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Fig. S1. Scaling behavior of mplrs (squares) and polco (circles) computing all vertices in vertex/ray enumeration (VE) phase VE1 (red) and VE2 (blue), respectively in a model with
ten additional medium components as a function of the maximum number of available threads. Both axes are plotted on logarithmic scales. Trend lines indicate polco’s average wall time
and a fit to mplrs’ wall time, assuming ideal parallelization behavior, i.e. wall time = C/(# of threads) with fitting parameter C.
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(a) (b)

Fig. S2. Number of elementary conversion modes (ECMs) (triangles) and elementary flux modes (EFMs) (circles) as a function of the number of excess nutrients in the minimal medium
of JCVI-syn3A. Full and open symbols represent measured and predicted values based on a fit to the measured data, respectively. The displayed number of ECMs corresponds to the mean
of the ECMs from models with a fixed total number of medium components, but random composition, see Table S1. (b) Number of ECMs (triangles) and EFMs (circles) as a function of the
total central processing unit (CPU) time averaged over all calculated instances, see Table S1. ECMs and EFMs were enumerated with the mplrs algorithm. ecmtool was used for ECM
and EFMlrs (Buchner and Zanghellini, 2021) for EFM calculations [data taken from Buchner and Zanghellini (2021)]. Again empty circles represent estimates based on a fit to measured
data (full circles).

Table S1. Set of models used to compute the ECMs in Fig. S2. For a fixed number of additional components in the medium (#components), we constructed a set of
unique models (#calculated_models) of all possible models (#possible_models). For #components ∈ {0, 1, 2} we constructed all possible models with different
medium compositions. For #components = 3 and #components ∈ {4, 5} we constructed 10% and 1% of all possible models, respectively, by randomly selecting
their medium components. For #components ≥ 6 we constructed one model each by successively adding a so far unused medium component. In the set of calculated
models, we counted the number of models (#maxECM_models and #minECM_models) with the maximum (max.#ECMs) and the minimum (min.#ECMs) number
of ECMs, respectively. The last column, mean.#ECMs, is shown in Fig. S2 and denotes the arithmetic mean of the ECMs across the set of #calculated_models.
Colored rows are further analyzed in Fig. S3.

#components #possible_models #calculated_models #maxECM_models #minECM_models max.#ECMs min.#ECM mean #ECMs
0 1 1 1 1 4,132 4,132 4,132
1 22 22 15 4 8,254 6,178 7,774
2 231 231 95 1 16,498 9,232 14,541
3 1,540 154 43 1 32,986 16,564 27,166
4 7,315 74 9 1 65,962 27,774 50,456
5 26,334 264 21 1 131,914 52,026 94,202
6 74,613 50 4 1 263,818 116,458 191,037
7 170,544 50 1 1 527,626 178,650 337,106
8 319,770 50 1 1 947,722 404,586 640,212
9 497,420 50 2 1 2,110,474 715,530 1,274,593

10 646,646 50 1 1 3,377,162 1,019,210 2,254,895
11 705,432 50 1 1 6,754,314 2,422,346 4,035,214
12 646,646 50 1 1 14,876,682 4,076,810 8,079,122
13 497,420 50 1 2 24,928,266 8,960,010 14,821,473
14 319,770 50 1 3 45,367,306 16,307,210 27,908,690
15 170,544 50 1 2 73,953,438 32,000,010 51,180,496
16 74,613 1 1 1 142,049,290 142,049,290 142,049,290
17 26,334 1 1 1 284,098,570 284,098,570 284,098,570
18 7,315 1 1 1 514,523,146 514,523,146 514,523,146
19 1,540 1 1 1 869,854,722 869,854,722 869,854,722
20 231 1 1 1 1,403,221,121 1,403,221,121 1,403,221,121
21 22 1 1 1 2,821,027,740 2,821,027,740 2,821,027,740
22 1 1 1 1 4,212,839,045 4,212,839,045 4,212,839,045
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Fig. S3. (Over-)representation of medium components in the set of models with (a) maximum number of ECMs (#maxECM_models), and (b) minimum number of ECMs
(#minECM_models), see Table S1 for details on the construction of these sets of models. For a fixed number of additional medium components, over-representation is measured as
the ratio between the fractional occurrence of a medium component in the set of models with a maximum (or minimum) number of ECMs to the fractional occurrence of a medium
component in all models. When a medium component is strongly over-represented in the models with a maximal number of ECMs, this indicates that this component is used in many
different conversions, and thus facilitates a large metabolic diversity. Note that the medium components adenine (ade), aspartate (asp4), deoxyuridine (duri), glutamine (gln4), glutamate
(glu4), glycine (gly4), and guanine (gua) were never found in the set of models with the largest numbers of ECMs, while they are over-represented in the set of models with the smallest
number of ECMs.
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(a)

(b)

Fig. S5. Panel a, four metabolic sub-networks (indicated in red, blue, orange, and purple) consisting of two alternative enzymes (phosphoglycerate kinase, PKG; and Pyruvate kinase, PYK)
each in the nucleotide metabolism of JCVI-syn3A. Panel b, exemplary coupling of two sub-networks (see panel a, red and blue sub-networks) via a futile cycle with the isozymes PGK and
PGK2. Four of such futile cycle couplings with PGK can occur, PYK–PGK, PYK5–PGK2–PGK (indicated in green in panel b), PYK3–PGK3–PGK, and PYK6–PGK4–PYK. In total the
combination of these five patterns give rise to 24 + 1 × 4 = 20 different EFMs that map onto one of the 3426 ECMs in Fig. S4. The pathway map was taken from Breuer et al. (2019)
and modified.
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Fig. S6. Histograms of ECMs and EFMs. ECM count (panel a) and EFM count (panel b) as a function of the respective biomass yield. Blue bars in panel b show the number of EFMs
whose projection is identical to an ECM, and black bars show the number of all EFMs at that yield. The highest ECM count occurs at a yield of 1.65× 10−4 . It is produced by 444 ECMs
corresponding to 11,280 (blue) and 58,440 (black) EFMs, respectively. 10 ECMs – or 219 (blue) and 234 (black) EFMs, respectively – do not produce any biomass. The highest yield is
2.24 × 10−4 . It is obtained by 156 ECMs or 4,240 (blue) and 17,440 (black) EFMs, respectively.
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