SUPPORTING METHODS

Model compartmentalization

The model was partitioned into separate intracellular and extracellular (growth media)
compartments to enable experimental parameterization and validation (1). The governing system
of differential mass balances,

d_f:g;.rl (1)

is on a concentration (mol-vol ) basis, where C represents species concentrations (mol-vol ™), ry
is a vector of intensive reaction rates (mol-vol *-time™), and § is the reaction stoichiometry
matrix. Given that concentration is not conserved across regions of unequal volume (e.g.,
between extracellular and intracellular compartments), entries in the § matrix were scaled
depending on species locations to uphold mass conservation. To represent the scaling explicitly,
the balance was first rewritten on a mole basis:
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where re are the extensive reaction rates (mol-time™?), N represents the number of moles of each
species, and S is the unscaled stoichiometry matrix, all of which are now independent of volume
or compartment location. Since reaction rates are generally reported and used in their intensive
form (mol-vol *-time™), the expression was rewritten in terms of ri:

dd_l:l = S 'ern : r-I (3)

where Vixn is a diagonal matrix with entries corresponding to the volume of the compartment in
which the reaction occurs (Vcen for intracellular reactions, Vmedia for extracellular reactions, and
Viotal fOr exchange reactions that span the two compartments). Furthermore, because
experimental measurements were of species concentrations (e.g., [NO-] and [O2]) and not moles,
both sides of the equation were divided by a volume term, Vspec:
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where Vspee IS @ diagonal matrix with entries corresponding to the volume of the compartment in
which each species exists (Vcen for intracellular species, Vmedia for extracellular species, and Viotal
for species that rapidly diffuse across the membrane and exist in both compartments with equal
concentration, such as NO+ and O). Moles divided by volume (Vspec *:N) is equivalent to
concentration (C), and thus the equation becomes:
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In this form, the right-hand side of the balance is dependent on the absolute volumes of the
media and cell compartments (Vmedia and Veen), Which is undesirable. Instead, the volume terms
(Vspec and Vi) can be scaled by Viotal SUch that they are in terms of volume fractions (Veen/Viotal
and Vmedia/Viotal), Which are easily estimated from the cell density (ODeoo) of the culture. To
perform the scaling, the right-hand side of the equation was multiplied by Viotai/Viotal,
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and rearranged, using the commutative property of scalar multiplication:

d_C=V \/ * s.ern.r (7)
V |

dt total v spec ’
total

The Viotal Scalars were multiplied with Vspec and Vixn such that the balance could be written in
terms of volume fractions (Fspec and Fxn, respectively),
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Using this form of the balance (Equation 8), concentrations and reaction rates could be expressed
in terms of the relevant compartment volume, without embedding the associated volume fraction
into the stoichiometric coefficient matrix.

MCMC exploration of viable parameter space

An out-of-equilibrium adaptive Metropolis Markov chain Monte Carlo (MCMC) method
(2) was employed to identify additional parameter sets exhibiting similar or improved quality of
fit (quantified by AIC) compared to the parameter set obtained from the Isqcurvefit least-squares
optimization. The MCMC method was run in MATLAB using the MCexp function from the
HYPERSPACE software package (2), with a parameter evaluation limit of 10,000 and a cost
function defined as the SSR between simulated and measured concentrations (SSR was scaled by
experimental variance if no oscillations were present in the measured [NO-] curves). In the event
that the MCMC method yielded more optimal (lower SSR) parameter sets such that the initial set
exhibited an ER > 10 relative to the new minimum, the MCMC method was repeated, using the
new minimum as the initial parameter set.

Training extracellular parameters

Extracellular model parameters were trained on measurements performed in the
bioreactor in the absence of cells. The O, volumetric mass transfer coefficient (kLao2) was
measured by monitoring [O2] in cell-free media after depleting the O2 with an N2 flush, as



described previously (3). A line was fit to the In([Oz]sat — [O2]) vs. time data points, yielding a
kiaoz of 1.25 x 1072 s71. The remaining extracellular parameters were determined through an
optimization with [NO¢] measurements in cell-free media. Parameters governing NOs
autoxidation (kno.-02), NO« loss to the gas phase (KLano-.), and the rate of NO+ dissociation from
DPTA NONOate (knonoate,ppTA) Were released to simultaneously fit [NOe¢] measured in cell-free
MOPS media at 0 and 50 uM O following treatment with 50 uM DPTA NONOate. Optimal
values were kno-.o2 = 2.40 x 106 M™2s7%, kiano- = 1.35 x 103 s, and Knonoate,ppta = 7.73 x 107°
s%, and yielded [NO-] profiles in excellent agreement with experimental data (SI Appendix, Fig.
S14A). Measurements of pH in E. coli cultures at 0 uM O> revealed that the media was slightly
acidified (from 7.4 to 7.2), which was likely the result of mixed-acid fermentation. Therefore, the
cell-free NO* measurement was repeated at 0 uM O2 using pH-adjusted (w/ HCI) cell-free media
(pH = 7.2), to replicate the conditions observed in the presence of cells. The value of
Knonoate,opTA Was released (while fixing kno.-o2 and kLano-) to determine the DPTA NONOate
release rate under anaerobic conditions. The optimal fit yielded a small increase in knonoate,opTA
t0 8.81 x 107° 5%, and exhibited excellent agreement with measured [NO+] curve (SI Appendix,
Fig. S14A).

Training the respiratory module

Uncertain model parameters involved in the aerobic respiratory chain were optimized to
fit the simulated [O-] curve to experimental measurements in a culture of exponential-phase E.
coli grown in an environment of 50 uM O> (S1 Appendix, Fig. S14B and Table S6). These 10
parameters were previously trained on [O2] curves (4), but because those measurements were
under fully-aerobic (210 uM O32) conditions, and involved a centrifugation step immediately
prior to inoculation of the cells, they were optimized for the present conditions. A subsequent
individual parametric analysis was conducted to determine those parameters that were informed
by the optimization, defined as those imparting a >5% increase in SSR when individually varied
within their allowed bounds. All 10 parameters were identified as informed by the optimization,
and the simulated [O2] curve using the optimal parameter set was in excellent agreement with
measurements under 50 pM and 10 uM O> conditions (SI Appendix, Fig. S14B).

Training cellular parameters on [NO¢] measurements

For each optimization described below, the associated parameter bounds, optimal values,
and confidence intervals can be found in Dataset S3, while the corresponding AIC and SSR of
each best-fit parameter set are presented in SI Appendix, Table S2.

Initial optimization

Uncertain cellular parameters not associated with the respiratory module were released
and optimized to fit [NO*] curves measured at 0 and 50 pM Oa. Using the best-fit model from
the optimization, a parametric sensitivity analysis was conducted, and determined that 17 of the
50 released parameters were informed by the optimization. The MCMC method was used to
further explore the viable parameter space defined by these 17 informed parameters, and yielded
an additional 381 viable parameter sets with an ER < 10.

Optimization of model on all [O2] conditions (“Stage 1)
The 17 parameters identified as important in the initial optimization were re-optimized to
simultaneously fit [NO¢] curves measured under conditions of 0, 5, 10, 20, and 50 uM O». The



optimized [NOe] curves exhibited improved agreement with measurements at 5, 10, and 20 uM
O relative to the original optimization, but at the expense of performance at 50 uM O>. Given
the poor performance of the model at 50 uM O», an MCMC analysis of the parameter space was
not performed.

Release of all cellular parameters (“Stage 2”)

To determine if the model could fit the measured [NOe+] profiles under all [O2] conditions
explored (0, 5, 10, 20, and 50 uM O2) without requiring a change to the network structure, all
cellular parameters (136 kinetic rate constants and species concentrations specific to the
organism) were released and optimized. Despite the increased parametric flexibility, the
optimization did not yield a lower AIC, as the reduction in SSR was insufficient to offset the
penalty of including additional parameters. As such, an MCMC analysis was not performed.

Optimization of model with [O2]-dependent translation (“Stage 3”)

After implementing an [O.] dependency in the rate of translation, the 17 parameters from
the initial optimization, as well as the two new parameters introduced with the new translation
rate equation (Kact,02 and Kg,02), were optimized on the [NO¢] curves measured at the five
different O concentrations. The optimization yielded a parameter set with a sufficient decrease
in SSR to justify the inclusion of the two additional parameters, as quantified by a decrease in
AIC. An MCMC walk from the optimal parameter set yielded an additional 2,339 viable
parameter sets with an ER < 10.

Inclusion of CYT-related parameters in model optimization (“Stage 4”)

After performing the reaction deletion analysis, which predicted the involvement of CYT
in [NOe] oscillations, four parameters governing the NOe-mediated inhibition of CYT (KcyTbo,No--
on, KcyTbd,Now-on, Km,cYTho,02, and Km,cyThd,02) were released for optimization on [NOe+] curves at
all measured [O2] conditions, along with the 19 parameters included in the previous
optimization. The best-fit model obtained from the optimization exhibited sufficient
improvement in SSR to offset the penalty of releasing four additional parameters (AIC was
decreased). A subsequent run of the MCMC method provided 240 additional viable parameter
sets with an ER < 10.

Parameter optimization on CAM-treated [NO*] data

Treatment with CAM (a translation inhibitor) was accomplished in silico by simulating
NO- treatment (at 10 uM O>) for 1.5 h, setting all translation rates to zero, and resuming the
simulation. The 23 parameters released in the previous optimization were again allowed to vary
in an effort to fit the experimental CAM-treated [NO¢] data. Simulated [NO¢] curves with the
optimal parameter set were in excellent agreement with measurements, and an MCMC walk
generated an additional 668 viable parameter sets with ER < 10.
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Fig. S1. Experimental validation of predicted Ahmp and AnorV [NO-] at 50 and 0 uM O2. NO-
treatment (50 uM DPTA NONOate) was simulated using parameter values trained on WT [NO¢]
measurements at 50 and 0 uM Oz to predict the effect of the Ahmp mutation on NO- clearance at
(A) 50 uM Oz and (B) 0 uM Oy, as well as (C) AnorV at 50 uM O and (D) 0 uM O». Black
dashed lines are simulations using the best-fit (minimum SSR, ER = 1) parameter set, where gray
shading represents prediction uncertainty (range of viable parameter sets with ER < 10). The
corresponding experimental measurements were performed, wherein exponential-phase Ahmp or
AnorV E. coli (ODeoo = 0.05) were treated with 50 uM DPTA NONOate at 50 or 0 uM O3 (solid
lines; mean of three independent experiments with shading representing the SEM). The O2
concentration corresponds to the concentration of dissolved O in cell-free media that was in
equilibrium with the atmosphere of the hypoxic chamber.
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Fig. S2. NOe detoxification in WT, Ahmp, and AnorV cultures under various [O2]. Cultures of
WT, Ahmp, or AnorV E. coli (ODeoo = 0.05) were treated with 50 uM DPTA NONOate at 50, 20,
10, 5, and 0 uM [O2], and the resulting [NO<] was measured, showing up to 1 h post-dose. Data
are the mean of at least 3 independent experiments, where shading of a similar color represents
the SEM.
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Fig. S3. Comparison of predicted and measured [NOe] at 20 uM O>. Shown are the predicted
(dashed black lines) and measured (solid red lines) [NO¢] curves following treatment of WT E.
coli (ODgoo = 0.05) with 50 uM DPTA NONOate at 20 uM O. The measured [NO¢] is the mean
of 3 independent experiments, with light red shading representing the SEM. Predicted [NO+]
curves were obtained using the best-fit parameter set (from initial optimization on [NO¢]
measured at 0 and 50 uM O3), with gray shading representing prediction uncertainty (range of
viable parameter sets with ER < 10).
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Fig. S4. Assessing cell culturability during NO- treatment at 5 and 10 uM O,. WT E. coli at an
ODgoo 0of 0.05 were treated with 50 pM DPTA NONOate at 5 or 10 uM O2. Samples were
removed immediately prior to DPTA NONOate treatment, and at 3 additional time points post-
treatment, and plated on LB + agar to determine the concentration of colony forming units
(CFUs). Measurements were made out to 1.5 and 3 h post-dose for 10 and 5 uM O, respectively,
as NOe was largely cleared from the culture by those times. Data are the mean of 3 independent
experiments, with error bars representing the SEM.
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Fig. S5. Assessment of model performance at each stage of parameter optimization. Cultures of
WT E. coli (ODgoo = 0.05) were treated with 50 uM DPTA NONOate at 50, 20, 10, 5, and 0 uM
02 and the resulting [NO-] was measured (solid lines). Measured [NO¢] curves without
oscillations (0, 20, and 50 uM O>) are the mean of at least 3 independent experiments with
shading representing the SEM, while those with oscillations (5 and 10 uM O,) are a
representative measurement of at least 3 independent experiments (the results of which are
shown in SI Appendix, Figs. S13 A and C). Model parameters were trained on measured [NO¢]
from all five Oz conditions, where the simulation run using the best-fit parameter set is shown
(black dashed lines). For 5 and 10 uM O conditions, a region of the [NO«] plot is magnified to
more easily view oscillations. (A) Stage 1: 17 parameters were optimized, using the original
model structure (without O2-dependent translation rate). (B) Stage 2: all 136 cellular parameters
were optimized, using the original model structure. (C) Stage 3: 19 parameters were optimized,
where the 2 additional parameters (Kact,02 and Kq,02) were those governing the added O»-
dependency of the translation rate. (D) Stage 4: 23 parameters were optimized, where the 4
additional parameters (KcyTbo,No--on, KCYThd,NO--on, Km,cYTho,02, and Km,cyThd,02) Were those
governing kinetics of NOe-mediated cytochrome inhibition (again using the O>-dependent
translation rate equation). (E) Comparison of AUCkre (relative area-under-the-curve error)
calculated for simulated vs. measured [NO-¢] for each optimization stage (red, yellow, green, and
blue bars for Stages 1-4, respectively).
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Fig. S6. Experimental confirmation of the predicted effect of [O2] on translation. Production of
GFP (driven by the Pnmp promoter in Ahmp E. coli; see Methods) following treatment with 50
uM DPTA NONOate at 5, 10, and 50 uM O2 was predicted using (A) the original model
structure, which excluded an [O2]-dependent translation rate, and (B) the revised model structure,
which included an [O2]-dependent translation rate (optimization “Stage 1 and “Stage 3”,
respectively). Predicted curves were generated using the best-fit parameter set, with shading
representing prediction uncertainty (range of viable parameter sets with ER < 10). The inset in
(A) is provided to demonstrate that all three curves are present, but nearly aligned. (C) The
corresponding experiments were performed, where Ahmp E. coli possessing Phmp-GFP on a
plasmid were treated with 50 uM DPTA NONOate (ODeoo = 0.05), and samples were removed
every 30 min to quantify GFP fluorescence (485 nm excitation, 515 nm emission). Fluorescence
measured at the time of treatment (t = 0) was subtracted from each reading to determine the
change in protein abundance (A[GFP]). Fluorescence data are the mean of 3 independent
experiments, with error bars representing the SEM.
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Fig. S7. Assessing whether the effect of [O2] on translation is specific to Phmp and NO« stress
conditions. WT E. coli possessing an IPTG-inducible Pts-GFP on a plasmid were grown to
exponential phase, delivered to the bioreactor to an initial ODegoo 0of 0.05, and induced
immediately with 1 mM IPTG (in the absence of NO«). Samples were taken every 30 min and
diluted to maintain a constant ODeoo of 0.05 prior to fluorescence quantification, as cells were
growing due to the lack of NO- treatment. The assay was conducted at 5, 10, and 50 uM O..
Data are the mean of 3 independent experiments, with error bars representing the SEM.
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Fig. S8. [NOr¢] oscillation dynamics in the presence and absence of translation. [NO*] was
measured in cultures of WT E. coli following treatment with 50 uM DPTA NONOate at 10 uM
0., either (A) without or (B) with 100 ug/mL CAM treatment at t = 1.25 h (~15 min prior to
initial NOe clearance, indicated by arrow). Measured [NO¢] (solid lines) are representative of at
least 3 independent experiments, the results of which are shown in SI Appendix, Figs. S13 A and
G (for CAM™ and CAM", respectively). Simulated [NOe+] curves (dashed black lines) represent
the best-fit parameter set obtained from an optimization on the measured WT [NO¢] curve at 10
uM O3 (A) without or (B) with CAM, where CAM treatment was simulated by fixing the
translation rate to zero at the time of initial NO« clearance. Gray shading on the optimized [NO-¢]
curves (very small) represent the range of simulations from viable parameter sets with ER < 10.
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Fig. S9. NO- detoxification in WT P. aeruginosa cultures at 10 uM Oo. P. aeruginosa in BSM +
15 mM succinate media at an ODeoo of 0.05 was treated with 50 pM DPTA NONOate in an
environment of 10 uM Oz, and the resulting concentration of NO+ was measured. The data are
the mean of 3 independent experiments, with light red shading representing the SEM.
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Fig. S10. Comparison of E. coli and P. aeruginosa O> consumption rate. WT E. coli or P.
aeruginosa were grown to mid-exponential phase in an environment of 50 uM O and diluted
into the bioreactor (ODesoo = 0.05), and the resulting [O2] was measured. Time zero was set as the
time at which [O2] = 40 uM, to facilitate direct comparison between the [O2] curves. Data are the
mean of 3 independent experiments, with shading representing the SEM.
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Fig. S11. Experimental confirmation of negligible O> consumption by ACYT. Cultures of WT or
ACYT E. coli were grown under a 10 uM O environment to exponential phase, diluted to an
ODsoo of 0.05 in the bioreactor, and [O2] was monitored. The WT culture began at a moderately
lower [O2] (~7 uM) due to O2-depletion in the inoculum (caused by cellular respiration in a more
concentrated culture). Data are the average of 3 independent experiments, with shading (very
small) representing the SEM.
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Fig. S12. Predicted elimination of oscillations upon CYT deletion. Simulated [NO-¢] resulting
from the treatment of WT or ACYT cultures with 50 uM DPTA NONOate, using parameters
values obtained from optimization “Stage 4.” Solid lines are the best-fit parameter set, with
shading (very small) representing prediction uncertainty. Predictions assumed the typical pH of
7.4 exhibited by WT cultures grown in the presence of Oo.
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Fig. S13. Experimental replicates for [NO-] and [O2] curves exhibiting oscillations. Given that
small shifts in NO- clearance time or oscillation phase yield average [NO«] or [O2] curves that
obscured the dynamics of the oscillations, figures in the present study typically show a
representative experiment (rather than the average of all replicates) for concentration curves
exhibiting oscillations. For completeness, all experimental replicates are presented here for any
condition for which a representative curve was presented in another figure. (A) [NO-+] and (B)
[O2] was measured in cultures of WT E. coli (ODsoo = 0.05) treated with 50 uM DPTA
NONOate at 10 pM Og, or (C) [NO+] was measured at 5 uM O-. (D) Identical conditions as (A),
except the pH was adjusted to 7.1 (from 7.4) immediately prior to DPTA NONOate treatment.
(E) [NO-] and (F) [O2] were measured in cultures of P. aeruginosa treated with 50 uM DPTA
NONOate at 50 uM O and 0.05 ODeno in BSM + succinate media. (G) Identical to (A), except
cultures were treated with 100 pg/mL CAM ~15 min prior to the initial NO- clearance time (1.25
h after DPTA NONOate treatment). Each colored curve represents an independent experimental
replicate.
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Fig. S14. Training of extracellular parameters and the respiratory module. (A) Cell-free media
(MOPS minimal media with 10 mM glucose) was treated with 50 pM DPTA NONOate at 0 and
50 uM Og, and the resulting [NO-] was measured (solid red and blue lines, respectively).
Extracellular model parameters (kno--02, KLano., and knonoate,opta) Were optimized on the two
measured curves, yielding the simulated [NO¢] shown (dashed dark red and dashed dark blue
lines for 0 and 50 uM O, respectively). Since a pH decrease was observed in anaerobic WT E.
coli cultures (decreased pH from 7.4 to 7.2 upon bioreactor inoculation to ODegoo = 0.05 prior to
NO- treatment), which increases the rate of DPTA NONOate dissociation (knonoate,opTA), the
[NO+<] measurement at 0 uM O was repeated in cell-free media that had been adjusted to a pH of
7.2 with HCI (solid green line). The knonoate, opTa parameter was released and trained on the pH-
adjusted anaerobic [NO-+] data (maintaining the same kno.-02 and kLano. values obtained from the
original optimization), yielding the simulated [NO-] curve shown (dashed dark green line).
Experimental data are the mean of 3 independent experiments, with shading representing the
SEM. (B) WT E. coli was grown to exponential phase in an environment of 50 uM O and
diluted into the bioreactor (ODesoo = 0.05) at time t = 0, and the resulting [O2] was measured
(solid blue line). Model parameters associated with aerobic respiration were trained on the
measured [O2] curve (see Methods and SI Appendix, Table S6), and the resulting simulated [O2]
is shown (dashed dark blue line). The optimized parameter set was used to predict the [O2] curve
for a 10 uM O2 environment (dashed brown line), and was in excellent agreement with the
corresponding experimental measurement (solid orange line). Experimental data are the mean of
3 independent experiments, with shading representing the SEM.



SUPPORTING TABLES

Table S1. Model reactions governed by non-elementary type rate expressions. Reaction names, rate expressions, and rate constants are shown.
The numbering of reactions is continued from Dataset S2. An asterisk “*” indicates kinetic parameters whose values were trained on experimental
measurements in the present study. All reactions presented here occur within the intracellular compartment, unless otherwise noted.

# | Reaction name, equation, and Kkinetic expression Parameters Refs. 2
161[“ISCUIORISL” [ 1soU + 2 Cys "5, IscU(2S)" +2 Ala+ 2 H" Kea = 0,075 1 B)
Keys = (1-100)x10°6 M * (5)
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o Ko [15cS][IscU][Cys] 0 = (1-100) 5.6
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163 “isc2Fe2Srepl” | p, o(apo) + IscU([2Fe-28])* + ATP + H,0 —™ 5  |scU + Poreas(holo) + ADP + P + H* keat = (1-1000)x10# 51 * (7)
‘ 2re2s(aPO) ([ 1) 2 arezs(holo) i Konrersim = (1 100)x10 € M * @
_ ke [15cU(2Fe29)][P;cp5(apP0)]
KPz,:ezs(apo) + [PZFeZS(apO)]
164 | “isc2FeaSren2” | p,p yq(apo) + IscU([2Fe-25]2)" + ATP + HO — %8y |sc([2Fe-25]) + Pareas(holo) + ADP + Pi + H* oa = (1-1000)x10 5+ * (7
Kpzrezs(apo) = (1-100)x1078 M * @)
r= kcat[ISCU(ZFeZS)Z][PZFeZS(apO)]
KPZFezs(apo) + [PZFeZS(apO)]
165 “dXTSNbe” | DNA@X) + H,0 —* 5 DNA(AP) + X Keat = 4.0x107* s+ ®)
Konagx) = (].—].00)><].078 M * (8)
_ K [AKA[DNA(IX)
Konagx) T [DNA(dX)]
166 “dINbe” ‘ DNA(dI) s HZO AlKA : DNA(APA) + hX kcat = 1.3)(10_3 S_l (9)
Konagl = (17100)X10_8 M * 9)

. K. [AIKA][DNA(dI)]
* Konagy +[DNA@I)]




167 “dURIbe” ‘ DNA(dU) + HZO Ung 3 DNA(APC) +U kcat =05 S_l (10)
Konagu) = (1-100)x1078 M * (10,11)
K, [UngI[DNA(U)
Konagu) + [DNA(dU)]
168 | “APgrem” ‘ DNA(APG) + 2 H20 —X" 5 DNA(dG)gp + 2 H* + dR5P Keat =0.23 571 (12)
Kbnaare) = 1.6x108 M (12)
_ K [Xth][DNA(AR)]
KDNA(APG) +[DNA(AR;)]
169 | “AParem” ‘ DNA(APA) + 2 H20 —X 5 DNA(dA)gp + 2 H* + dRSP Keat =0.23 57 (12)
Konacapa) = 1.6x1078 M (12)
kg [XIHI[DNA(AR,)]
KDNA(APA) +[DNA(AR,)]
170 “APCI’em” ‘ DNA(APC) 2y 2 HZO Xth : DNA(dC)gap b 2 H+ b dRSP kcat = 023 Sil (12)
Konaapc) = 1.6x10°8 M (12)
_ ke [XIN][DNA(AR,)]
KDNA(APC) +[DNA(AR,)]
171 | “dGSNpol” ‘ DNA(AG)gy + AGTP —' 5 DNA(IG)uck + PP, Keat = 14571 (13)
KonaG)gap = 5.4%10° M (13)
K., [POI[dGTPIDNA(IG Kiona@oygp = 8.1x107° M (13)
r= t[ ][ ][ < ( )gap] < Ki,DNA(dG)nick — 2_2)(]_0’8 M (13)
i =1 -6
Kionnor, Koo + Koo, [4GTP1+ Km[DNA(dG)gapl[1+ i J* [DNA(AG),, JAGTP] 1.+ 2| |Faere = 13007 s
1,DNAAG)nig i, DNA(G) i
172|“dDADpol” ‘DN A(dA)gp + JATP —P' 5 DNA(AA) ik + PP Keat = 14 574 (13)
Kbna(daygap = 5.4%107° M (13)
K. [POI][JATP[DNA(dA Kiona@aygep = 8.1x10° M (13)
r= t[ ][ ][ < ( )gap] < Ki,DNA(dA)nick - 2_2x10’8 M (13)
i, Kaate = 3. FE
K onne,, Kanre + Konsn,, [GATPI+ K g [D NA(dA>ga,,][1+°”"‘“’“ga"j+[D NA(dA>gap][dATP][1+D”’“‘“”W oate = 3.PX10 M a4
1,DNAAA) e i, DNA(AA) i




173 “dCYTpOI” ‘ DNA(dC)gap +dCTP Poll DNA(dC)nick + PP| kcat =14 S_l (13)
KDNA(dC)gap = 5.4X10_99|V| (13)
KipnA@dc)gap = 8.1x107° M (13)
r= K [PON][ACTPIIDNA(IC),,,] oo oM oo
K, K Kecre = 2.1x10°6 M 14
K onaccy,, Kecr + Konagoy,, [ACTP]+ KdCTp[DNA(dC)gap][1+'D“A‘”C)“"] + [DNA(dC)gap][dCTP][u ”] o (4
i,DNAAC),iex 1,DNA®MAC)ie
174 “dGSNIig” ‘ DNA(dG)niCk + NAD* LigA DNA(dG) + AMP + NMN + H* kcat =0.023 571 (15)
Knaos = 7.0x10°6 M (15)
i + Kbna(de)nick = 5.0x1078 M (15)
r= kcat[LIgA][DNA(dG)mck][NAD ]
[DNA(AG),i JINAD ]+ K 0. [DNA(AG), i ] + Konagg,, [NAD']
175]"dDADlg” [ DNA(@A) e + NAD* —H94 5 DNA(IA) + AMP + NMN + H* o = 00235 T (15)
Knap+ = 7.0x10°8 M (15)
. + K (dA)nick = 5.0x108 M (15)
e Kea [LIGATIDNA(A), o JINAD"] PRAA
[DNA(dA),«JINAD"] + K ap- [DNA(A), . ]+ K ona@a), . [NAD"]
176 [ “dCYTlig” ‘DN A(AC)ricx + NAD* —59% 5 DNA(AC) + AMP + NMN + H* Keat = 0.023 57 (15)
Knaos = 7.0x10°6 M (15)
- o Konagopick = 5.0x1078 M (15)
r= kcat[LIgA][DNA(dC)mck][NAD ]
[DNA(C), i, JINAD ] + K ao: [PNAC), i ] + Kona@c),, [NAD]
177 | “GSFDH” |GSNO + 2 NADH + 2 H* + GSH —™ 5 GSSG + NH; + H,0 + 2 NAD* Keat = 3.1x10°3 5™ (16)
Kesno = 7.4x10™* M (16)
e K..[GSFDH][GSNQO]
Kesno +IGSNO]
178|“GOR” | GSSG + H* + NADPH —> 2 GSH + NADP* ki =267 57 (17)
ke = 6.55x105 M 151 (18)
2 KnaDppPH = 2.2x10° M (17)
o k,[Gor][GSSG JINADPH]+ k,[Gor][GSSG] [NADPH] Kesse = 9.7x105 M (17)
K o [GSSG] + K ooea [NADPH]+ [GSSG][NADPH] + K,[GSSG]? + K, [GSSG]?[NADPH] K1 = 0.022 (18)

K= 3.9x103 M1

(18)




179 “TRXR” [ Trxoc + NADPH + H* —"% 5 Trx,og + NADP* Keat =41.25 51 (19)
KnaDppH = 4.6x10°M (19)
Krrox = 1.7%10°6 M 19
- K [TORIITIX, JINADPH] Toor (49)
[TrXo JINADPH] + Kyapp [ TrX o ] + KTerX[NADPH]
180 | “TRX_GSNO” [ TrXeed + GSNO — Trxox + HNO + GSH Keat = 0.02 572 (20)
Kesno = 1.0x10°5 M (20)
r= kcat [Trxred ] [GSN O]
Kssno +IGSNO]
181 | “EX_02air” | O2.4ir = Og,cutture kiaos = 1.25x103 571 b
r= kLao2 ([Oz]sat _[Oz])
182[“CYTbo_resp” 0y +2 OHy — ¥ 5 2 H.O+2 Keat = 18.3-150 s 1 * (21-23)
0:+2 Qutl 20+ 20 KigtKmgz = 2.13 x 10710 M2 (4,24)
2 KQgHz =53x10°M (25)
_ Kea [CYO][O,][QH, ] Koz = 6.05 x 10 M (22)
KiqleqZ[OZ] + KQSHZ [Qst][oz] + Ko2 [Q8H2]2 + [Qst]z[Oz]
183[“CYTbd_resp” 00+ 2 OdHy — M 5 2 H.O+2 Keat = 12-469 s 1 * (21,22,24)
022 Qutl 20+2Qs KigtKmgz = 2.13 x 10710 M2 (24)
2 Kastiz =4.2x 105 M (24)
_ Kea [CYd][O,][QgH, ] Koz=27x107M (22)
KiqleqZ[OZ] + KQ{,H2 [Qst][oz] + Ko2 [QaHz]2 + [Qst]z[oz]
184 [“CYTho_NO” [Cyo + NO- = Cyo(NO) Konno- = (3.4-13.6)x106 M s 1= [(22)
koff,NO- =0.03s! (22)
Ko no.LNO-][Cy0] Koz = (6.05-60.5)x107 M * (22)
=0 O] — Kt no.[CYO(NO)]
1+=—2
OZ
185 [“CYThd_NO” [Cyd + NO- = Cyd(NO) Konno- = (1.9-7.6)x105 M s 1> [(22)
Kotino- = 0.163 571 (22)
Koz = (2.7-27)x108 M * (22)

_ Kouno.[NO-][Cyd]

1+M
K

- koff,No- [Cyd(NO)]

O,




186 [“NDHL” [NADH + Qs + H — Y7L, NAD" + Quty Keat = 50-600 5 1 * (26,27)"
KnapH = 7.2 X 10 M (26)
Kaos = 3.0 x 105 M (4,28)
e [Pyress (hOl0)] +[P,r.,s (h0l0O)] K..[NDH1][Q,][NADH] Kmos=3.0x10°M (28)
[PFeS,TOT] K\aok Kd,Q8 + Kyaon[Qs ]+ Km,Q8 [NADH] +[Qg][INADH]
where:
[PFeS,TOT] = [F)ZFEZS (hOIO)] + [F)4Fe4S (hOIO)] + [PZFeZS (DN IC)Z] + [P4Fe45 (RRE)Z] +[P2FEZS (aDO)] +[P4Fe45(ap0)]
187 [“NDH2” [NADH + Qq + H* —MPH2 3 NAD" + QgHy kea = 17.1-4745 1% (4,29,30)
KnapH = 5.7 x 10° M (29)
Kdgs = 5.9 x 10 M (4,31)
- K [NDH2][Q;][NADH] Kmoe=59%x10°M (31)
KaonKag, T Knaon [Qa]+ Ko, [NADH] +[Qg][NADH]
188 | “NORVred” | NorVex + NADH — NorV(eq + NAD* + H* Keat = 5.5%10% M%s72 (32)
Kino- = 1.35x10°5 M (33)
_ ke [NorV, ][INADH]
1+ M
Kino-
189 [ “NORVNo” | NOrVieq + 2 NOe* + 2 H* — NorVex + N,O + H,0 Keat = 7.45 51 (34)
Kxo- = (1-10)x10~7 M * (35,36)
— kcat[NorVred][NO.]
Kyo. +[NO-]
e [NO- + 6 H* + 2.5 NADH —Y™ 5 NH,* + H,0 + 2.5 NAD" + 2.5 H* Keay = 390 5™ (37)
Kno- = 3.0x104 M (38)
_ keu[NIfA][NO-]
Kyo. +[NO-]
191 | “HMP_transcr” | > MRNAm, Kpasal = (0-2.78)x107? M-s7* * (39-41)°¢
Kmax = (1.19-4.57)x10° M-sL * | (39-41)
[NO-] Kxo- = (1-1000)x1078 M * (42,43) ¢

1= Koagat *+ (Kae = Koasa )m
NO.




192 “NORV_tranSCr” | — MRNAory Kbasal = (0*2.78)X10_12 M-s1* (39_41)
Kmax = (1.1974.57)X10_1o M-s1 * (39-41)
k (k ) [NO-] Kxo- = (1-1000)x108 M * (42,43) ¢
M= Kpasat T(Knax —Kbasat ) o o~ =
Kyo. +[NO-]
193 | “NRFA transcr” | — MRNAa Kmax = (1.19—4.57)><10710 M-s1 * (39-41)
Knoz- = (1—1000)x1076 M * e
o Koz = (1-100) x10712 M * e
. kmax KO2 [NOZ] 02=( )
Ko, Ko, T Ko, [NO; ]+ K [O,]+[NO, J[O,]
194 | “HMP_translate” | — HMPrap,Fe3 kap-transIate =0.057-1.49s1* (44_47)
Kact.o2 = 0-10 * f
K.io.[0,] Koz = 0-2.10x1074 M * (48)8
r=k,. [MRNA, ]| 1+ 2202~
p-translate hmp
Ko, +10,]
195 “NORV_translate” | — NorVy KNorv-transiate = 0.057-1.49 gl* (44_47)
Kact,02 = 0-10 * f
k [O,] Koz =0-2.10x104 M * (48)9
r= I(NorV-transIate[rnRN'A‘norV] 1+ M
Ko, +[0,]
196 | “NRFA _translate” [— NrfA Knrtatransiate = 0.057—1.49 5 1 * (44-47)
Kact,02 = 0-10 * f
K [O,] Koz = 0-2.10x10* M * (48)9
(0] 2
r= kNrfA—transIate[mRNAnrfA] 1+mz—
Ko, +[0,]

a. For additional details on model reactions, rate expressions, and parameters, see ref (3) regarding the original model construction.

b. The O, mass transfer coefficient (k_ao2) was measured in our experimental system (see Supporting Methods for additional details). This reaction takes place in “all”
compartments (intracellular and extracellular).

¢. The hmp basal transcription rate was restricted to < 10 nM/h (2.78 x 1072 M/s, approximately 100-fold less than the max. transcription rate), given the scarce levels of Hmp in
untreated cells (49).

d. The NO- dissociation constant associated with activation of hmp and norV transcription was allowed to vary within the physiological range reported for NO+ (nM to low uM).

e. The constant governing NO,™ regulation of nrfA transcription was varied in the uM range, whereas the constant governing O.-mediated inhibition of transcription was assumed
to be orders of magnitude lower given the anaerobic dependence of nrfA expression (50,51).

f. Assumed a maximum O-mediated influence on translation of approximately one order of magnitude.

g. O, constant associated with translation activation was permitted to vary from zero to air-saturated O, concentration at 37°C (210 uM) (48).

h. Enzyme function was assumed to be affected by [Fe-S] damage. See ref (4) for additional details.




Table S2. AIC of optimal parameter sets for each optimization stage. The Akaike information
criterion (AIC) calculated (see Methods, Main text) for the best-fit parameter set of each
optimization stage is presented along with the corresponding number of optimized parameters
(equivalent to k — 1 in Equations 6 and 7, Main text), number of data points (n), and sum of the
squared residuals (SSR) between the measured and simulated [NO¢] curves.

Stage | SSR Optimized | Data AIC
parameters | points

1 33.76 |17 1076 —3688

2 29.19 | 136 1076 —3567

3 1545 |19 1076 —4525

4 10.48 |23 1076 —4935

Table S3. Growth time at different Oz concentrations. “Growth time” was quantified as the time
required for a WT E. coli culture to grow from an initial ODggo 0f 0.01 to an ODgoo 0f 0.20 in 20
mL of MOPS + 10 mM glucose in a 250 mL baffled shake flask at 37°C and 200 rpm. Times are
listed as the mean £ SEM for at least 3 independent experiments. The O2 concentration
corresponds to the concentration of dissolved O in cell-free media that was in equilibrium with
that particular environment.

[O2] (uM) | Growth time (h)
0 7.31+0.08
5 5.60 £ 0.01
10 5.27 +0.05
20 5.02+0.01
50 5.07 £ 0.05




Table S4. Reaction deletion analysis of [NO+] oscillation dynamics. Shown is the minimal set of model reactions (name, description,
and stoichiometric equation) necessary to (A) maintain sufficient quality-of-fit (ER < 10) relative to the full model, or (B) maintain
[NO-¢] oscillations, for 50 uM DPTA treatment of WT culture at 5 uM O.

(A) Minimal set of reactions necessary to maintain quality-of-fit (ER < 10).

Reaction name Deletion Reaction description Reaction equation
eliminates
oscillations*
EX_NOautox False NO- autoxidation 2 NOs« + Oz — 2 NOg*
EX_NO_NO2r False NOs reaction with NOye NO- +NO2* — N,03
HMP1/2f True Hmp reduction Hmp(FAD-Fe®*) + NAD(P)H + H* — Hmp(FADH,-Fe**) + NAD(P)*
HMP3 True Hmp electron transfer Hmp(FADH,-Fe*) — Hmp(FADHs-Fe?*) + H*
HMP4 True Hmp O; binding Hmp(FADHe-Fe?*) + O, — Hmp(FADH--Fe?*)-O,
HMP6 True Hmp-O; oxygenation of NO« Hmp(FADHe+-Fe?*)-O; + NO* — Hmp(FADH--Fe**)-ONOO"~
HMP7 True NO;™ release from Hmp Hmp(FADH--Fe*")-ONOO~ — Hmp(FADH--Fe**) + NO3~
HMPS8 True Hmp electron transfer Hmp(FADHe-Fe3*) — Hmp(FAD-Fe?*) + H*
HMP9 False Hmp O; binding Hmp(FAD-Fe?*) + O, — Hmp(FAD-Fe?*)-0,
HMP11 True Hmp-O; oxygenation of NO« Hmp(FAD-Fe?*)-O; + NO* — Hmp(FAD-Fe®*")-ONOO~
HMP12 True NO;™ release from Hmp Hmp(FAD-Fe*")-ONOO™ — Hmp(FAD-Fe®**) + NO3~
HMP13 False Hmp NO- binding Hmp(FADHe-Fe?*) + NO* — Hmp(FADH--Fe?*)-NO
HMP15 True Hmp NO- reduction Hmp(FADH+-Fe?*)-NO — Hmp(FADHs-Fe3*) + NO~
HMP16 False Hmp NO- binding Hmp(FAD-Fe?") + NO» — Hmp(FAD-Fe?*)-NO
HMP18 True Hmp NO- reduction Hmp(FAD-Fe?*)-NO — Hmp(FAD-Fe®*) + NO~
HMP20 False Hmp reduction Hmp(FAD-Fe?*) + NADPH + H* — Hmp(FADH,-Fe?*) + NADP*
HMP21 False Hmp NO- binding Hmp(FADH,-Fe?*) + NO» — Hmp(FADH2-Fe?*)-NO
HMP23 True Hmp NO¢ reduction Hmp(FADH,-Fe?*)-NO — Hmp(FADH-Fe**) + NO~
HMP24 True Hmp O; binding Hmp(FADH,-Fe?*) + O, — Hmp(FADH,-Fe?*)-O,
HMP28 True Hmp-O; oxygenation of NO« Hmp(FADH,-Fe?*)-0; + NO* — Hmp(FADH,-Fe**)-ONOO"~
HMP29 True NO;™ release from Hmp Hmp(FADH,-Fe**)-ONOO™ — Hmp(FADH.-Fe?*) + NOs~ + H*
EX_NOdonor True NONOate dissociation NONOate — 2 NO-
EX_NOout True NO- loss to gas phase NO+ — gas
hmpFe2h_deg False Hmp degradation Hmp(FADH.-Fe?*) —
hmpFe2h2_deg False Hmp degradation Hmp(FADH,-Fe?*) —
hmpFe2h_o02_deg False Hmp degradation Hmp(FADHe-Fe?*)-0; — O3
hmpFe2h2_o02_deg False Hmp degradation Hmp(FADH,-Fe?*)-0; — O,




hmpFe2_no_deg False Hmp degradation Hmp(FAD-Fe?*)-NO — NOs
hmpFe2h_no_deg False Hmp degradation Hmp(FADHe-Fe?*)-NO — NOe
hmpFe2h2_no_deg False Hmp degradation Hmp(FADH,-Fe?*)-NO — NO-
norVred_o2 Truet 0O,-mediated NorV inactivation NoOrVieg + O —

CYTbo_NO True Cytochrome bo NO- binding NO- + Cytho « Cytbo -NO
CYTbd_NO True Cytochrome bd NO- binding NO- + Cythd « Cythd -NO
NORVred False NorV reduction NorVex + NADH — NorVies + NAD* + H*
NORVNo False NorV NOe reduction NOrVyeq + 2 NOe + 2 H* — NorVex + N,O + H,0
EX_0O2gas True O, transfer with gas phase Oz,gas < O2

HMP_translate True Hmp translation — Hmp(FAD-Fe®)

NORYV _translate False NorV translation — NOrVox

CYTho_resp False Cytochrome bo O reduction 02+2QsH, —»2H0+2Qsg
CYThd_resp True Cytochrome bd O reduction 02+2QsH, —»2H0+2Qsg
NDH1 True NADH dehydrogenase I quinone reduction | NADH + Qg + H* — NAD* + QgH>
HMP_transcr True hmp transcription — MRNApmp

RNA_hmp_deg True MRNAnmp degradation MRNAmp —

NORV _transcr False norV transcription — mRNAnory

RNA_norV_deg Truet MRNAn.rv degradation MRNAnory —

All Hmp reactions | True (all reactions associated with Hmp) --

All CYT reactions True (all reactions associated with Cytbo & bd) | --

All NorV reactions | False (all reactions associated with NorV) --

* Reactions from this minimal set were deleted individually (or in groups of all Hmp-, CYT-, and NorV-related reactions), and the resulting simulated [NO¢]

curve (at 5 uM O2) was visually inspected to determine whether oscillations were eliminated (“True”) or remained (“False”).

T A second minimal set of reactions was identified, and was identical as the set presented here, except HMP1 was substituted for HMP2, where the reaction

involved a reduction of Hmp by NADPH instead of NADH.

¥ Two NorV-related reactions eliminated oscillations when deleted individually (“norVred 02” and “RNA_norV_deg”), but had no effect on oscillations when

deleted simultaneously with all other NorV-related reactions.




(B) Minimal set of reactions necessary to maintain [NOe¢] oscillations.

Reaction name

Reaction description

Reaction equation

HMP1/2f Hmp reduction Hmp(FAD-Fe**) + NAD(P)H + H* — Hmp(FADH,-Fe®*) + NAD(P)*
HMP3 Hmp electron transfer Hmp(FADH,-Fe**) — Hmp(FADHs-Fe?") + H*

HMP4 Hmp O binding Hmp(FADHe-Fe?*) + O; — Hmp(FADH--Fe?*)-O,

HMP6 Hmp-O; oxygenation of NO» Hmp(FADHe+-Fe?*)-O; + NO* — Hmp(FADH--Fe**)-ONOO"~
HMP7 NO;™ release from Hmp Hmp(FADHe-Fe**)-ONOO~ — Hmp(FADHe-Fe*") + NO3™
HMPS8 Hmp electron transfer Hmp(FADHe-Fe**) — Hmp(FAD-Fe?*) + H*

HMP11 Hmp-O; oxygenation of NO« Hmp(FAD-Fe?*)-0; + NO* — Hmp(FAD-Fe®*")-ONOO~
HMP12 NO;™ release from Hmp Hmp(FAD-Fe®*)-ONOO™ — Hmp(FAD-Fe3*) + NO3~
HMP15 Hmp NO- reduction Hmp(FADH+-Fe**)-NO — Hmp(FADHs-Fe®*) + NO~
HMP18 Hmp NO- reduction Hmp(FAD-Fe?*)-NO — Hmp(FAD-Fe**) + NO~

HMP23 Hmp NO- reduction Hmp(FADH,-Fe?*)-NO — Hmp(FADH,-Fe3*) + NO~
HMP24 Hmp O binding Hmp(FADH,-Fe?*) + O, — Hmp(FADH,-Fe?*)-O,

HMP28 Hmp-0; oxygenation of NO« Hmp(FADH,-Fe?*)-0; + NO* — Hmp(FADH,-Fe3*)-ONOO~
HMP29 NO;™ release from Hmp Hmp(FADH,-Fe**)-ONOO™ — Hmp(FADH--Fe?*) + NO;~ + H*
EX_NOdonor NONOate dissociation NONOate — 2 NO-

EX_NOout NO-e loss to gas phase NO- — gas

CYTbo_NO Cytochrome bo NO- binding NO- + Cytho < Cythbo -NO

CYTbd_NO Cytochrome bd NO- binding NO- + Cythd < Cytbd -NO

EX_0O2gas O;, transfer with gas phase 02,4 > O3

HMP_translate Hmp translation — Hmp(FAD-Fe®)

CYThbd_resp Cytochrome bd O; reduction 0,+2QgH, > 2H0+2Qs

NDH1 NADH dehydrogenase | quinone reduction | NADH + Qg + H* — NAD" + QgH>

HMP_transcr hmp transcription — mRNApmp

RNA_hmp_deg MRNAm, degradation MRNAnmp —

¥ A second minimal set of reactions was identified, and was identical as the set presented here, except HMP1 was substituted for HMP2, where the reaction
involved a reduction of Hmp by NADPH instead of NADH.




Table S5. Primers used for cPCR confirmation of genetic deletions. Each deletion was
confirmed with colony PCR (cPCR) using two primer sets: (1) a forward and reverse primer
within the coding sequence of the deleted gene, and (2) a forward primer upstream of the deleted
gene and a reverse primer within the kan® coding sequence (for mutations with kan® cassette in
place of the gene), or a forward and reverse primer upstream and downstream (respectively) of
the deleted gene (for mutations from which kan® had been cured).

Primer sequence (5’ — 3') Gene | Description
CCGAATCATTGTGCGATAACA Forward primer, upstream of the hmp gene
GCAAAATCGGTGACGGTAAA hmp Reverse primer, downstream of the hmp gene
TCCCTTTACTGGTGGAAACG Forward primer, within the hmp gene
CACGCCCAGATCCACTAACT Reverse primer, within the hmp gene
CCAGCACATCAACGGAAAAA Forward primer, upstream of the norV gene
GACTGGGAAGTGCGTGATTT norV Forward primer, within the norV gene
CGGAAGCGTAAACCAGTCAT Reverse primer, within the norV gene
TTTCTCATCACCCAGTTGTCACTCTAA Forward primer, upstream of the cyoA gene
GAGGTCAGCCACTCTTTCCA cyoA Reverse primer, downstream of the cyoA gene
ATGAGACTCAGGAAATACAATAAAAGTTTG Forward primer, within the cyoA gene
GTCCATGCCTTCCATACCTTC Reverse primer, within the cyoA gene
ATGCAGAAATATGCCCGTCT Forward primer, upstream of the appB gene
GTGTCAGCCAACCCAGTTTT apoB Reverse primer, downstream of the appB gene
GATGATGAACGCCGGATAGT PP Forward primer, within the appB gene
TACGGCGGAGAGTTTCTGTT Reverse primer, within the appB gene
TGGCTTCCTGCTTCTGGCAA Forward primer, upstream of the cydB gene
TCTGCTGATTGGTTTTGCAG cydB Forward primer, within the cydB gene
CATACGTGCAGTCAGGATGG Reverse primer, within the cydB gene

ATGATGGATACTTTCTCGGCAGGAG kan® Reverse primer, within the kan® gene




Table S6. Training of respiratory module. Parameters involved in Oz respiration were trained on [O2] measurements of exponential-
phase WT E. coli cultures growing in an environment of 50 uM O (SI Appendix, Supporting Methods and Fig. S14B). Values were
permitted to vary within bounds (min and max), for which reference(s) are provided. Optimal values were the parameter set yielding
the minimum SSR.

# | Parameter |Parameter description/reaction involved Min. Max. Units | Ref. Optimal

1 | Keyocat Cytochrome bo terminal oxidase; Keat 18.3 150 st (21-23) 125
2 | Keyd,cat Cytochrome bd terminal oxidase; Keat 12 469 s1|(21,22,24) 460
3 | KnpH1cat NADH dehydrogenase I; Kcat 50 600 s1|(26,27) 498
4 | KnpH2,cat NADH dehydrogenase I1; Kcat 17.1 474 s11(29,30) 438
5 |[[Cyo]o Initial concentration of cytochrome bo 158 x10%| 158 x10° M | (52) 2 1.33x10°
6 |[Cyd]o Initial concentration of cytochrome bd 1.06 x 10| 1.06 x 10°° M | (52) 2 1.04 x 1076
7 |[Qslo Initial concentration of ubiquinone-8 448 x10°| 448 x10°° M | (53) &b 3.71x10°°
8 |[QsHzlo Initial concentration of ubiquinol-8 448 x10°| 448 x10°° M | (53) &b 272 x10™
9 |[NDH1]o Initial concentration of NADH dehydrogenase | 270 x10°%| 2,70 x 1078 M | (47) 2 2.21x10°
10 | [NDH2]o Initial concentration of NADH dehydrogenase Il | 3.05 x 107°| 3.05 x 107 M| (54)2 1.19x 1077

a. The concentration of biomolecules were permitted to vary within an order of magnitude of the reported value. Concentrations were converted from

molecules/cell to molar assuming a cell volume of 3.2 x 1075 L (55).

b. ubiquinone and ubiquinol concentrations were converted from pmol/g dry cell weight (53) to molar assuming cell density of 448 gDW/L (47).
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