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Methylene Blue Inhibits Caspases by Oxidation of the Catalytic Cysteine. 
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Supplementary Figure S1.  Intrinsic fluorescence of phenothiazines at different 

concentrations. (a) Fluorescence emission spectrum of AFC in presence of 0, 10 µM, 100 µM, 

1mM, 10 mM of methylene Blue, (b) azure A, and (c) azure B, respectively. 
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Supplementary Figure S2. Proteasome inhibitors do not inhibit DEVDase activity in mice 

liver extracts. (a) Proteasomal caspase-like activity measured by fluorescence of cleaved Ac-

nLPnLD-AMC substrate in human neuronal extracts (Ctrl) and by recombinant active Caspase-3 

(RCasp3). (b) Casp3 DEVDase activity measured in liver protein extracts from mice treated with 

methylene blue and/or LPS/GALN in the presence or absence of 0.1 µM of the irreversible 

proteasome inhibitor, epoxomicin. (c) nLPnLDase activity in liver protein extracts from mice 

treated with or without methylene blue and LPS/GALN after addition of DMSO, 1 µM Q-VD-

OPh pan caspase inhibitor, or 0.1 µM bortezomib proteasome inhibitor.  
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Supplementary Figure S3. Recombinant Caspases are highly active and functional. (a&b) 

The active-enzyme concentration for recombinant Caspase-6 and recombinant Caspase-3 was 

calculated by titrating the enzymes with the irreversible inhibitor, Z-VAD-fmk, using Ac-VEID-

AFC and Ac-DEVD-AFC as substrates, respectively. The bracket in panel a and b indicate the 

values used to obtain the active recombinant Caspase-6 and recombinant Caspase-3 

concentration by linear regression (inset). The x-axis intercept (titer) represents the concentration 

of the active enzyme in the assay. Data represent the mean ± S.D. of three independent 

experiments. 
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METHODS 

Active Enzyme Measurements: Active RCasp6 and RCasp3 concentration was measured as 

previously described in (1). Briefly, it is a two-step assay. First the enzyme (final concentration 

20 nM) is incubated with the titrant in concentrations ranging from 0 to 4 times the estimated 

caspase concentration in a low volume (25 µL) in assay buffer for 15 min at 37 °C. The titrant of 

choice is the irreversible caspase inhibitor benzoxycarbonyl-Val-Ala-Asp-fluoromethylketone 

(z-VAD-FMK) (Enzo LifeSciences, NY, USA). After the enzyme-titrant equilibrium is reached, 

the assay is diluted by the addition of excess substrate, VEID-AFC and DEVD-AFC and the 

remaining activity is determine with a simple enzymatic assay. The concentration of the active 

enzyme is determined by plotting the relative hydrolysis rate against the concentration of the 

titrant. The x-axis intercept of the tangent to the slope at low titrant concentration gives the 

active caspase concentration in the assay.  

Fluorescence Quenching: AFC (12.5 µM) in Stennicke buffer was mixed with varying 

concentrations of methylene blue, Azure A and Azure B (10 mM, 1 mM, 0.1 mM, and 100 µM). 

A fluorescence emission spectrum was generated between 400 to 700 by exciting at 380 nm for 

each phenothiazine compound. The AFC fluorescence was gain-adjusted to 45000 relative 

fluorescence units.   

 Caspase activity assays: Casp6 activity was assessed by in vitro fluorogenic assays using Ac-

Val-Glu-Ile-Asp-7-Amino-4-trifluoromethyl-couramin) (Ac-VEID-AFC: Enzo LifeSciences, 

NY, USA) as the Casp6 substrate. The activity was measured using Stennicke’s buffer (SB) (20 

mM piperazine-N, N-bis (2-ethanesulfonic acid) (PIPES: BioShop Canada Inc, Burlington, 

Ontario, CA) pH 7.2, 30 mM NaCl, 1 mM EDTA, 0.1% CHAPS, 10% sucrose) (2). Briefly, the 

reaction mix consisted of 20 nM recombinant Casp6, 1 X SB, 10 µM DTT, 10 µM VEID-AFC 

substrate and deionized water. Methylene Blue, azure A, and azure B were added in increasing 

concentrations (0-100 µM) to the reaction mix and the activity was measured in a black clear 

bottom 96-well plate (Costar, Corning, NY, USA) at 50 µL/well in duplicate at 37 °C in the 

Synergy H4 plate reader (BioTek) at excitation 380 nm and emission 505 nm every two minutes 

for 100 minutes. Fluorescence units were converted to the amounts of moles of AFC released 

based on standard curve of 0 - 12.5 µM free AFC. Cleavage rates were calculated from the linear 

phase of the assay. The activity is considered on a percentage scale where no inhibitor present is 
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equated at 100% activity of the enzyme. Activity assays for recombinant Casp3 was done 

similarly to recombinant Casp6, except the substrate used was Ac-Asp-Glu-Val-Asp-7-Amino-4-

trifluoromethylcouramin (Ac-DEVD-AFC: Enzo Life Sciences, NY, USA). 

Proteasome assay: The caspase-like activity of the proteasome was measured using the substrate 

Ac-Nle-Pro-Nle-Asp-AMC (Enzo LifeSciences, NY, USA) at a final concentration of 10 µM in 

Stennicke’s buffer in the presence of 10 mM DTT. The assay was setup similarly to the caspase 

activity assay except for the use of a 7-amino-4-methylcoumarin (AMC, Sigma-Aldrich, St. 

Louis, MO, USA) standard curve.  Mouse extracts were incubated with the irreversible 

proteasome inhibitor, 0.1 µM epoxomicin (Enzo LifeSciences, NY, USA), or 0.1 µM bortezomib 

(Calbiochem, MA, USA), 1 µM the pan-caspase inhibitor Q-VD-OPh (Sigma-Aldrich, St. Louis, 

MO, USA) or equal volumes of DMSO for 20 mins on ice before starting the assay. 

Recombinant Casp3 (20 nM) was used to test the specificity of the proteasomal substrate. 

Statistical Analysis: For Caspase-3 activity assays, data represent the mean ± SEM of 3 livers 

from 3 animals and was analyzed using a one-way ANOVA with Dunnett’s post hoc test (*** p 

< 0.001 in DMSO, and ### p < 0.001 in bortezomib) comparing all samples to LPS/GALN-

treated mice in the absence of methylene blue, while proteasome assays were analyzed using 

Dunnett’s post hoc test (*** p < 0.001 for mice not-treated with methylene blue or LPS, and # 

for mice treated with LPS only) compared all samples to DMSO. 
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