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Introduction 
Neurodegenerative diseases carry a heavy social and economic burden worldwide. In 

the development of these diseases, the so-called intrinsically disordered proteins (eg. -

synuclein) or misfolded proteins play a crucial role. The pathomechanisms of these diseases 

are still not well understood; however, the better understanding of these processes would 

significantly contribute to the design/synthesis of specific and more effective drug molecules. 

Identification of “new protein players” as well as characterization of their structural-

functional features and interactions is of utmost importance.  

Our research group has identified the brain-specific Tubulin Polymerization Promoting 

Protein/p25 (TPPP/p25), which lacks a well-defined 3D structure and belongs to the 

disordered proteins. TPPP/p25 accumulates with -synuclein in inclusion bodies characteristic 

for Parkinson’s disease and other synucleinopathies in the brain tissue. This pathological 

occurrence of the protein suggests that TPPP/p25 may play an important role in the 

development of certain neurodegenerative disorders. We have shown that TPPP/p25 behaves 

as a microtubular associated protein (MAP), its main interacting partner in vivo is the 

microtubular system, the stability and dynamics of which the protein regulates via its 

bundling activity.  

In normal brain, TPPP/p25 is expressed predominantly in oligodendrocytes, which are 

indispensable for the ensheathment of axons. Experiments on Drosophila embryos revealed 

the inhibitory effect of TPPP/p25 on mitosis, which could be counteracted by GTP, possibly 

influencing the interaction between TPPP/p25 and tubulin.  

TPPP/p25 is the first member of the TPPP family, the primary structure of which differs 

from that of other known proteins. In the human genome, two paralogues of the TPPP/p25 

encoding gene have been identified encoding proteins homologues with TPPP/p25 (termed as 

TPPP3/p20 and TPPP2/p18, respectively). 

Recently, research in the field of neurodegenerative diseases has been focusing on the 

smaller, soluble oligomers of disordered proteins, since these species seem to be the most 

toxic ones. The structural disorder of TPPP/p25 together with its co-localization with -

synuclein in synucleinopathies prompted us to investigate the structural and functional 

properties of the distinct TPPP/p25 species playing role in its different interactions.  
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Aims 
 The goal of our research group has been to unravel the physiological and pathological 

functions of TPPP/p25. Our results have suggested that the TPPP/p25 could be a “new player” 

in the development of certain diseases related to the central nervous system.  

During my work, I have studied which interactions of the disordered TPPP/p25 induce 

structural alterations and the formation of different protein species, which are necessary to 

fulfill its specific functions in pathological and physiological conditions.  

  

My aim was i) to characterize the structure of TPPP/p25 by distinct in silico predictors 

and experimental techniques, ii) to compare TPPP/p25 with its homologues proteins 

(TPPP/p18 and TPPP/p20) belonging to the TPPP protein family, iii) and to 

investigate how the structural features of TPPPs are manifested in their interaction 

with tubulin.  

My aim was i) to identify small molecule partners which effectively interact with 

TPPP/p25, ii) to characterize the structural alterations accompanying these interactions 

as well as their functional consequences with special emphasis on the tubulin 

polymerization potency of TPPP/p25.  

Early data showed that the TPPP/p25 may occur in different oligomeric forms 

(monomer, dimer, oligomer) therefore I aimed i) to characterize the structural and 

functional properties of the distinct species ii) and to identify the specific form(s) 

responsible for its distinct functions.  
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Methods 

Protein preparation 

Tubulin was purified from bovine brain by the method of Na and Timasheff. Human 

recombinant TPPP/p25, TPPP/p20 and TPPP/p18 were expressed in E. coli. Uniformly 

labelled 15N- and 13C-,15N- TPPP/p25 was produced using M9 minimal medium by 

recombinant technology. 

Prediction of disorder 

The structure prediction were carried out using the freely available predictors, PONDR® VL-

XT, IUPred and FoldIndex©, and the charge-hydropathy plot. 

Circular dichroism spectroscopy

I have used far-UV CD measurements to analyse the secondary structure of the proteins and 

the conformational changes during ligand binding (in the 190-260 nm region). Changes 

affecting the tertiary structure were determined in the near-UV region (250-330 nm).  

Fluorescence spectroscopy 

TPPP/p25 has a single tryptophan (Trp76), the fluorescence of which can be detected 

specifically. The emission spectrum was monitored to follow the structural changes in the 

proximity of the Trp residue during Zn2+ and GTP binding. ANS was used as a fluorescence 

probe to study the surface properties of TPPP/p25; it was also used with Trp fluorescence for 

fluorescence resonance energy transfer in structural analysis. 

NMR spectroscopy 

Multinuclear NMR spectroscopy in collaboration with the Perczel group (ELTE) was carried 

out to study the structure of TPPP/p25 and the structural consequences of Zn2+ and GTP 

binding.  

Size exclusion gel chromatography (SEC) 

 SEC was performed to investigate the conformation and the hydrodynamic parameters of 

distinct TPPP/p25 species using Superose 12 column. The efficiency of the chemical and 

enzymatic cross-linking was also tested by SEC, and these protein species were isolated and 

further analysed in functional studies (turbidimetry). SEC was also used to analyse the 

binding of GTP to TPPP/p25. 
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Chemical and enzymatic cross-linking 

In order to produce stable dimers, chemical and enzymatic cross-linking were performed with 

a homo-bifunctional SH specific reagent, N,N’-1,3-phenylenedimaleimide (PDM) and a 

bacterial transglutaminase linking the glutamine and lysine residues, respectively. In the case 

of the PDM-treated TPPP/p25 the structural properties of the protein were investigated, while 

the enzymaticly cross-linked TPPP/p25 was further analysed in functional assay 

(turbidimetry). 

Isothermal titration microcalorimetry (ITC) 

During ITC measurements we monitored the heat changes accompanying Zn2+ or GTP 

binding to TPPP/p25. The thermodynamic parameters was determined based on the binding 

isotherm in the case of Zn2+ binding, while the binding of GTP to TPPP/p25 was simulated by 

a mathematical model elaborated in our research group. 

Enzyme-linked Immunosorbent Assay (ELISA)

Quantitative analysis was performed with ELISA to characterize the TPPP/p25 and tubulin 

interaction and to obtain information on the effect of Zn2+. 

Tubulin polymerization assay 

The tubulin polymerization into microtubules was monitored by turbidimetry measuring 

absorbance at 350 nm. The polymerization potency of TPPP/p25 can be monitored with this 

technique routinely. 

Enzyme activity measurements 

Two independent methods were used to study the GTPase activity of TPPP/p25: the malachite 

green phosphate release assay and 31P-NMR spectroscopy, which was performed in 

collaboration with the Perczel group (ELTE). In each case the inorganic phosphate released 

during the nucleotide hydrolysis was determined.  

Immobilized  -aminohexyl-GTP-sepharose affinity column  

GTP affinity chromatography was performed to verify the direct interaction between GTP and 

TPPP/p25.  

TPPP/p25 affinity chromatography 

Human recombinant TPPP/p25 was bound to CNBr-activated Sepharose. Cytosolic extracts of 

bovine brain were loaded onto the TPPP/p25 column in the presence of GTP or GDP in order 

to identify the TPPP/p25 interacting partners. The proteins bounded to TPPP/p25 were 

analysed by LC-MS/MS spectrometry following SDS-PAGE.
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Scientific results 
I have showed by in silico predictions that TPPP/p25 belongs to the disordered proteins; its 

N-terminal segment is unambiguously disordered. The disordered property of the protein 

can be explained by its special amino acid composition. We have proved by NMR using 

uniformly labeled 15N-, and 13C-,15N- TPPP/p25 that the N- and C- terminal segments 

(consisting of 45 and 44 amino acids, respectively) are disordered straddling a 130 amino 

acid length highly flexible region.  

Comparing the TPPP homologues proteins by different spectroscopy techniques I have 

showed that the proteins display distinct structural features: TPPP/p25 is highly disordered, 

TPPP/p20 is less disordered, while TPPP/p18 behaves in a more ordered fashion 

resembling globular proteins. The high homology of the proteins belonging to the TPPP 

family is not manifesting either in their structural features or in their affinity towards 

tubulin. I demonstrated that all the TPPPs bind to tubulin, however, with distinct affinities: 

the affinity of the binding to tubulin decreases in the following order: 

TPPP/p25>TPPP/p20>TPPP/p18 showing one order of magnitude difference between 

TPPP/p25 and TPPP/p18. These findings are in good agreement with our previous results 

that TPPP/p18 distributes homogenously in the cytosol in contrast to TPPP/p25, which is 

aligned with the microtubular network.  

Sequence analysis has revealed that TPPP/p25 contains GTP binding consensus sequence 

motifs and a Cis2Hys2-type zinc-finger motif, which presumably play an important role in 

the function of the protein. I have proved experimentally the direct interaction of TPPP/p25 

with GTP and that the GTP binding site is located within the proximity of Trp76 residue in 

the middle flexible region.  

I have also demonstrated by two independent methods (malachite green phosphate release 

assay and 31P-NMR) that beside GTP binding TPPP/p25 displays Mg2+- dependent GTPase 

activity. In order to identify interaction partners that may regulate the GTPase activity of 

the protein I have performed TPPP/p25 affinity chromatography mimicking cellular 

environment. I have identified several interaction partners; the binding of some partners to 

TPPP/p25 depended on the presence of GDP or GTP indicating the specific role of these 

nucleotides in the TPPP/p25-protein interactions. 
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Investigating the effect of bivalent cations, I have showed that the Zn2+ specifically binds 

to TPPP/p25 within the close proximity of Trp76 residue in the middle flexible region of the 

protein. The Zn2+ binding induces a structural rearrangement leading to molten globule 

formation. The binding of Zn2+ results in functional consequences: it activates the tubulin 

polymerization potency of TPPP/p25, while it inhibits the GTPase activity. These data 

suggest that the middle, flexible region of the protein – where the overlapping Zn2+ and 

GTP binding sites have been predicted – actively participates both in the binding of Zn2+

and GTP. The structural rearrangement induced by the binding of Zn2+ was not detected in 

the case of TPPP/p20 and TPPP/p18, which can be explained by the distinct structural 

features of these proteins, since the homologues TPPP/p20 and TPPP/p18 possess only a 

partial zinc finger motif (HisCys2 and Cys2, respectively). 

I have showed by analytical size exclusion chromatography that the TPPP/p25 occurs 

tipically in monomeric and dimeric forms. The two forms displays distinct conformations 

according to the apparent Stokes-radius, the monomer has an extended conformation 

whereas the dimer has a more compact structure, which is stabilized by disulfide bridges.  

My results show that the dimerization is a concentration dependent process and is 

accompanyed by structural reorganization.  

I have proved by analytical size exclusion chromatography that the monomer-dimer 

equilibrium depends on GTP binding. Both the dimeric as well as the monomeric 

TPPP/p25 binds GTP, but the dimer binds the nucleotide with higher affinity shifting the 

equilibrium towards dimer formation. A mathematical model has been established to 

quantitatively characterize the TPPP/p25-GTP multiple equilibrium system. We have 

concluded that the binding of GTP to the dimeric TPPP/p25 is one order of magnitude 

tighter than that of the monomeric form. The structural reorganization during dimerization 

induced by GTP binding may play important role in the GTPase activity of TPPP/p25.   

The tubulin polymerization promoting activity of TPPP/p25 is dependent on its 

oligomerization state and influenced by the presence of GTP. Using enzymatic cross- 

linking the homodimeric and oligomeric forms could be stabilized and isolated by size 

exclusion chromatography. I have proved that the monomeric, dimeric and oligomeric 

species display distinct in vitro tubulin polymerization promoting potency: the monomer 

does not induce tubulin polymerization; the oligomer has a low, while the dimer displays 
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the highest polymerization potency. These data suggest that the TPPP/p25 dimer is the 

physiologically active form. 

Conclusions 
 In physiological conditions TPPP/p25 is a disordered protein; nevertheless, its newly 

identified interaction partners - Zn2+ and GTP - induce structural alterations. The middle 

region of TPPP/p25 due to its high flexibility is going through different structural changes: 

Zn2+ binding induces molten globule formation; while GTP binding stabilizes the dimeric 

form, which is more compact than the monomeric one.  The different complexes display 

distinct functional characteristics. The binding of Zn2+ to TPPP/p25 inhibits its GTPase 

activity, the competition of the ligands for the overlapping binding sites in TPPP/p25 may 

regulate its in vivo function. In the myelin membrane of oligodendrocytes, where Zn2+ plays 

an important structural role, the binding of Zn2+ could dominate; whilst in synaptosomes in 

neurons the GTPase activity of TPPP/p25 may be predominant. Both the Zn2+- and GTP-

bound forms of TPPP/p25 enhance its tubulin polymerization potency, in the case of GTP due 

to the dimerization. Disordered proteins are able to fulfil more than one, apparently unrelated 

functions depending on their interaction partners; which is called “moonlighting”. Based on 

the moonlighting characteristics of TPPP/p25 we hypothesize that the dimeric species is the 

functionally active form, which induces tubulin polymerization and plays a role in 

physiological processes. The monomeric TPPP/p25 does not promote tubulin polymerization, 

this unfolded species might be involved in the formation of pathological inclusions. The 

GTPase activity of the disordered TPPP/p25, which likely results from the dimerization, is 

quite a unique finding. I have identified a new GTP binding protein exhibiting GTPase 

activity, which proves that a disordered protein can display enzymatic activity via its stuctural 

diversity. My findings may significantly contribute to the understanding of the interactions of 

TPPP/p25 at molecular level, the role of specific ligands influencing these interactions and 

may help to get a more detailed insight into the pathomechanisms of certain 

neurodegenerative diseases.   
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