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IV. ZERFRIT

1 FEE 5L (BUEKRT. BIERRKT)

Oxygen requirement for denitrification by the fungus Fusarium oxysporum
Arch Microbiol. 175, 19-25, (2001)

Zhemin Zhou, Naoki Takaya, Maria Antonina C. Sakairi, Hirofumi Shoun,
Institute of Applied Biochemistry, University of Tsukuba, Tsukuba, Ibaraki 305-8572,

Japan

Summary
The effects of dioxygen (O;) on the denitrification activity of the fungus Fusarium
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oxyporum MT-811 in fed-batch culture in a stirred jar fermentor were examined. The
results revealed that fungal denitrifying activity requires a minimal amount of O, for
induction, which is repressed by excess O,. The optimal O, supply differed between
the denitrification substrates : 690 umol O, h™ (g dry cell wt.)" for nitrate (NO5s") and
about 250 umol O, h' (g dry cell wt.)" for nitrite (NOy"). The reduction of NOj3
required more O, than that of NO,. With an optimal O, supply, 80% and 52% of
nitrogen atoms in NO3™ and NO;', respectively, were recovered as the denitrification
product N;O. These features of /. oxysporum differ from those of bacterial denitrifiers
that work exclusively under anoxic conditions. The denitrification activity of F
oxysporum MT-811 mutants with impaired NO3™ assimilation was about double that of
the wild-type strain, suggesting competition for the substrate between assimilatory and
dissimilatory types of NO;3™ reduction. These results showed that denitrification by F
oxysporum has unique features, namely, a minimal O, requirement and competition
with assimilatory NO3™.

2. fFE L (FUEKRF. BEERKT)
A Novel C1-Using Denitrifier Alcaligenes sp. STC1 and Its Genes for
Copper-containing Nitrite Reductase and Azurin

Biosci. Biotechnol. Biochem ., 65(5), 1206-1210, (2001)

Shigeru Ozeki, Tkuko Baba, Naoki Takaya, and Hirofumi Shoun
Institute of Applied Biochemistry, University of Tsukuba, Tsukuba, Ibaraki 305-8572,
Japan

Summary

A novel denitrifier Alcaligenes sp. STC1 was identified. The strain efficiently
denitrifies under an atmosphere of 10% oxygen (O,) where Paracoccus denitrificans,
one of the most studied aerobic denitrifiers, had less denitrifying activity, indicating
that the strain has an O,-torelant denitrifying system. It denitrified by using C1-carbon
sources such as formate and methanol as well as glucose, glycerol, and succinate. The
genes for the copper-containing nitrite reductase and azurin of this C1-using denitrifier
were cloned. Their predicted products of them were similar to those of their
counterparts and the maximum similarities were 90% and 92%, respectively.

3. . FFE 5L GREKRT)
Nitrate Reductase-Formate Dehydrogenase Couple Involved in the Fungal
Denitrification by Fusarium oxysporum

J. Biochem. 131, 579-586, (2002)

Hiromasa Uchimura', Hitoshi Enjoji', Takafumi Seki', Ayako Taguchi', Naoki Takaya',
and Hirofumi Shoun’

'Institute of Applied Biochemistry, University of Tsukuba, Tsukuba, Ibaraki 305-8572;
Japan and Department of Biotechnology, Graduate School of Agricultural and Life
Sciences The University of Tokyo, Bunkyo-ku, Tokyo 113-8657, Japan

73



74

MY Vol.10 No.l [2004]

Summary

Dissimilatory nitrate reductase (Nar) was solubilized and partially purified from the
large particle (mitochondrial) fraction of the denitrifying fungus Fusarium oxysporum
and characterized. Many lines of evidence showed that the membrane-bound Nar is
distinct from the soluble, assimilatory nitrate reductase. Further, the spectral and other
properties of the fungal Nar were similar to those of dissimilatory Nars of Escherichia
coli and denitrifying bacteria, which are comprised of a molybdoprotein, a cytochrome
b, and an iron-sulfur protein. Formate-nitrate oxidoreductase activity was also detected
in the mitochondrial fraction, which was shown to arise from the coupling of formate
dehydrogenase (Fdh), Nar, and a ubiquinone/ubiquinol pool. This is the first report of
the occurrence in a eukaryote of Fdh that is associated with the respiratory chain. The
coupling with Fdh showed that the fungal Nar system is more similar to that involved
in the nitrate respiration by Escherichia coli than that in the bacterial denitrifying
system. Analyses of the mutant species of F oxysporum that were defective in Nar
and/or assimilatory nitrate reductase conclusively showed that Nar is essential for the
fungal denitrification.

4. HE 5L GERREKRFE)
Codenitrification and Denitrification are Dual Metabolic Pathways through
Which Dinitrogen Evolves from Nitrate in Streptomyces antibioticus

Journal of Bacteriology, 148, 2963-2968, (June 2002)

Yasuyuki Kumon', Yasuyuki Sasaki', Isao Kato', Naoki Takaya', Hirofumi Shoun® and
Teruhiko Beppu’

'Institute of Applied Biochemistry, University of Tsukuba, Tsukuba, Ibaraki 305-8572,
*Department of Biotechnology, Graduate School of Agricultural and Life Sciences,
The University of Tokyo, Bunkyo-ku, Tokyo 113-8657, and *Department of Applied
Biological Sciences, College of Bioresource Sciences, Nihon University, Fujisawa,
Kanagawa 252-8510, Japan

Summary

We screened actinomycete strains for dinitrogen (Nj)-producing activity and
discovered that Streptomyces antibioticus B-546 evolves N, and some nitrous oxide
(N,O) from nitrate (NO3). Most of the N, that evolved from the heavy isotope
(["'NINO5) was "N'N, indicating that this nitrogen species consists of two atoms,
one arising from NO; and the other from different sources. This phenomenon is
similar to codenitrification in fungi. The strain also evolved less, but significant,
amounts of “N'N from ["NJNO; in addition to"’N"”NO with concomitant cell
growth. Prior to the production of N, and N;O, NOs™ was rapidly reduced to nitrite
(NO;) accompanied by distinct cell growth, showing that the actinomycete strain is a
facultative anaerobe that depends on denitrification and nitrate respiration for anoxic
growth. The cell-free activities of denitrifying enzymes could be reconstituted,
supporting the notion that the NN and "N"NO species are produced by
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denitrification from NOj3™ via NO,. We therefore demonstrated a unique system in an
actinomycete that produces gaseous nitrogen (N, and N,0) through both denitrification
and codenitrification. The predominance of codenitrification over denitrification along
with oxygen tolerance is the key feature of nitrate metabolism in this actinomycete.

5. £ 5L HREKF)
Ammonia Fermentation, a Novel Anoxic Metabolism of Nitrate by Fungi

The Journal of Biological Chemistry, 277 (3), 1892-1896, (2002)

Zhemin Zhou', Naoki Takayal, Akira Nakamura', Masashi Yamaguchi2, Kanji Takeo?,
and Hirofumi Shoun’

"nstitute of Applied Biochemistry, University of Tsukuba, Tsukuba, Ibaraki 305-8572,
the *Research Center for Pathogenic Fungi and Microbial Toxicoses, Chiba University,
Chiba 260-8673, and the ’Department of Biotechnology, Graduate School of
Agricultural and Life Sciences, The University of Tokyo, Bunkyo-ku, Tokyo 113-8657,
Japan

Summary

The induction of fungal denitrification by Fusarium oxysporum requires a minimal
amount of O,, although excess O, completely represses this process (Zhou, Z., Takaya,
N., Sakairi, M. A. C., and Shoun, H. (2001) Arch. Microbiol. 175, 19-25). Here we
describe another metabolic mechanism of nitrate in fungal cells, termed ammonia
fermentation, that supports growth under conditions more anoxic than those of
denitrification. The novel nitrate metabolism of eukaryotes consists of the reduction of
nitrate to ammonium coupled with the catabolic oxidation of electron donors to acetate
and substrate-level phosphorylation. F  oxysporum thus has two pathways of
dissimilatory nitrate reduction that are alternatively expressed in response to
environmental O; tension. /< oxysporum prefers O, respiration when the O, supply is
sufficient. We discovered that this fungus is the first eukaryotic, facultative anaerobe
known to express one of three distinct metabolic energy mechanisms closely
depending on environmental O, tension. We also showed that ammonia fermentation
occurs in many other fungi that are common in soil, suggesting that facultative
anaerobes are widely distributed among fungi that have been considered aerobic
organisms.
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