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                    Abstract
The paper outlines a general approach to deriving quasi-steady-state approximations (QSSAs) of the stochastic reaction networks describing the Michaelis–Menten enzyme kinetics. In particular, it explains how different sets of assumptions about chemical species abundance and reaction rates lead to the standard QSSA, the total QSSA, and the reverse QSSA. These three QSSAs have been widely studied in the literature in deterministic ordinary differential equation settings, and several sets of conditions for their validity have been proposed. With the help of the multiscaling techniques introduced in Ball et al. (Ann Appl Probab 16(4):1925–1961, 2006), Kang and Kurtz (Ann Appl Probab 23(2):529–583, 2013), it is seen that the conditions for deterministic QSSAs largely agree (with some exceptions) with the ones for stochastic QSSAs in the large-volume limits. The paper also illustrates how the stochastic QSSA approach may be extended to more complex stochastic kinetic networks like, for instance, the enzyme–substrate–inhibitor system.
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                    Notes
	The agreement is meant in the sense that it gives a reduced ODE model whose propensity functions are analogues of those in the stochastic QSSA.


	We note that 1 / N plays a similar role as the expansion parameter (usually denoted by \(\epsilon \).) in the singular perturbation analysis of deterministic models (Goeke and Walcher 2014; Segel and Slemrod 1989). In this approach, the time scales are often separated by introducing, in addition to the time variable t, a new slow time scale \(\tau =\epsilon t\), where \(\epsilon \) is assumed small and eventually sent to zero. This allows one to reformulate the system of differential equations into the Tikhonov standard form (Goeke and Walcher 2014). Alternatively, especially in case of perturbation analysis of chemical reaction networks, one often scales the reaction rates instead to separate the fast reactions from the assumed slow ones. For instance, a reaction with rate \(\epsilon k_1\) will correspond to a slow reaction compared to a reaction with rate \(k_2\). See Goeke and Walcher (2014), Section 2.4 Examples for some examples.


	The strong law of large numbers states that, for a unit Poisson process Y, \(\frac{1}{N} Y(Nu ) \rightarrow u \) almost surely as \(N \rightarrow \infty \), (see Ethier and Kurtz 1986).
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