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Abstract An enzyme, which catalyzes both decarboxylation of
indolepyruvate and subsequent oxidation of indoleacetaldehyde
into indoleacetate, was purified from a thermoacidophilic
archaeon, Sulfolobus sp. strain 7. The enzyme showed a M, of
280 kDa on gel filtration and was composed of three subunits (a,
89; b, 30; and c, 19 kDa), possibly in a stoichiometry of 2:2:2.
Mo and Fe were detected. Thiamine pyrophosphate was absent.
Biotin was suggested to bind to the b-subunit. The first step, the
decarboxylation reaction, was specific for 2-oxoacids with an
aromatic group, while in the second reaction, various aldehydes
including glyceraldehyde, which is a glycolytic intermediate in
the organism, were oxidized. © 2002 Federation of European
Biochemical Societies. Published by Elsevier Science B.V. All
rights reserved.
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1. Introduction

Sulfolobus sp. strain 7 is a thermoacidophilic archaeon for
which the optimal growth conditions are 75°C and pH 3 [1,2].
One of the general archaeal metabolic features is the use of
2-oxoacid :ferredoxin oxidoreductase (OOR) for the coenzyme
A- and thiamine pyrophosphate (TPP)-dependent oxidative
decarboxylation of 2-oxoacids [1,3,4]. OORs specific to pyru-
vate, 2-oxo(c-keto)glutarate, 2-oxoisovalerate [5], and indole-
pyruvate [6] are abbreviated as POR, KOR, VOR, and IOR,
respectively [7]. In Sulfolobus sp. strain 7, we have identified
an enzyme catalyzing the oxidation of both o-ketoglutarate
and pyruvate, but neither indolepyruvate (IPyA) nor isovaler-
ate [1]. For further understanding of this enzyme and 2-
oxoacid metabolisms in Sulfolobus, we tried to obtain IOR
and VOR from the same organism, using the conventional
artificial electron acceptor methylviologen (MV) instead of
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Abbreviations: OOR, 2-oxoacid:ferredoxin oxidoreductase; POR,
pyruvate:ferredoxin oxidoreductase; KOR, 2-oxoglutarate(a-ketoglu-
tarate):ferredoxin oxidoreductase; VOR, isovalerate:ferredoxin oxi-
doreductase; IOR, indolepyruvate:ferredoxin  oxidoreductase;
IMOR, indolepyruvate:methylviologen oxidoreductase; IAA, indole-
3-acetic acid; IPyA, indolepyruvic acid, indole-3-pyruvic acid; IAAld,
indole-3-acetaldehyde; DCPIP, dichlorophenolindophenol; MYV,
methylviologen; TPP, thiamine pyrophosphate

ferredoxin for the assaying of this class of enzyme. An en-
zyme, IPyA:MV oxidoreductase, designated IMOR, was pu-
rified to electrophoretic homogeneity and characterized. The
enzyme reaction resembles that of IOR in the utilization of
IPyA and reduction of MV. However, to our surprise, the
enzyme showed no structural or functional features of IOR
so far reported, as it turned out that the enzyme was inde-
pendent of both CoA and ferredoxin. In this paper, we de-
scribe the purification and partial characterization of the en-
zyme, which revealed that it is a biotin- and molybdenum-
containing bifunctional enzyme catalyzing both the decarbox-
ylation of IPyA and the oxidation of indole-3-acetaldehyde
(IAAId) into indole-3-acetate (IAA). The specificity for other
2-oxoacids and aldehydes, as well as other electron acceptors,
was examined.

2. Materials and methods

2.1. Reagents

IPyA, TAAId, IAA, pr-glyceraldehyde and other 2-oxoacids were
from Sigma Aldrich. prL-Glyceraldehyde-3-phosphate was purchased
from Sigma Aldrich as a diethylacetal monobarium salt derivative and
treated to obtain a pure material according to the manufacturer’s
manual. Benzaldehyde and indole-3-aldehyde were from Wako Pure
Chemicals. The media for chromatography were from Amersham-
Pharmacia and Toso.

2.2. Archaeal strain and purification of the enzyme

The archaeon used in this study was Sulfolobus sp. strain 7. The
organism was aerobically grown at 75°C and pH 3 on nutrient broth
as described previously [1], and then the cells were collected and
stored frozen until use. Frozen cells (120 g wet weight) were thawed
and resuspended in 50 mM Tris-HCl, pH 7.5 (designated buffer 1),
containing 0.1 mM phenylmethylsulfonyl fluoride and a trace amount
of DNase, disrupted by ultrasonic treatment, and then centrifuged.
The supernatant (cytosol) was applied to a column of DEAE-Sephacel
(4%20 cm). The proteins were eluted from the column with a gradient
of 0-0.5 M NacCl (1 1X2) in buffer I. The active fractions were col-
lected, and made to 1.6 M with solid ammonium sulfate. The suspen-
sion was applied to a butyl-Toyopearl 650S column (3X 12 cm) pre-
equilibrated with 1.6 M ammonium sulfate in buffer I. The active
fractions were eluted from the column with a linear gradient of 1.6—
0 M ammonium sulfate in buffer I (total 1 1). The active fractions were
eluted at 0.7-0.5 M ammonium sulfate. The fractions were dialyzed
against buffer I to remove ammonium sulfate. The dialysate was ap-
plied to a Mono Q HR 10/10 column connected to an FPLC system
(Pharmacia), and eluted with a linear gradient of 0-0.5 M NaCl in
buffer I (total 50 ml). The active fractions were combined and con-
centrated with Centricon 30 (Amicon) to 50 pl, and then applied onto
a Superdex 200 HR 10/30 column pre-equilibrated with 50 mM so-
dium phosphate, pH 7.5, and 150 mM NaCl. The proteins were eluted
with the same buffer. The enzyme fractions were collected and dia-
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lyzed against 50 mM sodium phosphate, pH 7.5. The enzyme was
stored frozen at —80°C until use in the following experiments.

2.3. The assay methods for enzyme activities

Oxidoreductase activity was measured using various 2-oxoacids and
aldehydes as electron donors, and an electron acceptor such as MV,
ferredoxin/metronidazole, dichlorophenolindophenol (DCPIP), NAD
(all from Sigma-Aldrich), or oxygen. IMOR activity was measured at
70°C in an assay mixture (0.5 ml) composed of 100 mM sodium
phosphate, pH 8.0, 1 mM CoA, 5 mM MgCl,, 2 mM IPyA (Sigma),
0.1 mM MYV (Sigma), and enzyme in a sealed microcuvette. Oxygen
was purged from the sealed cuvette by circulating nitrogen gas over
the surface of the assay mixture. The absorbance at 600 nm was
monitored. The amount of product was calculated using an extinction
coefficient of &oonm =13 mM~! cm™! [8] divided by 2 because the
oxidation of IPyA releases 2 electrons/mol. One unit was defined as
lumol product/mg IMOR. When indicated, IPyA was replaced with
another substrate. The electron transport activity of ferredoxin was
measured in a reaction mixture (500 pl) comprising 100 mM sodium
phosphate, pH 7.0, 2 mM substrate, 0.1 mM metronidazole (Sigma),
1 uM Sulfolobus ferredoxin [2], 1 mM CoA, 5 mM MgCl,, and en-
zyme at 70°C. Oxygen was removed from the assay mixture as de-
scribed above. The reaction was followed as the reduction of metro-
nidazole at A3 (£20um=9.3 mM™' cm™' [9]). The reaction with
DCPIP as the electron acceptor was measured aerobically at 50°C
in an assay mixture (0.5 ml) composed of 100 mM sodium phosphate,
pH 7.0, 5 mM electron donor, 0.2 mM DCPIP, and enzyme. The
decrease in absorbance at 600 nm was monitored. One unit was de-
fined as reduction of 1 pmol DCPIP/min, using &oqm =19.1 mM ™!
cm™! [10].

2.4. Protein determination

Protein was determined by the method involving a bicinchoninic
acid assay kit (Pierce), with bovine serum albumin (BSA) as the stan-
dard.

2.5. Spectral analyses

Absorption spectra were recorded with a JASCO V-560 spectropho-
tometer. Circular dichroism (CD) spectra were recorded with a JAS-
CO J750 spectropolarimeter equipped with cylindrical cell of 0.1 or
1 cm light path and a protein concentration of 0.021 or 1.07 mg/ml,
respectively, in 10 mM sodium phosphate, pH 7.0. All the spectra
were measured at room temperature.

2.6. Molecular weight estimation

The molecular mass of the native enzyme was estimated by Super-
dex 200 HR 10/30 column chromatography using standard proteins
for molecular weight estimation from Sigma, i.e. thyroglobulin (669
kDa), apoferritin (443 kDa), B-amylase (200 kDa), albumin (66 kDa),
and carbonic anhydrase (29 kDa).

2.7. Amino acid sequence analysis

SDS-PAGE was carried out in 12% (w/v) polyacrylamide gels. One
of the gels was stained with Coomassie brilliant blue (CBB) to deter-
mined the molecular masses of the subunits. The other gel was trans-
blotted onto a polyvinylidene fluoride (PVDF) membrane (Millipore),
which was then stained with CBB to visualize the protein bands. The
bands were then cut out for amino acid sequence analysis with an
Applied Biosystem Model 370A automated gas phase protein se-
quencer.

2.8. Analyses of biotin and TPP

IMOR (12 pg) was subjected to SDS-PAGE as described above.
After the run, the gel was electrophoretically transblotted onto a
PVDF membrane in buffer comprising 25 mM Tris-HCI, pH 8.3,
190 mM glycine, 10% (v/v) methanol, and 0.1% SDS. The membrane
was washed with 20 mM Tris-HCI, pH 7.5, and 0.15 M NaCl (des-
ignated TBS), incubated with 3% gelatin in TBS for 2 h, and then
rinsed with 0.2% Tween 20 (Sigma) in TBS (named TTBS). The mem-
brane was incubated with 10 ml of 0.01 mg/ml peroxidase-labeled
avidin (Sigma) in 1% (w/v) BSA and 0.02% (w/v) sodium azide in
TTBS for 2 h at room temperature, and then washed with TTBS.
The membrane was washed with TTBS, incubated with 5 ml of an
ECL Western blotting system solution (Amersham Life Science) in a
plastic bag, and then kept in the dark in close contact with an X-ray
film (Fuji Film). Light emission from the reaction product was re-
corded by the film.
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TPP was analyzed by conversion of the sample to a fluorescent
thiochrome derivative by means of alkaline-ferricyanide treatment
[11]. IMOR (114 pg, 0.41 nmol) was mixed with 10% (w/v) trichloro-
acetic acid to remove protein, and the supernatant was washed with
diethylether and then analyzed directly or further separated by Cig
reverse phase HPLC [12]. The detection limit of the fluorescence was
about 5 pmol TPP.

2.9. Metal contents

Molybdenum and other metals, as indicated, were determined with
an SPQ9000 plasma quadruple mass analyzer. Fe was determined
with a Seiko SPS 1200VR inductively coupled plasma spectrometer.
Standard solutions of metals were purchased from Wako Pure Chem-
icals. The enzyme was hydrolyzed at 90°C overnight and then dis-
solved at a concentration of 0.03-0.1 mg protein/ml in 0.1 N nitric
acid.

2.10. Analysis of the reaction product by HPLC

A reaction mixture comprising 100 mM sodium phosphate, pH 7.0,
2 mM IAAIld, 2 mM MYV, and enzyme was anaerobically incubated at
80°C. After appropriate times, 50 pl aliquots were withdrawn and
passed through a Minisart RC4 filter (Sartorius). After filtration, a
10 pl aliquot was analyzed by C;s reverse phase HPLC with isocratic
elution with a mixture of methanol:water:acetic acid (33:62:5). The
flow rate was 0.5 ml/min. The absorbance at 280 nm of the eluate was
monitored. Standard IAAld and TAA showed retention times of 2.0
and 3.0 min, respectively.

3. Results and discussion

3.1. Purification of IMOR from Sulfolobus sp. strain 7

A crude extract of Sulfolobus sp. strain 7 showed the ability
to oxidize IPyA with MV as an electron acceptor, which at
first we regarded as the activity of IOR, because an artificial
electron acceptor, MV, is usually used in place of ferredoxin
in the 2-oxoacid:ferredoxin oxidoreductase assay [1,4]. The
activity in the crude extract (cytosol) was not stable, probably
due to protease digestion, so the crude extract was immedi-
ately applied to a DEAE- Sephacel column. The active frac-
tion eluted from DEAE-Sephacel was tested for stability.
There was no difference in residual activity after 10 days at
4°C between aerobic storage (as prepared) and anaerobic stor-
age (replacement of air with N, in a sealed vial), suggesting
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Fig. 1. Native PAGE (A) and SDS-PAGE (B and C) of IMOR.
About 5 pug of the purified enzyme was subjected to native PAGE
(A). Samples for SDS-PAGE (B): molecular weight standards (lane
1), the crude extract (lane 2), DEAE-Sephacel fraction (lane 3), bu-
tyl-Toyopearl fraction (lane 4), Mono Q fraction (lane 5), and
Superdex S200 fraction (lane 6). Samples were visualized with CBB.
Two 5 ug aliquots of the enzyme were subjected to SDS-PAGE in
separate gels; one was stained with CBB (C, left lane), and the oth-
er was blotted onto a PVDF membrane. The membrane was incu-
bated with peroxidase-labeled avidin, followed by visualization (C,
right lane) as described in Section 2.
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that IMOR is not sensitive to oxygen. A typical purification
gave a final sample with specific IMOR activity of 8.6 U/mg,
with 103-fold purification from the cytosol of the archaeon
through four step chromatographies: DEAE-Sephacel, butyl-
Toyopearl, Mono Q, and Superdex 200 HR. The recovery of
activity was 3.5%, and the amount of the finally purified
IMOR corresponded to 0.036% of the cytosol protein. The
last step of the purification was gel filtration, and the chro-
matogram showed a sharp single peak corresponding to a
molecular weight of 280000 (data not shown). Native
PAGE of the purified protein in the absence of SDS gave a
single band (Fig. 1A), indicating the preparation was homo-
geneous. SDS-PAGE gave three polypeptide bands (a, 89
kDa; b, 30 kDa; and c, 19 kDa, see Fig. 1B). These results
suggest that the enzyme is an a,b,c, hexamer. The absorption
spectrum (Fig. 2A) showed maxima at 278, 341, 428 and 462
nm. The CD spectra showed characteristic features in the near
UV and visible regions (Fig. 2B-D). Troughs at 378 and 550
nm, and a peak at 433 nm with a shoulder at 470 nm were
found in a visible region (Fig. 2D).

3.2. Subunit composition, N-terminal sequence, and homology
to aldehyde oxidase

Upon SDS-PAGE, the protein gave three bands corre-
sponding to molecular weights of 89000, 30000 and 19000,
which were designated subunits a, b, and c, respectively. The
N-terminal amino acid sequences of subunits a, b, and ¢ were
determined, and homologous sequences are shown in Table 1.
Judging from the N-terminal sequences of the three subunits,
the present IMOR is a similar protein to a putative CO de-
hydrogenase from Sulfolobus solfataricus P2 [13], and alde-
hyde oxidoreductase from Sulfolobus acidocaldarius [14]. The
N-terminal sequence of subunit ¢ was identical with that of an
iron-sulfur flavoprotein from the same organism, which we
reported previously [15]. Moreover, comparison of the subunit
compositions (Fig. 1), absorption spectra (Fig. 2A), and CD
spectra (Fig. 2D) revealed that these proteins are identical to
each other.

The S. solfataricus P2 CO dehydrogenase large subunit ex-
hibits homology with that of Desulfovibrio gigas aldehyde oxi-
dase, which is a homodimeric enzyme composed of two 907
residue subunits that each contain a molybdenum coordinated
by a single molybdopterin cytosine dinucleotide, and two dif-
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Fig. 2. Absorption spectrum (A) and CD spectra (B-D) of IMOR
from Sulfolobus sp. strain 7. The protein concentration was 0.83
mg/ml (A), 0.021 mg/ml (B, 0.1 cm light path), or 1.07 mg/ml (C
and D, 1 cm light path).

ferent [2Fe-2S] clusters [16]. Recently, S. acidocaldarius alde-
hyde oxidoreductase, designated SaAQO, was suggested to con-
tain FAD, molybdopterin modified with GMP, and two
different types of [2Fe-2S] clusters [14]. On the other hand,
cofactors of the iron—sulfur flavoprotein from Sulfolobus sp.
strain 7 contain at least two FMNs and two [2Fe-2S] clusters
per axbrcr molecule [15]. The present IMOR exhibits aldehyde
oxidoreductase activity like SaAO, but its specificity for alde-
hydes is broader (Table 2). The metal contents, 0.8 mol Mo

Table 1

N-terminal amino acid sequences of the three subunits, a, b and ¢, of IMOR from Sulfolobus sp. strain 7 and homologous proteins
Protein source Sequence Function® Size
Sulfolobus sp. strain 7 a 1 MRYVGQAVKRLYDDKFVTG 19 IMOR 89 kDa

S. solfataricus P2 gi13815444
S. acidocaldarius o

Sulfolobus sp. strain 7 b

S. solfataricus P2 gi13815948
Amycolatopsis methanolica P80472
S. acidocaldarius B

1 MYVGQRVKRKEDLKLITG 18
1 MYVGQRVKRKEDLKLITG 18

1 MFPKQFGYYRPSSLADA 17
1 MYPPDFTYVRVSSSEEA 17
1 MIPAQFTYRRVSSVDEA 17
1 MYPFEFSYVRAESLQEA 17

Sulfolobus sp. strain 7 ¢

Sulfolobus sp. strain 7 ISFP®
S. solfataricus P2 gi13815949

S. acidocaldarius y

1 MLVRPGEKVKIRVKVN 16
1 MLVRPGEKVKIRVKVN 16
1 MLVRPGEKVKIRVKVN 16
1 LVVKKGEGVKVRVRRN 16

(CO dehydrogenase)® 729 aab
aldehyde oxidoreductase® 80.5 kDa
IMOR 32 kDa
(CO dehydrogenase)® 286 aa®
aldehyde dehydrogenased 35 kDa
aldehyde oxidoreductase® 32 kDa
IMOR 19 kDa
19 kDa
(CO dehydrogenase)® 142 aa®
aldehyde oxidoreductase® 19.5 kDa*

4Parentheses indicate that the function was deduced from the homology.

YFrom the genome database [13].

°[14].

dThe b-chain (spiP804721IDHAB_AMYME), found on a homology search with SwissProt.
“Iron-sulfur flavoprotein of unknown function [15].
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and 8.7 mol Fe per mol, of IMOR are in good agreement with
those of D. gigas aldehyde oxidase (2 Mo and 8 Fe atoms)
[16], except that the molybdenum content is about half.

The present IMOR aldehyde oxidase is likely to have pterin
but is different from several archaeal pterin-dependent alde-
hyde oxidases that use ferredoxin as an electron acceptor [17-
19].

3.3. Optimum temperature and pH for the reaction, and
thermostability

The activities at 50, 60, 70, 80, 90, and 100°C were 0.05, 2.5,
7, 11, 32, and 47 U/mg, respectively. The relative activities at
pH 6, 7, 8, 9, and 10 were 15, 30, 100, 86, and 55%, respec-
tively. The optimum pH of the enzyme was around pH 8.
Activity was scarcely lost on incubation of the enzyme at
70°C for 30 min at a concentration of 0.1 mg/ml in 0.1 M
sodium phosphate, pH 7.0. However, 22 and 97% inactivation
was observed at 90 and 100°C, respectively.

3.4. Cofactors and other electron acceptors

As shown above, IPyA showed the ability to reduce MV
enzymatically. Other electron acceptors were tested. A zinc-
containing ferredoxin from the same organism [2] was exam-
ined by using metronidazole, which accepts electrons from
reduced ferredoxin. However, metronidazole was not reduced
even in the presence of 0.25 mM coenzyme A and/or 0.1 mM
TPP (data not shown; significant reduction of metronidazole
was detected in a parallel experiment where the IMOR and
IPyA were replaced with OOR and pyruvate, respectively).
This indicates that the enzyme is not IOR.

The results of thiochrome analysis and C;s reverse phase
HPLC showed that IMOR contained no TPP, whereas 1.9
mol FMN/mol enzyme was detected (data not shown). The
ability of each subunit to bind avidin was examined. As
shown in Fig. 1C, avidin reacted with subunit b, suggesting
that subunit b binds biotin. Although non-specific binding of
avidin to a certain peptide is possible [20], and biotin-depen-
dent decarboxylation of a 2-oxoacid is unusual, we tentatively
assume that biotin bound to subunit b is responsible for the
decarboxylation reaction.

3.5. Reaction product from IAAld

Analysis of the products of the reaction mixture containing
TAAId and MV was carried out by C;g reverse phase HPLC.
The results are shown in Fig. 3. The concomitant decrease in
IAAId (2.0 min retention) and increase in IAA (3.0 min re-
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Fig. 3. HPLC analysis of IMOR reaction products. Samples con-
taining 5 mM IAAld, 5 mM MYV, and enzyme were anaerobically
incubated at 80°C for 0, 10, and 20 min. The reaction mixture was
filtered and then injected into a C;g reverse phase HPLC column.
The positions of standard IAAld and IAA are indicated by arrows.

tention) are clearly shown. This indicates that the IMOR cat-
alyzes the oxidation of IAAIld into TAA.

3.6. Dependence of the reaction on other electron acceptors

DCPIP was reduced at rates of 1.16 and 1.10 U/mg of
IMOR for pr-glyceraldehyde and pr-glyceraldehyde-3-phos-
phate (5 mM each), respectively, at 50°C. Other substrates
such as IPyA and TAAld were not suitable for measuring
the activity because both reduced DCPIP non-enzymatically
even at 40°C. Neither NAD, NADP, FMN nor FAD was
enzymatically reduced with IpyA or IAAld in 50 mM sodium
phosphate, pH 8.0, at 40 or 80°C.

3.7. Substrate specificity with MV as the electron acceptor
Based on the sequence homology, we assumed that the
IMOR activity could be accompanied by aldehyde oxidase
activity. Table 2 summarizes the kinetic parameters of sub-
strate:MV oxidoreductase at 80°C, with not only 2-oxoacids
but also several aldehydes as substrates. Among the 2-oxo-
acids tested, IPyA was the best substrate, while phenylpyru-
vate reacted slowly, and other 2-oxoacids with non-aromatic
side chains did not react at all. As expected, aldehydes were
good substrates. [AAld was one of the best substrates in terms
of both the K, and k¢, values. Phenylacetaldehyde and benz-
aldehyde reacted with similar Vi, values to that for IAAId,

Table 2

Substrate specificity of IMOR

Substrate Ky (mM) kear (571 keat/ K (s7' mM™)
2-Oxoacids:

Indole-3-pyruvate (IPyA) 0.788 45.3 57.5
Phenylpyruvate 1.66 13.1 7.88
Pyruvate - 0 0
2-Oxoglutarate - 0 0
2-Oxoisovalerate - 0 0
Aldehydes:

Indole-3-acetaldehyde (IAAIld) 0.00903 50.0 5530
Phenylacetaldehyde 0.105 32.8 312
Benzaldehyde 0.395 35.8 90.6
Glyceraldehyde 0.0420 97.6 2320
Glyceraldehyde-3-phosphate - 0 0
Indole-3-aldehyde - 0 0
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Fig. 4. Possible architecture of IMOR. MoCo is a molybdenum co-
factor.

but their K, values were much higher. Notably, indole-3-al-
dehyde did not react at all. Surprisingly, aldehydes without
bulky side chains were also reactive. bL-Glyceraldehyde exhib-
ited an about twice higher k., value than IPyA and IAAld.
Glycolysis of Sulfolobus is carried out through the non-phos-
phorylated Entner-Doudoroff pathway [21]. The rapid oxida-
tion of glyceraldehyde catalyzed by IMOR is a key step of the
central metabolism from glucose to pyruvate in the organism,
which has also been pointed out for SaAO [14].

As to the decarboxylating activity of the IMOR, the sub-
strate specificity is quite limited. Only those compounds with
a bulky side chain attached to carbon 3 of pyruvate were good
substrates. The specificity to aldehydes with bulky side chains
also seems to be strict: indole-3-acetaldehyde was rapidly oxi-
dized but indole-3-aldehyde did not react at all. In conclusion,
IMOR catalyzes two reaction steps: decarboxylation of IPyA
to IAAIld, and oxidation of TAAld to IAA. Such a pathway
has so far been deduced only for plant-related bacteria pro-
ducing IAA, an important plant hormone. The wide specific-
ity of aldehyde oxidation implies the enzyme plays multifunc-
tional roles in both the oxidative catabolism of bulky
aromatic amino acids such as tryptophan, on the one hand,
and the maintenance of a glycolytic energy flow via glyceral-
dehyde dehydrogenation, on the other hand. These reaction
pathways and the molecular architecture of IMOR are sche-
matically presented in Fig. 4. Decarboxylating activity has
never been reported for any aldehyde oxidase or a related
enzyme belonging to the xanthine dehydrogenase family.
This novel activity is attributed to the biotin moiety bound
to the middle subunit (Fig. 2C). A low rate of oxygen con-
sumption was observed during the reaction with various alde-
hydes at room temperature (data not shown). Taking the op-
timal growth temperature of the organism into account,
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oxygen is one of the candidates for the physiological acceptor
of electrons in these reactions.
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