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Summary

The myelin-associated glycoprotein (MAG) is an infrinsic membrane protein that is specific for myelinating cells. MAG has
been proposed to function in the PNS as an adhesion molecule involved in Schwann cell-axon contact and maintenance of
cytoplasmic channels within the myelin sheath. In this report we show that the microfilament components, F-actin and
- spectrin, co-localize with MAG in periaxonal membranes, Schmidt-Lanterman incisures, paranodal myelin loops, and inner
and outer mesaxons of myelinating Schwann cells. F-actin was localized light microscopically by rhodamine-labelled
phallicidin binding. Spectrin and MAG were localized by light microscopic and ultrastructural immunocytochemistry. The
findings indicate that plasma membrane linkage of F-actin in Schwann cells is likely to occur via spectrin, and raise the
possibility that microfilaments interact with the cytoplasmic domain of MAG. An interaction between MAG and

microfilaments would be consistent with the proposed function of MAG as an adhesion molecule.

Introduction

Cell shape, motility and adhesion are mediated in part
by interactions between actin microfilaments and
transmembrane proteins (for reviews, see Geiger,
1983; Satir, 1984; Stossel, 1984). The molecular details
of this interaction are best understood in the erythro-
cyte, where linkage of actin to the cytoplasmic domain
of band 3, an integral membrane glycoprotein, occurs
via spectrin and ankyrin (Branton et al., 1981; Low,
1986). Characterization of the transmembrane com-
ponents to which actin is linked in nucleated somatic
cells has been elusive. Integral membrane glyco-
proteins are the most promising candidates and it is
likely that individual cellular phenotypes utilize speci-
fic transmembrane proteins. The myelin-associated
glycoprotein (MAG), a transmembrane protein
unique to myelin-forming Schwann cells in the PNS,
has been proposed as a candidate for such a role
(Trapp & Quarles, 1982, 1984; Quarles, 1983/1984;
Trapp et al., 1984a, b; Martini & Schachner, 1986;
Poltorak et al., 1987; Salzer et al., 1987; Lai et al., 1988).

This hypothesis predicts the co-localization of actin
microfilaments and MAG at the level of plasma
membranes. Since the distribution of actin micro-
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filaments within Schwann cells and their myelin
sheaths is not known, the present study was designed
to determine if two microfilament components,
F-actin and spectrin, co-localized with MAG in sec-
tions of PNS myelinated fibres.

Immunogold procedures were used to localize
MAG in ultrathin cryosections of peripheral nerve.
This method avoided many of the inherent limitations
of other immunocytochemical approaches and pro-
vides additional details of MAG localization in elec-
tron micrographs. The localization of actin
microfilaments is complicated by their lability to
fixation and tissue processing, as well as by the
widespread distribution of G-actin in cytoplasm. For
these reasons we used a cytochemical stain, rhoda-
mine-phallicidin, that binds specifically to F-actin
(Wulf et al., 1979; Barak et al., 1980). The localization of
F-actin in cryosections, 1 um thick, was compared to
that of spectrin visualized in 1pm and ultrathin
cryosections by immunofluoréscence and immuno-
gold procedures, respectively.

Our results indicate that microfilaments and MAG
co-localized in myelinated nerve fibres and represent a
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start in elucidating actin microfilament-Schwann cell
plasma membrane interactions. Preliminary results of
this study have been published in abstract form (Wong
& Griffin, 1982; Trapp ef al., 1985, 1986).

Materials and methods

Light microscopy

Frozen sections, 1 um thick, were obtained according to
standard procedures (Tokuyasu, 1980; Griffiths et al., 1983)
with minor variations. Adult, 7- and 35-day-old Sprague—
Dawley rats were perfused with 4% paraformaldehyde in
0.08 M phosphate buffer. The sciatic nerves were removed,
cut into 0.5cm segments, infiltrated with 1.0M sucrose
containing 4% paraformaldehyde for 12 h, 2.0 M sucrose for
4 h, and 2.3 M sucrose for 4 h. The nerve segments were then
mounted on specimen stubs and frozen in liquid nitrogen.

Frozen sections, nominally 1 pm thick, were cut on glass
knives in a Reichert ultracryomicrotome maintained at
approximately —95° C. The sections were transferred with
thawing to polylysine-coated glass coverslips, and washed
in phosphate-buffered saline (PBS) (5 X 3 min).

F-actin was localized by floating the coverslips on PBS
containing a 1:40 dilution of rhodamine-labelled phallicidin
(Molecular Probes, Junction City, OR) for 30 min. The
coverslips were then rinsed in PBS (3 X 3 min), mounted on
glass slides in 90% glycerol and sealed with nail polish.
Co-localization of F-actin and spectrin was performed by
sequentially floating the coverslips on drops of PBS contain-
ing the following: (i) 3% normal goat serum for 15 min; (ii)
rabbit anti-brain spectrin antibody (diluted 1:200) for 60 min;
(iii) fluorescein-labelled anti-rabbit IgG (diluted 1:40) and
rhodamine-labelled phallicidin (diluted 1:40) for 30 min.
The coverslips were rinsed in PBS (3 X 3 min) after steps 2
and 3, and mounted on glass slides as described above.
Sections were visualized with fluorescence and phase optics
by use of a Zeiss photomicroscope III. The characterization
and specificity of the spectrin anti-serum kindly provided by
Dr Vann Bennett has been described (Davis & Bennett,
1983).

Electron microscopy

Seven-day-old Sprague-Dawley rats were perfused with a
solution containing 2.5% glutaraldehyde, 4.0% parafor-
maldehyde and 0.08 M phosphate buffer. The L4 and L5
spinal roots were removed, cutinto 0.5 cm segments, placed
in fixative overnight, then infiltrated with sucrose, frozen
and stored in liquid nitrogen as described above. Ultrathin
frozen sections (<120nm) were cut at approximately
—110°C, and transferred to formvar- and carbon-coated,
hexagonal-mesh grids. The grids were maintained, sections
facing down, on 2% gelatinin PBSat 4° C for 2 h, followed by
floating on PBS (5 X 3.min).

The sections were stained, essentially accsrding to pub-
lished procedures (Tokuyasu, 1980; Griffiths et al., 1983; Slot
& Geuze, 1984), by sequentially floating the grids on drops
of the following solutions: 10% ovalbulmin and 3% normal
goat serum in PBS for 30 min; primary antibodies appropri-
ately diluted in PBS containing 1% ovalbumin and 0.3%
normal goat serum (PBS-1) for 1 h; PBS-1 (6 X 5 min); 15-nm

colloidal gold-labelled goat anti-rabbit or mouse IgG
(Janssen Pharmaceuticals) in PBS-1 for 60 min; and PBS-1 (6
x 5min). The grids were then rinsed in distilled water (4 X 2
min), stained with neutral uranyl acetate—oxalate (pH?7),
washed again in distilled water (4 X 2 min) and embedded in
uranyl acetate-containing methyl cellulose (Methocell, Fluka
AG, Buchs, Switzerland). Grids were viewed in a JEOL
200-CX electron microscope operated at 80 kV.

The characterization and specificity of the antisera used
have been described: MAG (Doberson ef al., 1985), spectrin
(Davis & Bennett, 1983) P, (Trapp et al., 1979, 1981) and
neurofilament (Sternberger & Sternberger, 1983).

Results

Distribution of F-actin

The distribution of F-actin was determined by rhoda-
mine-labelled phallicidin binding in 1 wm cryosections
of 7-day, 35-day and adult rat sciatic nerve (Figs 1, 2).
F-actin was distributed similarly at-all ages. In trans-
verse sections, all myelinated fibres contained a peri-
axonal ring of F-actin staining that always included an
intense dot (Figs 1, 2A); as indicated below, these dots
correspond to the inner mesaxons. Schmidt-
Lanterman incisures, identified by phase-contrast
microscopy, were intensely stained (Fig. 2A, B).
Longitudinal sections (Fig. 2C) and teased fibres (not
shown) confirmed the staining of the incisures, with
their characteristic “arrowhead” appearances. Interno-
dal axoplasm was unstained or very faintly stained
(Figs 1, 2A, C, D). The paranodal and nodal regions
were prominently stained (Fig. 2D). Much of this

Fig. 1. Rhodamine-labelled phallicidin binding to a 1 pm
cryosection of 7-day-old rat sciatic nerve. F-actin was
detected in myelinated fibres, unmyelinated fibres and
around blood vessels (asterisks). Scale bar: 10 um.



Schwann cell microfilaments co-localize with myelin-associated glycoprotein 49

Fig. 2. Rhodamine-labelled phallicidin binding to 1 pum cryosections of sciatic nerves from 35-day-old (A) and adult (C, D)
rats. In transversely oriented sections, all myelinated fibres contain a periaxonal ring of F-actin staining that includes an
intense dot (A, curved arrowheads). Schmidi-Lanterman incisures are stained intensely (A, arrows) and have typical
“‘arrowhead’ appearances in longitudinal section (C, arrowheads). Paranodal myelin loops (D, arrowheads) and paranodal
microvilli (D, arrow) are stained intensely. The outer perimeter of myelinated fibres is partially surrounded by lines of F-actin
staining which can include dots or bands of increased staining intensity (A, straight arrowhead). Where the Schwann cell
plasmalemma and outer perimeter of compact myelin can be resolved as separate membranes (A, asterisk), both are stained.
Compact myelin did not stain. Morphological preservation of A is demonstrated by phase-contrast image (B). Scale bars:

10 pm (A and B are at the same magnification.)

staining was over the paranodal terminal loops of
myelin lamellae and Schwann cell microvilli. The
resolution was inadequate to determine whether the
immediate subaxolemmal portion of the nodal axon
might also be stained, butin these regions the centre of
the axon was relatively unstained.

The outer perimeter of myelinated fibres also was
stained (Figs 1, 2A); typically the staining was inter-
rupted and patchy. The outer perimeter often con-
tained an intense dot or short line of F-actin staining;
as indicated below, this probably represents the outer

mesaxon. Where Schwann cell cytoplasmic channels
could be identified outside the myelin sheath, both the
outer margin of compact myelin and the abaxonal

- Schwann cell plasmalemma were stained (Figs 1, 2A;

also see Fig. 3C). Where these cytoplasmic channels
were undetectable, F-actin staining was absent or
appeared as a single line. At the light microscopic
level, we could not determine whether these single
lines of staining were associated with the Schwann cell
plasmalemma, the outer lamella of myelin, or both.
Schwann cell cytoplasm, both in the channels and in
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Fig. 3. Comparison of F-actin (A, C, E) and spectrin (B, D, F) localization in 1 um cryosections of adult rat sciatic nerve as
determined by double labelling. F-actin and spectrin co-localized at all locations. However, the width and relative intensity of
F-actin staining varied; variations in spectrin staining intensities were less apparent. Note differences at Schmidt-Lanterman
incisures (A, arrows), and at the inner and outer perimeter (C and A, arrowheads) of myelin sheaths and unmyelinated fibres
(B, arrowheads). Asterisks (C) denote Schwann cell cytoplasmic channels at the outer perimeter of myelinated fibres. Scale
bars: 10 pm. (A-D and E, F are at the same magnification.)
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Fig. 4. Electron micrographs of myelinated fibres from 7-day-old rat peripheral nerve immunostained with spectrin
antibodies and 15 nm colloidal, gold-labelled secondary antibody. Gold particles are concentrated around periaxonal regions
(A and C, straight arrowheads), Schmidt-Lanterman incisures (B), inner mesaxons (A, IM) and outer mesaxons (A and C,
OM). Gold particles were rarely found over compact myelin. At the outer perimeter of myelinated fibres, gold particles were
associated with the Schwann cell plasma membrane (C, curved arrowheads) and the outer perimeter of compact myelin (C,
arrows). Diffuse labelling of axoplasm (AX) and regions of Schwann cell cytoplasm was also present. Scale bar: 0.5 wm.

the perikaryon, was faintly stained. The Schwann cells
of unmyelinated fibres were prominently stained (Fig.
3E); within these fibres the axons appeared as dark
(unstained) dots.

Distribution of spectrin
F-actin and spectrin were localized in transverse

sections of adult sciatic nerve by double labelling (Fig.
3). F-actin and spectrin appeared to co-localize at all
locations. The relative width and intensity of labelling
with the F-actin probe varied at different locations. For
example, F-actin and spectrin co-localized at Schmidt—
Lanterman incisures (Fig. 3A, B) but the relative
intensity of F-actin staining was greater than that of
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Fig. 5. Electron micrograph of a myelinated axon from a
7-day-old rat peripheral nerve immunostained with spectrin
antibodies and 15nm colloidal, gold-labelled secondary
antibody. Gold particles are present at periaxonal regions
and at the inner mesaxon (IM). The outer mesaxon (OM) and
bordering Schwann cell cytoplasmic channels also contained
gold particles. Gold particles were rarely associated with
non-channel (NC) regions or compact myelin. Axoplasm
(AX) was labelled diffusely. Scale bar: 0.5 pm.

spectrin. The inner mesaxons seen with F-actin stain-
ing were not as readily appreciated with anti-spectrin
antibodies, although when apparent they co-localized
with F-actin. Periaxonal staining of myelinated and
unmyelinated fibres (Fig. 3E, F) and staining of the
outer perimeter of myelinated fibres (Fig. 3A, B)
appeared more prominent for spectrin than for
F-actin. Neither F-actin nor spectrin staining was
detected in regions of compact myelin. Anti-spectrin
antibodies produced weak, diffuse staining of axo-

plasm and the channels of Schwann cell cytoplasm
(Fig. 3D).

Ultrastructural localization of spectrin

Spectrin was localized in ultrathin cryosections of
7-day-old rat peripheral nerve by immunogold pro-
cedures (Figs 4-6). At the electron microscopic level,
spectrin was enriched in the same regions stained by
spectrin antibodies in 1um sections. For example,
gold particles were concentrated around periaxonal
regions (Figs 4A, C, 5), within inner mesaxons (Fig.
4A), Schmidt-Lanterman incisures (Fig. 4B) and outer
mesaxons (Fig. 4A, C), but rarely found over compact
myelin. The intense dots of outer and inner perimeter
staining present in light micrographs are thus likely to
represent the inner and outer mesaxon.

Spectrin antibodies also labelled the Schwann cell
plasma membrane and the outer compact myelin
lamellae where they surround cytoplasmic channels
(Figs 4C, 5). However, gold particles were rarely
associated with these membranes when they became
closely apposed in the non-channel regions (Fig. 5).
Schwann cell perinuclear cytoplasm (Fig. 6A) and
axoplasm (Figs 4A, 5) were labelled diffusely. A
cytoplasmic pool of spectrin was also apparent in the
larger cytoplasmic channels located at the outer peri-
meter of the myelin sheath (Figs 4C, 5).

Ultrastructural localization of Py protein and
neurofilaments

To establish the specificity of the immunogold pro-
cedure, two additional antigens, neurofilament and P,
protein, were localized. These antigens were chosen
because of their known location within axoplasm
{neurofilaments) and compact PNS myelin (P, pro-
tein). Neurofilament antibodies did not label Schwann
cell cytoplasm (Fig. 6B) or compact myelin (Fig. 6C).
However, as expected, gold particles were diffusely
distributed throughout axoplasm (Fig. 6C). Compact
PNS myelin was intensely labelled by P, antibodies
(Fig. 6D).

Ultrastructural localization of MAG

MAG was localized in wultrathin cryosections by
immunogold procedures utilizing a monoclonal anti-
body directed against MAG-polypeptide (Doberson et
al., 1985). A consistent finding in all MAG-stained
electron micrographs was a paucity of gold particles
over compact myelin and axoplasm (Figs 7-9). Gold
particles were distributed around the periaxonal
membrane (Fig. 7) and the membranes of the outer
mesaxon (Fig. 8A), Schmidt-Lanterman incisures
(Fig. 8B) and paranodal myelin loops (Fig. 9). These
results confirmed previous immunocytochemical
studies demonstrating the absence of MAG in com-
pact myelin, and indicated a co-localization of MAG,
spectrin and F-actin.



Fig. 6. Electron micrographs of Schwann cell perinuclear regions from a 7-day-old rat peripheral nerve immunostained with
spectrin (A), neurofilament (B, C) and P, (D) antibodies and 15 nm colloidal, gold-labelled secondary antibody. Schwann cell
cytoplasm is diffusely labelled by spectrin antibodies (A), but does not react with neurofilament antibodies (B) that diffusely
label axoplasm (C). P, antibodies label compact myelin (D). Label M in A and B denotes myelin sheaths. Scale bars: 0.5 wm.
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Fig. 7. Electron micrograph of a myelinated fibre from a 7-day-old rat peripheral nerve immunostained with MAG antibodies
and 15 nm colloidal, gold-labelled secondary antibodies. Gold particles are concentrated around the periaxonal membrane.
Compact myelin and axoplasm are not labelled. Scale bar: 0.5 pm.

Discussion

The major finding of this study was the co-localization
of MAG, F-actin and spectrin within discrete regions
of the PNS myelin sheath. The precise localization of
spectrin and F-actin in Schwann cells and PNS myelin
sheaths are described for the first time. These results
confirm and extend previous immunocytochemical
studies that have localized MAG (Sternberger et al.,
1979; Trapp & Quarles 1982, 1984; Trapp et al., 1984a,

b; Martini & Schachner, 1986) and spectrin (Levine &
Willard, 1981; Repasky et al., 1982; Glenney & Glen-
ney, 1983a, b; Koenig & Repasky, 1985) in peripheral
nerve, and raise the possibility that actin micro-
filaments form stable contacts with the cytoplasmic
domain of MAG. Such an interaction would be consis-
tent with the proposed function of MAG as an
adhesion molecule (Trapp & Quarles, 1982, 1984;
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Fig. 8. Electron micrographs of myelinated fibres from a 7-day-old rat peripheral nerve immunostained with MAG antibodies
and 15 nm colloidal, gold-labelled secondary antibodies. Gold particles are associated with the membranes (A, arrowheads) of
the outer mesaxon (OM) and Schmidt-Lanterman incisures (B). Gold particles are also found at periaxonal regions (B,
arrowheads) but are rarely present over axoplasm and compact myelin. Scale bar: 0.5 pm.

Martini & Schachner, 1986; Quarles 1983/1984; Trapp
etal., 1984a, b; Poltoraket al., 1987), and suggests arole
for MAG-microfilament linkages in a variety of Sch-
wann cell functions.

Methodological considerations

The mushroom toxins, phalloidin and phallicidin,
were developed as cytochemical stains (Wulf et al.,

1979; Barak et al., 1980) because they selectively bind to
F-actin but do not bind to G-actin. This presumably
explains the paucity of axonal staining, in that actin is
one of the most abundant axonally transported
proteins (Black & Lasek, 1979). This indicates that
most axoplasmic actin is either in the monomeric form
in vivo, or assembled into short filament form that is
not preserved under the present fixation and prep-
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Fig. 9. Flectron micrograph of a paranodal region of a myelinated fibre from a 7-day-old rat peripheral nerve immunostained
with MAG antibodies and 15 nm colloidal, gold-labelled secondary antibody. Gold particles are associated with the
membranes of the paranodal loops (asterisks) and the outer mesaxon (OM). Scale bar: 0.5 um.

aration procedures (LaFountain et al., 1977; Maupin-
Szamier & Pollard, 1978). Spectrin and F-actin were
enriched in the same regions of myelinated fibres in
light micrographs.

In light micrographs, axoplasm and Schwann cell
cytoplasm were also stained by spectrin antibodies.

This staining was distributed diffusely and appeared
less intense than submembranous staining. These
cytoplasmic pools of spectrin were more apparent in
immunogold-labelled electron micrographs. This ap-
parent discrepancy between the submembranous en-
richment of spectrin in light micrographs and
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cytoplasmic enrichment in electron micrographs has

been found previously (Levine & Willard, 1981; Re-
pasky et al., 1982; Glenney & Glenney, 1983a, b; Zagon
et al., 1986). We suspect that our results are due, in
part, to the inability of diffusely scattered fluorescein
molecules to produce a significant signal in light
micrographs. In contrast, all gold particles are detect-
able in electron micrographs. It is not clear why
spectrin labelling of plasma membranes was not more
apparent in our electron micrographs or in those
published previously (Zagon ef al., 1986). We have
found similar results in the distribution of the myelin-
associated molecule 2', 3'-cyclic nucleotide 3'-
phosphodiesterase in light and electron micrographs
of CNS tissue (Trapp et al., 1988), and we suspect
similar findings when localizing other extrinsic mem-
brane proteins that are associated with or enriched
beneath plasma membranes. Different fixation con-
ditions were used in the light microscopic and electron
microscopic studies presented here. However, the
apparent discrepancy between our light and electron
microscopic findings cannot be attributed solely to
fixation because the number and distribution of gold
particles in spectrin-stained, 4% paraformaldehyde-
fixed, ultrathin cryosections were comparable to those
found in sections fixed with 2.5% glutaraldehyde
(data not shown).

Because their distinctive distributions are well
established, Py (Trapp et al., 1979, 1981) and neurofila-
ment (Sternberger & Sternberger, 1983) staining pro-
vided useful controls to evaluate the reliability of the
immunolocalization techniques. The results with
these antigens show that a variety of cellular antigens
can be localized by immunogold procedures in ultra-
thin cryosections of tissue stringently fixed with
glutaraldehyde.

Distribution of microfilaments

F-actin, as identified by rhodamine-phallicidin stain-
ing, was concentrated in inner and outer mesaxons,
Schmidt-Lanterman incisures, periaxonal mem-
branes, and paranodal terminal loops of non-
compacted myelin. Spectrin was identified by light or
ultrastructural immunocytochemistry in these same
sites. In addition, both of these proteins were present
in the channels of Schwann cell cytoplasm outside the
myelin sheath; in these channels they appeared to be
associated with the outermost myelin lamella and the
Schwann cell plasmalemma. In neighbouring regions,
in which only scant cytoplasm intervened between the
outer myelin lamella and the plasmalemma (Mugnaini
etal., 1977), there was little staining.

The co-localization of F-actin and spectrin suggests
that Schwann cell spectrin participates in linking
F-actin to plasma membranes. Spectrin is a member of
a functionally and structurally related family of
proteins that are present in most, if not all, mam-

malian cells (Levine & Willard, 1981; Repasky et al.,
1982; Glenney & Glenney 1983a, b; Goodman et al.,
1983; Nelson & Lazarides, 1983; Zagon ef al., 1986).
The affinity purified anti-brain spectrin polyclonal
antisera used in the present study reacts with both the
a and B subunits of CNS spectrin (Davis & Bennett,
1983) and does not appear to distinguish between
various subunit isoforms (V. Bennett, personal com-
munication) that have been identified (Riederer et al.,
1986). Brain spectrin binds F-actin, ankyrin and calmo-
dulin (Bennett ¢f al., 1982; Repasky et al., 1982; Nelson
& Lazarides, 1983; Davis & Bennett, 1983, 1984;
Glenney & Glenney, 1983a, b). The association of
brain spectrin with membrane motility (Cheney et al.,
1983; Nelson et al., 1983; Koenig & Repasky, 1985)
suggests that membrane expansion during myelin
formation is mediated by an actin-based motility
system.

Localization of MAG

The present study and a recent report (Martini &
Schachner, 1986) have provided compelling electron
microscopic immunocytochemical evidence confirm-
ing enrichment of MAG in discrete regions of the PNS
myelin sheath (Trapp & Quarles, 1982). In both
studies, the distribution of gold particles in MAG-
stained electron micrographs indicated that MAG
resides predominantly in Schwann cell membranes
demarcating the cytoplasmic channels of the PNS
myelin sheath. These results, considered together
with the intense labelling of compact PNS myelin by P,
(Fig. 6D) and myelin basic protein (Martini & Schach-
ner, 1986) antisera, provide no support for the propo-
sal that MAG is present in compact myelin membranes
(Webster et al., 1983).

Correlating the immunocytochemical localization of
MAG, its chemical composition and biochemical
properties, Trapp & Quarles (1982) proposed that
MAG functioned as an adhesion molecule, stabilizing
the 12-14 nm periaxonal space between myelinating
Schwann cells and axons. MAG was also implicated in
maintaining the spacing between adjacent Schwann
cell membranes in Schmidt-Lanterman incisures,
paranodal loops and the inner and outer mesaxons.
Recent in vitro studies (Poltorak et al., 1987) also
supported a role for MAG in cellular adhesion by
demonstrating that MAG antibodies in the CNS
interfered with neuron-oligodendrocyte adhesion
and MAG-containing liposome-neurite adhesion.

A model depicting the possible orientation of MAG
within Schwann cell membranes (see Fig. 11 in Trapp
et al., 1984b) divided MAG into three domains: (i) a
heavily glycosylated extracellular N-terminal domain
that mediated membrane adhesion; (ii) a single
transmembrane domain; and (iif) a cytoplasmic C-
terminal domain, possibly interacting with cyto-
skeletal components. The orientation of MAG within
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membranes, deduced from its amino acid sequence
specified by cDNA clones (Arquint ef al., 1987; Lai et
al., 1987; Salzer et al., 1987), is strikingly similar to the
three-domain model discussed above. The N-terminal
region of MAG contains the tripeptide sequence
Arg-Gly-Asp (RGD) which has been shown to be
crucial in mediating interactions between transmem-
brane and extracellular proteins (Plow et al., 1985;
Pytela et al., 1985; Ruoslahti & Pierschbacher, 1986). In
some species, MAG shares a carbohydrate determi-
nant (HNK-1) with several other molecules proposed
to mediate cell adhesion in the nervous system
(McGarry et al., 1983; Kruse et al., 1984).

The N-terminal region of MAG displays significant
homology with members of the immunoglobulin gene
superfamily (Hood et al., 1985). MAG shows closest
'homology toN-CAM, a molecule involved in neuronal
adhesion and development (Edelman, 1984;
Rutishauser, 1984; Hemperly et al., 1986). Since MAG
is present in apposing plasma membranes of Schmidt—
Lanterman incisures, paranodal loops and mesaxons,
adhesion between these membranes may involve
homotypic MAG interactions similar to those pro-
posed for N-CAM (Edelman, 1984; Rutishauser, 1984)
and P, protein (Lemke & Axel, 1985). It is interesting to
note that spectrin has been shown to bind an affinity
purified isoform of N-CAM (180K) on gel overlays
(Pollerberg et al., 1986, 1987). Adhesion between
Schwann cell periaxonal membranes and axolemmae
may involve heterotypic interactions between MAG
and another member of the immunoglobin gene
superfamily. '

MAG-microfilament interactions

On the basis of their co-localization and the MAG
sequence data, we speculate that in myelinating
Schwann cells, MAG may be the major integral
membrane glycoprotein linked to cortical actin micro-
filaments. MAG has been deduced to have a cyto-
plasmic domain of about 100 amino acids containing
proteolytic cleavage and phosphorylation sites. The
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