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Abstract

Membrane inlet mass spectrometry was used to observe nitric oxide in the well-studied reaction of
nitrite with hemoglobin. The membrane inlet was submerged in the reaction solutions and measured
NO in solution via its flux across a semipermeable membrane leading to the mass spectrometer
detecting the mass-to-charge ratio m/z 30. This method measures NO directly in solution and is an
alternate approach compared with methods that purge solutions to measure NO. Addition to deoxy-
Hb(Fe'") (near 38 uM heme concentration) of nitrite in a range of 80 pM to 16 mM showed no
accumulation of either NO or N,Os3 on a physiologically relevant time scale with a sensitivity near
1 nM. The addition of nitrite to oxy-Hb(Fe!) and met-Hb(Fe'") did not accumulate free NO to
appreciable extents. These observations show that for several minutes after mixing nitrite with
hemoglogin, free NO does not accumulate to levels exceeding the equilibrium level of NO. The
presence of cyanide ions did not alter the appearance of the data; however, the presence of 2 mM
mercuric ions at the beginning of the experiment with deoxy-Hb(Fe!!) shortened the initial phase of
NO accumulation and increased the maximal level of free, unbound NO by about twofold. These
experiments appear consistent with no role of met-Hb(Fe!'") in the generation of NO and an increase
in nitrite reductase activity caused by the presumed binding of mercuric to cysteine residues. These
results raise questions about the ability of reduction of nitrite mediated by deoxy-Hb(Fe!') to play a
role in vasodilation.
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Introduction

Considerable research has focused on processes intrinsic to erythrocytes and hemoglobin that
may play a role in vasoregulatory activity, processes such as the generation of NO from the
anion nitrite and the oxylabile S-nitrosylation of cyteine residues [1,2]. There has been great
interest in the reactions of nitrite with hemoglobin since initial reports of the nitrite reductase
activity of deoxy-Hb(Fe'!) [3]. The possible association between nitrite and vasodilator activity
has been considered for many years, a topic that is well reviewed [1,2,4,5]. This has stimulated
studies to determine whether the interaction of nitrite with red cells produces vasodilation
through mechanisms related to the nitrite reductase activity of deoxy-Hb(Fe'"). Profound issues
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have arisen over the mechanisms by which nitrite might produce vasodilation. One issue is
whether NO is able to escape from the red cell since it is avidly bound up by deoxy-Hb(Fe'").
This has prompted some suggestions that there are processes near the cell membrane that
promote efflux of NO and/or that the nitrite reductase activity of hemoglobin produces
intermediates such as N,Os that efflux the cell and decay to NO and NO> in the plasma [1,2,
4].

We demonstrate here the application of membrane inlet mass spectrometry to the reactions of
nitrite with hemoglobin. This method is based on the use of semipermeable membranes that
allow a flux of uncharged molecules from solution into the ionization chamber of the mass
spectrometer. The use of membrane inlet mass spectrometry has been well described in the
detection of volatile, uncharged organic solutes in aqueous solution and blood [6], and in the
study of the reactions of CO5 and the catalysis by carbonic anhydrase [7]. Although the
application of this technology to the measurement of dissolved NO has been reported [8], an
application more practicable for biological reactions of NO is needed, one that could possibly
also be used in physiological experiments. Accordingly, we report here the use of a membrane
inlet system described earlier [9] applied to the study of the reactions of nitrite with hemoglobin.

In this work we demonstrate the type of data that can be obtained investigating the reactions
of nitrite and hemoglobin while directly detecting nitric oxide in solution. Although the nitrite
reductase activity of hemoglobin produces micromolar amounts of NO under our conditions,
much of this NO is not detected since it is tightly bound to deoxy-Hb(Fe!!). Membrane inlet
mass spectrometry detects nanomolar levels of NO on addition of 8 mM nitrite to 38 uM deoxy-
Hb(Fe'"). Moreover, this is observed starting several minutes after the reaction of nitrite and
hemoglobin begins. The addition of nitrite to oxy-Hb(Fe!') and met-Hb(Fe'!") did not generate
free, unbound NO over the 25 min time course of these experiments. Although addition of
cyanide to bind met-Hb(Fe'!") did not alter the accumulation of free NO caused by reactions
of nitrite with deoxy-Hb(Fe'!!), addition of mercuric ions to bind thiol and possibly imidazole
groups increased the rate and maximal level of the accumulation of NO. These reactions have
been extensively studied by many methods over the years, and the membrane inlet mass
spectrometric method provides a rather unique view.

Experimental methods

Materials

Human hemoglobin was purified from human red cells and also obtained from Sigma-Aldrich.
That obtained from human red cells was purified by lysing cells with water and centrifuging
to remove membranes. The resulting lysate was treated with an affinity gel (p-
aminomethylbenzenesulfonamide-agarose, Sigma) to remove carbonic anhydrase.
Hemoglobin from Sigma was nearly entirely in the form of met-Hb(Fe'!') and was reduced to
the ferrous form using dithionite. The resulting solution was passed through Sephadex G-25M
under anerobic conditions and eluted using degassed buffer solutions. Hemoglobin from both
sources gave identical results in the experiments reported here. Deoxy-Hb(Fe'!) was prepared
from these samples by bubbling of helium, and oxy-Hb(Fe!") by bubbling of oxygen. Met-Hb
(Fe''"y was prepared by oxidation using ferricyanide and subsequent passage of the sample
through Sephadex G-25M. Visible spectra were taken to confirm the presence of the
appropriate form of hemoglobin.

Inlet probe and kinetic measurements

The inlet probe to the mass spectrometer consisted of a length of Silastic tubing (1.5 mm i.d.
and 2.0 mm o.d., a Dow Corning product) which was sealed at one end by a glass bead and
attached at the other end to a piece of glass tubing leading into a dry-ice acetone water trap and
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then into an Extrel EXM-200 mass spectrometer as described elsewhere (Fig. 1) [9]. This
membrane inlet was immersed in solution contained in a 3-mL glass cuvette for optical
spectroscopy (standard 1-cm pathlength cuvette) that was modified for introduction of samples
and inert gas, and was sealable by injection septums and Teflon screw plugs [9]. Hence,
references in the text to accumulation of NO in solution signify free, unbound NO. The vessel
contained a small magnetic spinner. Mass spectra were obtained using electron impact
ionization (70 eV) at an emission current of 1 mA. Source pressures were approximately
11075 Torr. The resulting mass scans were well resolved with a return of ion current (detector
response) to the baseline separating each mass unit. The reaction vessel containing the
membrane inlet was inserted into a spectrophotometer (Hewlett-Packard 8453) for concomitant
visible absorption measurements.

Solutions in this inlet vessel were purged of atmospheric gases by continuous bubbling of
helium via a syringe placed through a septum, with outflow via a second syringe. Bubbling of
helium was stopped and solutions containing reagents were injected through a syringe into the
reaction vessel. The vessel itself was immersed in a water bath for temperature control, and
experiments were carried out at 25° C. However, experiments in which we measured
concomitant visible absorption spectraand NO generation were carried out at room temperature
23° C. In selected experiments KCN or HgCl, was added and incubated up to 8 min with the
hemoglobin solution in the reaction vessel prior to adding nitrite.

Calibration of the membrane inlet and mass spectrometer was achieved by injecting solutions
containing known concentrations of NO into buffered solutions in the reaction vessel as
described earlier [9]. The ion current was recorded when it reached a maximal plateau; this
followed first-order kinetics with a half time of 5 s. The program to deconvolute visible spectra
of mixtures of species of hemoglobin was generously provided by Dr. Mark T. Gladwin.

Response of the membrane inlet mass spectrometer

Fig. 2 shows typical ion currents obtained with the membrane inlet immersed in a solution
containing 38 uM deoxy-Hb(Fe!'!) at pH 6.8. At time zero, sodium nitrite was added to an initial
concentration of 8 mM. The data show the ion currents at mass-to-charge ratios of m/z 30, 46,
and 76 corresponding to NO, NO,, and N,Os3, respectively. A substantial increase in the m/z
30 peak in the presence of deoxy-Hb(Fe!"), after an initial lag, corresponds to the generation
of NO. No change was seen in the mass 46 or 76 peaks. The larger, initial ion current at time
zero for m/z 30 compared with m/z 76 and 46 is due to background and is subtracted in
subsequent figures.

Uncatalyzed generation of NO from nitrite

We observed the generation of NO due the uncatalyzed reactions of nitrite, as described in an
earlier report of membrane inlet mass spectrometry [9]. The reactions of nitrous acid in aqueous
solution, including the reactions that produce NO, have been extensively reported [10,11] and
reviewed [12]. The overall dismutation of nitrous acid can be described by the reaction below,
which includes more complex chemistry not shown:

HNO;+NO, < NO+NO,+OH .

The initial rates of NO formation from nitrous acid (nitrite) measured by EPR and
chemiluminescence are described by second-order kinetics at concentrations of total nitrite
below about 0.2 mM, and first order at higher concentrations [10,11]. The increase in NO
resulting from an initial concentration of 8 mM nitrite in a buffered solution at pH 6.8 is shown

Free Radic Biol Med. Author manuscript; available in PMC 2010 April 5.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tuetal.

Page 4

in Fig. 3, and described in more detail in an earlier report for additional initial concentrations
of added nitrite also measured by membrane inlet mass spectrometry [9]. Unlike the previous
studies of this reaction by Samouilov et al. [10] and Park and Lee [11], the studies reported
here did not purge NO with inert gases. Hence, the data of Fig. 3 show the approach to
equilibrium that includes the full array of back reactions involving nitrogen oxides and nitrogen
oxyacids. Using membrane inlet probes of different lengths of Silastic tubing, we estimate that
the loss of NO into the mass spectrometer is negligible.

Reaction of nitrite and hemoglobin

The addition of nitrite at 8 mM to a solution containing 38 uM deoxy-Hb(Fe!!) (heme
concentration) caused a small lag of about 3 min in which the rate of free, unbound NO
accumulation in solution as detected by the mass spectrometer was small, followed by a phase
of greater rate of accumulation of NO (Fig. 3). The membrane inlet method is detecting free,
unbound NO, not total NO in solution. The accumulation of NO proceeded to about 14 nM in
the experiment using 38 uM deoxy-Hb(Fe!") in Fig. 3, exceeding the equilibrium level of NO
(2 nM) in the absence of deoxy-Hb(Fe'!). This level to which [NO] approaches is an
exceedingly small fraction (~107%) of the initial nitrite added. The initial phase of the
experiment was accompanied by a change in the absorption spectra in Fig. 4 from that of deoxy-
Hb(Fe'") initally to spectra consistent with a mixture of NO-Hb(Fe'") and forms of met-Hb
(Fe'!". To examine a possible role of met-Hb(Fe'!') we added cyanide to reaction solutions.
The addition of KCN at 0.2 mM either before the addition of nitrite or during the experiment
had no effect on the generation of NO in the experiments of Fig. 3.

We reversed the addition of nitrite and deoxy-Hb(Fe'"), adding 38 pM deoxy-Hb(Fe'!) to a
solution containing a large concentration of nitrite (8 mM) that had been allowed to establish
equilibrium with NO at pH 6.8. The results demonstrated that on addition of deoxy-Hb(Fe'!")
there was a rapid drop in NO concentration to deplete the solution of NO (data not shown).

An experiment was performed adding sufficient diethylamine NONOate, an NO donor [13],
to a buffered solution containing no hemoglobin to achieve 1 uM NO in solution under
conditions of Fig. 3. When this concentration of diethylamine NONOate was added under
identical conditions except that solutions contained 38 uM deoxy-Hb(Fe'!), no accumulation
of free NO was observed (data not shown). These observations are presumed to be caused by
the tight and rapid binding of NO to deoxy-Hb(Fe'l).

Experiments were carried out in which the concentration of nitrite was more similar to that of
deoxy-Hb(Fe!'). However, addition of nitrite at 80 M to a solution containing 30 pM deoxy-
Hb(Fe'!) did not produce sufficient NO for detection with the membrane inlet. Our lower limit
of detection with current instrumentation is near 1 nM[9].

Fig. 3 shows that addition of nitrite at 8 mM to a solution of 38 pM oxy-Hb(Fe'!) resulted in
no detectable NO, because reactions with oxy-Hb(Fe'!) have depleted NO from solution. After
addition of nitrite, the visible spectra for oxy-Hb(Fe!'!) decreased steadily while spectra for
forms of met-Hb(Fe'!") began to appear (data not shown).

The addition of nitrite at 8 mM to a solution containing 40 uM met-Hb(Fe!') was only very

slightly different from that of the uncatalyzed dismutation (Fig. 5). The data showed a slightly
slower accumulation of NO compared with the uncatalyzed appearance of NO up to about 10
min followed by a level of NO that was close to that of the uncatalyzed dismutation of nitrite.
The visible spectra observed during this experiment showed species of met-Hb(Fe!'!); species
of Hb(Fe!!) were not observed (data not shown). Addition of KCN during the course of such
experiments did not alter the appearance of the data.
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The incubation for 8 min of 2.0 mM HgCl, and 36 uM deoxy-Hb (Fe!') followed by the addition
of nitrite (8 mM at time zero of Fig. 6) appeared to shorten the initial phase of free NO
accumulation and to enhance the rate of approach of NO to a plateau level greater than that for
the absence of mercuric ions (Fig. 6). In a separate experiment, the addition of HgCl, during
the course of the appearance of the NO signal caused a more rapid accumulation of free NO
immediately on addition of HgCl, (data not shown). The presence of HgCl, at 2.0 mM caused
no change in the uncatalyzed generation of NO from nitrite.

On addition of nitrite to deoxy-Hb(Fe!!), both the initial velocity of the appearance of the NO
signal and the plateau level at long times increased with decreasing pH (Fig. 7). The increase
in the initial velocity of NO formation is consistent with dependence on an ionization with
pK, less than 6.5. This is possibly the pK, of HNO, which is near 3.3, although it could represent
a pK, on hemoglobin itself. The accumulation of free NO as a function of the initial
concentration of nitrite is shown in Fig. 8. With increasing initial nitrite, the maximal level of
NO at times near 20 min increased monotonically. In addition, with increasing initial nitrite
there was a shortening of the duration of the plateau from over 10 min at 2 mM nitrite to less
than 2 min at 16 mM nitrite (Fig. 8).

Discussion

The advantages of membrane inlet mass spectrometry have not previously been applied to
studies of the generation of NO from nitrite reactivity with hemoglobin. These advantages
include a sensitive, direct, and real-time measure of the accumulation in solution of free,
unbound NO. Moreover, this technology is quite adaptable to the goals of many in vivo and
physiological experiments. The method has the capability of detecting related nitrogen oxides
concurrently, if they accumulate sufficiently in solution and are sufficiently stable, as well as
oxygen and carbon dioxide. This study demonstrates some properties of the appearance of NO
in solution resulting from the reactivity of nitrite with hemoglobin observed using membrane
inlet mass spectrometry. In all of these experiments, NO is detected in the solution phase.

The data of Fig. 3 show the accumulation of free, unbound NO in well-buffered solutions
containing an initial concentration of 38 uM deoxy-Hb(Fe!") (heme concentration) on addition
of nitrite at 8 MM and pH 6.8. These concentrations are clearly not in the range of physiological
levels, but were selected on the basis of the substrate profiles of Fig. 7 to give a measurable
level of NO. There appear two phases in the increase of the m/z 30 peak during the accumulation
of free, unbound NO in solutions containing nitrite and deoxy-Hb(Fe'!) (Fig. 3), an initial phase
of slower generation of NO (up to about 2.5 min) followed by a phase of more rapid generation
of NO.

The reduction of nitrite by deoxy-Hb(Fe!!) is a complex, autocatalytic, and allosteric reaction
that ultimately results in concentrations of NO-Hb(Fe!!) and met-Hb(Fe!'!) that are nearly equal
(Egs. (1) and (2)) [1,14]. This was evident in our experiments from the emergence, within 3
min, of an absorption spectrum consistent with the sum of spectra of NO-Hb(Fe'') and species
of met-Hb(Fe!') (Fig. 4). Three minutes after addition of nitrite, there was no significant change
in the visible spectra that we could detect.

deoxy—Hb(FeH)
+NO,"+H S NO
+met—Hb(Fe'")+OH~ )
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deoxy—Hb(Fe'")
+NO. & NO
—Hb(Fe'"). ©)

This initial phase of accumulation of free, unbound NO is understood to be caused by the
concomitant uncatalyzed and the hemoglobin enhanced generation of NO from nitrite
accompanied by the rapid and tight binding of NO to deoxy-Hb(Fe'!). This is consistent with
the visible spectra of Fig. 4 showing the rapid decrease in deoxy-Hb(Fe'!) and concomitant
increase in NO-Hb(Fe'!). It is also consistent with simulations based on numerical solutions to
the kinetic equations of Egs. (1) and (2).

The plateau near 14 nM at times greater than 20 min in Fig. 3 is a steady-state level for the
accumulation of free NO, a level which represents a complex contribution of several processes
including the uncatalyzed reactions of NO and the nitrite reductase activity of deoxy-Hb
(Fe'). The logarithm of the rates of NO accumulation (after the initial phase) is a linear function
of pH (R2=0.998) with the rate increasing as pH decreases (data after 2 min in Fig. 7). This
linear dependence is consistent with previous observations on the pH dependence of the
generation of NO caused by the nitrite reductase activity of hemoglobin [15]. Hence, the
accumulation of free, unbound NO observed in these experiments is likely due to the same
reactions of nitrite with hemoglobin as described previously [3,15].

Our results are consistent with the presence of a small amount of unreacted deoxy-Hb(Fe')
remaining at long times in the overall reaction with nitrite. That is, we may be observing in
Fig. 3 the small remnant of the overall reaction of deoxy-Hb(Fe'!) with nitrite in which
concentrations of deoxy-Hb(Fe!'!) have become very low. One possibility for a contribution to
the steady-state level of deoxy-Hb (Fe!") is the very slow dissociation of NO from nitrosyl-
hemoglobin. This off-rate is estimated at 2 107> s~ for NO-Hb(Fe'") in the R-state [16].
Although this is an exceptionally slow rate constant, it is consistent with the nanomolar levels
of NO at the plateau of Fig. 3 according to straightforward simulations based on Egs. (1) and

).

Addition of nitrite to a solution containing oxy-Hb(Fe!') showed no accumulation of NO (Fig.
3). That is, the generation of NO by the uncatalyzed dismutation of nitrite appears to have
reacted with oxy-Hb(Fe'!). The reaction of NO with oxy-Hb(Fe!') is again complex but the
mechanism leading to the production of met-Hb(Fe'!") and nitrate is well studied (Eq. (3)) [1,
17-20]. In addition, in these experiments the data for oxy-Hb(Fe!'!) of Fig. 3 provide a useful
control for the specific nature of the reactions of nitrite and NO at the metal of hemoglobin.

oxy—Hb(FeH)
+NO. < met

—Hb(Fe™)+NO;™. ®)

Although NO is a product of the reaction of nitrite with deoxy-Hb(Fe!!) (Eq. (1)), it is
acknowledged that autocapture of NO by deoxy-Hb(Fe'!) (Eq. (2)) in the interior of red blood
cells precludes the export of NO directly to plasma levels needed for vasodilation (1-10 nM)
[21]. The data of the current report are consistent with that view. Even at the very large levels
of nitrite used and the very large ratio of concentrations of nitrite to hemoglobin, the levels of
NO achieved by membrane inlet mass spectrometry do not exceed 1 nM for several minutes
after mixing (Fig. 3, Fig. 7, and Fig. 8). However, several limiting qualifications of these
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experiments need to be noted. It should be noted that the response time of our instrumentation
has a half-time for detection of NO that is about 5 s. Hence, we would likely not be able to
observe at the mass spectrometer a quick pulse or transitory initial increase in NO concentration
of duration less than or about equal to a second. Moreover, the data of this study involve
nonphysiological concentrations of nitrite (mM) and nonphysiological concentrations
hemoglobin (mM); under such conditions we do not observe concentrations of NO (1-10 nM)
on the time scale of seconds relevant for vascular regulation. It is recognized that the conditions
of these experiments diverge greatly from the physiological conditions in the red cell (Hb 5
mM, nitrite ~ 1 uM, and hemoglobin saturation ~ 50-100%).

A number of other mediators of NO generation have been proposed, prominent among which
is hemoglobin as an S-nitrosothiol synthase with the resulting modified thiol of Cys -93 acting
as a signaling agent in respiratory control and other systems, a topic which is extensively
reviewed both in mechanism and as a cause of certain vascular disease states [2,5,22,23]. In
this view, experiments show that the nitrosylated thiol in hemoglobin regulates bioactivity such
as vasodilation, with controls in which this activity is suppressed when the nitrosylation of
hemoglobin is decreased [22]. These examples of the influence of nitrosylation extend to
several physiological systems such as vasodilation in rat aortic rings [24] and hypoxic
pulmonary vasoconstriction in isolated rat lungs [25]. The current report appears consistent
with these ideas, with the qualifications stated above, to the extent that on a relevant time scale
we observed no release of NO in the nitrite reductase reactions of deoxy-Hb(Fe!'!).

Another possible mediator is the formation of N,O3 which does not have a strong binding
affinity to hemoglobin and could diffuse out of the red cell [26]. The lifetime of N,O3 in
solution is near 1 ms determined by its reaction with nucleophiles and its dissociation to NO
and NO» [27]. It is of interest then that under the conditions of these experiments with current
instrumentation there was no evidence of a mass peak at m/z 76 that would indicate the
formation of N,O3 with sufficient stability to pass across the membrane inlet and enter the
mass spectrometer. There is rapid dissociation of N,Og in the gas phase, so perhaps the current
method is not capable of detecting this species. Also of interest is the suggestion that there is
more than one isomer of N,Os3 [28] and that the isomer made in the reactions with hemoglobin
could have different properties compared with those studied with chemical generation of
N203.

The effect of B-Cys93 and SNO-Hb formation on the accumulation of NO is extensively studied
[2,29,30] and considered here. The data of Fig. 6 demonstrate the effect of HgCl, on the
accumulation of free, unbound NO in the presence of nitrite and deoxy-Hb(Fe'!). Mercuric
ions in these experiments are expected to bind thiolates, and possibly exposed imidazole rings
of histidines. It is apparent in Fig. 6 that the presence of mercuric ions at the beginning of the
experiment shortens the initial phase of NO accumulation and substantially increases the rate
of NO accumulation and the maximal level of NO accumulation in the second phase. The
presumed binding of the thiolate of B-Cys93 by mercuric ions alters all aspects of the
accumulation of NO in solutions of deoxy-Hb(Fe''). Further work on this effect is in progress.
We can comment that straightforward simulations of the generation of NO based on numerical
solutions of the kinetic equations (Egs. (1) and (2)) are consistent with mercuric ions causing
anincrease in the rate of Eq. (1).We note that this is likely a complex effect since altered transfer
of NO to Cys93 will likely perturb other equilibria of the system such as the allosteric transition
between T and R states of hemoglobin [30].

In summary, the value of this study is to explore the use of membrane inlet mass spectrometry
in the generation of NO fromnitrite and deoxy-Hb(Fe!!). The method is based on direct
measurement of free, unbound NO in solution; there is no purging of NO by inert, carrier gas.
These observations of the reactions of nitrite with deoxy-Hb(Fe'!) in solution show that for
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several minutes after mixing, free NO does not accumulate to levels significant for
vasoregulatory control (levels exceeding the equilibrium level of NO in the absence of
hemoglobin (2 nM)) even under our exaggerated conditions of nitrite concentrations much
larger than physiological. The data suggest that under these conditions, the nitrite reductase
reactions are dominated by the autocapture of NO by deoxy-Hb(Fe!!) preventing the
accumulation of free, unbound NO.

Abbreviations

Hb
NO nitric oxide

hemoglobin
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Fig. 1.

Diagram of the membrane inlet which is inserted in an anaerobic cell for mass spectrometric
measurements: (1) Wire helix for support of the Silastic tubing; (2) Silastic tubing
approximately 1 cm in length; (3) glass bead to seal the Silastic tubing. Taken from Ref. [9].
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Fig. 2.

lon currents measured using the immersed membrane inlet to the mass spectrometer on addition
of 8 MM NaNO, (added at time zero) to a solution containing 38 uM deoxy-Hb(Fe!") (heme
concentration) showing the change at m/z 30, 46, and 76. Solutions also contained 50 mM
phosphate buffer at pH 6.8, 110 mM NaCl, and 2 mM EDTA at 23 C.
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Fig. 3.

The time course of dissolved NO concentrations (obtained from m/z 30) on addition of nitrite
to solutions containing (blue) 38 pM deoxy-Hb(Fe'!); or (red) 38 uM oxy-Hb(Fe'"); or (black)
no hemoglobin. (These are heme concentrations.) At time zero, NaNO, was added to attain a
concentration of 8 mM. Solutions also contained 50 mM phosphate buffer at pH 6.8, 110 mM
NaCl,2 mM EDTA at 23° C. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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Fig. 4.

(Left) The visible absorption spectra at (black) 0.5 min and (red) 30 min after the addition of
8 mM NaNO; to a solution containing 38 uM deoxy-Hb(Fe'!) in an experiment similar to Fig.
3. Conditions were as described in the legend to Fig. 3. (Right) The change with time of the
percentage of species of hemoglobin estimated by deconvolution of the absorption data such
as shown in the left figure. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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Fig. 5.

The generation of nitric oxide measured by membrane inlet mass spectrometry after the
addition of 8 mM NaNO, to solutions containing 40 pM met-Hb(Fe'!") or no hemoglobin.
Solution conditions were as described in Fig. 3.
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Fig. 6.

The effect of HgCl, on the accumulation of NO in solutions of 36 uM deoxy-Hb(Fe!"). Sodium
nitrite was added at 8.0 mM at zero time. (Top) The accumulation of NO in the presence of
2.0 mM HgCl, with solutions incubated 8 min before addition of nitrite; (middle) the
accumulation of NO under identical conditions but with no HgCl,; (bottom) the uncatalyzed
dismutation of nitrite in solutions containing no hemoglobin and 2.0 mM HgCl,. Other
conditions are in the legend to Fig. 3 except that 2 mM diethylenetriaminepentaacetate was
used as chelator.

Free Radic Biol Med. Author manuscript; available in PMC 2010 April 5.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tuetal.

Page 16

0 5 10 15 20 25
Minutes

Fig. 7.

The variation with pH of the generation of NO measured by membrane inlet mass spectrometry
after the addition at time zero of NaNO>, to achieve a concentration of 8 mM to solutions
containing 20 uM deoxy-Hb(Fe'!). The pH of solutions was (from the top down) pH 6.5; pH
6.7; pH 6.9; and pH 7.2. Otherwise, solution conditions were as described in Fig. 3.
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Fig. 8.

The variation with concentration of nitrite of the generation of NO measured by membrane
inlet mass spectrometry. Sodium nitrite was added at time zero to achieve the final
concentrations indicated. Solutions also contained 14 uM deoxy-Hb(Fe!"). Solution conditions
were as described in Fig. 3 except pH was 6.7 at 25° C and 2 mM
diethylenetriaminepentaacetate was used as chelator.
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