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Finding of O-mannosyl Glycan in Mammals and Congenital Muscular
Dystrophies due to Glycosylation Defects
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Most proteins within living organisms contain glycans. Glycan structures can modulate the biological properties
and function of glycoproteins. Developments in glycobiology have revealed a new type of glycosidic linkage to the pep-
tide portion, the O-mannosyl linkage in mammals, although heretofore it had been thought to be specific to yeast. One
of the best known O-mannosyl-modified glycoproteins is dystroglycan, which is a central component of dystrophin-
glycoprotein complex isolated from skeletal muscle membranes. We identify and characterize a glycosyltransferase,
UDP-N-acetylglucosamine: protein O-mannose S1,2-N-acetylglucosaminyltransferase (POMGnT1), involved in the
biosynthesis of mammalian type O-mannosyl glycans. Finally, we find that the POMGnT]I gene is responsible for mus-
cle-eye-brain disease (MEB). MEB is an autosomal recessive disorder characterized by congenital muscular dystrophy,
ocular abnormalities and brain malformation (type II lissencephaly) . Like MEB, recent data suggest that the aberrant
protein glycosylation of a specific glycoprotein, a-dystroglycan, is the primary cause of some forms of congenital muscu-
lar dystrophy. Here I review the new insight into glycobiology of muscular dystrophy and neuronal migration disorder.
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neuronal migration disorder
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EE A %. Figure 1 (A) IZEXA 26 % R L7753,
ZDFITIE 6 DOFEIRBEERD 1 MO IHFEITHE 6
DOWEMN SR D PEHDNBRAE TR E NS £ T 5.
B UIRKICHEITE < PR RS 4 NEEZ K> TL
5 &, FIARITE  FEIRBREE 5 OFERBEE 6
NP> THRKIIZER I NS 3 £TTKD
S>TLES (Fig. 1(B)). BERSITHIBERIC
BRI ERREN D O, B EE 5 OGS
BESE 6 130E 3 ICEBE@ N THHZMET &N TE
BAMNSTH D, LiNoT, 1 DOHILBEED
BEL, RRAICIED SN BB IC RE R E %
KT ZENRMBTHAD. BHOES NI
IO LIERBEN® 5.

ARETIE, I=Z—VBEOFRERE, T OREMN
EHEAETERVERLZ DERIIKRERATENE
U, MR 2O HP A MO 7 1 —I127&
% EE D B OREBEAEMFOH A A ZFEI LIz,

2. ROV HEZFDIZ—IKEM

A bO7 4 —1%, MIRMRLIZHEHEDRDN
HEIETHEEBETHS.D T2 ISEDMITNH DD
A RO7 4+ —ORERELRTFNREESNZ. ZD
NG RN (O ART I - €. )i/ D N b
14—, AO10 5 A%/=02—3 A, HAEHE 10
FTANED 13=33 NOBRENWD EEbh T
5., ZORBIIANOT 0 2 EETN DAY
PINVEEI-RTHEIRTOERICED Z &N

4)

SEMZINZ. LaLans, MilaNosy > INr8
THdHIVANOT 1 2085 LB EHilENE
PR ZEL T ONMIMKAL L TRIATH - 7.
ZDOBRMIENHEA, A RO 1 > EEAEEREERK
LTWB OIS > NI 8, RrlchEsy >IN EN
ZNWIENSTANOT 1 2 - BEY N EEAK
( Dystrophin-glycoprotein complex, DGC) & I
nNaEGhRNFERINE (Fig.2).? 522X
BHioA RO T4 —T1F, PAMO7 1 2Nk
5ZEICKDDGC D £ ETHREREKRZEFIRT
Y, MR E LU TEOARLE 2 E Bt I ik
BIIELEZEZOND LD, £D% DGC
DD DN DML, MOFHP A O T 1 —DRIE
WCBWTELSEDLB ZENRL EHENZRD, &
5729 TDGC DEEMICHEANE - TVWS, & Z
AT, WMERSLZNVIHAEBREBRNSHORE
MBHENDHEREH A MO T 4 —IF, HPA R
074 —OHT1IDDO7)IV—T%HEL Tn5, &K
HEEORY > IN7E, DGC O T TH 5 o-
PANOT U OREBEBED, B 5RO ERE
A NO T —DRRNTHD ZENGNh>TET
2RO YAIF I DOBIEFTI—RINT
B0, FONITEIIHMRINE K e DA NOTY
HoEL- DAY R ICUWINS. Y EEH
IZBWT, YA OB i, DGC O EE/HR
1 DTH5 (Fig.2). - DA MOZ YA
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Fig. 1. Biosynthesis of Sugar Chains (Model)

(A) Specific glycosyltransferases work sequentially. Glycosyltransferases 1—6 work sequentially and form oligosaccharide 1—6. (B) If loss-of function of
glycosyltransferase 4 has occurred, for example, only oligosaccharide 1—3 could be formed as a final structure even if glycosyltransferases 5 and 6 were present.
They cannot act on sugar 3 directly due to the fine substrate specificity of glycosyltransferase.
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Fig. 2. Dystrophin-Glycoprotein Complex (DGC) and Linkage between Laminin-2 in the Extracellular Matrix and Actin in the Sub-

sarcolemmal Cytoskeleton

a-Dystroglycan is a key component of the DGC and is modified by O-mannosyl glycan and bind laminin 2 via its glycan. a-Dystroglycan is also known to bind
to other extracellular matrix proteins containing LamG domains, such as neurexin, agrin, and perlecan. On the other hand, inside cell, 8-Dystroglycan is known to

bind to several components directly or indirectly.
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MU, N-7EFNTNVadIonr /) —
AD2MICHEET HET TR 2,6 7IE0HD
2,0 R & e RiEE R D —HD O- % 2 ) — R
RUBESEMS S S S e (Fig. 3). W2 BlfFD & 2
AHALEIC BT D O- 7 > 7 — ARIBESHIZ, N,
1, MREDRONIZHEY NIE, FlZa DX
cOZURICHLNDZB L WY A T OFEHEMT
H2.Y—F, O-< > /) —ARPEGHITEER Tl
<MBLHSNHEHEMTH D, BROMEEITIX
)= ANERE DR oA aAv > ) — AR
WESHE M 2 2 T -5 DNV EN LSS AD D
(Fig. 3). ¥ SH% OMZEIC XL > T, WAEOMME T
O-X > ) —ARIBEHMN ED K D i & RmT D,

O-Mannosyl glycan in mammals
Siac2 — 3GalPp1— 4GIcNAcBf1—2Man

Siaci2 — 3GalPf1— 4GIcNAcB1 — 6
an
Siac2 — 3GalPf1— 4GIcNAcB1 — 2

HSO;—3GIcAB1— 3GalB1— 4GIcNAcB1—2Man

Galp1— 4GIcNAcB1 —2Man
3
T

Fucol

O-Mannosyl glycan in yeast
Manoll —3Manol — 3Mano 1 —2Mano 1——>2Man

Fig. 3. O-Mannosyl Glycan in Mammals and Yeast
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l ol,3-mannosytransferase
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i3, X =R HE OO D REFEBEICH 5 7
WZENTWDH, WABETRE<AHATH S (Fig.
4). WHABEHIIBT S O0- 7>/ — A BIMEHE O LAk
REEZHOMNTT 22 L1, O- <> ) — AR
DFEBLREME /2T T/R< O- < >/ — A BIBEH O
EYFNERZHM T H-DICHHEETHS. WL
D O-~< >/ —AREHOEGRICED 2 # 2
AELZOWEEHSMNTITLILE, O-7 >
J — AT QBRI CHEER AT v T ThH
5. BRI EWHALERO O- < > ) — ABUFESE DK
EEDORETIEVG, WAEMD O-<> /) —AH
B 84 1% GIcNAcfl-2Man § & 28D 2 & Th %
(Fig. 3). Z O#iE1E, UDP-GIeNAc B4 > )%
DEDO-X > ) —ABRIEICN-TF IV ay
S CEEBSE LM B, UDP-N-acetyl-
glucosamine: protein O-mannose f1,2-N-acetylglu-
cosaminyltransferase (POMGnT) 12X DER I N
LZDTHHDERELZ. T TETHRAE %
fEHI L 7z POMGnT OiEPERIEL 2 M B ICHFE L
WS DNDEMWIK CRERTEEZHAL 2. &25
T, GlcNAcp1-2Man #id i3 N BIBESHICBEIC 2 D&
5 EIFE<HSNTH Y, UDP-N-acetylglucosa-
mine: o-3-D-mannoside f-1,2-N-acetylglucosaminyl-
transferase I (GnT-I) & UDP-N-acetylglucosa-

Ser/Thr—Protein

Protein O-mannosyltransferase
(PMT/POMT)

Mano—Ser/Thr

Protein O-mannose 31,2-N-acetylglucosaminyltransferase
N (POMGNT)

GicNAcB1-2Mano—Ser/Thr

p1.4—galactosyltransferase
Galp1-4GlcNAcB 1-2Mana—Ser/Thr
l a2,3-sialyitransferase

Siax2-3Galf3 1-4GlcNAcB 1-2Mano—Ser/Thr

mammals

Fig. 4. Biosynthetic Pathway of Yeast O-Mannosyl Glycan and Proposed Pathway of Mammalian O-Mannosyl Glycan
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mine: «-6-D-mannoside f-1,2-N-acetylglucosaminyl-
transferase II (GnT-1I) D 2 DDOEZDOFHEITLD
ThENnEkIns. LarlLians, O-x > /) —
Z BUEESE | D GlcNAcB1-2Man #E &1, GnT-1 &
GnT-ILIZK DRI N2 D TIER NI &N M
D, ILWBEOHFEENRBINZ., £ITE L
GnT-1 &z TDREOD - 2L b b POMGnTI
BRFZRELL.OXILFF BRSNS
POMGnTI1 %, #E7) T #& 71.5KDa ® 660 7 X /
NS85 NIV ETH>Tz. TIVIERITHFET
MO EBHELFAUS HBEOKESY > )X ET
HBHEFHIND., ZOEIETEDIHENIC
POMGnT #% 1k @ # %7~ L, GnT-1%> GnT-1I i&
RO TWIRWIZ ENHS NI/ > 7z (Table 1),

7z, UKL/ D GnT-11213 POMGnT i%
Wiz XD, L POMGnT IZ78 A 500 5
W Z o 284, GnT-113 POMGnT O ##E

o> ZENTERVWERDNS, B, /T M
2B W T POMGnT1 I3F~R72 20 L EDTXTD
FHRR OB A THEERMICEBIL TH D, O-< >~
J — ZBUBESH DRt 7 12 BT 5 R AT,

POMGnTI ORBLATHIBEI SN TS EHEES
niz.

3. % R (MEB) BORREELFORE
t b POMGnTI Bz T3 %Ak 1p33 ITHFIEL,
FEERELG TN 0> TWwizly MEB [Muscle-
eye-brain disease, MEB: OMIM 253280, OMIM =
Online Mendelian Inheritance in Man (http://www.
ncbi.nih.gov/)] DEMLEFEDELIZH S Z EITR

ffn7=. MEBIX, SEREMIA O 7 ¢« —ICIR
A LM (I RIS ANAE) DBRER R B Z M- -
WREAKRAEMERIE TH 5. 1D BRI, EH%
HEOREZFED, %< DEFITHNSZH#RT 2ICE
SRV, FZRUTMAT, BT L e £ B
WICKDWMOFENBIRIN, MR EREILEE
TWDNDOHEZEGTLHEETHS. MEBE
BRI ZOXOBEEIERE R T 50, BRAICET
5ZEbHDH. BEZIT1 T REHLICI—0O
vNTRD 5N, BEITEBESIERE OB ORIC
FEEL TS, DGC z ks % ks O RIEIZ A >
AhOT74—2EBITZERe-IANOAT Y B>
DO->2)—ABIPESEINT I 22 EDRERITHNE
THBIEREMNS, POMGnTI & ix F28R &
MEB LB T 2D TR RBWEAINEEZ,
ORFEEIZ DWW THRETT 2 Z &iTL 7=,

DR ERIET 57 HIT, MEB & D
POMGnTI #EBEAFHEE IV > /1> b0
RO ) ABFNC D WTER DA HEZE F .
ZTORE, BHEIZPVWT6HOERZIVWHL
210 Z0BRISIMBEEDZHER, TEOH =
BERZEDITEGI BREOEHEZAWHL 2
(Fig. 5).® Zh s R IIEEATIIEZ< ADONn
SIRMol EME, TS DERIIFKDOERT
HV, POMGnTI B T1X MEB OFRIKELZFTH
HESORMICES . BB, TOREBETEY
7> o> REROMILEZI—Oy NNITRSTE
SHEHRFITHMLTHBD, HACBEEIIHHFEET S
ENHRINZ., TS OERIZED O-7 >

Table 1. Comparative Activities of Soluble POMGnT1 and GnT-I to Various Substrates

Specific activity (pmol/min/mg protein)

Substrates
POMGnTI1 GnT-1
Mannose—nano—peptide
Man
\ 18.2 ND
Ac—Ala—Ala—Pro—Thr—Pro—Val—Ala—Ala—Pro—NH,
M5-PA
Mana1\6M 1
an
Manal-"3" % O\ ang1—>4GIcNAcB1—4GIcNAc—PA ND 28.3
Manal-"3
M3-PA
Manal~ g
Manf1—4GIcNAcS1—4GIcNAc—PA ND 12.8
Manol-"3

ND: not detected, and PA: pyridylamino.
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Fig. 5.
Mutations of MEB Patients

1 38 59 301 660
Mutation Effect
1}281C>T Arg63Stop Nonsense :-:5'3
2 | 541del T Phe149 frameshift 167Stop 139 167
3 [761G>A Glu223 Lys Missense s s 1
4 [9%0G>A Cys269 Tyr Missense . 205 1
. . .
5 | 1077ins G Val328 frameshift 338Stop 328 338
6 | 1106ins T Asp338 frameshift 338 Stop -
7 | 1512C>G Pro493 Arg Missense - 3 1
. - |
8 | IVS1741G > A | Glu514 read-through 526Stop 514 526
. C 1 I 1
9 | IVS17+41G > T | /Leud72-HisS13 del 275 513
10 | 1743 G>A Ser536-Ser550 del e o
536 550
11 | 1813 delC His573 frameshift 633Stop o
573 633
12 | 1926 del T Leu611 frameshift 633Stop -
611 633
13 | 1970 del G Val626 frameshift 633Stop .
626 633

Schematic Representation of POMGnT]I1 and the Predicted Products Corresponding to Each Mutation, and a Summary of

Each protein is represented by a box with its N terminus to the left. Each box from the left indicates a cytoplasmic tail (white box), a transmembrane domain
(black box) , a stem domain (white box), and the catalytic domain (gray box) . The hatched boxes and dotted-line boxes represent mutated amino acids and deletion
regions, respectively. The numbers below the boxes indicate the amino acid residue numbers of POMGnT1 and each mutant.
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BT, TH DERAREE R Z R B S BRI
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MEB |3 POMGnT1 QOB HEHREERLIC K 2 EER T
HBHEMRLUZ. HL POMGnT1 2 HEREL 72T
¥, Fig. 3ICRLEEDRO-7 2 ) — ATPEH T
A BN DKM (Siac2-3Galp1-4GlcNAc, Galfl-4
(Fucal-3)GIcNAc, HSO:3GlcAB1-3Galp1-4GlcNAC¢)
I NTHEREINBENI &S, N6 OE IR
BECHEDOLDZZENASNTVEDT, O-<
J — A BURESE O RIS B Ml 1T R &7
HEERTTIENEZSND. 5, MEBT
W a-PAMOZY N2 ORIRMRREN R DN
7.0 ORI, o- DA FOZY F 2 1E POMGnT1
DEMDTD1DTHDIE, - VA MOT YR
> OFEHEEIT MEB OJFREFIE & K ERBERNH
HZEERBLTVWSEEZSENS. MEB TAH
N5MHEMORFEN, O-~ > ) — AR O B
WWEDoa-PAMOT YN OBREBERIZESDT
HAD.

4. OB A PO T4 —(ICHTFTD -2 A MO
TNV HOFEHES

RIDDOMFEITXD, BILBEEREHZ A ~o 7
« — (FCMD: OMIM 253800), XM A kO
74— 1C#%# (MDCIC: OMIM 606612), Walker-
Warburg JE & # (WWS: OMIM 236670), i > A
ca7 4 —FF) (myd) YT AREMDIG T A
FO74—%, - V2 MOT Y F > OB E I
KB ENRBINTNWS (Table2). TN H5DHE
WAERBRWICHSNTT S 2 E1F, HPAMOoT
1 — OFEEIR R ORI O - IE 2 < 2 &7
s s,

MEB &R U L9512, FCMD & WWS 1356 K%
DA NOT g —, WBREERAEE LD ER GRS
PEEER TH 5. 212 FCMD [EAARICBNWTT 23
TUXBFHO A RO T 4 —IZDWVWTEWNEH DA
cO7 ¢ —Td 3.2V FEAEMEZIZ AT 100000 A 4
OBEE3IATHD, HATIEHK 0O AT 1T AN
REFZF LS. I 51E FCMD O JF K&z T %
931 I EL, TN 7V F o 4T 461 7
BN AY NI EEI—-RLTWA I L%
SN L. 70 F > OEEIL E /=AM,
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Table 2. Possible Muscular Dystrophies with Alterations in the Glycosylation of a-Dystroglycan
Disease Gene Protein function Reference
Muscle—eye-brain disease (MEB) POMGnTI O-mannosyl glycan 16
GlcNActransferase
Fukuyama congenital muscular Fukutin Putative glycosyltransferase 23
dystrophy (FCMD)
Walker—Warburg syndrome (WWS) POMTI Putative O-mannosyltransferase 25
(partly™)
MDCIC and limb—girdle muscular Fukutin-related protein (FKRP) Putative glycosyltransferase 28
dystrophy 2I (LGMD2I) 29
Myodystrophy (myd) mouse Large Putative glycosyltransferase 31

*20%

N Rl 7 FIVEFI)» B E R & B B
KEHZR>THY, IVIIR/ELTNWSEDT
H5. FEEBERICHASNS DXD WD 21fihF
FOREBTHERTY ) BENNELET S En
5, MilaEm oS >IN0 EdH 2 WITHIEE & &
THMELTEIES. RERESIZT7 7 F2RE
RIBEIAREPE RIS R T 2 F A T X 2 FHL
L7 70 F D REMEO LD 2EEOENF A
IR, HIET, EBRRRTEERZ L .
F/z, FCMD LFRICEL DI - A MOT YR 2%
ERICRBLIIZUfEHEEER> TV, &5
2, IKEBORESRLE, EOKERED, 72
F 3, W, BOEERBZIIVLETHD, 77
FréoaPAMAT YR OBEEBEGREREL
T3,

WWS 13, FriCEERKOPREREY, #HERRIT
BIWERE, IRBAEEZRTHD 1 DOEREH I A -
O74—Ths. WWSEFIIHERNSEHETH
0, BEAE—FLURNIZHTLTLED. 2 BEIZ
HRPTAHASND., i, BED20% (30 ADH
# v 6 N) T protein O-mannosyltransferase 1
(POMT1) IZEEMNEDMMo/=. POMTIZ T O
LBRED O-X 2 ) —AHEBHEDOREOD - TH
HZEMB, BUCHDINWEFALFZ AT
) —RAEEBTOIMETHL ETFTHINTVDS
(Fig. 4).2 POMTI 3HR'BI4, FEH, BRHiES
5 WWS TEENA SN DM CHRICEBE TH
HLTW3, BIhs30 A\OEETIE, 51
DORELD—TThHs POMT2 DEFRITE ED
MEIRMNo7z., O &, ZOEMBERETIIRAOD
FRREBRFNHHIEEZRL TS, LLRN
5, WEOEIAHEHHHMDO POMT REO0—7 T

O-7 > ) —ABEHDOEEOBRHIIEIRII LT
B579, POMTI & POMT2 I8 EREIZ 0-~ > ) —
AWEBEBRETHHMNEINIAHTHS. MEB &
FCMD E[RU &L DT, WWS DEKITS - P
FOZUA R I IZVRBIEEICERELTVWSICD
MhHHT, DIFVERWL A NOT Y B
DRENHB SN2 02520 L Z AT, yau¥ay
NI TR DIEEMN D £ < TERWZDITEDI
CNTLE nEBREKEVWDSONAENT NS
N, ZOFRKEMLE TS POMTI ODREO—2TdH
5.0t BILTFENNO-I > ) —AEBHETH
HMEDIMIIRITIOAHATH BN, D&eoETHE
O-< >/ IIVLIZBEHESY SO EEHEEY 2 D
T, FIOIEFRFEE TR A RISFEHEEM N ® LT
W,
INBITMAT, 77 F > OFREO— (fukutin-
related protein, FKRP) O AR IZ k> TR Z 3
MDCIC TH a- YA T Z7 U h > OB R
RINS.® MDCIC IFHEERFHEIEAME, O
SEZRM &I 5, MEEES/NMYERNBREIND
ZEHHDH. FKRP BLETOMIERZ, LKL
ODIEZDEFEL, HEMD S sk A & gL W FRIE R
Mz RTIHR Y 2 hOo 7 ¢ — 21 B (LGMD2I:
OMIM 607155) DK & H72% .2 FKRP # 5T
ODERZREOEREHZIZ, PRIV e-2A MO UR>
OFEBNMETL, TOREIRAOEEEE 3
(BERHDIFZE - A NOT Y A DOFRBNKD
KF) L, IRy 70y MEzETO &
WA XV E<FEDEEDLNLZENTED a- VA
Oz U MBS N L TS ZENGN5S.
FKRP OREHREIIARHZZD, 77 F > ERIU K S IThE
BB B D WIIHEHEMGRER F &L Ta- P&
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~OZyf s ORESEEMICE ST BN TN
5. FKRPIZ 7V F o EEBICTNVRESY >IN
BIEEEZLNDDT,0 ZNHDH )NIEDR
BN - P2 0T UK OREHERMZ S D - IEW
ISR TRT 5 Z L3 TICEALGNDH T ETH 5.
®BIC, Bo<BEBEBREERTEEDNS
large B FOERICEAHOA MO 7 1 —EFIV
XA (myd X7 Z3) /AT 5., LrLan
5, large BT HEMOEEEEEIZFEHA I N TV
W, myd XA TOERIL, large BT DIV
5T ORETHD. TORKITHIET S mRNA
DI —L3 7 baglERIL, RAGKIETR
CERAEUIES. myd A, EITHOB Y R
o7 g —, IROEE, ISITRMEE, /MK #E
5T ORI o i A B & BRIE OB R E R &
T2 R R DR 2 29, 3 myd X X
BUIDHEMTD a- DA NOT U F1 > OBESHE A
£ F1Z, MEB & FCMD ## EFRICEHR I N 5.
PlEfE&E®3E, MEB, FCMD, myd <7 A D
M THEIND o- DA ~OT Y B > OBEHEE
fiETRE, 532>, Za—LF*F>, YU E
Wo 72U RIZHT D -2 MOT ) Dk
BREZHOH TS5 LW (Fig. 6).3 DX D, HHix
BEEELTHINSEBLETOLRIZES - VA B
O7 Y7 > ORESEEEE, MRS & ORE R
% Z L MEB, WWS, FCMD, MDCIC, myd X7
ZTHBITA SN D AN LMD E 2 5] S i
ZLTWwas EEZENS. LALENS, b0

Normal

Extracellular

Membrane

( Dystrophm

Intracellular %

Fig. 6. DGC in Muscular Dystrophies

RGBT EER/ZE Lz5, POMGnTI
DA ZHEE N 2L > Tnizy (Fig. 7). Zh
TNOEFEZFEELEEEZHSNTTL T LI, M
®£ﬁ%&5%£ﬁF7xbm74—@%¥VNw
T DIIERRE DRI K WITENE D T EAV IR

5.

RIE, BEEHREENERETERVWHCA DY
1 —REDOFERTH S Z ENHEINZ. ZHUITF
bR D15 H1E R A3 R %) 75 hereditary inclusion body
myopathy (HIBM; OMIM 600737) T, 9p12-13 iZ
< v 7 E 35 UDP-GIcNAc 2-epimerase/ ManNAc
kinase DERIZK DT ENHS N ER S 2D
#L, Z2<OREOIERTTRRZ 5D 5T IV

MEB WWS

| |

POMGnT1 POMT1

\

Siac2-3Galp1-4GIcNAcp1- 2Man-0{erIThr

b

FCMD (fukutin)
MDC1C, LGMD2I (FKRP)
myd (large)

a DG ]

Fig. 7. Possible Defects of O-Mannosylglycosylation of «-
Dystroglycan in Muscular Dystrophy
Mutations in POMGnTI, POMTI, fukutin, FKRP, and large cause
defects in the glycosylation of a-dystroglycan resulting in muscular dys-
trophy. The substrates of these putative enzymes, with the exception of
POMGnT]I, are largely unknown. POMT!] is thought to initiate the biosyn-
thesis of O-mannosyl glycan.

Muscular dystrophy
(MEB, FCMD, WWS,
MDC1C/LGMD21, myd)

In normal muscle, glycans attached to a-dystroglycan linked the DGC to extracellular matrix proteins (agrin, neurexin and laminin) . Loss of glycosylation of
a-dystroglycan in muscular dystrophies disrupts the link to these components. a-DG: a-dystroglycan, f-DG: S-dystroglycan, and SG: sarcoglycan.



No. 10

833

DA AR O B D K, UDP-GIeNAc 22 5
ManNAc-6- U >~ D 2 By D K i Z il 975
AV NZEHILET DITRERTIE, BETARIC
PES T I JBOEBIZKAIERIKTOD EHES
NED, BRCEEZESTNDEEZLNDEBEE
BRWHEINRN 2. 7 IVERISEE & Fs g
HAERICBE G U TAEEMFFICHRASHERSN TS
D, EEBIEEOHEIIBENTHS EEDNS
M, T INVBEDKFICE>TEDLS T
WAL = 5 O MMEIRN S =01 5.

RN 2 3 U W N OB & /0 5 5F 5 7= 0 I/l
WAL 2 fE SRS EE TH D, DA MO T 1 > —
PANOTY N —5 I EE DSOS
KB A MO T 4 —FRIEETINAREBIN TN
%, INFTIZZOEMSEIERICEADS, A MO
T4 REICEBTFT v OXBHB A O T
41—, FIZURBIZEAHPA O T 4 —13H5
NTWERY 22 aZ YR REHHZNVIET A
cOZUROERNEROH Y A SO 7 ¢ —I3AH
S5RTWRWN, ZHREPA MU ERSER
TATRKERFEERD, o<t NOGEBEE
NTREWEZDTRBRWNEEZ SN D, RIFFEIC
K0, BrECANOr YN OREHEEREICK D
PZ2hO74—FHLMNTL, HLVWKEREET
R,

BilL, W4, 5, R EHMRERNARD A O
TR BETHEYY AMER SN, TR
REWHIENE SN TWS, BEICENTTDE, W
TOARERMIZZA MO U a2 RS &, K&
B @R O R, FERKE, 7 7 SR — LR
JEDRIES E DIKE I, 3 i TO BRI A b
oz hrzERL &, DGC DR D%k, %
7R 2 b0 7 ¢ —, 3D KRR T O AR R
DArOTY R ERSE, ST 2 EKIRDIER
A&, FoTATRRTOF MU T AF ¥ RILORE
DO IR ENERIN, HHEHTIANOAT YA
COBEEMENEHINZ. INS5ORFEICCA MO
) 71 > OFEHN E DRG0 BERN S 2 5.

5. &HYIC

At =D arzy AL
T2DOOHEKD ZWMEZMNL K 5.240 Zhig,
RIRDERNFNO A NOT U H > &2ERsFEL
THIHTHZETHS. 1 DIETyvTRAT X%

BHETEHTLFRBIAINABETHD, 51D
WEOVEBEETH S, KICHBRENDIL & B ITHEH
DEGENRBINTNSZETHS. FMTEER
BHThDMN, FANEDTFEZoZA Oy YA ICE
EFND 0-7 >/ —ABPEHIZ, S OBRPENT
V2R B R LR FI BT I ANV 7 il D 1 D &
125 MBHNIZ N,

SIS TR CEER@E 2 L TH 0, kM
DOREIRBIZORND Z LIRS ICHBINS,
INETITHESY N7 ED N BEESE O IE 12
KXo TR ZBERMEZ Y a2 )AL B E 65
(Congenital disorders of glycosylation: CDG) 7134
S5NTNS. 4 1980 FEITHRM DOMEDNH D 2 DERE
FEETIZI0fEU ED CDG 0% 1 T 50T
W5, N5 OEEITNRBEENY >N I
BINDETORE (CDGIH, BEHZDH DD RIE
R IY) EYCNITBETEBINZBORE
(CDGII B, MEgH#EREZECT) RSN
%, FERITEEENCHEN, N RSN 2% M
TR DR IsBEY N B OHREICEEZ I L T
BIENTFHING., LNLEBNRSABRTHENLE
i A hO7 ¢ —13 NEBIBESE A RICTIZRE 5 L
WHBHEOARIZILDEEZOND. ZhHD#E
BFEMOAEEZMAT LI EE, iAoy
1 —EFEROMIITEI D Z ENHFEI NS,
i, MERETHREHAL TWS 22 a7 U0
FEBEHREIL, N6 A a7 —IIZHELTH
0D, o DA NOT U T, MR E R &
O A MO T ¢ =TT DB EELEOH
LW HZY D F—T—RERDZTHAD.

ZZ1ERSTOMIC, HiPA O T ¢ —IThEH
BEESOHUWREA N Z XL ZIZET 28 &N
HOWTHEIN, REEKEVWERSR> T
%, BESEMGED SIRE - R4 OWFZEIX, 25 L7
HLUWEBOEZBE LD L THEBITEZ &
BS. AETIIMNS ZENTERNo 20, Kz
M U< UTKERENREAE TS Notch 21K
EN U ERIGEICBWTEER O- 70— X5
$H (Siac2-3GalB1-4GlcNAcpB1-3Fuc-Ser/Thr) &
ERICHEEZRL TND, B RLEHLVWY AT
OFESENTE RSN, BEHOF - I BEEMINIC Dian
RO ERDZERMBELEWN,
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