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Abstract— Much of our DNA is repetitive sequence 
comprised of mobile genetic elements. Cell's energy expenditures 
associated with their life cycle and containment are negligible in 
normal conditions, as human cells have evolved to coexist with 
transposable elements and use them to their advantage. In 
disease, when genome defense mechanisms are compromised, 
energy costs associated with transcription, translation and 
integration of mobile elements soar. Here we demonstrate how a 
competition between two major types of human transposons may 
determine cell fate in pathological conditions.
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Motivation and Aim
Throughout its life, the eukaryotic cell balances energetic 

costs of processes such as growth, division, movement, as well 
as genome maintenance, transcription and translation. Of these, 
the latter processes are the most energy consuming [1], as 
protein synthesis accounts for ~75% of total cell’s energy 
budget [2]. The bulk of our genomes (~45%) is made of 
retrоtransposable elements (rTEs), - (semi)autonomous mobile 
genetic elements, capable of propagation through the genome 
via a copy-and-paste mechanism [3]. In disease situation, when 
genome protection mechanisms are compromised, unrestricted 
TEs mobilization may introduce new gene regulatory circuits, 
lead to genome instability, spontaneous mutagenesis and lead 
to considerable expansion of translatable genome [4,5]. An 
intriguing question arises: Is it possible for a cell to run out of 
energy and cell-building materials due to unrestricted 
propagation of transposable elements and associated energetic 
burden? 

Here we present a mathematical model of a cell incapable 
of efficient protection from novel TE insertions (i.e., with 
compromised genome defense). In this model, we consider 
competition between two widespread types of rTEs, namely,
SINEs and LINEs for various cell resources (e.g., energy, 
ribosomes and proteins), as well as for proteins essential for 
transposition.

Materials and Methods
We built a mechanistic model of a cell using principles 

given in [6]. The model includes cell energy (such as ATP 
molecules), number of copies of transposable elements of both 
types, a corresponding number of transcripts, proteins ORF1p 
and ORF2p encoded by LINE-1, and, finally, the remaining 
cellular proteins and their mRNAs as variables. Since the 
processes of translation and integration of TEs are not 
instantaneous, to account for that and include dependence on 
number of available ribosomes and proteins, we also consider 
numbers of complexes mRNA+ribosome and mRNA+ORF2p 
as variables. Various parameters required by the model, 
corresponding to concentrations of molecules, reaction rates 
etc., were derived from literature sources and databases, such 
as BioNumbers [7]. Since the number of rTEs increases with 
time, this is not a steady-state model, although concentrations 
of other molecules may reach a plateau resembling a quasi-
stationary state. The system is pretty stable in this state, 
however certain cell resources may be exhausted.

Results
The coefficients of the model were varied to examine its 

behavior under different scenarios, including those where TE 
competition for energy resources and compromised genome 
defense mechanisms determine cell fate. Our numerical 
experiments demonstrate that the cell is protected from fatal 
energy deprivation, by constraints on rTE integration and 
transcription rates. Furthermore, variations in ribosome 
numbers have no effect on cell fate whatsoever. We’ve shown 
that cell survival depends on the ratio between transcription 
rates of LINE and SINE elements. Interestingly, yet another 
essential factor contributing to cell survival is a fierce 
competition between LINE and SINE transcripts for the LINE-
encoded reverse transcriptase. A complete shutdown of 
genome defense mechanisms results in strong fluctuations in 
concentration of LINE protein products, thus exhausting 
energy resources and cell-building materials.
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Aberrant genome protection triggers unrestricted 
propagation of transposable elements, however cell death or 
survival is determined by the competition between different 
types of retrotransposable elements: increased number of LINE 
transcripts is a killer, while elevated SINE activity protects the 
cell, at the cost of, perhaps, a higher mutation rate.  
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