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Motivation and Aim: Type Il restriction-modification (R-M) systems, crucial bacterial
defenses against invasive genetic elements, are the focus of this study [1]. We introduce
a novel mathematical model that delves into the dynamic interplay between restriction
enzymes (R) and methyltransferase (M) within these systems governed by a regulatory
protein C [2]. This model is a significant step towards unraveling the complexities
of R-M systems and predicting their behavior under varying biological conditions.
Methods and Algorithms: We constructed a detailed mathematical model incorporating
biophysical evidence to minimize reliance on arbitrary parameters [3]. This model in-
cludes the transcription dynamics of the control protein C and its feedback mechanisms,
which significantly affect R and M protein levels. Stability analysis and bifurcation dia-
grams were used to explore the conditions leading to monostability and bistability, which
are crucial for understanding how these systems respond to environmental changes. Nu-
merical simulations complemented analytical derivations to validate the model against
experimental data.

Results: Our model accurately predicted the observed variations in the M-to-R ratios
across different R-M systems, such as Esp13961, Ahdl, and EcoRV, which correspond
to distinct regulatory mechanisms and parameters [3]. The results demonstrated that
changes in system dynamics, including shifts from monostability to bistability, signifi-
cantly affect the susceptibility of bacteria to phage infections and the effectiveness of
the bacterial defense strategy. The model also successfully captured the impact of exter-
nal factors like plasmid copy number and growth rates on the M-to-R ratio.
Conclusion: This study presents a comprehensive theoretical framework that deepens
our understanding of R-M system dynamics, with direct implications for bacterial adapt-
ability and evolution [4]. It underscores the critical role of the regulatory protein C in
modulating the balance between restriction and modification enzymes, thereby shaping
the bacterial defense mechanisms against HGT. This framework not only provides in-
sights into the biophysical underpinnings of these systems but also paves the way for
future experimental designs and therapeutic strategies to combat the spread of antibiotic
resistance.
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