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Two polypeptide isoforms of myelin-associated glycoprotein (MAG) with molecular
masses of 72 KDa (large MAG, L-MAG) and 67 kDa (small MAG, S-MAG) are produced
by alternative splicing of the exon 12 portion of the MAG gene in rodent brain. We prepared
antisera specific to the L-MAG and the S-MAG amino acid residues, respectively.
Immunohistochemical staining of developing mouse brain showed that the L-MAG antiserum
stained the myelin sheaths and the cytoplasm of the oligodendrocytes in the rapid myelinating
stage, while the S-MAG antiserum stained only the myelin sheathes in the adult stage.
The L-MAG positive cells were also present in the white matter around the experimental
cerebral infarcts produced by occlusion of the left middle cerebral artery in the rat 3 days
before observation. These finings suggest that L-MAG protein play an important role
in myelin formation during rapid myelination in development and remyelination.
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BESR I PR AR R R O SRR R BT, FHRRR
YE) B ORBEHRC LY, BERELTERCILT
Wh, BRI I RO RET A Ltk
T, MRRICEBAEENAE L LA, HIE LA TR
+ % oligodendrocyte B L Tk ORECHTFAI &
THEEG S, ThEBYT 5 L REEOBF
BaEr s FTEETHE. ZOMBYERTITER
B2, SRR % T2 myelin basic protein (MBP),
proteolipid protein (PLP), 2°, 3 —cyclic-nucleotide
3’ —phosphodiesterase (CNP), myelin-associated
glycoprotein (MAG) 7 &7bh 5.

MAG 2, & F8# 100kDa T30% DR % &Lk
EHT, TOBHRIIFHERERTLSMBEDON]
REMBTHLY, MEBEAMCEET AL LD, B
CEBREOBEEFCEELBE LA T ELDEELLN
TWLWAY, ZhETT» b, TYABIOE PZBLT
MAG OBETFENSITHOATL Y™ 0, 5otk
L Ow Y 2Tk MAG BEFHEFSh 3B 7Y
V120# 4T alternative splicing #&Z4Z &KkK &
H, 2fED mRNA PEETALZLAHLICE R
TWBYS, Zo 280 mRNA I WEEORKLLE
B, Tibb 72kDa HER (large form MAG, L-MAG)
&, 67kDa PZEE (small form MAG, S-MAG) 7
BERE h 27, RESCHEBEECRT 2ERNIICE
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WT, L-MAG mRNA OFB TR -CBg% D
BEAEAERII % <, —5T S-MAG mRNA & L-MAG
mRNA CBRCRBT 2 2 ERHLARA TN A098),
Fxit, v 2D L-MAG, S-MAG ‘HHEN K
73 BEVISSOTF FEER L, ThEhirsR
BnHE LB 5 2 S ClEh LY. KB TiE, -
OFUER T RBERB R E LT, BB,
A EA BT 2 S EAOHRL NV TORE %
Behicl, TOFEERCELTRFART - 1.

MEHEUHF®

FAEEEED Z L K90 L-MAG #HRH210
73/ BEECFI & S-MAG HERM1IO T L BESS)
BECFE LA T F FRRAFcBv (8 1).
FRFERDORTF FiE, Freund 72 a3 b EHc k&
BLL, 2EFHR CHREIRER TICAEL, HFE%:
B,

IS MAG OREBEX AL -0, £HI4H, 20
H, 30H, 568D ddY =7 2%\, chbh<
RIS A %35 7 + Vb T AT e K TEREE 2T -
foo KRN, DB, B S BEEREEEA & 0K LR 4 B
B LEER CHEE AT, Taa—nfiKk, Frrv
BE#% 57« VA LT 4pm DRF 7 1 vEREE
TEBL, B S5 7+ v LT BAMES LTHhT0.3% HO:
Baty A 2/ —VICBIRTISHERG S EHEED <
FF X - LEELHEASEL., 20T PBS K T40f5

Y Yy Yy Y Y i
L-MAG D1 D2 D3 D4 D5 \
NN
Ala-Glu-Tyr-Ala-Glu-Ile-Arg-Val-Lys-COOH
Y YY YY Y Y
S-MAG D1 D2 D3 D4 D5

NH2-Lys-Ser-Arg-Glu-vVal~Ser-Thr-Arg-Asp-Cys~His~COOH

1 HECHCLRERATF FOo—kiE L, MAG #FAORE. DI-D5
BRE/ o7 VELD N A4 S BURSRRERRS A RT.
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AR LAER 7 2 M CERTOFHRIE & ¢, k4
BERISHE Lic. fibodl L-MAG i, #l S-MAG
Mm% PBS T 1,000 &&FFR LBRE T HRICSE, »
WTEAF ALY 4 F 1egG PihE T F v —E A F
VBAWICTRIGE Y, DAB #H\-THRERSRL L.
XSRS - LT, RERTMEE, ROPFEC TR Lo
MmE CRBEORE LT - 1.
BEmM#ECET 5 MAG OB{LA R 310, Bk
Ht Sprague-Dawley 7 v b % /o4 v FREF T THEMK
8 T A KBB4 PAZE L fo & 7 v & IO
HBIC TR R A PAZET 5 Z & i LKA OFHE T
FHET-15 P ABLL. WELLFNKIAE
CA4%85 70T AF e N THEREE LA & Bk
i~ L-MAG, S-MAG Hm#E+ By TREREBE LT -
fo. RESBNOERL L UCHREED D, T 54
HT~z by ) v—xd o vHt, 7Y 43— L5
o, ABC ¥z L % GFAP RERELIT- 1.

® E S
RE(CEHITD MAG OT{L

I B CTHEBIMB O < 7 AT L-MAG MiE
TTTI—MOMB B REER LT Inips 3t
I FOBREEE I L T 1. —F, Hl S-MAG M
BTORE TIIAERIAE TIREIRE I, EH#30
AThrcali R LIAh S Lol b, HH40H
56H T4 CH L-MAG M & EBOREREE 4 1
TEoh-Tw-1t (F 2).

KBIZ BV TIERI4E Tk L-MAG, S-MAG &
LB S BB R A BB I b - 1ot 30,
40HT L-MAG n#fi&h, 4#56HH Tk L-MAG,
S-MAG & L3 L TR E B Hhc (] 3).

i BT, EHI4R T TIC L-MAG, S-MAG
LB L TBERESAB L. SS-MAG B
B RN -1 (K 4).

i L-MAG ME Tk, KB i, FECH
sz, £#14, 308 TOBRET oligodendrocyte @
WRe% 4 L-MAG Btr#ilanfFE L (B 5).
S-MAG [fi#% Tt S-MAG B0l S h oA
ZECTHHER S hish -t

MR I RERTIR, ROEEFUFEC TR L
PUMF 3 L BE % 12 U rh iR R i gt i
EIRE - T2,

EMEFILICETD MAG OZE(L
MCA FA%E 3 B3 ARE R, AABEHKRFAE

ODEBEFERECEATV. (H6). ZoOEmEt S
FERAHE L, L-MAG, S-MAG, GFAP 7t & ORiE
RIEMIEELUET LTV .. CoOBERNATIE L-
MAG, S-MAG O8I k1 5 BRI, SRE)
A Hn5 4D LT ED DL, BhhkEBr R
hE AR ALhIEh -1 Lo L, NRREAC B
T L-MAG Bt:oOB# oFi L-MAG i\ B K
A RTHsEsEE L (F 6). ook
WERELFOMET, MBERoRECL bR L
MAG BHHIR Bl L EEER R L, GFAP B#o
RO 7 U 7 MR & (X B O RIBIERE i & h HEERIC
LB -Tuwi, Zhb L-MAG BrEgsas,
HECERRE L THFEL, KBEE ERKAERICIEE
Ll - te, RO MR BB IIN I 12386 5
nich -t 7 GFAP B¥ORIGH 7 1) 7 #ikaiL,
HERVERCEEMERSBCECERL, #Hohc
L-MAG MMl L 2 R 555 LT0 /. 20 L-
MAG BYEfl B OB EM IS CEDH HhH, JE
BEE R O BR OIEFEZ R ORI 1A L HFIE L 7.
S-MAG 6Tz L-MAG Bl & 5 U e i
n, U, KRB INTVLE0REDI.

z £

MAG 5#flE L UKRBAHESRD myelin & BT
AEHD—T, BEHOBER L ORISR E < BEH -
TwhEERTWA. 1979 F Sternberger ik, HHd
Lic MAG % 7 # FICREE L THILRHET, 79 b0
FRAARE R A Gefh L, MAG A myelination 12%37 -
T oligodendrocyte Dk #H L, myelination #°
ELC O TREREL L, TOEMBOMEA#E D
HILORTHRACREMNNAH I H &, MAG HiliE
BHEOBMBCRERLTVAEL R LAY, Higgins b
i, MAG @ cording region % probe & L{: cDNA
fragment # FHU-T in situ hybridization #4f7\+, Bf
B MAG @ mRNA # oligodendrocyte @
R RRT L s e BELTVA. KPFRE, 2
o MAG &EH, L-MAG, S-MAG @5 1%, ###
RO oligodendrocyte Ofafkic B4 50l L-MAG
Thd s, L-MAG FREM O F TR R
L, BB L TL 2 ORERIGHCED O idin 2 &,
S-MAG i £ i BN THIMC RIS 5 2 &1 & pi
Lt - fo. L-MAG ¥ oligodendrocyte @ g
ORI o2 Ao nto o S BL T, B
iz i, oligodendrocyte ORIfAnEh T, EAH
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2 PREECETS MAG ORfEE,
A, B:4£#148, C, D 4£#30H, E, F : 4£#40H, G, H: 4£#56H. A,
C, E, G:L-MAG %#, B, D, F, H:SMAG #f. (—:100pm)
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5 AABUAOKMEECAbRE L-MAG BMEME. B S-MAG
efa clIRBREBERRE IR h 2. (— 30 #m)

6 FAMBIREAZES » F O MAG ORfafk. A AMEIE® K.B. ¥
B, KMBEHE, BRECHEERLTEDD. RICRLEEMEHE L.
B, C, D:BEMEEROME. B L-MAG ¥, C :GFAP %
5, D:S-MAG ¥, E :EEZEMOME, L-MAG HE,
(— 100 pm)
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L—MAG S—MAG

7 MAG OS5 THEEET V. S-S A2 A —-ThbRbRE
Fo7y vEUEE BEHESEA, Are-Gly-Asp (RGD) &
i, L-MAG @ tyrosin kinase & & 5 Y vE{LEA, CEKH
filo L-MAG, SSMAG D4 F#ED#E (D8 KLU D8%) #
g,
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B BRA T, MV »#Ts & oligodendrocyte D
i L, BAAGRDPETTILDTHAH EELD
nas.

MAG 2, #ERE#TTORE I/ 0T ) v OG5THE
& EOBEIEWE®, neural cell adhesion molecule (NCAM)
fr & OMBARMEERS F & 05 TS EOREYE, R
R ELORBEI T ) VA== T 7 3 ) =D
—B& L THlREFCEEABE 2 T8 E L LN
TWBIBNIE)  F 3 MAG ONXgL HIL7 ¢ 71
X0 F v EBELEC AL MIRZERCEL G L
T3 Arg-Gly-Asp ERFINFRET Y. FiL alter-
native splicing Iok - TfEH IS 2EEO MAG &EH
DHH, L-MAG 2 CRKmloMammasic, tyrosin
autophosphorylation site XLl L7EnHH, =
Hi3 receptor OB bLABEL XA TV AT
(B 7). L-MAG #E#HRO L © oligodendro-
cyte OfifkL I o) YBRIZHEBE LT3 Z &1, L-MAG
PSSR AR T AEBCE(EboTV B0 &%
g ags BEOE, BHEEALEY YA THS quaking
mouse BT, L-MAG OEBHBIBERIFIC A5
hiwWZ RV LESY®. oz by L-MAG @
MRS EOF AL B TRET A4 D EE LS.

—HT, E{LFEHSH TR, PIREERCR T S
MAG DOZEBUIRROBERS St L, B TIIE MAG
DT S-MAG DEMICHEET L L EhTVL A,
FREMAMTEE E S-MAG & L-MAG kv EBhTHE
L, BERCH-THmTHoEhb, SMAG & L-MAG
DORE L - MlElogEE ¥ T A BEL A T 2 TR
DEz Hhi.

A MBI IREAZE 1 & AR M E 5 v 5 o MBI B
MrREEE 7T, MERESRBLTEY, B
ERAERPNELMATHE L L L), BREEEICH
THHMEE AT A L TERLETAD—2TH B,
AHECIIEE 3 ABROAKEE LT, L-MAG B
Mlar BT 5 LR L. oML, RIEHED
astrocyte % microglia &z oFHIckET, HE
RIERBT2 VW9 ETRRY, FLHBETLHEENS
5 h, oligodendrocyte TH 5 & E 2 Hhts. Ludwin
bit, KBEEO—HEB BRI T V5 » b
OFEE 3 AEOKKT, AERBER L UREIE &5 1B
Rz, Mka58+ 5 oligodendrocyte HWEHETH I &
HRWELEN., 2ol Lo EMEROREICAL A
fz L-MAG BtEMifug, 58T 5 sk - Tsh#El
L7 oligodendrocyte T# % F[HEMEAE L .

BA4dBUBEMEF VS v FE2AVT, BMEOE
BERA A/ T8y T4 v FECTRACER, 9
HWHRERTHS MAG & CNP i3, M3 R#E R
L, FOBRBIMERARLE. ZoRLD, B
IMEOHEMRAAT THA LB EAD, 0B
BEK L > THINT 2 ATREMAVREE S h Ty e, BN
ZEWT, MAG it S-MAG BfLicRBRT L3531 T
WARZ L LD, Zoc L-MAG B KBS
BT L, FERBATHOBRYR TS EEL bR,
WDF L — FEITHS cuprizone # FV T BB EE
EFMEENTE, HEEECEL T L-MAG mRNA
DEBHBENTHZEBHLRATHEY, ZThbDl b
&0, L-MAG B EMOBMBIEI O 4l 63
BB 35 10 5 BB P AR 0T MR R BB 1 %
ErRToEnELLRS.

RMa#zbesicn, HEE, HEMABY L
it BRESCEHRH G LET. FHE0OBY
BE2TE0E LAER Ei#8SRoEdslHL
R ES. B ARE L T, R
=g, RE O BE4E BRELELECL, LB
B L5 2 o

BB s 2k L PR —
BERLTHRE, BB X TF3A, NEHETSAK
Baho o LET.

2 # X M
1) Quarles, R.H.:

in development and disease. Dev. Neurosci., 6:
285~303, 1983/84.

2) Arquint, M., Reder, J., Chia, L.-S., Down,
J., Wilkinson, D., Bayley, H., Braun, P. and
Dunn, R.:
structure of myelin associated glycoprotein. Proc.
Natl. Acad. Sci. USA, 84: 600~604, 1987.

3) Salzer, J.L., Holmes, W.P. and Colman, D.R.:

The amino acid sequences of the myelin-associated

Myelin-associated glycoprotein

Molecular cloning and primary

glycoprotein: homology to the immunoglobulin
super family. J. Cell Biol., 104: 965~967, 1987.
4) Lai, C., Brow, M.A., Nave, K.-A., Noronha,
A.B., Quarles, R.H., Bloom, F.E., Milner, R.J.
and Sutdiffe, J.G.: Two forms of 1B236/myelin-
associated glycoprotein, a cell adhesion molecule

for postnatal neural development. Proc. Natl.



5)

6)

)

8)

9)

10)

1)

12)

AR
R LR

Acad. Sci. USA, 84: 4337~4341, 1987.
Fujita, N., Sato, 8., Kurihara, T., Kuwano,
T., Sakimura, K., Inuzuka, T., Takahashi,
Y. and Miyatake, T.:
myelin-associated glycoprotein: a novel alternative
Res.

cDNA cloning of mouse

splicing pattern. Biochem. Biophys.
Commun., 165 1162~1169, 1989.

Sato, S., Fujita, N., Kurihara, T., Kuwano,
R., Sakimura, K., Takahashi, Y. and Miyatake,
T.: c¢DNA cloning and amino acid sequence for
human myelin-associated glycoprotein. Biochem.
Biophys. Res. Comm., 163: 1473~1480, 1989.
Frail, D.E. and Braun, P.E.:
tally regulated messenger RNAs differing in their

Two developmen-

coding region may exist for myelin-associated
glycoprotein. J. Biol. Chem., 259: 14857~14862,
1984.

Fujita, N., Ishiguro, H., Sate, S., Kurihara,
T., Kuwane, R., Sakimura, K., Takahashi, Y.
and Miyatake, T.:
glycoprotein mRNA in experimental remyelination.
Brain Res., 513! 152~155, 1990.

Fujita, N., Sato, S., Ishiguro, H., Inuzuka,
T., Baba, H., Kurihara, T., Takahashi, Y.
and Miyatake, T.:

associated glycoprotein is scarcely expressed in

Induction of myelin-associated

The large isoform of myelin-

the quaking mouse brain. J. Neurochem., 55:
1056~1059, 1990.

Ishigure, H., Sato, S., Fujita, N., Inuzuka,
T., Nakano, R. and Miyatake, T.: Immunohisto-
chemical localization of myelin-associated glycopro-
tein isoforms during the development in the mouse
brain. Brain Res., 563: 288~292, 1991.
Yamamoto, M.,
Shimizu, M.

after focal cerebral ischemia by left middle cerebral

Tamura, A., Kirino, T.,
and Sano, K.: Behavioral changes
artery occlusion in rats. Brain Res., 452:
323~328, 1988.

Ishiguro, H., Inuzuka, T., Fujita, N., Sato,
S., Nakane, R., Tamura, A., Kirino, T. and
Miyatake, T.:

associated glycoprotein isoform in rat oligodendro-

Expression of the large myelin-

cytes around cerebral infarcts. Mol. Chemical.
Neuropathol., 20: 173~179, 1993.

13)

14

—

15)

16

<o

17)

18)

19

~

20)

21)

Myelin—Associated Glycoprotein O F BRI BT 5 BB BT &

449

Sternberger, N.H., Quarles, R.H. Itoyama, Y.
and Webster, H.deF.:

tein demonstrated imunohistochemically in myelin

Myelin-associated glycopro-

and myelinforming cells of developing rat. Proc.
Natl. Acad. Sci. USA, 76: 1510~1514, 1979.
Higgins, G.A., Schmale, H., Bloom, F.E.,
Wilson, M.C. and Milner, R.J.: Cellular
localization of 1B236/myelin-associated glycoprotein
mRNA during rat brain development. Proc. Natl.
Acad. Sci. USA, 86: 2074~2078, 1988.

Sato, S., Baba, H., Tanaka, M., Yanagisawa,
K. and Miyatake, T.:

sheared between myelin-associated glycoprotein

Antigenic determinant

from human brain and natural killer cells.
Biomed. Res., 4: 489~494, 1983.

McGarry, R.C., Helfand, S.L., Quales, R.H.
and Roder, J.C.:
glycoprotein by monoclonal antibody HNK-1.
Nature, 306: 376~378, 1983.

Edwards, A.M., Braun, P.E. and Bell, J.C.:

Phosphorylation of myelin-associated glycoprotein

Recognition of myelin-associated

in vivo and in vitro occurs only in the cytoplas-
mic domain of the large isoform. J. Neurochem.,
52: 317~320, 1989.

Fujita, N., Sato, S., Kurihara, T., Inuzuka,
T., Takahashi, Y. and Miyatake, T.:

mentally regulated alternative splicing of brain

Develop-

myelin-associated glycoprotein mRNA is lacking
in the quaking mouse. FEBS Lett., 232: 323~327,
1988.

Pedraza, L., Frey, A.B., Hempstead, B.L.,
Colman, D.R. and Salzer, J.L.:
expression of MAG isoforms during development.
J. Neurosci. Res., 29: 141~148, 1991.
Ludwin, S.K.:
drocytes after trauma to the central nervous
system. Nature, 308: 274~275, 1984.

Inuzuka, T., Tamura, A., Sato, S., Kirino,

Differential

Proliferation of mature oligoden-

T., Yanagisawa, K., Toyoshima, I. and
Miyatake, T.:
cerebral proteins following occlusion of the middle
cerebral artery in rats, Stroke, 21: 917~922,

1990.

Changes in the concentration of

(PR 6 &2 A14BZA)




