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The role of interactions of nucleic acids with lipids
in nuclear pore assembly, genome expression and

carcinogenesis

Abstract

DNA-lipid (membrane) interactions, which had a peak in popularity in 1970-1985,
were subsequently replaced by the nuclear matrix and interactions of DNA-—cationic
amphiphiles. The nuclear matrix is considered now an artifact structure, and DNA
complexes with cationic lipids (lipoplexes) from the hope of gene therapy have become
a complete disappointment. Therefore, it’s time to look at DNA-lipid interactions
in the light of modern data and methods and try to understand their role in cellular
structures and functions. The author suggests a new model of nuclear pore based on
DNA/RNA-lipid interactions, the disclosure of R—loop (DNA/RNA hybrid) in the
lipid environment and the formation of an opening between two lipid bilayers without
the participation of proteins. The emergence of ssDNA after the disclosure of the
triple helix R—loop suggests initiation of transcription to ssDNA, which explains the
increased transcription in the nuclear pore region. The author analyzes all components
of nuclear pores capable of influencing transcription, and consequently, cancerous
degeneration of cells. These are nucleoporins, as well as low—molecular RNA (snRNA,
IncRNA), which form R—loop with chromatin DNA.
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Introduction

In our days when the methods of molecular genetics are dominant
in biology, traditional biochemistry and biophysics rank low and
serve as Cinderella in molecular biology. Unfortunately, biochemists
and biophysicist do not have enough time to estimate new methods
(protocols) that emerged in molecular biology and genetics. The
demerits of the methods are multiplied giving birth to other errors.
The example of it is an approximately thirty—year investigation of
nuclear matrix, which according to recent data does not exist in the
structure of nucleus! Furthermore, a lot of valuable ideas which were
rejected because of the absence of appropriate biochemical methods
in the past have not been recovered and don’t got a development after
the appearance of the techniques which could be used to explain their
correctness. One of the undeservingly forgotten ideas, which was
exploited during investigation within 70s—80s in the past century, was
the conception of DNA-membrane complexes,' and as a particular
case, DNA-lipid interactions.

DNA-lipids interactions: fifty years ago

Our study on DNA-lipid interactions in vitro,* has been undertaken
in 1976,> and continues until present in collaboration with many
laboratories abroad.* Ternary complexes (TC): DNA-zwitterionic
lipids in the presence of divalent metal cations were explored almost
at the same time at our laboratory and by Budker VG.°> The interest
in investigation of TC was promoted by offering our first model of
TC formation and the probable involvement of TC in the formation
of nuclear pores.® According to the current nuclear pore models,
lipids and DNA do not participate in them formation.” In the author’s
opinion, this major disadvantage does not allow an understanding of
how nuclear pores can built. It was recently discovered that chromatin
areas near nuclear pores have increased transcriptional activity.?’

R—loop in vitro and in vivo

The most logical explanation for these data suggested in our
nuclear pore model assumes three—stranded DNA\RNA hybrids
(R—loops) participation Figure 1.'®!" In the nucleus, DNA unwinds
in specific regions of heterochromatin (three—stranded DNA/RNA
hybrids), which determines the specificity of open regions in DNA
(formation of so—called R—loops). Furthermore, R—loop opening
is observed at temperatures 20-30°C degrees lower than that at
which opening of the DNA helix with the same nucleotide sequence
takes place.!! We supposed that low molecular weight nuclear RNA
ImwRNA, such as C (Ul) and D (U2), with lengths of 186nt and
167nt in length, respectively, are candidates for R—loop formation.'
With the discovery of a large group of long non—coding RNAs," a
portion of these RNAs around of 200nt in size can be referred to as
C—and D-type IncRNA by virtue of their ability to form R—loops.
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Figure | Opening of DNA/RNA triplex during nuclear pore formation.
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Two type vesicles and R—loop need for nuclear
pore assembly

We have suggested that R—loops form during TC formation in the
nucleus from chromatin and two Small Unilamellar Vesicles (SUVs)
of 70nm in diameter, from which nuclear pores are formed."* SUVs
do not fuse with each other; however, when interacting with DNA
in the presence of Mg*" cations, meaning that they are able to form
TCs vesicles belted by ssDNA Figure 2 (A—C). So, we have rather
simple for biophysics but complex for biologists model based on the
channel formation between two lipid bilayers. This model has been
developed taking into account DNA—induced fusion of SUV (TC
formation) and Mg?* induced fusion of TC bilayer with two lipid
bilayers of liposomes (in vitro) / vesicles (in vivo) with pore formation
between these bilayers Figure 2 (D—G).!® This model reflects a scheme
of TC formation with chromatin through DNA-induced fusion of
small membrane vesicles and Mg?* induced fusion of the formed
TC with double lipid bilayer which is formed out of large ((>400nm)
liposomes or by another version out of the endoplasmic reticulum .
The results reported in,'” show that nuclear pores have not been formed
until the nuclear envelope is completely closed. This condition can
significantly affect the energy of surface tension of nuclear membrane
and is crucial for our model of the formation of nuclear pores. The
involvement of nuclear proteins—fusogenes is admissible but not
obligatory at this stage of the formation of the nuclear envelope as
was shown in our previous study.'® Substances, that have an effect on
the energy of the surface tension, should also affect the structure and
the amount of the pores that are formed. We assumed that proteins—
nucleoporins participate in the formation of the native structure of
the pore after channel formation between nuclear membranes, but,
most probably, nucleoporins are bound to the elements of R—loop
just during the formation of TC (pre—pores). Then, these proteins are
part of transcriptional factories or nuclear pores, providing a basis for
attachment of other nucleoporins.

Figure 2 The nuclear pore assembly model (I5) based on the TCs (C)
formation (A—C) and subsequent their fusion with double bilayer (D—F) and
pore formation (G).

Carcinogenesis seems easy for elucidation
from point of view our nuclear pore model

A link between some nucleoporins and cancer is known Figure
3.0718 Tn order to explain this connection it is possible to accept

the point of view of the said authors or to consider the above stated
interaction between nucleoporins and the elements of open R—loop
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(ssDNA and DNA/RNA hybrid). Any changes to interaction between
nucleoporins and these elements will lead to alteration in the level
of transcription of neighboring genes that may be a cause of cancer.
Currently, there are plenty of studies reporting about a direct link of
IncRNA, snRNA to cancer occurrence or about inhibition of tumor
formations by the fragments or derivatives of these RNA."? This
has been already discussed in our works 15years ago. Exchange of
low molecular RNA between normal and cancer cells resulting new
nuclear pore assembly may result in transformation normal cell
to cancerous.”’ The presence of ssDNA in the nuclear pore where
transcription in the nucleus is initiated suggests that enzyme SI
nuclease can be used in cancer therapy.
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Figure 3 The nucleoporins wish have relation to cancer (18).
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