Supplementary Text S2. Fourier transform method to estimate noise from linearized SDEs
The linearized form of the SDEs (Eqs. 5 and 6) is
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where, 
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 are the relaxation times, that is the time taken by the system to return the steady state following a perturbation 
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 are the steady number of the phosphorylated substrate for a certain set of parameters. Associated gain factors 
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 provide an estimate of the response of the phosphorylated substrate to the fluctuations in the total number of enzyme molecules [1,2].

By taking Fourier transforms of Eqs (S1) and (S2) and applying the inverse Fourier transform, extrinsic and intrinsic noise in both substrates are estimated. Extrinsic noise in the X* is given by 
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Similarly, extrinsic noise in Y* is given by
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Next, the intrinsic noise in X* is given by
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Similarly, the intrinsic noise in Y* is given by
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   (S6)
The first and second terms in Eq. (S6) correspond the intrinsic noise contributions from the first cascade and second cascade, respectively.
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