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Development of Intelligent Molecules Based on Chemical Genomics
Isao Saito

Born in 1941. He received his Ph.D. degree from Kyoto University. He was an assistant professor in Department of Synthetic
Chemistry, Faculty of Engineering, Kyoto University (1968-1987), a postdoctoral fellow in USA and Canada (1972-1973),
an associate professor in Department of Synthetic Chemistry, Faculty of Engineering, Kyoto University (1987-1991) and a
professor in Department of Synthetic Chemistry, Faculty of Engineering, Kyoto University (1991-1993). Now he has been a
professor in Department of Synthetic Chemistry and Biological Chemistry, Graduate School of Engineering, Kyoto
University (1993-). He was also Councilor of American Society for Photobiology (1993-1995), IUPAC Titlar Member
(Organic Chemistry Division) (1994-1998), CREST Research Project Leader, Japan Science and Technology Corporation
(JST) (1996-2001), IUPAC Fellow (International Advisor) (1999-), and SORST Research Project Leader, Japan Science and
Technology Corporation (JST) (2002-). He got Naito Foundation Award, Japan Photochemistry Association Award, Asahi
Glass Research Fund Award, the Japan Chemical Society Award, and the AAAS Fellow

(1) Base-discriminating Fluorescent Nucleobases and Their Application to Single Nucleotide
Polymor phism Typing We designed novel base-discriminating fluorescent (BDF) nucleobases, and
applied to single nucleotide polymorphism (SNP) typing. We devised novel BDF nucleosides, U (1)
and PC (2), which contain a pyrenecarboxamide chromophore connected by a propargy! linker. The
fluorescence spectrum of the duplex containing a ™U/A base pair showed a strong emission at 397 nm
on 327 nm excitation. In contrast, the fluorescence of duplexes containing U/N base pairs (N = C, G,
or T) was considerably weaker. The proposed structure of the duplex containing a matched ™U/A base
pair suggests that the high polarity near the pyrenecarboxamide group is responsible for the strong
A-selective fluorescence emission. Moreover, the fluorescence of the duplex containing a YU/A base
pair was not quenched by a flanking C/G base pair. The fluorescence properties are quite different
from previous BDF nucleobases, where fluorescence is quenchable by flanking C/G base pairs. The
duplex containing the C derivative, ™C, selectively emitted fluorescence when the base opposite C
was G The drastic change of fluorescence intensity by the nature of the complementary base is



extremely useful for SNP typing. U- and ™C— containing oligodeoxynucledides acted as effective
reporter probes for homogeneous SNP typing of DNA samples containing c-Ha-ras and BRCA2 SNP
sites.

(2) A Novel Nucleobase that Releases Reporter Tags upon DNA Oxidation: DNA biosensors offer
considerable promise for extracting information from target genes in a quick and simple manner.
Various DNA probes that give signals in a sequence-specific fashion, as represented by molecular
beacons, have been widely used. However, there are very few DNA probes that can release useful
functional molecules. A molecular releasing system that is triggered by external stimulation such as
oxidation or photoirradiation would be a useful tool for gene analysis. We developed a novel
nucleosbase, *¥G, that efficiently releases reporter tags upon one-electron oxidation. The **G-selective
degradation of ODNs was achieved by various mild oxidizing agents (riboflavin and iridium (1V) salt).
This oxidant-dependent molecular releasing technique is useful not only for drug releasing systems but
aso for the release of fluorescent tag after gene analysis.

(3) Electrochemical DNA Detection Using Redox-active Hairpin DNA: DNA hybridization
biosensors offer considerable promise for obtaining sequence information of genesin afast and simple
manner. Various DNA probes that give signals in a sequence-specific fashion, as represented by
molecular beacons, have been widely used. Recently, the molecular beacon-like hairpin DNA probes
immobilized on a gold surface has been examined for gene diagnosis. By the hybridization with target
sequence, the structure of these probes changes from the hairpin structure to the double strand state.
With this structural change, the distance between a gold surface and a reporter tag of the probe end,
such as redox-active units and fluorophore, extends, and thus, the change of the response, such as
decrease of current or increase in the fluorescence intensity, is generated. If a diversity of the reporter
tag extends further, detection and distinction of various sequence will become easy using this
technique. We devised new electrochemical DNA probes for DNA detection. We synthesized hairpin
DNA probes labeled by flavin and anthraquinone. The flavin- and anthragquinone-labeled DNA probes
were readily synthesized, and immobilized on gold electrodes. The current signal of DNA probe was
sensitively changed by the hybridization with atarget DNA. This electrochemical probe was useful for
SNP typing.

Selected Publications
- Presentation & Lectures

1. |. Saito, “Design of Base-Discriminating Flurescent Nucleobase for SNP Typing”, 14 The
International Congress on Photobiology (ICP 2004), 2004.6.10-6.15, Jeju, Korea (Invited)

- Articles

1. "Clear Didtinction of Purine Bases on the Complementary Strand by a Fluorescence Change of a
Novel Fluorescent Nucleoside", A. Okamoto, K. Tainaka, |. Saito, J. Am. Chem. Soc., 125, 4972-4973
(2003)

2. "Design of Base-discriminating Fluorescent Nucleoside and Its Application to T/C SNP Typing", A.
Okamoto, K. Tanaka, T. Fukuta, I. Saito, J. Am. Chem. Soc., 125, 9296-9297 (2003)

3. "Pyrene-labled Base-discriminating Fluorescent DNA Probes for Homogeneous SNP Typing”, A.
Okamoto, K. Kanatani, |. Saito, J. Am. Chem. Soc., 126, 4820-4827 (2004)

4. "Cytosine Detection by a Fluorescein-labeled probe Containing Base-discriminating Fluorescent
Nucleobase", A. Okamoto, K. Tanaka, T. Fukuta, |. Saito, ChemBioChem, 5, 958-963 (2004)

5. "Pyrene-labeled Oligodeoxynucleotide Probe for Detecting Base Insertion by Excimer Fluorescece
Emission”, A. Okamoto, T. Ichiba, |. Saito, J. Am. Chem. Soc., 126, 8364-8365 (2004)

6. "A Novel Nucleobase that Releases Reporter Tags upon DNA Oxidation”, A. Okamoto, K. Tanaka, |.
Saito, J. Am. Chem. Soc., 126, 416-417 (2004)
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4x Electrocyclic Reactions Dictated by Metal Substituents
Masahiro Murakami

Born in 1956. He received his Ph.D. from The University of Tokyo under the direction of Professor T. Mukaiyama in 1987. He
held the position of Assistant Professor at the University of Tokyo (1984-1987) and Kyoto University (1987-1993). From
1991 to 1992, he worked as a postdoctoral fellow with Professor A. Eschenmoser at ETH Zlrich, Switzerland. He was
promoted to Associate Professor in 1993 and full Professor in 2002 at Kyoto University. He received The Chemical Society of
Japan Award for Young Chemistsin 1989.

(1) Thermal Ring-Opening Reaction of trans-3,4-Bis(trimethylsilyl)cyclobutene: Trans-3,4-bis
(trimethylsilyl) cyclobutene (1), synthesized in four steps from cyclobutene-3,4-dione, was heated at
110 ° C. It underwent ring-opening in a conrotatory fashion to afford a mixture ofZ,Z-1,3-diene 2 and



the corresponding E,E isomer 3 (eq 1). Remarkably, the Z,Z isomer 2 predominated over 3 by a ratio
of 78:22. The two trimethylsilyl substituents preferred inward rotation despite the significantly greater
steric constraints on this reaction pathway. We attribute this counterintuitive rotational behavior to the
electron-accepting nature of the antibonding orbitals on the silicon atoms. The calculated inward
transition state is shown Fig. 1, together with the natural bond orbital (NBO) overlap image for the
two antibonds on the silicon atoms, and the breaking ¢ bond, i.e.,, the HOMO of the opening
cyclobutene skeleton (Fig. 2). This figure clearly shows the overlap of the antibonding orbitals with
the HOMO. Electronic stabilization arising from the dual delocalization of the HOMO electron density
into the two antibonding orbitals overcomes the steric congestion at the inward transition state, leading
to the predominance of 2.

(2) Contrasteric Stereochemical Dictation of the Cyclobutene Ring-Opening Reaction by a
Vacant Boron p Orbital: Whereas boron is even less electronegative than silicon, it has a vacant p
orbital which is energetically low-lying. It can accept electron density from another molecule (Lewis
acid— base complexation), or the inside of the molecuie (delocalization or conjugation). We expected
more dramatic effects for a boron substituent than a silyl substituent. 3-Borylcyclobutene 4 was
synthesized in nine steps starting from dimethylphenylvinylsilane. The cyclobutene 4 was heated in
toluene-ds. The ring-opening reaction proceeded even at 90 ° C and led to completion in 15 h.
(2)-1-Borylbuta-1,3-diene 5 was exclusively formed by inward rotation (eq 2). Thus, the effects of a
boryl substituent predicted by Rondan and Houk were experimentally confirmed. Electronic
participation of the vacant p orbital of the boryl substituent explains these results well.

(3) Effects of Boryl Substituents on Thermal Ring-Closing Reaction of Vinylallenes: Both
thermodynamic and kinetic properties of the electrocyclic ring-opening and -closing reactions between
cyclobutene derivatives and conjugated dienes change according to the structural variation with
additional unsaturation. 1,2,4-Pentatriene (vinylallene) and methylenecyclobutene possess comparable
thermodynamic stabilities such that thermal treatment produces an equilibrium mixture of them. Z-
and E-isomers of 5-boryl-1,2,4-triene were synthesized and their reactivities were compared. Heating
the Z-isomer in xylene at 140 ° C affected the electrayclic ring-closing reaction in 3 h, providing the
ring-closed product in 96% yield (eq 3). The kinetic studies showed that the reaction was first order
with an activation energy of 26.8 kcal/mol. The E-isomer also underwent ring-closure leading to 7
unidirectionally. However, the reaction was much slower than that of 6. An activation energy was 33.2
kcal/moal. It is of note that the activation energy for 8 is 6.4 kcal/mol greater than that of the Z-isomer 6.
Thus, alarge difference between the activation energies for the Z- and E-stereoisomers was observed.
These results can be understood by assuming electronic participation of the vacant p orbital of the
boryl substituent.
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Matsuda, A. Fujimoto, M. Ishibashi, and M. Murakami, Chem. Lett., 33, 876 (2004)
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Terayama, Synthesis, 1522, (2004)
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J. Am. Chem. Soc., 126, 5968 (2004)
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1167 (2004)
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a Stannyl Substituent at the 3-Position”, M. Murakami, M. Hasegawa, and H. Igawa, J. Org. Chem.,,
69, 587 (2004)

10. "Enantioface-Selective Palladium-Catalyzed Silaboration of Allenes via Double Asymmetric
Induction”, M. Suginome, T. Ohmura, Y. Miyake, S. Mitani, Y. Ito, and M. Murakami, J. Am. Chem.
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11. "Palladium- and Nickel-Catalyzed Intramolecular Cyanoboration of Alkynes', M. Suginome, A.
Yamamoto, and M. Murakami, J. Am. Chem. Soc., 125, 6358 (2003)

12. "Ruthenium-Mediated Regio- and Stereoselective Alkenylation of Pyridine', M. Murakami and S.
Hori, J. Am. Chem. Soc., 125, 4720 (2003)
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M. Murakami, Angew. Chem.,, Int. Ed., 42, 718 (2003)
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Molecular Engineering of hemoproteins
Isao Morishima

Born in 1940. He received his Ph.D. degree from Kyoto University. He was a research associate (1965-1971), an associate
professor in the department of Hydrocarbon Chemistry, Faculty of Engineering, (1971-1983), an associate professor in the
division of Molecular Engineering, Graduate School of Engineering, Kyoto University(1983-1989) and a professor in the
department of Molecular Engineering, Graduate School of Engineering, Kyoto University (1989-2004). Now he is an
emeritus professor of Kyoto University. He was also a visiting professor in NIH (1975-1976). He has been interested in the
molecular mechanism in hemoproteins and their functional regulations.

Koichiro Ishimori

Born in 1961. He received his Ph.D. degree from Kyoto University. He was a research associate in the division of Molecular
Engineering, Graduate School of Engineering, Kyoto University (1989-1995) and has been an associate professor in the
department of Molecular Engineering, Graduate School of Engineering, Kyoto University (1995-). He was also a visiting
researcher in University of VWisconsin-Madison (1993-1994) and a visiting associate professor in the Institute of Molecular
Science (2004-). His research interests are the molecular mechanisms in metalloproteins and their functional designs.

(1) L358P Mutation on Cytochrome P450cam Simulates Structural Changes upon Putidaredoxin
Binding To investigate the functional and structural characterization of a crucial cytochrome
P450cam (P450cam)-putidaredoxin (Pdx) complex, we utilized a mutant whose spectroscopic property
corresponds to the properties of the wild type P450cam in the presence of Pdx. The 1H NMR spectrum
of the carbonmonoxy adduct of the mutant, the Leu-358 — Pro mutant (L 358P), in the absence of Pdx
showed that the ring current-shifted signals arising from D-camphor were upfiel d-shifted and observed
as resolved signals, which are typical for the wild type enzyme in the presence of Pdx. Signals from
the B-proton of the axial cysteine and the y-methyl group of Thr-252 were also shifted upfield and



downfield, respectively, in the L358P mutant as observed for Pdx-bound wild type P450cam. The
close similarity in the NMR spectra suggests that the heme environment of the L358P mutant mimics
that of the Pdx-bound enzyme. The functional analysis of the L358P mutant has revealed that the
oxygen adduct of the L358P mutant can promote the oxygenation reaction for D-camphor with
nonphysiological electron donors such as dithionite and ascorbic acid, showing that oxygenated L 358P
is “activated” to receive electron from the donor. Based on the structural and functional
characterization of the L358P mutant, we conclude that the Pdx-induced structural changes in
P450cam would facilitate the electron transfer from the electron donor, and the Pdx binding to
P450cam would be atrigger for the electron transfer to oxygenated PA50cam.

(2) Identification of Crucial Histidines for Heme Binding in the N-terminal Domain of the
Heme-regulated el F2a. Kinase : The heme-regulated eukaryotic initiation factor-2a (elF2a) kinase
(HRI) regulates the initiation of protein synthesis in reticulocytes. The binding of NO to the Nterminal
heme-binding domain (NTD) of HRI positively modulates its kinase activity. By utilizing UV-visible
absorption, resonance Raman, EPR and CD spectroscopies, two histidine residues have been identified
that are crucial for the binding of heme to the NTD. The UV-visible absorption and resonance Raman
spectra of al the histidine to alanine mutants constructed were similar to those of the unmutated NTD.
However, the change in the CD spectra of the NTD construct containing mutation of His78 to Ala
(H78A) indicated loss of the specific binding of heme. The EPR spectrum for the ferric H78A mutant
was aso substantialy perturbed. Thus, His78 is one of the axial ligands for the NTD of HRI.
Significant changes in the EPR spectrum of the H123A mutant were also observed, and heme readily
dissociated from both the H123A and the H78A NTD mutants, suggesting that His123 was also an
axial heme ligand. However, the CD spectrum for the Soret region of the H123A mutant indicated that
this mutant still bound heme specifically. Thus, while both His78 and His123 are crucia for stable
heme binding, the effects of their mutations on the structure of the NTD differed. His78 appears to
play the primary role in the specific binding of heme to the NTD, acting analogously to the “proximal
histidine” ligand of globins, while His123 appears to act as the “distal” heme ligand.
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Search for Biorelated Material Chemistry Area
Investigation of Creation and Function of Biofunctional Materials
Yukio Sugiura

Born in 1942. He received his Ph. D. degree from Kyoto University. He was a Postdoctoral fellow in Wayne Sate
University and University of North Corolina (USA), a research associate (1965) and an associate professor (1982) in the
Faculty of pharmaceutical Sciences, Kyoto University, and a professor (1988) in the Institute for chemical Research, Kyoto
University. He was also a visiting professor (1998~2004) in the University of Manchester, UK. He got the Upjohn Scientific
Research Award (1992) and the Award of Pharmaceutical Society of Japan (2000). He has been active in the fields of
bioinorganic chemistry and biofunctional chemistry.

Creation of Catalytic Zinc Finger M utants

This project investigates the creation and function of new zinc finger proteins. To redesign a metal site
originaly required for the stabilization of a folded protein structure into a functional metal site, we
constructed a series of zinc finger mutant peptides such as zf(CCHG) and zf(GCHH), in which one
zinccoordinating residue is substituted into a noncoordinating one. The mutant peptides having water
bound to the zinc ion catalyzed the hydrolysis of 4-nitrophenyl acetate as well as the enantioselective
hydrolysis of amino acid esters.  All the zinc complexes of the mutant peptides showed hydrolytic activity,
depending on their peptide sequences. In contrast, the zinc complex of the wild-type, zZf(CCHH), and zinc
ion alone exhibited no hydrolytic ability. These results clearly indicate that the catalytic abilities are
predominantly attributed to the zinc center in the zinc complexes of the mutant peptides. Kinetic studies of
the mutant peptides demonstrated that the catalytic hydrolysis is affected by the electron-donating ability of
the protein ligands and the coordination environment. In addition, the pH dependence of the hydrolysis
strongly suggests that the zinc-coordinated hydroxide ion participates the catalytic reaction. Thisreport is
the first successful study of catalytically active zinc finger peptides. In an effort to design an artificial
nuclease for DNA hydrolysis, the zinc finger mutant peptide was designed, in which one zinc-coordinating
residue is substituted into a noncoordinating one. The zinc finger contributes DNA-binding affinity, and
the zinc ion containing the vacant site(s) provides reactivity. The zinc finger mutant peptides
demonstrated to convert supercoild plasmid DNA to nicked circular form. Zinc-dependent cleavage
confirms that the zinc ion coordinating the zinc finger is essential for the reaction. lonic strength
dependent and no site-specific hydrolysis were found; therefore, the zinc finger mutant peptides associate
with DNA through electrostatic interaction. This report illustrates a novel approach to creating an
artificial nuclease using metall opeptides.
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Functional analysis of unanotatable genes

from hyperther mophilic archaea
Tadayuki Imanaka

Born in 1945. He received his Ph.D. degree from Osaka University. He was an assistant professor (1970-1981), an associate
professor (1981-1989) and a professor (1989-1996) in the Department of Fermentation Technology, Faculty of Engineering,
Osaka University. He was also a postdoctoral fellow at MIT, USA (1973-1974). Now he has been a professor in the
Department of Synthetic Chemistry and Biological Chemistry, Graduate School of Engineering, Kyoto University (1996-).

(1) Fructose 1,6-bisphosphatase (FBPase) FBPase is one of the key enzymes in gluconeogenesis.
Although FBPase activity has been detected in severa hyperthermophiles, no orthologs corresponding
to the classical FBPases have been identified in their genomes. An inositol monophosphatase (IM Pase)
from Methanococcus jannaschii which displayed both FBPase and |M Pase activities and a structurally
novel FBPase (Tk-Fbp) from the hyperthermophilic archaeon Thermococcus kodakaraensis KOD1
have been proposed as the “missing” FBPase. The IMPase/FBPase ortholog in T. kodakaraensis,
Tk-Imp, was confirmed to possess high FBPase activity along with IMPase activity. We therefore
constructed Afbp and Aimp strains and investigated their phenotypes. The Afbp strain could not grow
under gluconeogenic conditions while glycolytic growth was unimpaired (Fig. 1), and the disruption
resulted in the complete abolishment of intracellular FBPase activity. Evidently, Tk-fbp is an
indispensable gene for gluconeogenesis and is responsible for amost al intracellular FBPase activity.
In contrast, the endogenous Tk-imp could not complement the defect of the fbp deletion, and its
disruption did not lead to any detectable phenotypic changes under the conditions examined. These
facts indicated that Tk-imp is irrelevant to gluconeogenesis, despite the high FBPase activity of its
protein product. Our results provide strong evidence that the true FBPase for gluconeogenesis in T.
kodakaraensisis the Tk-Fbp ortholog, not the | M Pase/FBPase orthol og.

(2) Phosphopentomutase (PPM) and Phosphoglucomutase (PGM): Numerous bacteria and
mammalian cells harbor two enzymes, PPM and 2-deoxyribose 5-phosphate aldolase (DERA),
involved in the interconversion between nucleosides and central carbon metabolism. A search of the T.
kodakaraensis genome sequence revealed the presence of a closely related ortholog of bacterial DERA
genes while no ortholog of previously characterized PPM genes could be detected. As PPM activity
was detected in T. kodakaraensis cells, partia purification of PPM was performed. A new class of
PPM gene (TK1777) was identified, similar to phosphomannomutase (PMM) within COG1109 but
not COG1015, which includes all previously identified PPMs. Our results clearly indicate the presence
of a metabolic link between pentoses and central carbon metabolism in T. kodakaraensis. As for
COG1109 family, four orthologous genes (TK1108, TK1404, TK1777, and TK2185) have been
identified in the genome of T. kodakaraensis KOD1 (Fig. 2). In order to determine which of the
remaining three orthologues encodes a PGM, we examined the PGM activity in T. kodakaraensis cells
and identified the gene responsible for this activity. Characterization of the recombinant protein
indicated that TK1108 encoded a protein with high levels of PGM activity (690 U mg/1), along with
high levels of PMM activity (401 U mg/1). Similar analyses of the remaining two orthologs revealed
that their protein products exhibited neither PGM nor PMM activity. Our results clearly indicate that,
among the four PMM gene orthologues in T. kodakaraensis, only one gene, TK1108, actually encodes
aprotein with PGM and PMM activities.
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Manipulation of gene detection, delivery, and expression
Yasuhiro Aoyama

Born in 1945.  He received his Ph.D degree from Kyoto University. He was a research associate in Kyushu University
(1974-1981), an associate professor in Nagaoka University of Technology (1981-1988), and professor there
(1988-1995). He then moved to Kyushu University as professor in the Ingtitute for Fundamental Research of Organic
Chemistry (1995-2001) and moved again to Kyoto University, where he is now professor (2001-) in the Department of
Synthetic Chemistry and Biological Chemistry, Graduate School of Engineering. He received the Divisional Award of the
Chemical Society of Japan, the Fluka Prize, and the Daily Niigata Cultural Award. He served as Chairman in the 2nd
Gordon Research Conference on the Sructure and Property of Organic Compounds as well as in the 11th International
Synposium on Supramolecular Chemistry. He used to work on reaction mechanisms, bioorganic/bioinorganic chemistry,
molecular recognition and structural organic chemistry, crystal engineering, solid catalysis, and glycoengineering and his
current research activity is directed to biorecognics and chemical biology.

(1) Cellular uptake of genes (size regulation): Monomeric glycovirus of a size of ~50 nm serve as
effective gene carriers but their gene-delivery activities are dramatically lowered upon their
aggregation.  This clearly indicates that endocytosis (cellular drinking), by which gene-conjugates
are taken in the cells, is not effective for big (=100 nm) particles.  What, then, about small particles
of asizeof <50 nm?  We prepared a glycoconjugate of CdSe quantum dot (QD) of asize of 15 nm
and carried out a set of comtetitive cellular uptake experiments using the glycol-QD together with
micellar glycocluster nanoparticle (5 nm) and glycovirus (50 nm) (Fig. 1). The size-controlled
endocytosis is expected to provide a new strategy for delivering small polar molecules which, when
aone, are not hydrophobic enough to get through the cell membrane.

(2) Intracellular detection of gene (amplified gene sensing): Intracellular sensing of genes
potentially leads to direct SNP discrimination of living cells, detection and typing of living bacteria
and viruses, and in vivo screening of drugs. A serious problem is that the PCR technique by which
a tiny amount of target DNA/RNA can be amplified and isolated is by no means applicable to
intracellular events.  We need a new method of amplified or catalytic sensing of DNA/RNA.  We
devised the TASC (target-Assisted Self-Cleavage) strategy, which is based on signal amplification
upon catalytic self-cleavage of the probe when hybridized with the target (Fig. 2).

(3) Incor poration of unnatural substratesinto proteins. Unnatural substrates can be introduced into
proteins by using the nonsense suppression method, which utilizes chemically acylated tRNA adapted
to the stop codon.  Nevertheless, the suppression or read-through of the stop codon isin competition
with termination as effected by the release factor (RF).  RF-free or —diminished systems promote
read-through efficiency but this is not directly applicable in the cells, while evolution of tRNA
synthetases working on artificial substratesis under active investigation.  We devised a new strategy



of suppression working on normal (unmodified) mMRNA target to give point-mutated proteins as well
as highly sequence-regulated oligomers.
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Property and construction of chalcogenic functional materials
Nobuyoshi Esaki

Born in 1949. He received his Ph.D. degree from Kyoto University. He was a research associate (1979-1989), an associate
professor (1989-1996) and a professor in the Institute of Chemical Research of Kyoto University (1996-). He was a director
of The Japanese Chemical Society (1998-2000, 2002-2004), a director of Japan Society for Bioscience, Biotechnology, and
Agrochemistry (1999-2003) and a director of The Society for Biotechnology, Japan (1999-2003). He promoted researches
supported by the Ministry of Education, Science, Sports and Culture, Grant-in-Aid for Scientific Research on Priority Area
(2001-2004).

Escherichia coli IscS catalyzes the conversion of L-cysteine to L-alanine and sulfur. 1scS provides
the inorganic sulfur required for the formation of Fe/S clusters in Fe/S proteins. We analyzed extracts
of E. coli MG1655 and an iscSnull strain by native polyacrylamide gel electrophoresis and
iron-staining technique (Fig. 2). A protein band that gave the most significant difference in the band
intensity between the two strains was subjected to N-terminal sequence analysis. We found that the
stained band contained two polypeptides encoded by b2146 and yeiA. Amino acid sequences of b2146
and YelA, respectively, showed similarities (22% identity) to N- and C-terminal halves of mammalian
dihydropyrimidine dehydrogenase (DPD). Each protein was expressed in E. coli as a histidine-tagged
protein and purified. The absorption spectra of b2146 and YeiA exhibited characteristic maxima at 370
nm and 448 nm and 320 nm and 455 nm, respectively, suggesting the presence of Fe/S clusters (Fig. 3).
By 2-DE analysis two different proteins were detected as the proteins affected by iscS deficiency and
subsequently identified by protein sequencing. Expression levels of cytidine deaminase (CDD) and
uridine phosphorylase (UDP) decreased owing to the iscS deficiency. CDD and UDP are also involved
in pyrimidine salvage pathways (Fig. 4). 1scS deficiency results in the deficiency of the iron-sulfur
cluster of DPD, which causes the inactivation of DPD. Therefore, the accumulation of excess uracil
might repress cdd and udp expression. Taken together, these results suggest that the 1scS deficiency
affects the pyrimidine metabolism, implying that the prymidine reductive degradation pathway
involving DPD isoperating in E. coli K12 cells, aswell as mammals.
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(1) Crystal structure of a fucose specific lectin from Aleuria aurantia in complex with three
fucose molecules: Aleuria Aurantia has a fucose-specific lectin (AAL) that is widely used as a
specific probe for fucose. Since the fucosylated sugars often play pivotal roles in many cellular
processes, we have determined the crystal structure of AAL with fucose molecules in order to
understand the specific recognition mechanism. The three-dimensional structure of AAL is a six
B-blade structure, reflecting the six internal homologous regionsin the sequences. These blades form
six clefts and are related by pseudo six-fold symmetry. Based on the similarities of both sequence
and three-dimensional structure, five of the six clefts are thought to be fucose-binding sites. It was
found that three of the five sites were bound with fucose molecules. These findings suggest that
AAL has five fucose-binding sites per a subunit and ten sites in a physiological dimer. The
multiplicity is higher than that of any known lectins and may contribute to the high affinity to
fucosylated residues.

(2) Crystal Structures of the Thermococcus Group |l Chaperonin: The crystal structures of the
group |1 chaperonin consisting of o subunit with amino acid substitutions of G65C and/or 1125T from
the hyperthermophilic archaeum, Thermococcus strain KS-1, were determined. These mutants have
been shown to be active in ATP hydrolyzing but inactive in protein folding. The structures were
shown to be double-ring hexadecamers in an extremely closed form, which was consistent with the
crystal structure of native agPs-chaperonin from Thermoplasma acidophilum.  Comparisons of the
present structures with the atomic structures of the GroEL 14,-GroES;-(ADP); complex revea ed that the
deficiency in protein-folding activity of G65C amino acid substitutants is caused by the steric
hindrance of the local conformational change in an equatorial domain. We concluded that this
mutant chaperonin with G65C substitution is deprived of the smooth conformational change in the
refolding-reaction cycle. We also obtained a new form of crystal with the distinct space group at the



lower sulfate ion concentration in the presence of nucleotide. The crystal structure obtained at the
lower sulfate ion concentration tilts outward, and has much looser inter-subunit contacts compared
with those in the presence of a higher concentration of sulfate ion. Such subunit rotation that has
never been characterized in group |l chaperonins. The crystal structure obtained at the lower sulfate
ion concentration tilts outward, and has much looser inter-subunit contacts compared with those in the
presence of a higher concentration of sulfateion.

(3) Crystal structure of an oxidatively-stable subtilisin-like alkaline serine protease, KP-43: The
crystal structure of an oxidatively stable subtilisin-like alkaline serine protease, KP-43 from Bacillus
sp. KSM-KP43, with a C-terminal extension domain, was determined by the multiple isomorphous
replacements method with anomalous scattering.  The structure of the native form showed that KP-43
consists of two domains, a subtilisin-like o/ domain and a C-terminal jelly roll B-barrel domain.
The topological architecture of the molecule is similar to that of kexin and furin, which belong to the
subtilisin-like proprotein convertases (SPCs), whereas the amino acid sequence and the binding
orientation of the C-terminal pB-barrel domain both differ in each case.  Since the C-terminal domains
of SPCs are essential for folding themselves, the domain of KP-43 is also thought to play such arole.
KP-43 is known to be an oxidation-resistant protease among the general subtilisin-like proteases.
The structure of the oxidized form revealed that Met-256, adjacent to catalytic Ser-255, was oxidized
similarly to an equivalent residue in subtilisin BPN'.  Although KP-43, as well as proteinase K and
subtilisin Carlsberg, lose their hydrolyzing activity against synthetic peptides after oxidation treatment,
al of them retain 70-80% activity against proteinaceous substrates. These results, as well as the
[B-casein digestion pattern analysis, have indicated that the oxidation of the methionine adjacent to the
catalytic serine is not a dominant modification, but might alter the substrate specificities.
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