 
PP Cell penetrating peptide 
PPI Protein-protein interaction 
PRRs Patter-recognition receptors  
RIPK Receptor Intracellular protein kinase 
Roc Ras of complex 
ROS Reactive oxygen species  
SPPS Solid phase peptide synthesis 
TLR Toll-like receptor 
TNF-α Tumor necrosis factor 
α-syn Alpha-synuclein  

Aim and outline 

Parkinson’s disease (PD) is a long-term progressive neurological movement disorder and despite being 
known for decades; the exact etiology remains largely unknown. In 2002, the PARK8 locus was recognized 
for autosomal dominant PD. Two years later, the responsible gene within this locus was cloned and 
identified as a leucine-rich repeat kinase 2, or LRRK2. The protein encoded by LRRK2 gene is a large (2527 
amino acids) multidomain protein consisting of several protein interaction domains as well as a Ser/Thr 
kinase domain and a small GTPase domain (ROC; Ras of complex protein). The kinase and GTPases domains 
are connected by a COR (C-terminal of ROC) domain, characteristic of the ROCO protein family to which 
LRRK2 belongs.  

In the relatively short period of time since its identification, intensive research on LRRK2 showed that PD-
related pathogenic mutants results in upregulation of LRRK2 kinase activity. Furthermore, higher kinase 
activity of LRRK2 was recently reported in idiopathic PD patients (who carry normal copies of LRRK2), 
strengthening the link between LRRK2 and PD, and providing a very attractive therapeutic target for the 
disease. However, limitation of available tools to study endogenously expressed LRRK2 significantly 
hampered the progress in understanding the cellular function of LRRK2, which remains elusive until today.  
Nevertheless, more success was achieved towards targeting the elevated kinase activity of LRRK2 that is 
associated with PD. Nowadays, several potent and brain penetrant selective LRRK2 kinase inhibitors are 
available, with some already being tested in clinical studies. However, available results show alarming side 
effects associated with the use of such inhibitors, more predominant in non-neuronal cells that express 
relatively high levels of LRRK2 including lungs, kidneys, and immune cells. Accordingly, there is need for 
alternative targeting approaches to regulate the activity of LRRK2 while avoiding the side-effects 
associated with small molecules kinase inhibitors.  

The first part of this thesis aims to explore and provide alternative therapeutic approaches to fine-tune 
the activity of LRRK2 with the promise to avoid the reported side-effects of small molecules inhibitors. In 
chapter 1, the current status of allosteric inhibitors is reviewed, showing that lack of such inhibitors in 
literature (aside from an ongoing attempt to produce selective GTP-binding inhibitors). We provide 
different strategies to target other domains in LRRK2 beyond its kinase. In chapter 2, a proof of concept of 
the feasibility of targeting LRRK2 dimerization is provided. Constrained peptides we designed and 
synthesized as a peptidomimicry of the dimerization interface of LRRK2. We identified peptides that are 
cell-permeable and able to interfere with the dimerization of LRRK2 and reduce neuronal cell death 
associated with PD-mutants forms of LRRK2. Furthermore, in chapter 3, we aimed to target and stabilize 
different conformations of LRRK2 with nanobodies. We identified and characterized a variety of 
nanobodies that bind different domains and inhibit LRRK2 in cells and in vitro. Unlike conventional LRRK2 
kinase inhibitors, these nanobodies did not induce side effects associated with cellular mislocalization of 
LRRK2.  

The second part of the thesis aims to shed light on the physiological function of LRRK2. In chapter 4, the 
current literature was reviewed for possible roles played by LRRK2 in immune cells. Despite being a 
relatively new concept, research in this direction is gradually increasing, and cumulative results are 
pointing toward a link between LRRK2 and inflammatory immune response. In chapter 5, we show that 
LRRK2 is involved in the innate response during phagocytosis. When phagocytic cells were challenged with 
yeast cell wall particles (Zymosan), LRRK2 was recruited and needed to regulate the maturation process of 
the newly formed phagosomes. Importantly, our results fill a gap in literature by identifying the source of 
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elevated Reactive Oxygen Species (ROS) associated with LRRK2 kinase activity. Using a zymosan bound 
probe that becomes fluorescent only upon uptake into the phagosomes, we show that LRRK2 is needed to 
regulate phagosomal ROS production in phagocytosing cells. In chapter 6, we explored the feasibility of 
utilizing the nanobodies identified in chapter 3 for visualization of endogenous LRRK2. We show that 
Green-fluorescent-protein (GFP)-fused nanobodies are able to bind and visualize LRRK2 and discuss 
possible strategies towards more efficient nanobodies-based visualization of LRRK2. 

Finally, the most important findings are summarized in chapter 7, giving an overview of the work 
described in this thesis and providing further future perspectives.  1 
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