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			Abstract

			The paper is aiming at reviewing the main math modelling and computational tools developed by Maria (2017,2018) [1-3] to in-silico re-design genetic regulation circuits (GRC) in living cells to get GMOs of desired characteristics. A number of suggestive examples (case studies) are mentioned as well.
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			Short Considerations

			The work is a systematized and reasonable short review of the main published contributions of Dr. Maria in the field of metabolic processes simulation related to the central carbon metabolism (CCM) and modelling the dynamics of the gene expression regulation (GERM) and of the genetic regulation circuits (GRC) in living cells. Application of biochemical engineering, and of nonlinear system control principles and concepts to the modeling of complex cellular processes on deterministic bases are briefly presented with including a rich list of references. These models are essential for understanding and simulating the CCM, useful to in-silico (that is model-based) re-design of genetically modified micro-organisms (GMOs) with applications in industrial biosynthesis, medicine, environmental engineering, vaccine production, biosensors, etc.

			A special attention is paid to authors’ contributions related to dynamics simulation of the gene expression regulatory modules (GERM) and of genetic regulation circuits (GRC) in living cells, by promoting novel concepts of a novel cell modelling framework, that is the so-called “variable-volume-whole-cell” (VVWC) models. The relatively novel concept of” whole-cell” simulation of cell metabolic processes has been reviewed to prove its advantages when building-up dynamic models of modular structures that can reproduce complex 

metabolic syntheses inside living cells. The advantages of the more realistic VVWC approach are briefly underlined and exemplified when developing kinetic representations of the gene expression regulatory modules (GERM) that control the protein synthesis and homeostasis of metabolic processes. After a brief presentation of the general concepts and particularities of the VVWC modelling, both past and current experience with constructing effective GERM models is reviewed, together with some rules used when linking GERM-s to build-up models for optimized globally efficient genetic regulatory circuits (GRC), by using quantified regulatory indices evaluated vs. simulated dynamic and stationary environmental perturbations.

			The topics belongs to the emergent field of Systems Biology, defined as “the science of discovering, modelling, understanding and ultimately engineering at the molecular level the dynamic relationships between the biological molecules that define living organisms” (Leroy Hood, Inst. Systems Biology, Seattle). Systems Biology is one of the modern tools, which uses advanced mathematical simulation models for in-silico re-design of GMOs that possess specific and desired functions and characteristics. The present work makes a short review of the (bio)chemical engineering principles and deterministic modelling rules used by the Systems Biology for modelling cellular metabolic processes [1-2]. This involves application of the classical (bio)chemical engineering modelling techniques (mass balance, thermodynamic principles), algorithmic rules, nonlinear system control theory, and bioinformatics rules. The metabolic pathway representation with continuous and/or stochastic variables remains the most adequate and preferred representation of the cell processes, the adaptable-size and structure of the lumped model depending on available information and the utilisation scope.

			Examples

			Exemplifications of using such modular GRC models for in-silico design of GMO of industrial use include improving several bioprocesses of industrial interest, that is six case studies of high complexity, extensively described by [3,10]:

			i.	In-silico design of a genetic switch in E. coli with the role of a biosensor [4];

			ii.	In-silico design of a cloned E. coli with a maximized capacity of mercury uptake from wastewaters [5];

			iii.	In-silico design of a genetic modified E. coli with a maximized capacity of succinate (SUCC) production [6];

			iv.	In-silico design of a genetic modified E. coli with a modified glycolytic oscillator [7];

			v.	In-silico modulate the bioreactor operating conditions with a modified E. coli to maximize the production of tryptophan [8,9].

			vi.	In-silico re-configure the metabolic pathway for Phenyl-alanine synthesis in E. coli [10] to maximize its production. 

			That implies to modify the structure and activity of the involved enzymes, and modification of the existing regulatory loops. Searching variables of the formulated mixed-integer nonlinear programming (MINLP) optimization problem are the followings: the regulatory loops (that is integer variables, taking “0” value when the loop has to be deleted, or the value “1” when it has to be retained); the enzyme expression levels (that is continuous variables), and all these in the presence of the stoichiometric and thermodynamic constraints. To solve this complex optimization problem, two contrary objectives are formulated: maximization of the Phenyl-alanine selectivity, with minimization of cell metabolites’ concentration deviations from their homeostatic levels (to avoid an unbalanced cell growth). The elegant solution of the problem is the so-called Pareto-optimal front, which is the locus of the best trade-off between the two adverse objectives. By choosing two problem solution alternatives from this Pareto-curve [3,10], it is to observe the large differences between the two pathways into the cell, fully achievable by genetic engineering.(Anex)
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