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Abstract  Eel calcitonin derivatives containing various N-linked oligosaccharides were chemo-enzymatically
synthesized by the transglycosylation reaction of Mucor hiemalis endo-f3-N-acetylglucosaminidase (Endo-M) to a
glycosylated calcitonin derivative [Asn(GIctNAC)’]-CT in which N-acetyl-D-glucosamine (GIcNAC) is attached to
the L-asparagine (Asn) residue of the peptide. © 1998 Elsevier Science Ltd. All rights reserved.
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Oligosaccharides in complex glycopeptides or glycoproteins play important roles in
biological processes such as cell-cell interaction, substrate-receptor recognition and stability’.
The synthesis of glycopeptides and their mimics is therefore important to study these roles.

In this letter, we describe the chemo-enzymatic synthesis of eel calcitonin derivatives
containing N-linked oligosaccharides.

Calcitonin is a calcium-regulating hormone composed of 32 amino acids existing as an
amphiphilic a-helix conformation”. Both calcitonin and its synthetic derivative elcatonin’ are
widely used as therapeutic agents for hypercalcemia, Paget’s disease and osteoporosis. Eel
calcitonin contains no sugar chains, but does have a marker sequence triplet (Asn-Xaa-Ser/Thr
as “Asn-Leu-Ser”) for N-glycosylation. We attended to artificially add N-linked
oligosaccharides to the Asn residue of the peptide by a chemo-enzymatic method, as a biological
addition of oligosaccharides is impossible. ~We wished to investigate the effects of
oligosaccharides on the biological activity and the tertiary structure of calcitonin.

0960-894X/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0960-894X(98)00209-1



1304 K. Haneda et al. / Bioorg. Med. Chem. Lert. 8 (1998) 1303-1306

Previously, we have prepared the glycopeptide analog of eel calcitonin, [Asn(GlcNAc)’)-CT
(1, abbreviated as CT-GlcNAc), in which GlcNAc is attached to the Asn residue of the peptide?.
N-Glycopeptides containing an N-acetyl-D-glucosamine (GlcNAc) moiety have been made by a
dimethylphosphinothioic mixed anhydride (Mpt-MA) method in which no protection of the
sugar hydroxyl group was necessary’. The N-glycopeptides and their mimics are good
glycoside acceptors in transglycosylation reactions catalyzed by microbial endo-B-N-
acetylglucosaminidase®’ giving complex glycopeptide products containing  natural
oligosaccharides®”. Then, following this method, eel calcitonin derivatives containing N-linked
oligosaccharides were synthesized. This is the first report on the artificial addition of N-
linked oligosaccharides to bioactive peptide hormones having no natural sugar chains.

Syntheses of eel calcitonin derivatives containing N-linked oligosaccharides were
performed using Endo-M-facilitated transglycosylation reactions with [Asn(GlcNAc)*]-CT (1)*
as the glycoside acceptor.  As a glycoside donor, disialo transferrin glycopeptide (STF-GP),
Asn[(NeuAc-Gal-GlcNAc-Man),-Man-GleNAc,]-OH, derived from human serum transferrin'®
was used (Scheme 1).
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Scheme 1. Synthetic route for a eel calcitonin derivative containing disialo
complex-type oligosaccharide.

The reaction mixture was composed of 25mM glycoside donor, 10mM [Asn(GlcNAc)*]-CT
(1) as an acceptor, 4mU/ml of Endo-M in the 60mM potassium phosphate buffer (pH 6.25) and
50mM EDTA®. The reverse-phase HPLC (RP-HPLC)" profile of the reaction mixture is

shown in Fig. 1-I.  After incubation for 6 hours at 37°C, a single new peak of a

transglycosylation product corresponding to a calcitonin derivative containing disialo
biantennary  complex-type  oligosaccharide, [Asn{(NeuAc-Gal-GlcNAc-Man),-Man-
GlcNAG,}']-CT (2), was observed in 8.5% yield (to the acceptor added) and identified by mass
spectrometry',

When an asialo transferrin glycopeptide (ASTF-GP), Asn[(Gal-GlcNAc-Man),-Man-
GIcNAG,]-OH and a high-mannose type glycopeptide (M,-GP), Asn(Mang-GlcNAc,)-OH,
derived from ovalbumin' were used as the glycoside donor, calcitonin derivatives containing an
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asialo complex-type oligosaccharide, [Asn{(Gal-GlcNAc-Man),-Man-GIcNAc,}’]-CT (3)" (Fig.
1-IT) and a high-mannose type oligosaccharide, [Asn(Mang-GlcNAG,)’]-CT (4)" (Fig. 1-11,
abbreviated as CT-M6), were successfully prepared.
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Fig. 1. RP-HPLC elution profiles of the reaction mixtures of transglycosylation
reaction to [Asn(GIcNAc)’]-CT catalyzed by Endo-M.

Every transglycosylation product 2: [Asn{(NeuAc -Gal-GlcNAc-Man),-Man-GlcNAc, }*]-CT,

3: [Asn{(Gal-GlcNAc-Man),-Man- -GIcNAc,}*]-CT and 4: [Asn(Man-GlcNAc,)*-CT was formed

in the reaction mixture containing STF-GP (1), ASTF-GP (Il) and M¢-GP (Il) as a glycoside

donor. Only the acceptor [Asn(GIcNAc)’]-CT (1) was detected in the reactlon mixture without

glycoside donor (IV).
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Fig. 2. Biological activity in vitro of glycosylated calcitonin derivatives®.
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Calcitonin inhibits osteoclastic bone resorption through the receptor abundantly expressed
on the plasma membrane of osteoclasts'®. Osteoclasts in a bone-resorbing state exhibit ringed
structures of F-actin dots (actin rings). Elcatonin'’, a synthetic analog of eel calcitonin,
disrupted actin rings and inhibited pit-forming activity of murine osteoclast-like multinucleated
cells (OCLs) in a dose-dependent manner'®.  This calcitonin-induced change in the cytoskeleton
is an indicator of the bone-resorbing activity of osteoclasts.

In preliminary experiments in vitro, the glycosylated calcitonin derivatives exhibited strong
inhibitory activity on the actin ring formation of OCLs as shown in Fig. 2. Calcitonin
derivatives 4 (10" to 10"° M), 1 (10" to 10™"° M) and elcatonin (10 to 10""* M) were found to
inhibit actin ring formation of OCLs dose dependently. =~ We are investigating the effects of
oligosaccharides on the biological activities of calcitonin derivatives (including compounds 2, 3
and eel calcitonin itself) more precisely.

The influences of GIcNAc or N-linked oligosaccharides artificially attached to the Asn
residue of the peptide on the conformation or tertiary structure of calcitonin are under
investigation.
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