


              

TPPP/p25- and drug-derived multifarious functions of 
microtubules

Ph. D. Thesis

Natália Tőkési

Eötvös Loránd University

Biology Ph. D. School (School Leader: Dr. Anna Erdei)

Structural Biochemistry Program (Program Leader: Dr. László Gráf)

Supervisors: Dr. Judit Ovádi, D. Sc.
Scientific Advisor

Dr. László Gráf, D. Sc.
Professor

Institute of Enzymology
Hungarian Academy of Sciences

Budapest, 2011



Hlavanda E, Klement E, Kokai E, Kovács J, Vincze O, Tőkési N, Orosz F, Medzihradszky K.F, 
Dombrádi V, Ovádi J.
Phosphorylation blocks the activity of tubulin polymerization promoting protein (TPPP)
J Biol Chem. 2007 Oct 5;282(40):29531-9. 

Németh L. A, Medveczky P, Tóth E, Siklósdi E, Schlett K, Patthy A, Palkovits M, Ovádi J, 
Tőkési N, Németh P, Szilágyi L, Gráf L.
Unconventional translation initiation of human trypsinigen 4 at a CUG codon with an N 
terminal  leucine 
FEBS J. 2007 Mar 274(6):1610-20.

Vincze O, Tőkési N, Oláh J, Hlavanda E, Zotter A, Horváth I, Lehotzky A, Tirián L,
Medzihradszky K F, Kovács J,  Orosz F, Ovádi J
Tubulin Polymerization Promoting Proteins (TPPPs): Members of a New Family with Distinct 
Structures and Functions
Biochemistry. 2006 Nov 21;45(46):13818-26.

Oláh J, Tőkési N, Vincze O, Horváth I, Lehotzky A, Erdei A, Szájli E, Medzihradszky F. K, 
Orosz F, Kovács G. G, Ovádi J.
Interaction of TPPP/p25 protein with glyceraldehyde-3-phosphate dehydrogenase and their co-
localization in Lewy bodies
FEBS Lett. 2006 Oct 30;580(25):5807-14. 



INTRODUCTION

Microtubules are major structural components in cells. They are important in the 

development and maintenance of cell shape, cell division and cellular movement.

The dynamics and organization of microtubules are central to their biological functions: 

they allow microtubules to rapidly reorganize, to differentiate spatially and temporally in 

accordance with the cell context and to generate such various patterns as interphase and spindle 

microtubules.

Microtubule dynamics and organization are regulated by a wide arsenal of regulatory 

proteins including microtubule assembly-promoting factors, microtubule stabilizing factors 

(such as structural Microtubule-Associated Proteins (MAPs)), microtubule destabilizing factors, 

microtubule severing proteins and microtubule-based motors of the kinesin and dynein 

superfamilies. 

Tubulin Polymerization Promoting Protein (TPPP/p25) was identified in our research 

group as a new MAP that promotes the polymerization of tubulin into microtubules and induces 

their bundling in vitro. In HeLa cells, expressing TPPP/p25 ectopically, the protein specifically 

and dynamically co-localizes with the microtubule network and promotes the formation of 

microtubule bundles. In vivo, the protein was found to be expressed in the oligodendrocytes of 

normal human brain, however, its intracellular function was not evaluated. Abnormal 

accumulation of TPPP/p25 is associated with neuronal and glial cytoplasmic inclusions in 

neuropathological conditions such as Parkinson’s disease (PD) or multiple system atrophy 

(MSA) and the protein was also identified as a marker for oligodendroglial changes in multiple 

sclerosis (MS).

In addition to the regulatory proteins, there are compounds affecting microtubule

dynamics and organization. An important group of these molecules is the bisindoles, which 

arrest the proliferation of rapidly dividing cancer cells. These antimitotic agents are still 

effectively used in chemotherapy in spite of their undesired toxic side effects. Therefore, it is 

great challenge for the drug researchers to produce new derivatives of the effective bisindoles,

such as vinblastine, with much lower toxic side effect.

KAR-2 and 17-desacetylvinblastineTrp-Arg8 are the representatives of new vinblastine 

derivatives that were syntethized by Drs. Keve and Ács from the Richter-Gedeon Plc. and by 

Prof. Hudecz from Eötvös Loránd University, respectively. Our research group characterized 

the features of KAR-2 at atomic and molecular level. The difference between the chemical 



structures of KAR-2 and its mother molecule is the formation of a spiro-ring at the vindoline 

part of the bisindole. The 17-desacetylvinblastineTrp-Arg8 contains an octaarginine, cell-

penetrating peptide segment conjugated through the tryptophan moiety to 17-

dezacetilvinblasztineTrp. The significantly lower toxic side-effect of KAR-2 demonstrated in 

cancer-hosting animal models and the increased efficacy of 17-desacetylvinblastineTrp-Arg8 on 

drug resistant human leukaemia cells, as compared to vinblastine, indicated that they are 

potential anticancer drugs.

OBJECTIVES

The major objective of my Ph. D. thesis was the characterization of the dynamics and 

organization of the microtubule network in relation to its association with TPPP/p25 and the two 

new, potential anticancer agents in order to i): identify TPPP/p25-derived intracellular structures

and events that could indicate the role of TPPP/p25 in oligodendrocytes; ii) evaluate the anti-

microtubule and antimitotic activities of the new drug candidates that may contribute to the 

development of new anticancer agents with higher efficiency and less serious side-effects than

the drug molecules used nowadays.

METHODS

Preparation of tubulin, microtubules and TPPP/p25
DNA manipulations, RNA interference with siRNAs
Immunoblotting, Immunocytochemistry
Follow-up of tubulin polymerization by turbidimetry
Surface Plasmon Resonance measurement
Enzyme activity measurement
Cell culture and oligodendrocyte differentiation
Transient transfection of eukaryotic cells with fluorescent fusion protein plasmids
Stable cell line production, clonal selection 
Drug treatments
Phase contrast-, epifluorescence-, confocal- and video-microscopy
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All these characteristics of this vinblastine derivative make KAR-2, with its established spiro-

ring on its vindoline moiety, a unique agent concerning its powerful antimitotic activity with 

reduced toxic side effect. 

10.) In vitro and in vivo studies were also performed with the other vinblastine 

derivative, octaarginine conjugate epimers: 17-desacetylvinblastineTrp-Arg8-1 and -2. I 

revealed that 17-desacetylvinblastineTrp-Arg8-2 displayed similar anti-microtubule activity as 

both vinblastine and 17-desacetylvinblastineTrp, while 17-desacetylvinblastineTrp-Arg8-1 was 

less prominent inhibitor of tubulin polymerization. The visualization of the organization of 

interphase and spindle microtubules by immunofluorescence microscopy in the drug treated 

human cervical carcinoma (HeLa) cells showed that under certain conditions, 17-

desacetylvinblastineTrp-Arg8-1 isomer conjugate arrested completely mitosis at metaphase

causing aberrant spindle formation without significant destruction of the interphase 

microtubules. Thus we suggest that 17-desacetylvinblastineTrp-Arg8-1 could be a potential 

antimitotic drug in chemotherapy with its low toxic side effect.  

CONCLUSIONS

     

Within the frame of my Ph. D. thesis I i) characterized the anti-microtubular and 

antimitotic activities of two potential anticancer agents that may contribute to the development 

of new drug molecules that display much less toxic side effects as their mother molecules; ii)

revealed the multifarious roles of a new MAP, TPPP/p25, in the organization and dynamics of 

microtubules at molecular and cellular levels using wide arsenal of methodologies at systems of 

different complexity from the isolated proteins to living cells including recombinant techniques, 

biophysical and biochemical methods as well as “single cell” experiments with time-lapse, 

epifluorescence and confocal microscopy. As the expression, the accumulation or the lack of 

TPPP/p25 leads to the etiology of three distinct neurological disorders: oligodendroglioma (lack 

of TPPP/p25 in oligodendocytes), multiple sclerosis (TPPP/p25 expression related failure of 

re/demyelination) and -synucleinopathies (accumulation of TPPP/p25 in the pathological brain 

inclusions), the data presented in this thesis may contribute to the understanding of their 

pathomechanism.



RESULTS AND DISCUSSION

1.) Cell models with three different TPPP/p25 expression modes were established to 

characterize the role of TPPP/p25 at cellular level: i) exogenous TPPP/p25 expression in HeLa 

cells by transient transfection with the fluorescently tagged human recombinant TPPP/p25 

plasmid construct (pEGFP-TPPP/25) ii) controllable exogenous TPPP/p25 expression in the

TPPP/p25 expressing clone of the doxycycline inducible CHO cell line (CHO10); iii) 

endogenous TPPP/p25 expression in the CG-4 oligodendrocyte cell line. For these experiments 

the cDNA of TPPP/p25 was ligated in pEGFP-C1 or pTRE2hyg vectors and clone selection was

performed in case of CHO cells.

2.) The effect of TPPP/p25 on the organization and dynamics of the microtubule 

network was studied first in HeLa cells transfected with pEGFP-TPPP/p25. 

Immunofluorescence microscopic experiments using -tubulin specific antibody showed that 

TPPP/p25 expression promotes the bundling of microtubules which became resistant to 

depolymerization induced by different anti-microtubule agents or cold exposure. This 

observation suggests that TPPP/p25 plays role in microtubule stabilization and organization via

its bundling activity.

3.) I demonstrated that the expression level of TPPP/p25 is tightly correlated with the 

acetylation level of microtubules in different cell lines as judged by immunofluorescence 

analysis and Western-blot using specific antibody against acetylated tubulin. Concomitant 

increase of TPPP/p25 and acetylated tubulin levels was observed in the HeLa and in the CHO10 

line, while depletion of TPPP/p25 level resulted in the reduction of acetylated tubulin level. I 

established a potential mechanism responsible for this phenomenon: TPPP/p25 directly binds to

the ubiquitous cytoplasmic Histon Deacetylase 6 (HDAC6), the enzyme responsible for tubulin 

deacetylation in HeLa and CHO10 cells, and inhibits its deacetylase activity. The interaction of 

the two proteins was characterized by surface plasmon resonance measurements using purified 

proteins, while for the measurement of the deacetylase activity a commercial HDAC6 activity 

assay was applied. These data showed that TPPP/p25 plays role in the regulation of microtubule 

acetylation level by the inhibition of HDAC6.



4.) The specific acetylation of the microtubules has functional consequences. Earlier it

was correlated with microtubule stability. Thus I studied the effect of tubulin acetylation on the 

stability of microtubules by increasing the extent of tubulin acetylation with the addition of the 

inhibitor molecule of HDAC6, Trichostatin A. I found that enhanced microtubule acetylation in 

HeLa cells did not protect microtubules from depolymerization induced by cold exposure or by 

anti-microtubule agents as judged by immunofluorescent microscopy and Western-blot.

Therefore, we suggest that microtubules could not be stabilized by acetylation itself and 

TPPP/p25 induces microtubule stabilization exclusively via its microtubule bundling activity 

independently from its concomitant acetylation promoting activity.

5.) Time-lapse video microscopy experiments with HeLa cells using the GFP-coupled 

plus-end-tracking protein EB3 were performed to characterize the effect of TPPP/p25 on the 

growth velocity of microtubules. The measurement revealed that TPPP/p25 expression reduced 

the growth velocity of microtubules. This observation is in concern with the impairment of 

deacetylase activity of HDAC6, in the presence of its inhibitor, that leads to its more prolonged 

contact on the microtubule tip enhancing its capping activity resulting in reduced microtubule 

growth velocity. This finding shows that TPPP/p25 could be involved in the regulation of 

microtubule growth velocity influencing microtubule dynamics.

6.) Cell motility measurements by time lapse video microscopy revealed that the ectopic 

expression of TPPP/p25 decreased the motility of HeLa cells as compared to the control cells. 

This phenomenon could be related to those TPPP/p25-derived processes that influence 

microtubule dynamics, such as the enhanced stability of TPPP/p25-bundled microtubules and 

the reduced microtubule growth velocity. Besides that, as the acetylation level of tubulin 

influences the binding and the activity of motor proteins – thus plays essential role in the 

modulation of the polarized transport processes required for cell motility - TPPP/p25 could be 

involved in cell motility via its regulatory role in microtubule acetylation level. However, as 

HDAC6 also influences the actin-dependent cell motility by altering the acetylation status of 

cortactin, a protein responsible for actin polymerization and branching, decreased cell motility 

in case of TPPP/p25 expression can be connected to the modulation of the acetylation level of 

cortactin via the inhibition of HDAC6 by TPPP/p25.



7.) Myelinating oligodendrocytes that derived from the oligodendrocyte progenitor cells

during ontogeny are the only cell type known to express TPPP/p25 endogenously. 

Immunofluorescence analysis showed that mature oligodendrocytes express significantly more

TPPP/p25 than the progenitor cells. Moreover, the down-regulation of TPPP/p25 during 

oligodendrocyte differentiation by specific siRNAs inhibited the differentiation of 

oligodendrocytes. These results suggest that TPPP/p25 plays essential role in oligodendrocytes.

   8.) I provided evidence for the role of the endogenous TPPP/p25 in the regulation of 

microtubule acetylation level in oligodendrocytes. The level of TPPP/p25 and acetylated tubulin 

increased parallel during oligodendrocyte differentiation, and the levels of both decreased after 

TPPP/p25 down-regulation by RNA interference. The potential mechanism responsible for this 

effect is the TPPP/p25-derived inhibition of SIRT2, a cytosolic tubulin deacetylase 

predominantly expressed in oligodendrocytes. The binding of SIRT2 to TPPP/p25 resulted in

the inhibition of its activity as demonstrated by an in vitro fluorometric assay. Therefore,

TPPP/p25 seems to play role in oligodendrocytes via its influence on microtubule acetylation by

the inhibition of SIRT2, which post-translational modification via its influence on the binding 

and activity of motor proteins regulates the polarized transport processes essential for the 

extension and the maintenance of the projections. However, TPPP/p25 may also play essential 

role in oligodendrocytes via those TPPP/p25-derived events that influence microtubule 

organization and stability, such as microtubule bundling, enhanced microtubule stability and 

reduced microtubule growth velocity, to provide tracks for these microtubule-based transport 

processes.

9.) The influence of KAR-2 on microtubule organization was assayed in vitro by 

turbidimetry. The tubulin polymerization was inhibited by KAR-2, in a concentration-dependent 

manner, and its inhibitory effect was similar to that of its mother molecule, vinblastine. 

However, in vivo immunofluorescence studies on human colorectal adenocarcinoma (Caco-2)

cells showed that under certain conditions, KAR-2 preferentially targets the mitotic cells 

without causing significant alteration of the interphase microtubule network. Other favourable 

features of KAR-2 as compared to its mother molecule had been demonstrated by our research 

group, for example, the lack of its anti-calmodulin activity as well as its better bioavailability. 




