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Motivation and Aim: Cholesterol is a structural component of cell membranes, a precur-
sor to steroid hormones and other biochemical substances in the animal body. Choles-
terol is consumed by animals with food, and is also synthesized in the cells de novo.
Previously, the gene network of regulating intracellular cholesterol level was recon-
structed [1]. This network comprised a number of regulatory loops, each of which in-
cluded transcription factors of the SREBP family (SREBP-1 and SREBP2). The activity
of transcription factors of the SREBP family (SREBPS) is regulated inversely depending
on the intracellular cholesterol level. The functioning of this mechanism is carried out
by several proteins, which, in combination with SREBPs, may be called “cholesterol
sensor” (that is, SCAP, INSIG1, INSIG2, SREBP1, SREBP2). The other mechanisms
regulating SREBPs functioning are known, due to which a precise modulation of
SREBPs activity is carried out depending on the state of the cell and the organism as a
whole [1]. It is also known that elevated cholesterol level may be a risk factor for the
development of cardiovascular diseases (atherosclerosis, coronary heart disease), and
may increase the severity of other pathological processes. Systematization of data on the
molecular mechanisms controlling the activity of SREBPs and cholesterol biosynthesis
in the format of a gene network and obtaining new knowledge about the gene network
as a single object is extremely important in the context of understanding the involvement
of this system in the diseases progression. The aim of the current study is to build an
extended gene network regulating cholesterol biosynthesis in humans and to analyze the
structural and functional organization of the network and the evolutionary characteristics
of genes.

Methods and Algorithms: We used ANDSystem [2] to reconstruct and to analyze the
gene network regulating cholesterol biosynthesis. Evolutionary metrics of genes (phy-
lostratigraphic age index (PAI) and divergence index (DI)) have been calculated as it
was described in [3] taking into account sequences of orthologous genes that are 50 %
or more identical to one under consideration.

Results: Using ANDSystem we built a new extended version of the gene network regu-
lating cholesterol biosynthesis. It includes (1) proteins that make up the “cholesterol sen-
sor” and the genes encoding them; (2) proteins regulating the activity of genes and pro-
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teins of the “cholesterol sensor”; (3) cholesterol and enzymes involved in its biosynthe-
sis; (4) genes regulated by transcription factors of the SREBP family, and the proteins
encoded by them.

Regulatory circuits have been identified that control the activity of SREBPs. All these
regulatory circuits include proteins encoded by the SREBPs target genes. The four short-
est circuits show the regulatory effects of PPARG or NROB2/SHP1 or FAS or LPIN1 on
the activity of SREBP-1 or SREBP-2. Within the other five circuits, the regulation of
SREBP-1 or SREBP-2 activity is carried out indirectly, due to the effects of FAS or
PPARG or AR on the proteins functioning within “cholesterol sensor” (INSIG1 or
SCAP), which, in turn, affect the activity of SREBP-1 or SREBP-2.

The analysis of the evolutionary characteristics of genes using PAI and DI metrics re-
vealed that: (1) the genes involved in the gene network regulating cholesterol biosynthe-
sis are characterized by decreased PAI values compared to the set of all human protein-
coding genes, that may mean that they are on average more “ancient”, in addition, these
genes have significantly decreased DI values (for most of them DI is less than 0.4), in-
dicating a stronger pressure of stabilizing selection on these genes compared to the pres-
sure of stabilizing selection on all human protein-coding genes as a whole; (2) the sub-
group of genes, encoding enzymes of cholesterol biosynthesis contains significantly
more genes with a greater phylostratigraphic age (PAI < 2, cellular organisms (the root
of the phylogenetic tree), and the stages of eukaryota and metazoa divergence) than pro-
tein-coding genes as a whole, that means that they are more “ancient”; (3) the subgroup
of genes, encoding regulatory proteins that affect cholesterol sensor activity, contains
significantly more genes with a greater phylostratigraphic age (PAI < 5, all stages before
vertebrata divergence) than protein-coding genes as a whole, that means that they are
more “ancient”; (4) the subgroup of genes, encoding regulatory proteins that affect cho-
lesterol sensor, contains significantly more genes having low DI values (less than 0.4),
indicating a stronger pressure of stabilizing selection on these genes compared to the
pressure of stabilizing selection on all human protein-coding genes as a whole.
Conclusion: Analysis of the gene network regulating cholesterol biosynthesis has re-
vealed a complex nature of the molecular-genetic mechanisms controlling this process.
We identified new genes involved in feedback loops and revealed features of evolution-
ary characteristics of individual subgroups of genes involved in the network. Taking into
account these findings may be useful in the search for new pharmacological targets for
the treatment of pathologies associated with cholesterol level deviations.
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