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ABSTRACT

Protein 4.1G is a membrane skeletal protein found in specific subcellular structures in

myelinated Schwann cells and seminiferous tubules. Here we show that in the mouse sciatic

nerve, protein 4.1G colocalized at Schmidt-Lanterman incisures (SLI) and the paranodes with

a member of the Membrane-Associated Guanylate Kinase (MAGUK) family, Membrane

Protein Palmitoylated 6 (MPP6). Co-immunoprecipitation experiments revealed that MPP6

was interacting with protein 4.1G. In contrast to wild type nerves, in 4.1G-knockout mice,

MPP6 was largely found in the cytoplasm near Schwann cell nuclei, indicating an abnormal

protein transport. Although the SLIs remained in the 4.1G-knockout sciatic nerves, as

confirmed by E-cadherin immunostaining, their shape was altered in aged 4.1G-knockout

compared to the wild-type nerves. In the seminiferous tubules, MPP6 was localized similar to

protein 4.1G along cell membranes of the spermatogonium and early spermatocytes.

However, in contrast to myelinated peripheral nerves, the specific localization of MPP6 in the

seminiferous tubules was unaltered in the absence of protein 4.1G. These results indicate that

4.1G has a specific role in the targeting of MPP6 to the SLI and the assembly of these

subcellular structures.



INTRODUCTION

Protein 4.1G (4.1G) is a member of the 4.1 family (27, 46), which are membrane skeletal

proteins that link various components to the spectrin-actin network (10). We have previously

reported that 4.1G is present in rodent Schwann cells (7, 24) and mouse seminiferous tubules

(40, 41). In peripheral nerves, 4.1G is found at the Schmidt-Lanterman incisures (SLI) and

the paranodal loops of myelinated Schwann cells (24). The SLI are funnel-shaped

interruptions within the myelin sheath of nerve fibers. They contain high concentration of

actin and spectrin (35, 42), which forms a membrane skeleton that might contribute the

elasticity and stability of these structures.

Membrane-associated Guanylate kinase (MAGUK) family proteins contain PDZ

[PSD (postsynaptic density)-95 / DIg (Drosophila disks large) / ZO (zonula occludens)-1],

GUK (guanylate kinase) and SH3 (src-homology-3) domains, and they localize to specific

domains at the plasma membranes (9, 11). In epithelial cells for example, some MAGUKS,

such as Dlg and ZO-1, are required for the formation of adherens and tight junctions,

respectively. In addition to their function as membrane scaffolds (16, 21), several MAGUKSs

also control intracellular protein transport through their ability to bind motor proteins (45, 49).

Interestingly, some MAGUKS contain specific domains that interact with 4.1 proteins (14, 17,

18). In the current study we report the identification of Membrane Protein Palmitoylated 6

(MPP6) (also known as PALS2, VAM1 and p55T; http://www.genenames.org/), as a novel



MAGUK molecule that interact with 4.1G in peripheral nerves. We further demonstrate that

the interaction between 4.1G and MPP6 is essential for the targeting of the latter into SLI.

MATERIALS AND METHODS

Animals and anesthesia. All animal experiments were performed in accordance with the
guidelines of the Animal Care and Use Committee of the University of Yamanashi.
Production of the 4.1G™ (37) and 4.1B” (23) mice was previously described. Adult (10
month old) wild type, 4.1G”, 4.1B”, and double-knockout 4.1G” B mice (n=6 mice for
each genotype) were anesthetized with pentobarbital and processed for the following

preparation procedures.

In vivo cryotechnique (IVCT) for living mouse sciatic nerves and subsequent
freeze-substitution fixation (FS). IVCT was performed on the exposed sciatic nerves of
the anesthetized mice by directly pouring 50 ml liquid isopentane-propane cryogen (-193°C)
cooled in liquid nitrogen, as previously described (38). The frozen nerves were removed with
a dental electric drill in liquid nitrogen, and processed for routine FS in acetone containing
2% paraformaldehyde at -80°C for 24 h and then at -30°C, -10°C, 4°C and RT for 2 h each, as

described (41). They were washed in pure acetone and xylene, and embedded in paraffin.



Perfusion fixation followed by teasing for sciatic nerves or sucrose embedding for testes.

To obtain perfusion-fixed sciatic nerves or testes, anesthetized mice were perfused with 2%

paraformaldehyde in 0.1 M phosphate buffer (PB, pH 7.4) via the heart. The sciatic nerves or

testes were then removed and immersed in the same fixative at 4°C for 2 h. To produce teased

nerve fibers, the fixed sciatic nerves were separated with fine needles under a

stereomicroscope, and frozen with isopentane precooled in dry ice. The frozen nerves were

then thawed in phosphate buffered saline (PBS, pH 7.4) at room temperature (RT),

frozen-thawed again, and then used for the immunostaining. For some teased sciatic nerves,

the frozen-thawed treatment was not performed, and heights of the SLI-circular truncated

cones with immunostaining and phalloidin staining, described in the next section, were

measured. Testes were rinsed in PBS, immersed in 30% sucrose/5% glycerol in PB at 4°C

overnight, embedded in optimum cutting temperature (OCT) compound (Tissue-Tek, Sakura

Finetechnical, Tokyo, Japan), and frozen with isopentane precooled in dry ice.

Immunostaining and phalloidin staining for light microscopic observation. For

paraffin-embedded IVCT-FS sciatic nerves, 4 um-thickness sections were cut, routinely

de-paraffinized with xylene, and infiltrated in a graded series of ethanol and PBS. For

sucrose-embedded frozen testis tissues, 6-8 um-thickness cryosections were cut in a cryostat

machine, and infiltrated into PBS. Some deparaffinized sections were stained with



hematoxylin-eosin (HE) for pure morphology at the light microscopic level. For common

immunostaining, sections were pre-treated with hydrogen peroxide and normal goat serum,

followed by rabbit polyclonal anti-MPP6 antibody (Ab) (Sigma, St Louis, MO, USA),

anti-4.1G Ab (ProteinExpress, Kisarazu, Ibaraki, Japan) or rat monoclonal anti-E-cadherin Ab

(Takara Biolnc., Ohtsu, Shiga, Japan) at 4°C overnight. They were treated with biotinylated

anti-rabbit or anti-rat 1gG Abs (Vector, Burlingame, CA, USA) at RT for 1 h, then a

horseradish peroxidase-labeled avidin-biotin complex (ThermoSci., Rockford, IL, USA) at

RT for 1 h, and visualized with a metal-enhanced diaminobenzidine (DAB) method

(ThermoSci.). Finally, they were incubated in 0.04% osmium tetroxide solution for 30-60 sec,

and observed under a light microscope. Staining with only the secondary anti-rabbit or rat

IgG antibodies was used as controls.

For double-immunofluorescence staining for MPP6 and E-cadherin, the teased sciatic

nerves were treated with PBS containing 0.1% Triton X-100 (PBS-T) at RT for 2 h, and

incubated with both rabbit polyclonal anti-MPP6 (Sigma) and rat monoclonal anti-E-cadherin

(Takara) Abs at the same time in PBS-T at 4°C overnight. Then, they were treated with Alexa

Fluor 488-conjugated anti-rabbit 1gG and Alexa Fluor 594-conjugated anti-rat 1IgG Abs

(Invitrogen, Carlsbad, CA, USA) at RT for 1 h.

For fluorescence double-staining for E-cadherin and filamentous actin, teased sciatic

nerves were incubated with Alexa Fluor 488-conjugated phalloidin (Invitrogen) and rat



anti-E-cadherin Ab at the same time in PBS-T at 4°C overnight. Then, they were treated with
Alexa Fluor 594-conjugated anti-rat IgG Ab (Invitrogen) at RT for 1 h.

They were observed under a fluorescence microscope (FM) or confocal laser-scanning
microscope (CLSM: FV1000; Olympus, Tokyo, Japan). Measurement of SLI circular
truncated cone height with the E-cadherin immunostaining and the phalloidin staining was
performed for six hundred SLIs in three 4.1G** or 4.1G” mice each. The P-value was

performed with Student’s t-test after evaluating their normal distribution.

Pre-embedding immunoelectron microscopy. Conventional pre-embedding
immunoelectron microscopy was performed for the mouse testes as reported before (36).
Briefly, anesthetized mice were perfused via their hearts with 2% paraformaldehyde in PB,
and cryostat sections were produced and immunostained in the same way as for the
sucrose-embedded testis cryosections described in the previous section. After
immunostaining, sections were fixed again with 0.25% glutaraldehyde in PB for 10 min, and
visualized by the DAB method. Then, they were additionally treated with 1% OsO4 in PB for
20 min, dehydrated with a graded series of ethanol and embedded in epoxy resin by the
inverted gelatin capsule method. Ultrathin sections of 70 nm-thickness were cut on an
ultramicrotome and collected on copper grids. They were stained only with uranyl acetate,

and observed in an electron microscope (H-7500; Hitachi, Tokyo, Japan) at an accelerating



voltage of 75 kV.

Immunoblotting and immunoprecipitation analyses. For immunoblotting, sciatic nerves
of the 4.1G*"* or 4.1G" mice were immersed in Laemmli sample buffer, and the lysate
protein concentration was adjusted by measurement with a protein assay kit (ThermoSci.).
Following SDS-PAGE and Western blotting was performed with an anti-MPP6 Ab. The blots
were visualized using a chemiluminescent system (ThermoSci.).

Immunoprecipitation analysis was performed for the adult 4.1G** mouse sciatic
nerves. To examine the 4.1G-MPP6 ‘interactions, tissue lysates were obtained from the
sciatic nerve supernatant by homogenization with a TENT buffer (20 mM Tris pH 7.4, 1 mM
EDTA, 50 mM NacCl, 1% Triton X-100) containing a protease inhibitor cocktail (Sigma) and
centrifugation at 10,000 g at 4°C for 30 min. The lysates were treated with protein
G-Sepharose (GE Healthcare, Piscataway, NJ, USA) at 4°C for 2 h to remove non-specific
reactive proteins to protein G such as mouse IgGs. They were then incubated with a rabbit
anti-MPP6 Ab that was the same for the immunohistochemistry, rabbit anti-4.1G Ab (Bethyl
Lab. Inc., Montgomery, TX, USA), or rabbit IgG (Thermo Fisher Scientific, Cheshire, UK) at
4°C for 3 h. Then, immunoprecipitated molecular complexes were separated using protein
G-Sepharose at 4°C for 2 h. All proteins were eluted from the Sepharose beads by boiling in

Laemmli sample buffer, and then subjected to SDS-PAGE and Western blotting analyses with



the anti-4.1G Ab (ProteinExpress) or anti-MPP6 Ab.

RESULTS
Immunolocalization of MPP6 in sciatic nerves of wild type and 4.1G”- sciatic nerve.
In IVCT-FS samples of adult sciatic nerves, which preserve soluble proteins well in tissue
sections (30), MPP6 immunoreactivity was detected in regions of non-compact myelin,
including the SLI and the paranodes (Fig. 1A). Such localization is reminiscent of the one we
previously reported for 4.1G (24). Given that 4.1-family proteins could bind to MPPs (22),
we examined the expression of MPP6 in sciatic nerves isolated from mice lacking protein
4.1G (Fig. 1B). MPP6 was not detected in the SLI of 4.1G™ nerve fibers, and it was weakly
observed in cytoplasm around nuclei of Schwann cells (Fig. 1B). However, similar to wild
type nerves, MPP6 immunoreactivity was still detected in paranodes of 4.1G™ fibers (the
bottom lane in Fig. 1B).

Since the localization and intensity of the MPP6 immunostaining was different in the
4.1G™ mice, we compared the total amounts of this protein between wild type and 4.1G”
nerves by immunoblotting (Fig. 1C). As depicted in Fig. 1C, the amount of MPP6 in the

4.1G”- mice was markedly reduced compared to wild type animals.

Molecular interaction of MPP6 with 4.1G.



Using serial sections of sciatic nerves labeled for protein 4.1G and MPP6, we showed that
both proteins co-localized at the SLIs (Fig. 2A). We next examined whether MPP6 and
protein 4.1G interact in the sciatic nerve. Nerve lysates were prepared and subjected to
immunoprecipitation with an antibody to MPP6 followed by immunoblotting with an
antibody to protein 4.1G. As shown in Fig. 2B, protein 4.1G was specifically detected after
immunoprecipitation with the anti-MPP6 antibody. Similarly, MPP6 was specifically detected
after immunoprecipitating 4.1G from sciatic nerves (Fig. 2B). In contrast, neither MPP6, nor
4.1G were detected when the immunoprecipitation was carried out using a control rabbit IgG.
Thus, both directional IP studies indicate that MPP6 and 4.1G interact in myelinating
Schwann cells. These immunoprecipitation studies were repeated three-times, and the blot

lines were clearly detected anytime.

Analysis of the SLI in 4.1G"- sciatic nerve.

To examine whether the reduced localization of MPP6 in the SLI reflects their abnormal
formation, we compared the distribution of MPP6 with the known SLI protein E-cadherin
(43), using confocal laser-scanning microscope (CLSM) (Fig. 3A). By accumulation of the
Z-series optical sections (4.1G**; Z-accum in Fig. 3A), the relationships among
immunostained structures were recognized in wild type nerves: MPP6 was immunolocalized
at SLIs, paranodes, abaxonal and mesoaxonal membranes together with E-cadherin. In
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contrast, and in agreement with our IVCT-FS samples, the disappearance of MPP6 from the
SLI was also noted by CLSM (4.1G™; Z-accum, top lane in Fig. 3A). Some undefined cells
other than the myelinated nerve fibers were also immunostained with anti-MPP6 Ab in both
4.1G™ and 4.1G™" sciatic nerves (4.1G** and 4.1G™; Z-accum, white arrows in Fig.3A).
Although the MPP6 immunolocalization was not observed in SLI of 4.1G” nerve fibers,
E-cadherin was still detected (4.1G™; Z-accum, middle lane in Fig. 3A). E-cadherin
labeling also revealed that the shape of SLI in the 4.1G appeared different from that of wild
type nerves. To further examine this point, we measured the circular truncated cone heights of
the SLI (Fig. 3B). The E-cadherin positive-SLI height in the 4.1G” mice was statistically
lower than that in wild type animals (Fig. 3B).

Since E-cadherin labels adherens junctions that are present mostly at the outer edge of
SLI (12, 43), we also used phalloidin to label filamentous actin that is present along the entire
SLI structure (Fig. 3C). To evaluate necessity of the freeze-thaw treatment for the teased
sciatic nerves, heights of the circular truncated cones were measured for both E-cadherin
immunostaining and phalloidin staining with or without the freeze-thaw treatment (Figs. 3C
and 3D). To obtain strong phalloidin staining, Triton X-100 treatment was useful (data not
shown). An example of the double-fluorescence staining is demonstrated in Figure 3C. As
previously reported (12, 43), E-cadherin immunoreactivity was restricted to the outer edge of
the SLI either with, or without, the freeze-thaw treatment (Fig. 3C). In both cases, the heights
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of the circular truncated cones of E-cadherin labeling were lower than those measured after
phalloidin staining (Fig. 3D). Without the freeze-thaw treatment, heights of the circular
truncated cones with the E-cadherin immunostaining were lower than those with the
treatment (Fig. 3D), indicating usefulness of the freeze-thaw treatment for the E-cadherin
immunostaining. As expected, for the phalloidin staining, the heights of the circular truncated
cones without the freeze-thaw treatment were not different from those with the treatment (Fig.
3D). Accordingly, we measured the heights of the circular truncated cones in
phalloidin-labeled nerves obtained from wild type and 4.1G” nerve fibers without the
frozen-thawed treatment (Fig. 3E). The heights in 4.1G™ nerve fibers were significantly
lower than those of the wild type (Fig. 3F). These results suggest that protein 4.1G is required

for the assembly of the SLI.

Immunolocalization of MPP6 in the seminiferous tubules of the 4.1G** or 4.1G”- mice.

Previous studies revealed that MPP6 mRNA and protein are detected in testes (44). Therefore,
we examined the distribution of MPP6 in the mouse seminiferous tubules by
immunohistochemistry (Figs. 4A and 4B). MPP6 was mainly localized at basal parts of the
seminiferous tubules, where it was detected along cell membranes in the spermatogonium
and early spermatocytes (Fig. 4A- 4B). This immunostaining pattern of MPP6 was similar to

that of 4.1G as we previously demonstrated (37).
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We next determine whether the localization of MPP6 in the seminiferous tubules
requires 4.1G. As depicted in Figure 4C, MPP6 was detected along cell membranes of the
germ cells in both wild type and 4.1G” mice. Given that protein 4.1B, another member of the
4.1 family is also found in the rodent seminiferous tubules (39), we examine the localization
of MPP6 in mutant mice which lacks both protein 4.1B and 4.1G (Fig. 4D). MPP6
immunoreactivity was in germ cells was indistinguishable in 4.1B/G double mutant from
wild type mice, indicating that in contrast to myelinating Schwann cells, the localization of

MPP6 in the seminiferous tubules does not requires 4.1G.

DISCUSSION
In this study, we found that 4.1G interact with MPP6 and is required for the latter’s targeting
to cell membranes of the SLI in myelinating Schwann cells. In contrast, although MPP6 was
detected in germ cells of mouse seminiferous tubules, especially in the spermatogonium and
early spermatocytes, its localization in this tissue is independent on the presence of either
4.1G or 4.1B. This indicates that spermatogenic germ cells have a different mechanism for
targeting of MPP6 to cell membranes compared to the Schwann cells.

MPP6 was originally identified in epithelial cells as a mammalian homologue of Lin-7
(mLin-7)-binding protein (15, 44), and is thought to play a role in targeting of proteins to
basolateral surfaces. Although MPP6 was previously shown not to interact with 4.1R (44), we
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demonstrate that it interact with 4.1G in myelinating Schwann cells. The existence of a
MPP6-4.1G complex in mouse Schwann cells is analogous to the MPP1 (p55)-4.1R complex
found in erythrocytes (22, 29, 33), CASK-4.1N interaction in neurons (3), and MPP6-4.1B
interaction in epithelial cells (34). In the 4.1G”" mouse sciatic nerves, the total amount of
MPP6 was significantly reduced, and the protein was abnormally detected in the cytoplasm
near the Schwann cell nuclei. Nevertheless, MPP6 was still present at the paranodal loops
even in the 4.1G™ sciatic nerves, indicating the independency of 4.1G in the MPP6 targeting
to paranodes. MAGUK proteins are thought to function as scaffolding for cargoes and
interact with motor molecules on microtubules (45). One of ezrin-radixin-moesin
(ERM)-containing protein, merlin, was reported to directly interact with both microtubules
(48) and kinesin motor proteins (2). Although merlin was also reported to be expressed in
Schwann cells (32), our results indicate that it is not related to the MPP6 targeting to SLIs.
However, a temporal and spatial study for such ERM protein, merlin, and 4.1G-MPP6 on
microtubules will be a further interesting study.

It is interesting that the size of SLIs in the aged 4.1G” mice was different from that in
wild type mice, as revealed by both E-cadherin and actin staining. A MAGUKSs, MPP5
(Palsl), was reported to regulate the E-cadherin trafficking in mammalian epithelial cells (47).
On the other hand, another 4.1 family protein, 4.1R, was shown to link to

E-cadherin/B-catenin in mouse stomach epithelial cells (50). We believe that the MPP6-4.1G
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complex affects to maintenance of the SLI structure during aging. It is well known that

4.1R-deficient erythrocytes become elliptocytes from normal biconcave discs depending on

the age of the erythrocytes, due to gradual instability of functional membrane skeletons to

resist mechanical strength under circulation (19). As the length of PNS nerve fibers easily

change with mechanical stretching in animal bodies during exercise, it is possible that the SLI

present along myelin internodes in the PNS may have a role in protecting peripheral nerves

during mechanical external forces. For the specific membrane-adhesion structure in

internodes, SLI have various tight and adherens junctional molecules (28), such as claudin

(28)), occludin (1), E-cadherin (43, 51), and junctional adhesion molecule (JAM)-C (31). In

this paper, we demonstrated that the MPP6-4.1G complex has a functional role the long-term

maintenance of the SLI structures. Because spectrin-actin (35) and MPP6-4.1G are localized

in SLIs, more precise ultrastructural study will be needed to reveal functional mechanism of

the membrane skeletons at this location.

A further question is what would happen if MPP6 is deficient for 4.1G targeting as well

as for SLI formation? Requirement of MPP6 was reported for the maturation and function of

Drosophila septate junctions (20). In addition, other MAGUKSs, such as Dlgl (5, 6, 8, 13) and

MPP5 (25) were reported to affect myelination if they were deficient due to disruption of the

phosphatidylinositol metabolism with  Mtmr (myotubularin-related)-2 and PTEN

(phosphatase and tensin homolog). On the other hand, it has been demonstrated that MAGUK
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families interact with each other, such as DIgl and MPP7 in epithelial cells (4). Therefore,
examination of the relationships between MPP6, MPP5 in Schwann cells will be needed.

In addition, the dependence of MPP6 on formation of mammalian seminiferous tubules is
another concern because DIlg was reported to function in gamete development in Drosophila
testes (26). Compared to the Schwann cells, it is interesting that disappearance of the MPP6
targeting was not detected in the testicular germ cells in 4.1G” and 4.1B™ mice, as shown in
Figures 4C and 4D. It is important to examine the mechanism of the 4.1G targeting of MPP6

to solve the question why such different events happened in different organs.
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FIGURE LEGENDS

FIG. 1. Immunolocalization of MPP6 in the 4.1G** (A) and 4.1G” (B) mouse sciatic
nerves with “in vivo cryotechnique”. Right lanes in A and B show differential interference
contrast (DIC) images to demonstrate each nerve fiber. Although the MPP6
immunolocalization is obvious in SLIs of the 4.1G** nerves (arrows in A), it is only detected
around the nuclei in the 4.1G” nerves (arrowheads in B). White arrow shows the MPP6
immunolocalization in paranodes beside the node of Ranvier. (C) Immunoblotting for MPP6
lysates of sciatic nerves in the 4.1G*"* (lanes 1, 2) or 4.1G” (lanes 3, 4) mouse sciatic nerves.
Two different mouse samples from each group are shown as examples. The intensity of the
55-kD line (arrows) in the 4.1G™ mice was markedly reduced compared to that in the 4.1G*"*
mice. Arrowheads indicates weaker blotted line (less than 30-kD) probably due to an isoform

or non-specific reaction. MM: molecular marker. Bars, 10 um.

FIG 2. Immunolocalization of MPP6 and 4.1G in serial sections of mouse sciatic nerves
with “in vivo cryotechnique” (A) and immunoprecipitation (IP) study of the MPP6-4.1G
interaction (B and C). (A) Arrows with S1-S6 labels indicate corresponding SLIs with the
MPP6 (top) and 4.1G (bottom) immunostaining, and their immunolocalization in SLIs is
largely matching. (B and C) Lanes 1 shows the 4.1G (Fig. 2B) or MPP6 (Fig. 2C)

immunoblotting of the intact sciatic nerve lysates. Lanes 2-7 show the 4.1G (Fig. 2B) or
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MPP6 (Fig. 2C) immunoblotting for three different samples as follows. Sciatic nerve lysates
are included in the samples of lanes 2, 3, 5 and 6, but not in that of lane 4 and 7 (Figs. 2B and
2C); confirming that original mouse 1gG was completely depleted by the Sepharose-G
pre-treatment. The MPP6 (Fig. 2B) or 4.1G (Fig.2C) Ab is included in samples of lanes 2 and
4 for IP, but not in that of lane 3; indicating that the 50-kD line is derived from the anti-MPP6
(Fig. 2B) or anti-4.1G (Fig. 2C) antibody-derived 1gG proteins (arrowheads in Fig. 2B and
2C; 1gG). Arrows in Figs. 2B and 2C indicate the molecular weights of 4.1G (around 110-kD
in Fig. 2B) and MPP6 (around 55-kD in Fig. 2C), respectively, and the lines at the same
molecular weights in lane 2, but not in lanes 3 and 4 (Fig. 2B and 2C); indicating interaction
of the proteins. Rabbit 1gG (rlgG) is included in samples of lanes 5 and 7, but no 110-kD (Fig.
2B) or 55-kD (Fig. 2C) line appeared; indicating no reaction of rlgG to 4.1G or MPP6. Bar,

20 um (A).

FIG. 3. MPP6 and E-cadherin (E-cad) immunolocalization and phalloidin staining in
4.1G™* and 4.1G™ mouse-teased sciatic nerves. (A: 4.1G*"*; S15) Confocal laser scanning
micrographs (CLSMs) of MPP6 (green) and E-cad (red) immunostaining of the 15th optical
section. Micrographs in the bottom lane show merged images of the two immunostainings,
indicating colocalization of 4.1G and E-cad in mesoaxons (arrowheads) and SLIs (arrows).
Insets show highly magnified views of parts of the SLIs. (A: 4.1G** and 4.1G”; Z-accum)
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Accumulated Z-series from 70 optical sections (0.5 um each) of the MPP6 (green), E-cad
(red), and merged images in the 4.1G** and 4.1G™ sciatic nerves. Insets show highly
magnified view of a part of SLIs. Note the disappearance of the MPP6 immunostaining in
SLIs of the 4.1G™ sciatic nerves (arrows in 4.1G™). Some cells other than myelinated nerve
fibers are immunostained with the anti-MPP6 antibody (white arrowheads in 4.1G**). (B)
Statistic analysis for the heights of the circular truncated cones of SLIs (n=600) in sciatic
nerves of three aged (10-months-old) 4.1G** and 4.1G” mice. The heights of the circular
truncated cones of SLIs in the 4.1G™ are lower than those in the 4.1G*"* ones. **P<0.01. (C)
Example of a CLSM of the double staining for E-cad (red) and filamentous actin (Phalloidin;
green), and their merged image (Merged) in the teased sciatic nerves with the frozen-thawed
treatment. Although both E-cad and phalloidin staining colocalize at the outside edge of SLIs
(arrows), phalloidin staining is detected alone near the inner edge (arrowheads). (D) Statistic
analysis for heights of the circular truncated cones of SLIs (n=300) in teased sciatic nerves
with Triton X-100 treatment alone (Triton) or freeze-thaw treatment before the Triton
treatment (Freeze-thaw + Triton). *P<0.05, **P<0.01. (E) Representative CLSM of teased
sciatic nerves with phalloidin staining in 4.1G** or 4.1G” mice. Structure of the circular
truncated cones of SLIs in the 4.1G™ nerve fibers (arrowheads) is different from that in
4.1G** ones (arrows). (F) Statistic analysis for heights of the circular truncated cones of SLIs

(n=600) in teased sciatic nerves in three 4.1G** or 4.1G™ mice. Bars, 10 um.
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FIG. 4. Immunostaining of MPP6 in seminiferous tubules for perfusion fixation followed
by sucrose embedding for the 4.1G**B** (A, B), 4.1G"B** (C), and 4.1G”B™ (D) mice. (A)
With light microscopic images, MPP6 is immunolocalized in germ cells in the basal parts of
the seminiferous tubules at stages V (left lane) and X (right lane), indicating the
spermatogonium and early spermatocytes. Intensity of the MPP6 immunostaining in the
arch-shape spermatogonium is obvious at stage X (arrowheads). (B) With immunoelectron
microscopy, DAB-reaction products with the anti-MPP6 antibody are detected (arrows) under
cell membranes of spermatocytes (Sc). Se; Sertoli cell process. The bottom image shows a
higher magnified view of the rectangle part of the upper image. (C and D) In the 4.1G"B**
(C), and 4.1G""B” (D) mice, MPP6 immunostaining was detected in the basal parts of the

seminiferous tubules (arrowheads). Bars, 20 um (A, C, D); 1 um (B).
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