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b
D-Amino acid oxidase catalyzes the oxidation m&mino ( o x j@ |
acids to their respective imino acids by transfer of a hydride R2 co® N
equivalent to the tightly bound FAD (reductive half-reaction) _l,:@ )
and subsequent transfer of electrons to molecular oxygen to form J RT-802
. . . . . a NH3

hydrogen peroxide (oxidative half-reaction). The chemical l

mechanism of the reductive half-reaction has been proposed to R R o

N N._O

involve the initial formation of a carbanion by abstraction of
the a-proton from the amino acid (Scheme1)The carbanion

would then attack the N(5) of FAD to form a covalent adduct, H g
which subsequently decays to form the reduced flavin and imino HoN coP o
acid>2 While formation of the carbanion is supported by several Bi\_/*@ Ry coz
studies’™ the mechanism of the subsequent electron transfer NHED

to the enzyme-flavin has been much less amenable to experi-

mental examination.
The reaction of nitroalkane anions withamino acid oxidase

The VIK, values for the anions of nitroethane and 1-nitro-
propane as substrates f@amino acid oxidase were determined

has been considered a model for the proposed carbanior@Ver the pH range 6111112 The effects of pH on th&/K,

mechanism withp-amino acids-5>6 Several authors have

values are shown in Figure 1. For nitroethane anion, the data

pointed out that an alternative mechanism to direct nucleophilic indicate that a group with an apparer;pvalue of 6.8+ 0.1
attack of the carbanion on the flavin is one involving a radical Must be unprotonated and a group with an apparkatvplue

intermediate, as shown in path b of Schem& 48 Indeed,

of 9.9 + 0.1 must be protonated for activity. For 1-nitropro-

Novak and Bruice concluded from model studies that flavins Pane anion, a group with an apparei,walue of 6.9+ 0.1

oxidize carbanions via such a radical mechar&f.The

must be unprotonated and a group with an appargtvplue

reaction of glucose oxidase with nitroalkane anions has been©f 9.6 + 0.1 must be protonated for activity. Th&pvalues

shown to involve a radical intermediatéowever, the reaction

obtained with these two nitroalkane anions are not significantly

of this enzyme with its normal substrates is not likely to proceed different.

via a carbanioR® While it has not been possible to analyze

Secondary deuterium kinetic isotope effects were then

directly the reaction of an amino acid carbanion with the flavin detérmined with nitroethane anion as a substrate>famino

in D-amino acid oxidase because carbtiydrogen bond
cleavage is much more rapid than the subsequent $ties,

acid oxidasé3 At pH 8.5, the pH optimum, thePV/Kpeavalue
was 0.864 0.05. At pH 6 and 11, th&PV/K,e, values were

reaction with nitroalkanes begins with the preformed carbanion. 0-82+ 0.09 and 0.85+ 0.12, respectively. These values are
We have measured secondary kinetic isotope effects for the€ssentially identical, giving an average secondary isotope effect

reaction of nitroalkane anions withamino acid oxidase in order

to distinguish between direct nucleophilic attack and a radical

mechanism.
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2Hg]nitroethane. ThéH NMR of the product showed 96% o-deuteration.
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25—+ F+— T The pH dependence of the reactionoeémino acid oxidase
with nitroalkanes can be compared with results obtained with
1 inhibitors and amino acid substrates. TH&/K values for
nitroethane anion are pH independent. This indicates that there
j is no external commitment with this substrate; that is, the
isotope-sensitive chemical step is much slower than binding
steps. Therefore, thekp values of 6.8-6.9 and 9.6-9.9 are
likely to be the intrinsic value¥® There are two previously
L determined K, values which could correspond to the lower
05 6 8 10 value determined here. An ionizable group withk, palue
pH of 6.3—6.6 must be unprotonated for binding of the competitive
inhibitor benzoaté?® The value of 6.8-6.9 determined here is
sufficiently close to the previously measured value to suggest
that they are due to the same residue. An alternative possibility
is the ionization observed when glycine is a substtat®Vith
this substrate, CH bond cleavage is reversible, so that the pH
dependence of subsequent steps in catalysis is seen in pH
sp® rehybridization in the transition state for the reaction of profiles. Since the reaction with nitroalkane anions only
nitroethane anion witi>-amino acid oxidas& The structure  involves steps subsequent to CH bond cleavage, it is reasonable
of a nitroalkane anion in solution is knowh{the a-carbon is that the rate is affected by the same ionization. Denu and
Fitzpatrick were unable to assign a specifi€;value to this
ey ionization because of the kinetic complexity of the reaction with
3=N, glycineZ® a value of 6.9 would be consistent with the earlier
R results. The second value of 9.6-9.9 reported here agrees
well with the value of 9.6 determined for the 3-imino position
of the enzyme-bound flavin in-amino acid oxidas&® It is
sp-hybridized!5 Consistent with such a structure, the depro- chemically reasonable that reaction of a nitroalkane anion with
tonation of nitroethane to form the carbanion shows a secondarythe FAD would require that the flavin be in the neutral rather
deuterium kinetic isotope effect of 1.1§',lvery close to the than the ionic form, so this ionization can be assigned to the
inverse of the value reported here. In contrast, formation of a flavin.
radical from the carbanion would be expected to generate a small Cleavage of the CH bond of an amino acid substrate by
and normal secondary kinetic isotope efféet Thus, patha,  D-amino acid oxidase requires that a group withka palue of
but not path b, of Scheme 1 is fully consistent with the inverse 8.8 be unprotonated and a group with ,value of 10.7 be
isotope reported here, and the oxidation of nitroalkane anions protonated® There is no evidence in Figure 1 for a group with
by p-amino acid oxidase proceeds by a direct attack of the a pKavalue of 8.8. This is the expected result if thisvalue
carbanion on the N(5) position of the flavih. This strongly is due to the amino acid residue which acts as a base to remove
suggests that the reaction of the amino acid carbanion with thethe a-proton of the amino acid substrate, as previously sug-
flavin similarly involves a direct nucleophilic attack rather than gestec?® The involvement of a group with aq value of 10.7
two single electron transfers. would not be detectable from the data shown in Figure 1 because
of the decrease in activity above pH 10. Thus, the pH
dependency of the reaction with nitroalkanes is consistent with

log VIK,, Mls?!
P

Figure 1. pH dependence of thé/K values for nitroalkane anions as
substrates fob-amino acid oxidase at 25C: (@) nitroethane anion;
(O) 1-nitropropane anion. The lines are fits of the data to MK} =
log [C/(1 + Ko/H + H/Ky)].
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