73

Y7574y awlWOWEHYyArrar 4 —IC
B R 3 5 B GH B Al O i AT

ik 24 4 4 H 26 HA2

C:

HARNZHEAORILAISEY 2 b1 7 4 —%, Walker-Warburg syndrome X muscle-eye-brain disease
D&, varusy sy (UKEDG LIS 3) OSSR ENERKEE L 5hs, MOHEEXL
PEREDRTBHY A b a7 4 —HFET 5. DG 1 O-mannosyl FURESH & &G HH AR5 T3 78,
WA, BEO—E» 5, IS ORHOESBIZEEG T 2 BB RICARE RO 572, —T,
DG _1i2i& O-mannosyl BUBESIZMIZ, O-GalNAc BUBESH & f74E¢ % 28, ZOMAEIZFEL <N Gh
Twan, HHHIE, DG LOREHRED > 5, FFZ O-GalNAc BFSHOM = 2|5 Z L #Hih &
LT, ETVEMERHOCTIIR AT > T3, SHlE, ¥T7 774 92 2l0WT, ¥T757 49V
O Z DG OBHIREL AT 728, DG D4R cDNA 2HHi L7z, ZOME, ¥757 1920
DG BZFHIIIIEI A DS NBIFHET B Z e otz 72, ¥T7 57 4 v ¥ 2 DG OFBIHE
H1% RT-PCR THN/2& Z A, IRRBEEOHWH 2 5B T TUAS RELTWE Z e300 57,
X512, DG OBEEICBIRT 2 & B 4 5N 3 BN S & 58dk§ 2 DUk, [TH6C4 # W T, ¥ 7
FT 49V aONEMDGE YT 24y Tay T4 v ZEERACTRET S Z &I0fkLz, YEo
ZliE, Y7574 9 2 3O DG OB X AFARIBVNETFLEY TH B Z L ARNLTNS,

F—T— KPR YA tueT -, ¥775 749>, FEHEH, 475V

1. FU&IC

FERE N2 VoSBT X 3 BE8HE, # VS0 BOEEEFRBRBHMIIGOVO LD TH 35,
FORENR SR TH 570, PFEHOEWZENZRENIHIITEF I TRy, I, g%
BIZEENZHESUL, Bi-5 VS BRIORERA K D, N-HSAREH & O-f5& ARSI Kul & 1
5, X512 O-FEATURESHIL, & VS EEERES T 2 BEDENIZ LD, O-mannosyl 1% 0-GalNAc
BUPEgH % I E s, 2055, 0-GalNAc BUFESIE, KilE LB TR I NS 45 Vo FHhicg
KRENZ D, LF VHBEHE SIHEN TS, £/, 4F VIUBEHOESRFIEKIG % i3 %

S0 P
*2 FOHREE SRR A AR
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A RTF F GalNAc SRR (LI GalNACc-T) 1%, £ DT A V¥ A L& T 2505, LFV
RIRESH DAL, MRk - AL L THEIEZZFTWB EEZ LN TSR, ZOHMAIZDONTIE
fREA STy, BUEE T, O-fEARBEHOM & 2 R1E4 28 A0lo1>2& LT, DG Lo O
-mannosyl AUFHHBEIORE R H T 5N 5, DG IE, AMEIICHELET I VI s28TH D, Hil
S by o 2 LA & 2 MR &SSO RS B IERICEE A T Ch 5 (X 1), EF, DG L
DNEGHIE AT EE N, 2Y Walker-Warburg syndrome X muscle-eye-brain disease DJRKIZ % 5 Z & s &
N7z0, X612, HRANSFRFEOEIIAGGY 2 ba 7 4 =128, Zho LMD DG O R E AR
WHAEL TR ZEARENLY, ZOREHAKAZIZLD DGOV H ¥ FEDMAERMETL, 2
OFER, MOBEELRREGOEREHY A ba T 4 —2RBETEEELLA TS (K1), —H,
DG HZ1d O-mannosyl RUBESHICIN A T4 7 Y UBESH G AT 2 28, ZOREEHOKREIZOW T L
AEFARE TN,

MIRRRE LIS % DG L, & F VEWEBHINARZ T2 2D TES 1) Y RALV A= VEEA S
ELLF VR X4 v EFED (K 2). EBES, EFUHOGMGE KO DG IFERIZL T50% Xk
DWEEEATED, ZORBRSOBLZ PN LF VIIBEHTH 2 HIMOENTNBE Y, FEH LT,
EFNLEMEHNT, DG O LF VRNESHASBIZBEH S GalNAc-T % [EHE L, 7 D4 A ik
B X UBER O LR A B RS 2 HE2 N E LTI A2 T > TV %, 2072021, Mz DG
X T 5749 aNTHREZY, GalNAc-T D/ v o &Y &RIFIZITWV, ##f 2 DG Lo WEERE

VHURED
BaRRRK

1 Dystroglycan Ok & % DWEEHO @) =
Dystroglycan {Zfllfgst~ bV v 2 22 Vo828 L HIBRENERE 2000 2 IERICER X
BT TH5, Ml N 24 38 LIRORGEEZ LTk D, & & 28855 12 b %
ZFBLFURRE XA VHIFET B,
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BOBACERTT2HRLPENTH D EEL D, SNL, ZOREMEELT, ¥7574 v ah,5 DG
BIEFAHEEL, Y7574 9322 TODGORKE, RT-PCREYIZZ YT 0y T 4 VIS
Ko THEXRZOTHRET S,

2. HREER

t7774vaDGOyO—=2F

FHHIE, DIANCY 3 vV 3 wNTICHIZ DG & 5HIRB & &, Z ORESRNE O 2170, ¥ 3
VY 3 YNNI TCTEIHISAE FARIZ, O-mannose BUBESHIZINZ, & F VIUBESEMNGFHET A Z L AR L
729, EHLX, MMAYT ST 4 92 DG E in vivo IZEBWTHRBIFEE 8, 7 OFESHNE % 7
e 2EE2MEOHBE LTS, ZZ T, Parsons 5OX¥ T 57 4 v+ 2aDGHDI/I—=V DT —
ANZFSNT, DG D4E cDNA OHBEEZRA7Z, ¥ T 57 4 v ¥ 24 cDNA W, 2Ktk 26 HERH
DETFTT 49> anbARNAZHIL, ZOERNA AL T, FVFLANFH~Y—T T4
7 —EHOWTHIRERIGIZE DAL 72, 2O DNA Z$ANZLT, ¥ 757 4 v ¥ 2 DGIZHY
B ET T4 —_T7EHNTPCR 247\, ¥7 774 v 2 DG DARE cDNA & HifEL 7~ KIZ,
3572 cDNA OHIEEFA» 5 P NDE 7 3 ) B E, F— 2= 2ZEHINTWBEET T
T4 v aBRDGOT IV BESIO 1 DL L2, ZOME, KAV HEEL 72 DG IZH W T 3

2DG (DB) I MRNKLREFRDGGRPMLGQWDRTLVVLLMALALTVIDV|QASWDQMEVLGDVKLEASMHSA V| 60
2DG (cloned) 1 MRNKLREFRDGGRPMLGQWDRTLVVLLMALALTVIDV|RIASWDQMEVLGDVKLEASMHSAV| 60

2DG (DB) 6 [LSDIREAEA
2DG (cloned) 61 [LSDIREAE

VVAAVSQPSGFPDSSAVVGRVFRLQVPIKAKDSGSIVKITEASKDVLPAWL| 120
- -l¥SQPSGFPDSSAVVGRVFRLQVPIKAKDSGSIVKITEASKDVLPAWL| 116

2DG (DB) 12 [HWDAESGTLQGLPLETDKGVHYISVSVSNESKVSQSPDVFSIEVHPEEHAETDPF QLA Q| 160
2DG (cloned) 117 HWDAESGTLQGLPLETDKGVHYISVSVSNESKVSQSPDVFSIEVHPEEHAETDPFQLAIQ| 176

2DG (DB) 161 [QSASNDAQPFICGNEEPVTIVLTVI LDADLerssxaxvxLLAleszGuGLauuxlLrvl 240
2DG (cloned) 177 |9 SA SNDAQPFICGNEEPVTVLTVILDADLTKMS SKQRVELLAKMKKF SGMGL QHMK I LPV| 2%

DG (DB) 241 VNNRLFDMSAFMAGPGNAKKVVENGALL

SWK KEGTMSAQL| 50
2DG (cloned) 237 [VNNRLFDMSAFMAGPGNAKKVVENGALLSWK

PA
PAKEGTMSAQL| 2%

ZDG(DB) 301 [GYPVVGWHIANKKPHVPKRVRRQLNNTPTPIPSLLPPTTYPEPPIRIVPTIPTSPSIAPTS| 360
2DG (cloned) 297 (GYPVVGWHIANKKPHVPKRVRRQLNNTPTPIPSLLPPTTYPEPPIRIVPTPTSPSIAPTS| 356

> >

206 (0B) 361 [ESSAPPVE PLPVKPTIRNRDSAPSTPTLGPPLPTRVMVITSTIAI QP IM[TRP VY VGA| 420
2DG (cloned) 357 |ES SAPPVR PLPVKPTIRNRDSAPSTPTLGPPLPTRVMVTITSTIAIQPTV|TRPVYVGA| 416

DG (DB) 421 ‘SVTPATrTTRKITKKPPKKPKTT?IIKEIKTTI'TKPPRRST?AVIGDSNIKPELRNPIDQ 480
2DG (cloned) 417 |SVTPATP TTRKP TKRPPKKPKTTPIPREPKTTTTKPPRRSTPAVIGDSNIKPELRNPIDO| 47

540

206 (DB) 481 ‘VNAYVGTYI’EVKVPSDTFFDKEDGTTDKLRLILRKGNDVVADDSWI QFNSTSQLLYGLPD
536

7DG (cloned) 477 VN AYVGTYFEVKVP SDTFFDKEDGTTDKLRLTLRKGNDVVADDSWIQFNSTSQLLYGLPD)

2DG (DB) 541 ‘QEBAGKHEYFMQATDKGGLYAMDAFEVRVSMWGIVSVKPPVI.FTAVFDGDARTVTNDIBKK 600
2DG (cloned) 537 |QEHAGKHEYFMQATDKGGLYAMDAFEVRV SMWGNSVKPPVLFTAVFDGDARTVINDIHKK| 5%

DG (DB) 601 [LLVKKLSQSFGDRNSSTITLKSITK
5058 S

KISDPEG| 660
2DG (cloned) 597 (I LLVKK L FGDRNSSTITLKSITK S

ISDPEG| 656

DG (B) 661 [KPSSTIFKFTMEPDFRPSNITVRGTASCRNYMFVPLGEIPDPTPSP
2DG (cloned) 657 [KP S SIFKFTMEPDFRP SNITVRGTASCRNYMFVPLGEIPDPTPSP

o v
< q|

TP|A[VGAGRQS TDDV| 720
S|¥GAGRQSTDDV| 716

2DG (DB) 721|YLHTVIPAVVVAAI

LLIAGIIAMICYRKKRKGKLTIEDQATFIKKGVPIIFADELDDSKP| 7680
7DG (cloned) 717 (Y LHTVIPAVVVAAILLIAG

IAMICYRKKRKGKLTIEDQATFIKKGVPIIFADELDDSKP| 776

2DG (DB) 761 [PPSSSMPLILQEEKPPLPPPEYPNMATPETTPLNQDLLGEY TP LHDEDPNAPPY QP PP P F| 60
2DG (cloned) 777 (PP S S SMPLILQEEKPPLPPPEYPNMASPETTPLNQDLLGEYTPLHDEDPNAPPY QPPPPF| 6%

206 (DB) 841 STPMEGKGSRPKNMTPYRSPPPYVPP| 866
DG (cloned) 657 |S TPMEGKGSRPKNMTPYRSPPPYVPP| 662

X2 73RS O
Macvector D ClastalW Alignment % VT 7 I/ fglds| % e L 7=, DB 3T — & N —
AHRO T I BEES, cloned 132 1 —=Y 2 L7z cDNA 2 6 Pl & hr=7 3/ S
BT, BRHTAF VRN AL VERT,
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D7 3/ iiERE, NARWED 7L HEE» LD 4EEEDT I VBROREFRD o= DD, bk
BRT -4 X=ZHDER DG D7 I/ REH & —FL Tz (X 2), & 512, Expressed sequence
tag(EST) 7 — & X— 2%, Whole Genome Shotgun sequence (WGS) ¥ — & N— 2 & &1 5 &, 4
DOHEEL 727 v — v LA — OISR P AT 2 H 4R L7z, DlbEXD, K207 3/ BES|OH
BiE, ¥7 774y vallbBn T U LIRRWE Sh 3 HEEBOELRS 0@ L5 DE L 6h
72 o T, BAIZZDEE DNA ZHWT, FEEEEDD I LIZL,

t757 12 1 OW7EY DG ORBEMHIT

Iz, WHEHEE 757 4 5 & 2 DG ORBLA RT-PCR & FVTa7z (%13). 2Ktk 3~72 51
D25, HHROFHETHBE L 724 DNA 2 ¥ T 5 7 4 v ¥ 2 DGRAEN T 74 v — & v
TPCR ZfTo 724K, ¥ 7774 9 20 DGEZMERD, #HAN7ZETORMIEIZH2 > THREY
BT Lhom otz ZREHROTOERE, FHC 3MMICE ) 5 DG ORBIE, BRI X B EENIC
HkS280LEALGNS, BLhky, MFSHEFEMRZ, €777 4 v Y a2 DG REEDFOERE
SIEWVEIIC b7z > TRILT 2 F2 55 5 7269,

X3 RT-PCR
Bd, €777 4 vy aROZMEROKHER T, &7z, CIKYTF4Tav tu—L
LT, ¥7774 92 DGOAERDNA%ZT YT — MIHW,

DIZARZTAOvT14 > JICELBAERETT7 14 v 1 DG DiREH

ARD X 512, DG LOFEHN, 7 I=VvAEORELO/AICEHETHD, ZhoD/BAITHD
ZHESIT U TR A FO WL D2 0Nk SR S h T3, Zhs ohifkiz, HFLEHO DG D%
REBESICREA 350, ¥ T 774 v ¥ 2 OWIMIRERICHEBIT 5 DG OFiS AR TE S5 E 5 21
BETEh kv, 22T, DG OBESERAIPIATH 5 [TH6CA & VIAL-1 ZHWT, ¥7 57 1 v
v a2 DG EDORIBEEFANRZ, ZOBE, ¥T 77493 20 DGOREEND LD T, HHOEE
EEDBEDIZTEYY - ¥AF Y - RUF RV HX—EEAKREERW, ZOHKE, ko~
FF Y& =B EHOMRI TR AR A0 FGREERE R L MG Sh 05, 2HE% 24~48 K0
¥T 7749 allfhb 2 N0 BEMBL, Y22 Tay T 4 0T R 724K, 1TH6CA %
W72z D A, 2Ktk 26 BEE LI T, ~160kDa OWHFLA DG MY 45 L Bbh b3V F (X4,
KH) M 5 Z &k 7z, SRIOEE T, VIA4-1 TEYT 574932 DG amd 53
TEAM 72, VIAL-1 13, TIH6CA L3R4 2 GO R 2Rk 2 2 L85 hTna Y, L7225
T, SHOfERL Y, RAEOHIHTIZ VIAL-1 Tid& <, TTH6CS ik 2 RE8Hn & £ < B L
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24 26 28 30 36 48

(k0a)
X4 vxzaryrgaysa vy
Brid, ¥7574 vy 2 MOZH%OEMERT, ¥ 7574 v > 2 DGICHRT B L
Bbh /3 FCRHD 35245t 26 BRI DI THRIIB S Nze * IZFEFR RN Y FTH S,

TWBZENEL LN,

3. BHYIC
KADPHEELZ2E¥T T 7492 2DGIE, T—AXR—ZAEHRINTEZET I T 492 DGO

73

I B LR A B, ZHIRET T T 4y v A BICAHET 2R ST A KM L Tnws 2 L

PR ENS, 72, ¥7F7 4 v ¥ a2 DGO mRNA X, BEDOIEFIZFEOEBREL» S BBL T3
NG oz, EHITIE, WHFLIE DG OMTICHE & 1 5 BE8HER IIH6CA Hifk &2 vz = 2 %
VI T4 VRIS WERDOXYT T T 4 v v 2 DG ERINT A Z EICRIIL 2, SR, s —
=V LEDGER LI, MIRAXYT T T 49> 2 DG % invivo TRE XY, PEHBIEEED / »
28y ElAADYE S Z L THBH, Db AFVIBEEOY TS 749 2 DGIZEABE
BLHRBDTPETH S, ZITHLENZFEE, b NEOIZAFWO DG O L F 2 RIEGH A L 7-#%
BE, ROYEROKKARAS 5 ETIERICHHTH S E X 5,

SEXH
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Analysis of Glycosylation Involved in Muscular

Dystrophy in Zebrafish

Naosuke NAKAMURA
Akira KUROSAKA

Abstract

Some types of muscular dystrophies, such as Fukuyama congenital muscular dystrophy, Walker-
Warburg syndrome, and muscle-eye-brain disease, have severe brain defects, which are caused by
hypoglycosylation of dystroglycan (DG). DG is a glycoprotein that contains O-mannosyl and O-N-
acetylgalactosaminyl (mucin-type) glycans. While the mutations of glycosyltransferases to generate O-
mannosyl carbohydrates, which are related to the diseases, have been identified, the function of mucin-
type glycans remains to be elucidated. To characterize the roles of mucin-type sugar chains in DG, we
are exogenously expressing DG in zebrafish with some glycosyltransferases responsible for mucin-
carbohydrate biosynthesis suppressed to examine its functions, such as binding to extracellular matrices.
For this purpose, we first isolated a full length DG ¢DNA from zebrafish. Its nucleotide sequence
analysis showed some polymorphisms in the cloned DG ¢cDNA. We next analyzed the expression of
endogenous DG by RT-PCR, and found that it was expressed throughout the developmental stages
tested (3~72 hours post fertilization). Then, the expression of endogenous DG in zebrafish was
investigated using a specific monoclonal antibody IIH6C4, which recognizes the DG glycans involved in
the binding to laminin. Western blot analysis with the antibody apparently detected the endogenous DG.

The findings so far demonstrate that zebrafish is a suitable model organism to analyze the DG function.

Keywords : glycosyltransferase, muscular dystrophy, zebrafish, glycosylation, mucin



