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ABSTRACT

Neurofascin, one of the members of LICAM, has been known to have some important roles during the
development of nerve fibers. In order to investigate the role of neurofascin associated with the myelination of
peripheral nerves, the localization of neurofascin in myelinated rat sciatic nerve fibers was studied with the
immuno-fluorescence and immuno-electron microscopy and the results are as follows;

1. According to the myelination is going on, neurofascin localization was dramatically changed in the sciatic
nerve fibers.

2. In the myelinated fibers, neurofascin was weakly localized along the axolemma at the node of Ranvier.

3. Neurofascin was also apparantly localized at the non-compact area of Schwann cell membrane such as

paranodal loop, Schmidt-Lantermann incisure, inner & outer mesaxons in the myelinated fibers.
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From the above results, neurofascin is likely to have a role to sustain the ideal gap of apposing membranes

of Schwann cell, so it may enable to materials transport in the myelin sheath.
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Neurofascing H %2253 superfamily?] 3 A
kol LICAM2] FA 84 & stz AA3ARS =
2ol wE BaehiAe] shio|d}. o] WAL &
9 HelM Aoz FAHHAAL AZAA T HAHA
o] 23 9L 3= Hez dHA glen, 53
AAA ZA o] AR, M Eo)E, 4k AA ohalke] A
Zof 5l 28o] gl Aoz B wEoe| Y} (Rathjen
& Schachner, 1984; Grumet et al., 1991; Volkmer et al.,
1992; Cunningham, 1995; Hortsch, 1995).

Neurofascine &3] 214489 27 gl
AL AH82 (fiber tracts) S wWel 3 FH o B
o] ¢)-&o] ¥ 31%¢l 1 (Rathjen et al., 1987; Shiga &
Oppenheim, 1991), webA, A7 A F-322] W] Ho
s Aoz dEA vk zepd DA FT|RA ] 7}
M AAAT 74 2ol F o s E=s)
I g)8-o) ok2lA ¢k (Moscoso & Sanes, 1995).

Neurofascin2- A Z2te] upgel] ZTEH o2 679
HoFzEARYe R 9oy HAFEZEA
superfamilyol] <3}37, 7L yte] FxA el zpelo uhet
o 7Ex]2) o}3] (subtype)e] itk 186 kD neurofascin
& AA fibronectin ¢34 o] Ex)5}A] ¢kom, mucin-
like 98- 7}A] 3 ¢)57(mucin+/3rd FN II1-), Ranvier
apelsl SApAARe] $E7h Basle] glo(Davis et
al., 1996).

155 kD neurofascin2- A|¥# fibrionectin ¢ 52 7}
A2 ¢lom mucin-like 394 7IX 3 QA g2
(mucin—/3rd FN 1ll4), F3240-5-9) 4o A] B3
Ho] ¢l-&o] H1HEHgH} (Davis et al., 1996). =3t
neurofascin®] A ZA DL & L1 £34%e] CAMs
o} mpazlR 2 Al 2ol ankyrin 2gR9E FEHL
=2 &g-8l1 ¢lt}(Davis et al., 1993; Davis & Bennett,
1994; Dubreuil et al., 1996).
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A7 D A HAAAM FejHom Fxsled
I 71%9) v}-$ Em3glE neurofascin®] & FH
$7) 9% A7 Yoz B ATFoIME WM
ek AE B M)A FN U 393 mucin-like
o338 ¥ 914131 neurofascin (186 kD & 155 kD)
o WAl BEE tobr et st
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HEsE
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9712 B¢ ARsh g4t 83 TFSA

HA
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CEET

APz=E oz FYvl3 st 4% paraformalde-
hyde® AH8-3te] AL B8 HHFA M-
HEFRAM HFANAE 2E3A F A17EE B
dtod U ANl 247 AoM FAHAA EE
o] 3 _—,7_24/\]31;]. A o] Tt FA L PBSol| 15%&
A 33) $A8 & 5,10, 15% sucrose -2l Zhzh 3]
2]t & OCT compounddl] Zvjslgich EZ2AH7| 2
lOum AR g 23l om, 42 AW TESPA 28
H &efolmol] Seipa Aol 241 Az F A
g Apel) AFEEhRTH
’;_7;;‘ AH-& PBSo| A $AHl5ted OCT compound
A AZ & 10% goat serum in 0.2% gelatin, 0.3%
Triton X-100 in PBS (buffer A)] 1A]Z} block3t *
4% goat serum in buffer Aol 1:40002.2 3}4 ¥ goat
anti-rabbit neurofascin (Dr. Brophy, Univ. of Edinbur-
gh)ell 814} incubationdt & buffer Aol 2084 33]
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A3}tk 4% goat-serum in Buffer Aol 1:20002
31215l goat anti-rabbit FITC (Cappel)ell A-2ol|A] 34]
7} incubationdt ©}-& PBSel] 554 43 $=Astadr)
PBSE Az HAsA A Hho|=F Vecta
shield® AA3}ed coverslip2 o3 FPHv|A
I 24 ZA8 07 (Confocal Laser Scanning Micro-
scope, Model: BIO-RAD, MRC1024) ¢ 2. 32-5}3ict.

Teased fiber2] A2k $lo] 7]&3t Wyoz A
gt ATAAZA S DA E]E PBSe 1087 43 4
Agt ok AAnpgate A AE F 0.1% Triton X-100
o 34 HAF F ATuREE s ARG
A Al E st

HEEL LR

A =5g e 2 n}3)s}e] 4% paraformaldehyde-
0.2% glutaraldehyde &g} oz A& Ead) AFT
goralet. AN A2 ABAHE B ko]
598 mAR A7 AH 24T F 0.1 M pho-
sphate buffere] 1084 33] A8 ©h& 30, 50, 70,
90, 100% ethanolel] 2F2} 284 ZA| eas1edc}. 50%
LR gold monomer2}t 50% ethanol EHoA 30,
70% LR gold monomer<} 30% ethanol &E§tefollA] 14]
7}, 100% LR gold monomeroll Al 147 A &4 & A
2 &, —25°ColA AT (360 nme] ) ofeh A
LR gold resin (London Resin Gold, Agar Scientific Ltd.,
U.K.)ol) 24A17F =Zojslgin}. Ultramicrotome (LKB-
Ultracut E, Germany)© 2 1um ZH& 2A3 £ 1%
toluidine blueol| A3l FeHn|d oz FATY o
&AM Aos 2R A8 AT YHA
nge vl e 60~T0mme) Tl 2
o1¢jo}. Formvar _—?’.QFJ nickel gridel] Z=ubd =&
gy e AxA7 F AAYAE AR,
z4A M-S PBS-Milk-Tween (0.1% PBS, 0.2% milk,
0.1% Tween 20)¢l] 3087t wjZHAL AT 3
200 goat anti-rabbit neurofascinel] 4°CellA] 12A]ZJ— ‘;’}
AR,

PBS-BSA-Tween (0.1 M PBS, 0.2% BSA, 0.1%
Tween 20)¢)) 53] $=AgF %, AL 15nm gold parti-
cleso] ¥-#¥ goat anti-rabbit 1gG (British Biocell In-
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ternational, UK)Z 1:500.8 3|Aa)A A2 24|
7} wk2 A7l AHL PB-Tween (0.1 M phosphate
buffer, 0.1% Tween 20)°)] 53], 32} ZF+= 33] 7z}
A8 ke, 2.5% glutaraldehydesl] [587F 3143t
% uranyl acetate$} lead citratee] G288 F 60kV 7}
279} o}l JEOL 1200 EX 11 TEM o= #aslsch
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AR AN H2a
A neurofascin®] W Hul2-o] 3
oA medut-go] Alzkos Fx AA AAHS
ou} Fo] BolshlE Rk SEIAINE Wl
=

A 7}3 maulso] WEEHE B9yl tdHe=s

A4 58] A2kl
REP IS EE S

Aslyd=d (Fig. 4), 2 39+ 9934 r 3
A Ranvier #}d) 9} ¢lA %l paranodeq] 7oz 3
o R o Welk 3o Az Dol Asol 79
Pipol Aoz Fayom FAHFeH, AL
Schmidt-Lantermann incisure 2. #¢1¥ ¢} (Fig. 4).

Teased fibersoll M= S-AHF weinks-& FaAst 4
A, Ao AFBe Azdon ¥NAN
HA ooz AgtEEornct v Fg WA
£9] Zolz AT 4 319k Teased fibersoliA 7zt
Aoz FAFFE paranodedl| A M2 e Al
H e 7l 2 A S dded, o] zE
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o)A o2 =A}3F neurofascin W Gur-3-2] e A4
% 598 (Fig. Dol vlal 24 ¥ 14d3ME =25
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o} (Fig. 3).

S2AR7F T3] TEANL F2A
4 Ato]l9] neurofascin HHF-Ee] EX 1 A 3§
e B3

B2 7R Al SAEte F 9
3} neurofascin Huk--& #2AF 4+ 1%, Sch-
wann 4| 2] A £A e} A= neurofascin®] 28 -& A
& 4 gl (Fig. 7).

22 A7A 5o A= A&l Ranvier uje] & Fl
& 4= 9]3l.em™, Ranvier u}t] ¢} paranodeol| A A}
2 @2} neurofascin W ejub-g-o] FA= Y (Fig. 9).

ParanodeZ v} ZA FAH] ol A7nteAle]
M= Zababol) A neurofascin W& AT
f9lch. 22t AAskeAtel s S5 e
sl AA B Sxael EARSC Schmide
Lantermann incisuressl] A} =xJol| 4] neurofascin H
oJuk-2o] #AE e} (Fig. 11). Paranodeoll A} Schwann
Az wto] we)E FAJshd FAteel APshe para-
nodal loop& & 4= 9141w, o] paranodal loopel| A&
neurofascin W & uE-o} T8l o] Fel¥ ¢t} (Fig. 9).

2UslA HAE Sz AE neurofascin HHF
2.8 AE B 4= glod ov}, Schwann Ml 22 dto] M2
ADsA Az YA FS upREFAAbo| el A
neurofascin ¥AJul2-g #eld 4 9% (Fig. 8),
Schwann M| VA3 747le] =<&8ke] ofz] xdst
522 PABA B3 agE2patolute] iz
Schwann A 329}l A= neurofascin 8 & uh-2-8- 25
2= glelch (Fig. 12). Wby A=9] 42m-3A0A4H
A Azlgn| Aoz HFH neurofascin HeH-E
gl RelE goks @ Ranvier vfe]olA] paranode®
o]e] x| ZAtuk (Fig. 9), paranodal loop®] Schwann
)£} (Fig. 9), Schmidt-Lantermann incisure (Fig. 11),
&-2kato)ut (Fig. 10), wpgEAtALel 9t (Fig. 8) §22
o] Schwann A xZwto] MUsHA LAw ] A 2
#oiehs 3540 2ok

L

o

o &

o] Azulg Az et sl el Fu|
=2 A FHuA] A Zz32 222} (cell adhesion molecules;
CAMs)ell gt w-e 77} o] Folx 1 gl=d, dnt
Moz CAMsE AAAZAN 24tz AoluAz
Atole] A&z AP} AlsAH| Fast 4EE 3}
L Aoz oA 9} L1 24wl 4381 neurofas-
cing o] Zate)| Ay mydehildla AL oA
=] 9) =1 (Rathjen et al., 1987), 41734 -§-2] Wt 2}A] o]
g A Aol dold W FAke] AAbel] ofH
d&-g st Zles Bause] 9l wik AR
et oA Al et mAl £9F HAbe] Al F23
S st Bz A2Eol sk

Neurofascing A7 A Eoll £} CAMS 3h}
= 186kD, 155kD & 140kD2] 37}4] isoforme] &
A Qi o wEgte] Az FF U EEdA
et vy Bolheleln] FulE Fa Aok 3714
isoform& 35 Ranvier n}tjol|A] mxpit-g-o] 7}sHAl
ol Aoz A2l glv)(Davis et al., 1993).

ZZ=27 A ZEl| A 155kD neurofascin2 4234 9]
Alatal & oligodendrocytesol] A UA]H o2 733
ulg gt} Oligodendrocytesoll A 23 A Z7]d)
neurofascin®] FA& Z7pr} slerk o= Ax AZE
o] AzpspH I wde] FR7| FlEHA A5 T
Bo| o2 7R F2 AFAHEl FE3HA
(Collinson et al., 1998). Collinson et al. (1998)2 4%
9} wake] AgzoA] AT 496l 155kD neurofascin
9] wlo] Yehtr] Alstste] AF 2097bA] EE-
Z7lslar, =8 FHAAAFAA Y LHILHE v}
e Aoz Bags.

2028 o] Fo)| neurofascing®] Wl o] 74437 Al
zste] 3243 Wl FAT F4aE 1SS
B 73} Neurofascin®] W& 7tael ] F3417%
AEL] 4zoA Tke] ZA|E= proteolipid protein
(PLP)2] o] Alfron Zr1ghe 420 A3
& neurofascing] W74} doid-g FAsHE A

bz Ao A= neurofascin®] W oAb st o
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7} wx] ¢k} Davis et al. (1996)-2- 155 kD neurofas-
cino] F5zdAtel|x] W)L §) o, Davis et al.
(1993)2 FHFAANA 73 o] A3k 39
isoform-& 155kD neurofascin © 24} Ranvier wjc]e] A]
W B oo =3 Tait et al. (2000)2 155 kD
neurofascine] 2 AA 2210 Y3} E4]4)
Caspr13} 7] 4~2Z9] paranodeol AZHE 7oz
R 1, Davis et al. (1996)% 155 kD neurofascin o]
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2 186 kD isoform& 74 714 (mucin/3rd FN 111)
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A FezAdfe FAe AL neurofascing]
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93 Qi mae DAY 5 UREd, b yHe
2 S27h g4He) A G HAeIAE Sabetol
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Fig. 4.
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FIGURE LEGENDS

Immunofluorescence of neurofascin in 5 days old rat longitudinal sectioned sciatic nerve. Neurofascin is expressed
intermittently in the nerve fibers (arrow). Confocal images were acquired on a Bio-Rad MRC 1024 confocal microscope.
bar=25 pum

Immunofluorescence of neurofascin in 14 days old longitudinal sectioned rat sciatic nerve. Neurofascin is expressed more
strongly (arrow) than 5 days group. Confocal images were acquired on a Bio-Rad MRC 1024 confocal microscope. bar=25
pm

Immunofluorescence of neurofascin in 8 weeks old rat longitudinal sectioned sciatic nerve. Neurofascin expression (arrow)
pattern is similar to the 14 days group. Confocal images were acquired on a Bio-Rad MRC 1024 confocal microscope.
bar=25um

Immunofluorescence of neurofascin in 8 weeks old rat longitudinal sectioned sciatic nerve. Neurofascin expression is clearly
observed in the paranodes (arrow head) and Schmidt-Lantermann’s incisures (arrow). bar=50 pm

Immunofluorescence of neurofascin in 8 weeks old rat sciatic nerve. Teased fibers. Nodes of Ranvier are shown. The node is
revealed as a cleft and neurofascin is strongly expressed in the paranodes (arrow head). A narrow band which is likely to be
connected to inner and outer mesaxons expresses neurofascin immunoreactivity (arrow). bar=10 um

Immunofluorescence of neurofascin in 8 weeks old rat cross sectioned sciatic nerve. Neurofascin expresses around the
axonal circumference (arrow heads) strongly, not in the axoplasm and myelin sheath. bar=10um

Post-embedding immunoelectron micrograph of neurofascin in 14 days old rat sciatic nerve. Unmyelinated fiber (UM)
expresses neurofascin strongly in the axolemma (arrow heads), but myelinated fiber (M) doesn’t express neurofascin in the
axolemma at all. SC; Schwann cell cytoplasm. bar=200 nm

Post-embedding immunoelectron micrograph of neurofascin in 14 days old rat sciatic nerve. Neurofascin immunoreactive
gold particles are labeled in the outer mesaxon (arrow heads). My; compact myelin sheath. bar=200 nm

Post-embedding immunoelectron micrograph of neurofascin in 14 days old rat sciatic nerve. Node (N) and paranodal loops
(PL) are shown. Many neurofascin immunoreactive gold particles are localized in the nodal axolemma (arrows). Neurofascin
expression was revealed in the paranodal loops as well. bar=500 nm

Fig. 10. Post-embedding immunoelectron micrograph of neurofascin in 5 days old rat sciatic nerve. Neurofascin immunoreactive

gold particles are labeled in the inner mesaxon (arrow head). My; compact myelin sheath. bar=200 nm

Fig. 11. Post-embedding immunoelectron micrograph of neurofascin in 14 days old rat sciatic nerve. Neurofascin immunoreactive

gold particles are labeled in the Schmidt-Lantermann incisure (arrow heads). My; compact myelin sheath. bar=200 nm

Fig. 12. Post-embedding immunoelectron micrograph of neurofascin in 14 days old rat sciatic nerve. Non-compact myelin layer

which is composed of apposing Schwann cell membranes expresses neurofascin immunoreactivity (arrow heads), but
compact myelin layer doesn’t express neurofascin at all. bar=200 nm
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