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FIGURE LEGENDS
Fig. 1. Wfsl protein immunoreactivity in the normal mouse brain, retina, and optic nerve.
Immunoblot of extracts from the normal mouse brain, retina, and optic nerve probed with
rabbit anti-mouse Wfsl N-terminus antibody (anti-Wfs1), and with the antibody preabsorbed
by incubation with GST-Wfs1 N-terminus chimeric protein (Absorbed). The arrowhead
indicates Wfs] profein bands of ~100 kDa in extracts from the brain, retina, and optic nerve
(anti-Wfsl). The arrow shows a Wfs1 immunoreactive band of ~70 kDa in extracts from the
retina (anti-Wfs1). These bands are not seen in the antibody-absorption experiment

(Absorbed). Positions of size markers are indicated on the left.

Fig. 2. Wfs] mRNA signals and protein immunoreactivity in the normal mouse retina. A-B:
Mouse Wjfs! mRNA signals in two adjacent sections of the retina hybridized with anti-sense
cRNA probes of the mouse Wfs/ 5'-terminus (Wfs/ AS; A), and with sense cRNA probes
(Wfs1 S; B). Arrowheads indicate moderate Wfs/ mRNA signals in the outer row of the inner
nuclear layer (INL). C-D: Mouse Wfs! protein immunoreactivity in two sections of the retina
immunostained with rabbit anti-mouse Wfsl N-terminus antibody (Wfsl; C), and with the
antibody preabsorbed by incubation with GST-Wfs] N-terminus chimeric protein (antigen)
(Abs, D). Arrowheads indicate Wfsl-immunoreactive neurons, of which cell bodies are
weakly labeled and processes are moderately labeled, in the outer row of the INL. Note that a
substantial number of Wfs/ mRNA signals and a considerable amount of protein
immunoreactivity are seen not only in the ganglion cell layer but also in the inner and the
outer nuclear layers of the normal mouse retina. PR, photoreceptor; ONL, outer nuclear layer;
OPL, outer plexiform layer; INL, inner nuclear layer; IPL, inner plexiform layer; GCL,
ganglion cell layer; NFL, optic nerve fiber layer. Scale bars = 50 um in B, and in D for A,

and for C, respectively.
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Fig. 3. Cellular localization of Wfsl in the inner nuclear layer of the normal mouse retina. A-
C: Wfsl immunoreactivity in horizontal cells. A retinal section was double-immunostained
for Wfsl (Wfsl; A; Alexa® Fluor™ 488 label; green) and for a horizontal cell marker
(Calbindin-D-28K, CalD28K, B; Alexa® Fluor™ 594 label; red). Cell nuclei are labeled in
blue with bisBenzimide (Hoechst 33258; B, C). Panel C is an overlaid image. Arrows
indicate a horizontal cell immunoreactive for Wfsl. D-F: Wfsl immunoreactivity in bipolar
cells. A retinal section was double-immunostained for Wfs!1 (Wfsl; D; Alexa® Fluor™ 488
label; green) and for a bipolar cell marker (G-protein Goa, Goa, E; Alexa® Fluor™ 594
label; red). Cell nuclei are labeled in blue with bisBenzimide (Hoechst 33258; E, F). Panel F
is an overlaid image. Arrows, and arrowheads show a putative ON-cone bipolar, and a rod
bipolar cells that are immunoreactive for Wfsl, respectively. G-I: A control experiment of
Wis] immunoreactivity in bipolar cells. An adjacent retinal section of panels D-F was
double-immunostained for Wfs! after a preabsorption procedure (Wfsl Abs; G; Alexa®
Fluor™ 488 label; green) and for Goa (H; Alexa® Fluor™ 594 label; red). Cell nuclei are
labeled in blue with bisBenzimide (Hoechst 33258; H, I). Panel I is an overlaid image.
Arrows, and arrowheads show a putative ON-cone bipolar, and a rod bipolar cells that are not
immunoreactive for Wfsl, respectively. J-O: Wfs1 immunoreactivity in non-displaced
amacrine cells. A retinal section was double-immunostained for Wfsl (Wfsl; J; Alexa®
Fluor™ 488 label; green) and for a non-displaced amacrine cell marker (Choline
acetyltransferase, ChAT, K; Alexa® Fluor™ 594 label; red). Another section was double-
immunostained for Wfsl (Wfs1; M; Alexa® Fluor™ 488 label; green) and for another non-
displaced amacrine cell marker (Calbindin-D-28K, CalD28K, N; Alexa® Fluor™ 594 label;
red). Cell nuclei are labeled in blue with bisBenzimide (Hoechst 33258; N, O). Panels L and

O are overlaid images. Arrowheads indicate non-displaced amacrine cells immunoreactive
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for Wfsl. These fluorescence photomicrographs were taken with a FV500 confocal
microscope (Olympus, Tokyo, Japan). Note that Wfs] immunoreactivity is observed in
photoreceptors, horizontal cells, bipolar cells, and in non-displaced amacrine cells. ONL,
outer nuclear layer; OPL, outer plexiform layer; INL, inner nuclear layer; IPL, inner

plexiform layer; GCL, ganglion cell layer. Scale bar = 20 pm in O for A-N.

Fig. 4. Cellular localization of Wfsl in the ganglion cell layer of the normal mouse retina. A-
F: Wfs] immunoreactivity in displaced amacrine cells. A whole-mount retina (A-C) and a
vertical retinal section (D-F) were double-immunostained for Wfsl (Wfsl; A, D; Alexa®
Fluor™ 488 label; green) and for a displaced amacrine cell marker (Choline acetyltransferase,
ChAT, B, E; Alexa® Fluor™ 594 label; red). Cell nuclei are labeled in blue with
bisBenzimide (Hoechst 33258; B, C, E, F). Panels C and F are overlaid images. Arrowheads
indicate displaced amacrine cells immunoreactive for Wfsl. G-I: Wfs| immunoreactivity in
retinal ganglion cells (RGCs). Panels show a retinal section in which Wfs1 (G; Alexa®
Fluor™ 488 label; green) and Fluorescent Latex Microspheres (FLM; H; rhodamine label;
red) double labeling was made. Cell nuclei are labeled in blue with bisBenzimide (Hoechst
33258; H, I). Panel L is an overlaid image. Arrows indicate a retinal ganglion cell
immunoreactive for Wfsl. J-L: A control experiment of Wfsl immunoreactivity in RGCs.
Wisl (J; Alexa® Fluor™ 488 label; green) and FLM (K; rhodamine label; red) double
labeling was performed in an adjacent retinal section of panels G-I. Cell nuclei are labeled in
blue with bisBenzimide (Hoechst 33258; K, L). Panel L is an overlaid image. Arrows
indicate a retinal ganglion cell not immunoreacitve for Wfsl. M-R: Wfs| immunoreactivity
in RGCs analyzed by double immunohistochemistry. A retinal section was double-
immunostained for Wfs1 (Wfsl; M; Alexa® Fluor™ 488 label; green) and for a ganglion cell

marker (Tubulin BIII isoform, Tubulin BIII, N; Alexa® Fluor™ 594 label; red). Another
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section was double-immunostained for Wfs1 (Wfsl; P; Alexa® Fluor™ 488 label; green)
and for another ganglion cell marker (Brn-3a POU-domain transcription factor, Brn-3a, Q;
Alexa® Fluor™ 594 label; red). Cell nuclei are labeled in blue with bisBenzimide (Hoechst
33258; N, O, Q, R). Panels O and R are overlaid images. Arrows indicate RGCs
immunoreactive for Wfs1. These fluorescence photomicrographs were taken with a FV500
confocal microscope (Olympus, Tokyo, Japan). Note that Wfs] immunoreactivity is observed

in both displaced amacrine cells and RGCs. IPL, inner plexiform layer; GCL, ganglion cell

layer; NFL, optic nerve fiber layer. Scale bar = 20 pm in R for A-Q.

Fig. 5. Wfsl immunoreactivity in retinal ganglion cells (A-C) and in Miiller cells (D-F) of
the normal mouse retina. A-C: Wfs1 (A; Alexa® Fluor™ 488 label; green) and Fluoro-Ruby
(B; tetramethylrhodamine label; red) double labeling. Panel C is an overlaid image. Arrows
indicate a retinal ganglion cell immunoreactive for Wfs1. D-F: Double iﬁmunostaining for
Wis1 (Wfsl; D; Alexa® Fluor™ 488 label; green) and for a Miiller cell marker (glutamine
synthetase, GS, E; Alexa® Fluor™ 594 label; red). Panel F is an overlaid image. Arrows,
and arrowheads show a cell body, and an inner process of Miiller cells immunoreactive for
Wisl, respectively. Note that Wfs] immunoreactivity is observed in Miiller cells as well as in
neurons of the retina. These fluorescence photomicrographs were taken with a LSM 510
confocal microscope (Carl Zeiss Jena GmbH, Jena, Germany). ONL, outer nuclear layer;
OPL, outer plexiform layer; INL, inner nuclear layer; IPL, inner plexiform layer; GCL,

ganglion cell layer. Scale bars =20 pm in C for A-B, 50 um in F for D-E.

Fig. 6. Distribution of glial cells in the normal mouse optic nerve. Panels show double
immunostaining for two glial cell markers, glial fibrillary acidic protein (GFAP, A; Alexa®

Fluor™ 488 label; green), and glutamine synthetase (GS, B; Alexa® Fluor™ 594 label; red).
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Panel C is an overlaid image. The mouse optic nerve is divided into three parts: intraretinal
(1), astrocytic filament dense (afd), and astrocytic filament sparse (afs). Arrows, and
arrowheads indicate the border between i and afd, and the boundary between afd and afs,
respectively. These fluorescence photomicrographs were taken with a FV500 confocal
microscope (Olympus, Tokyo, Japan). Note that the area containing GS-immunoreactive cells

in the mouse optic nerve corresponds to the afs part. Scale bars = 100 pm in C for A-B.

Fig. 7. Wfs! mRNA signals and protein immunoreactivity in the normal mouse optic nerve.
A-B: Mouse Wfs/ mRNA signals in two adjacent sections of the optic nerve hybridized with
anti-sense CRNA probes of the mouse Wfs/ 5'-terminus (Wfs/ AS; A), and with sense cRNA
probes (Wfs! S; B). C-D: Mouse Wfsl protein immunoreactivity in two adjacent sections of
the optic nerve immunostained with rabbit anti-mouse Wfs] N-terminus antibody (Wfs1; C),
and with the antibody preabsorbed by incubation with GST-Wfs1 N-terminus chimeric
protein (antigen) (Abs; D). E-F: Higher magnification photomicrographs of mouse Wfsl
immunoreactivity in another adjacent section of panel C. Panels E, and F show Wfs|-
immunoreactive cells in the astrocytic filament dense (afd) part, and those in the astrocytic
filament sparse (afs) part, respectively. Note that both Wfs/ mRNA signals and Wfsl protein
immunoreactivity are present in the mouse optic nerve. Scale bars = 200 um in D for A-C, 50

um in F for E.

Fig. 8. Cellular localization of Wfs1 in the normal mouse optic nerve. A-I: Double
immunostaining for Wfs1 (Wfsl; A, D, G; Alexa® Fluor™ 488 label; green) and for an
astrocyte marker (glial fibrillary acidic protein, GFAP, B, E, H; Alexa® Fluor™ 594 label;
red). Cell nuclei are labeled in blue with bisBenzimide (Hoechst 33258). Panels C, F, and I

are overlaid images. Arrows, and arrowheads in A-C indicate the border between intraretinal
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(1) and astrocytic filament dense (afd) parts, and the boundary between the afd and astrocytic
filament sparse (afs) parts, respectively. Panels D-F, and G-I are higher mignification
photomicrographs of the afd, and afs parts, respectively. These panels show that Wfsl
immunoreactivity is observed in astrocytes. J-O: Double immunostaining for Wfsl (Wfsl; J,
M; Alexa® Fluor™ 488 label; green) and for an oligodendrocyte marker (RIP, K, N; Alexa®
Fluor™ 594 label; red). Cell nuclei are labeled in blue with bisBenzimide (Hoechst 33258).
Panels L and O are overlaid images. Panels M-O are higher magnification photomicrographs
of the afs part. These panels show that Wfsl immunoreactivity is not seen in
oligodendrocytes. P-R: Double immunostaining for Wfsl (Wfs1; P; Alexa® Fluor™ 488
label; green) and for a glial cell marker (glutamine synthetase, GS, Q; Alexa® Fluor™ 594
label; red). Panel R is an overlaid image. Arrows, and arrowheads indicate the border
between i and afd parts, and the boundary between the afd and afs parts, respectively. Insets
are higher magnification photomicrographs around the boundary between the afd and afs
parts. These panels and insets show that colocalization of Wfsl immunoreactivity and GS
immunoreactivity is not seen in the optic nerve but in the retina. These fluorescence
photomicrographs were taken with FV500 (Olympus, Tokyo, Japan; A-O), and with LSM
510 (Carl Zeiss Jena GmbH, Jena, Germany; P-R) confocal microscopes. Scale bars = 100
um in C for A-B, and for J-L, 20 pm in O for D-I, and for M-N, 200 um in R for P-Q, 20

um in inset of R for insets of P-Q.

Fig. 9. Wfs] mRNA signals and protein immunoreactivity in the normal mouse brain. A-C:
Mouse Wfs/ mRNA signals (Wfs] mRNA, A), mouse Wfs! protein immunoreactivity (Wfsl,
B), and cytoarchitecture (Nissl, C) in three serial sections of the visual cortex hybridized with
anti-sense CRNA probes of the mouse Wfs/ 5'-terminus, immunostained with rabbit anti-

mouse Wfs1 N-terminus antibody, and Nissl-stained with cresyl violet, respectively. Short
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lines in B and C indicate borders between each cortical area. These panels show that both
Wfsl mRNA signals and Wfsl immunoreactivity are observed in layer II of the visual cortex.
V1, primary visual cortex; V2L, lateral area of the secondary visual cortex; V2ML,
mediolateral area of the secondary visual cortex; V2MM, mediomedial area of the secondary
visual cortex; CAl, CAl field of the hippocampus; I, layer I; II, layer II; III, layer III; 1V,
layer IV, V, layer V; VI, layer V1. D-F: Mouse Wfs/ mRNA signals (Wfs/ mRNA, D),
mouse Wfsl protein immunoreactivity (Wfs1, E), and cytoarchitecture (Nissl, F) in three
serial sections of the superior colliculus (SC). Dashed lines in F indicate borders of each
superior collicular layer, and the boundary of the periaqueductal gray (PAG). These panels
show that Wfs] mRNA signals and Wfs] immunoreactivity are seen in the zonal (Zo),
superficial gray (SuG), and intermediate gray (InG) layers of the SC. Op, optic nerve layer of ‘
the SC; InWh, intermediate white layer of the SC; DpG, deep gray layer of the SC. Scale bar

=500 um in F for A-E.

Fig. 10. Wifsl protein immunoreactivity in the normal mouse suprachiasmatic nucleus
(SCN), optic chiasm (OX), and optic tract (OT). A-B: Mouse Wfs| protein immunoreactivity
in two adjacent sections of the SCN immunostained with rabbit anti-Wfsl N-terminus
antibody (Wfsl, A), and with the antibody preabsorbed by incubation with GST-Wfs] N-
terminus chimeric protein (antigen) (Abs, B). The dashed lines indicate the boundary of the
SCN. These panels show that moderate Wfs1 immunoreactivity is seen in the SCN. maOT,
medial accessory optic tract. C-D: Mouse Wfsl protein immunoreactivity in the OX (C) and
OT (D). These panels show that Wfs] immunoreactivity is not seen in the OX or OT. SON,

supraoptic nucleus. Scale bar =200 um in D for A-C.
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Figure 1. Wfsl protein immunoreactivity in the normal mouse brain, retina, and optic nerve.
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Figure 2. Wfs] mRNA signals and protein immunoreactivity in the normal mouse retina.
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Figure 3 Kawano et al.

“Figure 3. Cellular localization of Wfs1 in the inner nuclear layer of the normal mouse retina.
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Figure 4 Kawano et al.

Figure 4. Cellular localization of Wfs1 in the ganglion cell layer of the normal mouse retina.
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Figure 5 Kawano et al.

Figure 5. Wfs| immunoreactivity in retinal ganglion cells (A-C) and in Miiller cells (D-F) of

the normal mouse retina.
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Figure 6. Distribution of glial cells in the normal mouse optic nerve.
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Figure 7. WfsI mRNA signals and protein immunoreactivity in the normal mouse optic nerve.
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Figure 8. Cellular localization of Wfs1 in the normal mouse optic nerve.
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