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Synthesis of Glycopeptide Containing 6-O-Phosphorylated
Mannose for an g-Dystroglycan/Laminin Interaction
Study

Mamoru Mizunol, Kenji Osumi’, Yuriko Hirosel, Hiroshi Manyaz, Tamao Endo’

"Laboratory of Glyco-organic Chemistry, The Noguchi Institute 1-8-1, Kaga,
Itabashi-ku, Tokyo, 173-0003, Japan, and * Molecular Glycobiology, Research Team
for Mechanism of Aging, Tokyo Metropolitan Institute of Gerontology, 35-2 Sakaecho,

Itabashi-ku, Tokyo 173-0015,Japan
email: mmzino@noguchi.or.jp

a-Dysrtoglycan (a-DG) is one of the best known O-mannosylated proteins in
mammals, and O-mannosyl glycan of a-DG play an important role in its binding
to laminin. Recently, new glycan containing phosphorylated mannose residue was
Jound. In order to study a-DG/laminin interaction, 6-O-phosphorylated mannosyl
peptide was synthesized.

Keywords: 6-O-phosphorylated mannose, a-dystroglycan, laminin, POMGnT1

Introduction

Dystroglycan (DG) is a membrane protein and is a component of the
dystrophin-glycoprotein-complex in skeletal muscle. DG 1s composed of an
extracellular a-DG subunit and a transmembrane $-DG subunit, and a-DG binds to
laminin. Some muscular dystrophies, such as muscle-eye-brain disease (MEB) and
Fukuyama congenital muscular dystrophy (FCMD), are caused by deletion of
a-DG/laminin interaction [1]. It was found that O-mannosyl tetrasaccharide
(NeuAca2-3Galp1-4GIcNAcf1-2Man) exists in brain and muscle o-DG, and this
mannosyl saccharide was required for laminin binding [2]. In the previous study, we
found protein O-linked mannose $1,2-N-acetylglucosaminyltransferase 1 (POMGnT1)
which catalyzes the transfer of GIcNAc to O-mannose of glycoproteins. Additionally,
we have shown that mutations in the POMGnT1 gene cause MEB.

Recently,  laminin-binding  activity = of  trisaccharide  containing
6-O-phosphorylated mannose residue (GalNAcf1-3GlcNAcB1-4Man-6-P) was
reported, and it was found that this phosphorylation occurs independently from the
mannose-6-phosphate synthetic pathway that is required for lysosomal protein
modification [3]. In order to study a-DG/laminin interaction, glycopeptide containing
6-O-phosphorylated mannose was synthesized. Additionally, to obtain information
about the step of phosphorylation in O-mannosyl glycan biosynthesis, we examined
whether or not 6-O-phosphorylated mannosylpeptide worked as an acceptor substrate
of POMGnT]1.
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Fig.1 Schematic model of the dystrophin-glycoprotein complex as a transsarcolemmal
linker between the subsarcolemmal cytoskeleton and extracellular matrix.

Results and Discussion

The synthetic route of building block
Fmoc-Thr[aMan{2,3,4-tri-O-benzyl-6-P(OCH,CCl;),} ]-OPfp Sa is shown in Fig. 2.
In this study, odourless thiol, 2-methyl-5-tert-butylthiophenol (MbpSH) [4], was used
to provide thioglycoside donor. The thioglycoside 2 was prepared from the mannose
peracetate 1 and Mbp-SH in presence of the BF; diethyl ether complex. After
removal of O-Ac groups, the trityl group was used for the protection of the C-6
hydroxyl and the benzyl (Bn) ethers for the C-2 and C-3, C-4 hydroxyls.

Me,

HS—Q (Mbp-SH)

AcO Bu AcO Me 1) NaOMe
0 BF4+OEt, 0 2) TrCl, DMAP
AcOm OAc —————=—» AcOm S ———————>» Hom
CH,Cl,

AcO OAc AcO OAc By

1 2 91%
BnBr Tro Me,
NaH 0 CSA, LiCl

—> BnOm S ———» BnOwm

DMF CHCl3-MeOH

BnO OBn By

68% (2 steps) 3 %%
O\/CC|3 BnO

Cl— P\O/\CC]3

b \/O\P o Fmoc-Thr-OPfp ~ BnO o
NIS, TfOH
Pyridine C|3 . MSAA BnO = [ls/OvCCla
no mu 0’/ ~

CHxCl CH20l2 ? 07> cels
e el Fmoc-Thr-OPfp
4 98% 5 75% (cp=31)

Fig.2 Synthesis of 6-O-phosphorylated mannosyl threonine derivative.
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The cleavage of C-6 trityl group using 10-camphorsulfonic acid (CSA) and lithium
chloride gave compound 3. Reaction of compound 3 with bis (2,2,2-trichloroethyl)
phosphorochloridate [5] and pyridine in CH,Cl, yielded the th10g1ycos1de 4 in almost
quantitative yield (98%). The thioglycoside 4 was coupled with Fmoc-threonine Pfp
ester using NIS-TfOH to give mannosyl threonine 5 as the anomeric mixture (75%
a:f = 3:1). After silica-gel column purification, a-glycoside So was isolated and used
as the building block of glycopeptides synthesis

Next, phospho-mannosyl peptide was prepared by solid-phase manner (Fmoc
chemistry). Amino acid sequence of mannosyl peptide was selected same sequence as
our previous studies [6, 7]. Starting from Fmoc-Pro-CLEAR-amide resin, peptide
synthesis was carried out with a five-hold excess of amino acids and using PyBOP as
the activator system. The introduction of mannosyl threonine residue was performed
using one equivalent of Pfp ester Sa by a double coupling method. Finally, N-terminal
amino group was capped with acetyl group. The resulting glycopeptides resin was
treated with 95% aqueous TFA to give the crude product of protected
phospho-mannosyl peptide. Removal of trichloroethyl groups of phosphoryl moiety
and benzyl ethers of mannose moiety was accomplished by hydrogenolysis over
palladium hydroxide on carbon in MeOH for 2 hours. After HPLC purification, the
target phospho-mannnosyl peptide 6 was obtained in 3.9% overall yield from the
starting resin.

repeat .
50 (1.0 equiv.)
. Deprotection Coupling DIEA
Fmoc-Pro-NH—(_} > H-Pro-VaAl-Ala-Pro-NH—{ ) ——————>
20% pip endme Fmoc-AA-OH (5.0 equiv.) NMP
in NMP PyBOP, DIEANMP Double Coupling
BnQ BnQ
BnO ~ o Deprotection BnO
:@AI & Ac,0 pA?
Bno - 0 //P/O\/CCI3 Coupliong DIEA BnO - p O-CCly
T 0 o\ T 0” 0/\
? CClg 0 CCh
I .
Fmoc-Thr-Pro-VakAla-Ala-Pro-NH Ac-Ala-Ala-Pro-Thr-Pro-Val-Ala-Ala-Pro-NH—{.._
BnO " HO
: 2 HO_~
9%5%aq TFA B o Pd(OH)2/C 0
——— | B | oH
Bn0” 0 ,/P<O\/CCI3 MeOH HO™ Y © O//P\/
6 0 O/\CC'3 ? OH
|
Ac-Ala-Ala-Pro-Thr-Pro-Val-Ala-Ala-Pro-NH, Ac-Ala-Ala-Pro-Thr-Pro-Val-Ala-Ala-Pro-NH,
6

Fig.3 Synthesis of phospho-mannnosyl peptide.

The POMGnT1 activity was obtained from the amount of [H]GlcNAc
transferred from UDP-GIcNAc to a substrate [2]. The reaction product was purified
with a reverse-phased HPLC and radioactivity was measured. The mannosyl peptide
(Man-peptide, Ac-AAPT(Man)PVAAP-NH,) and the 6-O-phosphorylated mannosyl
peptide 6 were used as substrates. The soluble form of human POMGnT]1 used as an
enzyme source was described previously [7]. The mannosyl peptide was worked as an
acceptor for POMGnT1 (Km and Vmax values are 3.6 mM and 0.6 pmol/min/mg,
respectively), whereas the POMGnT1 activity against the phospho-mannosyl peptide 6

129



was not detected. This result demonstrated that the POMGnT1 cannot recognize the
6-O-phosphorylated mannose as an acceptor. Thus, if the phosphorylation of mannose
occurred earlier than POMGnT1 reaction, the formation of GlcNAcf1-2Man linkage
should be inhibited. Taken together, it is possible that the phosphorylation of mannose
may occur after forming GIcNAcfB1-2Man linkage. Not only 6-O-phosphorylated
mannose structure, Galf1-4GIcNAcp1-2Man(6-P) [3], but also the 2,6-substituted
O-mannose structure, GIcNAcB1-2(GIcNAcp1-6)Man, have been identified in a-DG
[8]. The GIcNAcP1-6Man linkage was formed by GnT-IX (GnT-VB). Because the
transfer of GlcNAc to C6-position of O-mannose by GnT-IX (GnT-VB) requires also
the GIcNAcP1-2Man structure [9, 10], the phosphorylation and GlcNAcylation of
C6-position of mannose may be competitive mutually.

POMGnNT1 activity
. 8000
i Man-peptide (—-) n | &
Man6P-peptide (—) U ) 100 7000 -
] ) 6000
7 5000
£ . g £ 4000
< H 50 2 B —+—Man
S H z 3000 - Man6P
n 3
e L S— s 2000 >
_j L ......................... 1000 = ‘L
........ l : ! o o
B 10 min 20 30 0 5 10 15 20
min

Fig.4 POMGnTI activity against the phospho-mannosyl peptide 6 and
mannosyl peptide. The radioactivity of each fraction (Fr.=Iml/min, count=0.5ml) was
measured using a liquid scintillation counter.

In conclusion, synthesis of 6-O-phosphorylated mannosyl peptide was
achieved. It was found that 6-O-phosphorylated mannosyl peptide does not worked as
an acceptor substrate of POMGnTI1. Future studies are necessary to clarify the
phosphorylation mechanism of O-mannosyl glycan.
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Two distinct cDNAs corresponding to two zebrafish protein
O-mannosyltransferase genes, zPOMT1 and zPOMT2,
were cloned from early developmental embryos. Gene ex-
pression analysis revealed that zZPOMTI and zPOMT?2 were
expressed in similar patterns during early embryonic de-
velopment and in all adult tissues. To study the
regulation of zPOMT1 and zPOMT2 mRNA distribution
during zebrafish embryogenesis, we injected enhanced
green fluorescent protein (EGFP) mRNA fused to the 3’un-
translated regions of each zPOMT gene. The distribution of
EGFP resulting from the two constructs was similar. Injec-
tion of antisense morpholino oligonucleotides of zPOMTI
and zPOMT2 resulted in several severe phenotypes—
including bended body, edematous pericaridium and ab-
normal eye pigmentation. Immunohistochemistry using
anti-glycosylated o-dystroglycan antibody (ITH6) and
morphological analysis revealed that the phenotypes of
zPOMT?2 knockdown were more severe than those of
zPOMT1 knockdown, even though the ITH6 reactivity was
lost in both zZPOMT1 and zPOMT2 morphants. Finally, only
when both zZPOMTI and zPOMT?2 were expressed in human
embryonic kidney 293T cells were high levels of protein O-
mannosyltransferase activity detected, indicating that both
zPOMT1 and zZPOMT2 were required for full enzymatic ac-
tivity. Moreover, either heterologous combination, zPOMT]
and human POMT2 (hPOMT2) or hPOMTI and zPOMT2,
resulted in enzymatic activity in cultured cells. These results
indicate that the protein O-mannosyltransferase machinery

"To whom correspondence should be addressed: Tel:/Fax: +81-59-231-9560;
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SPresent address: Department of Nephrology, Nagoya University Graduate
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in zebrafish and humans is conserved and suggest that zeb-
rafish may be useful for functional studies of protein O-
mannosylation.

Kevwords: development/glycosylation/POMTI and POMT2/
protein O-mannosyltransferase activity/zebrafish

Introduction

Posttranslational modification of proteins by glycosylation has
critical biological functions at both the cellular and organismal
levels (Haltiwanger and Lowe 2004; Ohtsubo and Marth
2006). In addition to the generally observed types of glycosyl-
ation such as N-glycosylation and mucin-type O-glycosylation,
several unique glycans have recently been found to play impor-
tant roles in a variety of biological processes. According to
current knowledge, protein O-mannosylation in mammals is
found on a relatively small number of proteins in the brain,
nerves and skeletal muscle (Krusius et al. 1986; Chiba et al.
1997; Sasaki et al. 1998; Endo 1999). In contrast to yeast cells,
where O-mannose is elongated by neutral, linear oligomannose
chains (Strahl-Bolsinger and Tanner 1991), the mannose residue
of mammalian O-mannosylglycans is extended with complex
glycans terminating with sialic acid, sulfate or fucose (Endo
1999). The structure Siaa2-3Galp 1-4GIlcNAcp 1-2Mana -
Ser/Thr is required for binding between a-dystroglycan
(a-DG) and laminin G domain (Chiba et al. 1997; Endo 1999;
Montanaro and Carbonetto 2003).

Muscular dystrophies are genetic diseases characterized by
progressive muscle degeneration and muscular weakening.
They can be classified into a number of disease types, and
some causative genes have been identified (Burton and Davies
2002). For example, dystrophin forms a dystrophin—glycopro-
tein complex (DGC), and Duchenne muscular dystrophy is
caused by mutations in the gene encoding dystrophin. Muta-
tions in other components of DGC are involved in other
muscular dystrophies. Defects in glycosylation of a-DG, one
of the DGC components, are responsible for certain congenital
muscular dystrophies (Endo and Toda 2003; Michele and
Campbell 2003). These kinds of muscular dystrophies, includ-
ing diseases such as Walker—Warburg syndrome (WWS) and
muscle—eye—brain disease, are called a-dystroglycanopathies.
Protein O-mannosyltransferases (POMT!1 and POMT2) cata-
lyze the first step in O-mannosyl glycan synthesis (Manya et
al. 2004), and defects in human POMT!1 (hPOMTI) or
hPOMT2 result in WWS, an autosomal recessive disorder as-
sociated with severe congenital muscular dystrophy, abnormal
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GAACAGACCGTTGCTTTATTTACAGTGTTTAGTGGCTTTATTTAAAGCGTAAAGTTGTCGTATATGCCTAAGCAATGGCATTATTTATTT
GTTTTTATTTTTCTTGACCAATTCCAGTTTTAGCGAATATTTTTATTCATAATTTACTGCTAAAAGACCGCGCATGTGGTCGTGAAAGCA
GCACTGTTCACCTATGATTGCGAAATTCCAGAGGAAAAACTGAATCAAGTCAGGATTGAGCATGCAGTGTGTTAAACTGCCCGTCAGTGT
M Q ¢C V X L P V 8 V
GACAGTGGAGATAAATGTGCTGCTGCTGGCGGTTACAGCACTTGCCCTCTTTACTCGACTTTATGGCATTCACTTTCCCAAAGCTGTAGT
T v EI NVLLLAVTATLALTFTI RIULYGTIHT FU?PI KA AUV V
GTTTGATGAGGTTTATTATGGACAGTTCCTGTCATTGTACATGAAGCAGGTTTTTTTCATAGATGARAGCGGTCCTCCTTTTGGACACAT
F D EV Y ¥ G Q F L S L Y MIKJGQV/FVFIUDESZG?PUZPTFGUHM
GATACTTGCTTTAGGAGCGTATTTAGGAGGATTTGATGGCAACTTTGTTTGGAACAGAATTGGAGCAGAATACCCTGGTAATGTCCCTGT
I L AL GAYULUGSGT FDGNT FVWNU RIUGA ATEYU?PGNUV PV
TTGGAGCCTTCGACTGATACCGGCTCTAGCAGGCTCTTTTTGTGTGCCACTTGCATATCTTGTAGTAGTGGAGCTGGGATACTCCCACTT
W s L R L I PALAGSVFOCV?PULAYULV YV V ETLTGY Y S HF
CTCGGCACTGGGGGCCTGTGCACTTCTCCTCATGGAARACTCCCTGATTGTGCAATCGCGCTTCATGCTGCTGGAGTCTGTTTTAATTTT
S AL GACALILTULMENSTLTIVQS R FMULULESV L I F
CTTCTTGCTGTTGGCTGTGCTGTCTTACCTCCGCTTTCCCCAAGCACGCAACTCATTTTTCAAGTGGTTCTGGCTTGTGATCTGTGGGGT
F L L L AV L S YL RVFUPOQARUDNSZST FTFI KW FWILVIOCGUV
CAGCTGTGCATTCGGAATTGGGGTAAAGTACATGGGTATGTTCACATACTTTCTACTGCTGAGCCTGGCAGCTGTACACACCTGGCAGCT
S ¢CA F G I GV KYMGEGMPFTYVFULULULSULAAVHTWOQTL
TATTGGAGATCGAACCTTGAGCCATGGCAAAGTAATGTTCCAGGTATTAGTTCGCTTCTTGGCACTCGTGGTGCTACCTGTCATCATTTA
I 6GDRTULSHGI XKV VMV FQVL VI RV FIULALUVUVILUZPUVTITIZY
CCTTGGGTTTTTCTACATTCACCTGACCTTGCTATATCGCAGTGGACCTTCTGACCAGATGATGAGCAGTGCCTTTCAAGCAAGTCTAGA
L ¢ F F Y I HLTULULYURSGP S DOQMMSSATFOQASTLE
GGGTGGTCTTGCCCGGATCACTCAGGGGCAGCCTTTAGATGTAGCGTTCGGCTCACAGGTCACTCTCCGCACAGTCTCCGGTAAACCTGT
G 6 L AR I TOQ G Q P LDV AF G S QV TULZRTV S G K P V
GCCTTGTTGGCTTCACTCACACAAGGCCAACTATCCCATCAGGTATGAAAATGGCCGTGGAAGCTCCCACCAGCAGCAGGTGACCTGCTA
P C WL HS HZKANYUZPTIIRYENSGR R GSSHQOQQVTOCY
TCCTTTCAAAGATGTCAACAACTGGTGGATTATCAAAGACCCTGGGCGGCAAAGTCTTGTGGTCAGCAGCCCACCCAGACCTGTCAGACA
P F X DV N NWWWTITIIXDU?PGURQSL VV S S P P RP VR H
TGGGGATATTATTCAGTTGCTGCATGGAATGACAACTCGCTACCTGAACACACATGATGTTGCAGCCCCCATGAGTCCTCACTCACAGGA
G b I I Q L L HGMTT®RYULNTHUDUVAA APMMSUPH S Q E
AGTTTCGGGCTATATTGACTTTAACGTGTCTATGCCAGCCCAGAATCTCTGCACGAGCTGCGATATTCTCGAACAGCGGAGTCTCAGAAAGAGAT
VvV s G Y I D F v sMPAQNTILWRVYVDTIUVUNTR RESETZKEI
CTGGAAGACCATTTTATCAGAGGTGCGACTAGTCCACGTGAACACCTCAGCTGTTTTARAGCTCAGTGGAGCCTCTCTGCCGGAGTGGGE
W K T I L 8 E V R L V H V (:> T S A VL KL 8 G A S L P E W G
TTTTARACAGCTGGAGGTGGTGGGTGATAAGATTTATARAGGCTACCAGCAGACCGGCATGTGGAACGTGGAGGAGCACCGCTATGGCAG
F X Q L E V V 66 D K I Y K G Y Q Q T GMWNV EEHU RY G R
AAGTCAGGAACCAAAGGARAGGGAGTTGGAGCTGAAGTCTCCTACTCACAGCGATGTCAACAAAAATCTCACATTTATGGCCARATTTCT
S Q E P K EREL EL X S PTHS DV N K L T F M AIKF L
GGAGCTGCAGTGGAAGATGCTGACAGTAAAGAACGAAGAGTCAGAGCACAAATATAGTTCATCACCTCTTGAATGGATCACAATGGACAC
E L Q WKMULTV KNEE S EHI K Y S S sS PULEWTITMTDT
CAACATTGCATATTGGCTTCATCCTTCAAGTAATGCACAGATTCACTTTATAGGCAATATTGTTACTTGGACCACTGGARACATTACACT
N I A Y WL HP S S NA QTIHT FTIGNTIUVTWTT G I T &

GGTTGTGTACTGTCTTCTGTTTTTAACATACTTACTAAGACGGAGGAGGARAGTTGAAGACATTCCACAAGACTCTTGGGAACAGTTGGC
vV v Y CLUL FLTJYULUL RI®RI®RIRI KU YVEUDTIU®PQDSWEOQTUL A
TTTGGCTGGTGTGCTTTGCTTTGGAGGCTGGGCAGTGAATTACCTGCCATTCTTCCTAATGGAGAAGACTCTCTTTCTATATCACTATCT
L A G VV CF G GWAVNYTLUPVFVFILMEITZ KTULTFULYUHYTIL
CCCAGCACTCACCTTCAAGATCTTGCAAATACCTATAGTCACAGAGCACCTGTACATCCACGTATTGAGATCCTCAGCTCAACAGRAAGC
P AL TVF XK I L Q I P I V TEUHULYTIHU VLU RS S A QQIK A
ATTTGGTGGTGTGATTTTAGCAGTTCTTTGTTCAGTATACATGTCCTACCACAGCTTGAGTCCTCTCACGTATGGCCAGCCAGCGTTAAC
F ¢ G VI L AVLCSVYMSYHSUL S PLTYGQPATULT
ATCAGACAAGCTCGCTGAGCTGCGCTGGAGGGAGAGTTGGGATATTCTCTTACGCAAACGCTARAATATCCTTTATTTTTTTTAAGACAA

S D K L A ELRWI RESWD I L LR K R *
GATAATTTCATGGTGTCARAATTTTAAATCGAGATGACTGATAGGGCTGATGGATTTTTTGAGAAATGGATTCTGATTCGAAATGCATCA
CTTTTCTGTCTTGAATGGATTCTGAGCTCAGTGTTTAACAGGAGATTATACCATATGCTTTACAAACTCTGCTTGCTTCCAATTCCTTAC
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