JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Inactivation of Nitroalkane Oxidase upon Mutation of the
Active Site Base and Rescue with a Deprotonated Substrate
Michael P. Valley, and Paul F. Fitzpatrick

J. Am. Chem. Soc., 2003, 125 (29), 8738-8739+ DOI: 10.1021/ja036045s * Publication Date (Web): 25 June 2003
Downloaded from http://pubs.acs.org on March 29, 2009

j@ L‘/NH - ﬁ(i(nu
7,,06“3(: c 7,0H

Asp402 Asp402
’N@ i o \(%
e® © o

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 4 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja036045s

JIAIC[S

COMMUNICATIONS

Published on Web 06/25/2003

Inactivation of Nitroalkane Oxidase upon Mutation of the Active Site Base and
Rescue with a Deprotonated Substrate

Michael P. Valley" and Paul F. Fitzpatrick* "+

Department of Biochemistry and Biophysics and Department of Chemistry, Texas A&Mr&ity,
College Station, Texas 77843-2128

Received May 9, 2003; E-mail: fitzpat@tamu.edu

Nitroalkane oxidase (NAO) catalyzes the oxidation of nitro- 10
alkanes to the respective aldehydes or ketones with consumption
of molecular oxygen and release of nitrite and hydrogen perdxide.
This flavoenzyme is unique in its ability to oxidize neutral
nitroalkanes. In the mechanism proposed for NAO (Schente 1),
catalysis is initiated by an active site base that deprotonates the
neutral nitroalkane substrate to yield a carbanion that can attack
the N-5 position of the oxidized flavin. In the absence of a crystal
structure, the identity of the catalytic base has been inferred to be
Asp402 by comparison of the primary structure of NAO with the
homologous acyl-CoA dehydrogenase (ACAD) family of flavo-
enzymes.When this aspartate is mutated to glutamate, the rate of

CH bond cleavage decreases—B®-fold, consistent with the - 1 TheVIK val f the wild-type, DAOZE, and DA02N
L . igure 1. e values of the wild-type, ,an enzymes
proposed role of Asp402The objective of the present study is to with neutral nitroethane or the nitroethane anion as substrate in 500 mM

more definitively assign the role of Asp402 as the_ catalytic base. Hgpgs, pH 8.0 at 36C.
Although NAO has evolved to turnover neutral nitroalkanes, the _ ) _
nitroalkane anion is a necessary catalytic intermediate. For mostScheme 1. Mechanism of Nitroalkane Oxidase
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enzymatic reactions, rapid equilibration or nonphysiologidal p R "RC\'
values preclude using both the protonated and the deprotonated N /NYO N /NYO
forms of a substrate over a range of pH values. However, unlike )@iN/L‘/NH —— jiINdv\(NH
typical carbon acids that form unstable carbanions, nitroalkanes can ,—~ © o Y o
delocalize the negative charge into the nitro group to form a stable o © H \fOH H3C—(2—H
nitronate? This results in significantly lower i values (e.g., the }’0 Hsc—fli)—H Aspdo2 Ne)

pK of nitroethane is 8.5) and very slow rates of proton tranfsfer. Asp402 O,N\% eo/ Yo
Thus, within the time required to measure the initial rates of ©

enzymatic turnover under steady-state conditions, both protonated l

and deprotonated nitroalkanes can be characterized as substrates.
This provides a unique opportunity to probe the role of a putative R o ©on R 5
catalytic base by using the preformed anion to rescue a mutant N_N_o N_N_o
enzyme in which that active site residue has been altered. jij[ ]l;(\,]:, 7—% j@ﬁ(\fﬂ
Accordingly, to determine if Asp402 is the active site base, this N o o T o
residue was replaced with Asn or Ala by site-directed mutagenesis, 0=
and the mutant enzymes were expressed and pufifisdaddition, s O/N\%
the effects of replacing Asp402 with glutamate have recently been @

characterized.CH bond cleavage is rate-limiting for the reduction
of NAO by nitroethane, as was demonstrated by the observed

deuterium isotope effect on theK value for this substrate being  c4taivtic activities of the mutant enzymes are substantially greater
equal to the intrinsic isotope effett.Consequently, the ability of yith the deprotonated substrate than with neutral nitroethane. Thus,

the mutant enzymes to abstract a proton from the substrate wasp, gnzymes in which Asp402 has been mutated, significant activity
evaluated by comparing theifK values to that of the wild-type 5 yecovered if the substrate anion is preformed in solution,

enzyme (Figure 1j.At pH 8 in 500 mM HEPES, the addition of  ¢qsistent with the role of this residue being the formation of the
an extra methylene group in the D402E enzyme decreas&8khe  ,nion in the active sité
value about 2p-fo|d with th.e neutral substrate. Replacing the  Tnhev/K values of the wild-type and mutant enzymes with each
carboxylate with an amide in the D402N enzyme has a more gpstrate were also measured as a function of pH. With neutral
dramatic effect, decreasing théK value for neutral nitroethane at nitroethane as substrate, tié< values of the wild-type enzyme
least 140-fold® Taking advantage of the stability of deprotonated ;-rease as the pH increases withkayalue of 7.4+ 0.2 (Figure
nitroalkanes, we also examined the nitroethane anion as a substratgA).lg This pH dependence is reversed with the nitroethane anion
for the wild-type and mutant enzymes. TW& value of the wild- as substrate, such that t& values increase as the pH decreases,
* Department of Biochemistry and Biophysics. yet the same I§ value is observed (7..&. 0.1) (Flgure 2B). The
* Department of Chemistry. V/K values of the D402E enzyme exhibit a similar pH dependence,

CH  No; HsC—C—H
CH

type enzyme with the nitroethane anion is about 5-fold lower than
the V/K value with neutral nitroethane (Figure )in contrast, the
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T T T T quently, the D402E mutation is only inhibitory when proton
abstraction is required; when this step is circumvented by using
the nitroethane anion, the Asp to Glu mutation has almost no effect.

In conclusion, the results of this study are consistent with a
primary role for Asp402 as the catalytic base in the mechanism of
nitroalkane oxidase. The rare ability to generate a stable catalytic
intermediate by preforming the nitroethane anion has allowed us
to demonstrate that deprotonation of the neutral substrate is (i) an
early, and likely the initial, step in catalysis, and (ii) the main
10 . L . . function of Asp402 because bypassing this step rescues inactive
6 7 pH 8 9 enzymes in which this residue has been mutated.
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Figure 2. pH profiles of theV/K values of the wild-type, D402E, D402N, enzymes. Because most of the characteristics of the D402A enzyme were

and D402A enzymes with either (A) neutral nitroethane or the (B) sm|1||Iar tofthoshe °|f the D4(|)2N enzyme, a minimal amount of data was
itroethane anion at 3tC. collected c_)r; is less stable variant.
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(9) All assays were conducted and all data were fit as previously deséribed.
t (10) A VIK value for the D402A enzyme was not determined under these
conditions, but at pH 8 in 50 mM HEPES, thé& values for the D402A
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with a plateau at high pH for neutral nitroethane and a plateau a

low pH for the nitroethane anion. The&kpvalues for the D402E and D402N enzymes with the neutral substrate are identical (020
enzyme are 6.9t 0.1 and 7.4+ 0.2 for the protonated and 0.002 and 0.017 0.003 mM™ s°%, respectively).

. .., (11) The nitroethane anion was generated by mixing concentrated neutral
deprotonated substrates, respectively, analogous to those of wild- nitroethane with a 2-fold excess of potassium hydroxide and incubating
type NAO. The fact that the pH dependence of Wik values for overnight.

. . . (12) It is possible that the D402N and D402A enzymes are much less active
each substrate is reversed, along with the presence of only a single with the neutral substrate than indicated in that the measured activity may

plateau in each case, is consistent with a carboxylate residue in the actually be due to the oxidation of a small amount of the nitroethane anion
generated in situ. The measured rates of these enzymes with neutral

active site that must be C_harged to ‘_"‘bs_traCt aproton from the neutral nitroethane are comparable to the buffer-catalyzed nonenzymatic rate of
substrate or neutral to bind the anionic substrate without charge nltrdotehthane d%protonatlpnulﬂra(soq mel:hEPDEfz) g,t\lpH 8 (data_t?lot ShtOV\Im),
; . and there is a decrease in value of the enzyme with neutral
charge repulsion. In contrast, in both the_ D402N and the D402A nitroethane upon decreasing the buffer concentration from 500 to 50 mM
enzymes, where the carboxylate at 402 is absentVtkevalues HEPES (0.06+ 0.01 to 0.020+ 0.002 mM* s7%). No changes in the

with the nitroethane anion are pH independent. Therefore, khe p \c’é'ﬁci?#‘riﬁo%f rtgﬁg‘g_"d type and D402E enzymes are observed in this

value of ~7 observed in this and other studies of NAO can be (13) [N-Morpholino]-ethanesulfonic acid (MES) was used for pH5, N-[2-

; ; hydroxyethyl]piperazinéN'-[2-ethanesulfonic acid] (HEPES) for pH
assigned to Asp402. Furthermore, although the D402E enzyme is 7—8.1, andN-trislhydroxymethyllmethyl-3-aminopropanesulfonic acid

20-fold less active toward neutral nitroethane at high pH, there is (TAPS) for pH 7.9-9. In all cases, the concentration of the buffer was
only a 2-fold difference in the//K values of the wild-type and 500 mM to neutralize the hydroxide used to form the anion.
D402E enzymes toward the nitroethane anion at low pH. Conse- JA036045S
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