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1 BC MOMA and *C ROOM

MOMA[1] and ROOM]|2] were used to provide predictions for gene KOs as displayed in Figs. 10 and S17.
Both MOMA and ROOM predict flux profiles for a genetic manipulation based on an initial flux profile
obtained before the manipulation takes place. Typically this initial flux profile is obtained using FBA.
Those predictions are labeled as MOMA and ROOM in Fig. S17. We created new versions of MOMA and
ROOM that leverage the flux profiles from 2S-'3C MFA, which is expected to be more accurate since it
is aditionally constrained by '3C labeling data. Figure 1 shows the difference between 2S-'3CMFA-based
and FBA-based MOMA. The mathematical representation of the optimization problems is shown below.
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Figure 1: Comparison between standard MOMA and '*C-MOMA in flux phase space[l]. The orange
circle represents the FBA maximum growth result for the wild type and the original flux profile (w;)
for the MOMA. The magenta area represents the allowable phase space after the gene KO. The blue
circle represents the FBA maximum growth prediction for the gene KO. The yellow circle is the MOMA
prediction, which is the flux profile closest to the original FBA flux profile. The violet circles represent
the flux measurements through 2S-'>C MFA. Multiple circles are presented since the '3C data does not
completely constrains fluxes. The red circles at the bottom represent the '*C-MOMA predictions for

each of the measurements.
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where:
Sets
INcI : Set of non-exchange metabolites.
J={j} : Set of fluxes.
Jxo CJ  : Set of fluxes corresponding to reactions being knocked out.
Parameters
S : Stoichiometry matrix.
ubj, 1b; : Upper and lower bounds for reaction j.
W : Initial flux value for reaction j.
Variables
vj : Flux value of reaction j, in mmol/gdw/h.
ROOM
Minimize ) y; VjeJ
J
Subject to:
ZSijvj:O ViEIN,jEJ
J
v; =0 Vj € Jko
vj < wj + y;(ubj — wj) vjedJ
v > w}‘ + yj(lbj - w;‘) Vied
wj = w; + dlw;| + € vied
wi = wj — S|lw;| — € VjedJ
y; €{0,1} vjiedJ
where:
Sets
INcI : Set of non-exchange metabolites.
J ={j} : Set of fluxes.
Jxko CJ  : Set of fluxes corresponding to reactions being knocked out.
Parameters
Sij : Stoichiometry matrix.
ubj, 1b; : Upper and lower bounds for reaction j.
w; : Initial flux value for reaction j.
] = 0.03. Relative range of tolerance, see Shlomi et al [2].
€ = 0.002. Relative range of tolerance, see Shlomi et al [2].
Variables
vj : Flux value of reaction j, in mmol/gdw/h.

N
—_ — T T D —



13C MOMA and '3C ROOM

These methods use the same optimization problem as MOMA and ROOM (see above), but the initial
profile w; is obtained from 2S-'*C MFA instead of FBA. Exchange fluxes were left unchanged from
the 28-13C MFA profile in the prediction. In order to obtain confidence intervals for the predictions,
several initial profiles wj were used, obtained by randomizing the target labeling data (MDVs). For each
randomization r = 1..R, a new set of MDVs for each metabolite were created by setting them to a random
value bounded by the experimental error:

em = Jen! + Aem (26 = 1) (13)

where € € [0,1] is a random number.

These randomized labeling values were used in 2S-*C MFA to obtain a wj and that profile was used
through MOMA /ROOM to obtain a prediction v}. The standard deviation of v} was used as confidence
interval for the *C' MOMA /ROOM predictions. We used R = 10.

All problems were solved through GAMS, using the CONOPT solver for MOMA and CPLEX for

ROOM.
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