
the Free State, Bloemfontein, South Africa. 
6University of Alabama, Birmingham, Alabama, 
USA. 7Medical College of Wisconsin, Milwaukee, 
Wisconsin, USA. 8University of Pittsburgh 
Medical Center, Pittsburgh, Pennsylvania, USA.
e-mail: shapiro@wfu.edu, nhogg@mcw.edu or 
gladwinmt@upmc.edu

1.	 Basu, S. et al. Nat. Chem. Biol. 3, 785–794 (2007). 
2.	 Dejam, A. et al. Circulation 116, 1821–1831 (2007). 
3.	 Cosby, K. et al. Nat. Med. 9, 1498–1505 (2003). 
4.	 Kozlov, A.V. et al. Antioxid. Redox Signal. 7, 515–521 

(2005). 
5. 	 Tsuchiya, K. et al. Am. J. Physiol. Heart Circ. Physiol. 

288, H2163–H2170 (2005). 
6.	 Tsuchiya, K. et al. J. Pharmacol. Sci. 96, 395–400 

(2004). 
7.	 Hunter, C.J. et al. Nat. Med. 10, 1122–1127 (2004). 
8.	 Webb, A. et al. Proc. Natl. Acad. Sci. USA 101, 13683–

13688 (2004). 
9.	 Maher, A.R. et al. Circulation 117, 670–677 (2008). 
10.	Webb, A.J. et al. Hypertension 51, 784–790 (2008). 
11.	Larsen, F.J., Ekblom, B., Sahlin, K., Lundberg, J.O. 

& Weitzberg, E. N. Engl. J. Med. 355, 2792–2793 
(2006). 

12.	Yi, J., Safo, M.K. & Richter-Addo, G.B. Biochemistry 47, 
8247–8249 (2008). 

complexity is related to the predominance 
and properties of the O-nitrito species.

COMPETING INTERESTS STATEMENT
The authors declare competing financial 
interests: details accompany the full-text HTML 
version of the paper at http://www.nature.com/
naturechemicalbiology/.

Bradley I. Goetz1, Pamela Wang1,  
Howard W. Shields1,  Swati Basu1,  
Rozalina Grubina2,3, Jinming Huang1,  
Jeanet Conradie4,5, Zhi Huang2, Anne Jeffers1, 
Alice Jiang1, Xiaojun He1, Ivan Azarov1,  
Ryan Seibert1, Atul Mehta1, Rakesh Patel6,  
S. Bruce King1, Abhik Ghosh4, Neil Hogg7,  
Mark T. Gladwin8 & Daniel B. Kim-Shapiro1

1Wake Forest University, Winston-Salem, North 
Carolina, USA. 2National Heart Lung and Blood 
Institute, Bethesda, Maryland, USA. 3Howard 
Hughes Medical Institute, NIH Research Scholars 
Program, Bethesda, Maryland, USA. 4University 
of Tromsø, Tromsø, Norway. 5University of 

Bradley I. Goetz et al. reply:
We recently proposed that nitrite-mediated 
vasodilation involves a reaction between 
NO and nitrite-bound methemoglobin, 
Hb(Fe(iii))-NO2

–, to form N2O3, thus facili-
tating export of NO activity from the red 
blood cell1.

Schwab et al. challenge our recent work 
by suggesting that the nitrite binding affin-
ity to methemoglobin is very low and that 
nitrite is not a physiological vasodilator. 
We maintain that (i) numerous studies 
now confirm that dietary, physiological and 
pharmacological levels of nitrite vasodilate 
and mediate hypoxic NO signaling2–11 and 
(ii) the binding of nitrite to methemoglo-
bin is complex and includes an O-bound 
nitrito species that has NO2 radical char-
acter, and the affinity is high under certain 
conditions. This hypothesis was proposed 
based on a number of experimental obser-
vations, including rapid reductive nitrosy-
lation, gas-phase N2O3 formation, density 
functional theory (DFT)calculations and 
evidence of an unusual electronic configu-
ration of nitrite bound to methemoglobin 
measured by EPR spectroscopy. The forma-
tion of an O-bound nitrito species has now 
been independently confirmed by other 
groups using DFT calculations and X-ray 
crystallography12.

Schwab et al. challenge our proposed 
mechanism based on their calculation of a 
lower affinity of nitrite for methemoglobin. 
We propose that the difference between our 
results and theirs is due to experimental 
conditions used. Support for a low dissocia-
tion constant and the effects of experimen-
tal conditions is given in Figure 1, which 
provides evidence for complex behavior 
of the nitrite-methemoglobin interaction 
where both pH and other buffer conditions 
modulate affinity. Schwab et al. argue that 
our error in determining the dissociation 
constant was due to a failure to observe a 
low-spin nitrite-bound methemoglobin EPR 
signal. However, this does not affect our cal-
culation of the dissociation constant, as we 
measured the disappearance of the high-
spin methemoglobin signal as an indicator 
of the formation of nitrite–methemoglobin. 
We have found that at least part of the rea-
son that we did not observe the low-spin 
nitrite–methemoglobin signal is due to 
unexpected saturation of the low-spin signal 
when using phosphate buffer and scanning 
at 5 K (rather than 77 K using HEPES buffer, 
as used by Schwab et al.).

The nitrite reaction with methemoglobin 
is clearly more complex than suggested by 
Schwab et al., and we hypothesize that this 
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Figure 1 EPR of 
methemoglobin–nitrite 
under different conditions. 
(a) pH dependence. 
Methemoglobin (MetHb; 
50 µM) was prepared in 
0.05 M HEPES buffer at 
various pH, and 2.5 mM 
nitrite was added. Spectra 
before (black) and after 
(blue) nitrite addition 
are shown. Blue arrows 
indicate the height of the 
g = 6 peak for the MetHb 
samples after nitrite 
addition. Parameters used 
for the spectroscopy were as 
described previously1. The 
degree of disappearance 
of the low-field EPR signal 
corresponding to high-
spin MetHb after nitrite 
addition is greatest at pH 
6 and not detectable at 
pH 9. There is very little 
change in the spectrum at 
pH 9, which confirms the 
pH dependence of nitrite 
binding. Notably, the EPR 
signal nearly completely 
disappears at pH 6 after 
nitrite addition. If the 
dissociation constant were 
1.8 mM, as suggested by 
Schwab et al., then one 
would expect there to still 
be 21 µM (slightly less than half the original concentration) after nitrite addition, which clearly is not 
the case here. (b) Buffer dependence. Nitrite (10 mM) was added to MetHb prepared in either 0.05 M 
HEPES (initial MetHb = 39 µM) buffer or phosphate-buffered saline (initial MetHb = 39 µM) at pH 7.4. 
The high-spin MetHb signal appears to be substantially more sensitive to nitrite addition in PBS than 
in HEPES buffer (peak heights for the g = 6 signals are indicated next to the ordinate axis). The inset 
shows the high-field region where 5 mM nitrite was added to 50 µM MetHb in the two buffers (HEPES 
and phosphate). The shape of the low-spin nitrite-bound hemoglobin signal is different in HEPES than 
in 0.05 M phosphate buffer, particularly around 2,200 G.
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