Appendix 2

Enzyme size calculation and cost distribution.
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* PDH (Pyruvate Dehydrogenase) - According to Ec:oCyc4 the complex has the
composition [(AceE);]12[AceF]4[(Lpd)2]e. These subunits have molecular weights of 99.7
(AceE), 66.1 (AceF) and 56 (Lpd). Considering the AceE dimer as the active site, we
estimate this complex to have 12 active sites. The molecular weight by active site was then
estimated to be ((24*99.7)+(24*66.1)+(12*56))/12 = 387.6 kDa.

* AKGDH (a-Ketoglutarate Dehydrogenase Complex) - According to two studies the molecular
weight of this complex is 2470 kDa. This value is supported by EcoCyc which estimates the
composition of the complex to be [(SucA)+2][(SucB).4][(Lpd).]. With subunits molecular
weights of 105.6 (SucA), 44 (SucB) and 56 (Lpd), the weight of the complex is estimated to
be (105.6%*12)+(44*24)+(56*2) = 2435.2 kDa. Considering the complex to have 12 active sites
(SucA), the molecular weight per active site was considered to be 2470/12 = 205.83 kDa.

* F6PA had no associated E.C number in the model downloaded. According to Metacyc5,
fructose 6-phosphate aldolase 1 is composed of 10 FsaA subunits, each with a weight of 24.0
kDa. This enzyme weight was then added as 240kDa.

* CS citrate synthase also had no associated EC number. We have chosen to include the
enzyme 2.3.3.16, which is the Citrate Synthase with unknown stereospecificity. This enzyme
contains a lot more information, and is the only form of Citrate Synthase with a know E. coli
molecular weight. The value of 269 kDa was extracted from BRENDA.

* PFL also contained no associated EC number. This enzyme was looked up on BRENDA and
we found it to be 2.3.1.54. Its molecular weight was calculated to be the median between six
reported values for E. coli and was added to the model.

All values used in this study are reported in Sl table 1. For the remaining 17 enzyme associated
reactions, where molecular weight values were not found, molecular weights equal to the median of the
calculated values were given.

Appendix Figure 2 presents the distribution of the organisms from where the molecular weights were
extracted, according to the E. coli taxonomy tree. For each level specified in appendix 2 figure 2 we
have the number of molecular weights that share that as the highest level of similarity to E. coli. For
example, the molecular weights of 15 proteins were extracted from organisms that are also
proteobacteria but are not gammaproteobacteria. The complexes Pyruvate Dehydrogenase and a-
Ketoglutarate Dehydrogenase, as well as all the values extracted from EcoCyc, are accounted for
under E. coli.
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Appendix 2 Figure 2: Taxonomy tree of E. coli. Numbers represent the number of
molecular weight values that were extracted from organisms that share that as the
highest level of similarity to E. coli.



For visualization purposes we also plotted the molecular weights on the reference map (appendix 2
figure 3), as well as a histogram of all the molecular weight values used (appendix 2 figure 4).
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Appendix 2 Figure 3: Molecular weights used for all enzymes in the central carbon
metabolism. Reactions in white are reactions for which no enzyme was associated.
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Appendix 2 Figure 4: Histogram of all molecular weight values used in the cost distribution.



Using the Gibbs free energy change values described in Appendix 1 and presented in Sl table 1, we
calculate the thermodynamic cost for reversible reactions as described in the main text. The final
combined costs are displayed here in the reference map (appendix 2 figure 5) and as a histogram
(appendix 2 figure 6). Costs for the reversed reaction are also shown separately. Such costs stem from
the calculation of the cost using the opposite Gibbs energy change value, and are shown only for
reversible reactions (reactions fo which this cost was applied).
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Appendix 2 Figure 5: Final cost used, combining molecular weights and thermodynamic penalty, for all
reactions in the central carbon metabolism. Map in the left shows costs used in the forward direction,
while map on the right shows the cost used in the backwards reaction for reversible reactions.
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Appendix 2 Figure 6: Histogram of all costs used in the model for all forward (top) and backward
(bottom) reaction rates. Backward rates are shown for the reverse rate of reversible reactions only.
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