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Experimental Procedures 
 
Materials. Antibodies were obtained as follows: anti-AR from SantaCruz (clone N-20) 

and DAKO (clone 441), anti-PSA from SantaCruz and DAKO, anti-eNOS and anti-

PARP from BD Transduction Laboratories, anti-β-Actin and anti-Flag M2 from Sigma, 

anti HSP90β from Cell Signaling, Envision+ horseradish peroxidase (HRP) secondary 

antibody from DAKO, and all other secondary antibodies from Jackson ImmunoResearch 

Laboratories. Purified recombinant full-length human HSP90β and AR proteins were 

obtained from Abcam and EMD, respectively. Chemicals were obtained as follows: 

dihydrotestosterone (DHT) and R1881 from PerkinElmer, LHRH (Leuprolide acetate) 

from TAP Pharmaceuticals, diethylenetriamine NONOate (DETA-NO) and S-

nitrosoglutathione (GSNO) from Cayman Chemical, methyl methanethiosulfonate 

(MMTS), N-[6-(biotinamido)hexyl]-3´-(2´-pyridyldithio) propionamide (Biotin-HPDP) 

and UltralinkTM immobilized monomeric avidin from Pierce, and Chromatin 

Immunoprecipitation kit from Millipore. 

Site-Directed Mutagenesis. Replacement of individual cysteine to serine or histidine 

residue in AR was performed with QuikChange site-directed mutagenesis kit (Agilent 

Technologies). Primer sequences were as follows: AR-C518S (sense) 5’-CCC AGT CCC 

ACT AGT GTC AAA AGC GAA-3’; AR-C518S (antisense) 5’-TTC GCT TTT GAC 

ACT AGT GGG ACT GGG-3’; AR-C601S (sense) 5’-AGC AGA AAT GAT AGC ACT 

ATT GAT AAA-3’; AR-C601S (antisense) 5’-TTT ATC AAT AGT GCT ATC ATT 

TCT GCT-3’; AR-C784S (sense) 5’- ATG TAC AGC CAG AGT GTC CGA ATG AGG 

-3’; AR-C784S (antisense) 5’- CCT CAT TCG GAC ACT CTG GCT GTA CAT -3’; 

AR-C601H (sense) 5’-AGC AGA AAT GAT CAC ACT ATT GAT AAA-3’; AR-
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C601H (antisense) 5’-TTT ATC AAT AGT GTG ATC ATT TCT GTC-3’. All primers 

were purchased from Integrated DNA technologies and all mutations were confirmed by 

DNA sequencing. 

Cell Fractionation. Cells were cultured in starvation medium in the presence or absence 

of GSNO (100 µM) for 48 hr and then stimulated with R1881 (0.1 nM) for 1 hr. Cells 

were washed with PBS twice and lysed with ice-cold hypotonic buffer (25 mM HEPES 

pH 7.8, 1.5 mM MgCl2, 10 mM KCl, 1 mM DTT, 0.1% NP-40 and freshly added 

protease inhibitors). Cell compartments were fractionated by differential centrifugation. 

Briefly, cells were placed on ice for 10 min to achieve cell lysis and then centrifuged at 

200 x g. The supernatants were transferred to fresh test tubes and centrifuged at 14,000 x 

g to acquire the cytosolic fraction. The pellets were washed with hypotonic buffer three 

times, centrifuged at 14,000 x g, and resuspended with hypertonic buffer (25 mM HEPES 

pH 7.8, 1.5 mM MgCl2, 10 mM KCl, 1 mM DTT, 0.1% NP-40, 300 mM NaCl and 

freshly added protease inhibitors). The samples were placed on ice for 20 min, followed 

by centrifugation to acquire the supernatants as the nuclear fractions. The amount of AR 

from the cytosolic and nuclear fractions was examined by Western blotting. Nuclear 

protein PARP and cytosolic protein β-Actin were used as markers of fractionation 

efficiency.  

Immunofluorescence Staining. Appropriately treated cells were washed with PBS and 

fixed with 4% formaldehyde for 10 min at room temperature. Cells were permeabilized 

with 0.1% Triton X-100 in 0.1% BSA-PBS for 20 min and exposed to blocking buffer 

(1% BSA in 10% FBS) for 1 hr. Anti-AR antibody (1:250 in 1% BSA-PBS) was applied 

onto the cells and incubated at room temperature for 2 hr. Cells were washed three times 
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with PBS and incubated with Rhodamine-conjugated anti-mouse antibody (1:200 in 1% 

BSA-PBS) in the dark for 1 hr. Cells were washed and treated with DAPI for 2 min. AR 

localization was visualized with a Zeiss 510 Meta confocal microscope using an 

excitation wave length of 520 nm. 

Identification of AR S-nitrosylation Site. AR-null HEK293 cells were transfected with 

plasmid pcDNA3-Flag-AR and cells were harvested and lysed in HEN10 buffer (vide 

supra). Cell lysates were pre-cleared by adding protein A/G agarose (20 µl per 100 mm 

dish cell lysate). Anti-Flag M2 affinity gel suspension (40 µl per 100 mm dish cell lysate) 

was washed with lysis buffer three times and added to the cleared cell lysate and the 

mixture was rotated at 4°C for 16 hr. Packed gel was washed with lysis buffer and TBS 

(10 mM Tris-HCl, pH 7.4, 150 mM NaCl). Flag peptides dissolved in TBS (400 µg/ml, 

100 µl per 100 mm dish cell lysate) were added to the packed gel to elute the Flag-AR. 

Purification efficiency was confirmed by Coomassie blue staining and Western blotting 

using anti-AR and anti-Flag M2 antibodies. 

Purified Flag-AR was concentrated and the buffer was exchanged to a HEN10 

buffer. The biotin switch assay was performed to S-nitrosylate AR with freshly-prepared 

CysNO (50 µM). A portion of the sample (8% of total) was saved to examine the S-

nitrosylation efficiency. The remaining sample was exchanged into 50 mM ammonium 

bicarbonate buffer and digested with 1 µg of trypsin (1:25 w/w trypsin: protein) at 37°C 

overnight. Protease inhibitor cocktail (1:100) was added to the peptides after trypsinolysis 

and the solution was heated at 95°C for 5 min to inactivate trypsin. Biotinylated peptides 

were purified using UltralinkTM Immobilized Monomeric Avidin (100 µl volume). 

Peptides were eluted with a solution of 30% acetonitrile and 0.4% trifluoroacetic acid 
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(TFA). LC-MS/MS analysis was performed at Duke University Proteomic Facility, 

Durham, NC (1, 2). Briefly, peptides were resuspended in a 2% acetonitrile and 1% TFA 

solution (12 µl), separated by capillary liquid chromatography (LC), and sprayed into a 

quadrupole mass spectrometer (MS). Samples were analyzed on Fourier Transform 

Image Current (Orbitrap) in FT-LTQ mode with a 30 min gradient. MS/MS data were 

searched with Macot (with an additional parameter added for the mass of biotinylated 

cysteine, +428 Da) against the SwissProt database. 

AR Reporter Assay. AR promoter activity was measured using luciferase assay, as 

described (3). Briefly, cells were transfected with cDNAs encoding luciferase gene under 

control of AR (ARE from PSA promoter) and Renilla luciferase gene under control of 

SV40 promoters. Transfected cells were seeded overnight and then treated with R1881 

(10-12 to 10-8 M) in starvation medium containing GSNO or DETA-NO for 24 hr. 

Luciferase activities in cell lysate were determined using the Dual Luciferase kit 

(Promega) and were normalized by the Renilla luciferase activities. 

Detection of total SNO proteins. The amount of total S-nirosylated proteins in LNCaP 

or LNCaP-eNOS cells (without addition of exogenous NO donor) was detected by S-

Nitrosylation Western Blot Kit (Pierce). Briefly, a non-biological iodoTMT™ Reagent 

was used for labeling instead of HPDP-biotin during Western blot detection. Similar to 

the traditional S-nitrosylation switch assay, unmodified cysteine residues are first blocked 

using MMTS. S-nitrosylated cysteine residues are then selectively reduced with ascorbate 

in HENS buffer for specific labeling with iodoTMTzero Reagents, which irreversibly 

bind to the cysteine thiol that was S-nitrosylated. An anti-TMT antibody was used to 

detect the TMT reagent-modified proteins by Western blot. 
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Relative Redox Potential (ΔE°') for Transnitrosylation. PC3 cells were transfected 

with pcDNA3-Flag-AR alone or together with pCMV-Myc-HSP90β plasmids. Cells were 

exposed to CysNO (200 µM) for 20 min, and cell lysates were subjected to the biotin 

switch assay. Band intensities were analyzed by densitometry using ImageJ. A sample 

not treated with MMTS, the free thiol blocking agent, was used to calculate total (i.e., 

both reduced and S-nitrosylated) protein levels and to allow determination of the oxidized 

(i.e. S-nitrosylated) protein amount. Bands on immunoblots obtained from samples 

without MMTS represent the relative total amount of AR or HSP90β. Ratio of the 

reduced form (ARred or HSP90βred) was acquired by subtracting the amount of S-

nitrosylated protein (ARSNO or HSP90βSNO) from total protein. These values were used in 

equations 1 and 2 (vide infra), which are variants of the Nernst equation to determine the 

relative redox potential for the transnitrosylation reaction between AR and HSP90β (4, 

5). Calculations assumed that the transnitrosylation reaction had reached equilibrium. 

Gibbs free energy of the transnitrosylation reaction was calculated using equation 3 (4, 

5). 

𝛥𝐺 = −𝑧𝐹𝛥𝐸                                                                  (Eq.1) 

𝐸!"#!"!!! −   𝐸!"!
!   = !"

!"
𝑙𝑛[ !"#!"!!"#   (!!!"#)

!"#!!!"# (!!!"#  )
]                (Eq.2) 

𝛥𝐺!′ = −𝑅𝑇𝑙𝑛[ !"#!"!!"#   (!!!"#)
!"#!!!"# (!!!"#  )

]                                (Eq.3) 

Statistical Analysis. A Tukey post-hoc test following a one-way ANOVA was 

performed to compare the mean among three or more groups. A Bonferroni post-hoc test 

following a two-way ANOVA was performed to compare the mean with time among 

groups. A Student t-test was performed to compare the mean between two groups.  
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Figure S1. DETA-NO does not induce the Caspase 3-dependent cell apoptosis. LNCaP 
cells were treated with DETA-NO or SAHA (used as a positive control) for 48 hr. Cell 
lysares were fractionated on SDS-PAGE, transferred to nitrocellulose filters and 
immonoblotted with anti-PARP or anti-Actin antibodies. The blot shows PARP 
degradation only in response to SAHA treatment. 
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Figure S2. Effect of eNOS on PSA expression in LNCaP tumors. LNCaP cells were 
transfected with pcDNA3 empty-vector (LNCaP-EV), pcDNA3-HA-eNOS (LNCaP-
eNOS), or infected with lentivirus encoding shRNA targeting eNOS (LNCaP-sheNOS), 
followed by isolation of stable polyclones. (A) Expression levels of eNOS protein. Cells 
were analyzed for eNOS expression by Western blot. Filter was stripped of 
immunoglobulin and reprobed with β-Actin antibodies, as a loading control. (B) 
Expression levels of PSA in LNCaP tumors. LNCaP-EV, LNCaP-sheNOS and LNCaP-
eNOS cells were inoculated subcutaneously in the flanks of SCID mice and PSA levels in 
harvested tumor tissues were measured by Western blot and normalized to β-Actin levels. 
Tukey post-hoc test following a one-way ANOVA was performed to compare PSA levels 
among the groups. *, P < 0.05 compared to control LNCaP-EV tumors. 
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Figure S3. NO regulates AR activity. (A) Effect of NO on AR activity. LNCaP cells 
were transfected with plasmids expressing luciferase gene driven by PSA promoter and 
control Renilla luciferase gene driven by SV40 promoter. Cells were treated with R1881 
in the presence or absence of GSNO (100 µM) or DETA-NO (100 µM) for 24 hr. 
Luciferase activities were determined and relative luciferase units were calculated. A 
Bonferroni post-hoc test following a two-way ANOVA was performed to compare 
groups. *, P < 0.01 compared to control vehicle-treated samples. (B) Forced 
overexpression of eNOS inhibits PSA expression. LNCaP-eNOS (+) and LNCaP-EV (-) 
cells were stimulated with R1881 (10-100 pM) for 48 hr. Cell lysates were fractionated 
on SDS-PAGE and PSA and Actin proteins were detected by immunoblot. Results are 
representative of at least three independent experiments. 
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Figure S4. Effects of GSNO and eNOS on androgen-induced AR nuclear expression. 
(A) LNCaP cells were cultured in starvation medium in the presence or absence of GSNO 
(100 µM) for 48 hr and then stimulated, or not, with R1881 (100 pM) for 1 hr. Cells were 
lysed and separated into cytosolic and nuclear fractions by differential centrifugation. The 
amount of AR in each fraction was determined by Western blot. Nuclear PARP and 
cytosolic β-Actin proteins were used as markers for fractionation efficiency. (B) 
Subcellular localization of AR. LNCaP cells were treated as above and AR expression 
was determined by immunofluorescence staining with anti-AR and Rhodamine-
conjugated secondary antibodies and then visualized by confocal microscopy. (C) 
LNCaP-EV (-) and LNCaP-eNOS (+) cells were starved for 48 hr and then stimulated 
with R1881 (100 pM) for 1 hr. Cell fractionation was achieved using differential 
centrifugation, as described above, and expression of indicated proteins in each fraction 
was determined by Western blot.  
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Figure S5. GSNO suppresses androgen-induced AR binding to ARE in the promoter 
region of PSA. 22Rv1 (A) or LNCaP C4-2 (B) cells were treated with GSNO (100 µM) 
for 24 hr, followed by overnight stimulation with R1881 (1 nM) in the continued 
presence of GSNO. Cell lysates were subjected to ChIP analysis using anti-AR (upper 
panels), or isotype control IgG (lower panels) antibodies. The precipitated DNAs were 
used as templates for qPCR. Results are presented as percentages of the input samples. A 
Tukey post-hoc test following a one-way ANOVA was performed to compare groups. *, 
P < 0.05 compared to the indicated treatment. 
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Figure S6. Regulation of AR activity by S-nitrosylation. LNCaP cells were cultured in 
starvation medium and stimulated, or not, with escalating doses of R1881 overnight. 
Biotin switch assay was performed to determine the level of SNO-AR. Fold change 
values were determined by measuring the band intensities following the ratiometric 
analysis of individual SNO-AR with their respective total AR. The change in AR activity 
was evaluated by measuring the fold change of PSA levels in cell lysates, in comparison 
to corresponding β-Actin levels. A Tukey post-hoc test following a one-way ANOVA 
was performed to compare the groups. *, P < 0.05 compared to corresponding non-treated 
(NT) sample. (B) Detection of basal level SNO-proteins in LNCaP-EV and LNCaP-
eNOS cells. All samples were blocked with MMTS before labeling using iodoTMT 
reagent in the absence or presence of ascorbate. Samples were separated by SDS-PAGE 
and blotted to membrane for detection. SNO proteins were detected by the anti-TMT 
antibody. Equal amounts of cell lysate were immunoblotted with anti-AR antibody to 
show the equal protein loading (bottom). M denotes molecular mass markers (in KDa). 
(C) Expression levels of SNO-AR in LNCaP tumors. LNCaP-EV, LNCaP-eNOS and 
LNCaP-sheNOS cells were inoculated subcutaneously in the flanks of SCID mice (as 
mentioned in Figure 2A) and SNO-AR levels in harvested tumor tissues were measured 
by biotin-switch assay. Equal amounts of tissue lysates were immunoblotted with anti-
AR antibody to show the equal protein loading (bottom). 
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Figure S7. Purification of AR for S-nitrosylation analysis. AR-null HEK293 cells 
were transfected with pcDNA3-Flag-AR plasmid and cells were harvested after 48 hr 
incubation and lysed. M2 anti-Flag affinity gel suspension was added to the cleared cell 
lysate to capture the Flag-AR and purified Flag peptides were added into the packed gel 
to elute the Flag-AR protein. Purification efficiency of Flag-AR was confirmed by SDS-
PAGE fractionation that was followed with Coomassie blue staining (A) and Western 
blotting using anti-AR (clone 441) and anti-Flag antibodies (B). Lanes: 1, total cell 
lysate; 2, cell lysate flow through; 3-5, wash; 6, Flag peptide eluate; 7, anti-Flag-
sepharose beads after elution; and 8, BSA (100 ng). (C) Biotin switch assay was 
performed to illustrate the S-nitrosylation of purified Flag-AR protein. A total of eight 
percent of the samples were saved to examine the S-nitrosylation efficiency. (D) 
Identification of S-nitrosylated cysteine residues in AR. SNO-AR was subjected to biotin 
switch, followed by trypsinization and purification of biotinylated peptides. Shown is a 
representative MS/MS spectrum of tryptic peptide containing C601 of AR. Peptide 
sequence is shown at the top of the spectrum. 
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Figure S8. Characterization of AR C595/601H binding to ARE in FKBP51 
promoter. (A) ChIP assay was performed as described for Fig. 5A. Quantitation results 
from three independent experiments. (B) EMSA assay was performed as described for 
Fig. 5B. Quantitation results from three independent experiments. For both panels, a 
Tukey post-hoc test following a one-way ANOVA was performed to compare groups. *, 
P < 0.05 compared to the indicated group. 
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