Hematology & Medical Oncology

Review Article

Oat

open access text

ISSN: 2398-8495

Archaeal genome and cancerogenesis

Stupar Milanko* and Stefanovic Slavica

Institute for Nuclear Science Vinc¢a, Deptartment of Molecular Biology, Beograd, Srbija

Abstract

At the molecular level, biochemistry of the human cell affected by cancer resembles that of a prokaryotic cell in terms of energy consumption, cell proliferation and
loss of contact inhibition, leading to the prokaryotic individualism. All these characteristics are the results of reverse evolution, in which the genes for normal cell
function play a secondary role to the prokaryotic genes causing cancer, and which undermine the human cellular genome. This fact raises the interesting question: At
which point in evolution did the eukaryotic cancerogenic cell goes backwards? The answer can be found if one knows the origin of the nucleus and mitochondrion.
According to the new proposal, they originated from the archaeal ancestor genome by genetic recombination, after whole genome duplication. During evolution,
the ancestor genome formed two replicons, one of which corresponded to the nuclear genome, and another of which corresponded to the mitochondrial genome.
Division of the two replicons provided two organelles, one nuclear and one mitochondrial. In this hypothesis, biochemistry and molecular genetics of the eukaryotic
cancer cells coincides with the emergence of the proto-eukaryotic cell after the separation of two archaeal replicons. Understood in this manner, biochemistry of the
cancer cell can serve as a good model for examining the origin of the eukaryotes.

Introduction

If ontogeny recapitulates phylogeny, than cancerogenesis
capitulates ontogeny. Cells in pre-malignant and malignant tumors
evolve by natural selection [1-2]. Cancer is a classical example of what
evolutionary biologists call multilevel selection: at the level of the
organism, cancer is usually fatal so there is selection for genes and the
organization of tissues that suppress cancer [3-4]. At the level of the
cell, there is selection for increased cell proliferation and survival, such
that a future cancer cell will have a competitive advantage over cells
that have not acquired hallmarks of cancer [5]. Thus, at the level of the
cell there is selection for cancer.

Several types of changes that occur when a cell becomes oncogenic
are:

- Cell proliferation, which becomes more similar to that of prokaryotic
cells, where cells tend to grow and divide as fast as they can, and the
rate of proliferation depends largely on the availability of nutrients
in the environment;

- Immortalization, a property of indefinite growth without any other
changes in the phenotype, occurs, so as in prokaryotic cells, division
is unlimited;

Lloss of contact inhibition occurs, which must be regulated by
signals from other cells in the body combined with programs intrinsic
to the individual cell. The relation cell-cell are disrupted so that the
human cancer cell behaves as an individual prokaryotic cell;

- Metastasis occurs, in which the cancer cell gains the ability to invade
normal tissue, move away from the tissue of origin, cross through
the walls of the capillary blood vessels, as prokaryotic cells may do,
and establish a new colony elsewhere in the human body;

- Huge power consumption is observed, due to the presence of
increased ATP consumption in affected cancerogenic cells.

Organisms evolv from ancestral to extant entities have inherited
molecular biology pathways for billion of years. In multicellular host,
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archaeal form of life subvent the host biochemical reactions and induce
host cell to provide growth factor for them. The malignant cells emerge
as selfish individuals, independent from a cell comunity

All this supports the fact that the biochemical activity of eukaryotic
cancer cells is subjected to the influence of prokaryotic gene expression.
The cells of a tumor descend from a common ancestral cell that
became mutant. There are two classes of genes in which mutations
cause transformation: tumor suppressor (antiproliferating) genes and
oncogenes. Both of these classes of human genes that cause cancer
are of prokaryotic origin. The fact that tumor suppressor genes exist
says a lot about evolution and cancerogenesis. This means that the
development of modern eukaryotic cells was subjected to the influence
and selection of an inherited prokaryotic genomes. The result of this
selection is the current human genome that still contains the legacy of
the ancestral prokaryotic genome, which is activated in oncogenesis.
The oncogenes carried by the DNA viruses specify proteins that
inactivate tumor suppressors. The oncogenes carried by retroviruses
are derived from cellular genes (proto-oncogenes) and, therefore, may
mimic the behavior of gain-of-function mutations and animal proto-
oncogenes. In a normal diploid cell, there are two copies of each tumor-
suppressor gene, and both copies of the gene must be lost or inactivated
to bring about the loss of proliferation control, as a single copy is
usually enough for normal regulation of the cell cycle. In contrast, only
one copy of a proto-oncogene needs to be mutated into an oncogene to
promote cancerogenesis.
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On entering the cell, glucose is converted to pyruvate. In
normal cell, if oxygene is available, pyruvate undergoes oxidative
phosphorylation in mitochondria. If oxygene level are low, pyruvate
is converted to lactate in the cytoplasm [6]. Cancer cell, however, drive
pyruvate conversion to lactate even in the presence of oxygene. So, that
coordination of energy production, both in normal and in cancer cell,
between nucleus and mitochondrion can not be separated.

All this suggests that cancer cells behave like prokaryotic cells.
Therefore, the metabolism of the tumor cells returns to the evolutionary
level overlapping that of the prokaryotic cells. If it is possible to find
true nature of cancerogenesis, this would be a prerequisite for finding
ways to eradicate the disease of cancer.

Monophyletic origin of the nucleus and mitochondrion

The new theory [7-9] of the origin of eukaryotes is based on the
existence and development of a single evolutionary line of cells, the
genome of which was the basis for the existence of contemporary
cellular compartments (nuclear, mitochondrial, plastids). This gave
rise to an endogenous evolution of free-living, independent organisms;
i.e., an “archaeal only origin of eukaryotes”.

In prokaryotes, cell division occurs through binary fission, driven
by the formation of the septum. Septum formation structurally alters
the envelope, and the inner membrane becomes closely connected to
the cell wall and outer membrane layer [10]. The network of protein
interactions must be carefully tuned, both in time and space, to
coordinate the correct, timely generation of two identical daughter
cells. Any rearrangement, mutation, or changes in the timing or
expression level of genes that participate in septum formation could
cause separation of the inner and outer membranes during fission.
However, the ftsZ and dnm1-like genes are not necessarily coordinated
when they are recruited to the constriction site; this indicates that
the inner and outer membrane dividing machineries are not in tight
association during the late stage of cell division [11]. It is likely that
the addition of new DNA sequences, either in the “mitochondrial”
or the “nuclear” replicon, could cause the dramatic fission of the two
replicons; this “addition” of new sequences could arise from genome
duplication. Dynamin regulates membrane squeezing and peroxisome
fission (peroxisomes are organelles surrounded by one membrane
[12]. Thus, the inner membrane of the archaeal ancestor of eukaryotes
(AAE) might form unique proto-nuclear and proto-mitochondrial
outer membranes of the resulting proto-eukaryote (before the
evolution of the endomembranes and endoskeleton of the mature
modern eukaryote).

The steps proposed during the replication of the duplicated AAE
genome, show a mechanism that might have led to the fission of the
eukaryotic common ancestral genome into nuclear and mitochondrial
compartments (Figure 1). In the final step, after genome fission,
invagination of the inner membrane could continue and envelop each
of the replicons separately. The nuclear membrane would become an
uninterrupted, single, lipid bilayer with an outer face and an inner
face, as a vestige of the ancient AAE inner membrane invagination that
enclosed the “nuclear” replicon.

When direct repeat sequences are near or at the origin of replication,
this might lead to functional segregation by genetic recombination,
particularly when the maximal capacity of the pragenome has been
reached, by whole genome duplication for example. Coupling
replication, cdc6 gene activation [13], and pragenome rearrangement
could lead to fission between the “nuclear” and “mitochondrial”
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Figure 1. Proposed origin of the eukaryotic nuclear and mitochondrial genomes. The
steps proposed show a mechanism that might lead to the fission of the eukaryotic common
ancestral genome into nuclear and mitochondrial compartments. 1, 2, 3 and 4 represent
different operons in the nucleus; M and R represent different mitochondrial operons, P is
the primeval photosynthetic operon.

gene content; this would lead to the formation of the nucleus and
mitochondrion.

Figure 1. With genetic recombination, and whole genome
duplication of the last eukaryotic common ancestor, till origin of
nucleus and mitochondrion.

Archaeal tumor genetics

The best prokariotic candidate for universal ancestor from
which eukaryotes emerged, has to be search among archaeal
TACK superphylum composed of Thaumarchaeote, Aigarchaeota,
Crenarchaeota, and Korarchaeota. Now is possible to account for the
presence of Eukaryotic Signature Proteins (ESPs) in TACK lineage.
These ESPs-like proteins, including actin, tubulin, dynein, gelsolin,
roadblock/lc7-domain, longin, small GTPase, found in Lokiarchaeota
[14]. This scenario, esspecially with small GTPase, contrast with
previous studies suggesting that small GTPase originated from alpha-
proteobacteria progenitor of mitochondria [15]. With this theory
there are additional problem, i.e. where are the rest of the alpha-
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proteobacterial genome goes to; where are the Loki’s machinery for
energy production, including archaeal ATP synthase? Such advanced
machinery should be accompanied bay sofisticated energy production,
including oxydative phosphorylation, ATP synthase, NADH
dehydrogenese, cytichrome complex, ubiquinone. All this should bi
placed in one of the Loki’s replicon. Something like in Nitrosomonas
faraonicus, for example. Anyway, as it is the case with small GTPase
contrasting with previous alfa-protobacterial origin, the same case
is with origin of mitochondrion, contrasting with endosymbiotic
origin. By the way, in the Loki’s article about complex archaea that
bridge the gap between prokaryotes and eukaryotes, there is not a
words about energy production, the most of the most important
biochemical pathway in the cellular life. The fact is that eukaryotic
signature biochemistry (ESBs), as spliceosome, the nuclear pore, the
endomembrane system, the ubiqutin system (E3 ligase also), the RNAi
machinery, the cytosceleton remodeling, the cytosceletal motors,
signal transduction, nucleocytoplasmic transport, vesicular trafficing,
membrane deformation, cell shape formation, including phagocytosis,
are present in the TACK, esspecialy in Lokiarchaeota. Genome of Loki
encodes 5381 protein codin genes [predicted by 16], as well as single
copies of 16S, and 23S tRNA genes. But, Loki is only one of the new
archaeal species that coming up.

All of the eukaryotic genome is transcribed, resulting in numerous
non-coding RNA. Micro RNA (miRNA) are small (21-25 nucleotides)
non -coding RNA. miRNA processing involved DICER-like protein
consisting of RNAse III and helicase domain. Helicase component
of DICER protein is specifically related to superfamily II of archaeal
helicase, ono of the pivotal events that led to the consolidation of
RNAI (RNA interference) in eukaryotic system. Regarding the RN Ase
III component of the DICER, situatiuon is more complex. Similarity
between DROSHA and DICER offer insight of evolution of RNAse
III family. Class II RNAse III (DROSHA homolog) may have evolved
from Class IIT RNAse III (DICER homolog) have two tandem RIII Ds
in common, suggesting that Class II (DROSHA) might have originated
from Class III (DICER) [17]. DICER-like protein is of archaeal origin.
In archaea there are miRNA as a powerfull evolutionary machinery,
transcription regulation, and defense system against viruses, which is
consistent with situation in eukaryotes. Experimental results indicate
that miRNA function as a tumor suppressor and oncogenes. Decreased
DICER mRNA levels correlate with advanced tumor stage.

A hybrid capable of copying strech of RNA template -100 base
long is the first example of a family B polymerase/reverse transcriptase
in archaea [18]. Intracellular menadgement of DNA-DNA sequences
including reverse transcriptase becomes easy of access. This can
eliminated gene complicated gene conversion, and horizontal gene
transfer as a evolutionary force in early evolution, and replace with
most powerfull mechanism - diversity generating retroelements
(DGR). DGR use a process called mutagenic retrohoming for the
target replacement of a variable repeat (VR) coding region with
a cognate non-coding template repeat RNA. DGR leads to rapid
evolution of target protein, and operate in archaeal system. It should
not be forgoten that, at the time of monophylet origin of nucleus and
mitochondrion, the archaea still retain propriety from RNA world.
Together with DGR, WGD, gene duplication, and /or tandemgene
duplicationis a major driving evolutionary forces. This create new gene
loci with primarly non-existing function by neofunctionalizationa
or subfunctionalization. Is it possible that during cancerogenesis,
cellular repertoire ,remember evolutionary pathway leadind back to
the origin of the corresponding oncogene or tumor suppressor gene
ancestry? [Table 1].
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Table 1. List of oncogenes and tumor suppressor genes with archaeal ancestry.

Gene symbol Background References
AKT, BCR, BRAF, LCK

PIM, RAF, MAP, RET, ROS, ser/thr/tyr kinase [19-21]
JUN, ATM, JAK

ATF, EVI, RUNX1, MAFB,

PLAG, C-JUN, CREB, CEBP, bZIP [22-24]
FOS, TNFA, WTI

CARD caspase [25]
CBL B/C, MDM2, CYLD, Ubi.quitin [14.26]
FBXW?7, VHL (with E3) ’
CCND 1,2,3, RAF, CDK ;igtl;?nd:ﬁl e;‘;em [14,27,28]
DDX 5,6 DEAD box RNA helicase [29]
DEK, FUS ALBA proteins [30]
FEV, TCF3 helix-turn-helix protein [31]
GOLGA, GOPC PDZ proteins domain [32]
HMG high mobility group prot. [33]
HRAS, KRAS, NRAS, RAS small GTPase [14]
MITF, TCF helix-loop-helix protein [34]
MLL, KMT2A lysine-N-methyltransferase [35]
NCOA4 PAS protein motif [36]
NUP, TPR nucleoporine [37]
PDGFB, PIK phosphatidylinositol synthase [38]
PPARG peroxisome [39]
PTPN tyrosine phosphatase [40]
SMO rhodopsin [41]
MAP mitogen-activated protein [42]
USP6 cystein protease [26]
BLM, WRN Rec Q helicase [43]
CARS cysteinil tRNA synthetase [44]
EXT exostin [45]
FH fumarate hydratase [46]
IDH isocitrate dehydrogenase [47]
ek 2
EGFR, ERBBs, FGFR, PDGF receptor tyrosine kinase ++

NTRKI1, MET, RET, ROS1

++ The major driving evolutionary force WGD is responsible for
origin of receptor tyrosine kinase (RTK) in eukaryotes. RTK possess
an extracellular domain composed of EGF and Ig or fibronectin type
III domains, a transmembrane domain, and an intracellular tyrosine
kinase domain. S-layer proteins of archaea is made up of two domains
which are fibronectin III, and Ig-like group 2. Thus, archaea possess all
components for RTK assembly. It could be that all RTK family go back
to a single common ancestral gene in the archaeal lineage.

Conclusion

The use of cancer cells as a model to study evolution of the
eukaryotes (up-down approach) is both interesting and fruitful.
Biochemistry and molecular genetics of the cancer cell have sprung to
the fore, providing answers as to how the evolution of cancerogenic
cells occurred at precisely the time when nuclear and mitochondrial
replicons became divided and the eukaryotes appeared.

At this very moment, disordered equilibrium (between membrane
basal metabolism, loss of contact inhibition, and aberrant expression of
transmembrane genes — future proto-oncogenes) and accelerated cell
division (by trigger silenced ancient genes - future proto-oncogenes)
had great impact on energy turnover (enormous glycolysis increase). In
archaebacterial genome common ancestor sequences for onco-genes
and tumor-suppressor genes has already been found. For example, the
helicase-associated endonuclease for fork-structured DNA (Hef) is an
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archaebacterial protein that processes blocked replication forks and
participated in tumor-suppressor pathway [49]. Regarding the onco-
genes, eukaryotic protein kinase were used to search for eukaryotic-
like protein kinase in prokaryotes. This search identified eukaryotic-
like protein kinase in archaebacterium Methanococcus vannielii, M.
voltae and M. thermolitotrophicus [50]. The archaeabacterial deduced
amino acid sequences displayed significant homology with the v-myc
gene product and adenovirus Ela oncoprotein [51]. The presence of
DNA sequences homologues to the v-myb oncogene was found in
both halophilic and methanophilic archaebacteria [52]. RolD protein,
plant oncogene product, bears sequence homology with ornithine
cyclodeaminase, enzyme of specialized niche archaebacteria [53]. An
archaebacterial protein , from Halobacterium halobium, of 84 kD shares
common epitopes with the human c-myc protein [54]. Cancer cells of
multicellular hosts, operated biochemical pathways that recognizably
derived from unicellular ancestor. The descendant heat-shock proteins
of thermophilic archaea is now chaperone oncoproteins [55]. All
archaea contains chaperons, more similar to the type II chaperons
from eukaryotes than to the type I from bacteria, mitochondria and
chloroplasts, although some archaea contain type I chaperon [56].
Expanded expression in mammary carcinoma appears to be largely
due to the proliferation of overexpressed oncogenes, malfolded muant
proteins and that trigger transcriptoin of hsp genes [57]. MCTS1
oncoprotein confers aggressive properties and inhibits apoptosis,
and loss of functions in tumor suppressor gene. Using a comparative
genomic approach, an ortholog of mcts1 has been identified in archaea
[58]. Very interesting study is analysis of domains and domains fusions
in human proto-oncogenes [59]. They found that 50% of oncogene
domains have their origine in the early stages of evolution, proir to
the emergence of metazoans, and no domains are found to arise from
mammals.

Genomic, proteomic, and biochemical analysis have reveald the
presence of eukaryotic protein kinase (ePK) and phosphatase and
an intriguing set of serine-threonine-, and tyrosine-phosphorylated
proteins in archaea. A candidate for the direct lineal descendant of the
primordial ePK, are found in archaea but absent in bacteria [19]. That
means thet first divergence from the LUCA separated the bacterial
line of descent from a conjoint eukaryal/archaeal one - primarly via
direct inheritance. Cyclin dependent kinase (CDKs) are specific serine/
threonine kinase that play an essential role in cell cycle regulation
allowing transition between its different phases,and in oncogenesis.
The coordinate transition between cell cycle phases depend on family
of evolutionarily conserved CDKs present in archaea [60]. From the
phylogenetic distribution of protein kinase superfamily, Leonard et
al (1998) infer the existence of an ancestral protein kinase prior to
the divergence of eukaryotic, bacteria, and archaea [61]. Which is in
agreement with hypothesis of endogenous origin of DNA organelles
via direct inheritance [7-9], but not as a endosymbiotic event. One
of the best example, confirming accuracy of this hypothesis, is a case
with Spoll gene. In all organisms, DNA topoisomerase are essential
for untangling chromosomal DNA. The A subunit of archaeal
topoisomerase VI is a homologous to the miotic recombination factor
Spoll, associated with multiple cancer cell lines [62].

All above indicated that reason for cancerogenesis has to be search
among the origin of ,archaeal® tumor suppressor and onco genes
whose change cause human disease. In spite of the relation between
mutation in the genome of organelles and oncogenesis, there is not a
particular organellar gene that trigger malignant transformation. As
it is the case with mitochondrial and chloroplast genes, the same is
valable for ribosomal genes, havin in mind new upcoming ribosomal
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DNA organelle [63]. All these facts confirm the accuracy of above
hypothesis. Study into gene cluster expression, gene transfer (nucleus
<> mitochondrion), and genetic recombination study of this transient
process, i.e. origin of mitochondrion and nucleus, can provide obvious
succession of events in cancerogenesis, which in turn can facilitated
diagnostic and treatment of cancer. Looking through the tumor
suppressor gene and oncogenes, its archaeal origin profiles through all
proteins that are a simplified version of their eukaryotic counterparts.
Thus, the basis for oncologicaly provoked suicide of the contemporary
archaeal cell, after human death, coming up from expression of the Last
Eukaryotic Common Ancestor genes.
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