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Actin, a major component of  the cytoplasm, is also abun-
dant in the nucleus. Nuclear actin is involved in a variety 
of  nuclear processes that include transcription, chromatin 
remodeling and intranuclear transport. While the involve-
ment of  actin in these processes has been established, it is 
not quite clear how the functions of  actin in the nucleus 
are regulated. We now show that nuclear, but not cytoplas-
mic actin is modified by SUMO proteins, specifically by 
SUMO2 and SUMO3. By using a combinatorial approach 
of  computational modeling and site directed mutagenesis, 
we identified the lysines at position K68 and K284 as criti-
cal sites for SUMOylation of  actin and present a model 
of  the SUMO-actin complex. We also demonstrate that 
SUMOylation of  actin is important for the retention of  
actin in the nucleus. We show that mutations in actin that 
prevent SUMOylation lead to a rapid export of  actin from 
the nucleus through an Exportin 1 dependent pathway 
that can be inhibited by Leptomycin B. In conclusion, we 
demonstrate the first nuclear posttranslational modification 
of  actin and show that this modification indeed regulates 
some of  the nuclear functions of  actin.
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Alfa and beta tubulin heterodimer, the subunit of  micro-
tubules, is subjected to number of  evolutionary conserved 
posttranslational modifications (PTMs): acetylation, dety-
rosination, phosphorylation and two modifications of  a 
polymeric character: glutamylation and glycylation. Addi-
tionally, at least in some organisms, tubulin can be modified 
by arginylation, glycosylation, methylation, palmitoylation, 
sumoylation, ubiquitination and removal of  two (Δ2) or 
five C-terminal amino acids. Some of  these modifications 
are limited to α-tubulin (e.g. acetylation, detyrosination, 
Δ2) while others occur on both, α- and β-tubulin. With 
few exceptions, tubulin incorporated into microtubule is 
a preferred substrate of  modifying enzymes and besides 
acetylation that accumulates in the microtubule lumen, 
tubulin PTMs are deposited on the microtubule surface. 
Thus tubulin PTMs diversify microtubules by formation of  
the pattern on their surface (“tubulin code”) that can be 
interpreted by microtubule interacting proteins.
Recent studies indicated that tubulin PTMs play an impor-
tant role during neurons differentiation and brain develop-
ment. In mice, suppression of  tubulin tyrosine ligase, an 
enzyme that catalizes reaction reverse to detyrosination and 
thus restores α-tubulin gene encoded sequence, causes dis-
organization of  neuronal networks. In neurons the level of  
tubulin PTMs affects distribution of  MAPs, plus end track-
ing proteins (+TIPs) that have a conserved CAP-Gly do-
main and directional traffic of  motor proteins. Thus PTMs 
contribute to neurons maturation and polarization. 
PTMs play also an important role in the regulation of  cilia 
assembly, stability and motility. Cilia are present on nearly 
all cell types. The growing body of  evidence shows that 
dysfunctional cilia are associated with developmental de-
fect (such situs inversus) and multiple human disorders, 
so-called, ciliopathies. Tubulin in cilia is highly posttrans-
lationally modified. Reduction of  tubulin glycylation or 
glutamylation results in lack of  cilia or disorganization 
of  the cilia ultrastructure. Moreover, level of  tubulin 
glutamylation affects rate of  inner dynein arms-dependent 
microtubule sliding and in consequence, cilia motility. De-
pletion of  tubulin glycylase in zebrafish causes hydroceph-
alus due to defects in ependymal cilia while knockout of  
one of  tubulin glutamylases in mice results in male infertil-
ity and accumulation of  mucus in respiratory passages. 
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Chromosome segregation in eukaryotes is carried out by 
an elaborated protein machine called the mitotic spindle, 
composed of  microtubules and microtubule bundles, mo-
lecular motors and other proteins. Balanced antagonistic 
forces by two groups of  kinesins, the plus-end-directed 
kinesins-5 and minus end-directed kinesins-14, regulate 
spindle assembly and dynamics. Evidence suggests that ki-
nesins-14, such as Ncd, act by driving the sliding of  parallel 
or anti-parallel microtubules bundles in different areas of  
the spindle. These motors are dimeric and each chain has 
two sets of  microtubule binding sites: an ATP-dependent 
site in the motor domain and an ATP-independent site in 
the tail. To elucidate the interaction of  Ncd with micro-
tubules on the single molecule level we developed a novel 
in vitro motility assay, in which we measured the velocity 
of  microtubules sliding powered by molecular motors over 
one another (Reuther et al., 2006). Next, we prepared a se-
ries of  truncated, dimeric Ncd motors, which lacked either 
the second microtubule binding site or the motor domain 
(tailless or headless motors). Using a TIRF microscope and 
either the full-length Ncd or the constructs we observed 
a strikingly different behaviour for microtubules oriented 
in the parallel and anti-parallel fashion (Fink et al., 2009). 
When ATP was added to initiate sliding, in both cases 
the microtubules began to move. However, when the two 
microtubules had the parallel orientation, the movement 
stopped rapidly and the microtubules became cross-linked 
by the motors. In contrast, robust sliding continued when 
the microtubules were oriented in the anti-parallel fashion. 
We suggest that the ability to distinguish the orientation of  
sliding microtubules is conferred by the directional force 
generation by molecular motors what in conjunction with 
the mass-action law and the switching of  Ncd molecules 
between microtubules leads to the observed phenomenon. 
The intriguing and still unanswered question is whether 
the interactions between subunits (Kocik et al., 2009) in the 
motor are indispensable for such as a mechanism.
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The muscle and liver isozymes of  a fructose-1,6-bisphos-
phatase FBPase [EC 3.1.3.1] have been found in vertebrate 
tissues. The kinetic properties of  both isozymes are virtu-
ally identical. In the presence of  divalent metal ions like 
magnesium or manganese FBPase catalyze the hydrolysis 
of  fructose-1,6-bisphosphate producing fructose-6-phos-
phate and ortophosphate. Both isozymes are inhibited 
competitively by fructose-2,6-bisphosphate and allosteri-
cally by AMP, but the muscle isozyme is 10 to 100 times 
more sensitive toward the latter. The proposed mechanism 
for the allosteric regulation of  catalysis involves three con-
formation states of  the loop 52-72 termed the engaged, 
disengaged and disordered state. Liver isozyme was rec-
ognized as regulatory enzyme of  gluconeogenesis. It has 
been postulated that the muscle isozyme regulates glyco-
neogenesis, the synthesis of  glycogen from carbohydrate 
precursors like lactate. Glyconeogenesis may proceed only 
when FBPase is bound with aldolase which desensitizes the 
former enzyme to the inhibition by AMP. FBPase with al-
dolase is localized on the Z-line binding with α-actinin as a 
part of  a glyconeogenic metabolom. Furthemore, we have 
found that unlike the liver isozyme, the muscle FBPase is 
highly sensitive to inhibition by calcium ions with I0.5 equal 
to 0.6 μM. The increase of  calcium ion concentration dur-
ing muscle contraction causes the breakdown of  the FB-
Pase-aldolase complex which results in inhibition of  gly-
coneogenesis. Calcium ions were found to be the decisive 
factor determining the localization of  muscle FBPase on 
the Z-line. Supposedly, in the muscle calcium plays a similar 
role concerning carbohydrate metabolism to that of  fruc-
tose-2,6-bisphosphate in the liver, where it is a regulator 
of  gluconeogenesis. Using site-directed mutagenesis it has 
been demonstrated that E69 within the loop 52-72 plays a 
crucial role in calcium inhibition. In the muscle enzyme, the 
presence of  two acidic residues (D 68 and E 69) interacting 
with the calcium ion might stabilize the loop in the disen-
gaged conformation. In all known muscle FBPases from 
Vertebrates, the mutated position is occupied by an acidic 
residue, unlike the liver isozymes which contains glutamine 
in mammals or a hydrophobic residue in other organisms. 
Hypothetically the single point mutation (E69Q) was a 
critical step in FBPase evolution, enabling the regulation 
of  glyconeogenesis in muscle cell by calcium ions. E69Q 
mutant of  human muscle was crystallized, X-ray diffrac-
tion data (resolution1,94-2,05 Å) using synchrotron radia-
tion were collected. The crystals belong to the C222 space 
group with unit cell parameters a=218,.1, b=234.2, c=71.9 
Å and contain one tetramer per asymmetric unit. The en-
zyme has bound one AMP molecule per monomer and the 
loop 52-72 appears in the disengaged conformation.
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Tropomyosins (TMs) are a family of  proteins present in 
most Eucaryotic cells, which regulate functions of  actin 
cytoskeleton. TMs form chains on both sides of  actin fila-
ment via head-to-tail polymerization. In muscle and non-
muscle cells TMs exist in multiple isoforms, which due to 
alternativly spliced exons differ in sequence at both termini 
and within inner regions of  the molecule. TMs stabilise ac-
tin filaments, regulate actin interactions with myosin mo-
tors and other actin binding proteins. Flexibility of  TM 
chains is thought to be an important factor in TM-depend-
ent regulation. 
We hypothesize that the sequence of  head-to-tail overlap 
determines different flexibilities of  the isoforms. To verify 
this we compared flexibilities of  recombinant nonmuscle 
αTM isoforms — TM5a, TM2, and chimeric TM1b9a, 
which were identical in sequence in central regions of  the 
molecules and different within head-to-tail overlaps. The 
degree of  TM flexibility was assessed by analysis of  FRET 
distances between TM and actin and a change in the dis-
tance induced by myosin heads strongly bound to actin. 
AEDANS, used as energy donor, was attached to each of  
the isoforms by Cys residue located in central region of  the 
molecule. DABMI, the acceptor of  energy, was bound to 
actin’s penultimate Cys-374. 
The results show that TM isoforms bind to distinct ac-
tin sites. Donor-acceptor distances for different isoforms 
bound to actin varied between 38,6 and 41,5 Å. Saturation 
of  actin with myosin heads induced a shift of  all studied 
TMs. For TM1b9a the central region was shifted by about 
2.5 Å, but in TM5a it was moved by 5.4 Å. The largest, 7 Å 
movement was obtained for TM2. This differential move-
ment indicates that, despite of  being identical in sequence, 
central regions of  the three studied TM isoforms have 
various flexibilities. The results confirm our hypothesis 
and suggest the molecular mechanism for tropomyosin-
dependent diversification of  actin filaments functions. 
Acknowledgements:
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Spectrins and dystrophin belong to the same family of  
membrane skeletal proteins attaching the membrane bi-
layer containing integral proteins via numerous protein-
protein and also protein-lipid interactions of  different 
affinities. Among their common structural features is the 
“spectrin segment” 106-124 amino acid in length, folded 
into triple alpha-helical coiled-coil present also in several 
other proteins e. g. alpha-actinin. Presence of  this struc-
ture in almost entire length of  both types of  spectrin 
subunits as well as encompassing most of  the dystrophin 
molecule underlays the mechanical properties of  the eryth-
rocyte membrane skeleton and possibly is crucial for role 
of  dystrophin in sarcolemma. Apart from major interac-
tions with f-actin and ankyrin both proteins were found 
to bind membrane lipids. What is interesting, most of  the 
lipid-binding activities in both proteins was assigned to the 
various repeat units which are more or less typical spectrin 
segments. The presentation attempts to discuss similarities 
and differences between these two proteins in binding lipid 
mono- and bilayers as well as their role in muscle and eryth-
rocyte pathology.
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The dynamic reorganization of  the actin cytoskeleton plays 
a key role in cell migration process and is regulated by a 
number of  actin binding proteins(ABPs) in response to the 
different signals. Actin cytoskeleton organization and the 
expression level of  various ABPs undergo dramatic chang-
es in tumor cells, especially during invasion process.
Our studies were focused on the changes in cofilin, gelsolin 
and ezrin level and their subcellular distribution in corre-
lation with cellular actin organization. These proteins are 
known of  their severing and capping activity towards actin 
filaments and submembrane actin cytoskeleton organiza-
tion. Their subcellular distribution, in correlation with ac-
tin organization and invasive capacity of  cancer cells was 
analyzed. Different cancer cell models and their in vitro 
selected variants with higher migration ability were ap-
plied i.e. transplantable rat tumor hepatoma Morris 5123 
; human melanoma A375; human adenocarcinoma LS180. 
Cells with higher value of  invasive factor, were selected 
in vitro on Matrigel coated Transwell filters. They were 
characterized by changed morphology, adhesive capability, 
higher state of  actin polymerization ( measured by F:G ac-
tin ratio), submembrane actin concentration, higher level 
of  beta actin and cofilin as well as with decreased level of  
phosphorylated ( inactive) cofilin to compare with paren-
tal cells. Special attention was given to (well characterized 
phenotypically) human colon cancer cells LS180 and their 
selected in vitro(EB3) and in vivo(3LNLN,5W) sublines 
with different metastatic potential. Significant increase of  
migration factor(two fold higher for 3LNLN and three- 
fold higher for 5W cells) was observed. It was accompa-
nied by distinct increase of  adhesive factors value for this 
in vivo selected sublines to compare with parental LS180 
cells. Migratory and adhesive properties of  this cancer 
cells make them interesting model to focus on cofilin and 
ezrin. Much higher level of  total cofilin in the parental 
LS180 cells was observed than in highly metastatic sublines 
(EB3,3LNLN,5W). Interestingly, only slight level of  inac-
tive phosphorylated cofilin was seen in EB3 selected sub-
line and was almost not detectable in parental LS180, and 
selected in vivo 3LNNL sublines. In more motile cells cofi-
lin was accumulated at cellular periphery in co-localization 
with actin filaments. Highest level of  ezrin was detected 
in the cytoplasm of  parental adenocarcinoma cells when 
relatively low level of  ezrin was seen in cytosolic fraction 
of  more invasive sublines Translocation of  ezrin towards 
the cell periphery was indicated within more motile cells. 
Remarkable decrease in gelsolin level and its colocalization 
with filamentous actin at cellular periphery was detected in 
the most invasive 5W human colon cancer cells to com-
pare with parental cells line. Overexpression of  gelsolin in 
LS180 cells affects the state of  actin polymerization and 
cells migration potential, being probably involved in podo-
somes structure formation. Our results have shown, that 
there is distinct correlation between actin organization, 
ABPs biological activity and cancer cells invasive potential. 
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Microtubule polymer is composed of  α- and β-tubulin 
heterodimer subunits. Proper folding of  tubulin subunits 
and polymerization into microtubules are essential for mi-
crotubules function. Folding of  nascent tubulin requires 
the CCT chaperonins, a family of  molecular chaperones. 
The function of  CCT can be modulated by phosducin-
like proteins (PhLPs). We focused on the role of  PhLP1 
in the tubulin folding and microtubules assembly during 
T. thermophila ciliogenesis. In Tetrahymena the expression 
level of  tubulin can be raised several fold in a physiologi-
cal manner. Moreover, proteins involved in this process are 
evolutionarily conserved. To examine the involvement of  
PhLP1 in the tubulin folding and microtubule assembly, 
several biochemical, molecular and behavioral methods 
have been applied. Real-time PCR analysis showed that in 
wild-type cells the levels of  PhLP1, CCT chaperonin and 
tubulin transcripts increased during ciliogenesis. These data 
correspond to the results obtained from immunochemi-
cal analysis. The overproduction of  GFP tagged PhLP1p 
markedly affected T. thermophila cilia-based function such 
as cell motility, proliferation and cilia regeneration. Moreo-
ver, the mutated cells displayed almost complete reduction 
in the rate of  phagocytosis. Electron microscopy studies 
showed that overproduction of  GFP tagged PhLP1p led 
to shortening or loss of  cilia. The real-time PCR assay in-
dicated that in GFP-PhLP1p overexpressing cells the level 
of  β-tubulin transcript was significantly lower comparing 
to its level in wild-type cells. Additionally, results of  immu-
nochemical analysis showed, that overproduction of  GFP-
PhLP1p decreased levels of  total tubulin, but did not alter 
the level of  tubulin in cytosol. The microtubules stability 
test showed, that GFP-PhLP1p overexpressing cells, un-
like wild type, failed to elongate the cilia in the presence of  
palcitaxel. Moreover, overproduction of  GFP-PhLP1p al-
tered the pattern of  cytoplasmic tubulin separated by elec-
trophoresis under native conditions; only tubulin dimers 
were recognized in cytosol fraction of  overexpressing cells, 
while in control cells there were also observed structures of  
higher molecular weight. These results suggest that GFP 
tagged PhLP1p, beside of  tubulin folding regulation, may 
also affect microtubule polymerization in T. thermophila cili-
ate.
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Myoblasts are considered as candidates for cell-based thera-
pies. Their differentiation can be regulated by microRNAs. 
We investigated the role of  heme oxygenase-1 (HO-1), the 
cytoprotective enzyme, on class of   myocyte specific miR-
NAs, called myo-miRs, synthesis and myoblast maturation 
and proliferation.
Experiments were performed on murine immortalized my-
oblast cell line C2C12, stably transduced with retroviral vec-
tors to express luciferase/GFP reporter genes and overex-
press HO-1. Myocyte differentiation was induced by 5 days 
incubation in medium supplemented with 2% horse serum. 
High level of  HO-1 activity in C2C12 cells led to improved 
resistance to oxidative stress and augmented production of  
SDF-1. Importantly, HO-1 overexpression potently inhib-
ited the myoblast differentiation, as indicated by reduced 
formation of  myotubes, diminished activity of  creatine 
phosphokinase, and decreased expression of  myogenic 
regulatory factors, such as MyoD, myogenin and myo-miRs 
(miR-1, miR-133a, miR-133b, and miR-206). Accordingly, 
differentiation rate was increased upon pharmacological or 
genetic inhibition of  HO-1 by sin protoporphyrin IX or 
siRNA, respectively. Interestingly SDF-1 stimulation ex-
hibits effect on myo-miRs, similar to that of  HO-1 over-
expression. Finally C2C12 myoblasts overexpressing HO-1 
were transiently transfected with myo-miRs. Overexpres-
sion of  myo-miRs reversed the effect of  HO-1, activating 
myocytes differentiation, as indicated by levels of  myogenic 
factors, namely MyoD, myogenin and myosin. Thus, HO-1 
is an important factor regulating myocytes differentiation 
and influencing muscle regeneration in possibly SDF-1 and 
myo-miRs dependent pathway.
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Katarzyna Sobierajska, Szymon Skurzyński, Marta Stasiak, 
Lidia Michalec, Czesław Cierniewski, Maria Świątkowska 

Medical University in Lodz, Department of Molecular and Medical 
Biophysics, Lodz, Poland
e-mail: Katarzyna Sobierajska <katarzyna.sobierajska@umed.lodz.pl>

Adhesion, an essential process for cell migration, survival 
and proliferation, depends upon many factors. Among 
them, the most important one appears to be reorganization 
of  actin cytoskeleton. A number of  observations indicate 
that a thiol/disulfide balance plays crucial role in cell ad-
hesive properties. Furthermore, previous studies from our 
laboratory have suggested direct interaction of  protein di-
sulfide isomerase (PDI) with some actin cytoskeleton pro-
teins. Hence, the aim of  this study was to characterize a 
role of  PDI in actin cytoskeleton reorganization. We used 
normally non-adherent megakaryoblastic cell line (Meg-01) 
which upon induction can adhere to fibronectin. 
Our preliminary immunoprecipitation experiments using 
anti-PDI antibodies followed by Western blot analysis with 
anti-actin antibodies demonstrated a complex formation 
by both proteins. Their interaction was then confirmed by 
ELISA. To characterize interaction of  tested proteins in ad-
hering cells, colocalization of  PDI and actin was analyzed 
by confocal microscopy method. PDI localized almost uni-
formly in non-adherent Meg-01 cells and significant level 
of  this protein translocated to the adherent sites during cell 
adhesion. Colocalization of  PDI and actin was the lowest 
in non-adherent cells whereas the extent of  colocalization 
increased after 6 hours since they adhered to fibronectin, 
especially in the adherent areas. Interestingly it has been 
observed that treated cells by NEM abolished PDI-actin 
colocalization. This result suggests disulfide bond forma-
tion between both proteins induced by adhesion. Since la-
beling of  whole cell lysate with 3-N-maleimidylpropionyl 
biocytin (MBP) showed that actin similar to PDI contains 
free thiol groups one may conclude that cysteine residues 
of  actin play a critical role in PDI-actin interaction during 
cytoskeleton reorganization. 
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Myosin VI (MVI) is the only known myosin walking to-
wards minus end of  actin filaments. It exists in several dif-
ferent isoforms, which are involved in both endocytic and 
exocytic membrane-trafficking pathways as well as spread-
ing and migration. MVI is ubiquitously distributed within 
PC12 and cultured adrenal medulla cells, as it partially colo-
calizes with the markers of  the following cytoplasmic com-
partments: Golgi, endoplasmic reticulum, clathrin-coated 
pits, early endosomes. Interestingly, MVI has been found 
within the nucleus, which has been confirmed with three 
different anti-MVI antibodies. Inhibition of  MVI expres-
sion with siRNA technique resulted in destabilization of  
Golgi complexes as well as significant changes in the cell 
size and morphology, especially in actin cytoskeleton or-
ganization. Cell proliferation assay as well as wound healing 
test have demonstrated that cells with decreased level of  
MVI divide almost 2 times slower than the control cells. 
The cytometric analysis of  the DNA content has confirmed 
that stably transfected cells were arrested in GO/G1 phase 
of  the cell cycle, which might suggest senescence of  the 
modified cells. However, the activity of  β-galactosidase (the 
marker of  senescent cells) was not increased. Depolariza-
tion of  cells deficient in MVI using 56 mM KCL led to 
the irreversible influx of  Ca2+ to cytoplasm, which could 
be connected with changes in a distribution of  voltage de-
pended potassium ion channels in the plasma membrane. 
These data indicate that in adrenal medulla cells MVI is en-
gaged both in Golgi integrity and actin cortex organization.
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Time course of high-fat diet-induced 
accumulation of intramuscular lipids and 
it`s potential relationship to muscle’s 
expression of fatty acid transporters
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There is a strong association between High Fat Diet (HFD) 
feeding and the development of  obesity related insulin re-
sistance in skeletal muscles. Whether it occurs in time-de-
pendent manner and what are the underlying mechanisms, 
one of  which, might be the protein-mediated fatty acid 
transport into myocytes is currently less known. Therefore, 
we have examined in different types of  skeletal muscles 
(red and white sections of  gastrocnemius) a) intramuscular 
lipid content and b) expression of  fatty acid transporters. 
Intramuscular lipid content was determined by gas liquid 
chromatography and the expression of  fatty acid transport-
ers (FAT/CD36, FATP-1 and FABPpm) by Western Blot-
ting in the muscles in each week of  the HFD. We found 
that HFD increased intramuscular lipid content as early as 
at the end of  the 1st week of  HFD in all lipid fractions ex-
amined with the most pronounced buildup seen in the tria-
cyloglycerols (50%, p < 0.001). Throughout the HFD study 
the extent of  intramuscular lipid accumulation was relative-
ly similar in both types of  skeletal muscles. Skeletal muscle 
expression of  FAT/CD36 increased just after 1st week of  
HFD in red part of  gastrocnemius and in the 2nd week in 
white part of  gastrocnemius. Not significant changes were 
observed in the content of  FABPpm and FATP-1 in both 
muscles examined. These findings suggest that HFD re-
sults in pronounced accumulation of  intramuscular lipids 
as early as in the 1st week of  HFD. The lipid accumulation 
is correlated with the increased expression of  FAT/CD36, 
which may, at least in part, provide a factor contributing to 
the development of  skeletal muscle insulin resistance (3-
18612L and 3-18630L).
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e-mail: Katarzyna Jedynak <k_jedynak@o2.pl>

The leucine-rich repeats (LRRs) domains are found in a 
variety of  proteins and are implicated in protein-protein in-
teractions. It has been shown that LRR-containing proteins 
participate in a wide range of  biological processes, such 
as DNA repair, transcription, recombination and RNA 
processing, signal transduction, apoptosis, cell adhesion 
and the immune response. 
LRRTt is a cytoskeletal protein identified in a ciliate Tet-
rahymena thermophila, which localizes near basal bodies and 
membraneous vesicles of  dispersed Golgi apparatus.
The mammalian homologue of  LRRTt has been found. 
However, its tissue-expression, cellular localization and 
functions remain unknown. The aim of  this study was to 
determine the localization and function of  human homo-
logue of  LRRTt, a new member of  the LRRc protein fam-
ily. 
We demonstrated that overexpression of  LRRTt with GFP 
fused on C-terminus caused the accumulation of  fusion 
protein at a distinct perinuclear structure (aggresome) in 
HeLa cells. In contrast, in cells overexpressing LRRTt with 
N-terminally fused GFP, the recombinant protein was lo-
calized in juxtanuclear vesicular structures. The intracellular 
location of  these vesicles was determined by testing their 
colocalization with markers specific for different membra-
nous structures (e.g. early, late and recycling endosomes, 
ER, Golgi). By using Western blot technique, we also es-
tablished the expression level of  murine LRRTt in different 
tissues. Finally, we determine the proteins that form com-
plexes with mammalian homologues of  LRRTt with use of  
immunoprecipitation and mass spectrometry analysis. 
Overall, our results could suggest the role of  mammalian 
LRRTt homologue in vesicular trafficking and/or in corti-
cal cytoskeleton organization. 
Acknowledgements:
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The C-terminal region of amebin is involved 
in actin filament bundling and inhibition 
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Screening Amoeba proteus cDNA library resulted in finding 
two transcripts (2637-nt and 1125-nt) encoding 878-ami-
noacid-residue and 375-aminoacid-residue proteins, where 
the shorter is a C-terminus of  a longer one. This novel 
protein, termed as amebin, is composed of  N-terminal 
calponin homology domain (CH) followed by only one 
filamin repeat, a central α-helical region and unstructured 
C-terminus (GenBank Accession No DQ374440).
In this study, C-terminal region of  amebin (C-amebin) was 
expressed and purified as the recombinant GST-fusion 
protein. Cross-linking and co-sedimentation assays showed 
that C-amebin (pI 4,9) bound directly to monomeric and 
filamentous actin, in spite of  the lack of  the canonic actin-
binding sites. The interaction was Ca2+-independent (Kd 
value of  ~1.2 × 106 M–1 and Bmax of  ~6.2) and promoted 
filament bundling, as shown by transmission electron mi-
croscopy. C-amebin caused significant decrease the actin 
activated MgATPase activity of  myosin subfragment S1. 
We demonstrated that a positively charged C-terminal re-
gion of  C-amebin, containing KLASMWEQ sequence, 
was involved in the interaction with actin because its re-
moval with endoproteinase ArgC abolished actin-binding 
and bundling, as well as the ATPase-inhibiting properties 
of  amebin. Taken together we propose that amebin may 
be a key regulator of  the actin-cytoskeleton dynamics in 
A. proteus.
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Myosin VI (MVI), a motor protein moving towards the 
minus-end of  actin filaments, is involved in cell migra-
tion, actin cytoskeleton dynamics and organelle trafficking, 
maintenance of  Golgi morphology and protein secretion, 
endocytosis and possibly in gene transcription. A point mu-
tation (H236R) within its gene leads to deafness and mild 
symptoms of  cardiomyopathy (Mohiddin SA et al. (2004) 
J Med Genet 41: 309–314). We found MVI to be expressed 
in several types of  human and rat skeletal muscles. Our 
studies also revealed that the amount of  the protein de-
pends on muscle innervation and is increased in denervated 
fibers. Moreover, myosin VI was localized to postsynaptic 
region of  neuromuscular junction and the localization was 
abolished in denervated muscles, thus implying an exist-
ence of  neuronal factors determining distribution of  MVI 
in the muscle. Our studies indicate that myosin VI may be 
engaged in the neuron-muscle transmission by involvement 
in the innervation-dependent manner in postsynaptic traf-
ficking. 
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molecular motor protein Ncd
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The minus–end directed kinesin-14 Ncd is a nonprocessive 
motor involved in the organization of  microtubule (MT) 
network during mitosis. Native Ncd is a homodimeric pro-
tein that has two globular domains called the ‘heads’ lo-
cated at the C-terminus of  the polypeptide chain. Despite 
an intense effort, there are many questions and ambigui-
ties concerning the mechanism of  force generation by this 
motor. It is not clear whether Ncd uses both heads in the 
mechanochemical cycle or if  there are any cooperative in-
teractions between them. Here, we have constructed, ex-
pressed and purified a series of  heterodimeric Ncd variants 
comprising amino acids 250–700, in which only one of  the 
heads carried mutations of  amino acid residues critical for 
its function. The mutations included the following Ncd re-
gions: catalytic site switch I (R552A) and switch II (E585A, 
E585D), microtubule binding site (N600K) and also a sin-
gle headed motor NcN. These proteins were isolated by 
sequential chromatography on two affinity columns and 
subsequently characterized by measuring their affinity to 
the microtubule, enzymatic properties and the motility in 
vitro. One of  the most important observation was a low 
affinity of  the single-headed NcN to MT without nucle-
otides and in the presence of  AMPPNP, implying that the 
tethered head had a profound effect on the structure of  
the Ncd-MT complex. Mutated homodimers had no MT-
activated ATPase and no motility whereas NcN had motil-
ity comparable to the wild-type Ncd. The ATPase rate and 
motility of  Ncd heterodimers varied dramatically and were 
different from 1:1 mixtures of  corresponding homodim-
ers, clearly demonstrating that interactions between motor 
domains exist in Ncd. We also checked whether similar in-
teractions exist in the full-length construct (1–700). We ex-
amined three motor variants, wild type one, a single-headed 
and also a single–tailed motors, for their ability of  sliding 
microtubules in vitro. Although all of  them were capable 
of  sliding microtubules in the anti-parallel orientation, the 
velocity of  this movement was considerably different for 
each of  these proteins.
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Drebrin and Hsp90 are new potential 
partners of PhLP3, phosducin-
like protein in neuroblastoma and 
pheochromocytoma cells
Łucja Krzemień-Ojak, Bożena Groszyńska, 
Stanisław Fabczak, Hanna Fabczak
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Newly synthesized protein chains must fold into unique 
three-dimensional conformations to become functionally 
active during a complex and not fully understood process. 
A group of  proteins, collectively known as molecular chap-
erones, is essential for protein folding. Their main role is 
to prevent protein misfolding and aggregation. The CCT 
chaperonin belongs to a family of  molecular chaperones 
required for folding of  nascent actin and tubulin: the main 
cytoskeletal proteins. It was recently reported that phos-
ducin-like proteins (PhLPs) can modulate the function of  
chaperonin CCT in tubulin and actin folding.
PhLPs are a conserved family of  small cytosolic proteins 
and among them PhLP3 has a distinct role as modulator of  
actin and tubulin folding by CCT.
Differentiation and maturation of  neuronal cells is a proc-
ess that requires rearrangement of  cytoskeleton marked 
by appearance of  dendrites and axon. Neuroblastoma cell 
lines are particularly good models for observation of  these 
changes. In our study we use two neuroblastoma cell lines 
— mouse NB2a and human SH-SY5Y as well as rat pheo-
chromocytoma PC12.
To characterize the function of  PhLP3 immunochemical, 
immunocytochemical and proteomic methods were em-
ployed. The investigation of  the PhLP3 proteins expres-
sion level in total cell protein samples was carried out by 
western blotting using specific antibodies. The anti-PhLP3 
antibody recognized one protein with molecular weight of  
34 kDa. During differentiation expression level of  PhLP3 
increases in comparison to control cells.
By combination of  immunoprecypitation and mass spec-
trometry we identified new potential partners of  PhLP3: 
drebrin and heat shock proteins Hsp70 and Hsp90. The 
test with radicicol, inhibitor of  Hsp90 suggests, that PhLP3 
behaves like a co-chaperone of  Hsp90 rather than as its 
substrate. 
Drebrin is an actin binding protein present in dendrite 
spines of  maturing neurons. Its interaction with tubulin 
binding PhLP3 may suggest a possible link between actin 
and tubulin cytoskeleton in dendrites. Immunoprecipita-
tion analysis showed that interaction between drebrin and 
PhLP3 increases in differentiated cells in comparison to 
control. Study of  immunostained PC12 cells using laser 
confocal microscopy revealed colocalization of  PhLP3 
with drebrin.
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The changes in actin cytoskeleton organization are known 
to accompany deregulated cell migration and malignant 
transformation of  many cell types. Gelsolin, one of  the ma-
jor actin-binding proteins, is involved in actin cytoskeleton 
regulation by its severing, capping and nucleating activity 
towards actin filaments. In many cell types gelsolin plays a 
key role in podosomes formation - the actin rich structures, 
involved in cell adhesion and matrix degradation. Local an-
chorage and stabilization of  cellular protrusions - provided 
by complexed podosomes structures, enable the directional 
migration and invasion of  several types of  tumor cells. 
We have observed earlier the correlation between gelsolin 
level in different cancer cell models and their migration 
ability in relation with actin cytoskeleton reorganization. 
The aim of  these studies was to determine the effect of  
gelsolin overexpression on migration ability of  human co-
lon adenocarcinoma LS180 cells, characterized with low 
level of  gelsolin. The cells were transfected with pEGFP-
N1 plasmid, encoding gelsolin gene (GSN) fused with 
green fluorescent protein (GFP) and as the result their 
higher migration capacity was observed. Gelsolin overex-
pression was correlated with changes in the state of  actin 
polymerization and cytoskeleton rearrangement. In addi-
tion, immunostaing of  vinculin was made to identify the 
podosome-like structures and their involvement in the ob-
served changes in cell migration ability. Vinculin redistribu-
tion and its colocalization with gelsolin were observed by 
confocal fluorescence microscope application in the cells 
overexpressing gelsolin. 
Our experimental data suggests that alterations in gelsolin 
level and its subcellular distribution may be directly respon-
sible for determining invasive capacities of  human colon 
cancer cells through podosome-like structures formation.
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Actin isoforms in the cell nucleus
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All mammalian cells express a variety of  actin isoforms, 
that show differential functions in the cytoplasm. However 
the distribution of  actin isoforms within the nucleus has 
not been investigated yet. Considering that actin is essen-
tial for many nuclear processes such as transcription and 
intranuclear transport,  it is imperative to analyze potential 
functional differences of  multiple nuclear actin isoforms. 
Therefore, the objective of  this study is to gain an under-
standing of  the distribution and function of  actin isoforms 
within cell nuclei. 
To this purpose we performed transfection and immu-
nocytochemistry experiments in mammalian cells. We 
generated various constructs expressing actin isoforms 
fused to different tags. These constructs were expressed 
in cells and distribution of  the isoforms was determined 
by fluorescence microscopy. Furthermore, we analyzed the 
interactions of  actin isoforms with various nuclear actin 
binding proteins (ABPs) such as nuclear myosins and RNA 
polymerases. 
Our data show that different actin isoforms localise to the 
nucleus, and co-localize with nuclear ABPs indicating the 
involvement of  multiple isoforms in nuclear processes. 
These results have important implications, because they 
suggest the possibility of  isoform-specific nuclear actin 
functions. Therefore, future studies on nuclear actin func-
tions must consider the different isoforms and their poten-
tially different features. 
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It has been shown that certain cancers may be auxotrophic 
for a particular amino acid, and amino acid deprivation 
seems to be one of  the methods to treat such tumors. Ar-
ginine is a non-essential amino acid for normal cells in adult 
humans, but it is essential for rapidly proliferating tumor 
cells (Freun et al., 2008, Curr Pharm Design 14: 1049–1057). 
Thus arginine deprivation, alone or in combination with 
other chemotherapeutics, offers a new tool in the control 
of  tumor growth.
Our preliminary data indicate that arginine-deprivation in 
culture media (obtained by addition of  recombinant argi-
nase), unlike lysine-deprivation, caused significant decrease 
in human glioma U251 cells migration and invasiveness. 
We have also observed evident changes in cell morphol-
ogy. The cells grown in the arginine-deprived medium were 
more elongated that the cells cultured in the lysine-deprived 
and control media and did not have tendency to form colo-
nies. These effects were reversed by re-supplementation 
the medium with arginine. The observed differences are 
indicative of  alterations in actin cytoskeleton, probably as-
sociated also with arginylation of  actin, a process known to 
regulate actin cytoskeleton organization.
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Feedback mechanism in JAK/STAT signaling 
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Leptin binds to Ob-R and stimulates JAK/STAT signaling 
pathway, leading to the phosphorylation and recruitment 
of  STAT3 kinase. It was shown that SOCS3, an inhibitor 
of  JAK/STAT signaling pathway augments muscle differ-
entiation. Thus, the active form of  STAT3 kinase should 
reduce activity of  myogenesis. The aim of  the present 
study was to verify the hypothesis, whether leptin, known 
to act through STAT3 will retard myogenesis in C2C12 
myotubes. We examined the roles of  STAT3 and SOCS3 in 
this process, and validated leptin interaction with insulin- 
and IFNγ-dependent signaling. Protein levels of  MyoD, 
myogenin, SOCS3, Akt1/2, GSK3β, and STAT3 were ex-
amined in differentiating C2C12 myotubes by immunob-
lotting (1, 3, 5 day of  myogenesis). The transcriptional ac-
tivity of  STAT3 was measured by TransAm. Translocation 
of  active form of  STAT3 was examined by transmission 
electron microscopy (TEM). TEM provided evidence that 
after 120 min of  leptin administration the nuclear level of  
STAT3 was observed to be highest. Transcriptional activ-
ity of  STAT3 was demonstrated to increase in the short-
term exposure of  C2C12 myotubes to leptin. Results of  
immunoblotting showed that leptin, in contrast to insulin, 
did not activate PI3-K/Akt1/2 nor it inactivated GSK3β 
kinase. Leptin, similarly to PI3-K inhibitor (LY294002), 
decreased myogenin and MyoD protein expression levels. 
Co-administration of  insulin with leptin caused an increase 
in myogenesis in comparison to the treatment with leptin 
alone. This effect could be elicited by the activation of  
PI3-K/Akt1/2 pathway via insulin. IFNγ augmented lep-
tin effect to retard expression of  MRFs. Leptin released 
STAT3 from inhibition evoked by SOCS3. In summary, 
leptin repressed myogenesis by decreasing MyoD and myo-
genin expression levels. A key role in this process is most 
likely played by STAT3 kinase activated upon leptin admin-
istration. We assume, that STAT3 dimers repressed genes 
of  respective MRFs. Leptin by decreasing SOCS3 protein 
expression could cease the feedback mechanism that regu-
lates the activity of  STAT3 kinase. IFNγ, which activates 
STAT3 kinase, amplified leptin-induced effect. It points to 
the negative role of  leptin-induced STAT3 activity on myo-
genesis in C2C12 muscle cells. The PI3-K/Akt1/2 path-
way stimulated by insulin, seemingly antagonized leptin-
dependent effects.
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Congenital Fibre Type Disproportion (CFTD) is a rela-
tively rare subtype of  congenital myopathies. CFTD is 
characterized by hypotonia and muscle weakness, together 
with hypotrophy and predominance of  type I muscle fib-
ers (Clarke NF, 2008, Adv Exp Med Biol 642: 40–54). The 
most common causes identified so far are mutations in 
human γ-tropomyosin (α-tropomyosin slow), expressed 
in type 1 muscle fibers (North K et al., 2008, Ann Neurol 
63: 329–337). Tropomyosin (TM) is a regulatory protein 
associated with actin thin filaments, which together with 
troponin complex (Tn) regulates actin-myosin interactions 
in Ca-dependent manner. TM is a coiled-coil dimeric pro-
tein that binds head-to-tail along actin filaments. The struc-
ture of  TM and its interactions with actin and Tn complex 
depends on amino acid periodicity along the sequence of  
the molecule. Heptapeptide repeat of  seven residues (a-
b-c-d-e-f-g) is important for TM functions, because gener-
ally apolar residues in positions a and d stabilise coiled-coil 
structure, whereas residues b, c and f are exposed outside of  
the coiled-coil and are available for interactions with other 
proteins.In the present work we introduced two missense 
mutations found in CFTD patients into the rat αTM cDNA 
using site-directed mutagenesis. Mutants TM-R167C (posi-
tion f) and TM-L99M (position a) were expressed in E.coli 
BL21 cells, purified and tested using in vitro biochemical as-
says. The affinity of  TM for actin was measured using a co-
sedimentation assay. Mutation R167C greatly reduced TM 
affinity for actin alone, showing that Arg167 is important in 
actin thin filament formation. Binding TM-L99M to actin 
alone was similar as binding of  wild TM, showing that in 
case of  this mutation interactions with actin are not the pri-
mary cause of  the disease. Regulation of  actin-myosin in-
teractions was assessed by ATPase activity measurements. 
In the presence of  Tn and TM-R167C the regulation of  
actin-myosin ATPase was abolished. In contrast, the fila-
ments reconstructed with TM-L99M were able to inhibit 
the ATPase in the absence of  Ca2+, but the Ca-induced 
activation was impared. One can therefore conclude that 
muscle weakness and reduced force generation in CFTD is 
due to impaired activation of  acto-myosin ATPase. 
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The aim of  the present study was to define the effect of  
GDF8 (myostatin) on C2C12 myoblasts myogenesis using 
the global transcriptome analysis. GDF-8 is a member of  
the transforming growth factor-beta superfamily of  signal 
peptides, expressed specifically in developing and adult 
skeletal muscle. This cytokine is one of  the most powerful 
negative regulators of  developmental myogenesis as it was 
shown in marked muscle hypertrophy in mice with myosta-
tin gene knockout, cattle, and a single known human case. 
In our research GDF-8 (20nM) exerted highly significant 
inhibitory influence on growth and development of  C2C12 
mouse myoblasts manifested by inhibition of  proliferation 
and differentiation and the impairment of  cell fusion. A 
very low expression of  myosin heavy chain protein, marker 
of  differentiation in GDF-8 treated cells, has been detected. 
DNA microarray analysis (Agilent Technologies) revealed 
778 genes affected by GDF-8 in differentiating myoblasts 
(436 down-regulated and 235 up-regulated genes). They 
exhibited the statistically significant difference in expres-
sion with at least 1.6 fold change. GDF8 regulated genes 
were analyzed using Panther database, which revealed their 
involvement in 30 biological processes, 28 molecular func-
tions and 81 different signaling pathways. The effect of  
GDF8 was mediated mainly by integrin signaling pathway 
and ECM interactions, Wnt/calcium signaling pathway, 
insulin and carbohydrate metabolism, and expression of  
muscle specific proteins. The following identified key-
genes can play an important role as GDF8 targets during 
myoblasts differentiation: Mef2c, Hgf, Cav3, Itgb1, Mmmp13, 
Myb, Edn1, Slca24. It was revealed an inhibitory effect of  
GDF8 on genes encoding antagonist proteins such as Cav3 
and Fst, and many genes involved in the development of  
HCM (Hypertrophic cardiomyopathy) was revealed such 
as: Itga9, Prkaa2, Cacna1s, Dmd, Itgb1, Itgb6, Mybpc3, Myh6, 
Myl2, Tnni3, Ttn. Above mentioned data confirmed the 
strong effect of  GDF-8 on skeletal muscle development 
and revealed putative key-genes that could be a molecular 
switch during skeletal muscle formation.
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Calcium signalling from nucleotide receptors proceeds 
according to store-operated calcium entry mechanism in 
non-excitable glioma C6 cells. Briefly: the extracellular lig-
and (UTP), activate plasma membrane receptors and leads 
to release of  calcium from ER, what causes depletion of  
those intracellular stores. This opens store-operated chan-
nels in plasma membrane. Since it is believed that for trans-
mission of  signal from ER to PM the formation of  direct 
complexes between ER protein STIM and PM channel 
ORAI is needed, the whole process is highly dependent on 
the cytoskeleton microarchitecture.
In the present work for the first time we are able to analyze 
formation of  calcium signalling in C6 cells subregions. Us-
ing Fura-2 ratiometry and image analysis we have calculated 
parameters characterizing the signal formation. We have 
also used two procedures that change glioma C6 cytoskel-
eton and morphology: serum starvation and the selective 
inhibitor of  the Rho-associated protein kinase (Y-27632) 
showing their effects on analyzed processes.
In the fibroblast-like control cells, the signal usually started 
in the flat, lamellipodial regions. Then it moved as a wave 
through the cell, with maximal value and maximum speed 
of  signal formation in the cell centre. In much more round-
ed, astrocyte-like serum starved cells there was a weaker 
spatial confinement of  the signal origin, however the wave 
could be still visible. The signal initiated on the edge of  the 
cell and tended to grow faster in the cell centre, however its 
maximum value was located on the cell peripheries. Finally, 
in the cells treated by Y-27632 the signal formed mainly 
on the peripheries, weakly entering central part of  the cell. 
There was neither spatial differentiation of  the signal be-
ginning nor wave formation. The capacitative entry was 
strongly inhibited in comparison to control cells. Observed 
pattern of  spatial calcium signal formation highly corre-
lated with changes in the three dimensional cytoskeleton 
structure visualized in confocal microscopy.
Even if  details of  molecular mechanism of  signal trans-
mission between ER and PM are still unknown in glioma 
C6 cells, the results show dependence of  calcium signal 
formation and its dynamics on the cell actin cytoskeleton 
microarchitecture.
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