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candidates for involvement in functional chro-
matin and nuclear organization, we investi-
gated the actin family, which consists of con-
ventional actin and actin-related proteins 
(Arps)� Interestingly, a portion of actin and 
some Arp subfamilies are localized in the cell 
nucleus� Monomeric G-actin and the nuclear 
Arps are known to contribute to genome func-
tions (including transcription and DNA dam-
age repair) as components of chromatin re-
modeling complexes and histone modification 
complexes� In addition to nuclear G-actin, 
nuclear actin filament (F-actin) is also involved 
in genome functions and nuclear organization� 
Although a sufficient amount of actin is found 
in the nucleus, information regarding factors 
involved in regulating the formation of nucle-
ar F-actin is still limited� We showed that Arp4 
(one of the nuclear Arps) is a suppressor of 
nuclear F-actin formation, which suggests that 
crosstalk between actin family proteins in the 
nucleus performs important roles in chromatin 
functions and nuclear organization� For further 
analysis and operation of nuclear actin family 
proteins, we screened and evaluated bicyclic 
peptides binding to these molecules� Bicyclic 
peptides contain two macrocyclic rings, and 
this structure contributes to high affinity bind-
ing to target molecules� We performed screen-
ing of bicyclic peptide libraries by the phage 
display technique, and obtained bicyclic pep-
tides for nuclear Arps and G-actin� We intro-
duced these bicyclic peptides into living cells 
by electroporation, and evaluated the peptides� 
Bicyclic peptides for Arp5 and Arp8 (compo-
nents of the INO80 chromatin remodeling 
complex) inhibited functions of INO80 com-
plex in the living cells� We also successfully 
delivered bicyclic peptides for G-actin into the 

nucleus by tagging a nuclear localization sig-
nal (NLS)� We observed that the NLS-bicyclic 
peptides for G-actin suppressed nuclear F-actin 
formation and impaired the function of nucle-
ar F-actin in DNA damage repair� These bicy-
clic peptides provide novel information on the 
roles of actin family proteins in the nucleus� 
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The eukaryotic nuclear environment possess a 
dynamic highly organized architecture� 
Processes such as gene expression, DNA repair 
or RNA processing occur often in membrane-
less compartments� These structures constitute 
of e�g� nucleic acids, proteins, lipid multimo-
lecular condensates� Our laboratory recently 
discovered nanoscale globular (~100 nm) 
Nuclear Lipid Islets (NLIs) structures contain-
ing PI(4,5)P2 (PIP2), which are involved in 
efficient RNAPII transcription [1]. We aim to 
describe the possible function of PIP2-
containing NLIs in integrating RNAPII tran-
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scription and pre-mRNA splicing at their sur-
face� Methods: To decipher whether PIP2-
containing NLIs surface recruit a regulatory 
proteins abovementioned processes, we em-
ployed a comparative quantitative mass spec-
trometry (MS) analysis of PIP2 nuclear fraction 
combined with super-resolution microscopy 
visualization of candidate proteins� Results: 
Our quantitative MS approach identified more 
than 300 putative NLIs proteins, which repre-
sents 35 % of nuclear PIP2 – associated pro-
teins� Moreover, 50 % of those proteins are 
connected to gene expression and more that 30 
% to RNA processing� Super-resolution micros-
copy showed that candidate proteins form foci 
in nucleoplasm and associate with sub-popula-
tion of NLIs� In contrary, proteins predicted by 
MS as NLIs-nonassociated showed random 
distribution in respect to nucleoplasmic PIP2 
foci� Conclusions: It is known that RNA splic-
ing occurs co-transcriptionally� We show that 
sub-population of NLIs interact with regulators 
of both RNAPII transcription and pre-mRNA 
splicing [2]� We hypothesis that the surface of 
NLIs facilitate spatiotemporal regulation of 
these processes� 
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The focal adhesion protein vinculin (VCL) is a 
cytoskeletal protein associated with cell-matrix 
junctions where it acts as a molecular clutch 
between the actin cytoskeleton and the extracel-
lular matrix via talins and integrins� However, 
our study reveals new localization and unex-
pected role of VCL in the nuclei of spermato-
cytes during Prophase I� In particular, VCL lo-
calizes in the nuclear interior along the meiosis-
specific structure synaptonemal complex (SC) 
and in the centromeric regions of homologous 
chromosomes� To understand the role of VCL 
in the early meiotic division, we prepared a VCL 
conditional knock-out mouse model (VCL cKO) 
where the VCL deletion is manifested explicitly 
during the early stages of spermatogenesis� In 
comparison with the wild-type control, our 
mouse model shows significantly decreased 
ability of males to sire offspring together with 
increased percentage of malformed sperm� 
According to our short-term cultivation experi-
ments primary spermatocytes of VCL cKO 
males exhibit deficiency in progression through-
out late prophase I. Likewise, FACS (fluores-
cence-activated cell sorting) analysis revealed 
the enrichment of the prophase I spermatocytes� 
The chromosomal pairing and the crossing-over 
formation appear intact� However, spermato-




