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Since it was found that vitamin,B, aquocobalamin, can be used
to reverse several biological effects caused by nitric oxide {NO)
considerable attention has been given by chemists to the interactions
of cobalamin, Cbl, species with NOAn early explanation of these
effects was attributé@ 9 to the formation of nitrosylcob(lll)ala-
min, Cbl(ll1)—NO. However, there is no convincing chemical
evidence for this species in aqueous solution. Recent kinetic studies
based on stopped-flow UMvis absorption showed that the spectral
shifts observed with Cbl(lll) and NO in aqueous solution are due
to nitrite impurities, and it was concluded that Cbl(Ill) does not
bind NO22Conversely, the U¥-vis spectral evidence did indicate 0 . . . =
NO binding with vitamin B,,, Cbl(ll),2 and we provided convincing 300 400 500 600
evidence of a CoNO bond based on a Raman vibrational band wavelength/nm
shift upon isotopi¢>NO substitutior?® The kinetics and mechanism  Figure 1. UV —vis spectra of the reaction of NO with GEbl(lll) in pH

of this reversible NO binding reaction: 7 buffer solution in a 2-mm cuvette. Chl concentration is<41074 M,
GSH concentration is 4 10-3 M. The amount of NO is gradually increased

Cbl(ll) L NO= CbI(II)—NO - Cbl(lll) ~NO~ (1) from a to h. Arrows show the direction of absorbance change.

absorbance

have been further investigated by laser flash photolysis and stopped- We first verified the formation of the GSCbl(I1l) complex by

flow techniqueg¢ Since in both of the latter two studies, a formation UV —Vis spectrophotometry. GECbl(lll) forms on adding GSH

constant of the order of #0M~1 was measured for reaction?c to Cbl(lll) in pH 7 buffer solution. Stoichiometric studiehave

it is reasonable to suggest that the Cbl(Il) species plays the keyshown that a one-to-one complex forms:

role in the biological effects of NO involving exogenous cobalamin.

On the other hand, most of these biological effects were initiated H,O—Cbl" + GSH= GS-Cbl + H,0" 2

by adding Cbl(Ill) to the biological system under stuidlg.would

appear that there are chemical processes whereby Cbl(lll) can beFigure 1 illustrates the change in absorbance spectra as NO is

utilized in a manner similar to Cbl(ll) for binding NO in biological ~ gradually added to the GSCbl(lll) system in a pH 7 phosphate

systems. buffer solution. A color change from violet to brown is observed,
In fact, the NADH or NADPH-linked Cbl(Ill) reductases could ~ and finally the spectrum changes in the presence of excess NO to

catalyze the reduction of Cbl(lll) to Cbl(If.However, these thatof Chl(Ill)=NO~ with absorption peaks at 257, 277, 288, 325,

reductases have been located in microsomes and in the innerand 487 nnt. Five isosbestic points, at 274, 308, 363, 389, 516

mitochondrial membrane in mammalian and human tissues and maynm, are observed for the reaction, indicating that only two absorbing

not be available at the sites of biological NO production. On the Species are involved in the conversion of -@bl(lll) into Cbl-

other hand, glutathione, GSH, is a major intracellular reducing agent (Il) =NO~. At pH 4, the isosbestic points are even sharper and

present in almost all biological tissues. In fact, glutathionylcob- easier to obtain; however, at pH 10 they can no longer be observed,

(Ilalamin, GS-CbI(ll), has been considered to be the substrate indicating that more than two species are involved in the reaction

for Cbl(Ill) reductase2and it is likely that GS-CbI(lll) is one of at higher pH.

the major forms of vitamin B in mammalian cell$? Indeed, this It has been reportédhat in alkaline media, thiolates can reduce

species appears to be the natural precursor of the cobalaminChl from Cd'" to Cd through reaction 3:

coenzymesP# Very recent reports show that GEDbI(lll) has a

unique stability in comparison with other thiolatocobalanfins. RS + RS—-Cbl(lll) = Cbl(l) + RS—-SR 3)

Considering that GSH is present in most biological tissues at higher ) )

concentrations (38 mM) & than that of Cbl and that it has a high ~ Since the f, value _for GSH is apout 9.2, Cbl(l) formation cou_ld

binding affinity for CbI(I1l), 527it may well be a reservoir for Cbl- be the reason the isosbestic points are no longer obs_erved in pH

(Ill) in biological systems. All of the above evidence suggests that 10 buffer. Eventually, Cbl(II)-NO™ would be formed since we

GS—Cbl(lll) is an important intermediate for biological processes find that Cbl(l) can be oxidized by NO to Cbl(ll) which goes to

involving vitamin By, species. These considerations led us to study CPI(1) ~NO™ in excess NO.Thus, with excess NO all the final

the reaction of NO with GSCbI(lII). product of cobalamin is CbI(IIyNO". ) o
GS—Cbl(lll) has been reported to have unique stability in
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3 31214 experiment" where the inhibitory effect of Chl was observed in
® 0254 R e T isolated guinea-pig basilar arteries on the vasodilatations induced
0.26. NO ConcerrationtnM by NO. Our results show that Cbl(lll) in the presence of GSH would
' have the same general ability as Cbl(ll) to reverse the biological
027 . . . . | effects caused by NO. However, the above rate constant shows
0.0 0.5 1.0 1.5 2.0 2.5 that the process is relatively slow in comparison with the direct
Time(s) binding of Cbl(Il) with NO, which was found to be nearly diffusion-
Figure 2. Time course for the reaction of 0.1 mM aquocobalamin plus controlled?°
0.5 mM glutathione with saturated NO (1.82 mM) in pH 7 buffer solution. In pre|iminary in vitro experiments on the effect of added Cbl

The dotted lines represent the experimental data, measured at 560 nm in

2-mm cuvette, and the full lines correspond to the fit to the data. n the NO-induced relaxation of the rabbit aorta fing, we found

relaxation of the aorta ring was inhibited by both Cbl(IIl) and Chl-
constant for reaction 2 is 1.% 0.3 x 106 M1 at 25°C in pH (Il) but with a faster response time for Cbl(ll), Figure S3
5.552 Furthermore, we have shovihthat the binding constant of ~ (Supporting Information). This is consistent with a slower process
NO with Cbl(ll) is as high as 1.6 0.5 x 108 M~. On the basis  for Cbl(lll) to Cbi(ll) conversion.
of the above considerations, we propose a radical substitution Acknowledgment. This research was supported by the NIH/
reaction: NIGMS/SCORE Grant GM08168 and The City University of New
York PSC-BHE Research Award Grant 61351-00 30. We thank
GS-Cbl(lll) + NO—CbI(ll)—-NO" + GS  (4) Peter Cherry for help in making the aortic force measurements and

hich Id yield Cbi(Il}-NO- b ety of ligand substituti J. M. Pratt for helpful discussions.
which could yie ~ by a variety of ligand substitution . .
mechanisms, that is, (i) dissociative (D) to form Cbl(Il) andsGS Note Added after ASAP.There were errors in the version posted

followed by NO complexation of Chi(ll), (ii) an associative (A) ASAP 7/16/2002. The corrected version was posted 7/17/2002.

path to form an intermediate with an increased coordination number, ~ Supporting Information Available: UV —vis spectra of the forma-

or (iii) an interchange reaction | which forms a transition state in tion of GS-Cbl(lll) and its reaction with NO at pH 4 (Figure S1) and
which NO attacks GSCo(lll) in an associative § or dissociative &t pH 10 (Figure S2), dynamics of aorta ring relaxation (Figure S3),
(I manner Snitrosoglutathione is not a stable intermediate since PSeudo-first-order rate constant as a function of pH (Figure S4),
its absorbance would interfere with the observed isosbestic points. calculation oftyz, and experimental details (PDF). This material is
Our attempts to verify thiyl radical formation with ESR spectros- available free of charge via the Internet at http://pubs.acs.org.
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