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ABSTRACT 

A sialomucin from mouse submandibular glands was treated with mild base- 
Me,SO. This treatment cleaves 0-glycosylically linked oligosaccharides, but preserves 
the integrity of the protein core. After treatment with mild base-Me,SO, 49.2% 
(by weight) of the oligosa~harides were removed from the polypeptide; they were 
composed of residues of 2-acetamido-2-deoxy-D-glucose, %acetamido-Z-deoxy-a- 
galactose, sialic acid, and D-galactose. These oligosaccharides were linked U-glycosyli- 
tally via 2-acetamido-2-deoxy-D-galactose. Chromatography of the base-Me.$O- 
treated mucin on Sephacryl S-300 indicated that the protein core, with its base- 
resistant oligosaccharides, is a single, high-molecular-weight species. The mild-base- 
resistant linkages remaining on the protein core (50.8% of the total carbohydrates 
by weight) also contained D-mannose. The presence of these mild-base-resistant 
linkages, and the formation of 2-acetamido-2-deoxy-D-glu~itol following treatment 
with M NaOH-M NaBH,, confirmed the presence of N-glycosylic linkages. 

INTRODUCTION 

The salivary-mucus glycoproteins from mammals share similar chemical 
compositions. The linkage of the oligosaccharides to the protein core in salivary 
mucins has been characterized as a glycosidic linkage involving 2-acetamido-2-deoxy- 
D-galactose to the 3-hydroxyl groups of seryl and threonyl residues’,‘. The fl-elimina- 
tion reaction has been routinely used to establish this type of linkage. 

We have isolated, and ele~trophoretically purified to apparent homogeneity, 
a sialomucin from female-mouse submandibular glands. The mouse-submandibular 
sialomucin differs from most other salivary mucins by the presence of D-mannose 
and the higher proportion of 2-acetamido-2-deoxy-D-glucose than of 2-acetamido-2- 
deoxy-D-galactose. 

The presence of small propo~ions of D~manuose is unusual in mucus glyco- 
proteins”. Traditionally, wmannose has been associated with ~-~ycosylically linked 
oligosaccharides in which 2-acetamido-2-deoxy-D-glucose is attached to asparagine. 
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This N-glycosylic linkage is not susceptible to the mildly basic conditions necessary 
to cleave the glycosidic bond4. 

The /&elimination reaction of Downs ef AI.~, involving treatment with mild 
base~imethyl suifoxide, yields no di~usible protein upon dialysis. This procedure 
seems a particularly valuable approach for studies of the protein core and of linkages 
that are resistant to treatment by mild base. 

The high proportion of 2-acetamido-2-deoxy+glucose, and the presence of 
o-mannose in the mouse submandibular sialomucin, prompted us to investigate the 
structure of this glycoprotein. Utilizing the method of Downs et n1.5, we present 
evidence for gly~os~d~caIfy linked oligos~ccharid~s, free from D-mannos~, and also 
for a base-resistant Iinkage. Upon further study, this base-resistant linkage appeared 
to be N-glycosylic in nature, 

P~e~~~~~~~~ of n?aterial. - Electrophoretically pure sialomucin was prepared 
from the submandibular glands of female mice. The siaiomucin was isolated by a 
previously reported procedure3 involving chromatography on Sephacryl S-200, acidic 
dialysis, and preparative, poly(acrylamide)-gel electrophoresis. 

Radioactive Labeling of the sialomwin. - The sialomucin was radioactively 
labeled by reductive alkylation, either with 14C-formaldehyde6 or sodium boro- 
(3H)hydride7. This procedure labels the d-amino group of lysine in the protein core. 
The specific activity of the 14C-labeled mucin was 1.43 nCi/pg, and 86.4 nCi/pg for 
the 3H-labeled mucin. Both labeled mucins co-migrate with umabeled sialonluciI1 
in analytical, poly(acryIamide)-gel eiectrophoresis and molecular-exclusion chromato- 

graphy. 
Base treat~~e~t in dirnet~l~~ ~~~~~~~de ~~~e~~~~. -. A Iyoph~lized sample con- 

taining 450 fig of sialomucin, and a small amount of radiolabeled mucin for quantita- 
tion of recoveries, was dissolved in Me,SG and aqueous KOH to give a final concentra- 
tion5 of I : 1 (v/v) Me,SO and 0.17~ KOH. FoIlowing a 2-h incubation at 45”, 
the base was neutralized with 0.5~ HCI, and the sample was applied directly to 
a column (0.9 x 48 cm) of Sephadex G-50 (Pharmacia Fine Chemicais, Piscataway, 
‘NJ 08854). Fractions were eluted with water at room temperature, at a flow rate of 
6.5 mL/h. Those fractions containing both radioactivity and sialic acid at the void 
volume were determined and pooled (protein core), and those containing sialic acid 
only (~hains~ were combined. Both soln~ions (of the core and the chains) were Iyo- 
philized to dryness, and their corresponding carbohydrates were id~nti~ed and 
quantitated. Amino acids from the core were also quantitated. 

Base tveatment andreduction. - Native mucin was treated’ with 0.05~ KOH-M 
sodium borollydrjd~ (,X&H,) for 15 h at 45”. to preserve the glycosidi~ally linked 
sugar as the alditol for quant~tation. The sampie was made neutral, and desalted on a 
column (0.9 x 24 cm) of Sephadex G-25. All fractions containing sialic acid were 
pooled, and lyophiiized to dryness. 
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The lyophilized, protein-core fraction from the column of Sephadex G-50 was 
dissolved in M NaOH-M NaBH,, to cleave the base-resistant linkagegJO. The core 
material was incubated for 6 h at IOO”, cooled in ice, the base neutralized with glacial 
acetic acid, and the neutral sample applied directly to the column of Sephadex G-25 
previously described. All fractions between the void and the included volumes were 
pooled, and lyophilized to dryness. It was necessary to IV-reacetylate the reduced 
oligosaccharides prior to methanol~sis . ‘I The methyl glycosides were ~-reace~lated, 
per(trimethylsilyl)ated, and the products analyzed by g.1.c. Hexosaminitol standards 
were prepared by treating N-acetylated amino sugars with 0.05~ NaOH-M NaBH, 
for 1 hat4508. The standards were made neutral, and the boric acid was removed 
by several additions and distillations of methanol l2 The standards were then treated . 

by the routine methods employed for g.1.c analysis. 
Analytical ~ef~~~s. - Preparation of sugars for, and analysis by, g.1.c. were 

conducted by the method described previously3. Additionally, a column of 3% of 
(IV-17 on Gas Chrom Q was used to separate 2-acetamido-2-deoxy-D-glucitol from 
2-acetamido-2-deoxy-D-glucose . ’ O Amino sugars in the core were additionally quanti- 
tated with an amino acid analyzer. The hexosamines prepared for the latter method 
were hydrolyzed with 4~ HCI for 6 h at 100”. 

Amino acids in the core fraction were analyzed as before3, except that samples 
were hydrolyzed for 24 h only. 

Sialic acid was determined fluorometrically by a modification of the method 
of Hof et aE.13, using N-acetylneuraminic acid as the standard. 

The integrity of the core fraction was examined by chromatography on Sepha- 
cry1 S-300 (Pharmacia). Both the 14C-labeled core and the 3H-labeled, native mucin 
were applied to a column (1.5 x 86 cm) equilibrated with 0. I M potassium phosphate 
(pH 7..5)-2.0~ guanidine + HCI. Fractions were eluted at room temperature, at a 
flow rate of 27 mL/h. Radioactivity was quantitated by liquid scintillation spectro- 
metry. 

RESULTS 

Base treatment irr Me,SO. - The elution profile of the glycoprotein (that had 
been treated with base-Me,SO) when chromatographed on Sephadex G-50 is shown 
in Fig. 1. There is no significant breakdown of the core after a 2-h ~eatment with 
base-Me,SO, but there is partial removal of sialic acid. Treatment times of 5 h 
yielded slightly degraded, core units, as evidenced by the redistribution of 19 % of the 
radiolabel into the column eiution-volume. 

When the mucin treated for 2 h was applied to a column of Sephacryl S-300 
(see Fig. 2), the protein core was efuted as a compact peak behind that for the un- 
treated, native mucin. This indicates that the core fraction contains a single, high- 
molecular-weight species, diminished in size by the removal of carbohydrates. Other 
methods of base treatment to cleave glycosidically linked, carbohydrate chains were 
attempted , B,i4 but these failed to preserve the integrity of the protein core. 
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Fig. 1. Sephadex G-50 cbromatograp~y of mucin following 2-h, base-Me&O treatment. {Sialic acid, 
which is expressed as nmol per fractron, IS shown by the solid line, and W fin counts per min) is 
given by the broken line. The fractrons containing both the radioactive peak and the major sialic acid 
peak in the void volume fV6) were those pooled for the protein-core fraction. Those fractions sub- 
sequent to the void volume and containing sralic acid, were combined for the chain fractton. The 
included volume is indicated by VT.] 

I 

“0 

Fraction I 
“I 

Fig. 2. chromatography of mucin on Sephacryl S-300 following 2-h, base-Me&O treatment. 
[Untreated, 3H-htbeIed, native mucin is expressed as counts per mm, and is given by the solid line. 
Mucin, which was treated for 2 h wrth base-MeaSO, was W’-labeled, and is indrcated by the broken 
line. The void volume IS expressed as VO, and the included volume, by VI.] 
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TABLE I 

CARBOHYJ3RATE C0MFOSlTlON OF NATlVE MUCIN, AND THE RESULTING FRACXONS SUBSEQ~~TO THE 

~-ELI~NA~~N RBA~TIoN~-~ 

Component Native much Conditions of Downs et al.5, and G-SO 
c~ro~ato~r~phy 

Chains Protein core 

D-GalactoseC 26.2 31.5 31.1 
D-Manno& 9.6 0 20.8 
Sialic acidera 28.4 30.4 15.0 
GlcNAcc,d 20.4’ 15.6 24.9e 
GalNAcc,d 15.46 22.5f z&2* 

.l~l_- ~- --- _ ---~- ---- __ --. 

“Experiment repeated 3 additional times. bThe values are reported in mol/iOO mol of carbohydrate. 
CDetermined as methyl glycosides by g.1.c. &Expressed as the N-acetyl derivative. eValue confirmed 
by the amino acid analyzer. fThe value for GalNAc was corrected for decomposition that occurred 
during the @-elimination reaction. 

The treatment of the mouse sialomucin with base-Me,SO for 2 h results in 
substantial loss of 2-acetamido-2-deoxy-n-galactose. Porcine sialomucin contains 

only 0-glycosylic linkages. For comparison, the porcine mucin was subjected to 
the same conditions of treatment with base-Me,SO. A similar loss of 2-acetamido-2- 
deoxy-D-galactose was observed. The quantity of this amino sugar lost corresponded 
approximateIy to the number of 0-glycosylic linkages in the porcine mucin. There was, 
however, no recovery of identifiable derivatives from the missing 2-acetamido-2- 
deoxy-D-galactose, The carbohydrate chains released from the mouse submandibular 
sialomucin by treatment with base-Me,SO, and isolated by chromatography on 
Sephadex G-50, were subsequently reduced’ with 0.05~ KOM-M NaBH, in au attempt 
to recover the linkage hexosamine as its alditol, but no identifiable product was 
formed. Sodium borohydride was also used concurrently with base-Me,SO in an 
attempt to reduce the Iinkage hexosamine immediately. This procedure afforded 
numerous by-products (g.1.c.); however, we were unable to duplicate any of the by- 
products following a variety of treatments of hexosamine standards. 

~~~b~~~d~ut~ c~?aj~~. - The proportion of oligosaccharides removed from the 
polypeptide after base-Me,SO treatment was 49.2”/, by weight (see Table I). These 
base-labile chains were composed of residues of D-galactose, 2-acetamido-2-deoxy+ 
galactose, 2-acetamido-2-deoxy-D-glucose, and sialic acid. Whereas D-mannose is 
found in the native mu&, it was absent from the chains released by the base-Me,SO 
treatmeut. o-Galactose and sialic acid are abundant in the chains. The ratio of 2- 
acetamido-Z-deoxy-D-glucose to 2-acetamido-Z-deoxy-n-galactose has been reversed. 
In the native mucin, this ratio is 1.33 : 1, whereas, in the chains, the ratio has de- 
creased to 0.69 : 1, and this indicates an enrichment of 2-acetanlido-2-deoxy-~- 
galactose in the chains. 
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TABLE II 

CHANGES IN COMPOSITION FOLLOWING BASE TREATMENTS”.” 

m--l-.-.m---_l ..-- I. _... ._. .-- ~~~~ .- -. . ..” _-._-- __ ._ 

Threoninec 28.9 15.1 13.8 
Serinec 9.3 3.1 6.2 
GalNAccJqP 31.6 18.9 8.5 23.1 
GalNAc-0kP.f 12.7 
GlcNAcc. @.e 41.9 27.9 14.0g 23.1 

GI~NAc-OH”+~J 4.5 

aThe values are reported in moI/IOCl mol of native amino acids. *Unless indicated, all values represent 
recoveries. Determined by amino acid analysis. %xpressed as the N-acetyl derivative. eDetermined 
by g.l.c., following methanolysis. fAbbreviations: GalNAc-OH, 2-acetamido-2-deoxy-r)-galactital; 
GlcNAc-OH, 2-acetamido-~-deoxy-D-g~ucito~. “Recovered with O-glycosylic oligosaccharides, 

Protein core. - Nearly .51:/ of the total weight of the carbohydrates remained 
attached to the core (see Table I). The mild-base-resistant carbohydrates remaining 
on the core after the 2-h, base-Me,SO treatment were D-galactose, 2-acetamido-2- 
deoxy-D-ga~actose, Z-ac~tamido-2-deoxy-D-glucose, sialic acid, and D-mannose. 
The value for D-gaIactose is similar to the value in the chains, whereas sialic acid is 
diminished two-fold. The presence of D-mannose is exchrsive to the core oligo- 
saccharides. The ratio of 2-acetamido-2-deoxy-D-gIu~ose to 2-acetamido-Z-deoxy-u- 
galactose in the core fraction is dramatically enhanced to over four-fotd the ratio 
in the chains, namely, 3.03 : I. 

The amino acid analysis of the core was in good agreement with that of the 
native mucin, except for a 48 ‘?G diminution in threonine and a 670; diminution 
in serine (see Table if). The core additionally shows a 73:; diminution in 2-acet- 
amide-2-deoxy-D-gala~tose, as revealed both by g.1.c. and by amino acid analysis. A 
5-h, base-Me,SO treatment showed no additional decomposition of this hexosamine 
in the core. 

nature of the ~jn~~~es. - The mild-base-Iabi~ity of iinkages to the protein core 
indicates the presence of O-giycosylic bonds. The loss of 2-acetamido-2-deoxy-o- 
galactose and the concomitant diminution in serine and threonine corroborate the 
presence of this linkage”. There is good agreement between the loss of serine and 
threonine (20.0 mol/lOO mol of amino acids) and the diminution of 2-acetamido-2- 
deoxy-D-galactose (23. I moI/IOO mol of amino acids; see Table II). Tn addition, there 
is a 5.5 P; conversion of available Z-acetamjdo-2-deoxy-D~gaiactose into 2-acetamido-2- 
deoxy-D-galactitol following the reductive, ~-eIimination reaction of native mucin 
by the method of Carlson*. These results confirm the presence, in the mouse sub- 
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mandibular sialomucin, of an O-glycosylic linkage which involves attachment of 
carbohydrate chains, free from D-mannose, by “reducing-terminal” 2-acetamido-2- 
deoxy-D-galactosyl groups to the 3-hydroxyl groups of seryl and threonyl residues. 

Following base-Me,SO treatment, the core fraction was treated’ with M 
NaOH-M NaBH,; this produced a peak that, in g.l.c., emerged at the same location 
as 2-acetamido-2-deoxy-D-giucito1. Quantitation of this peak indicated that N 4.5 mol 
were formed per 100 mol of amino acids (see Table II). The presence of mild-base- 
resistant oligosaccharides remaining on the core following base-Me,SO treatment, 
and the resultant 2-acetamido-2-deoxy-D-glucitol following the strong base-boro- 
hydride treatment, substantiate the presence of N-glycosylic linkages involving 
attachment of 2-acetamido-2-deoxy-D-glucose to asparagine. 

DISCUSSION 

The mouse submandibular sialomucin is composed of two classes of oligo- 
saccharide, both linked onto the same protein core. The treatment with base-Me,SO 
preserved the integrity of the protein core, and provided the basis for identi~cation 
of two types of oligosaccharide. One oligosaccharide fraction is mild-base-labile 
and is glycosidically linked. The other chain is high in content of D-mannose, and 
resistant to mild treatment with base; this is characteristic of a N-glycosylic linkage. 

Chromatography of the Me,SO-treated glycoprotein on Sephadex G-50 
yielded the protein core-fraction, which was eluted in the void volume, and the glyco- 
sidically linked oligosaccharides, which were eluted subsequent to the void volume. 
We observed a direct relationship, in the 0-glycosylic oligosaccharides, between an 
increased retention time on the G-50 column and an increased, relative concentration 
of sialic acid. Free sialic acid applied to G-50 under the same conditions is eluted 
after the included volume; this indicates a probable interaction of sialic acid with the 
G-50 gel. Such an interaction may explain the observed fractionation of oligosacchar- 
ides. 

The 2-acetamido-2-deoxy-D-galactose content of the protein core was decreased 
by 73 %, but none of it was recovered in the oligosaccharides removed by base-Me,SO 
treatment. This suggests that 73 % of the total 2-acetamido-2-deoxy-D-galactose 
residues in the glycoprotein are involved as the linkage sugar. The 73% loss of 
2-ace~mido-2-deoxy-D-galactose, or 23.1 mol/lOO mol of amino acids, is consistent 
with the diminution in (serine plus threonine) of 20.0 mol/lOO mol of amino acids 
in the protein core as there is a direct relationship between the loss of the amino sugar 
and the loss of the amino acids involved in the O-glycosylic linkage following the 
/.&elimination reaction . I5 Furthermore, the observation that a 5-h, Me,SO treatment 
failed to increase the decomposition of 2-acetamido-2-deoxy-D-galactose suggests 
that 23.1 glycosidic linkages/100 amino acid residues constitutes the maximum. 

The presence of the glycosidic linkage was verified by the formation of 2- 
acetamido-2-deoxy-D-gaiactitol following treatment’ of the glycoprotein with 0.05~ 
KOH-M NaBH,. Only 55 % of the available 73 % of 2-acetamido-2-deoxy-D-galactose 
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was converted into the alditol, supporting the contention that this procedure may not 

quantitatively cleave the bond”. This is consistent with the finding that the rate of the 

/I-elimination reaction is dependent upon the concentration of the base. rather than 

on that of the borohydride”. 

The decomposition of serine in the /I-elimination reaction proceeds faster than 

that of threonine’ ‘*18. In support of this, we found that the amount of serine de- 

composed was the same in treatment with Me,SO for one hour as it was in two hours. 

More than twice as much threonine was, however, decomposed in the samples treated 

for 2 h than in those treated for 1 h. 

When the protein core was chromatographed on Sephacryl S-300, it migrated 

as a single peak. Because the core possesses mild-base-resistant oligosaccharides 

composed of D-mannose, o-galactose, 2-acetamido-2-deoxy-D-glucose, 2-acetamido- 

2-deoxy-D-galactose, and sialic acid, it seemed reasonable to suspect the presence of a N- 

glycosylic linkage. The method of Lee and Scocca 9 is useful for determining the 

linkage of 2-acetamido-2-deoxy-o-glucose to asparagine. Although the core contained 

some 2-acetamido-2-deoxy-D-galactose, no 2-acetamido-2-deoxy-D-galactitol was 

formed following treatment with M NaOH-M NaBH,. Thus, the remaining %-acet- 

amido-2-deoxy-D-galactose residues are probably situated within the chains, and 

do not serve as linkage sugars. There were 4.5 mol of 2-acetamido-2-deoxy-D-glucitol 

formed per 100 mol of amino acids. This value is likely to be an underestimate, and it 

probably represents only a 50-70 ‘I,; yield of 2-acetamido-2-deoxy-D-glucitol’ ‘. A 

7004 yield would increase the value to 7 mol per 100 mol of amino acids. We previ- 

ously reported3 that there are 6.75 +0.31 mol of aspartate or asparagine per 100 mol 

of amino acids; this suggests that every asparaginyl residue has an oligosaccharide 

N-glycosylically linked via 2-acetamido-2-deoxy-D-glucose. 

It has been reported l 9 that the strongly basic conditions used in the Lee and 

Scocca’ procedure cause N-deacetylation. The presence of a N-acetyl group increases 

the susceptibility of a N-glycosylic linkage to acid hydrolysis or methanolysis”. A 

re-N-acetylation step was, therefore, necessary prior to methanolysis. Baenziger 

et al.” reported that the bond between asparagine and 2-acetamido-2-deoxy-D- 

glucose resists methanolysis, and thus, must be acid-hydrolyzed. Our preparation 

for examination in the amino acid analyzer had been acid-hydrolyzed, whereas the 

material used for g.1.c. analysis had been methanolyzed, and the results of the two 

methods of quantification for this amino sugar agreed precisely. 

o-Mannose was never associated with O-glycosylic oligosaccharides released 

after base-Me,SO treatment of the mouse mucin: instead, D-mannose remained 

with the protein core. That D-mannose was present in a contaminating glycoprotein, 

in N-glycosylic linkages, seems improbable. The purity of the salivary mucin was 

assessed previously3 by analytical and sodium dodecyl sulfate-poly(acrylamide)-gel 

electrophoresis, isoelectric focusing, immunoelectrophoresis, and immunodiffusion. 

Now, an additional indication of purity has been demonstrated by chromatography 

in guanidine hydrochloride on Sephacryl S-300, before and after base-Me,SO treat- 
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ment. In both cases, only a single peak resulted. It seems unfeasible that a con~minant 
would co-migrate under such a variety of conditions. 

Other investigators I2 have isolated from the rat sublingual gland a sialomucin 
which also contains D-mannose. This mucin from the rat sublingual gland was treated 
by the method of Carlson’ in order to release the O-glycosylic linkage to the protein 
core2’. u-Mannose was not detected in the O-glycosylic carbohydrate chains, but it 
remained with the portion of the treated material that was unable to pass through a 
dialysis bag. The presence of this nondialyzable D-mannose, and the higher proportion 
of 2-acetamido-2-deoxy-D-glucose in the rat sublingual mucin, suggests that the 
D-mannose could be a component of ~-glycosylically linked oligosaccharides. 

The presence of both linkages may not be limited to rodent salivary mucins. 
In studies with the bovine submandibular sialomucin, base-Me,SO treatment in- 
dicated that l&15% of the oligosaccharides are base-resistant’. The authors5 
suggested that the resistant linkages may be ~-gly~osylic, as such a bond is as resistant 
to mild base as the peptide bond itself. 

The presence of N- and Q-linked glycosyi residues on a single polypeptide is 
not unknown. Human IgA, (ref. 21) and human thyroglobulin2’ are glycoproteins 
that contain both types of linkage. However, the female-mouse submandibular 
sialomucin is the first salivary mucin for which both linkages have been confirmed. 
All asparaginyl residues are N-glycosylically linked, whereas only 52% of the total 
seryl and threonyl residues are involved in the O-glycosylic linkages. 

ACKNOWLEDGMENTS 

We thank Drs. John Shively and John O’Connor for their advice. We also 
acknowledge the assistance of Rebecca Sage and Dana Seltzer. This research was 
supported by National Institutes of Health grants D~-O49~ and RR-05303. 

REFERENCES 

1 W. PIGMAN, in M. I. HOROWITZ AND W. PIGMAN (Eds.), The Gfycocanj~gafes, Vol. I, Academic 
Press, New York, 1977, pp. 137-152. 

2 A. HERP, A. M. WV, AND J. MOSCHERA, Nol, Cell. Biochem., 23 (1979) 27-44. 
3 P. A. DENNY, P. C. DENNY, AND K. JENKINS, Carbohydr. Res., 87 (1980) 265-274. 
4 A. B. ZINN, J. J. PLANTNER, AND D. M. CARLSON, in M. I. HOROWITZ AND W. PIGMAN (Eds.), 

The Glycoeonjugates, Vol. I, Academic Press, New York, 1977, pp. 69-85. 
5 F, DOWNS, A. HERP, J. MOXHERA, AND W. PIGMAN, Biochim. Biophys. Acta, 328 (1973) 182-192. 
6 R. H. RICE AND G. E. MEANS, J. Biol. Chem., 246 (1971) 831-832. 
7 A. REBOUD, M. BuI~~~N, M. ARPIN, AND J. REBOUD, Biochim. Biophys. Aeta, 474 (1977) 578-587. 
8 D. M. CARLSON, f. Biol. Chem., 243 (1968) 616-626. 
9 Y. C. LEE AND J. R. SCOccA, J. Biol. Chem., 247 (1912) 5753-5758. 

10 J. B~NZIG~, S. KORNFELD, AND S. KOCHWA, J. Biol. Chenz., 249 (1974) 1897-1903. 
I1 R. W. W-T, ~et~ds Emynzol., 8 (1966) 60-78. 
12 J. MOSCXEU AND W. PIGMAN, Carbohydr. Res., 40 (1975) 53-67. 
13 L. HOF, P. WEBER, W. LIDDELL, AND N. WADDEN, Yariun ins#~u~e~~s a# Work, FL-2, Varian 

Associates, Inc., Palo Alto, California, 1979. 
14 M. BERT~UNI AND W. PIGMAN, .T. Biol. Chem., 242 (1967) 3776-3781. 



314 P. A. DENNY, P. C. DENNY 

1.5 N. SHARON, Complex Carbohydrates, Addison-Wesley, Reading, Massachusetts, 1975. 
16 P, WERER AND R. .I. WINZLER, Arch. Biuchem. Biophys., 129 (1969) 534-538. 
17 F. DOWNS, C. PETERSON, V. L. N. MURTY, ANU W. PIGMAN, Ifzr. J. Peptide Protein I&s., 10 (1977) 

3 f 5-322. 
18 J. J. PLANTNER AND D. M. CARLSON, Anal. Biochem., 65 (1975) 153463. 
19 M. ISEMURA AND K. SCHMID, Biochem. J., 124 (1971) 591-604. 
20 A. SLOMIANY AND B. L. SLOMIANY, J. Bid. Chem., 253 (1978) 7301-7306. 
21 J. BAENZIGER AND S. KOR?IFkLD, J. Biol. Chem., 249 (1974) 7260-7269. 
22 T. ARIMA, M. J. SPIRO, AND R. G. SPIRO, J. Bid. Chem., 247 (1972) 1825-1835. 


