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Supporting Experimental Procedures

Relative rates of GSNO and N-nitrosomorpholine reduction by GSH and TCEP. To 100 uM S-
nitrosoglutathione (GSNO) or N-nitrosomorpholine was added 1 mM GSH or TCEP in 100 mM HEPES
pH 7.5 in 600 uL total volume. Relative reduction rates were measured by the decrease in the
maximum nitrosothiol absorbance at 344 nm for GSNO and the maximum N-nitrosamine absorbance at

343 nm for N-nitrosomorpholine.

Supporting Results

Reductants protect iNOS from S-nitrosation and inactivation. While NOS inactivation via S-
nitrosation of the Zn**-tetrathiolate is most plausible, Rosenfeld et al. recently postulated the formation
of Ns-nitrosated H4B as an alternative inactivation mechanism (/). Therefore, the relative efficiency of
S-nitrosothiol versus N-nitrosamine reduction by GSH and TCEP was determined (see Experimental
Procedures). GSNO was used as a representative stable nitrosothiol. N-nitrosomorpholine was used as
a mimic for Ns-nitrosated H4B due to the structural similarity between these two molecules (Figure S2).
While both GSH and TCEP are capable of reducing both S-nitrosothiols and N-nitrosamines, we found
that TCEP is a highly potent and selective reducing agent for S-nitrosothiols over N-nitrosamines. In
particular, TCEP reduction of GSNO was 850-fold faster than TCEP reduction of N-nitrosomorpholine.
GSH is a comparatively weak reducing agent and only slightly more potent for S-nitrosothiols over N-
nitrosamines. TCEP reduction of GSNO was 700-fold faster than GSH reduction of GSNO. GSH
reduction of GSNO was only 5-fold faster than GSH reduction of N-nitrosomorpholine, although it
should be noted that transnitrosation reactions between GSH and GSNO are silent in the absorbance
assay used. The implications of these data on the primary mechanism of iNOS auto-inactivation are

discussed below (see Supplementary Discussion).

Supporting Discussion



S-nitrosation is the major mechanism of iNOS auto-inactivation. While S-nitrosation in the only
mechanism of NOS auto-inactivation consistent with all available data (see Discussion), H4B nitrosation
(1) and reaction with peroxynitrite (2-5) have also been postulated to result in NOS inactivation.
However, several lines of evidence suggest that reaction with peroxynitrite is not a significant source of
inactivation. While NOS is capable of forming peroxynitrite via radical recombination of NO and
superoxide, peroxynitrite possesses an extremely short biological half-life of ~10 milliseconds, which
results in steady-state concentrations of ~3 nM (6). However, previous in vitro studies required
micromolar peroxynitrite concentrations to observe NOS inactivation, at least three orders of magnitude
higher than physiological concentrations. Furthermore, a previous study that tested a variety of reactive
oxygen/nitrogen species for nNOS inactivation found that only NO completely inactivated nNOS and
that peroxynitrite was over two orders of magnitude less potent than NO towards nNOS inactivation (7).
Additionally, we and others found that SOD, which decreases superoxide concentrations and therefore
the ability to form peroxynitrite, failed to decrease NOS inactivation rates and in some cases resulted in
a slight increase in inactivation rate (7-10). The slight increase in inactivation rates observed was
presumably due to a slight increase in NO concentrations upon removal of the superoxide sink. Finally,
under the saturating arginine and NADPH concentrations utilized in our assays the iNOS reductase and
oxidase domains are well coupled and, while iNOS inactivation is observed, the generation of
superoxide is expected to be negligible. Taken together, these results suggest that reaction with
peroxynitrite is not a significant source of NOS inactivation.

Rosenfeld et al. recently reported that H4B bound to iNOS displayed increased electron density
when crystallized in the presence of 50 mM Cys-SNO and postulated the formation of Ns-nitrosated
H4B (7). This concentration of Cys-SNO is approximately five orders of magnitude higher than
physiological Cys-SNO concentrations (/7). The authors proposed that formation of Ns-nitrosated H4B
is a potential mechanism of NOS auto-inactivation, which would occur through radical recombination of

the NO radical and the Ns-centered H4B radical. However, as release of the NO radical is coupled to



reduction of the tetrahydrobiopterin radical (/2), the two radicals are not predicted to coexist during
turnover.

To kinetically distinguish between iNOS auto-inactivation by S-nitrosation or formation of Ns-
nitrosated H4B, we compared the ability of two reductants with distinct reduction mechanisms, GSH and
TCEDP, to protect against iNOS auto-inactivation as well as reduce S-nitrosothiols and N-nitrosamines.
TCEP is a potent and selective reducing agent for S-nitrosothiols over N-nitrosamines, whereas GSH is
a weaker reducing agent and only a slightly more potent reducing agent for nitrosothiols compared to N-
nitrosamines (see Supporting Results). The efficiency of TCEP prevention of iNOS inactivation
(kloTCEP/Km, appTCEP) was ~200-fold higher than the corresponding efficiency with GSH. As TCEP is not
predicted to possess an iNOS binding site, this increase in efficiency of TCEP compared to GSH is best
attributed to an increased ability to reduce the S-nitrosated Zn**-tetrathiolate. If Ns-nitrosated H,B were
a significant source of iNOS auto-inactivation, then a much smaller difference in efficiencies between
TCEP and GSH would be expected as TCEP reduction of N-nitrosomorpholine was only ~4-fold faster
than GSH reduction of N-nitrosomorpholine. A previous study showed that ascorbate (10 mM) and
GSH (7 mM) were equally capable of protecting nNOS from inactivation (/0). As ascorbate selectively
reduces nitrosothiols over other oxidized cysteines (the basis of the biotin switch method (73)), this
further suggests that the protective effect of GSH and TCEP is through reduction of the S-nitrosated
NOS. We were unable to utilize ascorbate here as it interfered with the MbO, assay. Furthermore,
iNOS inactivation was irreversible consistent with irreversible dimer dissociation following S-
nitrosation. This irreversible inactivation was inconsistent with inactivation by Hy4B nitrosation as,
based on the crystal structure (/), Ns-nitrosated H4B remains bound and the iNOS dimer remains intact,
indicating that GSH addition following iNOS inactivation should recover iNOS activity if Ns-nitrosated
H4B were the source of inactivation. Finally, as nitrosamines are significantly more stable than
nitrosothiols, GSH reversal of H4B nitrosation to form GSNO would be energetically unfavorable

whereas GSNO formation from reaction of GSH with a nitrosothiol is energetically neutral. Indeed, we



did not observe the peak absorbance characteristic of GSNO (Anax = 334 nm) when GSH was mixed
with the Ns-nitrosated H4B analog N-nitrosomorpholine; only a decrease in the peak N-
nitrosomorpholine absorbance (Anax = 343 nm) was observed indicating that GSNO was not formed in
significant amounts (data not shown). Taken together, we conclude that H4B nitrosation or reaction
with peroxynitrite does not significantly contribute to iNOS auto-inactivation and that iNOS S-
nitrosation is the major mechanism of inactivation.

Transnitrosation between iNOS and GSH. While GSH is clearly capable of lowering NOS S-
nitrosation (Figure 5), GSH likely does not possess a specific binding site within NOS. In a previous
study, nNOS did not bind GSH-agarose arguing against a specific GSH binding site (36). Another
previous study did observe some evidence for GSH binding to the iNOS oxidase domain by saturation
transfer difference NMR spectroscopy, but the potential binding site was not elucidated (70). Here,
protection of iNOS auto-inactivation by TCEP and GSH correlated with their relative reducing strength,
not their ability to bind iNOS (Figure 4). TCEP and GSH are structurally divergent and TCEP unlikely
to bind iNOS. However, TCEP was significantly more potent than GSH in protection from iNOS auto-
inactivation. While we did observe saturation kinetics for GSH protection from iNOS auto-inactivation,
the apparent Ky, value for this effect was 13 mM (Table 1). Therefore, it appears likely that GSH reacts
with S-nitrosated iNOS in a manner similar to a Theorell-Chance kinetic mechanism (77, 72) in which

no complex is formed prior to reaction but saturation kinetics are observed.
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Figure S1. Plot of [NO]J, versus iNOS concentration. Reactions contained varying concentrations of
iNOS, 5 mM Arg, 200 uM NADPH, 50 mM NaCl, 4 uM MbOQO,, and 100 mM HEPES pH 7.5 in 300 uL
total volumes in a 96-well microplate. NO formation was determined by the increase in absorbance at
401 nm observed upon reaction of NO with MbO,; to form metMb and nitrite. The concentration of NO
formed at infinite time ([NO],) was determined through fitting progress curves of NO formation to
equation 3 using non-linear regression in Kaleidagraph (Synergy Software; Reading, PA). The plot of

of [NOJ,, versus iNOS concentration was fitted to a straight line using linear regression.
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Figure S2. Chemical structures of a protein nitrosothiol, GSNO, Ns-nitrosated HsB, and N-

nitrosomorpholine.



0.014

(MM)

co
o

0.012 -

g 001}

0.008 -

[NO]

0.006

w
T
NOS]/[NO]

N
T
[i
o
Q
®

—_
LA BN B e
o
Il

. . .
o 0.05 0.1 0.15 0.2 ]

1 1 1/1Arg] (uM'l)l

0‘ ‘ ‘20‘ ‘ 40 60 80 100 ‘ ‘120
[Arg] (UM)

o

Figure S3. Plot of [NO],, versus Arg concentration. Individual reactions contained 15 nM iNOS, 6.25
to 100 uM Arg, 200 uM NADPH, 50 mM NaCl, 8§ uM MbO,, and 100 mM HEPES pH 7.5 in 300 uL
total volumes in a 96-well microplate. NO formation was measured via the change in absorbance at 401
nm upon reaction of oxyMb with NO. The plot of [NO], versus Arg concentration was fitted to
equation 9 using non-linear regression in Kaleidagraph (Synergy Software; Reading, PA). The plot of

[INOSJ/[NO] versus 1/[Arg] (inset) was fitted to equation 10 using least-squares linear regression.



