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Structural and functional features of the cell are determined by information stored
in DNA. Thisinformation is represented by a limited set of genes, a genome. Each
gene can be expressed individually to be fully converted into corresponding
element of the cell structure or function. During gene expression, the information
processing typically involves DNA transcription, RNA trandlation, and catalysis.
This sequence of chemical reactions can be called a gene expression network,
abbreviated GEN. Within the cell, GEN is an universal pattern of information
processing. It is essentially four-dimensional. From this per spective, the cell can be
considered as a highly regular composition of interacting GENs, a GENome. The
opportunity to recognize an universal pattern of information processing in the
sequence of well-known reactions has been completely overlooked. Here, | draw
attention to this pattern and show that itsimplication yields a powerful conceptual
framework suited very well to strongly integrate known subcellular phenomena
and reveal their novel emergent features.

From the information processing perspective, attens within the cell fall into three
categories: DNA transcription, RNA translation, aadalysis.

During DNA transcription, information is convertédm DNA into RNA form. In this
process, the DNA serves as a template for the egithof a linear heteromers of
ribonucleotides. This is possible because any tibleotides are allowed to be attached
to the deoxyribonucleotides by means of base prageneral, the ribonucleotides differ
very slightly from the deoxyribonucleotides. Theurgar, the ribose, is quite equal to the
deoxyribose. Although there is no ribonucleotidehwthe thymine as a base, there is
one with a uracil that resembles the thymine ndy structurally but also functionally
in the forming a complementary pair with the adeni@onsequently, the adenine-,
guanine-, cytosine- or uracil-carrying ribonucléetican attach only to the thymine-,
cytosine-, guanine- or adenine-carrying deoxyrilmbeotide respectively. This
specificity plays a key role in DNA transcriptiomhere one strand separates from
another and exposes a particular sequence of dborucleotides serving as a template
by guiding the synthesis of a linear heteromeribbdrucleotides which sequence is
complementary to the deoxyribonucleotide sequerpesed. Thereafter this heteromer
of ribonucleotides separates from the DNA strand as single-stranded
polyribonucleotide, a ribonucleic acid, abbrevialB¥dA. DNA transcription may occur
in different regions of the DNA molecule at the satime and may be repeated in the
same region many times yielding lots and lots dfedent RNA molecules as end
products. All RNA molecules produced from the samgion of DNA molecule are
always identical. The DNA molecule persists DNA nBeription and remains
unexhausted.

During RNA translation, information is convertedrin RNA into polypeptide form. In
this process, the RNA molecule serves as a temptatehe synthesis of a linear
heteromers of amino acids, or amino acid chainge. RNA molecule to be translated,
referred to as a messenger RNA, abbreviated mRIdA,be considered not only as a



sequence of a single ribonucleotides but also segaence of a ribonucleotide triplets.
The maximal number of possible combinations of feungle ribonucleotides in one
triplet is £= 64. Thus 64 triplets can be distinguished. Tvilets can link together by
means of base pairing to form a triplet pair. Bseaaf the base complementarity, the
triplet pairs can be considered also as complememahe sense that if one member of
the triplet pair is specified the other is alsocsfped. This triplet pair complementarity
makes RNA translation possible. The certain amioinl attaches an adaptor RNA
molecule, referred to as a transfer RNA, abbregi@a®NA, that contains one specific
triplet providing this tRNA the potential to specdlly recognize and attach the
complementary triplet on mRNA. By orderly forthcorgi attachment of tRNAs to
MRNA by triplets pairing, corresponding amino aaidsne enough close together to be
interconnected by means of a peptide bonds to fanmamino acid chain, referred
therefore to as a polypeptide chain or, more famila polypeptide. Thus, the mRNA
sequence can guide the synthesis of the polypepti@e is considered to be
complementary to this mMRNA in the sense that ifsbguence of triplets on the mRNA
is specified the sequence of amino acids on thgppptide is specified as well. So,
because the sequence of a single ribonucleoticgeefarmines the sequence of triplets
on the mRNA, it predetermines also the sequenca sfngle amino acids on the
polypeptide and, therefore, all polypeptides preduion the same mRNA must be
identical. The combination of a single ribonucldes in the triplet is usually called a
codon, because it specifies amino acid, i.e. sipeciplet codes for specific amino acid,
and the set of 64 possible codons is thereforeregfdo as a triplet code. The triplet
code itself is however termed degenerate becawsmiains redundancies in the sense
that most amino acids are encoded by more tharcoden. Moreover, any codons do
not specify amino acids but constitute stop sigrié terminates RNA translation.
Thus, the set of peptidogenic amino acids in caflwborld is restricted to just 20
member. The triplet code has been highly conseduenhg evolution. The meaning of
each codon is the same in virtually all present-days. There are only few minor
exceptions in which some few codons have deviatanmgs. The universality of the
triplet code provides a strong suggestion thatcedéular world on the Earth evolved
only once and all present-day cells are descenddrdssingle primordial cell. As for
the way how the triplet code might be arisen, maes still a theme of speculations.
The RNA molecule persists RNA translation withaube exhausted.

During catalysis, information is converted fromatgst into metabolite form. In this
process, the catalyst serves as a template foet#wtion that otherwise could occur too
slowly for cell to live. The catalyst does its jobcatalysis by physically grappling with
one or more substrate molecules and interactin thiem to make or break chemical
bonds. The catalyst is usually very specific fag ttihemical reaction it catalyzes, and
the specificity lies in a sophisticated configupatiof atoms at one or more active sites
of catalyst. Only restricted set of substrate mdkex can recognize this configuration
and bind it. In catalysts, this binding causes afamwonational shift that promotes the
reaction in any way. Thereafter, the catalyst i#eareaction products, acquires its
original conformation and is available for catatysinew. Thus, the catalyst persists
catalysis without to be exhausted.

Generally, within the cell, the DNA serves as apkate in the synthesis of RNAs by
DNA transcription. DNA transcription reactions pumg large numbers of various



RNAs most of them are mRNAs that serve as a teepiatsynthesis of a polypeptides
by RNA translation. RNA translation reactions yieddpecially large numbers of
different polypeptides most of them are buildingdis for enzymes that serve as a
catalysts providing the cell with opportunity toria a bewildering variety of different
chemical reactions occurring in molecular worldpsalidate and even incorporate most
of them into its own network. In this way, the infeation stored in DNA becomes
expressed.

Thus, from the information processing perspectilre,cell can be considered as a DNA
expression network.

It is important to note that the information is rei in the DNA as a limited set of
genes, a genome. Each gene can be expressed uadliyitb be fully converted into
corresponding element of the cell structure or fiamc For each gene, its own sequence
of DNA transcription, RNA translation, and cataly/sian be determined. This sequence
of chemical reactions can be called a gene expresstwork, abbreviated GEN.

In some GENs, however, this sequence can be testri&o, in any GENs, the end
products are polypeptides functioning always asstsate molecules and never as
catalysts. There are also GENs which end produssRaNAs that never become
translated into polypeptides, but function alwaystree level of RNA as substrate
molecules. On the other hand, the sequence ofisaacin some GEN extends if the
products of DNA transcription or RNA translationdengo the post-transcriptional or
post-translational processing respectively. Thislitawhal processing involves both
folding to acquire mature three-dimensional confation and modification of selected
ribonucleotides or amino acid to modulate strudtanal functional properties of mature
RNA or polypeptide molecule. Often, some ribonutit®or amino acid sequences are
to be removed from the primary RNA or polypeptiBarticularly, single primary RNA
or polypeptide is to be cut up into separate maéscar, on the contrary, some primary
RNAs or polypeptides are to be joined togethemtonfsingle molecule. Generally, the
same gene can undergo expression many times thldsng a large amount of identical
end products.

Despite of differences in details, it is obviouattithe GEN is an universal pattern of
information processing in the cell. It is essehfidbur-dimensional. Moreover, the

spatio-temporal organization of the GEN is chargxge by the strong directionality of

the so called flow of information.

All elements of the GEN are the best known subta@llphenomena. The directionality
of information flow is just the best known componhehthe so called central dogma of
biology. Nevertheless, the opportunity to recograreuniversal pattern in the directed
sequence of well-known reactions has been completadriooked. Perhaps, the central
dogma of biology was too dogmatic just in solvihg tentral problem of biology.

In turn, the GENs are arranged into the whole DNfrression network where each
GEN can be considered as an "adaptor" subnetworhwhcognizes a particular piece
of information on the DNA and transfers it into @m@sponding fragment of the whole
cell network. GENs do not work in isolation but eéa® inputs from each other and



from environment. In each GEN, there are many cbittuttons that determine when,
where, and how much of particular gene end progusynthesized. Just the astonishing
harmony of the whole DNA expression network refle¢che strong integrity of
information stored in the cell genome. From thisspective, the cell can be considered
as a highly regular composition of interacting GEAISENome.

In GENome, GENSs interact to maintain each otheriguinformation processing in
particular GEN, it is just the job of other GENspimvide necessary elements for gene
expression machinery. It is reasonable to distsigtinree main parts of this machinery
according to the sequence of information processaagtions in GEN.

The DNA transcription machinery is necessary toveohinformation from DNA into
RNA form. The DNA serves as a template in this pesc In the DNA molecule overall,
both strands can be used as templates, but inremgene only one strand is used and in
the same gene it is always the same strand. Totleégegene, however, just the
deoxyribonucleotides sequence on its non-templagnd is conventionally used. In
particular GEN, the DNA is represented by a comesiing gene. First of all, the DNA
transcription machinery involves a pool of fourferent ribonucleotides with the
triphosphate as a phosphate group. Further coestguof the DNA transcription
machinery are numerous complex molecules of vanmaisre that work to polymerize
ribonucleotides on the template. A RNA polymeraseves to find an appropriate site
on DNA, to bind the DNA at this site, to temporaligparate the two strands in the
adjacent region, and to begin generating of an RhAecule on one of the separated
strands. Then, the RNA polymerase moves along &, Dnaintaining growing fork to
expose the template strand, and catalyzes the aiongof RNA molecule by addition
of the incoming free ribonucleotide to the 3' grogvpoint. When the RNA polymerase
recognizes specific region on DNA which signalstemmination of DNA transcription,
both RNA polymerase and primary RNA molecule ateaged from DNA. A multitude
of molecules assist the RNA polymerase to perfdmesé tasks. In some GENSs, the
DNA transcription machinery additionally involvesnstituents for post-transcriptional
processing of primary RNA. Spliceosome containiagesal kinds of polypeptides and
RNAs cuts primary RNA to remove some ribonucleosgguences, introns, and then
rejoin adjacent regions, exons. Ribozymes are RMAth an enzymatic activity
restricted to cleaving primary RNAs at specificdbons. Some constituents of the
DNA transcription machinery are universal, othees gene-specific.

The RNA translation machinery is necessary to cdnwgormation from RNA into
polypeptide form. The mRNA serves as template is finocess. First of all, the RNA
translation machinery involves a pool of 20 diffiramino acids. Further, numerous
complex molecules function to enable the polyméiora of amino acids on the
template. One prominent part of the RNA translatimechinery is a pool of tRNAs. In
this pool, 30 to 40 different tRNAs can be idesetifiin some cells and 50 to 100 - in
other cells. Different tRNAs show very similar terdimensional conformation. This
reflects their functional similarity: all have te@ lshemically linked to a particular amino
acid and to attach a corresponding codon on mRN#haithe amino acid can be added
to a growing polypeptide chain. Mature tRNA molecuesembles cloverleaf folded
into L-like shape with two arms. The end of one ahas a specific triplet of
ribonucleotides, termed the anticodon, which ersmltlee tRNA to be specifically



attached to complementary codon on the mRNA. Thi adhother arm is a free 3'
terminus of the tRNA which can be linked to amireida Another prominent part of
RNA translation machinery is a pool of 20 aminoa®INA synthetases. Each tRNA
molecule can be recognized by one and only onehef 20 aminoacyl-tRNA
synthetases. Likewise, each of these enzymes tinksand only one of the 20 amino
acids to a particular tRNA, forming an aminoacyN#&R The most prominent part of
RNA translation machinery is a ribosome, an assiotiaf any few specific ribosomal
RNAs, abbreviated rRNAs, with more than 100 differpolypeptides. In ribosome, a
large and a small subunit are usually distinguisfgysically moving along an mRNA
molecule, the ribosome binds and brings togetherows accessory molecules
necessary for polypeptide synthesis and catalyzesassembly of amino acids into
polypeptide chain. In some GENSs, the RNA transtatitachinery additionally involves
constituents for post-translational processingrohary polypeptide. Some constituents
of the RNA translation machinery are universal,eoshare mRNA-specific. Although
the mMRNA persists information processing by RNAngtation, it degrades soon or
later.

The catalysis machinery is necessary to converorimition from enzyme into
metabolite form. The catalyst serves as a temptatthis process. First of all, the
catalysis machinery involves a particular pool abstrate molecules. This pool is
usually catalyst-specific. Further constituentshd catalysis machinery are numerous
complex molecules of various nature that assistcdalysis. Although the catalyst
persists information processing by catalysis, gredes soon or later.

Collectively, GENs in GENome work to replicate tmmplete DNA.

During DNA replication, information is reproducethe DNA serves as a template in
this process. The structure of DNA molecule immedyasuggests how it may be
replicated: its strands must be first separated theth each strand can serve as a
template guiding the synthesis of complementamgnstraccording to the strict rules of
base pairing. The separation of strands exposes dhexyribonucleotides and thus
makes each of them available to be recognized #adhad by free complementary
deoxyribonucleotide in the cell matrix. By orderdgrthcoming attachment, newly
added deoxyribonucleotides transform each singiendtinto duplex identical with
original. So, qualitatively, the DNA replication rslatively simple chemical reaction.
But, quantitatively, it is very complex becauseaofarge amount of DNA in the cell.
Therefore, the DNA is usually replicated not as laole but rather in fragments of
various lengths which then are to be joined togethe

In the cell, the DNA can contain more than one DiAlecule. Each DNA molecule

can contain more than one region where the DNAigafpbn can begin. Such regions
are called replication origins. At each replicatiorigin, the separation of strands
resembles unzipping of a zipper with forming of tgrowing forks that move outward

in opposite directions. Each growing fork is a zameere two strands expose their
deoxyribonucleotides. While the new deoxyribonutities can be added exclusively at
the 3' growing point, the restoring of the duplex proceeds continuously only on the
strand which is exposed in the 5'-to-3' directibhis part of the growing fork is called a
leading strand. In contrast, the restoring of thplelx on the other strand for which the



5'-to-3' direction is away from the growing forkncaccur only in short stretches, called
Okazaki fragments that are later to be joined togretThis part of the growing fork is
called a lagging strand. While at each replicabogin two growing forks are formed,
the new synthesis proceeds bidirectional. The cwsléhat are being restored by each
replication origin elongate and eventually join le@ther. When the DNA replication is
complete, each original DNA molecule is replaceditsytwo identical copies called
daughter DNA molecules. While each of them is loddf and half new, this type of
replication is termed semiconservative. After regtiion, each couple of daughter DNA
molecules usually undergoes processing that ingalveir packing and separation from
one another.

In the cell, the DNA is never free but rather irs@sgation with a large number of
diverse polypeptides. Such composition is calletiramatin. In the chromatin, most of
the polypeptides serve to compact DNA sufficiendyfit it inside the cell. In distinct
areas, the chromatin shows different degree of easation. In areas with lowest
degree of chromatin condensation, DNA fragmentspaesent usually in so called B
form. In this form the stacked base pairs are @fuspaced 0.34 nm apart the helix
axis and the helix makes a complete turn everynB4wvith about 10 pairs per turn. On
the outside of DNA molecule in B-form, the spacesween the intertwined strands
form two helical grooves of different widths refedrto as the major groove and the
minor groove. Consequently, part of each base éesmible from outside the helix to
both small and large molecules that bind to the DINAcontacting chemical groups
within the grooves. These two binding surfaces tif DNA molecule are used by
different DNA-binding molecules. In addition to thejor B form of DNA, A form and
Z form have been described. First of all, the DNAlication machinery involves a pool
of four different deoxyribonucleotides. Also a padlfour different ribonucleotides is
needed. In both pools, nucleotides contain alwdgs ttiphosphate as a phosphate
group. Further, numerous complex molecules functoenable the polymerization of
deoxyribonucleotides on the template. A helicaswinds and unzips the duplex to
form growing fork. The local unwinding and unzipgiproduce the torsional stress
leading to supercoiling of region adjacent to thekf A topoisomerase removes this
supercoil. On the exposed DNA strand, a specialRBid\ polymerase, also called a
DNA primase, forms a short RNA strand which servent as a primer that can be
elongated by a DNA polymerase, thereby restorirggdbiplex. The primer is needed
while the DNA polymerase is unable to initiate replion but rather to carry out a
deoxyribonucleotide addition only. At each DNA fragnt, the primer is removed and
replaced by growth of the deoxyribonucleotide sdirdrom the neighboring DNA
fragment. A DNA ligase joins the adjacent fragmer@®mbined with the ability to
discriminate against incorporation of a mismatchddoxyribonucleotide, the
proofreading activity of DNA polymerase is suffioteto reduce the error frequency of
DNA replication significantly. Additionally, numeos molecules act to remove
mismatched or damaged deoxyribonucleotides, furtkesuring correct DNA
replication and maintaining integrity of genome.

During DNA replication, each original DNA molecukll be ultimately replaced by a
couple of daughter DNA molecules. Consequently, rwihiege DNA replication is
complete, the pool of free deoxyribonucleotides eshausted, DNA replication
machinery disappears, and chromatin polypeptidesctenthe matrix. The post-



replicative packing of each DNA molecule by chromapolypeptides results in
structure referred to as a chromatid. Respectiviidg, packing of each couple of
daughter DNA molecules produces a couple of twomatids held together. This
structure as a whole is referred to as a chromosdméoth constituents are called
sister chromatids. Finally, each chromosome undergeparation and sister chromatids
segregate.

Whereas gene and genome are notions that refemtortiormation is stored in the cell,
GEN and GENome refer to how the gene and genonwidun The cells differ greatly
in number and assortment of genes in genome aribequently, in number and
assortment of GENs in GENome.

In some genomes, particular gene can be presemuitiple copies which are either
spread throughout the genome or arranged in taradeags. Often, some genes in the
genome can be considered as a family of relateésge®uch families can comprise
from any few to 100 or even 1000 members which etsobe either spread throughout
the genome or arranged in tandem arrays. In thie tel DNA can be not only
monogenomic but also digenomic. Digenomic DNA corgatwo non-identical
genomes. Both monogenomic and digenomic cells cduibié high level of ploidy
which refer to the number of genomes without dgtishing between identical and
non-identical.

Practically, the cell suits the GENome to specsiibset of sources of mass, impulse,
and energy to produce their usable forms essdntidhe cell life. These sources label
the start points of different metabolic pathwaysiclhrefer to the routes of mass,
impulse, and energy processing. Initially separatieese pathways become more and
more intricately interwoven, but then divide anewoimany branches which end points
are marked by waste products. In contrast to sswtenass, impulse, and energy, the
information source is appointed not in environmauritrather in the cell itself and, more
concretely, just in the DNA. In the cell, the saDWA, i.e. the same DNA molecule or
the same set of DNA molecules, undergoes not oA @xpression but also DNA
replication and provides in this way the cell witte key mechanism to couple these
two phenomena into single one. If information erembdin the sequence of
deoxyribonucleotides of DNA will be executed by DN&pression, the DNA will be
reproduced by DNA replication. In other words, tlEENA promotes its own
reproduction by DNA replication through executiohits own information by DNA
expression. As a result, the DNA not only perdistsrmation processing without to be
exhausted but also becomes transformed into twatice copies of itself during the
cell life history.

From the perspective of mass, impulse, and energgepsing, bewildering large

number of reaction types is recognized in celleréhs a great deal of convenience by
their integration into subcellular patterns. In tast, GEN and GENome seem to be a
natural basis for this integration. As for the pais, such as metabolic pathways,
signaling cascades, regulatory motifs, functionaldoles, etc., they rather disclose
some reciprocal relations between GENs. Taking @toount the arrangement of
chemical reactions into GENs provides the reversgneering of these patterns with

common platform.



Although differing greatly in the number and asswmmt of sources of mass, impulse,
and energy, the cells are very similar in preparatiarefully of the appropriate pools of
such molecules as 4 ribonucleotides and 20 amirds.a¥irtually each cell contains
GENSs that need these precursors to execute infmmatored in corresponding gene.
Different cells are also similar in preparation efally of the appropriate pool of 4
deoxyribonucleotides. Virtually in each cell, GENenmeeds these precursors to
reproduce information stored in corresponding gesaom

Spatio-temporally, the cell appears as a moress dglickly changing matrix composed
of a bewildering number of chemicals participatorgreactions involved in GENome.
This matrix is mostly a heterogeneous water satubd a large array of mono- and
polymolecules, but one prominent constituent isirey tmembrane composed of
amphipathic molecules. Whereas one part of an gmafific molecule is hydrophilic,
i.e. water soluble, another part is hydrophobie, water insoluble. Placed in water,
such molecules aggregate, arranging their hydraphpdstions as much in contact with
one another as possible and their hydrophilic pogtiin contact with water. The most
appropriate three-dimensional configuration of saghregate is a bilayered membrane
closed to form a vessel-like shape. In the cellsthad amphipathic molecules are in this
configuration separating the matrix into an inteaod an exterior part respectively. In
the literature, only the interior part with the maane is mentioned to be a cell, and the
exterior part is referred to as an extracellulartrmaHere is preferred, though, to
mention under the cell a whole matrix with the DN& a key constituent. Other
chemicals become constituents of the cell matrixaozasionally depending solely on
the conditions in environment but rather regulaldypending entirely on the information
stored in the DNA. In this respect, the whole oedltrix can be considered as ultimate
derivative of DNA.

Although sharing common structural and functiorralpgrties that have been conserved
throughout evolution of the cellular world, the Isehave evolved a variety of
differences. In this respect, two large cell groaps usually distinguished: prokaryotic
cells and eukaryotic cells.

The prokaryotic cells are commonly small entitieghwrelatively simple spatio-
temporal organization.

They have mostly only one DNA molecule, but any f=il types do have 2 or more. In
the DNA, the number of deoxyribonucleotide painsges from about 0.6 million to 5
millions, an amount sufficient to contain 1000 @00 genes. The genes are arranged
close together with little intergenic space. Ingoare extremely rare. The DNA is
usually a ring-formed molecule. Although it is atiad to the cell membrane, its largest
part lies in the central region of the interior matand is arranged together with
numerous polypeptides in a dense clump called oittl&he circular DNA molecule
has usually only one replication origin. In additionumerous accessory DNA
molecules, called plasmids, are distributed in iterior matrix. They depend on
cellular machinery to be replicated or expressaticam not survive at all outside of the
cell. Plasmids carry some genes that, althoughessential for cell life, are extremely



useful to the host in any situation. In prokaryatall, there is only one type of RNA
polymerase which does the job of synthesis ofyak$ of RNA molecule.

The cell membrane is commonly a single simply-sdapessel that undergoes very
slight changes in cell life history. Some cell tgphave however a second cell
membrane which lies concentric to the first and dsuldes the exterior matrix
additionally. A sphere, a rod, or a spiral arerniwst abundant shapes of cell membrane-
formed vessel which linear dimensions range froto 1.0 um. But, the diversity of
shapes extends well beyond these basic types.ylfeancell types, the cell membrane
region associated with the DNA molecule can invagnin some other cell types, the
cell membrane regions containing specialized seolypeptides are able not only to
invaginate but also to pinch off completely, forgnisealed vesicles which become
suspended in the interior matrix. In cell typeshwitvo concentric cell membranes,
sealed vesicles are constantly being dischargeth fouter cell membrane into
environment and attack neighboring cells. In imematrix, there are also numerous
granular inclusions such as ribosomes and thylakoldhylakoids are flattened discs
with light-sensitive pigment molecules.

In the exterior matrix, a rigid cell wall is commgnformed that is composed of
complex assemblies of polypeptides and polysaatbsrand is porous. In cell types
with two concentric cell membranes, this wall isialyy placed between them. The cell
wall supports the cell to maintain its shape amaligles it with additional mechanisms
to protect key chemical reactions that occur pesfeally in the interior matrix and at
the cell membrane. Other prominent part of extem@atrix is a glycocalyx (capsule,
gelatinous sheath or slime layer). Some prokaryo#élt types have flagella, which
rotate like propellers to move cell through fluigdium. Fimbriae are short appendages
that help cell attach to an appropriate surface.

The composition of metabolic pathways is relativeiyjple in prokaryotic cells, but,
they show a broad variability in this respect. Sgrakaryotic cells require only carbon
dioxide as a carbon source. Certain prokaryotits agde light as energy source. The
others can oxidize various chemicals to obtain ggneBome prokaryotic cells can live
only in the presence of oxygen, others only inghsence. Certain prokaryotic cells can
live in the presence or absence of oxygen. Differeetabolic pathways are often
combined in the same cell and it can switch betwbkem repeatedly. Some prokaryotic
cells can also survive in environments that aresicmned as extremely hostile. They
can inhabit extremely hot or cold habitats. Thesoatan reside in extremely salt, acid,
or alkaline surroundings.

The eukaryotic cells are generally much larger thmokaryotic cells and show
relatively complex spatio-temporal organization.

They contain 1 to more than 50 long DNA moleculdsiclv are usually linear. On
average, the DNA in a typical eukaryotic cell iab1000 times greater in number of
deoxyribonucleotide pairs than a DNA in a typicabkaryotic cell. Although a large
amount of deoxyribonucleotide sequences in the DillAon-coding, the average
number of genes in a representative eukaryotic gens still tenfold greater than in a



representative prokaryotic genome. The genes atdldited between different DNA
molecules. Thus, each DNA molecule contains orgypthrt of the genome.

The cell membrane is quite an elaborated systeincttenges significantly in cell life
history.

In addition to intricately-shaped main cell vesséijch is 10 to 30 times larger in linear
dimension and 1000 to 10,000 times greater in veldinan a related vessel of typical
prokaryotic cell, the cell membrane forms also apamded set of various vesicles
suspended in the interior matrix. Each vesicledasnen which content is considered
to be topologically equivalent to the exterior matiThe vesicles vary in dimensions
and shape. Intensively communicating with one atthey compose an integral
vesicular system.

The most prominent vesicle is a nuclear envelope.membrane makes up two
concentric surfaces which lay close together witleIspace between them. Therefore,
the nuclear envelope-forming vesicle looks like @aulidle-membraned barrier
subdividing the interior matrix into two functiomaldistinct compartments: a nucleus
and a cytosol. The nucleus contains the DNA aralpsincipal site of DNA replication
and DNA transcription. The eukaryotic cell has éhmifferent RNA polymerases,
which specialize for synthesis of tRNAs, rRNAs, anBNAs respectively. Sites where
rRNAs join polypeptides to form ribosomes are ahlteicleoli. The cytosol is the site
of RNA translation and of most of the cellular niibtsm. The nuclear envelope is
punctured at intervals by nuclear pores where mands of two concentric surfaces
fuse. The nuclear pores serve to actively transpwtecules between nucleus and
cytosol. The lumen of the nuclear envelope, retetoeas a perinuclear space, continues
into the labyrinthine lumen of the endoplasmicagtim, a system of large flattened
vesicles. The nuclear envelope and endoplasmicuteth compose a part of vesicular
system where molecules destined for secretion godaocessing.

Golgi apparatus, organized stacks of disc-like Gaigternae, is another part of
vesicular system where molecules destined for sear@indergo sorting. Numerous
small vesicles bud off from one area of vesiculgstam and fuse with another. In
similar ways, the vesicular system interacts with main cell vessel. Lysosomes are
vesicles containing digestive enzymes. They fusalyswith vesicles containing food

molecules. Vacuoles are vesicles to store watggrsysalts, pigments, or toxins.

Most eukaryotic cell types also contain vesiclesciwhare occupied by a bodies so
resembling a prokaryotic cells that they are thdughoriginate from them. Indeed,
there are numerous arguments to assume that therdial eukaryotic host cell, which
formed symbiotic association with any prokaryot&ls, assimilated them as so called
mitochondria and plastids respectively. Althoughhbmitochondria and plastids lost
through time most of the genes originally presemtethe genome of their precursors,
they preserved however any part of their DNA arsb dhe ability to self-double and
self-divide. DNA of mitochondria and plastids igatilar loop similar to prokaryotic
DNA. As for the ways how the symbiotic form mighe brisen, it is a matter of dispute.
Whereas mitochondria can be found in most of eukargells, plastids are restricted to
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any few cell types. Individual mitochondrion or gtid can contain many copies of its
own DNA.

Ribosomes may be attached to endoplasmic reticolumtytosol site or may lie free in
cytosol. Sometimes, ribosomes combine into polwilmoes. Sites of endoplasmic
reticulum with attached ribosomes are called roegldoplasmic reticulum. Primary
polypeptides synthesized at ribosomes enter lum@maoplasmic reticulum for post-
translational processing. Mitochondria and plashdse also their own ribosomes to
produce own polypeptides. These ribosomes resepnblkaryotic ribosomes.

Numerous polypeptides in the cell matrix are aremhgnto so called cytoskeleton
giving the cell strength and rigidity, thereby hefp to maintain cell shape. Other
polypeptides are arranged into structures enalidotg the movement of the cell as a
whole and the movement of various structures withe cell matrix. The main cell
vessel may have numerous short hair-like projestiasilia, that can move in an
undulating fashion or few longer whip-like projexsts, flagella that move in whip-like
fashion. Both cilia and flagella have similar coostion, but differ from prokaryotic
flagella.

In the exterior matrix of diverse eukaryotic celpés, more or less rigid cell wall is
built. Also the glycocalyx is often present in exkte matrix. It may contain scales,
spicules, spines, shells, sheaths, tests, thecdetiaae which are often very complex
structurally.

Eukaryotic cells show only a few variability accorgl to the composition of metabolic
pathways but it is usually very complex.

To describe a spatio-temporal organization of glsiell adequately, it is enough to
outline how its spatial organization changes teraibar

While in the cell the DNA is produced only by DNA&plication, it is reasonable to

assume that the cell life history begins at thenpaihere two newly produced sister
cells halve the matrix inherited from the mothell ead each starts a self-dependent
life. What the newborn cell has to do is just witeimother done: self-maintain as long
as possible to self-double and then to self-dividecause its DNA carries the same
genome as the mother DNA, all abilities to fulfifis plan are inherited as well. To

ensure that this plan will be fulfilled, all cheralaeactions of the cell network must be
well organized with respect to each other in spawe time. This comprises also the
precise logistics of a bewildering number of chaalggarticipating on these reactions
and constituting the cell matrix.

In different cells, the spatio-temporal organizatie differently complex.
In prokaryotic cells, the cell life history is shand simple.
In ideal environmental conditions, the prokaryatedl needs only 30 minutes to self-

double and to self-divide. Temporally, DNA expressand DNA replication seem to
occur at the same time and proceed concurrentlglidation of single DNA molecule
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begins at the single replication origin which isclaored to the cell membrane.
Segregation of new DNA molecules appears to begom sifter starting of duplication
of the replication origin, whereas the remainder tbé DNA molecule awaits
replication. Once DNA replication is complete, asembly of new membrane and cell
wall forms a septum, which eventually divides tle#l @ two. Because the origins of
the two newly formed DNA molecules are anchoredifterent membrane sites, each
daughter cell receives one DNA molecule. Some pralte cells are capable to initiate
the next round of DNA replication before the prexoound is complete. This results in
a cell with multiple bidirectional replication faskbut only a single unduplicated
terminus region. During this multifork replicationew replication origins soon after
duplication undergo segregation in opposite dicei

In eukaryotic cells, the cell life history is mudbnger and more complex than in
prokaryotic cells.

The duration of the cell life varies greatly fromeocell type to another. Any few
eukaryotic cells can grow and divide as quicklypeskaryotic cells, while the cell life
of some other can last longer than a year. Howewdypical eukaryotic cell needs
usually 10 to 20 hours to self-double and to saliee.

Temporally, the cell life history in an eukaryotiell is traditionally divided into four
major periods.

During the first period, &phase, the newly born cell begins with DNA expiasscell
matrix continuously grows in mass and volume, amghoelles increase in number. The
cell monitors conditions in its own matrix and inveonment and, when the time is
ripe, takes a decisive step that commits it to Didplication. This period is considered
to be a safety gap.

The second period, S phase, represents just tleedirdNA replication. Polypeptides
associated with DNA in chromatin are also produdétbse regions of chromatin that
are least condensed and therefore most accessildleetreplication machinery are
replicated first, whereas the condensed chromatidg to be replicated very late in S
phase. Since eukaryotic DNA molecules are lindare is no place to produce the
RNA primers needed to start the last Okazaki fragmat the very tips so that the
strands become shorter after replication. To sdivis end-replication problem,

eukaryotic cells produce special enzyme, telomenrabesh is able to restore the length
of the strands. In contrast to prokaryotic celldlexpression and DNA replication in
eukaryotic cells proceed concurrently only duringstricted period of cell life history.

The third period, @phase, provides the next safety gap, allowingc#leto ensure that
DNA replication is complete before it plunges iotll division.

During the fourth period, M phase, the cell divisioccurs. In a comparatively short M
phase, the contents of cell matrix, which were deditby activities of the preceding
three periods, collectively called interphase, tovebe exactly segregated into two
daughter cells.

12



In process of cell division, two subprocesses awally distinguished: mitosis and a
cytokinesis.

The mitosis, also called karyokinesis, refers ®ghgregation of the reduplicated DNA,
the cytokinesis is a division of the cell matrix aswhole. The mitosis is often

considered as a culmination of the cell life higtdVith minor variations, the events in
mitosis follow the same sequence in all eukaryogtf types. Although they unfold

continuously, the mitosis is conventionally dividatb five subperiods.

During the first subperiod, prophase, the cell prep itself for mitosis. In the nucleus,
the chromatin rearranges to condense into chromesoeach comprising two identical
chromatids linked together at a multiple pointsngldheir length. In the cytosol, the
cytoskeleton rearranges to build a specialized macy, a spindle apparatus, which is
able to capture chromosomes and segregate sistenatids from one another.

During the second subperiod, prometaphase, theeamudanvelope breaks up into
multiple small vesicles and chromosomes are retemstine cytosol and captured by the
spindle apparatus.

During the third subperiod, metaphase, the celinse® pause until all chromosomes
are aligned appropriately at the middle plane betwthe two poles of the spindle,
poised for segregation.

During the forth subperiod, anaphase, the sisteonghtids on each chromosome

abruptly split apart and are pulled by the spindfgaratus to its opposite poles.

Meanwhile, the cell itself stretches out and thimdlp apparatus pushes its poles apart
and elongates. Whereas the pulling moves the chidsntb segregate them into two

equal subsets, one at each pole of the spindleptishing increases the distance
between these subsets.

The fifth subperiod, telophase, is marked by appsarance of the spindle apparatus
and by a coalescence of small vesicles to formcéeauenvelope around each subset of
chromatids establishing thus the two daughter nucleeach newly formed nucleus, the
chromatin begins to decondense.

Thus, in contrast to prokaryotic cells, segregatbnew DNA molecules in eukaryotic
cells is temporally separated from DNA duplication.

The cytokinesis accompanies the mitosis, beginosgwlly in anaphase, continuing in
telophase, but finishing later as the mitosis implete. Just the cytokinesis, by which
the cell is divided into two daughter cells, isditeonally viewed as the end of the M
phase and the cell life history.

In each period or subperiod, the cell is in a dpestage. So, the cell life history can be
considered as a sequence of these stages. Theidrans$ the cell into each sequential
stage is a precisely regulated process, overseemuimerous genes whose job is to
ensure that this sequence is carried out corredilyere are numerous critical
checkpoints, at which the transition into a patacistage of the cell life history can be
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arrested and delayed, if the cell is hindered bfaworable conditions to complete
previous events without errors or even damagednyyamgent. Arrests and delays at
critical checkpoints provide time for cell to carteerrors and repair damages. The
critical checkpoints are points at which the céié Ihistory may be regulated by
extracellular signals.

Duration of each period or subperiod respectivalyes considerably in different cells.

In some cells, there is no,@nd G phase and DNA replication and cell division occur
very rapidly so that both S and M phase are veoytsin contrast, other cells exit;G
phase to enter a phase of replicative quiescen@gpaase, where they become arrested
unless called on to leave replicative quiescencarbgppropriate extracellular signal. If
they acquire no signal to do so, they may evenec8as;, and M phases altogether and
proceed into the replicative senescence. Duriggliase, metabolic activity of the cell
may vary significantly.

During its life history, the cell often changes streally structural and functional
characteristics.

For example, the cell can alternate between thelerentd sessile life styles or change
repeatedly between the locomotion by means of pgeadia and swimming by means

of flagella. It can also alternate between thevaciind passive life style or even become
a dormant spore or cyst for a long period of time.

The cell may divide either symmetrically producitwgo identical daughter cells or
asymmetrically producing two non-identical daugluels.

The asymmetric cell division involves unequal sggt®n of the cell fate determinants
between the two daughter cells during cytokineéBnese determinants may specify cell
fate either directly through intrinsic metabolic tlpaays or indirectly through
interaction with extrinsic determinants but, in leaase, the cell fate specification is
always achieved by differential DNA expression. TOEA expression may be made
differential at each reaction of the DNA expressmatwork in many ways.

Generally, the life history of the single cell begiwith one cell but ends with two.

The ability of the DNA molecule to be produced oy casually with a sequence
depended mainly on chance but also causally wiseg@uence predetermined by a
prototype make this molecule unique and suit itl vieal its specific role in origin and
evolution of the cellular world.

Whereas in the molecular world the DNA molecule wasrely a side-product of
evolution and the DNA replication occurred to soextent occasionally and seldom,
exactly the DNA molecule became the key substandelae DNA replication - the key
reaction that both made the origin of the cellwarld just possible. In molecular world
on the early Earth, the same substance might kesmewally involved in more than one
chemical reaction. As a result, a special netwarldlat evolve in which so coupled
reactions promote each other. Likewise, the DNA veee time involved in a
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sophisticated network of intimately interconnectéemical reactions and so promoted
to successfully transform the DNA replication fran occasional event into a highly
persistent one. As for the way by which this nekwmight originate, it is still a matter
of dispute. Most important, while involving the DNe&plication, this network, once
originating billions years ago, persists until nby progressive self-propagation and
self-diversification.

Moreover, while progressively self-propagating asdf-diversifying since its origin,
this network tirelessly develops itself to only awger-network that is so huge that it is
impossible to imagine and describe its spatio-temip@rganization realistically.
Temporally, this super-network stretches itselftbwmbugh approximately 3 or 4 billions
years. Spatially, first as small as a single myasipla, it is since billions of years as
large as the whole biosphere of the Earth. Theeptesday biosphere is merely a visible
top of iceberg in ocean of time. The ancient pathis gigantic life pattern leaves very
scarce traces. In the known universe, it is thetrm@®iplex structure that just represents
a whole cellular world, and one part of the supstork, the cell, is often considered
as an atom of the cellular word in the sense tthbe smallest entity. As for the other
respects, this "a-tom" is in reality a true autmtathe self-division is its essential
feature. A self-dividing cell creates a bewilderatigersity of life patterns in the cellular
world.

In conclusion, the proposed conceptual frameworkedaon notions of GEN and
GENome seems to be suited very well to stronglegrdte known subcellular
phenomena and reveal their novel emergent feat\ivégreas gene and genome are
notions that refer to how information is storedtte cell, GEN and GENome refer to
how the gene and genome work. During informatiaycessing in particular GEN, it is
just the job of other GENs to provide necessarymelgs for gene expression
machinery. Collectively, GENs in GENome work tolregte the complete DNA so that
the life history of the single cell begins with oo&l but ends with two. Practically, the
cell suits the GENome to specific subset of soufemass, impulse, and energy to
produce their usable forms essential for the dell Spatio-temporally, the cell appears
as a more or less quickly changing matrix composk@é bewildering number of
chemicals participating on reactions involved inNB&fe.
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