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myo-Inositol catabolism in Bacillus subtilis
Ken—ich Yoshida, Masanori Yamaguchi, Tetsuro Morinaga, Masak i Kinehara, Maya
Ikeuchi, Hiroshi Ashida, and Yasutaro Fujita

J. Biol. Chem., 283, 10415-10424 (2008)

The i0olABCDEFGHIJ operon of Bacillus subtilis is responsible for myo-inositol
catabolism involving multiple and stepwise reactions. Previous studies demonstrated that
IolG and IolE are the enzymes for the first and second reactions, namely dehydrogenation
of myo-inositol to give 2-keto-myo-inositol and the subsequent dehydration to
3D-(3,5/4)-trihydroxycyclohexane-1,2-dione. In the present studies the third reaction was
shown to be the hydrolysis of 3D-(3,5/4)-trihydroxycyclohexane-1,2-dione catalyzed by
IoID to yield S-deoxy-d-glucuronic acid. The fourth reaction was the isomerization of
5-deoxy-D-glucuronic acid by IolB to produce 2-deoxy-5-keto-D-gluconic acid. Next, in
the fifth reaction 2-deoxy-5-keto-D-gluconic acid was phosphorylated by TolC kinase to
yield 2-deoxy-5-keto-D-gluconic acid 6-phosphate. IolR is known as the repressor
controlling transcription of the iol operon. In this reaction 2-deoxy-5-keto-D-gluconic
acid 6-phosphate appeared to be the intermediate acting as inducer by antagonizing DNA
binding of IoIR. Finally, IolJ turned out to be the specific aldolase for the sixth reaction,
the cleavage of 2-deoxy-5-keto-D-gluconic acid 6-phosphate into dihydroxyacetone
phosphate and malonic semialdehyde. The former is a known glycolytic intermediate, and
the latter was previously shown to be converted to acetyl-CoA and CO, by a reaction
catalyzed by IolA. The net result of the inositol catabolic pathway in B. subtilis is, thus,
the conversion of myo-inositol to an equimolar mixture of dihydroxyacetone phosphate,
acetyl-CoA, and CO,.

Molecular mechanisms underlying the positive stringent response of the

Bacillus subtilis ilv-leu operon, involved in the biosynthesis of
branched-chain amino acids
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Shigeo Tojo, Takenori Satomura, Kanako Kumamoto, Kazutake Hirooka, and
Yasutaro Fujita
J. Bacteriol., 190, 6134-6147 (2008)

Branched-chain amino acids are the most abundant amino acids in proteins. The Bacillus
subtilis ilv-leu operon is involved in the biosynthesis of branched-chain amino acids. This
operon exhibits a RelA-dependent positive stringent response to amino acid starvation.
We investigated this positive stringent response upon lysine starvation as well as
decoyinine treatment. Deletion analysis involving various lacZ fusions revealed two
molecular mechanisms underlying the positive stringent response of ifv-leu, ie.,
CodY-dependent and -independent mechanisms. The former is most likely triggered by
the decrease in the in vivo concentration of GTP upon lysine starvation, GTP being a
corepressor of the CodY protein. So, the GTP decrease derepressed ilv-leu expression
through detachment of the CodY protein from its cis elements upstream of the ilv-leu
promoter. By means of base substitution and in vitro transcription analyses, the latter
(CodY-independent) mechanism was found to comprise the modulation of the
transcription initiation frequency, which likely depends on fluctuation of the in vivo RNA
polymerase substrate concentrations after stringent treatment, and to involve at least the
base species of adenine at the 5' end of the ilv-leu transcript. As discussed, this
mechanism is presumably distinct from that for B. subtilis rrn operons, which involves
changes in the in vivo concentration of the initiating GTP.

Transgenic rice plants expressing human P450 genes involved in xenobiotic
metabolism for phytoremediation

Hiroyuki Kawahigashi, Sakiko Hirose, Hideo Ohkawa, and Yasunobu Ohkawa
J. Mol. Microbiol. Biotechnol., 15, 212-219 (2008)

Phytoremediation is the use of plants to remove xenobiotic compounds from the
environment. Plants have the inherent ability to detoxify xenobiotic pollutants, but they
are generally poor at degrading them. The introduction of genes involved in xenobiotic
degradation is aimed at enhancing plants' potential further. Rice (Oryza sativa) is a good
candidate for this purpose and has been transformed with genes encoding cytochrome
P450 monooxygenases CYP1A1, CYP2B6, and CYP2C19. The transgenic plants were
more tolerant to various herbicides than nontransgenic Nipponbare rice plants, owing to
enhanced metabolism by the introduced P450 enzymes. Transgenic plants were able to
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remove atrazine and metolachlor from soil. Field testing and risk assessment are very
important for developing transgenic plants for phytoremediation. Transgenic rice plants
should become useful as herbicide-tolerant crops and for phytoremediation of xenobiotic
pollutants in future.

(4) Discovery of anewHBB haplotype w2 inawild-derived house mouse, Mus musculus

(5)

Jun J. Sato, Akio Shinohara, Nobumoto Miyashita, Chihiro Koshimoto, Kimiyuki
Tsuchiya, ITkuyo Nakahara, Tetsuo Morita, Hiromichi Yonekawa, Kazuo Moriwaki.
and Yasunori Yamaguchi

Mammal ian Genome, 19, 155-162 (2008)

Genetic characterization of a wild-derived house mouse, Mus musculus, originally
collected near Lake Balkhash in the Republic of Kazakhstan, was performed by
examining protein polymorphisms and nucleotide sequences for the hemoglobin beta
chain (HBB) subunits.  Protein electrophoresis, which was performed on a
cellulose-acetate plate, showed an independent mobility pattern representing a new,
previously undiscovered haplotype. Neighbor-joining analyses of the HBB adult genes,
Le, HBB-T1 and HBB-T2, and the intergenic spacer region showed that the Lake
Balkhash mouse possessed genomic components that were mixed from different
haplotypes. Compared to the previously determined HBB haplotypes, d, p, and w1, the
HBB-T1 gene and ca. 11 kb of the spacer region were most similar to the w/ haplotype;
however, the remainder of the spacer region and the HBB-T2 gene were most similar to
the d haplotype but may represent a still uncharacterized and divergent haplotype. The
recombination event is predicted to have occurred 2.5 kb upstream of the HBB-T2 gene,
and may have occurred through intersubspecific hybridization between mice of the
musculus subspecies group (with the w/ haplotype) and the castaneus subspecies group
(with the d-like haplotype).  Alternatively, unknown subspecies group that is
equidistantly divergent from each of these subspecies groups may have been involved,
Our findings suggest reticulate evolution among the subspecies groups during the
evolution of M. musculus.

Biogeographic view of Apodemus in Asia and Europe inferred from nuclear and
mitochondriai gene sequences

Hitoshi Suzuki, Maria Grazia Filippucci, Galina N. Chelomina, Jun J. Sato,
Keiko Serizawa, and Eviatar Nevo
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Biochem. Genet., 46, 329-346 (2008)

Sequences of the mitochondrial cytochrome b gene and nuclear IRBP, RAGI1, 17, and
VWF genes were used to assess the evolutionary history of major lineages of Apodemus,
in particular to better understand dispersal between Asia and Europe. Our data show eight
extant lineages of Late Tertiary origin: A. agrarius, A. semotus, A. peninsulae, A
speciosus, A. argenteus, A. gurkha, A. mystacinus, and A. sylvaticus. Monophyly of two
European lineages (4. mystacinus and A. sylvaticus) and four Asian lineages (4. agrarius,
A. semotus, A. peninsulae, and A. speciosus) was confirmed with high bootstrap support.
Together with literature data, the available molecular data depict three crucial
evolutionary events: 1) initial wide dispersal and subsequent radiation around 6 million
years ago, 2) region-specific radiations in Europe and southern China around 2 million
years ago, and 3) westward dispersal of 4. agrarius to Europe in the Late Quaternary.

Large-scale identification by shotgun proteomics of proteins expressed in
porcine liver and salivary gland

Tomoyo Tsujita, DukJin Kang, Myeong Hee Moon, Nobuhiro Ohno, Tadao Inoue,
Mitsuhito Matsumoto, Yuji Kaji, and Yasunori Yamaguchi

Zool. Sci., 25, 129-138 (2008)

Protein catalogs containing a large number of proteins expressed in a variety of organs
can be powerful tools for stem-cell research, because this requires accurate knowledge
about how cells differentiate. Salivary gland progenitor (SGP) cells are somatic stem cells
isolated from the salivary gland that can differentiate into hepatic or pancreatic cell
lineages. Their differentiation state has been assessed by the expression of major protein
markers, but to use these cells in regenerative medicine, it will be necessary to establish
additional means of quality assessment. We examined the use of shotgun proteomics for
porcine salivary gland (a source of SGP cells) and liver (a destination of differentiated
SGP cells) for determining the state of SGP cell differentiation. Protein complexes from
each organ were digested into peptides and separated by two-dimensional liquid
chromatography involving strong cation-exchange chromatography followed by
reversed-phase liquid chromatography. The separated peptides were analyzed by on-line
electrospray ionization tandem mass spectrometry using a quadrupole-time of flight mass
spectrometer (ESI Q-TOF MS/MS), and the spectra obtained were processed to search
peptides against a mammalian database for protein identification. Using this method, we
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identified 117 proteins in porcine salivary gland and 154 proteins in porcine liver. Of
these, 72 and 109 were specific to salivary gland and liver, respectively, and some of
these were previously shown to be organ specific. The current study can be utilized in the
future as a basis to study the pattern of differentiation in protein expression by stem cells.
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Global stringent control of carbon metbolism in Bacillus subtilis.
Yasutaro Fujita, Shigeo Tojo, and Kazutake Hirooka.

XII. International Congress of Bacteriology and Applied Microbiology,
Istanbul, Turkey, Abstract Book, p. 20 (2008-8).

The B. subtilis ily-leu operon is involved in the biosynthesis of branched-chain amino
acids. This operon is not only under positive regulation through the CcpA protein, a major
global regulator of carbon metabolism but also under negative control through two major
global regulators of nitrogen metabolism (CodY and ThrA). Furthermore, the ilv-leu
operon is under RelA-dependent positive stringent response to amino acid starvation. We
investigated this positive stringent response upon an amino acid starvation of lysine. We
revealed two molecular mechanisms underlying this positive stringent control of ilv-leu,
which are CodY-dependent and -independent ones. The former is triggered by the
decrease of the in vivo concentration of GTP upon lysine starvation, which is a
corepressor of the CodY protein. So, the GTP decrease caused derepressed ilv-leu
expression through detachment of the CodY protein from its cis-elements upstream of the
ilv-leu promoter. The latter CodY-independent mechanism was found to involve the
transcription initiation frequency, which depends on the substrate concentrations of RNA
polymerase and the base species of the first and second initiation bases of the ily-leu
transcript. We investigated the stringent control of carbon metabolism by means of the
transcriptome and metabolome analysis, and found that the above CodY-dependent and
-independent stringent response played an essential role in overall regulation of the
carbon metabolism from glucose to secreted compounds such as acetoin and acetate as
well as to various amino acids via pyruvate. Especially, the CodY-independent negative
stringent response was found to operate in the ptsGHI operon involved in glucose
transport as well as in the pdhABCD operon forming acetyl-CoA from pyruvate, whearas
the CodY-independent positive stringent response operated in the pycA gene producing
oxaloacetate from pyruvate, in the hom-thrCB operon synthesizing threonine from
homoserine, and in the alsSD operon producing acetoin, as observed in the ilv-leu operon,
The molecular mechanism of these CodY-indenpendent stringent responses was
considered to be essentially the same mechanism mvolvmg the transcription initiation
frequency, as described above in that of ilv-leu.

Recombinant P450s and AhRs: How they are improved in their functions
Hideo Ohkawa, and Hideyuki Inui
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9™ International Symposium on Cytochrome P450 Biodiversity and
Biotechnolcgy, Nice, France (2008-6).

Cytochrome P450s (P450s or CYPs) occur widely in bacteria, plants, and animals. In
eukaryotes, P450s are mostly membrane-bound on microsomes and in mitochondria. The
microsomal P450s form electron transport chains together with NADPH-cytochrome
P450 oxdoreductase (P450 reductase), cytochrome bs (bs), or both. P450 reductase
transfers two electrons from NADPH/NADH to the heme of P450 for reduction of the
ferrous-dioxygen complex after the binding of a substrate to P450. Both bs and
NADH-cytochrome b oxidoreductase (b5 reductase) also contribute to the electron flow
toward P450s.

We constructed a number of fused enzyme genes consisting of P450, P450 reductase, and
bs cDNAs. Each of the fused genes was expressed in Saccharomyces cerevisiae (8.
cerevisiae). On the basis of results of P450 enzyme assays, we discuss the roles of the
combination of P450, P450 reductase, and b, in P450-dependent mMonooxygenase activity,
and in the interaction among P450, P450 reductase, and b5 moieties of the fused enzymes.
In animals, dioxins and related compounds specifically bind to aryl hydrocarbon receptors
(AhRs) as ligands and express P450 1A1 gene (CYPIAI). Upon ligand binding, AhR
translocates into nucleus and dimerizes with AhR nuclear translocator (Amt). This
heterodimer binds to the xenobiotic response element (XRE) in the promoter of CYPIAI,
resulting in the gene expression. We constructed AhR-mediated B-glucuronidase (GUS)
reporter gene expression system consisting of AhR, Arnt and a synthetic XRE-driven
promoter responded to AhR ligands in transgenic tobacco plants. Then, we attempted to
simplify the system by the construction of recombinant AhRs.

Based on the results of P450 enzyme assays and reporter assays, we discuss the factors
related to the recombinant gene expression in heterologous systems, stability of the
produced enzymes and receptors as well as improvement in their functions.

References

[1] H. Inui, A. Maeda, and H. Ohkawa. Molecular characterization of specifically active
recombinant fused enzymes conmsisting of CYP3A4, NADPH-cytochrome P450
oxidoreductase, and cytochrome b, Biochemistry 46, 10213-10221 (2007)

[2] S. kodama, K. Okada, H. Inui, and H. Ohkawa. Aryl hydrocarbon receptor
(AhR)-mediated reporter gene expression systems in transgenic tobacco plants. Planta
227, 37-45 (2007)
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BHRHNEY) XDV IZ VP16, LexA & MP 3§52 U7 2 BUE B R (VM) s
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EHINDZ L Eol, B¥ IV EORPRSOMHEBITORTIZN B8, %
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NI BRE, YUXaBEREI0SMELUEE KE) BB 488V, 15
#® LW 2 KEEE S LIEEES (27 nadv sy Lo, £2TLC 25
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B LIEBKROS 13, ABMEBESD S B TIC TESFHICARY b2 525 A4
YBH (R7n—R) EEBRLER, ZThEMBLRVERLEELE, —F.
NEE RS DB TEIRIC X 0 SRR b, RBRERO KRS OB
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LR2BRTT M a—VRMENRD bz, 0D, KNS OEET L a— L%
B2 & DT LA KR OB AR 53R 5> & DT V3 — L FEREIC SO CTRE RN X 72,
. RBREOYME DNA BALIZ W T B I,

DB 2006 EEAAEMTEERSERE, p. 175

HFBBITH T HEAMMM & ML REFOEE
WHERAR, AERE
BFRELZRE 0EXE (RR)., AREEE. p.93 (2008-8)

TF ) —NFEBZRVWBND Saccharomyces cerevisiae [EAZ M 7 AR D
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(23) WEMEEX YxaF BEHBMEFOISK/ 1 FREGESHBORT & Z0RBRED
wE
BREAMX. MLEN, E4KREE. BEEKS
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BITIZZAWV-BERAEBAS 2 FHOERSSE
ik 5. Mieczyslaw Wolsan, ME#A. 8K =
BEBNESE IO AE (BEXE, BE). EE%K. p.107 (2008-9)

BRBA ¥ FROBERSBITBELTWAE, BRSEIZB T TREE - i e - 1)
WSH, 2~15 BERE THRARSERRINTEE, HODIAREBEICESL
A Z FROBBASRER —2ORRTH D L EX b5, AHETIE, ¥
TRETTA <R 52 MERBIIHES ) 2D BBELI bay RITH ) A
6 29 B 2 A L7c#8ITS (52 FEX 27,965 bp) & HVNTH ) ARSI
BiToTc, BERIEL A DRI LD RBHEEHERICESE A ¥ F8% 0 TR~
FELE,

SODKBIEFII YV UBEEAVEBHES L vy —0 ¥ DRERIT
E#E Z. Mieczyslaw Wolsan
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BEHIR (7Y F R TVAR, BAUFR) LLoh—nu g (LyP—rty
FRD . EREHAREER LEA LV ) RABICEW TSI 2852 74
ZETHE O RFICERE SN TE 2, L1 L. ZOREEHMEEHITFIZoONT
R ORI & B LB ET REBEANR D, ThETOBEEICRT 5
RN, THFIREA TR, TUIRL I <BE2ZNETNERETS 2
RS BRI EREER L, 2 ~B L ERETHRIETHS, Lo
—=RFREDVTRBT FA TR, Py ATV MRUHF, 7B, RHL 2R E
k& TOEME BT LV E MR E T RERTH S, BEO-R
O DRARBLIL EIZ B EEICHBIL L - B EREEEEOENI har Ky 7
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REEFAEORE L BE

KINFER, WRPES

EMEFHAEHRRE 13 [ (2008 ) 24 LRSS L (GBE) . AREEK,
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HFMBICHETDRBUNSOL Y FOATEIOY Y H LIz & 2MEEOEN
WS, HBER, ARE, EFEL

BN EEFSTFENERES - B 81 BEKRELSERXS (ARAS) (BF).
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