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INTRODUCTION  

Moonlighting proteins comprise proteins with multiple, independent functions that do not 

originated from alterations of the genetic code, splice variants or post-translational modifications. 

There are multifunctional proteins which physiological functions can be switched, converted into 

a pathological one, described as neomorphic moonlighting proteins (NMP). Their interactions with 

distinct protein partners could lead to the formation of protein aggregates that form brain 

inclusions. Such destructive potential is characteristic for the intrinsically unstructured proteins 

(IDP) which do not have well-defined three-dimensional structure, yet fulfill essential functions 

linked to their structural states; however, their macromolecular assemblies frequently result in 

pathological inclusions. Tubulin Polymerization Promoting Protein/p25 (TPPP/p25) is a prototype 

of the NMPs: physiologically it modulates the dynamics and stability of the microtubule (MT) 

network via its tubulin polymerization and acetylation promoting, MT bundling activities; but it 

also plays a role in different neurological disorders due to its interactions with -synuclein (SYN) 

and -amyloid, which promote aggregation.  

TPPP/p25 is an IDP, its extended unstructured N- and C-termini are straddling a flexible 

core region. Among the binding segments, the guanosine triphosphate and Zn2+ are well 

characterized, while the tubulin binding motif was predicted based upon its homology with the 

tubulin binding motif of tau protein. It has been shown that Zn2+ binds to a specified segment of 

the middle, flexible region of TPPP/p25 resulting in alteration in the secondary but not in the 

tertiary structure; however, the physiological relevance of the binding was not investigated in 

detail. 

In normal brain, TPPP/p25 is predominantly expressed in oligodendroglial cells; where it 

is indispensable for the differentiation of the progenitor cells by its role in the rearrangement of 

the MT network in the course of the projection elongation necessary to axon ensheathment. The 

non-physiological TPPP/p25 expression can generate distinct central nervous system (CNS) 

diseases: i) the loss of TPPP/p25-positive oligodendrocytes (OLGs) in demyelinated lesions with 

a concomitant enrichment of TPPP/p25 in the cerebrospinal fluid of patients is characteristic for 

multiple sclerosis; ii)  the lack of TPPP/p25 expression in OLGs is typical in glioma; iii) the 

abnormal co-enrichment of TPPP/p25 with SYN in the inclusion bodies of OLGs and in neurons 

is representative for multiple system atrophy (MSA) and Parkinson’s disease (PD), respectively, 

highlighting TPPP/p25 as a powerful diagnostic marker and also a potential drug target. 



SYN, also a disordered NMP, is an extensively studied hallmark protein of 

synucleinopathies, such as dementia with Lewy bodies, PD and MSA; it is the major component 

of inclusion bodies in these diseases. SYN is a neuronal protein that under physiological conditions 

is localized preferentially to presynaptic terminals, but its exact function is still unclear. Recently 

it has been reported that its small, soluble oligomeric forms are the fatal species in the development 

of diseases. Nevertheless, no effective and specific drug has been developed for the therapeutic 

treatment of PD and other synucleinopathies. 

 

OBJECTIVES  

The major objective of my PhD thesis was to characterize the interactions of the 

disordered TPPP/p25 with its physiological partners such as tubulin/MT and the bivalent Zn2+ 

cation as well as with its pathological partner, SYN; and to establish the functional consequences 

of these interactions at molecular and cellular levels. In addition, I aimed to search for a potential 

drug target in order to specifically destruct the pathological assembly of TPPP/p25 and SYN.  

 

METHODS 

Preparation of tubulin from bovine brain 

Preparation of the recombinant TPPP/p25 and SYN forms 

SDS/PAGE 

Follow-up of tubulin polymerization by turbidometry 

Circular dichroism (CD) spectroscopy 

Enzyme-linked immunosorbent assay (ELISA) and cellular ELISA (cELISA) 

Affinity chromatography 

Cell culture and manipulation 

Immunocytochemistry 

Bimolecular fluorescence complementation (BiFC) 

Immunofluorescence microscopy 



RESULTS  

1.) N-, C-terminal and double truncated human recombinant TPPP/p25 mutants were 

expressed and isolated from E. coli extract. SDS/PAGE analysis revealed that the 

terminal-free variants show similar potency to assembly into dimers. 

 

2.) The double truncation impeded the TPPP/p25 to interact with both tubulin and 

microtubule as physiological partners as demonstrated by ELISA and pelleting 

experiments. Tubulin polymerization studies provided evidence that the terminals, 

specifically the C-terminal is crucial for TPPP/p25 to promote tubulin polymerization 

into microtubules. 

 

3.) Competitive ELISA with or without synthesized peptides of the C-terminal segment of 

TPPP/p25 underlined the determining role of the 178ERFDPSGKGK187 segment in the 

formation of tubulin-TPPP/p25 physiological complex. 

 

4.) The intracellular dimerization of TPPP/p25 was established by Bimolecular 

Fluorescence Complementation (BiFC) experiment in HeLa cells, transfected with full 

length and CORE TPPP/p25 Venus constructs. These experiments revealed that the full 

length TPPP/p25 dimers are localized on the microtubules, while the CORE TPPP/p25 

showed homogeneous distribution in the cytosol. 

 

5.) The zinc as specific bivalent cation binds to the zinc finger motif (His61-Cys83) and 

results in complex structural changes such as partial folding and dimerization as shown 

by the CD spectroscopy and sandwich ELISA experiments. In addition, the zinc cation 

enhanced the tubulin polymerization potency of TPPP/p25. 

 

6.) The uptake of zinc by CHO10 cells expressing TPPP/p25 enhanced the intracellular 

TPPP/p25 level significantly. The degradation of TPPP/p25, such as other disordered 

proteins, is taking place in the proteasome machinery as demonstrated by means of 

MG132, a well-established proteasome inhibitor.  

 



7.) The interactions of TPPP/p25 and its truncated variants with its pathological partner SYN 

were characterized by CD spectroscopy, ELISA and affinity chromatography to identify 

the segments involved the formation of TPPP/p25-SYN. These experiments underlined 

the vital role of the CORE region; the double truncated form displayed comparable 

binding to the SYN with the full length one. 

 

8.) ELISA assay with overlapping CORE fragments as competitors suggested that the 

147KAPIISGVTK156 segment of TPPP/p25 is localized at the contact surface of the 

TPPP/p25-SYN complex. This segment has been proposed to be potential drug target for 

selective prevention of the TPPP/p25-SYN leading to their extensive aggregation. 

 

9.) ELISA and affinity chromatography experiments showed the role of the C-terminal of 

SYN in its pathological association with TPPP/p25. Application of SYN deletion 

mutants rendered the identification of the SYN segment involved in the binding of 

TPPP/p25 possible. These studies provided evidence that the SYN95–140 and its short 

segment (SYN126–140), in contrast to the long N-terminal region (SYN1–120), display 

significant binding potency to TPPP/p25.  

 

10.) Intracellular association of SYN with the full length and the CORE TPPP/p25 was 

validated in experiments with HeLa and CHO10 cell lines and demonstrated the 

colocalization of the pathological partner proteins. Aggregations of the two disordered 

proteins taken up from the medium were detected by Western blot, as well as were 

visualized by fluorescence microscopy. 

 

11.) The heteroassociation of the CORE TPPP/p25 and fluorescently labeled, synthetic 

peptide (SYN126–140) of the C-terminal part of SYN lead to their co-aggregation that 

underlines their role in the constitution of the contact surface of the pathological 

complex. 

 

 

  



SUMMARY 

The brain-specific Tubulin Polymerization Promoting Protein (TPPP/p25) as a 

Microtubule Associated Protein is an intrinsically disordered protein that primarily is expressed in 

oligodendrocytes and plays a crucial role in the differentiation of progenitor cells at physiological 

circumstances; however, its co-enrichment and co-localization with -synuclein (SYN) occur at 

pathological condition leading to the etiology of synucleinopathies. Within the frame of my PhD, 

I aimed to characterize the homo-and hetero-associations of TPPP/p25 and their functional 

consequences. Experiments with the human recombinant wild type and the truncated variants of 

TPPP/p25 provided evidence for the ability and significance of dimerization of the unfolded 

monomeric TPPP/p25 that has a determining role in the microtubule assembly, as well as in the 

interaction with tubulin and microtubules as physiological partners. The Zn2+, as a specific bivalent 

cation, causes dimerization with a more compact structure. The relevance of the dimeric form was 

demonstrated in HeLa cells with bimolecular fluorescent microscopy. The Zn2+ bound TPPP/p25 

is more resistant to proteolytic digestion, therefore Zn2+ seems to be involved in the fine-tuning of 

the physiological TPPP/p25 level. The protein is a prototype of the Neomorphic Moonlighting 

Proteins, possesses both physiological and pathological functions. The pathological partner is the 

disordered SYN, hallmark of the Parkinson’s disease and other synucleinopathies. Since both 

proteins play important physiological roles, they cannot be specific drug targets by themselves. 

The innovative strategy of the Cell Architecture research group is to target the interface of the 

pathological TPPP/p25-SYN complex without affecting the physiological interactions. The 

interfaces of the pathological TPPP/p25-SYN and the physiological TPPP/p25-tubulin complex 

were identified with truncated protein forms and peptides by circular dichroism, ELISA, 

turbidimetry and affinity chromatography. Distinct segments of TPPP/p25 are involved in the 

different complexes: tubulin interacts primarily with the unstructured C-terminus of TPPP/p25; 

while the C-terminus of the SYN associates with the flexible CORE segment of TPPP/p25. This 

situation renders it possible to design selective anti-Parkinson drugs.  In addition, the results 

presented in this thesis introduce an in vitro method (competitive ELISA), which is appropriate 

for screening potential drugs, and a cell model, which is capable of TPPP/p25 and SYN uptake 

and the two hallmark proteins and their relevant fragments form intracellular aggregates, thus this 

cell model provides the opportunity to visualize the inhibitory effect of the drugs, selected on the 

basis of in vitro data, by fluorescence microscopy and also to quantify it by Western blot. 
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