
The idea to make an issue of Biochemistry (Moscow)

dedicated to the cell nucleus and mechanisms of tran-

scription regulation arose in connection with the holding

in Russia of the 25th W. Bernhard International

Conference on the Cell Nucleus (Nizhny Novgorod,

June 19-22, 2017). The first such conference was organ-

ized by Wilhelm Bernhard in 1968. The major goal of that

conference and of the subsequent ones of this series was

to join researchers of various specialties, especially in cell

and molecular biology, to solve the most important prob-

lems of experimental biology.

Over the years, biochemical processes in the cell

nucleus were studied in isolation, outside the context of

their spatial organization. The cell nucleus was consid-

ered a kind of container where various macromolecules

were placed. Today it is clear that functional processes in

the cell nucleus are spatially segregated. The structural

and functional compartmentalization of the cell nucleus

plays an extremely important role in the regulation of the

eukaryotic genome functioning. The compartmentaliza-

tion of the cell nucleus is closely related to the spatial

organization of the genome that in turn is crucial for

operation of epigenetic mechanisms [1]. It is important

that the organization of the cell nucleus is dynamic. The

assembly of functional compartments of the cell nucleus

is guided by weak interactions that are stabilized by

entropic forces arising under conditions of the macro-

molecular crowding. When the initial conditions change,

these compartments are easily disassembled. As to the

spatial organization of the genome, various configura-

tions of interphase chromosomes are continuously

revised in the nucleus, and this makes possible a short-

term fixation of configurations corresponding to the cur-

rent requirements of the cell.

This special issue of Biochemistry (Moscow) offered

to the scientific community presents review articles that

reflect the main trends in studies on the structural and

functional organization of the cell nucleus. In this intro-

ductory article, I want to mention these trends and point

out the key results that laid the foundation for modern

concepts about the structural and functional organization

of the cell nucleus and its importance for regulation of the

genome activities. First, I would like to mention the

works of Thomas Cremer et al. who discovered chromo-

somal territories and the interchromatin domain [2]. The

works of these authors greatly contributed to the refuta-

tion of the nuclear matrix model and to the comprehen-

sion that the packed genome itself was a platform under-
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lying the structural and functional compartmentalization

of the nucleus. In the review article presented in this issue

of the journal, T. Cremer et al. discuss the refined model

of the structural–functional compartmentalization of the

cell nucleus based mainly on their own results obtained by

high-resolution microscopy [3]. The research of Thom

Misteli demonstrating a high rate of the component

exchange between the nuclear compartments and nucleo-

plasm is an important landmark in the study of organiza-

tion of the cell nucleus that directly indicates the dynam-

ic character of nuclear compartments [4]. Functional

compartments of the nucleus, such as the nucleolus,

Cajal bodies, PML-bodies, splicing speckles, and tran-

scription factories are not surrounded with membranes.

They are aggregates of proteins and, in some cases, of

nucleic acids. Components of these compartments are

held together due to relatively weak interactions with each

other or with a certain component (protein or RNA) that

is a structural platform for assembly of the compartment

[5]. Under normal conditions, these weak interactions

obviously would be insufficient for maintaining the

integrity of a compartment. However, the entropic forces

arising under the macromolecular crowding conditions

typical for the karyoplasm significantly stabilize various

macromolecular aggregates [6]. The role of entropic

forces for establishing and maintaining the structural and

functional organization of the nucleus and spatial organ-

ization of the genome is considered in detail in the review

article by R. Hancock presented in this issue [7].

Spectra of active genes greatly depend on the reposi-

tioning of genomic domains between the active and

repressive zones of the nucleus. In most eukaryotic organ-

isms, the repressive zone of the nucleus is close to the

lamina layer. A simple replacement of the gene into this

region of the nucleus frequently results in its inactivation.

Questions related to the role of the nuclear lamina in the

spatial organization of the genome and the segregation of

the active and inactive chromatin are considered in the

review articles by Shevelyov and Ulianov [8] and by

Sharakhov et al. [9].

The role of the genome spatial organization in the

regulation of gene expression has been long known.

However, until the beginning of this century, mainly the

chromatin domain reconfiguration manifested by

changes in their transcriptional status and accessibility for

DNase I was discussed. The technique of chromosome

conformation capture (3C) and derived experimental

procedures [10] demonstrated that the physical distances

between the genomic elements within the cell nucleus

could be significantly different from the distances on the

linear DNA molecule. Direct contacts between the

remote regulatory elements are established on the level of

the genome folding in 3D space, which play an important

and perhaps the key role in the regulation of transcription

[11]. The comprehension of this fact led to the emergence

of 3D genomics, which can be used to explain many ear-

lier unclear phenomena [12]. Questions concerning the

role of the genome spatial organization in the regulation

of transcription are considered in the review articles by

Razin and Gavrilov [13], Kolesnikova [14], Tchurikov et

al. [15], and Fishman et al. [16]. In the context of 3D

genomics, it is possible to give a completely new explana-

tion of the biological role of apparently senseless regions

of the nucleotide sequence. These regions of the genome

do not encode any protein; nevertheless, they can essen-

tially influence the transcription of various genes by mod-

ulating the way of spatial packing of extended regions of

the genome. It remains to elucidate the specific mecha-

nisms of this influence. However, we think it necessary to

show the readers what is known now about the repeating

sequences of the eukaryotic genome. The review article

by Podgornaya et al. [17] presents the corresponding

material.

This issue also contains some other review articles

analyzing specific problems related to the work of the

eukaryotic genome [18-21].

A special place belongs to the article by E. D.

Sverdlov [22] demonstrating the existence of fundamen-

tal prohibitions in biology. The existence of such prohibi-

tions (problems lacking an unambiguous solution) is a

consequence of the stochastic nature of most biological

processes. The comprehension of this fact is extremely

important for development of a reasonable strategy for

studies in all areas of experimental biology.
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