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f-N-Acetylhexosaminidase was prepared from a liver lysosomal fraction obtained
from rats between 18 days of gestation (group I) and 72 weeks of age (groups II-VI). A
glycan chain analysis was performed after an electrophoresis and blotting, followed
by a very sensitive detection system with highly specific digoxigenin-labelled lectins.
The presence of high-mannose /hybrid type glycans, as well as their fucosylated forms
was shown in all the experimental groups. Complex-type glyeans with terminal sialic
acid or galactose were present in all the groups except for 1-week-old rats in which
only a positive reaction with lectins from Galanthus nivalis and Aleuria aurantia —
was observed. Thus it may be assumed that age-related changes in the glycosylation

pattern occur on the first days after birth.

f-N-Acetylhexosaminidase (EC 3.2.1.30)
(Hex) is a lysosomal hydrolase which hydro-
lyzes terminal f-linked N-acetylhexosamines
from oligosaccharides, glycoproteins, gly-
colipids and other carbohydratecontaining
macromolecules. In human tissues, there are
two major forms of Hex, A and B, which are
composed of two subunits (@ § and ), re-
spectively. The @ and £ subunits are encoded
by two distinct, yet closely related genes. Thus
their primary structure deduced from the nu-

cleotide sequence of ¢cDNAs shows an overall
60% homology [1-3]. It has been shown that
there are five potential glycosylation sites on
the f subunit, and three sites on the & subunit
[4, 5]. Being typical of glycoproteins, Hex is
synthesized in endoplasmic reticulum and un-
dergoes an extensive post-translational modi-
fication during its transit to lysosomes: N-
glycosylation, intrachain disulfide bonds for-
mation, followed by dimerization into hexo-
saminidase isoenzymes [1, 6]. Carbohydrate
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maturation occurs in the Golgi apparatus and
consists in phosphorylation of one or more oli-
gosaccharides, of the high mannose type re-
quired for the binding of the phospho-
mannosyl receptor to deliver the enzyme to
the lysosome. Final processing occurs in the
lysosome, giving rise to mature forms of the
enzyme [1, 2, 7, 8]. Glycosylation of the
polypeptide usually generates a set of glyco-
forms. They depend on the cellular environ-
ment in which the protein is glycosylated and
may therefore vary with type as well as physio-
logical state of the organism, tissue or cell in
which the glycosylation oceurs [9, 10]. Several
lines of evidence have demonstrated growth-
dependent changes in the N-linked oligosac-
charides of glycoproteins in the rat liver, as
well as in the activities of sialyltransferase
and galactosyltransferase in the liver Golgi
membranes [11, 12].

In order to investigaie the growth-dependent
changes in the glycosylation profile, we stud-
ied the carbohydrate moiety of Hex isolated
from the rat liver at different ages.

MATERIALS AND METHODS

Chemicals. A Glycan Differentiation Kit,
containing the digoxigenin (DigHabelled lect-
ins: Galanthus nivalis agglutinin (GNA) — a
lectin specific for terminal Man (x1-2, «1-3 or
a1-6) Man units; Sambucus nigra agglutinin
(SNA) — a lectin specific for NeuAc (12-6) Gal;
Maackia amurensis agglutinin (MAA) — a
lectin specific for NeuAe (@2-3) Gal; Datura
stramonium agglutinin (DSA) — a lectin spe-
cific for Gal (§14) GlcNAc; Aleuria aurantia
agglutinin (AAA) — a lectin specifically bind-
ing Fue (¢1-2, a1-3, @1-6) GleNAc and Arachis
hypogeae agglutinin (PNA) — a lectin specific
for Gal (§1-3) GalNAc in O-glycans were pur-
chased from Boehringer (Mannheim, Ger-
many). Nitrocellulose was from Schleicher
and Schuell. Other chemicals were of the high-
est purity and were purchased from Sigma
(St. Louis, MO, U.S.A))

Animals, Six series of male Wistar rats (ex-
cept for a prenatal group whose sex was un-
known), aged i8 days of gestation, 1 week, 1,
1.5, 3 and 18 month (groups: 1-VI, respec-
tively) were used. The animals were fed ad [i-
bidum on a conventional diet and had free ac-
cess to drinking water. The lighting condi-
tions (12 h light :12 h dark), temperature and
humidity were controlled. The animals were
killed by decapitation, after having been
starved for 24 h, their livers were perfused,
dissected and homogenized in 5 vol. of chilled
0.256 M sucrose per 1 g of the tissue using a
teflon-glass homogenizer. Preparation of the
crude lysosomal extract was carried out ac-
cording to the method of de Duve et al. [13], as
described previously in detail [14].

Isolation of rat liver [-N-acetylhexo-
saminidase. Liver Hex from a crude lysoso-
mal extract, obtained from rats of different
age, was isolated by an immunoaffinity chro-
matography. IgG-type antibodies were iso-
lated from 25 ml of rabbit antiserum against
Hex by a chromatography on Protein A-Seph-
arose Cl 4B column (1 em %X 10 em) in 0.1 M
sodium phosphate buffer, pH 7.0 [15]. The pu-
rified antibodies were then coupled to CNBr-
activated Sepharose 4B according to the rec-
ommended procedure [16]. Affinity chroma-
tography of Hex was performed in 0.02 M
Tris/HCl buffer, pH 7.4, containing 0.2 M
NaCl, on anti-Hex IgG-Sepharose 4B column
(1 em ¥ 10 em). The column was washed with
the starting buffer, and then Hex was eluted
with 0.2 M glycin/HCI buffer, pH 3.0. The col-
lected fractions were immediately neutralized
by an addition of 0.7% Tris. Fractions showing
the enzymatic activity were pooled, dialyzed
and concentrated.

Giyean chain analysis, Glycan chain analy-
sis of Hex was performed with the use of a Gly-
can Differentistion Kit according to Hasel
beck et al [17] on enzyme (20 ug) transferred
onto nitracellulose by Western technique [18]
after polyacrylamide gel eletrophoresis in the
presence of SDS under reducing condition
(SDS/PAGE) [10].The process was checked
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by measuring the protein remaining on the
original gel as well as the proteins appearing
on nitrocellulose by Ponceau S (Boehringer)
staining. The protein transfer efficiency was
at least 90%.

Nitrocellulose sheets were treated with a so-
lution of 0.05 M Tris/HCI, 0.15 M NaCl, pH
7.5 (buffer A) containing blocking agent
(TBS/Tween, 0.5%) for 12 h at room tempera-
ture. The blots were twice washed for 15 min
in buffer A and once with the same buffer A
containing 1 mM MgCls, MnCly, CaClg re-
spectively and were then incubated with the
digoxigenin-labelled GNA, MAA, SNA, DSA,
AAA or PNA for 60 min. After three times
washing with bulfer A, the blots were incu-
bated with polyclonal sheep anti-digoxigenin
Fab fragments conjugated with alkaline phos-
phatase, for 60 min. After a further washing
process (3 times) the conjugated alkaline
phosphatase was detected by the reduction of
the 4-nitroblue tetrazolium salt in the pres-
ence of 5bromo-4-chloro-3 indol-phosphate in
buffer B (Tris/HC1 0.1 M, MgCl; 0.05 M, NaCl
0.1 M, pH 9.5) to a blue precipitate. In con-
trols, preincubation of the lectins with the cor-
responding sugar (0.2 M) was performed as
follows: galactose for PNA, fucose for AAA,
methyl--D-mannopyranoside for GNA, galae-
tose and N-acetylglucosamine for DSA and
sialic acid for SNA and MAA.

Immunodetection of Hex. Hex (2 ug) was
separated by 12.6 % SDS/PAGE [19] and was
electrotransferred [18] onto nitrocellulose
membrane. The blots were blocked in
TBS/Tween (0.02 M Tris/HCI, pH 7.6, con-
taining 0.15 M NaCl and 0.1% Tween 20), with
1% bovine serum albumin (BSA). Afterwards,
nitrocellulose was sequentially incubated with
specific primary antibodies (rabbit anti-Hex A
antiserum) diluted in TBS/Tween with 1%
BSA (1:4000) for 1 h, and after washing three
times with TBS/Tween, was incubated with al-
kaline phosphatase conjugated anti-rabbit im-
munoglobulin G (1:4000 in TBS/Tween with
1% BSA) for 1 h. The « and f§ subunits on the

Age-related profile of Hex glycosylation 793

sheet were stained with 4-nitroblue tetra-
zolium as a substrate.

Other methods. The hexosaminidase activ-
ity was assayed according to Kaplan & Jamie-
son [20]. The protein was determined by the
dye-binding assay method [21] using bovine
serum albumin as a standard. Gels were cali-
brated for molecular mass determination us-
ing the Pharmacia Standard Kit for electro-
phoresis in SDS.

RESULTS

Under reducing conditions, Hex migrated in
PAGE/SDS as two bands as shown by probing
with specific antibodies against Hex A. The
protein bands of higher (52100 Da) and lower
molecular mass (26800 Da) corresponded to
the ¢ and f subunits, respectively (Fig. 1). De-
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Figure 1. f-N-Acetylhexosaminidase (2 jg) run on
a 12.6% PAGE/SDS.

The subunits identified by immunoblotting are indi-
cated. Lane 1 — molecular mass markers (kDa): phos-
phorylase b — 94, albumin — 67, ovalbumin — 43, car-
bonic anhydrase — 30, trypsin inhibitor — 20.1, a-lactal-
bumin — 14.4. Lane 2 — ¢- and S-Hex subunits.
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spite a strong reaction of both subunits with
antibodies, only the band corresponding to
the ct subunit showed reaction with the lectins
used.

A positive reaction with GNA, a mannose-
specific lectin, was observed in all the experi-
mental groups. This suggested the presence of
glycans of the high mannose/hybrid type as a
predominant form. The described reaction
was more pronounced in older animals
(groups ITI-VI) than in young ones (groups I
and II) (Fig. 2).

Apart from oligosaccharides of the high
mannose-type, the positive reaction with MAA

1998

and SNA — lectins specific for sialic acid —
suggested the presence of complex-type gly-
cans in all the groups tested except group 11 (1-
week-old rats) (Fig. 2). Their presence was fur-
ther confirmed by their reaction with DSA, a
lectin which recognized the Gal f(14) GleNAc
linkage. All the groups, except for 1-week-old
rats were DSA-positive. A reaction with AAA,
a lectin specific for fucose-linked o (1-2,1-3,1-
6) to the innermost N-acetylglucosamine unit,
was observed in all the groups, but it was the
most pronounced in l-week-old rats (Fig. 2).
The lack of reaction with PNA, a lectin which
recognizes Gal f(1-3) GalNAc in O-linked gly-

GNA SNAMAA DSA PNA AAA immuno

+ + + = +

1 week L | F 3 | S | | . £ tonall ] |
+ = e - +
+ & + < 3

1.5month | TERE Boyed L o | 1 & Wl FL 1|
+ + + s +

3 month i | “ ‘l“' ' - ‘ I
+ + i < +

18 month = C bed =) t et -
+ + + - +

Figure 2. Twenty microgram of Hex was run on a 12.6% PAGE/SDS, blotted onto nitrocellulose and
probed with Dig-labelled lectins: GNA; SNA and MAA; DSA: PNA: AAA,

Immuno, Hex probed with antibodies. (+) Positive reaction with lectin, (-) negative reaction. Typical resulls are

shown which were repeated at least 3 times.
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cans, indicated the absence of glyeans of that
kind in rat liver Hex.

DISCUSSION

Glycoproteins may coniain Asnlinked (N-
linked) or Ser/Thr-linked (O-linked) oligosac-
charides or a mixture of both. N-glycans are
generally classified as high-mannose, hybrid
or complex types.

In the present study a combination of highly
specific lectins and a sensitive detection sys-
tem provided valuable information on the age-
dependent changes in the glycosylation pro-
file.

Up till now, studies on glycan structure of
the liver Hex have not been performed. Only
human Hex from the placenta [3, 22, 23] and
fibroblasts [24, 25] has been investigated, so
far.

Our results indicate that rat liver Hex con-
tains predominantly oligosaccharides of the
high-mannose type. Some of the oligosaccha-
rides were of the complex-type, terminated
with sialic acid or galactose. Fucosylated
forms were also observed.

This is in agreement with the finding of
O'Downen et al. [23] on oligosaccharide struc-
ture of placental Hex.

Complex-type oligosaccharides, have also
been found in human fibroblasts by Hasilik &
von Figura [25]. The latter authors exami-
nated the distribution of oligosaccharides in
Hex and cathepsin D, synthesized in cultured
human fibroblasts using endo3-N-acetylgluc-
osaminidase H. In both those enzymes, endo-
H-resistant (complex) and cleavable oligosac-
charides were found.

The mature chain of § subunit of lysosomal
Hex was composed of three peptides desig-
nated as “a”, “b" and “¢”, linked through disul-
fide bonds that have apparent molecular mass
of 29, 23 and 12 kDa, respectively [1, 4, 6, 7].

In our study we have observed a reaction of
Hex with antibodies in the region of 26.8 kDa,
but no reaction with lectins has been detected.

The absence of such a reaction, may be ex-
plained by a partial or complete degradation
of oligosaccharides in lysosomes, as was al-
ready shown [22, 23], or by a decreased
amount of oligosaccharide — below the detec-
tion level. Mahuran [3] suggested that in lyso-
somes the glycans of f-a chain were rapidly de-
graded to a single GleNAc residue, not recog-
nized by the lectin used.

At present studies on the developmental pat-
terns of lysosomal enzymes have been de-
scribed in a few reports only. Olea & Nagata
[12] correlated the significant increase in the
number and size of lysosomes in the mouse
kidney from day 1 after birth and till day 7
with the rapid growth and development of an
animal at that stage of development. The ac-
tivity of Hex increased during development,
having reached the peak between days 4 and 7
after birth; and later on, it dropped to an al-
most fetal level in adults [26].

The results of Kato et al. [11), who studied
the postnatal changes in the N-linked oligosac-
charides of glycoproteins in the rat liver, indi-
cate that tissue glycoproteins from the 2-week-
old rat liver contain a higher proportion of
complex-type species as compared with those
from other groups (1-, 3-, 5week-old), moreo-
ver they suggest that oligosaccharide process-
ing of glycoproteins in the liver may be altered
at 2 weeks post partum.

The sialic acid/galactose ratio in plasma
membrane N-glycans was approximately 1
throughout the postnatal period, which sug-
gests that most of the galactose residues were
sialylated. When the activity of sialyltransfe-
rase and galactosyltransferase in liver Golgi
membranes was determined, age-dependent
changes were found. The activity of galacto-
syltransferase increased immediately after
birth, whereas that of sialyltransferase re-
mained at a low level for 2 weeks and then in-
creased to reach a constant level after 4 weeks
[27].

Hex is transported to lysosomes in a phos-
pho-mannosyl-dependent manner. Sosa et al.
[28] found important differences in the bind-
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ing of the fetal Hex compared to that of 90-
day-old rats which suggests that lysosomal en-
zymes and their receptors undergo significant
molecular changes in the rat liver during the
perinatal period [28].

Our results confirm some earlier findings
that the most pronounced differences in the
glycosylation profile occur around the first
week of age. The liver Hex from one week old
rats reacts with GNA and AAA only, the reac-
tion with AAA being the most pronounced.
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