ASBMB

JOURNAL OF LIPID RESEARCH

I

Glycolipid stage-specific embryonic antigens
(SSEA-1) in kidneys of male and female C57BL/6J

and beige adult mice

Marcia A. Williams, Sonja K. Gross, James E. Evans, and Robert H. McCluer

Department of Biochemistry, Eunice Kennedy Shriver Center, Waltham, MA 02254; Department of
Biochemistry, Boston University School of Medicine, Boston, MA 02118; and Department of Neurology,
Massachusetts General Hospital, Boston, MA 02114

Abstract SSEA-1 glycolipids from the kidneys of normal male
and female as well as beige mutant mice were isolated and their
structures were examined by component analysis, mass spec-
trometry, immunoblotting, and permethylation studies. These
antigens were shown to be extended globoside derivatives as
reported by Sekine et al. (1987. J. Biochem. 101: 553-562). Quan-
titative high performance liquid chromatography analyses re-
vealed that the concentration of SSEA-1 glycolipids were four-
to fivefold greater in male than female mice. Essentially no
SSEA-1 glycolipids were excreted in the urine of normal male
mice and thus are not components of the multilamellar lyso-
somes normally excreted. Testosterone is known to induce the
hypertrophy of proximal tubule cells that involves the formation
of multilamellar lysosomes and results in the accumulation and
excretion of these bodies and associated lysosomal enzymes and
specific glycolipids. The present results indicate that in male
mice there is also an increase in subcellular structures that con-
tain SSEA-1 glycolipids. The amount of SSEA-1 glycolipids in
male beige mice were greater than in normal mice on a per kid-
ney basis. Thus, the increase is in proportion to the kidney
hypertrophy seen in beige mouse kidneys. Beige mutant mice
appear to have a primary defect in the excretion of multilamellar
lysosomes which produces a secondary hypertrophy with an ac-
companying increase in SSEA-1 glycolipids.—Williams, M. A.,
S. K. Gross, J. E. Evans, and R. H. McCluer. Glycolipid stage-
specific embryonic antigens (SSEA-1) in kidneys of male and
female C57BL/6] and beige adult mice. J. Lipid Res. 1988. 29:
1613-1619.

Supplementary key words kidney ¢ galabiosylceramide « globo-
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Testosterone produces hypertrophy of the mouse kidney
which primarily affects the proximal tubule cells. The
concomitant androgen induction of 8-glucuronidase was
first shown by Fishman and Farmeland in 1953 (1). Other
lysosomal enzymes are now known to be thus induced.
Kidney cells actively excrete lysosomal enzymes into the
urine and the rate of enzyme excretion increases marked-
ly during androgen induction (2, 3). Electron micro-

graphs have shown that near the brush border of induced
cells there is a concentration of enlarged lysosomes filled
with myelin-like figures. The same membranous material,
present in the lumen of the proximal tubule, indicates an
active excretion of these multilamellar lysosomes (4). We
have demonstrated a concomitant increase in neutral
glycosphingolipids (GSLs) both in the kidney and in the
urine of males and testosterone-treated females (5). This
phenomenon has also been documented in several inbred
strains of mice (6). These studies indicate that testoster-
one induces the formation of multilamellar kidney lyso-
somes which contain specific GSLs (GaOse,Cers and
GbOse;Cers) and that a large percent of these bodies is
normally excreted into the urine each day. There is also
an induction of GalCer and GbOse,Cer, which are not
found in the urine of these animals and thus are not com-
ponents of the excreted lysosomes. These data suggest
that within proximal tubule cells, different glycolipids
reside in specific subcellular compartments.

Novak et al. (7) and Novak and Swank (8) have de-
scribed mouse pigmentation mutants that have lysosomal
enzyme excretion defects. These mutants have increased
lysosomal enzyme levels in the kidney and decreased ex-
cretion of these enzymes. We have previously shown that
there is also a decrease in GSL excretion by these mutant
mice and an accumulation in their kidneys of the GSLs

Abbreviations: NFA, nonhydroxy fatty acid; HFA, hydroxy fatty acid;
HPLC, high performance liquid chromatography; AUFS, absorbance units
full scale; GSLs, glycosphingolipids; SSEA-1, stage-specific embryonic
antigen 1; HPTLC, high performance thin-layer chromatography; GLC,
gas-liquid chromatography; MS, mass spectrometry; El, electron impact
ionization; CI, chemical ionization; FAB, fast atom bombardment; DCI,
direct chemical ionization. Nomenclature used for glycosphingolipids is
that recommended by TUAC (1976. Lipids. 12: 455-468): GlcCer, glucosyl-
ceramide; GalCer, galactosylceramide; LacCer, lactosylceramide;
GaOse,Cer, galabiosylceramide, Gal(a1-4)Gal(81-1)Cer; GbOsesCer,
globotriaosylceramide, Gal(a1-4)Gal(81-4)Glc(81-1)Cer; GbOse,Cer,
globotetraosylceramide, GalNAc(81-3)Gal(ar1-4)Gal(81-4)Gle(81-1)Cer.
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that are normally excreted (9). These data are consistent
with the concept that specific GSLs are associated with
the organelles whose normal exocytosis is blocked as a
result of the genetic defects.

Fox et al. (10, 11) reported the presence of stage-specific
embryonic antigen-1 (SSEA-1) in the mouse kidney. The
SSEA-1 epitope was found to be the X-determinant tri-
saccharide GalB1-4(Fucal-3)GlcNAc (12) and the anti-
body has been shown to react with both glycoproteins and
glycolipids (11).

Recently, Sckine et al. (13) reported the isolation from
mouse kidney of two neutral glycolipids carrying SSEA-1
and SSEA-3 epitopes. The SSEA-3 antigen was shown to
be GalB1-3globotetraosylceramide and the structure of the
SSEA-1 glycolipid was proposed to be GalB1-4(Fucal-
3)GlcNAcB1-6(GalB1-3)-globotetraosylceramide. Sekine,
Yamakawa, and Suzuki (14) also demonstrated the occur-
rence of polymorphic variation of these two glycolipids in
inbred strains of mice.

In the present study, to further investigate the possible
association of individual glycolipids with specific cellular
structures, we have examined the SSEA-1 glycolipid in the
kidneys and urine of beige mutant mice as well as normal
male and female mice. The SSEA-1 glycolipids were iso-
lated from C57BL/6] mouse kidneys and their structures
were examined by component analysis, mass spectrometry,
immunoblotting, and permethylation studies. Their con-
centration in the kidneys of normal and beige male and
female mice was measured by HPLC.

MATERIALS AND METHODS

Materials

HPLC grade methanol and other reagent grade sol-
vents and chemicals were obtained from Fisher Chemical
Scientific (Fairlawn, NJ); Iatrobeads 6RS-8060 and 6RS-
8010 were from Iatron Industries (Tokyo, Japan); DEAE-
Sephadex (A-25) was from Pharmacia Fine Chemicals
(Piscataway, NJ); Unisil was from Clarkson Chemical
Company (Williamsport, PA); and HPTLC plates were
obtained from E. Merck (Darmstadt, Germany). Bond
Elut C18 reversed phase and Bond Elut NH; (amino-
propyl) cartridges were obtained from Analytichem Inter-
national (Harbor City, CA). A DB-1 GLC capillary col-
umn was purchased from J & W Scientific Inc. (Rancho
Cardova, CA). Poly(isobutyl methacrylate) was obtained
from Polyscience (Warrington, PA). Glycolipid standards
were prepared as previously described (15). A monoclonal
antibody with SSEA-1 specificity was made available by
Drs. Yamamoto and Schwarting (16).

HPTLC and immunoblots with SSEA-1 antibody

Fractions to be tested were dissolved in 200 ul of chioro-
form-methanol 2:1 (v/v) and aliquots representing 1-2 mg

1614 Journal of Lipid Research Volume 29, 1988

of protein were spotted on aluminum-backed HPTLC
plates and developed with chloroform-methanol-water
60:35:8 (v/v/v). The GSLs were visualized with orcinol
spray reagent (17). Immunoblots were run according to
modifications (16) of the procedure of Brockhaus et al.

(18).

Isolation and analysis of SSEA-1 glycolipids
from kidney

SSEA-1 positive glycolipids were isolated from pooled
kidneys (37 g) of normal and pigmentation mutant male
and female C57BL/6] mice. The kidneys were cleaned of
all adhering tissue and the capsules were removed. Seven
volumes of methanol was added and the tissue was
homogenized with a Polytron. The homogenate was then
heated at 55°C for 15 min, 14 volumes of chloroform was
added, and the sample was mixed and filtered. The
residue was re-extracted with 10 volumes of chloroform-
methanol 1:1 (v/v). The sample was again filtered and the
filtrates were combined and dried under nitrogen. The
residue was suspended in 0.6 M methanolic NaOH,
maintained at room temp for 1 hr and neutralized with
aqueous 0.4 M HCI. Chloroform was added to form a
partition according to Folch, Lees, and Sloane Stanley
(19) and the upper phase lipid was recovered by C18
reversed-phase chromatography (20). These polar lipids
(dissolved in methanol) were applied to a DEAE Sephadex
A-25 (acetate) column and the neutral glycolipids were
eluted with methanol (21). This neutral glycolipid fraction
was examined by HPTLC and immunoblotting and was
shown to contain a major and a minor band which were
SSEA-1 positive. One to 2 mg of material at a time was
further fractionated on a 10 uM latrobead column (0.45
cm X 50 cm) with a linear 2 hr gradient of isopropanol-
hexane-water from 55:44:1 to 55:35:10 (v/v/v) at a flow
rate of 1 ml/min (22). Three-ml fractions were collected
and examined by HPTLC. Fractions containing single
bands with the same Ry values were pooled. It was neces-
sary to make several HPLC runs to obtain quantities of
the major and the lower minor SSEA-1 positive bands
sufficient for structural analysis.

Isolation and analysis of urinary glycolipids

Urine was collected from four C57BL/6] male mice for
a 20-hr period. A total of 4.5 ml was collected. To the
urine was added 36 ml of chloroform and 23 ml of
methanol. The mixture was shaken for 1 hr at room tem-
perature and then centrifuged. The residue was then re-
extracted with chloroform-methanol 2:1 (v/v). The com-
bined supernatants were taken to dryness. The sample
was treated with 2 ml of 0.6 M methanolic NaOH for 60
min at room temperature and then neutralized with 3 ml
of 0.4 M HCI. The lipid was desalted with a C18 reversed-
phase Bond Elut cartridge, and eluted with chloroform-
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methanol (1:1, v/v). The sample was subjected to Unisil
and DEAE chromatography as described for kidney.

Sugar and fatty acid analysis

For sugar and fatty acid analysis, the glycolipids were
subjected to methanolysis in anhydrous 0.75 M methanolic
HCI as described (23). The fatty acid methyl esters were
analyzed by GLC on a DB-1 0.25 mm x 30 m fused silica
capillary column (J & W Scientific, Inc.) with helium as
the carrier gas at 20 psi. A Hewlett-Packard model 5890
chromatograph equipped with a flame ionization detector
was used and the column oven was programmed from
140-275°C at 10°C/min. The methyl glycosides were ana-
lyzed as their trimethylsilyl derivatives on the same DB-1
column as described (23) but the temperature was pro-
grammed from 140-250°C at 10°C/min.

Permethylation analysis

Approximately 100 pg of the major band was per-
methylated according to Larson et al. (24). One-tenth of
the permethylated antigen was then taken for hydrolysis
and subsequent mass spectometric analysis of the par-
tially O-methylated alditol acetates (23). The remainder
of the sample was used for the mass spectrometric analysis
of the intact glycolipid.

Mass spectrometry

Gas-liquid chromatography-mass spectrometry for
analysis of fatty acid methyl esters and partially methylated
alditol acetates was performed with a Finnigan model
4500 mass spectrometer interfaced to a Hewlett-Packard
model 5890 GLC and controlled by Teknivent Vector/One
GLC-MS data system. A DB-1 0.25 mm x 30 m fused
silica capillary column (J & W Scientific, Inc.) was used
with helium as the carrier gas at 20 psi. Electron impact
ionization (EI) was performed at 70 eV with the ion
source at 150°C. Chemical ionization (CI) was performed
with ammonia as the reagent gas at 0.5 torr and the same
electron energy and source temperature. Fatty acid
methyl esters were analyzed with a column temperature
program from 170-300°C at 10°C per min under EI con-
ditions scanning from m/z 70 to m/z 470 at 2 sec/scan.
Partially methylated alditol acetates were analyzed under
both EI and CI conditions by holding the column temper-
ature at 170°C for 2 min, programming to 192°C at
2°C/min and to 232 at 10°C/min where the temperature
was held for 1 min. The CI conditions used selected ion
monitoring for the [M + H]" ions of amino sugars and
the (M + NH,]" ions of neutral hexoses to specifically
identify the type of sugar and its degree of methylation.
El, used for linkage analysis, used selected ion monitoring
for 14 ions of interest.

Fast atom barbardment (FAB) and direct ionization
(DCI) MS were performed on the intact permethylated
GSLs with a VG model 70-250 SE high resolution mass

spectrometer. DCI was performed in the positive ion
mode under ammonia CI conditions. One to 5 ug of per-
methylated GSL was dried on the DCI filament and de-
sorbed at 1.5 A. Scans were acquired from 100-2500 amu
at 1 sec/decade at 3,000 resolution and 7 kV acceleration.
FAB spectra were acquired with 3-nitrobenzyl alcohol,
and xenon fast atom source (Ion Tech, Ltd.) operated at
1.2 mA and 8 kV. Sodium acetate was added to the matrix
to enhance formation of sodium adducts. Spectra were ac-
quired from 100-2500 amu with 3,000 resolution at 10
sec/decade and 7 kV acceleration. Because the FAB spectra
persisted for 10 to 20 scans, they were averaged to improve
the signal to noise ratio.

Quantitative HPLC analysis

Each kidney was homogenized with a Polytron (Brink-
mann Instruments, Westbury, NY) in the presence of 1 ml
of water. An aliquot was taken for protein determination
(25) and each sample received 9 x 10* cpm of tritium-
labeled SSEA-1 as an internal standard to assess recovery.
The tritiated SSEA-1 glycolipid was prepared by the
galactose oxidase-sodium borohydride method (26) in
Dr. M. D. Ullman’s laboratory. The homogenate was ex-
tracted with chloroform-methanol 2:1, centrifuged, and
the supernatant taken to dryness. The residue was hydro-
lyzed with 0.6 M methanolic NaOH for 1 hr at room
temperature and then neutralized with aqueous HCI (15).
Solvents were added to satisfy Folch conditions (19) and
the phases were separated. The lower phase was washed
three times with theoretical upper phase and the upper
phases were combined. The upper and lower phase GSLs
were isolated separately and then combined to obtain the
total neutral GSLs (TNGSL).

The combined upper phases were applied to a C18
Bond Elut (0.2 g) cartridge. The eluate was re-applied
and the cartridge was washed with 5 m! of H;O. The lipid
material was eluted with 5 ml chloroform-methanol 1:1
(v/v) (20). The sample was taken to dryness under N, and
dissolved in methanol and the neutral and acidic upper
phase lipids were separated on an aminopropyl cartridge.
Aminopropyl cartridges (0.1 g) were converted to the ace-
tate form with 5 ml 0.8 M ammonium acetate in
methanol. Each cartridge was washed with 10 mi of
methanol and the sample was applied with 3 x 1 ml of
methanol. The cartridge was then washed with an addi-
tional 2 ml of methanol.

The Folch lower phase lipids were taken to dryness, dis-
solved in chloroform, and applied to a 125-mg Unisil
column. After a chloroform wash the GSLs were eluted with
4 ml of acetone-methanol 9:1 as previously described (15).
This eluate and the methanolic eluate from the amino-
propyl cartridge were combined to form the TNGSLs.
This combined fraction was benzoylated (27), cleaned up,
and dissolved in 200 pl carbon tetrachloride. Ten percent
aliquots were taken for counting to determine recovery
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and 5-pl aliquots were injected onto a Zipax column as
described previously (27). The GSLs were eluted with a
linear gradient of 1 to 40% dioxane in hexane in 26 min
at a flow rate of 2 ml/min.

RESULTS

HPTLC and immunoblot analysis

The total neutral glycolipid extracts from kidneys of
male and female C57BL/6] and beige mice were obtained
(see Methods) and equal aliquots of each sample were
analyzed by HPTLC along with the large scale prepara-
tion from pooled kidneys as shown in Fig. 1. The dra-
matic differences between the quantities of glycolipids, in-
cluding SSEA-1, from male (lanes B and C) and female
(lanes D and E) kidneys, in both normal (B and D) and
beige (C and E) mice are apparent. The kidney extracts
were also spotted on an aluminum-backed HPTLC plate
and after development blotted with SSEA-1 antibody as
shown in Fig. 2. In each case two distinct bands were
visualized; the upper band was heavy and somewhat
spread and probably consists of more than one substance.
In the normal and mutant female kidneys, lanes 2 and 4,
the lower band was much lighter than the upper, whereas
this difference in intensity in the male (lanes 1 and 3) was
much less. The bands from the male beige mutant (lane
3) were much heavier than those from the normal male
(lane 4) when quantities equivalent to equal portions of a
kidney were spotted as shown in Fig. 2.

-
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- e e o SSEA-1
A B C D E F

Fig. 1. HPTLC of mouse kidney total neutral glycosphingolipid
(TNGSL) fractions. An equivalent of 2 mg of protein was spotted for
lanes B to E. Lane A, upper phase neutral glycolipids from the pooled
kidney preparation; B, C57 male TNGSL; C, beige male TNGSL;
D, C57 female TNGSL; E, beige female TNGSL; F, glycolipid stan-
dards. Mouse kidney GSLs except for SSEA-1 have been previously
characterized (5). The components running just below LacCer are
GaOse,Cers.

1616 Journal of Lipid Research Volume 29, 1988

e
o e — by v’-g-‘.“— —
I 2 3 4

Fig. 2. SSEA-1 immunoblot of mouse kidney total neutral glycosphin-
golipids. GSLs, equivalent to 1 mg of protein, were spotted on each lane:
1, C57 male; 2, C57 female; 3, beige male; 4, beige female. See Methods
for description of procedures. The origin appears as a line just above the
lane numbers and does not give an antibody reaction.

Structural characterization

The two SSEA-1 positive glycolipid bands, as shown in
Fig. 2, were isolated from pooled kidneys as described in
Methods. Analysis of the fatty acid methyl esters and
methyl glycosides of these two bands revealed that the
major band contained 16:0 (35%), 18:0 (4%), 22:0 (20%),
24:0 (32%), and 24:1 (8%) fatty acids. The more polar
band contained 16:0 (80%), 18:0 (11%), and 20:0 (9%)
fatty acids. No hydroxy fatty acids were detected. Gas-
liquid chromatographic analysis of the methyl glycosides
of the SSEA-1 bands showed the following monosaccharide
Gle:Gal:GalNAc:GlcNAc:Fuc ratios: 1.0:4.5:1.1:0.8:1.0 for
the major band and 1.0:4.1:0.98:0.87:1.1 for the minor
band.

The permethylated glycolipids were hydrolyzed and the
partially methylated alditol acetates were examined by
EI- and CI-GLC-MS with specific ion monitoring. Ion
plots from CI-GLC-MS for [M + NH,]" ions of tri-
methylfucose (m/z 210) and the tetramethylhexose (m/z
340) gave peaks that indicated the presence of fucose and
galactose as terminal residues. EI-GLC-MS indicated
the presence of a terminal galactose residue with a m/z
205 peak at the appropriate retention time; peaks seen
with signals at m/z 117 and 233 indicated the presence of
2,3,6-O-methyl glucose and 2,3,6-O-methyl galactose de-
rived from 4-O-substituted residues. A signal at m/z 161
with appropriate retention time indicated the presence of
2,4,6-O-methyl galactose derived from a 3-O-substituted
residue. The presence of 6-O-methyl GlcNAc was indi-
cated by the presence of an appropriate peak in the m/z
158 signal and 4-O-methyl GalNAc was indicated by
peaks with the m/z 189 and 274 scans which are derived
from 3,4-substituted GlcNAc and 3,6-substituted GalNAc.

The intact permethylated glycolipids were examined by
mass spectrometry with DCI and FAB ionization. For the
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major component, the FAB spectra provided molecular
weight information with a sodium adduct ion at m/z 2396
consistent with the structure containing a 24:0-d18:1 cera-
mide, two acetylhexosamines, five hexoses, and a deoxy
hexose. A FAB signal at m/z 2284 for the minor per-
methylated glycolipid was obtained consistent with the
presence of a 16:0-d18:1 ceramide component. Both the
FAB and DCI spectra of the major component showed
ions at m/z 638, 1087, and 1292 which indicated the pres-
ence of fragments of the terminal trisaccharide, pentasac-
charide, and hexasaccharide of the proposed structure.
Corresponding oligosaccharide fragments were also ob-
tained for the minor component.

These data are entirely consistent with an extended
galactosyl globo structure with a terminal SSEA-1 tri-
saccharide as shown below and as reported by Sekine

et al. (13).

638 1087 1292 48

GalB1-4GIcNAcS 1-6GalNAcB 1-3Gale 1-4Galf1-4GIcB 1-ceramide
3 3

| |
Fucal Galg1

Quantitative determination of SSEA-1 in kidneys from
male and female C57BL/6]J and beige-] mice

Kidneys from male and female C57BL/6] mice and
those from the beige-] pigmentation mutant on C57BL/6]

background were extracted and total neutral glycosphin-
golipids were isolated as described in Methods. These
samples were perbenzoylated and quantitated by HPLC.
A representative chromatogram is shown in Fig. 3. The
SSEA-1 peak was collected and the radioactivity was
determined. The amount of SSEA-1 glycolipid present
was calculated from the peak areas and the percent recov-
ery of the internal standard. The resuits are summarized
in Table 1. The kidneys of both normal and mutant male
mice contain 4-6 times as much SSEA-1 per mg protein
as the female kidneys. There appears to be no significant
difference between normal and mutant mice in either
males or fernales.

The mouse urine GSL fraction was examined for SSEA-1
glycolipids as shown in Fig. 4. Immunoblots and orcinol
detection showed almost no glycolipid antigen in urine.

DISCUSSION

From the data obtained by antibody reactivity, compo-
nent and methylation analysis, and mass spectrometry,
the neutral glycolipids isolated from C57BL/6] kidney
carrying -the SSEA-1 epitope are galactosylgloboside
derivatives consistent with the structure proposed by
Sekine et al. (13). The SSEA-1-reactive glycalipids isolated
from human erythrocytes and human teratocarcinoma
(22) are known to be derivatives of neolactotetraosylcera-
mide, thus the structures of SSEA-1 glycolipids detected

9 R
- 6.7 SSEA-1
10
- |
]
]
* Sa}
8
8 .00 |
5 1 i
E |
x ] \
0.50
- sug| | d .
S
T T Y \
0.00 0.50 1.00 1.80

x 10! ninutes

Fig. 3. HPLC chromatogram of a representative male C57BL/6] mouse kidney perbenzoylated total neutral
glycosphingolipids. See Methods for the isolation and HPLC procedures. The compositions of peaks 3 to 11 are

given in references 5 and 29.
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TABLE 1. Content of SSEA-1 glycolipid in the kidneys of male
and female C57BL/6J and beige-] mice”

C57BL/6) Beige-]
Sex Mice Mice

nmol/mg protein + SD, n = 3
Male 0.75 0.15 0.69 0.15
Female 0.19 0.07 0.11 0.02
nmol/kidney + SD, n = 3

Male 11.42 3.48 14.44 3.72
Female 2.21 0.34 1.65 0.42

“Kidney wet weights (g) were: C57BL/6], male 0.145 + 0.015, fe-
male, 0.119 : 0.008; beige, male, 0.195 + 0.019, female,
0.126 + 0.019.

in other sources need to be established. We have recently
found that the SSEA-1 glycolipids accumulating in the
brain of a fucosidosis patient are of the lacto series (28).

Quantitative HPLC analysis of the kidney SSEA-1
glycolipids demonstrated a four- to fivefold elevation in
the concentration of these glycolipids in male as com-
pared to female mouse kidneys. This suggests that these
lipids are components of the structures that hypertrophy
in response to testosterone, primarily proximal tubule
cells, and that their synthesis is probably induced by
testosterone as has been shown for other kidney glyco-
lipids (29). However, the SSEA-1 glycolipids were not
detected in the urine of normal male mice, nor were they
elevated in beige mice kidneys above that of normal male
mice. Multilamellar lysosomal bodies containing only
galabiosyl and globotriaosylceramides are excreted into
the urine of normal male mice and accumulate in the kid-
neys of beige mutant mice. Thus, the SSEA-1 glycolipids
are not associated with these same lysosomal membranes
but appear to be components of other subcellular struc-
tures in the proximal tubule cells that hypertrophy in
response to testosterone.

Fig. 4. HPTLC of male C57BL/6] mouse kidney (k) and urine (u).
A: Orcinol spray for detection of GSLs; B: immunoblot with SSEA-1
antibody; STD is SSEA-1 antigen isolated from pooled mouse kidney.
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These SSEA-1 glycolipids fall into a category with
galactosylceramide and globotetraosylceramide which
show male/female differences, but are not excreted into
the urine and show minimal increases in the pigmentation
mutants with excretion defects. The male beige mouse
kidney is larger than the normal male mouse kidney, but
the increased size and weight cannot be accounted for en-
tirely by the accumulation of the multilamellar lysosomal
bodies. The SSEA-1 glycolipids and globoside are main-
tained in the mutant kidney at levels roughly the same as
in the normal tissue. It thus appears that there is a
primary accumulation of multilamellar lysosomal bodies,
which is accompanied by a general hypertrophy and a
proportionate increase in other cellular structures and as-
sociated glycolipids such as globosides and SSEA-1 glyco-
lipids. These phenomena indicate that individual glyco-
lipids are associated with specific intracellular structures.

Fox et al. (11) suggested that the SSEA-1 antigen de-
tected in SW kidney by immunohistochemistry was glyco-
lipid and glycoprotein in nature. We have observed from
polyacrylamide SDS electrophoresis and immunoblotting
of kidney proteins that several protein bands serve as anti-
gens for the SSEA-1 antibody. One of the several bands
seen in normal and beige male mouse kidney proteins was
absent from female protein blots (unpublished observa-
tions with Dr. M. Yamamoto). It has not been possible to
distinguish glycolipid and glycoprotein antigens by im-
munocytochemistry and at the present time the morpho-
logical distribution of the SSEA-1 glycolipids cannot be
assessed with certainty. We have not observed any obvious
male-female differences by immunocytochemistry and, in
view of the large sexual differences in kidney SSEA-1
glycolipid content reported here, it appears that the
tissue-staining pattern observed (11) does not reflect just
the glycolipid antigen.

In summary, the present studies show the SSEA-1
glycolipid antigens to be extended globoside derivatives as
reported by Sekine et al. (14). Quantitative HPLC ana-
lyses revealed that the concentrations of SSEA-1 glyco-
lipids were increased four- to fivefold in normal and beige
male as compared to female kidneys. The total kidney
SSEA-1 glycolipids were increased in male beige as com-
pared to normal male mice proportional to the kidney
hypertrophy. Essentially no SSEA-1 glycolipids were
found to be excreted into the urine of normal male mice
indicating that these glycolipids are not components of the
excreted lysosomes. The androgen-dependent enlarge-
ment of the proximal tubule cells involves the formation
of multilamellar lysosomes that contain galabiosyl and
globotriaosylceramides. There is also a concomitant
hypertrophy of other subcellular structures which contain
SSEA-1 glycolipids. In beige mice there is a primary ac-
cumulation of multilamellar lysosomes that appears to
produce a secondary cellular hypertrophy which involves
a proportional increase in SSEA-1 glycolipids. i

2T0Z ‘8T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

The authors wish to thank Dr. Miyuki Yamamoto for the im-
munohistochemical and protein immunoblot analyses and for
providing the monoclonal antibody with SSEA-1 specificity. We
thank Dr. M. D. Ullman for the preparation of radiolabeled
SSEA-1 glycolipid and we also thank Ms. Denise Brescia for her
assistance in preparation of the manuscript. This research was
supported in part by NIH grants NS-16447 and HD-03515.

Manuscript received 29 December 1987, in revised form 13 May 1988, and in
re-revised form 22 July 1988.

REFERENCES

1. Fishman, W. H., and M. H. Farmeland. 1953. Effects of
androgens and estrogens on (B-glucuronidase in inbred
mice. Endocrinology. 52: 536-545.

2. Swank, R. T, K. Paigen, R. Davey, V. M. Chapman,
C. Labarca, G. Watson, R. Ganschow, E. J. Brandt, and
E. Novak. 1978. Genetic regulation of mammalian glucur-
onidase. Rec. Prog. Horm. Res. 34: 401-436.

3. Swank, R. T, K. Paigen, and R. Ganschow. 1973. Genetic
control of glucuronidase induction in mice. J. Mol Biol. 81:
225-243.

4. Koenig, H., A. Goldstein, and C. Hughes. 1978. Lysosomal
enzymuria in the testosterone-treated mouse. Lab. Invest.
39: 329-341.

5. McCluer, R. H., M. A. Williams, S. K. Gross, and M. H.
Meisler. 1981. Testosterone effects on the induction and uri-
nary excretion of mouse kidney glycosphingolipids associ-
ated with lysosomes. | Biol. Chem. 256: 13112-13120.

6. McCluer, R. H, C. K. Deutsch, and S. K. Gross. 1983.
Testosterone-responsive mouse kidney glycosphingolipids:
developmental and inbred strain effects. Endocrinology. 113:
251-258.

7. Novak, E. K., F. Wieland, G. P. Jahreis, and R. T. Swank.
1980. Altered secretion of kidney lysosomal enzymes in the
mouse pigment ruby-eye, ruby-eye-2] and maroon. Bio-
chem. Genet. 18: 549-561.

8. Novak, E. K., and R. T. Swank. 1979. Lysosomal dysfunc-
tions associated with mutations at mouse pigment genes.
Genetics. 92: 189-204.

9. Gross, S. K., T. B. Shea, and R H. McCluer. 1985. Altered
secretion and accumulation of kidney glycosphingolipids by
mouse pigmentation mutants with lysosomal dysfunctions.
J- Biol. Chem. 260: 5033-5039.

10. Fox, N. L., I. Damjanov, A. Martinez-Hernandez, B. B.
Knowles, and D. Solter. 1981. Immunohistochemical locali-
zation of the early embryonic antigen (SSEA-1) in post-
implantation mouse embryos and fetal and adult tissues.
Dev. Biol 83: 391-398.

1. Fox, N., L. Shevinsky, B. B. Knowles, D. Solter, and
[. Damjanov. 1982. Distribution of murine stage-specific
embryonic antigens in the kidneys of three rodent species.
Exp. Cell Res. 140: 331-339.

12. Gooi, H. C., T. Feizi, A. Kapadia, B. B. Knowles, D. Solter,
and M. J. Evans. 1981. Stage-specific embryonic antigen in-
volves al-3 fucosylated type 2 blood group chains. Nature.
292: 156-158.

13. Sekine, M., M. Suzuki, F Inagaki, A. Suzuki, and

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

T. Yamakawa. 1987. A new extended globoglycolipid carry-
ing the stage-specific embryonic antigen-1 (SSEA-1) deter-
minant in mouse kidney. J. Biochem. 101: 553~562.
Sekine, M., T. Yamakawa, and A. Suzuki. 1987. Genetic
control of the expression of two extended globoglycolipids
carrying either the stage specific embryonic antigen-1 or -3
determinant in mouse kidney. /. Biochem. 101: 563-568.
Ullman, M. D, and R. H. McCluer. 1977. Quantitative
analysis of plasma neutral glycosphingolipids by high per-
formance liquid chromatography of their perbenzoyl
derivatives, J. Lipid Res. 18: 371-378.

Yamamoto, M., A. M. Boyer, and G. A. Schwarting. 1985.
Fucose-containing glycolipids are stage- and region-specific
antigens in developing embryonic brain of rodents. Proc.
Natl. Acad. Sci. USA. 82: 3045-3049.

Christie, W. W. 1982. Location and identification of com-
plex lipids on TLC plates. Irn Lipid Analysis. 2nd edition.
Pergamon Press, New York. 120.

Brockhaus, M., J. L. Magnani, M. Blaszczyk, Z. Step-
lewski, H. Koproski, K. A. Karlsson, G. Larson, and
V. Ginsburg. 1981. Monoclonal antibodies directed against
the human Le® blood group antigen. J. Biol. Chem. 256:
13223-13225.

Folch, J., M. Lees, and G. H. Sloane Stanley. 1957. A simple
method for the isolation and purification of total lipids from
animal tissues. J. Biol. Chem. 226: 497-509.

Williams, M., and R. H. McCluer. 1980. The use of Sep-
Pak Ci18 cartridges during the isolation of gangliosides.
J. Neurochem. 35: 226-269.

Ledeen, R. W,, and R. K. Yu, 1978. Methods for isolation
and identification of gangliosides. In Research Methods in
Neurochemistry. Vol. 4. N. Marks and R. Rodnight, edi-
tors. Plenum Publishing Corp. New York. 371-410.
Kannagi, R., E. Nudelman, S. B. Levery, and S-I. Hako-
mori. 1982, A series of human erythrocyte glycosphingo-
lipids reacting to the monoclonal antibody directed to a
developmentally regulated antigen, SSEA-1. J. Biol. Chem.
257: 14865-14874.

Kanfer, J. N., and S-1. Hakomori. 1983. /n Sphingolipid
Biochemistry. Handbook of Lipid Research. Vol. 3, Chap-
ter 1. Donald J. Hanahan, editor. Plenum Press, New York.
38, 45.

Larson, G., H. Karlsson, G. C. Hansson, and W. Pimlott.
1987. Application of a simple methylation procedure for the
analyses of glycosphingolipids. Carbohydr. Rés. 161: 281-290.
Miller, G. H. 1959. Protein determination for large num-
bers of samples. Anal. Chem. 31: 964.

Leskawa, K. C., S. Dasgupta, and J-L. Hogan. 1984. A
simplified procedure for the preparation of tritiated GM1
ganglioside and other glycosphingolipids. Anal. Biochem.
140: 172-177.

Ullman, M. D, and R. H. McCluer. 1978. Quantitative
microanalysis of perbenzoylated neutral glycosphingolipids
by high-performance liquid chromatography with detection
at 230 nm. J. Lipid Res. 19: 910-913.

Schwarting, G. A., M. A. Williams, J. E. Evans, and R. H.
McCluer. 1988. Characterization of SSEA-1 glycolipids in
human fucosidosis brain. Trans. Am. Soc. Neurochem. 19: 244.
McCluer, R. H,, and S. K. Gross. 1985. Biosynthesis of
neutral glycosphingolipids in kidney slices from male and
female mice. J. Lipid Res. 26: 593-599.

Williams et al. Mouse kidney SSEA-1 glycosphingolipids 1619

2TOZ ‘8T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

