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UDP-Glc: glycoprotein glucosyltransferase FEEHFI&IH ([ 1T71=5
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Synthetic study of UDP analogs with modifications of the uracil backbone for developing
inhibitors of UDP-Glc: glycoprotein glucosyltransferase(! Graduate School of Science, Osaka
University, *Forefront Research Center for Fundamental Sciences, Graduate School of Science,
30saka International Cancer Institute) OChiharu Ishizaki,! Yusaku Sasae,! Junpei Abe,">?
Kohtaro Hirao,'? Yuta Maki,'? Yasuhiro Kajihara,!? Yukishige Ito?

This study aims to develop inhibitors of UDP-Glc: glycoprotein glucosyltransferase (UGGT)
for understanding the function of UGGT in the glycoprotein folding cycle. Since UDP is known
to exhibit moderate inhibitory activity against UGGT, systematic synthesis of its squaramide
modified analogs has been carried out to discover potent inhibitors. In this study, we focused
on the modification of the uracil backbone and successfully synthesized designed UDP
derivatives (Figure 1~4).

Keywords : UGGT, UDP, squaramide, inhibitor
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1. E. S. Trombetta et al. EMBO J. 1999, 18, 3282-3292.
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Synthetic study of bioactive erythropoietin derivative (Grad. Sch. Sci., Dept. Chem,' and FRC,?
Osaka Univ.) oShintaro Yamaguchi', Yuta Maki'?, Kohtaro Hirao'?, Ryo Okamoto'?, Yasuhiro
Kajihara'?

Chemical protein synthesis requires multiple synthetic steps for glycopeptides and their
ligation, resulting in time-consuming process. In this work, we prepared four a-helix segments
of erythropoietin by fast flow-based peptide synthesis". Fast flow-based SPPS enables an
amino acid elongation within 3 minutes under flow and high temperature conditions. For the
synthesis of glycopeptide by fast flow-based SPPS, we used peracetyl-asialo-oligosaccharyl
asparagine derivative I as a building block?. Currently, we examined assembly of the four a-
helix segments by disulfide bonds formation to rapidly achieve to the three-dimensional
structure of erythropoietin.

Keywords : glycoprotein synthesis, flow synthesis

Y7o bE S 2 AT DX VR B ART D ETEFRARITEELRTETH
B, L)L, ZHETO RS L 7 EOARKRETI., BLFF ROSHRH
FERS, 74— T 4 TEAER EICEWHIRI 0 o T D,

ABFFE Tl 7 o —EfEARKE Vi) 2afR=F o EPO)ICEEND a -
A~V w7 Z2WF ORGERE R 2 A T, w7 0 —[EARETIE 7 v —&EB L O
BERMICEVET R kA2 3 THEMRETHY ., HID a-—~V v 7 AWM Z%h=%R
<A T DI ENTE, /2, BIKBRILEZETCT B FARETHRE LT 7 ol
BHT ANRT X UFHEIRT 2 AW T T FOA R 2 KIEIC T 5 2 S b Ak
Lz ?, BE, ALz 4 DD a-~V v 7 AR AI-V) 2P AV T 4 KRR E
T, EPO DU —REEE X TR T DG 21770 > T b, ARBETIEIN L ORE
AR5,

%24 Assemble

Fmoc-Asn-OH

I SH SH SH

1) Mark D. simon, Chem. Bio. Chem, 2014, 15, 713-720
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Analysis of specific interactions between glycan and water by nuclear magnetic resonance
(*Grad. Sch. Sci., Osaka Univ., °FRC, Grad. Sch. Sci. Osaka Univ.) OHana Ishikawa',

Tatsuya Moriguchi’, Yuta Maki,*? Ryo Okamoto,*? Yasuhiro Kajihara®?

Glycans of glycoproteins regulate stability and functions of proteins. However, the detailed
mechanisms are still unclear. We have hypothesized that glycans regulate water behavior
around glycoproteins. To analyze the interaction between glycan and water, we succeeded in
the development of a unique sampling method for NMR measurement. We especially measured
the proton NMR and T1, T2 relaxation time. The resultant spectra revealed that sialic acid at
the end of the glycans lower the mobility of water molecules around glycans. We also
investigated the functions of carboxylic acid of sialic acid and the specific hydroxy groups. In
this presentation, we will present the specific interaction between sialic acid and water in detail.
Keywords : Glycan,; Hydration, Nuclear Magnetic Resonance
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Synthetic studies of glycoprotein probes for elucidation of glycoprotein-protein interactions (!
Sch. Sci., Osaka Univ.,? Grad. Sch. Sci., Osaka Univ.,, * FRC, Grad. Sch. Sci., Osaka Univ.) O
Chio Kobayashi,' Kohtaro Hirao,>* Yuta Maki,>* Yasuhiro Kajihara®>

In our laboratory, the effects of glycosylation on glycoprotein-protein interactions have been
investigated using artificial small glycoproteins with specific binding affinity against the Fc
region of the antibody. We chemically synthesized a small glycoprotein bearing a human-complex
type nona-saccharide. The glycan structure can be modified by glycosidases to prepare diverse
glycoforms. In this study, we successfully synthesized small glycoproteins bearing a complex
type hepta- or octa-saccharide including fucose through enzymatic editing of glycan structures
(Figure 1).

Keywords : Glycoprotein; Enzymatic reaction
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Development of a Safe Fmoc Solid Phase Peptide Synthesis for the preparation of peptide-
thioesters ('Sch. Sci., Osaka Univ., 2Grad. Sch. Sci., Osaka Univ., *FRC, Grad. Sch. Sci., Osaka
Univ., “Institute for Protein Research, Osaka Univ.) OAkari Imamura', Yuta Maki*?, Kohtaro
Hirao**, Hironobu Hojo*, Yasuhiro Kajihara*?

Fmoc solid-phase peptide synthesis (SPPS) is widely used for chemical synthesis of peptides.
However, it is potentially risky because it requires strong acids such as trifluoroacetic acid (TFA)
to remove protecting groups and to cleave peptides from the resin. The crude peptide needs to be
obtained from the TFA cocktail by ether precipitation or TFA concentration. In this study, we
investigated a safer Fmoc-SPPS using N-methylcysteine as a linker.

First, a peptide was synthesized by standard Fmoc-SPPS via the N-methylcysteine linker on
resin. Then, a TFA cocktail was used to remove protecting groups, while the deprotected peptide
remained on the resin. After elution of TFA cocltail from reaction vessel, the resulting peptidyl
resin was treated with a phosphate buffer solution including thiol nucleophile reagent to perform
thiolysis of peptide from the resin by N-S acyl migration.” We could obtain a peptide-thioester
without ether precipitation and concetration of TFA.

Keywords : Fmoc SPPSs, peptide-thioester, TFA
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FAWT, AT T REREEZRT LT, £ —i%1972 Fmoc EAHERRIEIZ XLV,
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1) H. Hojo,: et al, Tetrahedron Letters 2007, 48, 25-28
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Computational Design and Chemical Synthesis of Mini-Erythropoietin (‘Grad. Sch. Sci.,
Osaka Univ., *)FRC, Grad. Sch. Sci., Osaka Univ. >Graduate School of Interdisciplinary Science
and Engineering in Health Systems, Okayama University) OKazuki Mitsusada', Yuta Maki'~,
Kohtaro Hirao'?, Ayano Satoh®, Yasuhiro Kajihara'~,

Chemical synthesis of proteins has greatly developed; however, several problems remain. In
the case of large proteins, the number of synthetic steps increases due to the repetitive peptide
ligation and deprotection steps. Consequently, the synthesis requires longer synthetic time and
large-scale production is difficult. To address this problem, we aimed to make a small-protein,
while keeping its bioactive conformation using computational tools. We chose erythropoietin
as the target and designed a miniaturized erythropoietin. We would like to present the details
of our design and its chemical synthesis.

Keywords : Protein Synthesis, Glycoprotein, Protein Design, AlphaFold2
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Removing loop parts and then rearrangement
of helix positions in polypeptide chain

EPO (166aa) Mini-EPO (126aa)
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Elucidation of novel glycan functions in promoting B-sheet formation of peptides

(Sch. Sci., Osaka Univ., °Grad. Sch. Sci., Osaka Univ., SFRC, Grad. Sch. Sci., Osaka Univ.)

OKentarou Yamada,! Yuta Maki,?? Kohtaro Hirao,2? Yasuhiro Kajihara 23

Glycans of glycopeptides are known to play crucial functions in stabilizing protein three
dimensional structures. However, the detailed mechanisms of glycan functions remain still unclear.
Especially there is few study about the role of glycans in B-sheet formation of peptides. To address
this issue, we chemically synthesized glycopeptides and peptides in order to study whether a glycan
accelerate B-sheet formation. (Fig.1). In this presentation, we report the results of a comparative
analysis, demonstrating that glycopeptides form more stable B-sheet structures than peptides.

Keywords : peptide ; beta-sheet ; oligosaccharide
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Figure 1. Structure of synthesized glycoferredoxin
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Analysis of production mechanism of oligofructofranoside with reducing terminal DFA III by
inuline-degrading enzyme from B. caccae ('RIKEN CPR, *Fuc. Agr, Kagoshima Univ., *Sch.
Mat. Chem. Technol., Sci. Tokyo, ‘Grad. Sch. Sci., Osaka Univ.) O Akihiro Ishiwata,! Yurina
Shite,” Kanehumi Kitahara,? Kiyotaka Fujita,” Katsunori Tanaka,'? Yukishige Ito"*

Identification of isolated tri- and tetra-saccharides from inulin degradation by Bacteroides
caccae was carried by mass and NMR analyses and the results suggested that they are
oligofructofuranoside with a-D-fructofuranose [-D-fructofuranose 1,2°;2,3’-dianhydride
(DFA 1)  terminal  structure, such as  B-D-Fruff(2—1)-DFA III  and
B-D-Fruf~(2—1)-B-D-Fruf~(2—1)-DFA III, respectively. Functional and structural analyses of
the GH91 enzyme were further employed, indicated its unique heterodimeric structure, the
key residues and proposed mechanisms in the active site.

Keywords: D-fructofuranoside; inulin-degrading enzyme; intestinal bacterial enzyme, structural
analysis.
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23 3CHk: 1) Sonnenburg, E. D. et al., Cell 2010, 141, 1241; 2) Jung, W. S. et al., J. Biol.
Chem. 2007, 282, 8414; 3) Yu, S. et al., ACS Catal. 2018, 8, 10683; 4) Ishiwata, A. et al.,
Submitted for publication.
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Chemical synthesis and immune function of Campylobacter jejuni lipid A(Graduate School of
Science, Osaka University) O Tatsuya Kanaoka, Atsushi Shimoyama, Sho Nakagawa,
Yoshifumi Matsuura, Toshinari Fujie, Koichi Fukase

Lipooligosaccharide is a complex carbohydrate that constitutes the outer membrane of
certain gram-negative bacteria, such as Campylobacter jejuni. It consists of a sugar chain
portion and the glycolipid lipid A attached to the end of the chain. Generally, lipid A is
composed of a disaccharide structure consisting of two glucosamine units."; however, C. jejuni
lipid A is unique in that it contains 2,3-diaminoglucose in its disaccharide skeleton. In this study,
we synthesized a structurally diverse C. jejuni lipid A library with variations in the phosphate
groups and sugar skeleton, and evaluated their immune functions.
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Development of Microwave-Controlled Boron-Mediated Aglycon Delivery and Total
Synthesis of Plant Hormone CLE2 ('Faculty of Science and Technology, Keio University,
2General Incorporated Association ZeroC, 3Graduate School of Engineering, Osaka
University) OKazuki Senoo', Kazuki Inaba', Ayato Takayanagi', Yuji Wada?, Makoto Yasuda®,
Kazunobu Toshima', Daisuke Takahashi'

An arabinosylation modification of hydroxyproline (Hyp) with B(1—2)-triarabinofuranoside
([Arafs]) attached to its hydroxyl group has attracted attention as a plant-specific and important
post-translational modification. CLE2 (1), isolated and identified from Arabidopsis thaliana in
2009, is a plant peptide hormone proposed to function as a long-range signal from roots to
leaves and modified by arabinofuranosylation. In this study, the development of microwave-
controlled boron-mediated aglycon delivery (BMAD) and total synthesis of 1 were investigated.
It was found that the desired [Arafs]-O-Hyp 5 could be efficiently obtained in a single step by
one-pot BMAD of Hyp-acceptor 2 and 1,2-anhydro donor 4 with microwave irradiation. And
then, the first total synthesis of 1 was achieved by solid-phase peptide synthesis.

Keywords : Boron-Mediated Aglycon Delivery,; Arabinosylation;, Microwave, Plant Hormone;
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Synthesis of Mannosylerythritol Lipid-Containing LNPs and Their Nucleotide Delivery
Activities ('Faculty of Science and Technology, Keio University, *Research Institute for
Microbial Diseases, Osaka University, SCenter for Infectious Disease Education and Research,
Osaka University, *Center for Advanced Modalities and DDS, Osaka University, *National
Institutes of Biomedical Innovation, Health and Nutrition) OMisuzu Iha,! Itsuki Anzai,3
Tokiko Watanabe,>* Kotomi Aso,’ Yuuya Kasahara,’ Kazunobu Toshima,' Daisuke Takahashi!

Our laboratory synthesized 20 mannosylerythritol lipids (MELs) 1-20 with different types
and fatty chain lengths. In this study, each MEL-containing lipid nanoparticle (LNP)
encapsulating antisense oligonucleotides (ASO) was synthesized, and then, their nucleotide
delivery activities were evaluated by luciferase assay. As a result, MEL-A (n=9) 3 improved
not only the storage stabilities but also the nucleotide delivery activities of LNPs.

Keywords : Mannosylerythritol Lipid (MEL), Lipid Nanoparticle; Antisense Oligonucleotides;
Drug Delivery System, Nucleotide Delivery Activity
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Photo-Induced Glycosylation Using Edible Polyphenol Sinapic acid (Faculty of Science and
Technology, Keio University) OChikako Shiraishi, Daisuke Takahashi, Kazunobu Toshima

Novel environmentally benign and efficient glycosylations are required to establish green
carbohydrate chemistry. In this study, we focused on edible polyphenols, caffeic acid (1),
ferulic acid (2), p-coumaric acid (3), and sinapic acid (4), as environmentally benign activators.

Photo-induced glycosylations of glycosyl imidate 5 with cyclohexylmethanol (6) using 1-4
were examined. As a result, it was found, for the first time, that when 4 was used, glycosylation
reaction proceeded smoothly under long-wavelength UV light irradiation to give corresponding
glycoside 7 in high yield. The substrate generality of this reaction will also be reported.
Keywords : Photo-Induced Glycosylation; Edible Polyphenol; Long-wavelength UV Light;
Sinapic Acid
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Total synthesis of cyclic (1,3;1,6)-B-glucan dodecasaccharides via electrochemical
glycosylations (7ottori University) (OYu-Cong Sun, Norihiko Sasaki, Toshiki Nokami

Electrochemical glycosylation! pioneered by Noyori is a method to synthesize
oligosaccharides including unnatural cyclic oligosaccharides.>®> We synthesized a
hexasaccharide, allowing one-pot synthesis of the corresponding cyclic disaccharide under
electrochemical dimerization-cyclization conditions.* The yield was only 3% (10% for
sequential synthesis). To our surprise, another hexasaccharide with a similar structure did not
afford cyclic oligosaccharides. Therefore, we prepared model disaccharides of two
hexasaccharides and compared their oxidation potentials® and relative reactivity values
(RRVs)® to elucidate the origin of their reactivity difference. We also performed global
deprotection to obtain the desired cyclic dodecasaccharide.

Keywords : Electrochemical glycosylation, Cyclic oligosaccharide, Total synthesis
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