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Figure S1. Training of extracellular model parameters. 50 μM DPTA NONOate was delivered to 
cell-free media (MOPS minimal media with 10 mM glucose) at 50 and 0 μM O2, and [NO·] was 
measured (solid red lines; mean of 3 independent experiments, with light red shading representing 
the SEM). For the 0 μM O2 condition, the media pH was adjusted to 7.2 (from 7.4) with HCl, to 
mimic the slightly acidified conditions measured in the bioreactor culture for anaerobic assays with 
EHEC. Model parameters specific to the experimental apparatus and media conditions (kNO·-O2, 
kLaNO·, and kNONOate) were optimized on the [NO·] curve measured at 50 μM O2 (dashed black line 
using the best-fit parameter set, with gray shading representing the range of viable parameter sets 
with ER < 10). Since a decrease in pH increases the rate of NONOate dissociation, the kNONOate 
parameter was released and trained on [NO·] measured in the pH-adjusted media at 0 μM O2. The 
simulation result using the trained kNONOate parameter is shown (dashed black line, obtained using 
the best-fit parameter value, with gray shading representing viable parameter values with ER < 10). 

 
Figure S2. Training of parameters associated with the respiratory module. TUV hmp+/norV+ in mid-
exponential phase were delivered to the bioreactor to an OD600 of 0.05, and the O2 consumption was 
measured (solid purple line; mean of 3 independent experiments with light purple shading 
representing the SEM). Model parameters associated with the aerobic respiratory module (NADH 
dehydrogenases and cytochrome ubiquinol oxidases) were trained on the measured [O2]. The 
simulated [O2] generated by the trained model is shown (dashed black line was obtained using the 
best-fit parameter set, with gray shading representing the range of viable parameter sets with ER < 10). 
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Figure S3. Impact of individual parameter variation on [NO·] distribution. A sensitivity analysis 
was performed on the 68 parameters trained on the [NO·] curves measured in TUV hmp+/norV+ 
cultures following treatment with 50 μM DPTA NONOate at 0 and 50 μM O2. Each parameter was 
individually varied within its permitted bounds, and the resulting increase in SSR was quantified 
(fold increase = SSR/SSR0). Shown is the maximum fold increase in SSR achieved for each parameter, 
showing only the 20 parameters exhibiting a maximum increase of ≥5% (1.05-fold). 

Table S1. BLAST analysis. Proteins with <99% amino acid (AA) similarity are in bold. 

Protein AA Similarity 
Description 

MG1655 EDL933 EDL/MG % 
IscU [Z3796] 128/128 100.0% scaffold protein for iron-sulfur cluster assembly 
IscS YfhO 404/404 100.0% cysteine desulfurase 
LigA Lig 664/671 99.0% DNA ligase 
PolA PolA 927/928 99.9% DNA polymerase I 
XthA XthA 263/268 98.1% exonuclease III

GS-FDH (FrmA) AdhC 367/369 99.5% glutathione-dependent formaldehyde dehydrogenase 
GOR Gor 446/450 99.1% gluthathione reductase 
TrxA TrxA 109/109 100.0% thioredoxin 1 
TrxC TrxC 139/139 100.0% thioredoxin 2 
TrxR TrxB 321/321 100.0% thioredoxin reductase 
AlkA AlkA 274/282 97.2% 3-methyl-adenine-DNA glycosylase II 
Ung Ung 227/229 99.1% uracil-DNA glycosylase 

CyoA CyoA 312/315 99.0% cytochrome bo terminal oxidase subunit II 
CyoB CyoB 663/663 100.0% cytochrome bo terminal oxidase subunit I 
CyoC CyoC 203/204 99.5% cytochrome bo terminal oxidase subunit III 
CyoD CyoD 109/109 100.0% cytochrome bo terminal oxidase subunit IV 
CydA CydA 522/522 100.0% cytochrome bd-I terminal oxidase subunit I 
CydB CydB 379/379 100.0% cytochrome bd-I terminal oxidase subunit II 
Hmp HmpA 395/396 99.7% nitric oxide dioxygenase 
NorV [Z4018] 409/479 85.4% flavorubredoxin (nitric oxide reductase) 
NorW YgbD 369/377 97.9% flavorubredoxin reductase
SodA SodA 205/206 99.5% superoxide dismutase (Mn) 
SodB SodB 193/193 100.0% superoxide dismutase (Fe) 
SodC SodC 173/173 100.0% superoxide dismutase (Cu-Zn) 
NrfA NrfA 477/478 99.8% formate dependent nitrite reductase (subunit A) 
NrfB NrfB 188/188 100.0% formate dependent nitrite reductase (penta-heme cytochrome c) 
NrfC NrfC 223/223 100.0% formate dependent nitrite reductase ([4Fe-4S] subunit) 
NrfD NrfD 315/318 99.1% formate dependent nitrite reductase (subunit D) 
NuoA NuoA 146/147 99.3% NADH:ubiquinone oxidoreductase, membrane subunit A 
NuoB NuoB 219/220 99.5% NADH:ubiquinone oxidoreductase, chain B 
NuoC NuoC 593/596 99.5% NADH:ubiquinone oxidoreductase, chain CD 
NuoE NuoE 165/166 99.4% NADH:ubiquinone oxidoreductase, chain E 
NuoF NuoF 444/445 99.8% NADH:ubiquinone oxidoreductase, chain F 
NuoG NuoG 906/908 99.8% NADH:ubiquinone oxidoreductase, chain G 
NuoH NuoH 325/325 100.0% NADH:ubiquinone oxidoreductase, membrane subunit H 
NuoI NuoI 180/180 100.0% NADH:ubiquinone oxidoreductase, chain I 
NuoJ NuoJ 184/184 100.0% NADH:ubiquinone oxidoreductase, membrane subunit J 
NuoK NuoK 100/100 100.0% NADH:ubiquinone oxidoreductase, membrane subunit K 
NuoL NuoL 612/613 99.8% NADH:ubiquinone oxidoreductase, membrane subunit L 
NuoM NuoM 509/509 100.0% NADH:ubiquinone oxidoreductase, membrane subunit M 
NuoN NuoN 423/485 87.2% NADH:ubiquinone oxidoreductase, membrane subunit N

NDH-2 (Ndh) Ndh 431/434 99.3% NADH:quinone oxidoreductase II 



Bioengineering 2016, 3, 9; doi:10.3390/bioengineering3010009 S3 of S6  

 

Table S2. Training of extracellular model parameters. Parameter values were released and allowed to vary within the “Minimum” and “Maximum” bounds. 
Optimal (best-fit, yielding minimum SSR between measured and simulated [NO·]) parameter values are reported, along with their confidence interval (CI), 
defined as the range of the parameter among viable parameter sets with ER < 10. 

# Parameter Parameter description Minimum Maximum Optimal CI Units Ref. 

1 kNONOate DPTA NONOate dissociation rate (pH 7.4) 4.81 × 10−5 3.85 × 10−4 5.98 × 10−5 (5.87–6.08) × 10−5 s−1 [1] 
DPTA NONOate dissociation rate (pH 7.2) * 4.81 × 10−5 3.85 × 10−4 7.78 × 10−5 (7.69–7.87) × 10−5 s−1 [1] 

2 kLaNO• Rate of NO· transfer to gas phase 1.00 × 10−4 1.00 × 10−2 1.63 × 10−3 (1.59–1.68) × 10−3 s−1 a 

3 kNO•-O2 NO· autoxidation rate 9.00 × 105 2.40 × 106 2.40 × 106 (2.31–2.40) × 106 M−2s−1 [2] 
* The dissociation rate was also determined for media with a lower pH, as anaerobically grown cells slightly acidified the media (from pH 7.4 to 7.2). a The kLaNO• 
was allowed to vary within one order of magnitude of the O2 kLa measured for the same experimental apparatus. 

Table S3. Training of model parameters associated with the respiratory module. Parameter values were released and allowed to vary within the “Minimum” and 
“Maximum” bounds. Optimal (best-fit, yielding minimum SSR between measured and simulated [O2]) parameter values are reported, along with their confidence 
interval (CI), defined as the range of the parameter among viable parameter sets with ER < 10. 

# Parameter Parameter description Minimum Maximum Optimal CI Units Ref. 
1 kCyo,cat Cytochrome bo terminal oxidase; kcat 18 150 19.6 18.0–23.8 s−1 [3–5] 
2 kCyd,cat Cytochrome bd terminal oxidase; kcat 12 470 353 334–414 s−1 [4–6] 
3 kNDH1,cat NADH dehydrogenase I; kcat 50 600 537 495–579 s−1 [7,8] 
4 KNDH1,Q NADH dehydrogenase I; Kd,Q 3.00 × 10−6 3.00 × 10−4 3.11 × 10−6 (3.00–9.23) × 10−6 M [9] a 
5 KNDH1,NADH NADH dehydrogenase I; Km,NADH 7.20 × 10−7 7.20 × 10−5 2.62 × 10−5 (2.46–2.68) × 10−5 M [8] b 
6 KNDH1,Q8 NADH dehydrogenase I; Km,Q8 3.00 × 10−6 3.00 × 10−4 3.17 × 10−6 (3.00–4.14) × 10−6 M [9] a 
7 kNDH2,cat NADH dehydrogenase II; kcat 17.1 474 347 293–373 s−1 [10,11] 
8 [Cyo]0 Initial concentration of cytochrome bo 1.58 × 10−8 1.58 × 10−6 2.00 × 10−8 (1.59–13.3) × 10−8 M [12] c 
9 [Cyd]0 Initial concentration of cytochrome bd 1.06 × 10−8 1.06 × 10−6 1.00 × 10−6 (8.54–10.6) × 10−7 M [12] c 

10 [Q8]0 Initial concentration of ubiquinone-8 4.48 × 10−5 4.48 × 10−3 4.47 × 10−3 (4.02–4.48) × 10−3 M [13] c 
11 [Q8H2]0 Initial concentration of ubiquinol-8 4.48 × 10−5 4.48 × 10−3 5.36 × 10−5 (4.48–5.80) × 10−5 M [13] c 
12 [NDH1]0 Initial concentration of NADH dehydrogenase I 2.70 × 10−8 2.70 × 10−6 1.60 × 10−6 (1.46–1.72) × 10−6 M [14] c 
13 [NDH2]0 Initial concentration of NADH dehydrogenase II 3.05 × 10−9 3.05 × 10−7 2.28 × 10−7 (1.72–3.05) × 10−7 M [15] c 

a Parameter allowed to vary within one order of magnitude of the value reported for the E. coli Km,Q2 value. b Parameter allowed to vary within one order of 
magnitude of the value reported for the E. coli Km,NADH value. c The concentrations of respiratory module components were allowed to vary within one order of 
magnitude of their reported value. In cases where concentrations were reported as molecules/cell, they were converted to M, assuming a cell volume of 3.2 × 10−15 
L [16]. Concentrations of ubiquinone and ubiquinol were converted from units of μmol/g dry cell weight [13] to M, assuming a cell density of 448 g dry cell 
weight/L [14]. 
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Table S4. Training of organism-specific model parameters. Parameter values were released and allowed to vary within the “Minimum” and “Maximum” bounds. 
Optimal (best-fit, yielding minimum SSR between measured and simulated [NO·]) parameter values are reported, along with their confidence interval (CI), 
defined as the range of the parameter among viable parameter sets with ER < 10. Only the 20 parameters identified as having a substantial impact on the SSR (>5% 
increase) are shown. 

# Parameter Parameter description Minimum Maximum Optimal CI Units Ref. 
1 kHmp,NO•-on Hmp detoxification; NO· binding to Hmp 4.0 × 106 2.6 × 107 4.00 × 106 (4.00–4.11) × 106 M−1s−1 [17] 
2 kHmp,NO•-ox Hmp detoxification; NO· binding to Hmp-O2 9.6 × 108 2.4 × 109 9.84 × 108 (9.60–10.3) × 108 M−1s−1 [17] 
3 kHmp,NO•-red Hmp detoxification; NO· reduction 0.013 0.240 0.234 0.228–0.240 s−1 [18] 
4 khmp-transcr,basal hmp transcription; basal rate 0 2.78 × 10−12 2.63 × 10−12 (2.45–2.78) × 10−12 M·s−1 [19–21] a 
5 khmp-transcr,max hmp transcription; maximum rate 1.19 × 10−10 4.57 × 10−10 1.90 × 10−10 (1.20–3.34) × 10−10 M·s−1 [19–21] 
6 Khmp-transcr,NO• hmp transcription; NO· dissociation constant 1.0 × 10−8 1.0 × 10−5 8.49 × 10−7 (5.90–39.3) × 10−7 M [22,23] b 
7 kmRNAdeg,hmp hmp mRNA degradation 3.35 × 10−4 1.65 × 10−2 1.61 × 10−2 (1.22–1.65) × 10−2 s−1 [24,25] 
8 kHmp-translate Hmp translation 0.057 1.49 0.833 0.631–1.49 s−1 [14,26–28] 
9 kdeg,Hmp Hmp degradation 1.0 × 10−5 1.0 × 10−3 2.10 × 10−4 (1.02–46.3) × 10−5 s−1 [29,30] 

10 KNorV-NO• NorV detoxification; Km,NO· 1.0 × 10−7 1.0 × 10−6 1.02 × 10−7 (1.00–1.09) × 10−7 M [31,32] 
11 kNorV-O2 O2-mediated NorV inactivation 1.0 1.0 × 106 4.09 × 105 (4.09–4.52) × 105 M−1s−1 [33,34] 
12 knorV-transcr,max norV transcription; maximum rate 1.19 × 10−10 4.57 × 10−10 4.26 × 10−10 (3.99–4.57) × 10−10 M·s−1 [19–21] 
13 KnorV-transcr,NO• norV transcription; NO· dissociation constant 1.0 × 10−8 1.0 × 10−5 9.82 × 10−7 (7.85–10.4) × 10−7 M [22,23] b 
14 kmRNAdeg,norV norV mRNA degradation 3.35 × 10−4 1.65 × 10−2 3.58 × 10−4 (3.36–7.40) × 10−4 s−1 [24,25] 
15 kNorV-translate NorV translation 0.057 1.49 1.49 1.30–1.49 s−1 [14,26–28] 
16 kdeg,NorV NorV degradation 1.0 × 10−5 1.0 × 10−3 2.67 × 10−4 (1.32–4.03) × 10−4 s−1 [29,30] 
17 [Hmp]0 Initial concentration of Hmp 0 1.0 × 10−6 3.74 × 10−7 (3.63–3.83) × 10−7 M [35] a 
18 [NorV]0 Initial concentration of NorV 0 1.0 × 10−6 4.36 × 10−7 (3.38–4.90) × 10−7 M c 

19 [NrfA]0 Initial concentration of NrfA 0 1.0 × 10−6 2.92 × 10−7 (2.12–896) × 10−9 M c 

20 [NADH] Concentration of NADH 8.30 × 10−6 8.30 × 10−4 6.25 × 10−4 (2.44–8.29) × 10−4 M [36] d 
a The initial Hmp concentration and basal transcription rates were allowed to respectively vary below 1 μM and 10 nM/h (approximately 100-fold less than the 
maximum transcription rate), given that Hmp levels are nearly undetectable in unstressed cells [35]. b The dissociation rate constant of NO· governing activation 
of hmp and norV transcription was permitted to vary within the physiological range reported for NO· (nM to low μM). c Initial concentrations of NorV and NrfA 
were restricted to ≤ 1 μM, given the dependence of their expression on the presence of NO·, NO2−, or NO3− [37], none of which were present in the growth media 
prior to DPTA NONOate treatment. d The concentration of NADH was permitted to vary within one order of magnitude of the value reported for that of E. coli K-
12 [36]. 
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