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Introduction

Phenylacetaldoxime dehydratase from Bacillus sp. strain OxB-1
(OxdB) catalyzes the dehydration reaction of Z-phenylacetal-
doxime (PAOx) to form phenylacetonitrile (PAN) (Scheme 1),

which is involved in the nitrile metabolism pathway in this
bacterium.[1,2] This enzyme is an example of a heme protein
that physiologically catalyzes the dehydration reaction. Al-
though the redox chemistry of the heme is usually adapted for
the catalysis by heme enzymes, this is not the case for OxdB.
The primary role of the heme in OxdB is to tether the substrate
with the proper configuration for catalysis.[3]

Mansuy and his colleagues have proposed a reaction mecha-
nism for the dehydration of aldoxime catalyzed by iron por-
phyrins[4] or cytochrome P450.[5] In their proposed mechanism,
aldoxime binds to the ferrous heme iron atom through the ni-
trogen atom of aldoxime at first, and then a water molecule is
eliminated from the heme-bound substrate by acid–base catal-
ysis. Aldoxime dehydratase, which physiologically catalyzes the
dehydration of aldoxime, also adopts the above mechanism.[3,6]

We have reported that the ferrous heme in OxdB binds PAOx
through coordination of its nitrogen atom.[3] In the case of al-
doxime dehydratase, a histidine residue acts as a catalytic resi-

due in the distal heme pocket.[3,6] Recently, resonance Raman
spectroscopy has revealed a reaction intermediate containing
a Fe4+=N�R moiety with a double bond between the iron
atom and the nitrogen atom of aldoxime in OxdA, an aldoxime
dehydratase from Pseudomonas chlororaphis B23;[7] this is also
a postulated intermediate in the mechanism of Mansuy and
co-workers.
Site-directed mutagenesis has revealed that His299 is the

proximal ligand of the heme in OxdA.[6] H299A OxdA loses the
heme, which results in the loss of the enzymatic activity.[6]

While these results indicate that the proximal His is important
to tether the heme in aldoxime dehydratase, it is not obvious
whether this residue plays a further role for the regulation of
the enzymatic activity. Simple site-directed mutagenesis on the
proximal His is not very useful to answer this question. A
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Phenylacetaldoxime dehydratase from Bacillus sp. OxB-1 (OxdB)
contains a heme that acts as the active site for the dehydration
reaction of aldoxime. Ferrous heme is the active form, in which
the heme is five coordinate with His282 as a proximal ligand. In
this work, we evaluated the functional role of the proximal
ligand for the catalytic properties of the enzyme by “the cavity
mutant technique”. The H282G mutant of OxdB lost enzymatic
activity, although the heme, which was five coordinate with a
water molecule (or OH�) as an axial ligand, existed in the protein
matrix. The enzymatic activity was rescued by imidazole or pyri-

dine derivatives that acted as the exogenous proximal ligand. By
changing the electron-donation ability of the exogenous ligand
with different substituents, the enzymatic activity could be regu-
lated systematically. The stronger the electron-donation ability of
the exogenous ligand, the higher was the restored enzymatic ac-
tivity. Interestingly, H282G OxdB with 2-methyl imidazole showed
a higher activity than the wild-type enzyme. Kinetic analyses re-
vealed that the proximal His regulated not only the affinity of
substrate binding to the heme but also the elimination of the OH
group from the substrate.

Scheme 1. The dehydration reaction of PAOx catalyzed by OxdB.
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heme is easily lost by the mutation of the proximal ligand, as
shown in H299A OxdA. Even if an amino acid such as Cys or
Tyr is introduced as a possible proximal ligand instead of His,
Cys or Tyr will hardly coordinate to a ferrous heme in the
mutant protein.
A way to answer the above question would be “the cavity

mutant technique”.[8, 9] This technique is a unique method to
elucidate the functional roles of the proximal ligand, in which
the proximal ligand is mutated to Gly to make a cavity accom-
modating an external ligand in the proximal heme pocket. The
heme is reconstituted in the heme pocket of a cavity mutant
by introducing an external ligand that can substitute for the
endogenous proximal ligand. Imidazole (Im) and its derivatives
are usually used to substitute for His. This technique was ap-
plied to myoglobin (Mb) at first and was then extended to
heme oxygenase (HO), cytochrome c peroxidase (CCP), and
horseradish peroxidase (HRP) to elucidate the roles of the
proximal His in these proteins.[8–23] It allows the study of the
functional effects of the different electronic properties of the
proximal heme ligand by changing a substituent of the exoge-
nous ligand.
In this paper, we report the application of the cavity mutant

technique to OxdB to elucidate the functional role of the proxi-
mal His for the catalysis of the dehydration of aldoxime. We
have characterized the biochemical and biophysical properties
of the cavity mutant of OxdB with and without various exoge-
nous ligands. The enzymatic activity of the cavity mutant of
OxdB could be systematically regulated by changing the elec-
tron-donation ability of the external ligand. We discuss the
electronic effects of the proximal ligand on the basis of the
ACHTUNGTRENNUNGkinetic analyses.

Results and Discussion

In this work, the cavity mutant of OxdB (H282G OxdB), in
which the proximal histidine of the heme (His282) is replaced
by Gly, was prepared to elucidate the functional role of the
proximal ligand for the enzymatic properties of OxdB. When
the proximal ligand of a heme protein is mutated to Gly, the
expressed mutant (the cavity mutant) generally loses the heme
to be expressed as the apo form. In some cases, however, the
heme can be reconstituted in the apoprotein in vitro by
adding imidazole or imidazole derivatives.[12] In the case of Mb,
a holo form of the cavity mutant (H93G Mb) can also be ob-
tained in vivo when H93G Mb is expressed and purified in the
presence of Im.[8,9]

H282G OxdB was obtained as a mixture of the apo and holo
forms when it was expressed, even in the absence of Im. The
content of the holo form increased when the recombinant Es-
cherichia coli cells were grown in the presence of Im (data not
shown). Once a heme was introduced into H282G OxdB, it was
not released from the protein matrix, even though Im was re-
leased from the protein during purification in the absence of
Im (see below). This property of H282G OxdB is different from
that of H93G Mb, in which the heme reconstituted in the pres-
ence of Im is released from the protein by decreasing the con-
centration of Im. These results suggest that the flexibility of

the heme pocket is different between H282G OxdB and H93G
Mb.
OxdB shows 32–33% identity and 50–53% similarity of the

amino acid sequence when compared with OxdA and other
Oxds.[24,25] Although the homology is relatively high, the prop-
erties of the proximal histidine mutants are different between
OxdA and OxdB. While the heme is completely lost in OxdA
upon the mutation of the proximal histidine,[6] the heme is re-
tained in H282G OxdB. These results suggest that the heme
environmental structure and/or the flexibility of the heme
pocket are different between OxdA and OxdB. However, the
molecular structures of OxdA and OxdB, which are not avail-
able yet, are required to discuss these points in detail.
H282G OxdB showed a Soret band at 402 nm and peaks at

490, 537, and 601 nm in the Q-band region (pH 7.0; Figure S1
in the Supporting Information). Ferrous H282G OxdB showed a
Soret band at 425 nm and peaks at 552 and 588 nm in the Q-
band (Figure S1 in the Supporting Information). While these
spectra are quite different from those of wild-type (WT) OxdB,
they are very similar to those of the heme-reconstituted H93G
Mb[17] and heme-bound H25A HO,[18] in which the heme is five
coordinate with a water molecule (or OH�) as the axial ligand.
The coordination structure and the spin state of the heme in

H282G OxdB were studied by resonance Raman spectroscopy.
In the high-frequency region of the resonance Raman spectra,
ferric H282G OxdB showed n2, n3, and n4 bands at 1575, 1490,
and 1373 cm�1, respectively (Figure 1A), which is typical of a

five-coordinate high-spin (5C/HS) heme. Minor bands due to
n2’ and n3’ were observed at 1590 and 1500 cm

�1, respectively,
thereby suggesting the existence of a 5C/HS heme with a dif-
ferent conformation. WT OxdB shows these bands at n2=1563,
n3=1479, and n4=1369 cm

�1, which is typical of a six-coordi-
nate high-spin (6C/HS) heme. These results indicate that ferric
H282G OxdB has a 5C/HS heme, whereas WT OxdB has a 6C/
HS heme. Ferrous H282G OxdB showed these marker bands at
n2=1566, n3=1472, and n4=1358 cm

�1, values which are typi-
cal of a 5C/HS heme (Figure 1B).
Although the Raman band due to the Fe�His stretching

mode is observed at 223 cm�1 in ferrous WT OxdB,[26] the Fe�
His band disappeared in H282G OxdB (Figure 2A). These

Figure 1. Resonance Raman spectra of A) ferric and B) ferrous H282G OxdB.
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ACHTUNGTRENNUNGresults indicate that the heme in ferrous H282G OxdB is five-
coordinate with a water molecule (or OH�) as the axial ligand,
as is the case with H93G Mb and heme-bound H25A HO.
The addition of imidazole to ferrous H282G OxdB resulted in

a shift of the Soret band from 425 nm to 427 nm, which sug-
gests that Im bound to the heme (Figure S2 in the Supporting
Information). The resonance Raman spectra of ferrous H282G
OxdB also changed upon addition of Im (Figure 2). In the low-
frequency region, a signal due to the Fe�Im stretching mode
was observed at 235 cm�1 upon addition of Im to ferrous
H282G OxdB. The appearance of the band at 235 cm�1 clearly
indicates the formation of an Im-bound, five-coordinate heme
upon addition of Im to ferrous H282G OxdB. As described
below, similar five-coordinate hemes were formed upon addi-
tion of imidazole derivatives (Im(X)) or pyridine derivatives
(Py(X)). The frequencies of the Fe–ligand stretching mode are
summarized in Table 1. Although the enzymatic activity was re-
stored by Im(X) or Py(X), as described below, no correlation
was observed between the nFe–ligand frequency and the restored
activity of H282G OxdB.
The intensity of the signal due to the Fe�Im stretching

mode decreased beyond a maximum with increasing [Im]

(Figure 2). These results indicate the formation of a six-coordi-
nate heme with bis-Im binding upon increasing [Im], which
was confirmed by the resonance Raman spectra in the high-
frequency region.
In the high-frequency region, new n2, n3, and n4 bands ap-

peared at 1583, 1495, and 1374 cm�1, respectively, when [Im]
was increased (Figure 3B and C). These bands are typical of a

six-coordinate low-spin (6C/LS) heme. Similar changes on the
resonance Raman spectra were also observed when other Im
derivatives were added. The results can be explained as fol-
lows. When Im is added to ferrous H282G OxdB, an Im replaces
the water coordinated to the heme to form an Im-bound 5C/
HS heme. As [Im] increases, a second Im is coordinated to the
heme to form a bis-Im-bound heme.
The specific activity of ferrous H282G OxdB was 49 s�1 based

on the heme concentration, which was about 2% of the activi-
ty of wild-type OxdB (2.3J
103 s�1[3]). These results indicate
that the proximal histidine plays
a critical role for the dehydration
reaction of aldoxime. The elec-
tronic absorption spectrum of
H282G OxdB was changed upon
addition of PAOx, in that the
Soret peak of ferrous H282G
OxdB shifted from 425 nm to
423 nm; this was accompanied
with a decrease in the peak in-
tensity. These results suggest
that PAOx bound to the heme
even in the absence of the proxi-
mal His. The absence of the
proximal His may cause the loss

Figure 2. Resonance Raman spectra of ferrous H282G OxdB A) in the ab-
sence of Im and in the presence of B) 0.8 mm and C) 80 mm Im, measured in
the low-frequency region.

Table 1. The Raman bands of nFe–ligand and the kinetic parameters of H282G OxdB in the presence of various
exogenous ligands.

pKa Hammett nFe–ligand Km kcat
constant s ACHTUNGTRENNUNG[cm�1] [mm] ACHTUNGTRENNUNG[s�1]

ImACHTUNGTRENNUNG(2Me) 7.92 219 1.10 4.3J103

ImACHTUNGTRENNUNG(4Me) 7.57 220 0.47 2.6J103

Im 7.04 235 0.76 3.8J103

ImACHTUNGTRENNUNG(1Me) 7.02 223 0.78 3.9J103

wild-type 5.97 223 0.70 3.2J103

(histidine)
ImACHTUNGTRENNUNG(1Vi) 5.69 213 2.52 1.9J103

PyACHTUNGTRENNUNG(4OMe) �0.268 198 1.64 9.6J102

PyACHTUNGTRENNUNG(4Me) �0.170 198 0.67 5.4J102

Py 0 211 0.38 3.1J102

PyACHTUNGTRENNUNG(4Cl) 0.227 190 0.46 1.0J102

PyACHTUNGTRENNUNG(4Ac) 0.500 193 0.48 84

Figure 3. Resonance Raman spectra of ferrous H282G OxdB A) in the ab-
sence of Im and in the presence of B) 0.8 mm and C) 80 mm Im, measured in
the high-frequency region.
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of the electronic effect from the proximal ligand and/or a
change in the location of the heme in the protein matrix that
results in the incorrect orientation of the heme-bound PAOx
toward the catalytic residues.
The addition of Im to ferrous H282G OxdB restored the en-

zymatic activity. The activity gradually increased with increas-
ing [Im] and then reached a constant value at high [Im] values
(Figure 4). The restored activity finally reached 3.5J103 s�1,

which was higher than that of ferrous WT OxdB. These results
indicate that the heme–Im complex occupies the same posi-
tion as the heme does in WT OxdB and that PAOx binds to the
distal side of the heme in which the catalytic residues exist.
As the dehydration reaction of aldoxime proceeds through

substrate coordination to the
heme,[3–6] the heme should have
a vacant site to bind the sub-
strate for catalysis. However, a
bis-Im-bound heme was formed
with increased [Im] values, as de-
scribed above. These results sug-
gest that Im may be a competi-
tive inhibitor for PAOx dehydra-
tion with H282G OxdB. If both of
the imidazoles are tightly bound
to the heme even in the pres-
ence of PAOx, enzymatic activity
will not be observed because of
the inability of the substrate to
bind to the heme. However, this
was not the case. Inhibition of
the enzymatic activity by Im was
not observed, as shown in
Figure 4. The activity of H282G OxdB increased with increasing
[Im] values and then reached a constant value. These results
indicate that the second Im bound to the ferrous heme is
easily replaced by PAOx during catalysis and that the Im re-
tained as the axial ligand is located at the proximal position
during catalysis. Imidazole was not a competitive inhibitor
under the experimental conditions.

The activity of H282G OxdB could be systematically regulat-
ed by changing the electron-donation ability of the exogenous
ligand. 2-Methylimidazole (Im ACHTUNGTRENNUNG(2Me)), 4-methylimidazole (Im-
ACHTUNGTRENNUNG(4Me)), imidazole (Im), 1-methylimidazole (Im ACHTUNGTRENNUNG(1Me)), and 1-vi-
nylimidazole (Im ACHTUNGTRENNUNG(1Vi)) were used for the reconstitution of
H282G OxdB; The pKa values of these compounds, which cor-
relate to the electron-donation ability, are 7.92, 7.57, 7.04, 7.02,
and 5.69, respectively. All Im derivatives were effective for the
restoration of the enzymatic activity of ferrous H282G OxdB.
The dependence of the restored activities on the concentra-
tions of the Im derivatives showed saturation curves, as was
observed for Im (Figure S3 in the Supporting Information).
The restored activity of ferrous H282G OxdB finally reached

constant values of 3.6J103, 2.1J103, 3.5J103, 3.4J103, and
1.5J103 s�1 for Im ACHTUNGTRENNUNG(2Me), Im ACHTUNGTRENNUNG(4Me), Im, ImACHTUNGTRENNUNG(1Me), and Im ACHTUNGTRENNUNG(1Vi), re-
spectively (Figure S3 in the Supporting Information). Interest-
ingly, Im ACHTUNGTRENNUNG(2Me), which has the highest pKa value among these
Im derivatives, induced the highest restored enzymatic activity.
These results implied that stronger electron donation of an
exogenous ligand caused higher enzymatic activity of the
cavity mutant.
To discuss in detail the effect of the electron-donation ability

of the exogenous ligand on the enzymatic activity, we did ki-
netic analyses for H282G OxdB/Im(X). The kinetic parameters
were determined to be 0.76 mm and 3.8J103 s�1 for the Mi-
chaelis constant (Km) and the rate constant of catalysis (kcat), re-
spectively, in the case of H282G OxdB/Im. The kinetic parame-
ters for H282G OxdB with other Im derivatives are summarized
in Table 1.
As shown in Figure 5A, a correlation between the kcat and

pKa values of Im(X) in which the kcat value increased along with

the increasing pKa value of Im(X)was observed, except with Im-
ACHTUNGTRENNUNG(4Me). These results suggest that electron donation from an
exogenous ligand accelerates the elimination of the OH group
of PAOx to generate a water molecule. While there was a cor-
relation between the kcat and pKa values, the correlation be-
tween the Km and pKa values was not obvious (Figure 5B). This
might be partly due to a steric effect of the Im(X). In the series

Figure 4. Graph indicating chemical rescue of the enzymatic activity of fer-
rous H282G OxdB with Im.

Figure 5. Dependence of the pKa value on the A) kcat and B) Km values of H282G OxdB/Im(X).
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of the imidazole derivatives used in this study, the substituents
are located at different positions on the imidazole ring. The dif-
ference in the steric interactions among the heme, the imida-
zole derivatives, and the protein matrix might affect the kcat
and Km values of H282G OxdB/Im(X).
In order to avoid the steric effects observed in H282G OxdB/

Im(X) system, we employed 4-substituted pyridine (Py(X)) in-
stead of Im(X) as an exogenous ligand. Thereby, we could eval-
uate the effect of the electron donation from the exogenous
ligand on the enzymatic activity without considering the steric
effects. Pyridine derivatives have another advantage for the
analyses, in that the substituent effects of aromatic com-
pounds can be analyzed by the Hammett rule. We used the
pyridine derivatives 4-methoxypyridine (Py ACHTUNGTRENNUNG(4OMe)), 4-methyl-
pyridine (Py ACHTUNGTRENNUNG(4Me)), pyridine (Py), 4-chloropyridine (Py ACHTUNGTRENNUNG(4Cl)), and
4-acetylpyridine (Py ACHTUNGTRENNUNG(4Ac).
The enzymatic activity of H282G OxdB was also restored by

these pyridine derivatives, although the restored activity was
lower than that of WT OxdB. The kinetic parameters of H282G
OxdB/Py(X) are summarized in Table 1. The more electron-do-
nating ligands showed higher kcat values, which was consistent
with the results with Im derivatives.
The dependence of the kcat value on the Hammett constant

(s) is shown in Figure 6B. The kcat values showed a linear corre-
lation with the Hammett constants. The negative slope of the
correlation plot indicates that electron donation from the
exogenous ligand stabilizes the cationic transient state pro-
posed previously.[4,5] Electron donation from the proximal Py(X)
enhances the electron density of the heme iron to promote p

back donation from the dp orbital of the low-spin Fe2+ in the
heme to the p* orbital of the C=N bond in the PAOx. This p

back-donation effect seems to be predominant for the regula-
tion of the kcat value and to enhance the elimination of the OH
group as a water molecule. These results suggest that elimina-
tion of the OH group from the heme-bound PAOx is the rate-
limiting step.
The dependence of the Km value on the Hammett s is

shown in Figure 6A. Two different linear correlations were ob-
served with negative and positive slopes for (Py ACHTUNGTRENNUNG(4OMe), Py-
ACHTUNGTRENNUNG(4Me), and Py) and (Py, Py ACHTUNGTRENNUNG(4Cl), and Py ACHTUNGTRENNUNG(4Ac)), respectively. The

substrate binding to the heme is thought to be regulated by a
combination of s donation and p back donation, as discussed
below. PAOx can work as either a s-donor ligand or a p-ac-
ceptor ligand. As the electron density of the heme iron increas-
es, the s bonding of PAOx becomes disadvantageous because
of Coulombic repulsion. Instead, the p back bonding becomes
advantageous with increasing electron density of the heme
iron, which is an advantage for PAOx binding to the heme.
In the series of Py(X) with electron-donating substituents,

the more electron-donating Py(X) compounds showed higher
Km values, thereby suggesting that the s bonding effect pre-
dominantly controls the Km value in this series of Py(X). In the
case of Py, Py ACHTUNGTRENNUNG(4Cl), and Py ACHTUNGTRENNUNG(4Ac), the Km value increased with
the increasing of Hammett s. In the series of Py(X) with elec-
tron-withdrawing substituents, the p back-bonding effect
seems to become apparent, in that the Km value increases as
the p back bonding becomes weaker. These results suggest
that the appropriate balance of electron donation from the
proximal ligand exists in OxdB to regulate the affinity for sub-
strate binding.

Conclusion

We prepared the cavity mutant of OxdB (H282G OxdB) and
showed that this cavity mutant held a heme that was five-co-
ordinate with a water (or OH�) as an axial ligand. While H282G
OxdB was inactive for the dehydration of PAOx, addition of
exogenous Im or Py derivatives to H282G OxdB restored the
enzymatic activity. Although a bis-Im-bound heme was formed
at higher Im concentrations, PAOx replaced the second Im that
bound to the heme at the distal heme pocket during catalysis.
The restored activity of H282G OxdB could be controlled sys-
tematically by changing the electron-donation ability of the
exogenous Im or Py derivatives. The more electron-donating li-
gands afforded higher enzymatic activity of H282G OxdB. In
the case of H282G OxdB/Im ACHTUNGTRENNUNG(2Me), the restored activity was 1.6-
fold higher than that of WT OxdB. To our knowledge, this is
the first example of a cavity mutant of a heme enzyme that
shows a higher activity than the wild-type enzyme. Kinetic
analyses revealed that an increase in the electron density of

Figure 6. Hammett plots of the kinetic parameters of H282G OxdB/Py(X). The diagram of A) Km versus the Hammett constant s and B) kcat versus the Hammett
constant s.
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the heme iron accelerated the reaction by increasing the kcat
value, while the Km value also increased.

Experimental Section

Site-directed mutagenesis was performed with the Quick Change
site-directed mutagenesis kit (Stratagene). Amino-terminal His6-
tagged H282G OxdB was expressed in E. coli JM109 under the con-
trol of the lac promoter in pUC18. E. coli cells were grown at 37 8C
in terrific broth medium containing ampicillin (100 mgmL�1) and
imidazole (10 mm). Isopropyl-b-d-thiogalactopyranoside (1 mm)
and 5-aminolevulinic acid (1 mm) were added after 4 h of the culti-
vation, and then the cultivation was continued at 25 8C for 60 h.
The cells were harvested by centrifugation and stored at �80 8C
until use.

All purification procedures were performed at 4 8C, and H282G
OxdB was purified as follows. E. coli cells were resuspended in
50 mm potassium phosphate buffer (pH 7.0) containing NaCl
(300 mm). The suspended cells were disrupted by sonication and
centrifuged to obtain a cell-free crude extract. The cell-free extract
was loaded on a Co2+-charged metal-ion-chelating (Talon) column.
After washing of the column with potassium phosphate buffer
(50 mm, pH 7.0) containing NaCl (300 mm), adsorbed proteins were
eluted from the column with potassium phosphate buffer (50 mm,
pH 7.0) containing imidazole (50 mm). The fractions containing
OxdB were pooled and subsequently purified by using a Super-
dex 200 column with potassium phosphate buffer (50 mm, pH 7.0).

The electronic absorption spectra were measured on an Agi-
lent 8453 UV–visible spectrometer. The resonance Raman spectra
were measured with a 75–cm single spectrometer (SPEX750m,
Jovin Yvon) equipped with a 2400 groovemm�1 holographic gra-
ting and a liquid-nitrogen-cooled CCD detector (Spec10:400B/LN,
Roper Scientific). The excitation wavelengths were 413.1 and
428.7 nm for ferric and ferrous OxdB, respectively. Continuous
wave laser lights at 413.1 and 428.7 nm were obtained from a
krypton-ion laser (BeamLok2060, Spectra Physics) and a diode laser
(58-BTLR010, Melles Griot), respectively. The laser power was ad-
justed to �10 mW at the sample point. The sample cell was rotat-
ed at 2000 rpm. The Raman shifts were calibrated with indene and
CCl4, which provided an accuracy of �1 cm�1 for well-defined
Raman bands. The enzyme concentrations were adjusted to
12 mm. All resonance Raman spectra were measured at room tem-
perature.

The enzymatic activity of OxdB was determined by the formation
rate of the reaction product PAN. The reaction was carried out
under anaerobic conditions. A typical reaction mixture for the
assay contained the following components: potassium phosphate
buffer (50 mm, pH 7.0, total volume of 500 mL) containing Im(X) or
Py(X) (80–100 mm for the kinetic studies), solution of PAOx in N,N-
dimethylformamide (50 mL of 100 mm solution), sodium dithionite
(50 mL of 20 mm solution), and H282G OxdB (5 mL; 0.15–0.30 and
1.5–3.0 pmoles for Im(X) and Py(X), respectively). The buffer solu-
tion containing the substrate and Im(X) (or Py(X)) in a sealed tube
with a rubber septum was degassed by a vacuum pump, and then
dithionite solution was added under a nitrogen atmosphere. The
reaction was started by injecting OxdB. The reaction was carried
out at 30 8C. For product analysis, 200 mL of the reaction mixture
were withdrawn and poured into the same amount of phosphoric
acid (0.5m) to quench the reaction. The reaction product was ana-
lyzed and monitored at 254 nm with an HPLC system (JASCO,
pump; PU-2080 plus, UV/Vis detector; UV-2075 plus, column ther-

mostat; CO-2060plus) with an octadecylsilyl column (4.6J150 mm)
operating at a flow rate of 1.0 mLmin�1. 40% CH3CN aqueous solu-
tion containing 1% H3PO4 was used as the elution solvent. The ini-
tial rates were used for the kinetic analyses. The experimental
errors were within �5% for the kinetic analyses.
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Systematic Regulation of the
Enzymatic Activity of
Phenylacetaldoxime Dehydratase by
Exogenous Ligands

Chemical rescue of the cavity mutant
of OxdB. The enzymatic activity of the
H282G mutant of phenylacetaldoxime
dehydratase from Bacillus sp. OxB-1
(OxdB) was rescued by imidazole or pyr-
idine derivatives that acted as the exog-
enous proximal ligand (see scheme). By
changing the electron-donation ability
of the exogenous ligand with different
substituents, the enzymatic activity
could be regulated systematically.
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