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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 >l% of fucose and 

sulphate’. The submandibular mucin also contains substantial quantities of mannose’. 

Moschera and Pigman obtained similar results for the rat sublingual mucm and it was sug- 

gested that both 0- and N-glycosylically bound oligosaccharide-chains might be present. We 

now report the isolation and composition of N- and 0-glycosylically bound carbohydrate- 

chains from murine submandibular mucin (MSM). 

MSM was isolated essentially as described previously’, and its purity was established 

by electrophoresis4 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 reagent6. 

The effect of proteolytic enzymes was studied by incubating MSM, containing 

-500 ,ug of sialic acid, with pronase or papam 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. 

P-Elimination of carbohydrate chains was effected by incubating’ MSM (contain- 

ing 1500 /.~g of sialic acid) with 0.1 M KOH and M KBH4 at 45” for 16 h. The reaction was 

stopped with Dowex 5OW-X8 (H+) resin (50-100 mesh), and boric acid was removed con- 

ventionally as the methyl ester. A solution of the dry product in 1 OmM formic acid was ap- 

plied to a column of Dowex SOW-X2 and eluted with 1OmM formic acid. Fraction I was 

*To whom correspondence should be addressed. 
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Fraction (2 mL) 

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 fl-ELIMINATION 
AND HYDRAZINOLYSIS, AS DETERMINED BY G.L.Ca 

p_Ehination Hydrazinol_vm 

Fraction Ia Fractiorl Ib Fractton II 

Man 1.8 

Gal 1.4 

Glc 0.3 
GalNAc 0.4 

GlcNAc 1.2 

Sialic acid 1.0 
GalNAc-OH N.d. 

N.d. b 1.7 0.8 

1.2 0.8 0.6 

0.4 N.d. 0.2 
0.1 0.2 N.d. 

0.5 0.9 0.6 

1.0 1.0 1.0 

0.4 N.d. N.d. 

a Analysis was performed as described by Reinhold14. 
‘Not detectable. 
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MSM was subjected to fl-ehmmation with K;BIIJ. The product nuxtuie was cluted 

from Dowex SOW-X7 with ~OIIIM formic acid, to gJve a carh~)hydrstc-c~)niairrintlJn~ t‘ract~on I 

The material remaining on the column, which could he eluted with $1 :~~nm~~nium :ICC~~~C 

(frnctlon II), seemed to be largely undegraded msterJal (Table I). FJJC~IW I w,is !‘urther 

fractionated on B~oget 1)-q, to give two zaJ-bohydratc-c.oJJtainJJJg f:actJoJls (la and its) tht 

were analvsed for carbohydrate (Table I). FractJon 13 was etuted in the voi~l \oiume. sug- 

gesting 3 Jnolecular weight higher than 800. Fraction 111 w3b cluted 111 the trixxchariclr 

zone. On a weight basis. the ratio of fractions la and Ih was 1 . 1. Fraction la contained D- 

munnose and 7-acetamidv-‘-deosq’-u-gluc‘ose, hut no ‘-a~etainidc~~-‘-de~~~y-l~~g~ll~ctlt:,i. 

and traction lb contained ?-a05anildo -7.deoxy-I,-galact1tol. but 1lC) l~-lllallncu?. lrldlcatlll~ 

the presence III MSM ol,\/- and 0glycosyl~cally bound c:lrhollqtlr:Jte-~Il~IJJl~. ~csp~cilvely. 

HydtazmolysJs of MSM gave olJgosasch:JriJes that consisted of I)-rn:iJlnoae. D- 

galactose, D-glucose. ~-azetarnid~)-3-deosy-I)-glucose, and SUIJC ac~il. 5~) 7-acr’t,JmJdo-7- 

deosy-D-galactose was detected. The pl-esencr oi‘ I>-glucose might he ascribed tv mc~~rn- 

pletely processed carbohydrate-chains. 

The fact that MSM contains substantial proportions of D-mann~,~e aJJd ?-a~t’i- 

arnido-~-deox~-D-glucose, Jn :JddJtJon to ?-acetarnido-7-deo.~y-D-gala~tose. D-galautose, 

and siatic acid, ted Roukerna CT al.’ to suggest the presence ot‘ two types oi‘ol~go~c- 

charide chains. This 1s now substantiated. The occurrence 1.11 both 0 anti .2’-Ft!,c~,~ytic;~lt~ 

hound ~arhohydrate-chLilns 011 one polypeptlde chain has Ixt‘n descrltvtf ant\ for glyc~~- 

proteins of the serum-type, e.g.. fetuin”. thyroglobulin” and eryttiro~vte-nicmhraJ~c 

glycoproteiJls’2. However. the presence of D-munnase in mucin-type gtyc~~p~i~teina ha> 

also been reported3 for rat but)lmguat mucin, hut riot ft)r rat ~~~i~rn~ri~l~h~~l~~r ILLICIT. 7’1~ 

latter substance dcles ct)ntaiJ, ~-acetarniJo-3-dt~~xy-I~~gl~Jc~~seJ”. ou1- Ic\Slltts Oil MSM illdl- 

cate that the sJmutt3neous ilccul-rcJice oi 0- and l\--gtycosvlicalty houri~i iarhc)tivdJclle- . . 
chains can atso be found on mucins. 

We thanh Dr. B. Fournet (I~lle, FJ-ante) tar valuable suggestions. anti 

Mr. L. A. W. Trippelvitz and 3lr. C. J. v;m del- Wal i‘o~ ps~fo~rnlng c:IIt~c~tl).&:ltt’ and anlin~l 

acid analyses. 
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