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Preliminary communication

Murine submandibular mucin (MSM); a mucin carrying N- and O-glycosylically
bound carbohydrate-chains
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The submandibular and sublingual salivary-glands of the mouse secrete mucins
from their acinar cells’ . Both mucins contained ~25% of sialic acid and >1% of fucose and
sulphate?. The submandibular mucin also contains substantial quantities of mannose?.
Moschera and Pigman?® obtained similar results for the rat sublingual mucin and it was sug-
gested that both O- and N-glycosylically bound oligosaccharide-chains might be present. We
now report the isolation and composition of N- and O-glycosylically bound carbohydrate-
chains from murine submandibular mucin (MSM).

MSM was isolated essentially as described previously?, and its purity was established
by electrophoresis* on 7.5% acrylamide gels at pH 8.9. The samples were solubilised either
in distilled water, 0.1% SDS, 0.1% SDS plus 0.1% of 2-mercaptoethanol, or 0.1% SDS plus
0.05M N-acetylcysteine. The samples were also subjected to electrophoresis at pH 7.0 in
SDS-acrylamide gel, using the conditions for the determination of molecular weight®. The
gels were stained for protein with Amido Black and for carbohydrate with the periodic acid—
Schiff reagent®.

The effect of proteolytic enzymes was studied by incubating MSM, containing
~500 ug of sialic acid, with pronase or papain for up to 24 h followed by electrophoresis to
detect degradation products. The incubation mixtures were chromatographed on columns
(1.5 X 25 cm) of Biogel P-300, to separate the degraded material from the mucin.

g-Elimination of carbohydrate chains was effected by incubating” MSM (contain-
ing 1500 pg of sialic acid) with 0.1M KOH and M KBH, at 45° for 16 h. The reaction was
stopped with Dowex 50W-X8 (H™) resin (50—100 mesh), and boric acid was removed con-
ventionally as the methyl ester. A solution of the dry product in 10mM formic acid was ap-
plied to a column of Dowex 50W-X2 and eluted with 10mM formic acid. Fraction I was

*To whom correspondence should be addressed.
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eluted in the void volume, und elution with M ammonium acetate gave fracuon 1.
Fraction I was eluted froma column (1 X 120 em) of Biogel P-4 with (.SmM ammonmm
acetate (pH 5.0). Fractions ot 0.5 mL were collected. Carbohydrate-contaming fractions
67 70 (fraction Ja)and 113- 119 (fraction Ib) were combimed sepaately - and analysed by
g.lc.

Hydrazinolysis of MSM was effected by heatung a suspension of MSM  sialic acid
(455 pg) m anhydrous hydiazine (200 gL ) at 1007 for 10 h. Atter evaporation of excess of
hydrazine with toluene. the ohgosaccharides were precipitated with erhanol, reduced with
borohydride. and re-NV-acetylated.

Protein was determined according 1o the standard, Lowry method. Swlic acid was
assayed as described by Waren”.
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Fig. 1 Electrophoresis of MSM betore and after incubation with proteolytic enzy mes. ¢ ¢ were tun n

7 5 gelatpH 8.9 fand g mn 7.57 gel ut pH 7 0 in 0.17 SDS. All gels were stained for carbohydrate
with PAS-reagent, except gel o, which was statned for protein with Amido Black Samples contained

10 pg of MSM - sialic auid, but gels 7 and ¢ were loaded with 50 ug. Key. v, 4. and ¢, native MSM. / and
<, MSM after incubation with pronase for 7 h and with papain for 24 horespectively: fand g0 MSM aiter
mcubation with papain tor 7 and 24 h. respectively.

The behaviour of the MSM preparations in electrophoresis is shown in Fig. 1.
Overloading the gel showed nu detectable carbohydrate (fane €) o protem (lane ) itmpui-
1ties. Incubation with pronase or papuin gave a small amount of PAS-posttive muaterial, with
a mugration rate higher than that of the original MSM (lave @), both on gels of pH 89
(lanes b and ¢) and on SDS-acrylanide gels ot pH 7.0 (lanes f and g). The migiation rate of
MSM did not change, which suggest” that the major part of the molecule is not sensitive to
proteolytic degradation, and thut there dre no significant amounts ot contaminating (glyco)-
protems. No differences in migration rate were seen when alternative denaturing condi-
trons were chosen. The finding that there ure no subunits in MSM accords with our earlies
findings® and those of uthers”.

MSM was treated with pronase, and the products were chromatographed on
Biogel P-300 (Fig. 2). A major protemn-containing peak that appeared in the voud volume
{tractions 9- 15) had the same elerrophoretic mobility as MSM, and 4 protem  siahe acid
ratio of 1.3, contained D-mannose, 2-acetamdo-2-deoxy-D-glucose. 2-acetamido-2-deoxy-D-
galactose, and D-galactose in molur ratios comparable to those of MSM. und had an amino
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Fig. 2. Chromatography of MSM (after incubation with pronase for 24 h) on a column (1.5 X 25 cm) of
Biogel P-300; elution with 0.154M sodium chloride. Fractions of 2 mL were collected. The protein-
containing fractions were determined by measuring the absorption at 280 nm. Fractions 9-15 and
16—22 were combined and analysed.

acid composition comparable to that of MSM. Fractions 16—22 contained material having a
protein—sialic acid ratio of 9.6. The protein content of this fraction was too low to permit
further analysis. Thus, mcubation of MSM with pronase does not remove D-mannose-
containing material, suggesting that D-mannose 1s an integral component of the carbo-
hydrate moiety of MSM.

TABLE I

MOLAR CARBOHYDRATE RATIO OF MSM FRACTIONS OBTAINED AFTER g-ELIMINATION
AND HYDRAZINOLYSIS, AS DETERMINED BY G.L.C.¢

B-Elimination Hydrazinolysis

Fraction la Fraction Ib Fraction II

Man 1.8 N.d.b 1.7 0.8
Gal 1.4 1.2 0.8 0.6
Gle 0.3 0.4 N.d. 0.2
GalNAc 0.4 0.1 0.2 N.d.
GlcNAc 1.2 0.5 0.9 0.6
Sialic acid 1.0 1.0 1.0 1.0
GalNAc-OH N.d. 0.4 N.d. N.d.

@ Analysis was performed as described by Reinhold'4.
D Not detectable.
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MSM was subjected to f-elimination with KBH,. The product muixte was eluted
from Dowex 50W-X2 with 10mM formue acid, to give a carbohydrate-contamning traction |
The material remaining on the column, which could be eluted with M ammonium acctate
(fraction I1), seemed to be largely undegraded matenal (Table 1). Fraction I was turther
fractionated on Biogel P-4, to give two carbohydrate-containmg fractions (la and Ib) that
were analysed for curbohydrate {Table ). Fraction fa was eluted in the vord volume. sug-
gesting a moleculur weight higher than 800. Fraction Ib was ¢luted 1n the trisaccharnde
zone. On a weight basis. the ratio of fractions Ia and Ib was 1 . 1. Fracnion la contained D-
mannose and 2-acetamido- 2-deoxy-D-glucose, but no 2-acetamido-2-deony-D-galactitol,
and fraction Ib contained 2-acetamido-2-deoxy-D-galactitol. but no D-mannose. mdicatng
the presence in MSM of V- and O-glycosylically bound carbohydrate-chams. iespectively.

Hydiazinolysis ot MSM gave oligosaccharides that consisted of D-mannose. D-
galactose, D-glucose. 2-acetamido-2-deony-D-glucose, and sualic ucrd. No 2-ucetamido-2-
deoxy-D-galactose was detected. The presence of D-glucose might be ascribed to mcom-
pletely processed carbohydrate-chains.

The fact that MSM contains substantial proportions of D-mannose and 2-acel-
amido-2-deoxy-D-glucose, m addition to 2-acetamido-2-deoxy-D-galactose. D-galactose,
and sialic acid, led Roukema ef al.* to suggest the presence of two types of oligosac-
charide chains. This 1s now substantiated. The occurrence of both 0- and N-glycosylically
bound carbohydrate-chains on one polypeptide chain has been described only for glyco-
protemns of the serum-type, e.g.. fetuin'®_ thyroglobulin!'. and ervthrocyte-membrane
glycoproteins'. However, the presence of D-mannose in mucin-type glvcopioteins has
also been reported? for rat sublingual mucin. but not for rat submandibular mucin. The
latter substance does contain 2-ucetamido-2-deoxy-D-glucose™ . Our resufts on MSM indi-
cate that the simultaneous vccurrence of O- and N-glycosylically bound carbohydiate-

chamns can also be found vn mucins.
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