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ABSTRACT 

The carbohydrate chains of the human, parotid-saliva, proline-rich glyco- 
protein were released as oligosaccharides by hydrazinolysis and were fractionated by 
high-pressure-liquid chromatography. Four oligosaccharides were characterized. On 
the basis of compositional analysis, sequential enzymic degradation, and methylation 
data, the carbohydrate moiety of the glycoprotein was found to be a complex-type 
oligosaccharide containing a tri-D-mannosyl-di-N-acetylchitobiose core with two 
and three lactosamine branches, and an L-fucosyl group linked to O-6 of the aspara- 
gine-linked 2-acetamido-2-deoxy-D-glucose residue. In addition, several L-fucosyl 
groups, linked at O-6 of the penultimate D-galactose residues, are present in variable 
proportions. The biological significance of these results is discussed. 

INTRODUCTION 

We reported earlier’ the presence of a tri-o-mannosyl-di-N-acetylchitobiose 
core in the carbohydrate chains of human-parotid, proline-rich glycoprotein (PRGP). 
The principal difficulty in structural studies of the carbohydrate chains of PRGP 
has been in obtaining pure oligosaccharides representative of the glycoprotein. 
Recently, we reported’ a convenient method for the separation of neutral oligo- 
saccharides by high-pressure-liquid chromatography (h.p.1.c.). In this paper, we 
describe the isolation and structural studies of the carbohydrate chains from human, 
parotid-saliva PRGP which, in addition to the structure described earlier’, contains 
L-fucosyl groups linked to penultimate D-galactose residues. The identification of 
terminal L-fucosyl groups, and their location only on certain sugar chains suggest 
a significant role. 

EXPERIMENTAL 

Materials. - Human-parotid saliva from a single donor and the proline-rich 
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TABLE I 

SUGAR COMPOSITION” OF OLIGOSACCHARIDES AND METHYL ETHERSb OBTAINED FROM METHYLATED OLIGO- 

SACCHARIDES 

_____ 

Sugar Methyl ether Oligosaccharide fraction 

3 4 - 6 7 
- 

L-Fucose 

D-Galactose 

o-Mannose 

2-Acetamido-2-deoxy-D-glucose 

2-Acetamido-2-deoxy-D-glucitol 

2,3,4-c 

2,3,4,6-” 
2,3,4-c 

3,4,6-c 
3,6-c 
2,4-c 

3,6” 

1,3,5-” 

0.7 0.6 2.2 2.9 
0.8 0.7 0.8 1.2 

2 2.5 2.3 2.9 
1.6 2.2 1.2 0.7 

0.8 0.8 
3 3 3 3 

1.8 1.3 1.6 0.8 
0.1 1 

1 1 1 1 
2.7 3.3 2.4 3 

4.2 5.3 4 4.6 

1 1 I 1 
_ 

“Molar ratio relative to D-mannose taken as 3. OThe molar ratios obtained for the methylated sugars 
by g.l.c.-m.s. may not correspond to those obtained for carbohydrate analysis, as no correction 
factors for the methylated sugars were used. The molar ratio for a specific series of methylated 
hexoses were calculated according to Sweet et 01.~~. eMolar ratio of methyl ethers of r-fucose, D- 

galactose and D-mannose relative to I ,3,5,6-tetra-0-acetyl-2,4-di-0-methyl-D-mannose. dMolar 
ratio of 2-acetamido 1,4,5-tri-O-acetyl-2-deoxy-3,6-di-O-methyl-o-glucose relative to 2-acetamido- 

4,6-di-O-acetyl-2-deoxy-1,3,5-tri-O-methyl-o-glucitol taken as 1. 

RESULTS 

Separation and characterization of the carbohydrate chains. - The carbohydrate 

chains, linked to asparagine residues of the glycopeptides, were liberated with 

anhydrous hydrazine. The released oligosaccharides were reduced with sodium boro- 

hydride and then separated by h.p.1.c. The oligosaccharides were recovered quantita- 

tively, from the column eluate, to give 7 fractions (Fig. 1). The fractions obtained 

from several runs were pooled, evaporated, and analyzed for carbohydrate compo- 

nents (see Table I). Oligosaccharide Fractions 3, 4, 6, and 7, obtained by h.p.l.c., 

were analyzed by methylation (see Table I). 

The results of Fraction 3 indicate that D-galactose and L-fucose are present as 

terminal residues, and that the 2-acetamido-2-deoxy-o-glucose residues are linked at 

O-4, and the 2-acetamido-2-deoxyglucitol residues at O-4 and -6. As L-fucose had 

been shown previously’ to be linked at O-6 of the asparagine-linked 2-acetamido-2- 

deoxy-D-glucose residue, these results indicate two residues of 2-substituted D- 

mannose and one residue of 3,6_disubstituted D-mannose. In combination with the 

results of the sequential exo-glycosidase digestion described’ previously, they suggest 

for Fraction 3 oligosaccharide structure 1. 
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Fig. 1. High-pressure hquld chromatography of PRGP-derived oligosaccharides. The chromatogram 
was developed with a linear gradient decreasing the acetonitrile concentration (---I m the mobile 
phase. The flow rate was 1.5 mlimin. Fractions 3, 4, 6, and 7 were characterized. Frxtlons I and 2 
contained, in addition to a small proportion of carbohydrate, contammdting material. mhxh Imlited 
the carbohydrate analysis. Fraction 5 was obtained m very small amount and character~ration of thl\ 
oligosaccharide was not possible. 

The carbohydrate analysis of Fraction 4 (Table I) showed a composition similar 

to that of Fraction 3, except that Fraction 4 contained an additional residue of u- 

galactose and of 2-acetamido-2-deoxy-u_gIucose suggesting the presence of an addi- 

tional outer-chain. The results of the methylation analysis (Table I) indicate the 

presence of a 3,4-disubstitutcd D-mannose residue in addition to the methylatcd 

derivatives obtained for Fraction 3. Combination of compositional analyai> and of 

the results of methylation strongly suggest a trlbranched structure (2). which is an 

extension of 1. 

Carbohydrate composition of oligosaccharide Fraction h (Table I ) showed 

the same components as those of oligosaccharlde 3 and an addItIonal r.-Eucosc 

residue. The results of the methylatlon (Table I) indicate ;I h-subsmuted wgalactoae 
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P”-P-o-Gob-(1 ,A?)-,3-o-GlcpNAc 

residue, and, combined with the results of enzymic degradation earlier reportedl, 

suggest the presence of a D-galactose residue linked at O-6 by an L-fucosyl group (4). 
The composition of oligosaccharide Fraction 7, as compared with that of 

oligosaccharide Fraction 4, showed an increase of -2 residues of L-fucose. The 

methylation data (Table I) showed, in addition to other derivatives, the presence of a 

6-substituted D-galactose residue. These data, combined with the results of enzymic 

degradation reported earlier’, suggest a terminal L-fucosyl group linked to O-6 of a 

D-galactose residue. The oligosaccharide of Fraction 7 possesses a tribranched 

structure similar to that of Fraction 4, the difference being in the terminal L-fucosyl 

group. In Fraction 4 oligosaccharide, only one chain has a terminal L-fucosyl group, 

whereas Fraction 7 oligosaccharide has two chains terminating in L-fucosyl groups. 

It is, yet, not clear which of the three chains terminate in L-fucosyl groups (3). 

DISCUSSION 

The proline-rich glycoprotein (PRGP) of human parotid saliva3*” has a 

molecular weight of -36 000, and consists of approximately six or seven repeating 

glycopeptides . l2 According to the carbohydrate content (-40 %), the present results 

of the chemical and structural analysis of the carbohydrate moiety are in fair agree- 

ment with the presence of 6 or 7 carbohydrate chains. The carbohydrate chains 

were released from the protein moiety by hydrazinolysis and separated by h.p.1.c. 

On the basis of compositional analysis and methylation data we propose two basic 
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structures corresponding to two- and three-branched complex-type. Hspnragine-ltnhcci. 

sugar chains’“. One of the main features of the carboh\dratc moit‘t: of PRGP IS 

the high proportion of t -fuccw residues. I.-Fucosc re4ducs, in this glycoproteln IILL 

in many others, are present ;I\ terminal groups and arc linked to I>-galactosr rcsiduc5, 

a feature unique to N-glycosylated glycoproteins. In addition, to the bc5t of 0u1 

knowledge, no other glycoprotcin IS I\nown to have I -fucosc groups linked to 0-h 

of u-galactose residues (3). Furthermore, no blood-group H acti\ 11~ ” \vas detected 

In PRGP. which support5 the location and linhage of the I.-i‘uco\yI groups. The stud> 

of different donors has demonstrated” I’ the cutcnt of ~t~iir~icltrni carPoh)dr:ttc 

variations of PRGP. Per chain. the number of I.-fucoaq! groups u5i1;111\ varlcs from 

I to 4, that of r,-galactose residues from 2 to 3, and that of‘ l-acct;lniiilo-2-deo\~-l,- 

glucose residues from 3 to 5 According to the present rcsultz. It ~~\oulci 1~ cxpccted 

that heterogeneity In the proportion of I,-galactocc nntl ‘-a~etanlldo-7-dcn?i~-I,- 

glucose residues correspond to variation In the relative number nf t\\o- and thrcc- 

branched chains. An important observation made durin, or this rnve>tigatlc>n was the 

absence (by g.l.c. analysrc) 01‘ ncuraminic acid residues. It i\ concci\,nblc that the 

glycoproteins, in which two- or three-branched su,‘ “‘ir chains terminate with I_-fucobyl 

groups, are devoid of siallc acid. 

The results described in this paper arc quite different frnm the rcsuits rcportcd 

by Misahi t*f trl.“‘~ b ho also reported ;I carbohydrstc structure for PRGP Theil 

results show, for the carbohydrate chains, only one structure ha\ 111s (a) one tcrlninal 

r.-fucosyl group linhed at O-2 of a II-galactose rcsldue. (b) one I -fucos!~i group Ilnl\cd 

at O-3 of the ‘-acctamidn-3-deoxy-r,-glucitol residue, and one 01. the peripheral _‘- 

acetamido-l-deoxy-D-plucos~ residues <ubstituted at O-3 and -4 b!’ I+~lactcW 

residues. 

The structural characterization of the sali\xry component> should Icad to a 

better understanding of their biological roles. The carbohydrate component of SOILI~IC 

glycoproteins appear to act in a variety of ways”. In pnrtxular, 11 may rnod~fy the 

physicochcmical propertics of proteins. such as changing their h~dropholxc~ty (high 

proportion of I.-fucosc). The multiple structures of the sugar-chain molcties of man> 

glycoproteins may not be a simple rctkctlon of micrnhctelogcnclt~ caused by in- 

complete biosynthesis, but may bc the results cjt’ strictly controlled mechanisms’ ‘. 

Salivary macromoleculcsl” arc involved 111 diverse function\, all pro\ 1d111g ;I protcctitc 

environment for the teeth”‘. Genetic polymorphism oi’closelq related compounds ah 

the proline-rich protein (PRP) has been rccognircd and dcscribcd”. PRP and PRGP 

constitute about two thirds of the parotid salivary protcinb”‘. The cvtent ol’indi~idual 

carbohydrate-variation< of PRGP may lead to a further under-standing nt‘ t hc po%t- 

translational modlticntions (g1>cosyIatrcln 1 of SLICII ,ali\ar> prokink :I\ I‘RGP. man! 

of which may have rmportnnt biological co~~sequcnces. for e\i:rniple in ihe cari25 

process. 
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