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Supplemental Figures 

Figure S1. Typical experiment showing the change in AzMC fluorescence as a function of time af-
ter the addition of H2S and various naphthoquinones (NQs). Traces show AzMC fluorescence for 
300 μM H2S alone and after the addition of 3 μM 1,4-naphthoquinone (1,4-NQ), 3 μM juglone (Jug), 
3 μM plumbagin (PB), 10 μM menadione (Mena), 10 μM 2-methoxy-1,4-naphthoquinone (2-MNQ), 
or 3 μM 2,3-dimethoxy-1,4-naphthoquinone (DMNQ). H2S and naphthoquinones were added to 
five 96-well plates at t = 0 and the plates were covered with tape. The tape was removed and AzMC 
(25 μM) was added at t = 15, 30, 60, 120, and 240 min; then, the plates were re-taped, and fluores-
cence was measured 10 min after adding AzMC. Values are expressed as mean +SE, n = 4 wells per 
experiment. In most instances, SE is given by a symbol. 

Figure S2. Effects of tempol on the consumption of 300 μM H2S by 3 μM 1,4-NQ (A), 3 μM DMNQ 
(B), or 1 μM DCNQ (C). Tempol alone concentration-dependently inhibited H2S consumption, 
preventing further analysis of its effects on H2S consumption by NQs. 

Figure S3. Traces of oxygen consumption following serial additions of 100 μM H2S (down arrows) 
to 100 μM 1,4-NQ (A), juglone (B), plumbagin (C), DMNQ (D), or DCNQ (E). (F) Summary of ox-
ygen consumed by each addition of H2S. (G) Summary of the rate of oxygen consumption during 
the initial 2 min after H2S addition. (H) Traces of oxygen consumed with the addition of 50-300 μM 
H2S to the buffer (italic values in brackets) or to 100 μM DCNQ. (I) Diffusion of oxygen into the 
chamber after the addition of 400 μM H2S to 100 μM DCNQ (DCNQ+H2S) or buffer sparged with 
nitrogen prior to placement in the chamber (N2 out) or while in the chamber (N2). The rates of ox-
ygen diffusion were similar, at 0.94, 0.93, and 0.93 μmol⋅min-1, respectively. (F, G) Mean +SE (n=3), 
where error bars may be within the symbol. (J-O) Oxygen consumption by 10 μM NQs and 300 μM 
H2S does not exhibit a lag phase. 

Figure S4. Effects of thiol adducts on the NQ-catalyzed consumption of H2S. Here, 1 mM NQ was 
incubated with 1 mM of either GSH or cysteine (Cys) for 1 h, then diluted to a lower NQ concen-
tration (indicated above each figure). These concentrations were chosen to provide ample time to 
see a potential increase or decrease in H2S consumption (compare 3 μM to 1 μM 1,4-NQ in top left 
panels). GSH and cysteine controls were diluted to the same final concentration as the NQs. GSH 
had minimal effect on H2S consumption by 1,4-NQ or DCNQ, slightly decreased consumption by 
juglone and DMNQ, and increased consumption by plumbagin, menadione, and 2-MNQ. Cysteine 
decreased H2S consumption by 1,4-NQ, juglone, and DCNQ, slightly increased it by menadione, 



Antioxidants 2024, 13, 619 2 of 2 
 

and had no effect with plumbagin, 2-MNQ, or DMNQ. Values expressed as the percent of H2S 
removed from the solution by NQs, calculated from an average of four replicates. 

Figure S5. Effects of propylamine (PA) NQ adducts on H2S or oxygen consumption. (A, B) Here, 5 
mM 1,4-NQ or 1 mM 1,4-NQ was incubated without or with 5 mM PA (1:1 or 1:5 NQ:PA in A and 
B, respectively) overnight, then diluted to either 3 μM, 10 μM, or 30 μM NQ, and consumption of 
300 μM H2S was measured with AzMC over 240 min. The effect of PA on H2S consumption was 
inversely related to the 1,4-NQ concentration when the NQ:PA incubation ratio was 1:1 but essen-
tially unaffected at a 1:5 NP:PA ratio. The effects of juglone (Jug, C), menadione (Mena, D), plum-
bagin (Plum, E), and 2,3-dimethoxy-1,4-NQ (DMNQ, F) on H2S consumption were as follows: NQs 
(5 mM) were incubated with 5 mM PA overnight and then diluted to 10 μM and reacted with 300 
μM H2S as above. There was a progressive decrease in PA inhibition of H2S consumption as the NQ 
substitutions increased, while PA did not affect H2S consumption by DMNQ. Values are expressed 
as the percent of H2S removed from the solution by NQs. (G, H) Effects of overnight incubation of 1 
mM 1,4-NQ with 1 mM PA on oxygen consumption (after dilution) by 30 μM 1,4-NQ and 100 μM 
H2S (G) or 300 μM GSH then 100 μM H2S (H). Oxygen consumption is presented as typical traces. 

Figure S6. Effects of H2S-DCNQ or H2S-DMNQ adducts on polysulfide production (SSP4 fluores-
cence). Here, 1 mM NQs were incubated with 1 mM H2S for 30 min in a closed container that was 
then opened for 1 h to allow volatilization of the unreacted H2S and reoxidation of the NQ-SH 
adduct. The samples were then diluted to either 10 μM or 30 μM NQ and reacted with 10 μM, 100 
μM, or 300 μM H2S in the presence of SSP4, and fluorescence was measured for 100 min. Polysul-
fide production after the addition of 10 μM H2S was significantly greater in H2S pretreated samples 
of both NQs and for 2,3-DMNQ after the addition of 100 μM or 300 μM 2,3-DMNQ. The effects of 
100 μM and 300 μM H2S on polysulfide production by 2,3-DCNQ were variable. Bar graphs sum-
marize the effects after 100 min of reaction, mean +SE, n=4 wells; *, p<0.05, **, p<0.01, ***, p<0.001 vs. 
NQs without preincubation with H2S. 

Figure S7. Typical traces showing the effects of 300 μM trolox (A-D) or tempol (E-H) on oxygen 
consumption in reactions between 300 μM H2S and 10 μM 1,4-NQ, plumbagin, DMNQ, or DCNQ. 
Trolox did not affect consumption by any NQ, whereas tempol increased consumption by all NQs 
except for DMNQ. 

Figure S8. Effects of superoxide dismutase (SOD. 0.03 μM) on the percent of H2S consumed by (A) 
0.3 μM 1,4-NQ, (B) 0.3 μM juglone, (C) 3 μM plumbagin, (D) 10 μM menadione, (E) 1 μM 2-MNQ, 
(F) 1 μM DMNQ, and (G) 0.3 μM DCNQ. NQs were incubated with 300 μM H2S in taped well 
plates. AzMC (25 μM) was added after 15, 30, 60, 120, or 240 min, and the wells were re-taped and 
counted at 10 min. Values are expressed as the percent of H2S removed from the solution; green 
circles indicate H2S oxidation by NQ with SOD corrected for H2S consumption by SOD (blue tri-
angles minus black X). (H, I) The fold SOD effect, calculated from ((NQ+SOD)/NQ), shows the in-
crease in H2S consumption by NQs due to SOD at 60 min (H) and 120 min (I). 

Figure S9. LCMS analysis of sulfenylated polysulfides, HS4OH and HS5OH, produced by incuba-
tion of 100 μM Na2S, Na2S2, Na2S3, or Na2S4 without or with 10 μM 1,4-NQ, DCNQ, or DMNQ for 20 
min at 37 °C in either 21% O2 (red) or <1% O2 (blue). (A) Comparison as a function of sulfur sources, 
(B) comparison as a function of NQs. (A) Mean area under the curve (AUC) +SE, n=3 replicates; *, 
p<0.05, **, p<0.01, ***, p<0.001 vs. respective control (no NQ); x, p<0.05, xx, p<0.01, xxx, p<0.001 
1,4-NQ vs. DCNQ or DMNQ; †, p<0.05, ††, p<0.01, †††, p<0.001 DCNQ vs. DMNQ; #, p<0.05, ##, 
p<0.01, ###, p<0.001 <1% O2 vs. 21% O2. 


