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Text S1. Oxidation of antibacterial model compounds.  24 

Ozone. Solutions of each of the antibacterial compounds listed in Table S1 (aside from 25 

triclosan (TRI), for which O3 data were previously obtained as described in (1)) were 26 

prepared in 1-mM, pH 7 phosphate buffer at initial concentrations of 10 M, with the 27 

exceptions of sulfamethoxazole (SMX), azithromycin (AZ), and lincomycin (LM), which 28 

were prepared at 50, 50, and 200 M, respectively. These solutions were dosed with 5 mM of 29 

t-BuOH (used as a •OH scavenger) and distributed in 20-mL volumes amongst eleven 30-mL, 30 

amber, borosilicate glass vials (Scheme 1 in the main text). The vials were then placed in a 20 31 

(±0.5) °C water bath placed on top of a 15-position magnetic stir plate. After thermal 32 

equilibration, and under constant, rapid stirring, 10 of the vials were dosed with O3 over a 33 

range of concentrations sufficient to cover from between approximately 0.1- to 2-log 34 

depletion of the respective parent compound, by directly injecting various volumes of ~1.3-35 

1.5-mM O3 stock via gas-tight, glass syringe. The eleventh vial was left untreated, as a 36 

negative O3 control. All vials were then capped and allowed to sit for at least 12 hrs prior to 37 

sampling to ensure complete decomposition of O3 residual in the treated solutions. Four-mL 38 

samples of each catalase-treated solution were then transferred to 4-mL amber, borosilicate 39 

glass, screw-top vials (or polystyrene culture tubes in the case of CF and EF), treated with 40 

~64 units/mL of thymol-free catalase, and allowed to react for at least 1 hour at ambient 41 

temperature (20-25 C) to quench H2O2 produced during O3 treatment. These samples were 42 

then capped and stored at 4 C until analysis of residual parent antibacterial compounds (by 43 

HPLC-UV, according to (2)) and assay of residual antibacterial activity (according to the 44 

microdilution method described below) during the following week. Samples containing less 45 

stable antibacterial model compounds (e.g., PG and CP) were analyzed no later than three 46 

days after preparation. Amikacin (AM) was derivatized with 9-fluoroenylmethyl 47 

chloroformate (FMOC) (3) immediately prior to HPLC analysis, to permit UV detection. 48 
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Hydroxyl radical (•OH). For the majority of compounds investigated, •OH was 49 

generated in situ by -radiolysis (via a lead-shielded 60Co source) of aqueous solutions, 50 

according to (4). Briefly, 100-mL solutions of each model compound were prepared in 1-mM, 51 

pH 7 phosphate buffer at initial concentrations of 10 M for tylosin (TYL), ciprofloxacin 52 

(CF), enrofloxacin (EF), trimethoprim (TMP), tetracycline (TET), vancomycin (VM), and 53 

AM, 50 M for SMX and AZ, or 5 M for TRI, then dosed to borosilicate glass reactors 54 

(Scheme 1), and purged with a 4:1 mixture of N2O:O2. Prior to irradiation, a 1.5-mL sample 55 

was taken from each solution as a control. Each solution was then irradiated for repeated pre-56 

defined time intervals up to ten total irradiation periods sufficient to achieve ~90% or greater 57 

depletion of the parent compound. After each irradiation interval, 1.5-mL samples were 58 

withdrawn from these solutions, transferred to amber, borosilicate, screw-top autosampler 59 

vials (or polystyrene culture tubes in the case of CF and EF), and capped for storage at 4 C. 60 

All samples were subsequently subjected to HPLC analysis (according to (2)) and 61 

microbiological activity assay (as described below) within the following week. AM was 62 

derivatized prior to HPLC analysis, as described above. As in the case of O3-treated solutions, 63 

all -irradiated solutions were treated with thymol-free catalase (~106 units/mL) and allowed 64 

to react at ambient temperature (20-25 C) for at least 1 hour prior to microbiological assay. 65 

Cephalexin (CP) was treated with •OH generated via UV-photolysis of H2O2 using a 66 

500-W medium pressure Hg lamp with emission wavelengths < 308 nm screened by a UV-67 

cutoff filter to minimize direct CP photolysis. One-mM, pH 7 phosphate solutions were dosed 68 

with 10 M of CP and 10 mM of H2O2, sampled to obtain an untreated control, and then 69 

irradiated in 30-mL quartz test tubes (Scheme 1) for pre-defined time intervals up to total 70 

irradiation periods sufficient to achieve at least 90% depletion of the parent compound. 71 

Following each irradiation period, 1.5-mL samples were withdrawn from these solutions and 72 

immediately transferred to amber, borosilicate glass, screw-top autosampler vials containing 73 
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15 L of 6380 unit/mL thymol-free catalase. After at least 1 hour at ambient temperature (20-74 

25 C), samples were then either prepared for residual substrate analysis and microbiological 75 

assay, or placed under storage at 4 C until HPLC analysis and microbiological assay within 76 

the following 1-2 days Experiments included a minimum of 10 different irradiation times. 77 

Direct photolytic losses of CP were demonstrated via negative H2O2 control to be no more 78 

than ~1.2% during the full irradiation period. 79 

Roxithromycin (RX), penicillin G (PG), and lincomycin (LM) samples were prepared 80 

and analyzed in the same manner as those for CP, except that •OH was generated via UV-81 

photolysis of H2O2 using a 15-W low pressure Hg lamp (max,emission ~ 254 nm) without a 82 

cutoff filter. Solutions were prepared at initial model compound concentrations of 10 M for 83 

RX and PG, and 200 M for LM, and dosed with an initial H2O2 concentration of 5-10 mM. 84 

Direct photolytic losses of PG were demonstrated via negative H2O2 control to be no greater 85 

than ~1.4% during the full irradiation period, whereas RX and LM are each transparent at the 86 

UV wavelengths utilized for these experiments. 87 

 88 

Text S2. Measurement of antibacterial activities after treatment with O3 and •OH.  89 

Broth microdilution assay. With the exception of •OH-treated triclosan solutions, the 90 

activities of antibacterial solutions prepared according to the procedures described above 91 

were quantified in triplicate by means of a microdilution assay based on the NCCLS clinical 92 

microdilution standard (5) (Scheme 1). Prior to biological assay, all oxidized solutions were 93 

allowed to sit for at least 1 hour following treatment with ~64 units/mL of thymol-free 94 

catalase to quench any residuals of H2O2 generated in situ or remaining from H2O2 photolysis 95 

experiments. Ten-member dilution series were then prepared from each sample via 1:1 serial 96 

dilution of the sample in 1-mM phosphate buffer (also containing 5-mM of t-BuOH in the 97 

case of O3-treated samples), across an individual row of the corresponding 96-well microtiter 98 
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plate. Prior to preparation of serial dilution series, all PG samples were pre-diluted by a factor 99 

of 2, all CF samples by a factor of 10, O3-treated EF samples by a factor of 5, •OH-treated EF 100 

samples by a factor of 10, and all AZ samples by a factor of 5 in 1-mM, pH 7 phosphate 101 

buffer (also containing 5-mM of t-BuOH for O3-treated samples), due to the high potencies of 102 

each of these compounds at the initial concentrations used in each oxidation experiment. 103 

Matching standard dilution series were prepared from the untreated samples of each parent 104 

antibacterial compound for assay with the oxidant-treated samples. Each sample and standard 105 

solution volume was then inoculated with an equal volume of Mueller-Hinton broth 106 

containing 1 x 106 CFU/mL of the reference E. coli or B. subtilis strains, sealed with either 107 

paraffin or breathable Rayon sealing tape to minimize evaporative water loss, and incubated 108 

with 200 rpm agitation, at 37 C (for E. coli cultures) or 30°C (for B. subtilis cultures), for 8 109 

h. After incubation, the paraffin or sealing tape was removed, the plates were re-sealed with 110 

impermeable polyester sealing tape, and each plate was agitated vigorously using a Vortex 111 

microtiter plate shaker to re-suspend any pelleted cell material from the bottoms of the 112 

microtiter wells. Subsequently, the polyester tape was removed and absorbances of the 113 

solutions in each microtiter well were measured at 625 nm (as a surrogate for cell density (5)), 114 

using a Spectra Rainbow microplate reader (Tecan, Switzerland). 115 

Analysis of microdilution dose-response data. The relationships between sample 116 

dilution and corresponding growth inhibitions, I (in %), for the respective reference inocula 117 

were then quantitatively evaluated for all antibacterials other than CF, EF, and AM, and TRI 118 

by simultaneous non-linear regression of the 11 replicate data-sets corresponding to the 119 

untreated standard and 10 samples collected for treatment by each oxidant, via eq S1,  120 
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using GraphPad Prism (GraphPad Software), where EC50 represents the effective antibacterial 122 

concentration (or in this case, sample dilution) at which 50% growth inhibition is observed, m 123 
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represents the dilution factor for each serial dilution step (i.e., 2 in this case), n is the number 124 

of times a given member of the dilution series has been diluted relative to the parent sample, 125 

H represents the Hill slope inherent to the dose-response relationships for each combination 126 

of antibacterial compound and reference bacterial strain, and Imax and Imin represent the 127 

maximum and minimum growth inhibition values for a given data set, respectively. To 128 

maximize regression accuracy, Prism was constrained to solve simultaneously for the shared, 129 

best-fit values of H, Imax,t, and Imin,t characterizing dose-responses for all replicates of each 11-130 

member sample set, while logEC50 was allowed to vary. 131 

Dose-response relationships for CF, EF, and AM were evaluated by fitting sample data 132 

to the five-parameter modified Hill model (i.e., the Richard’s equation (6)) represented by eq 133 

S2 (also using GraphPad Prism), 134 
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 (S2) 135 

where EC50, m, n, H, Imax, and Imin are the same as in eq S1, and S is a parameter quantifying 136 

the asymmetry of a given dose-response curve’s slope.  137 

Uncertainties (as 95% confidence limits) for each of the microdilution measurements 138 

described here were determined according to Supporting Information, Text S3. 139 

Broth macrodilution assay. The macrodilution methodology utilized for measurement 140 

of residual activity in •OH-treated solutions of triclosan (TRI) was essentially the same as that 141 

described in (1), with several minor exceptions. Briefly, 120-L aliquots of •OH-treated TRI 142 

solutions ([TRI]0 = 5 M) – prepared as described above – were added to glass culture tubes 143 

containing 1.38 mL of 1-mM, pH 7 phosphate buffer (to yield 12.5-fold dilution of the 144 

original samples). In addition, 360 L of the untreated 5-M TRI solution was dosed to a 145 

glass culture tube containing 4.14 mL of 1-mM phosphate buffer (to yield 12.5-fold dilution 146 

of the original sample). A set of eleven 2:1 serially-diluted standards was then prepared by 147 

transferring 3 mL of the 12.5-diluted TRI standard to a culture tube containing 1.5 mL of 1-148 
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mM, pH 7 phosphate buffer, mixing, then transferring 3-mL of the resulting solution to 149 

another 1.5-mL buffer volume, and so on, to yield a series of TRI standards with [TRI] 150 

ranging from 4.0 x 10-7 M to 6.9 x 10-9 M. Each of the culture tubes contained within the 11-151 

member sample and standard sets was subsequently inoculated with 1.5 mL of a broth E. coli 152 

K12 culture containing approximately 1 x 106 CFU/mL, capped, incubated at 37° C under 153 

constant agitation (200 rpm on a rotating shaker plate), and processed for analysis as 154 

described previously (1). As before, absorbance measurements were obtained for each sample 155 

at 625 nm after appropriate incubation periods. 156 

Analysis of macrodilution dose-response data. Dose-response relationships were 157 

obtained for serially-diluted TRI standards by plotting inhibition vs. the in vitro assay 158 

concentration of triclosan and fitting the data to eq S3 (using GraphPad Prism), 159 
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where [TRI]in vitro is the in vitro concentration of TRI present in a given culture tube after any 161 

preceding dilution steps, and all other variables are as in eq S1. The Imin, Imax, EC50, and H 162 

terms obtained by fitting eq S3 to the standard data set were then used to calculate theoretical 163 

I values for the residual [TRI]in vitro values present in each oxidant-treated TRI sample for 164 

comparison with the corresponding measured I values. All sample and standard activity 165 

assays processed by this method were performed in triplicate. Uncertainties (as 95% 166 

confidence limits) were calculated for all macrodilution measurements according to Text S3. 167 

 168 

Text S3. Error calculations for microdilution and macrodilution assay data 169 

Microdilution assay error calculations. Standard errors of the calibration curves used in 170 

HPLC analyses of each model compound were multiplied by the appropriate t-distribution 171 

constants to obtain 95% confidence intervals of individual concentration measurements, [C]. 172 

Overall confidence intervals for each [C]/[C]0 value were then calculated by propagating the 173 
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confidence limits of each [C] measurement through the error function obtained via partial 174 

differentiation of the expression, [C]/[C]0, with respect to [C] and [C]0. Ninety-five percent 175 

confidence intervals were calculated for each EC50 value by first multiplying the anti-log of 176 

the logarithmic standard errors generated by Prism for each logEC50 value by a t-distribution 177 

constant of 1.967 or 1.968, calculated from: (a) d.f. = 3 replicates x 11 samples x 10 serial 178 

dilutions/sample - 14 variables = 316, or (b) d.f. = 3 replicates x 11 samples x 10 serial 179 

dilutions/sample - 15 variables = 315, where the variables here are the 11 sample-specific 180 

values of EC50 and either (a) the 3 shared values of H, Imax,t, and Imin,t for eq S1, or (b) the 4 181 

shared values of H, Imax,t, Imin,t, and S for eq S2) to obtain linearized error coefficients. The 182 

resulting linearized error coefficients were next multiplied or divided by the appropriate EC50 183 

values to obtain the corresponding positive or negative confidence interval, respectively, for 184 

each individual EC50 value. Ninety-five percent confidence intervals were then calculated for 185 

each PEQ (= EC50,0/EC50) value in the same manner as for [C]/[C]0. 186 

Macrodiluation assay error calculations. Ninety-five percent confidence intervals for 187 

each [TRI]in vitro value were calculated according to the same procedure used for concentration 188 

measurements obtained in the microdilution assays described above. However, as no serial 189 

dilutions of TRI samples other than the control were performed (precluding measurement of 190 

EC50 values for all but the control), uncertainties in E. coli K12 responses to the oxidant-191 

treated samples were instead calculated for individual I measurements as follows. First, 95% 192 

confidence intervals of triplicate I values were calculated from the standard deviations of raw 193 

absorbance measurements, A, for each sample replicate and for the respective Amin and Amax 194 

values obtained from replicate negative and positive growth controls. The resulting 195 

confidence interval calculations were then propagated through the error function obtained via 196 

partial differentiation of eq 1 in the main text with respect to A, Amin, and Amax to obtain 197 

overall 95% confidence limits for each I value.  198 
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Likewise, uncertainties of the theoretical I values predicted for the [TRI]in vitro values of 199 

each oxidant-treated TRI sample (using the fitted model parameters obtained from the control 200 

data set) were determined by propagating the 95% confidence limits corresponding to the Imin, 201 

Imax, EC50, and H values obtained via GraphPad Prism for the untreated TRI control data set, 202 

in addition to those for the measured [TRI]in vitro values of each oxidant-treated sample 203 

(calculated as described above), through the error function obtained via partial differentiation 204 

of eq S3 with respect to each of these variables. 205 

Random or unquantified error in microdilution and macrodilution assays. Although 206 

every effort was undertaken to control for possible sources of error, random (as opposed to 207 

systematic) positive or negative deviations from the ideal case beyond calculated uncertainty 208 

limits were still observed in some measurements; most likely as a consequence of 209 

unquantified, non-systematic methodological uncertainties associated with such factors as 210 

evaporative water loss in the microdilution assay or variable derivatization yields in the case 211 

of amikacin (AM) analyses. 212 

 213 

Text S4. Correlations amongst observed O3 target sites for antibacterial model 214 
compounds, their roles in mediating target-specific antibacterial activities, and 215 
measured stoichiometries of antibacterial model compound deactivation by treatment 216 
with O3 217 

Macrolides. Measured antibacterial activities of the three macrolide antibacterial 218 

compounds, RX, AZ, and TYL, following treatment with O3, are depicted in Figure 2a in the 219 

main text. As shown here, RX exhibits an apparent deactivation stoichiometry of 220 

approximately one PEQ lost per mole fraction equivalent of RX consumed by direct reaction 221 

with O3. This value is consistent with findings previously reported for deactivation of the 222 

structurally-analogous macrolide clarithromycin by O3 (7), and agrees with the mechanism by 223 

which macrolide antibacterials are believed to derive their biochemical activity; that is, from 224 

specific hydrogen bonding with various nucleobases and phosphodiester linkages in the 225 
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peptidyl transferase cavity of bacterial 23S rRNA (8). The bonding interaction most likely to 226 

be interrupted by direct reaction with O3 is that involving RX’s tertiary amine (Table S1), 227 

which is the primary site of attack by O3 (2, 7, 9). Modification of the tertiary amine via 228 

oxidation to the corresponding N-oxide or via demethylation (7, 10) should prevent its 229 

hydrogen bonding with 23S rRNA, leading to reduction or elimination of each parent 230 

macrolide’s antibacterial activity. As shown in Figure 2a, AZ (a fifteen-membered macrolide) 231 

and TYL (a sixteen-membered macrolide) are also deactivated with apparently ideal 232 

stoichiometry upon reaction with O3, in agreement with the previously reported observation 233 

that their tertiary desosamine moieties (Table S1) are also the primary sites of attack by O3 at 234 

circumneutral pH (2). As nearly all macrolides contain the characteristic desosamine sugar 235 

moiety, these findings can presumably be generalized across most of the macrolide 236 

antibacterial structural class; permitting one to conclude that O3 can effectively deactivate not 237 

only macrolides possessing the 14-member macrolactone ring template, but also those 238 

possessing 15- and 16-membered rings. 239 

Fluoroquinolones. According to the data presented in Figure 2b in the main text, CF 240 

and EF - which are differentiated only by the degree of their N4 atoms’ alkyl substitution 241 

(Table S1), each exhibit stoichiometric deactivation upon direct reaction with O3. 242 

Fluoroquinolones derive their biochemical activity from blockage of DNA replication, via 243 

several highly specific hydrogen-bonding and charge interactions with relaxed bacterial DNA 244 

in the presence of DNA topoisomerase enzymes (8, 11). According to a widely accepted 245 

model for fluoroquinolone-DNA binding (11), the characteristic quinolone moiety is 246 

responsible for these interactions. Consequently, one would expect that oxidation of this 247 

moiety by O3 would generally be required to achieve substantial reduction or elimination of 248 

fluoroquinolones’ antibacterial potencies. However, the heterocyclic N4 amines of the 249 

piperazine moieties present in the CF and EF parent molecules (Table S1) represent the 250 

primary sites at which CF and EF react with O3, whereas reactions at the model compounds’ 251 
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quinolone moieties are actually quite slow (2). Thus, even modification of the N4 amine (via 252 

oxidation to the corresponding N-oxide or partial dealkylation (7, 10)) appears to modify the 253 

fluoroquinolone structures to a degree sufficient to diminish either fluoroquinolone access to 254 

the bacterial cell target or the binding interactions necessary for their interruption of DNA 255 

replication once inside the cell. These observations are expected to be broadly applicable 256 

amongst members of the fluoroquinolone structural class containing the piperazine moiety. 257 

Sulfonamides. Deactivation stoichiometries for SMX are depicted in Figure 2d in the 258 

main text. As illustrated by these data, SMX also exhibits stoichiometric deactivation upon 259 

reaction with O3. This is consistent with prior identification of the p-sulfonylaniline moiety 260 

(Table S1) as the primary site at which the SMX molecule is attacked by O3 (2), as this 261 

characteristic moiety is directly responsible for every sulfonamide antibacterial compound’s 262 

interference with bacterial folate synthesis (8). Namely, modification of this moiety - via 263 

oxidation of the aromatic amine (12), or by ring opening pathways characteristic of reactions 264 

between O3 and activated aromatics (13) - would be expected to preclude SMX’s function as 265 

a competitive analogue of pABA (8). Although certain sulfonamides possess alternative 266 

heterocyclic substituents (in place of the dimethylisoxazole moiety shown for SMX - Table 267 

S1) that may also be rapidly oxidized by O3, reactivity of the p-sulfonylaniline moiety should 268 

generally be sufficiently high (2, 9) to ensure that all sulfonamide antibacterial agents will be 269 

efficiently deactivated by direct reaction with O3.  270 

Dihydrofolate Reductase (DHFR) Inhibitor. As shown in Figure 2d, TMP is also 271 

stoichiometrically deactivated upon reaction with O3. This is consistent with identification of 272 

the 2,4-diaminopyrimidine structure (Table S1) as the primary target of direct attack by O3 at 273 

circumneutral pH (2), as the intact 2,4-diaminopyrimidinyl structure plays a critical role in 274 

enabling TMP’s ability to inhibit bacterial folate synthesis (8). That is, modification of this 275 

moiety - via oxidation of an aromatic amine (12), or by the ring opening/contraction pathways 276 

characteristic of reactions between O3 and the pyrimidine nucleobases (14, 15) - would be 277 
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expected to eliminate TMP’s ability to compete with the structural analogue 7,8-dihydrofolate 278 

for available DHFR by disrupting the specific modes of binding between the N1, 2-amino, 279 

and 4-amino nitrogens of the 2,4-diaminopyrimidine ring and target sites within the bacterial 280 

DHFR enzyme structure (16).  281 

Lincosamide. The deactivation data shown in Figure 2d illustrate that direct reaction 282 

with O3 also yields stoichiometric elimination of LM’s biological activity. Previous kinetics 283 

measurements indicate that the initial reaction of O3 with LM takes place at its tertiary 284 

pyrrolidine nitrogen (Table S1) at circumneutral pH, whereas secondary attack likely occurs 285 

at the LM thioether (17). Oxidation of the former by O3 should proceed via N-oxide formation 286 

or dealkylation (7, 10), whereas oxidation of the latter should lead to LM-sulfoxide (18, 19), 287 

which is known to possess significantly lower antibacterial potency than the parent structure 288 

(20). However, in neither case do these reactions occur at sites responsible for the specific 289 

hydrogen-bonding interactions between lincosamides and target nucleotides in bacterial 23S 290 

rRNA (21) that actually lead to inhibition of bacterial protein synthesis. These observations 291 

suggest that minor structural changes - even at spatially and electronically isolated regions of 292 

the LM structure - are sufficient to either hinder LM access to bacterial target sites or to 293 

disrupt the H-bonding patterns ultimately responsible for LM’s and other lincosamides’ 294 

antibacterial activities. Analogous reaction mechanisms and outcomes are expected to apply 295 

to the clinical-use lincosamide, clindamycin, on account of its nearly identical structure. 296 

Tetracycline. The data shown in Figure 2d illustrate that oxidation of TET by O3 results 297 

in rapid, stoichiometric elimination of the former’s antibacterial activity. This is consistent 298 

with evidence that reactions of O3 with TET proceed by attack of the latter’s fused tetracyclic 299 

system at circumneutral pH (2). As the tetracycline structure is likely extensively modified 300 

upon direct reaction with O3 via O-addition to or ozonolysis of its aromatic and olefinic 301 

structural moieties (13, 22), the requisite charge interactions (direct and/or metal-mediated) of 302 

the tetracycline molecule’s keto and hydroxy oxygens (Table S1) with specific 303 
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internucleotide phosphodiester linkages of the bacterial ribosome would likely be disrupted 304 

(8), leading to loss of the antibacterial molecule’s biological activity. These observations can 305 

likewise be expected to apply to nearly all tetracycline antibacterials, due to conservation of 306 

the fundamental tetracycline system throughout the structural class (23). 307 

Glycopeptide. The data shown in Figure 2d indicate that the reaction of O3 with VM 308 

also yields an apparent loss of one PEQ per fractional mole equivalent of VM consumed. 309 

These data indicate that chemical modifications by O3 disrupt the glycopeptide structure’s 310 

interactions with cellular targets to a degree sufficient to substantially diminish VM’s 311 

antibacterial potency. More specifically, although the hydroxyphenol, trimethylbenzyl, and N-312 

methylleucine moieties identified as the most probable sites at which VM is attacked O3 at 313 

circumneutral pH (2) are not directly involved in the hydrogen-bonding interactions 314 

responsible for bacterial peptidoglycan sequestration (the explicit means by which 315 

glyocopeptides inhibit cell wall synthesis (8)), their oxidation by O3 should lead to disruption 316 

of the VM stereochemistry necessary for such specific H-bonding to occur (13, 24). This 317 

should in turn result in elimination of VM’s antibacterial activity, as observed in Figure 2d. 318 

Aminoglycoside. Although the data shown in Figure 2d for the AM-O3 reaction deviate 319 

substantially from the plot of ideally stoichiometric deactivation at low AM turnovers, it is 320 

nevertheless clear from these and the data shown for higher O3 doses that AM is efficiently 321 

deactivated by direct reaction with O3. This finding is consistent with identification of AM’s 322 

primary amines as the main sites of attack by O3 at circumneutral pH (2), as these functional 323 

groups are believed to play an important role in both of the modes from which the 324 

aminoglycosides’ antibacterial activities are derived; namely, bacterial rRNA hydrogen 325 

bonding and charge-interactions, and competitive displacement of the divalent cations, Mg2+ 326 

and Ca2+, from the bacterial cell wall (8, 25). 327 

 328 

 329 
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Table S1. Model antibacterial compounds (shown with kO3,app
” a, primary O3 targets b, k•OH,app

” a (all at pH 7), and applied bioassays 
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O

O O

O

O

OH

HO

N

OH

O
O

N
HO

O O O

OH O3

Assay: 
Microdil. 

Bacterium: 
B. subtilis 

O3

O

O O

O

O

OH

HO OH

O
O

N
HO

OH

N
O3

 

Assay: 
Microdil. 

Bacterium:
B. subtilis 

O

O

O

O

O

HO

O
O

CHO

OH
O

O

HO
N

O

O OH
OH

O3

Assay: 
Microdil. 

Bacterium:
B. subtilis

kO3,app,RX
” = 6.3 x 104 M-1s-1 kO3,app,AZ

” = 1.1 x 105 M-1s-1 kO3,app,TYL
” = 5.1 x 105 M-1s-1 

k•OH,app,RX
” = 5.4 x 109 M-1s-1 k•OH,app,AZ

” = 2.9 x 109 M-1s-1 k•OH,app,TYL
” = 8.2 x 109 M-1s-1 

Sulfamethoxazole (SMX) Ciprofloxacin (CF) Enrofloxacin (EF) 

O3

S
O

O
NH2

H
N

O N

 

Assay: 
Microdil. 

Bacterium: 
E. coli 

O3

N

OH

O

N
HN

O
F

N4
N1

 

Assay: 
Microdil. 

Bacterium:
E. coli 

O3

N

OH

O

N
N

O
F

N4
N1

 

Assay: 
Microdil. 

Bacterium: 
E. coli 

O
O O
O

O

O

OH
NH2

O
HO

NH

O N
N

H
N

OHHO
H
N

OH

N
H O

O

HN

O

OH
HO

HO
O

O

NH2

O O

Cl

Cl

HO

O3

O3

H

H

H

?

?  
 

Assay: Microdilution 
Bacterium: B. subtilis 

kO3,app,SMX
” = 5.5 x 105 M-1s-1 kO3,app,CF

” = 1.9 x 104 M-1s-1 kO3,app,EF
” = 1.5 x 105 M-1s-1 kO3,app,VM

” = 6.1 x 105 M-1s-1 
k•OH,app,SMX

” = 5.5 x 109 M-1s-1 k•OH,app,CF
” = 4.1 x 109 M-1s-1 k•OH,app,EF

” = 4.5 x 109 M-1s-1 k•OH,app,VM
” = 8.1 x 109 M-1s-1 

Trimethoprim (TMP) Penicillin G (PG) Cephalexin (CP) Triclosan (TRI) 
O3

N

N NH2

NH2

O

O
O

N1

N3

 

Assay: 
Microdil. 

Bacterium: 
E. coli 

N
S

O OH

O

H
N

O

H
O3

 

Assay: 
Microdil. 

Bacterium: 
B. subtilis O3

N

S

HO O
O

H
N

O

NH2

H
O3

 

Assay: 
Microdil. 

Bacterium: 
B. subtilis 

O3O3
O

Cl

ClCl

OH

O3

Assay: 
Macrodilution 
Bacterium: 

E. coli 
kO3,app,TMP

” = 2.7 x 105 M-1s-1 kO3,app,PG
” = 4.8 x 103 M-1s-1 kO3,app,CP
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k•OH,app,TMP
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Assay: 
Microdil. 

Bacterium: 
E. coli 

kO3,app,LM
” = 6.7 x 105 M-1s-1 kO3,app,TET

” = 1.9 x 106 M-1s-1 kO3,app,AM
” = 1.8 x 103 M-1s-1 

k•OH,app,LM
” = 8.5 x 109 M-1s-1 k•OH,app,TET

” = 7.7 x 109 M-1s-1 k•OH,app,AM
” = 7.2 x 109 M-1s-1 

akapp
” at pH 7 from (2, 9, 17)  

bO3 targets at pH 7 shown according 
to (2, 26). Targets responsible for 
model compounds’ antibacterial 
activities indicated by solid arrows; 
targets not responsible for activities 
indicated by dotted arrows. 
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 330 

Figure S1. Dose-response relationships for oxidation of RX by (a) O3 and (b) •OH. 331 
Measurements of I (symbols) are depicted with 95% confidence intervals determined for 332 
triplicate data sets, according to Text S3. Fits (lines) obtained using eq S1. The independent 333 
variable “dilution” is determined as described in the caption to Figure 1 in the main text.  334 
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 336 
Figure S2. Dose-response relationships for oxidation of AZ by (a) O3 and (b) •OH. 337 
Measurements of I (symbols) are depicted with 95% confidence intervals determined for 338 
triplicate data sets, according to Text S3. Fits (lines) obtained using eq S1. The independent 339 
variable “dilution” is determined as described in the caption to Figure 1 in the main text. 340 
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 342 
Figure S3. Dose-response relationships for oxidation of TYL by (a) O3 and (b) •OH. 343 
Measurements of I (symbols) are depicted with 95% confidence intervals determined for 344 
triplicate data sets, according to Text S3. Fits (lines) obtained using eq S1. The independent 345 
variable “dilution” is determined as described in the caption to Figure 1 in the main text. 346 
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 347 
Figure S4. Dose-response relationships for oxidation of CF by (a) O3 and (b) •OH. 348 
Measurements of I (symbols) are depicted with 95% confidence intervals determined for 349 
triplicate data sets, according to Text S3. Fits (lines) obtained using eq S2. The independent 350 
variable “dilution” is determined as described in the caption to Figure 1 in the main text. 351 
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 353 
Figure S5. Dose-response relationships for oxidation of EF by (a) O3 and (b) •OH. 354 
Measurements of I (symbols) are depicted with 95% confidence intervals determined for 355 
triplicate data sets, according to Text S3. Fits (lines) obtained using eq S2. The independent 356 
variable “dilution” is determined as described in the caption to Figure 1 in the main text. 357 
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 359 
Figure S6. Dose-response relationships for oxidation of PG by (a) O3 and (b) •OH. 360 
Measurements of I (symbols) are depicted with 95% confidence intervals determined for 361 
triplicate data sets, according to Text S3. Fits (lines) obtained using eq S1. The independent 362 
variable “dilution” is determined as described in the caption to Figure 1 in the main text. 363 
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 364 
Figure S7. Dose-response relationships for oxidation of CP by (a) O3 and (b) •OH. 365 
Measurements of I (symbols) are depicted with 95% confidence intervals determined for 366 
triplicate data sets, according to Text S3. Fits (lines) obtained using eq S1. The independent 367 
variable “dilution” is determined as described in the caption to Figure 1 in the main text. 368 
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 370 
Figure S8. Dose-response relationships for oxidation of SMX by (a) O3 and (b) •OH. 371 
Measurements of I (symbols) are depicted with 95% confidence intervals determined for 372 
triplicate data sets, according to Text S3. Fits (lines) obtained using eq S1. The independent 373 
variable “dilution” is determined as described in the caption to Figure 1 in the main text. 374 
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 376 
Figure S9. Dose-response relationships for oxidation of TMP by (a) O3 and (b) •OH. 377 
Measurements of I (symbols) are depicted with 95% confidence intervals determined for 378 
triplicate data sets, according to Text S3. Fits (lines) obtained using eq S1. The independent 379 
variable “dilution” is determined as described in the caption to Figure 1 in the main text. 380 
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 382 
Figure S10. Dose-response relationships for oxidation of LM by (a) O3 and (b) •OH. 383 
Measurements of I (symbols) are depicted with 95% confidence intervals determined for 384 
triplicate data sets, according to Text S3. Fits (lines) obtained using eq S1. The independent 385 
variable “dilution” is determined as described in the caption to Figure 1 in the main text. 386 
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 388 
Figure S11. Dose-response relationships for oxidation of TET by (a) O3 and (b) •OH. 389 
Measurements of I (symbols) are depicted with 95% confidence intervals determined for 390 
triplicate data sets, according to Text S3. Fits (lines) obtained using eq S1. The independent 391 
variable “dilution” is determined as described in the caption to Figure 1 in the main text. 392 
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 394 
Figure S12. Dose-response relationships for oxidation of VM by (a) O3 and (b) •OH. 395 
Measurements of I (symbols) are depicted with 95% confidence intervals determined for 396 
triplicate data sets, according to Text S3. Fits (lines) obtained using eq S1. The independent 397 
variable “dilution” is determined as described in the caption to Figure 1 in the main text. 398 
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 399 
Figure S13. Dose-response relationships for oxidation of AM by (a) O3 and (b) •OH. 400 
Measurements of I (symbols) are depicted with 95% confidence intervals determined for 401 
triplicate data sets, according to Text S3. Fits (lines) obtained using eq S2. The independent 402 
variable “dilution” is determined as described in the caption to Figure 1 in the main text. 403 
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