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English summary 

Neurons communicate via specialized structures called synapses. Synaptic transmission converts 

the electric signal in the form of action potential traveling along the axon into a chemical message 

by the release of transmitters. These transmitters bind and activate post-synaptic receptors leading 

to a cascade of post-synaptic signaling events. Both pre- and postsynaptic mechanisms of 

transmitter release and signal transduction involve coordinated synaptic protein-protein 

interactions. With the development of proteomics technologies, thousands of proteins were 

identified in synapses over the past years. However, how these proteins interact sub-synaptically 

and how they facilitate the dynamic synaptic transmission process is still largely unclear. In this 

thesis, I applied interaction proteomics to systematically characterize parts of the synaptic protein 

network, which will aid to obtain new insights in molecular mechanisms of synaptic transmission. 

Chapter 1 introduces the general background of synaptic transmission, including the synaptic 

structure, the molecular organization and the dynamic processes of synaptic transmission. Like 

other biological processes, synaptic transmission is driven by successive spatially and temporally 

organized protein-protein interactions. Despite intense research, which has led to identification and 

characterization of many proteins involved in neurotransmission, the global synaptic protein 

interactome and it’s dynamic properties that underlie synaptic vesicles release and retrieval, 

postsynaptic activation and signal propagation, and synaptic plasticity have remained largely 

unknown. Therefore, we aimed to systematically characterize parts of the synaptic protein network 

by using interaction proteomics.  

A general challenge with interaction proteomics experiments that use immunoprecipitation, is the 

high number of background proteins, which render the identification of true interactors difficult. In 

chapter 2 I described an approach in which, in addition to empty beads, a peptide-blocked antibody 

is used as a negative control in the immunoprecipitation (IP) experiments. DMXL2 was taken as an 

example. Pre-saturation of the bait-specific antibody with the antigen peptides disabled the binding 

of antibodies to baits, whereas the non-specific binding proteins was not affected. Quantitative 

LC-MSMS comparison of IPs and negative controls, IPs with two antibodies for the same bait, and 

statistical analysis for multiple replicates finally reduced the long unprocessed protein list into a 

short group of high-confident interacting protein candidates. This strategy allowed the 

identification of V-ATPase, a commonly assumed contaminant of IP experiments, as the interactor 

of DMXL2. Their interaction was confirmed by reverse IP, which revealed the presence of DMXL2 in 

the IP of V-ATPase. 

Pre-synaptic terminals are specialized structures responsible for the stimulus-dependent quantal 

release of synaptic neurotransmitters. SV-trafficking, -fusion and -retrieval involve coordinated 

molecular events in networks of proteins in the pre-synaptic active zone. In chapter 3, the 

pre-synaptic protein network was characterized by interaction proteomics. In total, 273 

immunoprecipitation – mass spectrometry (IP-MS) experiments for 91 bait proteins were 

performed. To reveal false positive proteins, quantitative comparison between IPs and a series of 

negative controls, IPs with multiple antibodies against the same bait protein, statistical analysis of 

multiple replicates and a clustering algorithm analysis were applied. A preliminary network model 

of pre-synaptic protein-protein interactions is shown in this chapter. In addition to the known 

interactors, several novel interacting candidates or protein groups were revealed in the SV docking 
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interactome, including Leucine-rich repeat and fibronectin type III domain-containing protein (LRFN), 

MAGUK p55 subfamily member (MPP), Protein phosphatase 2a (PP2A), Striatin, and others. The 

SNARE complex forms the crucial machinery for the SV membrane fusion with the plasma 

membrane. The immunoblotting of SNARE proteins fractionated by Blue Native-SDS-PAGE indicated 

that multiple sub-complexes co-existed in synapses. SNAP25 IPs with multiple antibodies detected 

VAMP2, Syntaxin1 and known interactors, and also revealed several other SNARE isoforms, which 

have roles in the vesicle trafficking between the endoplasmic reticulum and the Golgi apparatus and 

the vesicle recycling of early and late endosomes. Clathrin-mediated endocytosis is considered the 

major pathway to retrieve the fused SV membrane from the plasma membrane. Consistent with 

previous studies, the combined protein interactome of endocytosis proteins showed multiple 

known key modules, such as Clathrins, adaptor proteins, scaffolds and effectors. Taken together, 

our IP-MS screening data confirmed known protein-protein interactions, and in addition showed a 

number of novel interacting candidates. 

Upon a stimulus, neurotransmitters are released from pre-synaptic terminal and bind to the specific 

receptor on postsynaptic membrane to initiate signal transduction cascades in the postsynaptic 

neuron. AMPA receptors are the main transducers of fast excitatory neurotransmission in the 

mammalian brain, and play important roles in synaptic plasticity. Recent studies discovered several 

AMPAR auxiliary proteins, which might regulate AMPAR trafficking and channel properties. The 

divergence of plasticity mechanisms or physiological functions in different brain regions is caused by 

distinct local protein networks. In chapter 4, we characterized the brain-regional specific AMPAR 

protein networks by comprehensive interaction proteomics. We detected that TARPγ2 and TARPγ7 

strongly associated with AMPAR in cerebellum, whereas TARPγ3, TARPγ8, SHISA9 (CKAMP44), 

GSG1L and PRRTs interacted with the AMPAR in hippocampus and cortex. To better define the 

AMPAR sub-complexes, immunoprecipitation (IP), blue-native gel electrophoresis (BN-PAGE) and 

mass spectrometry (MS) were combined as an innovative interaction proteomics approach ‘IP – 

BN-PAGE -MS’. The affinity purified AMPAR sub-complexes were separated according to their 

molecular mass on BN-PAGE, and then quantitatively characterized by LC-MSMS. AMPAR were 

detected in the mass range between 600 kDa - 1000 kDa. It is apparent that AMPAR complexes of 

different masses contain different sets of interacting proteins. OLFMs, a small amount of TARPs and 

other interacting proteins appeared in AMPAR complexes of the highest mass. TARPs, GSG1L, 

SHISA9, CG6, PRRTs, and CPT1C associated with majority of AMPARs at medium mass classes, 

whereas CNIHs were specifically enriched in the smaller complexes. This diversity of AMPAR 

sub-complexes might be due to their distinct subcellular localization and their neuron or even 

synapse specificity. In addition, we confirmed that PRRT1 interacted with a series of AMPAR 

sub-complexes in hippocampus, and revealed its interacting protein candidates KCNC3 and 

HOMER3 in cerebellum.  

Synaptic function involves coordinated protein-protein interactions. Aberrant synaptic 

protein-protein interactions may give rise to brain disorders. Autism is a neurodevelopmental and 

behavioral spectrum disorder (ASD) characterized by repetitive and stereotypic behaviors and 

impairments in social interactions and language development. Previous studies suggested that ASD 

is caused by the dysregulation of multiple genes, implicating SHANK, CNTNAP2, Neurexin and 

Cadherin. The CNTNAP2 knockout mice exhibited behavioral abnormalities that mimicked core 
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features of ASD in patients. In chapter 5, we characterized the CNTNAP2 protein network by 

interaction proteomics, to provide novel insight in mechanisms of ASD. CNTNAP2 was expressed in 

both juvenile and adult mice, and localized inside and outside synaptic fractions. To our surprise, we 

detected a short form of CNTNAP2 without most of the extracellular domains in KO mice, which 

associated with ADAM22, LGI1 and Kv1 channels. With the IP – BN-PAGE -MS approach, we 

revealed that CNTNAP2 forms at least three distinct sub-complexes in adult mouse hippocampus. 

The majority of CNTNAP2 probably forms a homodimer, a small fraction of CNTNAP2 interacts with 

CNTN2, and only a very low amount of CNTNAP2 associates with the LGI-ADAM-Kv1 channel-DLG 

complex. Future experiments will be required to determine the subcellular localization of these 

sub-complexes and their role in brain development. 

In this study of the synaptic protein network, we confirmed most of the previous reported 

interacting proteins, and revealed multiple novel interacting candidates and functional groups, 

which might give rise to new research projects. Next steps will be to focus on the bio-informatics 

analysis to capture the whole network for synaptic transmission, confirmation of the novel 

interactions by independent approaches, and moving forward to visualizing the dynamic protein 

network. 


