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1. Synthetic Science for Ecomolecules

(1) Development of methodologies for rapid synthesis and application of novel environment for the synthesis of

biologically active molecules.
1) In order to analyze functional roles of glycan chains systematically, facile access to various oligosaccharides and
glycoconjugates is important. To achieve this, our investigations are directed to the development of polymer-support
oligosaccharide synthesis. We have developed novel methods for the real-time monitoring of both solution-phase
oligosaccharide synthesis employing chemoselective color test. This method should be highly reliable for the critical
monitoring of chain elongation and selective deprotection, because it allows for the simultaneous detection of both
consumption of starting material (glycosyl acceptor) and product (glycoside). As an extension of these achievements, we
developed methodology that enables to fish-up the correctly assembled oligosaccharides by one-step capture-release. Also
we developed the effective strategy for the synthesis of oligosaccharide by using trifluoroacetyl (TFA) and the
pentafluoropropionyl (PFP) esters, and #butyldimethylsilyl ether as protecting group for alcohols.

Using their techniques, we achieved the synthesis of oligosaccharide fragment and its fluorine-substituted derivatives of
high mannose-type MN-glycan related to glycoprotein quality control. They were immobilized on Au-coated chips through
thiol-containing linker. Affinity of their glycans to calreticulin in ER was evaluated by quartz-crystal microbalance and the
structure-activity relationship suggested that some hydroxyl groups are very important for the substrate recognition of
calreticulin.

2) Synthetic study on novel N-glycan in asparagine (Asn)-linked glycoproteins from Gram-negative bacterium,
Campylobacter jejuni was carried out. It has been revealed that certain prokaryotes, such as C. jejuni, however, the
structures of their glycans are distinct from those of eukaryotic origin. They consist of a
4,6-diacetamido-2,4,6-trideoxy-D-glucose (bacillosamine, Bac) residue linked to Asn, [-1,4-GalNAc repeat, and branching
0-Gle residue, namely GalNAc-11(1,4)-GalNAc-11(1,4)-[Glc-11(1,3)-]GalNAc-11(1,4)-GalNAc-11(1,4)- GalNAc-11(1,3)-Bac. We
developed PFP strategy for the stereoelectoronically controlled synthesis of [1(1,4)-GalNAc repeating motifs using
4- O-pentafluoropropionyl (PFP) protected donors with high stereoselectivity. Starting from concisely synthesized Bac
derivative, the chemical synthesis of the novel N-glycan, a heptasaccharide (GlecGalNAcsBac) was first accomplished
stereoselectively.

3) We developed an effective direct strategy for the syntheses of 1,2-cisglycoside. We found that Abenzyl-
2,3-trans-oxazolidinone-fused glycosyl donor exhibits high [I-selectivity to give the 1,2-cis-[I-glucosamine derivatives. It
was applied to the first synthesis of anti- Helicobacter pyroli hexasaccharide.

We have reported a high through-put screening of O-glycosylation using deuterium-labeled Bn ether-protected
substrates by TH NMR and MALDI-TOF MS. We achieved the highly efficient and stereoselective synthesis of a three
continuous 1,2-cis-[O-linkages (GlesMan1) in non-reducing end of high mannose-type N-glycan.

On the other hand, we achieved concise syntheses of immunostimulating 1,2-cis-a-galactosyl ceramides (KRN7000 and
OCH) by convergent approach.

(2) Utilization of cluster complexes in catalysis

Halide clusters, which contain [MeXs] or [M¢X12] (M = metal, X = halogen) unit, are stable complexes and had no catalytic
activity. However, we have reported that treatment above 200 °C leads to catalytic activity. These catalysts are stable up to
400 °C. On the other hand, a series of rhenium sulfide clusters e.g. Eus[ResSslSe2 has been reported. These clusters are
synthesized by heating at as high as 800-1450 °C, and hence they were assumed to be thermally stable compounds.
Application of these complexes to catalysis was made. When these clusters were treated in a stream of hydrogen above
250 °C, catalytic activities of dehydrogenation of cyclohexanol to phenol by way of cyclohexanone and cyclohexenone was
observed. Phenylacetylene was hydrogenated to styrene. This behavior is the same as that of the platinum group metals.

(3) Development of the catalytic asymmetric conjugate reduction with EtOH as a hydride source.

Last year, we reported a novel catalytic asymmetric conjugate reduction of enones using a Pd-H species as the key
intermediate based on the observation that Pd(II)-BINAP complex can transfer a hydrogen atom from ethanol. The main
drawback of this reaction is the narrow scope of the substrate, and a,b-unsaturated esters were not available. To address
this issue, we examined various phosphine ligands, focusing on the electron density of the phosphorous atom. A Pd(ID)
complex having an electron-rich trialkylphosphine displayed higher reactivity, and the reaction of unsaturated esters
proceeded smoothly. In these reactions, the addition of molecular sieves facilitated the reaction, which might be important
for the in situ generation of the Pd-[-OH complex. Importantly, since safe and clean EtOH can be used as a solvent and a
hydride source, this reaction is environmentally advantageous. We also found that this new Pd complex was able to
promote asymmetric isomerization of allylic alcohols. Further investigation on this isomerization reaction is under way.

2. Materials Science for Ecomolecules

There is a growing demand for bio-based and biodegradable polymers as a solution to problems concerning the global
environment and solid waste management. Research on bio-based and biodegradable polymers has been carried out
worldwide with the aim of achieving harmony between human activities and natural environments. The R&D of processing
technologies for high-functional materials, the control of biodegradation, the surface and crystal structure analyses of
polymers, and the structure and functional analyses of biosynthetic and biodegrading enzymes are steadily progressing.
This team aims to establish a new field in polymer science research by using synchrotron radiation for elucidating dynamic
structural changes and to produce nano-controlled bio-based and biodegradable materials.

(1) We have developed biodegradable poly[(&)-3-hydroxybutyrate] (P(3HB)) and its copolymer fibers and films with high
strength. In order to clarify nondestructively a micro-texture of the high-strength fibers, we have developed the
micro-texture analysis method for spatial nonuniformity of polymer materials in this year. The production of micron-size
X-ray beam and the simultaneous microbeam SAXS/WAXD measurement apparatus have been established. A SAXS and
WAXD images from a single polymer fiber were collected successfully by using the developed measurement apparatus.



(2) Poly(L-lactide) (PLA) with various alkyl ester chain-end groups were synthesized, and the structural effect of
chain-end groups on the rate of enzymatic degradation were investigated. The degradation rates of PLA samples with alkyl
ester chain-end with carbon numbers of 12—-14 were much slower than those of the other samples. It was found that the
difference in degradation manner among the PLA samples with different alkyl ester chain-ends be related to the dispersing
state of alkyl ester chain-ends in PLA phase.

(3) Enzymatic degradation of P(3HB) and its copolymers by P(3HB) depolymerase is a two-step reaction that the
adsorption of enzyme and the hydrolysis of polymer. The enzymatic degradation processes of P(3HB) by two types of
P(3HB) depolymerases with different domain structure were investigated. It was found that the adsorption process of
enzyme on the polyester crystals was differed between two enzymes due to the function and role of the domains of enzyme.

(4) The active site of catalytic domain in P(3HB) depolymerase recognizes at least three monomeric units as substrate. We
have tried to synthesize the aliphatic copolyestrs with different sequential structure composed of 3HB and B-malic acid
units. Several oligoesters of two monomeric units were obtained by condensation reaction, and these compounds will be
used as a building block of periodic copolyesters.

3. Catalytic Science for Ecomolecules

(1) Atom-economic organic synthesis reaction catalyzed by organometallic complexes
Reaction of [Ln(CH2SiMes)s(thf)2] (Ln=Y, Yb, and Lu) with one equivalent of Me2Si(CsMesH)NHR’ (R’ = Ph, 2,4,6-MesCsHs,
Bu) affords straightforwardly the corresponding half-sandwich rare-earth metal alkyl complexes
[{Me2Si(CsMes)(NR)}Ln(CH2SiMes)(thf),] (1: Ln =Y, R = Ph, n=2; 2: Ln = Y, R’= C¢HaMe3s-2,4,6, n=1;8: Ln = Y, R’ = #Bu,
n=1;4Ln=Yb, R =Ph, n=2; 5 Ln = Lu, R’= Ph, n=2) in high yields. These complexes, especially the yttrium complexes
1-3, serve as excellent catalyst precursors for the catalytic addition of various primary and secondary amines to
carbodiimides, efficiently yielding a series of guanidine derivatives with a wide range of substituents on the nitrogen atoms.
Functional groups such as C=N, C=CH, and aromatic C-X (X: F, Cl, Br, I) bonds can survive the catalytic reaction
conditions. A primary amino group can be distinguished from a secondary one by the catalyst system, and therefore, the
reaction of 1,2,3,4-tetrahydro-5-aminoisoquinoline with iPrN=C=NiPr can be achieved stepwise first at the primary amino
group to selectively give the monoguanidine, and then at the cyclic secondary amino unit to give the biguanidine. Some key
reaction intermediates or true catalyst species, such as the amido complexes [{Me2Si(CsMes)(NPh)}Y(NRIR2)(thf)2] (NRIR2
= NEt2, NHCsHsBr-4) and the guanidinate complexes [{Me2Si(CsMes)(NPh)}Y{;PrNC(NR!R2)(N:Pr)}(thf)] (NR1R2 = NEtz,
NHC¢H4Br-4) have been isolated and structurally characterized. Reactivity studies on these complexes suggest that the
present catalytic formation of a guanidine compound proceeds mechanistically through nucleophilic addition of an amido
species, formed by acid-base reaction between a rare-earth metal alkyl bond and an amine N-H bond, to a carbodiimide,
followed by amine protonolysis of the resultant guanidinate species.

(2) Development of new polymerization catalysts and new polymer materials
The scandium complexes bearing mono(cyclopentadienyl) ligands, [Cp’Sc(CH2CsHsNMez-0)2] (Cp’ = CsMesSiMes, CsMes,
CsMesH), can be easily prepared by reaction of the tris(aminobenzyl) scandium complexes, [Sc(CH2CsHsNMes-0)3], with the
corresponding cyclopentadiene ligands. Because of the intramolecular coordination of the amino group, external Lewis
bases (such as THF) are not required for the stabilization of the highly Lewis-acidic metal center. This has enabled the
isolation and structural characterization of the THF-free cationic aminobenzyl-scandium complex
[(CsMesSiMe3s)Sc(CH2CeHaNMesz-0) (02 F*CeF5)B(CeF5)sl, the first example of an external-Lewis-base-free cationic
half-sandwich rare earth metal hydrocarbyl complex. More remarkably, the aminobenzyl group in the cationic complex,
even though in a chelating form, is active enough to initiate the polymerization of a variety of olefins such as ethylene,
1-hexene, styrene, norbornene and dicyclopentadiene (DCPD). Because of the absence of an external Lewis base and the
sufficient activity of the benzyl unit, the cationic complex or [Cp’Sc(CH2CsHiNMez-0)2l/[PhsCl[B(CeF5)s showed
unprecedented catalytic activity for the copolymerization of 1-hexene with DCPD to afford the copolymer materials with a
wide range of 1-hexene contents (32—70 mol %) unavailable previously.

(3) Development of new catalysts and application to polymerization
Monocyclopentadienyl rare earth metal complexes have recently attracted growing interest due to their high potential in
organic transformations and polymerization catalysis, however, no study has been reported on the influence of
heteroatom-containing cyclopentadienyl ligands on the olefin polymerization activity of half-sandwich rare earth metal
complexes. Reaction of YCls or SmIs(THF)s5 with 1 equiv of 2,5-di- tert-butyl-3,4-dimethylphospholide potassium [K(Dtp)]
in THF followed by reaction with 2 equiv of o-dimethylaminobenzylpotassium [K(CH2CsHsNMez-0)] afforded the
solvent-free mono(phospholyl) rare earth metal bis(benzyl) complexes [(Dtp)Ln(CH2CsHsNMez-0)2] (Ln = Y, Sm). The Sc
analogue could not be obtained under these conditions, as the reaction between K(Dtp) and ScCls in THF led to the
THF-ring-opened product [{Sc[/~O(CH2)4(Dtp)IClo(THF)2}2]. Replacing THF by a mixture of toluene/pyridine gave
[(Dtp)ScCla(pyridine)]l, which on  further vreaction with [K(CH2C¢HsNMez-0)] in  toluene afforded
[(Dtp)Sc(CH2C6HsNMes-0)2], which could also be obtained from the reaction between the protonated Dtp-H and
[Sc(CH2CsHsNMe2-0)s] in toluene. These Dtp-ligated complexes constitute the first examples of catalytically active
mono(phospholyl)-ligated rare earth metal bis(hydrocarbyl) complexes. The Sc and Y complexes showed high activity for
the syndiospecific polymerization of styrene when treated with 1 equiv of [Ph3Cl[B(CsF5)4l, although Sm complex did not
show any activity.

4. Photoscience for Ecomolecules

(1) Structured photovoltaic devices

Toward the development of efficient light-energy-conversion systems, the control of the molecular packing and their
structure is important to obtain high carrier generation efficiency and carrier mobility. We focus on the helical structure
showing ordered structures and unique chiral functionalities. The new chiral cyclic compounds containing an azobenzene
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moiety as a photoresponsive part and a binaphthyl moiety as a chiral part were synthesized. It was clear that the chiral
cyclic compound shows reversible change in a dihedral angle of the binaphthyl moiety by means of photoisomerization of
the azobenzene moiety. The cyclic compound was added to a nematic liquid-crystalline host at a concentration of 1 wt% to
induce a chiral nematic phase with a helical structure. The helical pitch length of 40 % was reduced by a change in the
twisting motion of the cyclic compound with the aid of ¢rans—cis photoisomerization. We found that the cyclic compound
possesses an ability of a chiral dopant, especially, liquid-crystalline alignment behavior based on the reorientation and
photomanipulation processes upon UV irradiation is an interesting phenomenon.

We are trying to develop the structured photovoltaic devices with aggregated, aligned, or organized organic materials,
which take the advantage of softness and flexibility in organic materials, in addition to the development of new organic
compounds. In this research, we discuss a new type of bulk heterojunction photovoltaic device with grating structures
induced by periodic photopolymerization. The spin-coated film of photopolymerizable 3-formyl-9-vinylcarbazole
(VCz(CHO)) doped with phenyl Csi-butyric acid methyl ester (PCBM) was periodically polymerized by an interference
pattern of two laser beams. We observed the larger photocurrent when the grating area was illuminated. This result
indicates that the photocurrent was enhanced by the formation of the grating. The formation of a surface grating was
confirmed by atomic force microscopy (AFM) observation. The regular relief structure could be acquired with a grating
spacing of 2.9 Um and a depth of about 160 nm. Kelvin probe force microscopy (KPFM) imaging also showed that the
surface potential of top regions on the grating structure is larger than that of bottom regions. The spatial distribution of
the surface potential means that the local work function was distributed in the structured film. We could successfully
obtain the spatial distribution images of the electron donor and acceptor (D/A). The spatial D/A distribution of D/A in the
organic photovoltaic device was achieved by combination of periodic photopolymerization and the liquid carbazole.

5. Bioinformation Science for Ecomolecules

In this research project, we are developing novel analytical microsystems, which enable us to rapidly and sensitively
detect ecomolecules including both chemical and biological species, and to acquire accurate bioinformation on the
environment. The analytical methods are based on our original technologies such as colloidal nanoparticles and
power-free microfluidic devices, and take advantage of deoxyribonucleic acids, proteins and cells as recognition devices.

(1) Towards a facile quantitative detection of fungicide-resistant pathogens, we have been developing an affinity capillary
electrophoresis using a DNA-polyethylene glycol block copolymer (DNA-5PEG) as a mobility shift reagent. In this fiscal
year, we clarified the relationship between the electrophoretic mobility of target ssDNA, and the association constant of the
complex via hybridization of target ssDNA and PEG-b-DNA, whereby an appropriate base number of DNA-b-PEG can be
predetermined to sufficiently retard the migration of target ssDNA with a given sequence

(2) We have been developing immunoassay methods on our original microchip which does not need pumps or tubes. We
have achieved simultaneous detection of multiple antigens by immobilizing the corresponding antibodies onto the
microchip. Specifically, we immobilized the antibodies of C-reactive protein (CRP) and vascular endothelial growth factor
(VEGF), and measured the contents of CRP and VEGF in mixed samples. We were able to measure them with slight (<
10%) interference.

(3) Polymer thin film is prepared as a functional membrane on the substrate surface of biosensor to measure the
interaction between the membrane and molecules. Poly(aspartic acid) (PAA), which has functional carboxyl groups, shows
the high biocompatibility and biodegradability. We are studying the enzymatic synthesis of PAA with well-controlled
structure. In this study, we investigated the substrate recognition by PAA hydrolase-1 of Pedobacter sp. KP-2 and
synthesized an unnatural polypeptide by taking advantage of its substrate recognition. We purified approximately 120
mg of the enzyme with high purity from the recombinant £. col cells grown in 1 L culture medium. Analyses of the
degradation products of thermally synthesized PAA (tPAA) by the enzyme revealed that this enzyme cleaves (-1 amide
linkage in tPAA with endo-mode and degrades tPAA to oligo(aspartic acid). For the production of a novel functional
polypeptide, we carried out enzyme-catalyzed polymerization using the hydrolase. MALDI-TOF-MS and NMR analyses of
the products revealed that unnatural poly(lI-aspartate) with polymerization degree of 15 was successfully synthesized.

6. Biorecycling Science for Ecomolecules
We are studying the mechanisms of degradation of ecomolecules such as recalcitrant lignocellulose and environmental
pollutants by microorganisms and the roles of symbioses for efficient utilization and recycling of these ecomolecules.

(1) In order to understand highly efficient systems of lignocellulose utilization, we are studying structure and function of
symbiotic microbial community in termite guts. Genes encoding Fe-hydrogenase were identified in gut protists by
preliminary analysis of their expressed sequence tags, and the recombinant enzymes preferentially catalyzed hydrogen
evolution. The endosymbiotic bacteria of a gut proitst showed strong hydrogen uptake activity, suggesting that the
symbiotic relationship enhances cellulose degradation via inter-species hydrogen transfer. We also showed the evidence for
cospeciations of the triplex symbiotic partners: gut protist, their endosymbionts, and their host termites.

(2) We are investigating microbial degradation of dioxins for bioremediation. Dibenzofuran (DF) is one of the
carbon-skeletal compounds of dioxins used as a model to study microbial degradation of dioxins. This study analyzes the
transcriptional regulation of the DF dioxygenase genes dfdA1-A4in the DF-utilizing actinomycetes Rhodococcus sp. YK2. A
gene encoding DNA binding protein that designated dfdR was found in the dfd gene cluster. The central part of the DfdR
amino acid sequence indicates significant homology to GAF-domain sequences by domain search analysis. A dfdR-disrupted
derivative of YK2 lost the abilities of DF utilization and DF-dependent dfdAI transcriptional induction, and these
dysfunctions were compensated by the introduction of dfdR. Promoter analysis of dfdAl in R. erythropolis JCM 2892
indicated that the dfdAI promoter (Pasiaz) activation was dependent on dfdR and DF, and not a metabolite of the DF
pathway. These results indicated that the dfdR gene product is involved in the DF-dependent transcriptional activation of



the dfdA genes in Rhodococcus sp. YK2.

(3) Comamonas testosteroni TA441 is known for the ability of utilizing certain steroids. We identified the degradation
pathway and most the genes involved in the degradation. TA441 degrades steroids via aromatization of A-ring followed by
degradation similar to bacterial aromatic compound degradation. Remaining BCD-ring, 9,17-dioxo-1,2,3,4,10,19-
hexanorandrostan-5-oic acid, is degraded through a pathway similar to the beta-oxidation pathway of fatty acid
degradation after addition of CoA. A lot of possible steroid degradation genes, which are similar but not identical to those of
TA441, are found in the data base, indicating that steroid degradation has somewhat important role in certain bacteria.

(4) In bioremediation by plants, rhizosphere-colonizing microorganisms have an important role. Ambruticin is a
bacterial polyketide compound that can control rhizosphere fungi. We found that ambruticin targets the group III
histidine kinase in the two-component signal transduction system (TCS) of rhizosphere fungi. Knockout mutants of
response regulator genes in the TCS were reduced in parasitic ability, suggesting that the TCS is involved in interaction
between a host plant and a rhizosphere fungus.
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