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Bilevel formulation to identify SL genes

As was mentioned in the text the formulation [SL Finder] can be slightly modified to identify the set of all SL genes. This requires addition of extra constraints to the outer problem describing GPR associations. The impact of gene deletions on reaction eliminations through GPR relationships can be mathematically described and incorporated into the model by using appropriate equations relating the binary variables wk and yj. Four types of GPR associations between genes and reactions can be considered:

(i) A single gene k encodes the enzyme catalyzing a reaction j. The equation describing this relationship can be easily written as following:
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Based on this equation, the knockout of gene k (i.e., wk = 0), will force the binary variable yj and thus the flux through reaction j to zero.

(ii) Two genes k1 and k2 are required to enable the enzyme catalyzing a reaction j , through the formation of a single multi-protein enzyme. This case, which in fact expresses a logic AND relationship between the genes k1 and k2 to enable a reaction j, can be enforced by the following set of constraints:
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Note that based on these equations, if at least one of 
[image: image3.wmf]or 
[image: image4.wmf]is zero, the binary variable yj is forced to zero. The above set of equations can be generalized for the case where more than one gene is required to enable a flux j, as following:
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where, nk represents the total number of genes needed to enable reaction j.  

(iii) Either of genes k1 or k2 is sufficient to enable the enzyme catalyzing a reaction j. This case, indicates a logic OR relationship between the genes k1 and k2 to enable the reaction j and can be mathematically expressed by the following constraints:
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Based on these equations, the binary variable yj is forced to zero only if both 
[image: image7.wmf]and 
[image: image8.wmf]are zero. The above set of equations can be also generalized for the case, where more than one gene catalyze a reaction j through OR relationships:
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where, nk represents the total number of genes needed to enable reaction j.  

 (iv) More than two genes with a combination of AND and OR relationships are required to enable a reaction j. This case can be simply simulated in the same manner as mentioned in cases (ii) and (iii) by combining equations (S3) and (S5). For instance, if  the logic relationship among three genes k1, k2 and k3 coding for the enzyme catalyzing a reaction j can be expressed as k1 AND (k2 OR k3), the constraint simulating this relationship can be written as following:
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where, 
[image: image11.wmf] is a variable defined to simulates (
[image: image12.wmf] OR 
[image: image13.wmf]), by the first two equations. The third and fourth equations also define (
[image: image14.wmf] AND 
[image: image15.wmf]), More complex cases can be simulated in a similar way by combining equations (S3) and (S5).

The formulation SL Finder for finding SL genes can then be written as following:
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This bilevel formulation can be solved exactly in the same way we solved the problem [SL Finder] for reactions (refer to the text), however, with additional constraints for GPR associations.

Merging the required ATP for maintenance into the biomass equation

As was mentioned in the paper we have fixed the flux of the required ATP for maintenance at 8.39 gDW-1h-1  (Feist et al, 2007).  However, the elimination of certain reactions can block the glucose uptake and hence the required ATP for maintenance (eq. (8) in the paper) cannot be satisfied. This will lead to an infeasible optimization model, precluding identification of some potential SL sets. This problem is resolved by “merging” the required ATP for maintenance into the biomass equation, based on 1% of maximum biomass production for the wild-type organism (Note that this is the cut-off value used in our simulations to determine if a certain gene/reaction knockout causes lethality).

The chemical reaction representing the ATPM is as following (Feist et al, 2007).:

atp + h2o --> adp + h + pi

The stoichiometric coefficients (s) of reactants and products participating in the above reaction, in biomass equation are as following (Feist et al, 2007):

satp[c].Ec_biomass_iAF1260_core_59p81M = -59.984

sh2o[c].Ec_biomass_iAF1260_core_59p81M = -54.462

sadp[c].Ec_biomass_iAF1260_core_59p81M = 59.81

sh[c].Ec_biomass_iAF1260_core_59p81M = 59.81

spi[c].Ec_biomass_iAF1260_core_59p81M =  59.806

Now, these stoichiometric coefficients should be modified to incorporate the required ATP for maintenance into biomass equation. For example, the new stoichiometric coefficient of ATP in biomass equation can be calculated as following:

Max Biomass for wild-type organism = 0.929025

Let, ATPg represent growth associated ATP

SATPg = satp[c].Ec_biomass_iAF1260_core_59p81M = -59.984

Moles of ATPg at 0.01(MaxBiomass =  (0.01(0.929025) (59.98 = 0.5572

The required moles of ATPM = 8.39

Total ATP requirement for 0.01*MaxBiomass = ATPg + ATPM = 0.5572 + 8.39 = 8.9472 

Therefore, the modified stoichiometric coefficient of ATP in biomass equation can be calculated as following:

(0.01(0.929025)(s’atp[c].Ec_biomass_iAF1260_core_59p81M = 8.9472 

Hence

s’atp[c].Ec_biomass_iAF1260_core_59p81M = 963.0773

The new stoichiometric coefficients of other compounds (i.e., h2o, adp, h and pi) in biomass equation can be calculated in a similar way. 
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