Supplement 3: Algorithms for processing the net-file for the reduced model

Step 4(a):  Removal of heterogeneous complexes of auxiliary proteins derived from the same progenitor 

Consider a progenitor protein R(d,s1,s2) that has the dimerization site d, and sites s1, s2 that are separated as unique sites by our model reduction algorithm into two auxiliary proteins, R1(d,s1) and R2(d,s2). If we allow the formation of macro dimers that contain R1 and R2 simultaneously, the resulting set of possible dimer species arising from the single micro species R(d!1,s1,s2).R(d!1,s1,s2) is R1(d!1,s1).R1(d!1,s1), R1(d!1,s1).R2(d!1,s2), and R2(d!1,s2).R2(d!1,s2).  Note that each unique site (s1 or s2) occurs three times in the three macro species but only twice in the progenitor dimer.  In general, for dimerization of a progenitor with N auxiliary proteins, each site will occur N+1 times and there will be N(N+1) species.  To retain the correct mass balances and dynamics, reactions and observables involving dimers (and higher order complexes) of progenitor proteins have to modified in a way similar to the handling of reactions involving binding to shared sites. The most straightforward solution is simply to remove all heterogeneous dimers (and higher order complexes) of auxiliary proteins from the list of species in the macro model. In addition, any reaction involving a removed species is removed from the list of species and any reference to a dropped species is removed from the list of species in a group.  In the example above, R1(d!1,s1).R2(d!1,s2) would be dropped.  Note that the fact that the two monomers are directly bound here is not important; any complex involving two or more copies of different auxiliary proteins derived from the same progenitor would be dropped. This approach reduces the total number of species in the macro model and, because the remaining complexes contain the correct total number of unique sites (which is n for a complex with n copies of the progenitor protein), no additional corrections are needed to reactions or groups. Note that dimers (and higher order aggregates) containing two different sites (one on each monomer) may exist as micro species of the full network, and such information is lost during a domain-oriented model reduction. However, these micro species concentrations can usually be retrieved from the macro model in an exact or approximate manner (see 


[1-3] ADDIN EN.CITE ). 

Step 4(b):  Correcting reactions with balance-unaccountable auxiliary proteins 

In the reactions block of the net-file, a binding reaction has the following format, “n S1,S2 S3 k”. Here n is the index of the reaction, S1 and S2 are the numbers pointing to reactant species in the entire species list in the species block, S3 is the number of the product species, and k is the second-order kinetic rate constant. The reactants S1 and S2 (as illustrated in Fig. S3.1) can be complexes of several proteins, A. … .H. … .M and N ….Q.….Z, respectively (for the sake of simplicity, the site/domain structure of these proteins and bonds between each molecule are omitted). If during the reaction n binding S1 to S2 is done via the sites a1 and a2 of the proteins M and N, respectively, then proteins M and N are termed interacting proteins for the reaction n, and sites a1 and a2 are termed interacting sites for this reaction. A site b on a non-interacting protein Q in the species S2 is termed the entering site on Q if the site b is linked by a chain of bonds inside the species S2, starting from the interacting protein N and ending at the molecule Q that is first encountered when moving along the chain. The same terms can be equally applied to the dissociation reaction, since the dissociation can be considered as reversed binding.
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Figure 1
Fig. S3.1. Key elements in a binding reaction. Species S1 (which is a complex of proteins A. … .H. … .M) and S2 (which is a complex of proteins N. … .Q. … .Z) associate via interacting sites, a1 and a2, respectively on interacting proteins, M and N, respectively. Site b on Q is termed the entering site on Q for reactant S2 in this reaction, since the chain of bonds starting from the interacting protein N encounters for the first time the protein Q within the species S2 at the site b. 

The algorithm implemented into the domain-oriented reduction module, corrects the reactions using following operations. For any binding reaction, if one reactant (SU) contains a balance-unaccountable auxiliary protein, QU, whose interacting site (if QU is an interacting protein) or entering site (if QU is a non-interacting protein) is a shared site for QU, and the remaining reactant (S0) does not have any auxiliary proteins constructed from the progenitor protein Q, the reactant S0 should be added to the right-hand side of the reaction. Vice versa, for any dissociation reaction, if one product (SU) contains a balance-unaccountable auxiliary protein QU, whose entering site b is a shared site for QU, and the other product (S0) does not have any auxiliary proteins constructed from the progenitor protein Q, the product S0 should be removed from the right-hand side of the reaction.
Step 4(c):  Correcting observables


For each progenitor protein Q with more than one auxiliary protein we check for each pattern of each observable whether this pattern contains Q.  The following cases are possible:
1. If the pattern contains Q, two sub-cases are possible:

a. The pattern does not mention unique sites of any auxiliary protein of Q but does mention shared sites. In this case we remove all the species that contain any of the balance-unaccountable auxiliary proteins QU1, …, QUq from the group for this observable.

b. The pattern mentions one or more unique sites of one auxiliary protein of Q In this case do not delete anything from the group. (Note that the pattern cannot mention unique sites of more than one auxiliary protein because these sites would have been characterized as mutually dependent).

2. If the pattern does not contain Q, any species containing a balance-unaccountable auxiliary protein of Q bound to the complex by a shared site is removed from the group for this observable.
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