AN IN VITRO INVESTIGATION OF THE ROLE OF HIGH
MOLECULAR WEIGHT HUMAN SALIVARY SULPHATED

GLYCOPROTEIN IN PERIODONTAL WOUND HEALING

Thesis submitted in accordance with the
requirements of The University of Liverpool
for the degree of Doctor in Philosophy

by ANDREJ ZENTNER

October 1992



To those from whom I have learned



CONTENTS

ACKNOWLEDGEMENTS. i
ABSTRACT. i
CHAPTER 1. INTRODUCTION. 1

CHAPTER 2. LITERATURE REVIEW.

HIGHMOLECULAR WEIGHTSALIVARY SULPHATED GLYCOPROTEINS.

Introduction. 6
Isolation and nomenclature. 7
Structure. 13
Glandular origin. 24
Synthesis. 28
Functions. 35
Conclusions. 43

WOUND HEALING AND REGENERATION AT THE DENTOGINGIVAL
JUNCTION.

Introduction. 45
Morphology of the dentogingival junction in health and disease. 46
Early general wound healing events. 48

Wound healing at the dentogingival junction. 51



Connective tissue regeneration.

Concluding remarks and aims of the present investigation.

59

72

CHAPTER 3. ISOLATION OF FRACTIONS OF SGP WHICH INHIBIT CELL

ATTACHMENT IN VITRO.

Introduction.

Material and methods.

Results.

Discussion.

74

75

83

86

CHAPTER 4. ISOLATION AND PARTIAL CHARACTERISATION OF SGP

COMPONENTS ADSORBED ON HYDROXYAPATITE.

Introduction.

Material and methods.

Results.

Discussion.

100

102

106

112

CHAPTER 5. DEVELOPMENT AND TESTING OF A NOVEL ELISA FOR

ESTIMATION OF SGP.
Introduction.
Material and methods.
Results.
Discussion.

Figures.

118

120

127

131

137



CHAPTER 6. ADSORPTION KINETICS OF SGP, FIBRONECTIN AND
ALBUMIN ONTO HYDROXYAPATITE IN VITRO.

Introduction. 150
Material and methods. 153
Results. 161
Discussion. 163
Figures. 172

CHAPTER 7. BINDING OF SGP IN VITRO TO HUMAN GINGIVAL
FIBROBLAST-LIKE CELLS.

Introducton. 183
Material and methods. 185
Results. 190
Discussion. 197
CHAPTER 8. GENERAL DISCUSSION. 201
REFERENCES. 215

APPENDIX. 238



ACKNOWLEDGEMENTS

I am greatly indebted to Dr. T.G. Heaney for his steadfast supervision and guidance

throughout my research and the preparation of this thesis.

I am glad to acknowledge my gratitude to Professors M.A. Lennon (Department of
Clinical Dental Sciences, University of Liverpool) and G. Embery (Department of
Basic Dental Sciences, University of Wales) for allowing me to use facilities in their
departments. I am also grateful to Liverpool Dental Alumni Association for funding

part of this project.

Drs. V.J. Martlew (Director of the Mersey and North Wales Regional Blood
Transfusion Centre) and G.S. Ingram (Department of Clinical Dental Sciences,
University of Liverpool) kindly provided me with samples of antisera and blood cells

and hydroxyapatite respectively.

I benefitted from the technical assistance of Dr. J.B. Stanbury and Mr. J.H. Hibbard
(both Department of Clinical Dental Sciences, University of Liverpool) and Miss
H.P. Davey and Mr M.A. Wassall (both Department of Basic Dental Sciences,
University of Wales). I would also like to thank Dr. F.C. Hillam (Department of
Clinical Dental Sciences, University of Liverpool) for her help in the preparation of

this thesis.



ABSTRACT

AN IN VITRO INVESTIGATION OF THE ROLE OF HIGH MOLECULAR
WEIGHT HUMAN SALIVARY SULPHATED GLYCOPROTEIN IN

PERIODONTAL WOUND HEALING.

The purpose of this study was to elucidate the role of the high molecular weight
sulphated glycoprotein moiety (SGP) of human whole saliva in inhibiting the
attachment to substrata, of human gingival fibroblast-like cells in vitro, and thus to
gain some insights into the possible significance of this phenomenon to periodontal
wound healing. SGP was isolated by gel filtration chromatography and subjected to
fractionation by ion exchange chromatography. As demonstrated by SDS-PAGE, all
6 fractions isolated from SGP possessed molecular weights (MW) in excess of
300kDa and 3 of them also contained low MW substances, ranging from less than
29%Da to approx. 45kDa. Only the most anionic high MW sulphated component
inhibited cell attachment, an activity not linked to sulphation or blood group activity
of the agent. SGP retained its qualitative aggregate composition and the anti-cell-
adherence effect when adsorbed on synthetic hydroxyapatite (HA), as shown by
comparison on SDS-PAGE, of the material recovered after adsorption of SGP on HA,
with the parent compound. Studies of adsorption kinetics up to 26h of SGP,
fibronectin (FN) and albumin (ALB) to HA, in which adsorbates were estimated using
enzyme-linked immunosorbent assays (ELISA), demonstrated that SGP exhibited high

affinity for HA and markedly interfered with adsorption of FN and ALB when

ii



applied to HA from binary and tertiary solutions. SGP also displaced previously
adsorbed FN from HA. An investigation was carried out to assess the ability of SGP
to bind to surfaces of cultured human gingival fibroblast-like cells.  No
immunocytochemically detectable SGP was present after incubation of the agent on
confluent cell monolayers. The results of this study are consistent with the concept
that SGP may interfere with periodontal regeneration by adsorbing to denuded root
surfaces as an early event of periodontal wound healing and inhibiting repopulation
of the root by connective tissue cells, thus leading to healing by repair and the

formation of long junctional epithelium.
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CHAPTER 1

INTRODUCTION.

Traditionally, the ideal aim of periodontal therapy has always been the elimination of
inflammation at the dentogingival junction and the complete regeneration of lost
periodontal tissues resulting in reconstitution of tissue morphology and restoration of
function, particularly that of the dentogingival junction. Healing after treatment
including surgery, however, commonly occurs by connective tissue repair and the
formation of long junctional epithelium rather than the recreation of a normal
dentogingival junction with regeneration of new alveolar bone and cementum
(Listgarten and Rosenberg, 1979; Caton and Nyman, 1980; Caton, Nyman et al.,
1980; Nyman, Lindhe ef al., 1981; Steiner, Crigger et al., 1981; Stahl, Froum et al.,
1982). It is generally believed that the formation of long junctional epithelium and
healing by repair following periodontal surgery results from the ability of epithelial
cells to respond earlier and more rapidly than fibroblasts to the stimuli of wounding
(Loe and Waerhaug, 1961; Caton and Zander, 1976; Proye and Polson, 1982;
Karring, 1988). In consequence, epithelium proliferates rapidly from the gingival
epithelial margin of the flap in an apical direction on the deep connective tissue
surface of the flap and on granulation tissue which is simultaneously forming from
bone and periodontal ligament. In so doing, it sequesters the denuded root surface

from connective tissue, preventing repopulation of the cemental surface by connective



tissue elements and creating a dentogingival junction which is characterised by a long

junctional epithelium.

Various techniques aiming at the regeneration of connective tissue attachment and
restriction of epithelial proliferation have been employed, including modified surgical
procedures, chemical treatment of the root surface, use of grafts and barrier
membranes, albeit without a predictable outcome (Selvig, 1983; Egelberg, 1987;
Aukhil, Nishimura ef al., 1990). Nevertheless, it appears that current efforts to
develop suitable predictable clinical procedures are more promising in two particular
areas: promotion of selective cell repopulation of formerly diseased root surface,
termed "guided tissue regeneration", and manipulations of the root surface-blood clot
interface aimed at enhancing the adhesion of connective tissue to the tooth and thus

preventing apical migration (Garrett, 1990).

Recent evidence indicates that the mechanisms which determine the outcome of
periodontal wound healing may be more complex than merely the outcome of a
"race" between epithelium and connective tissue cells to repopulate denuded
cementum. Experiments in vitro (Heaney, Embery et al., 1986; Heaney, 1986), have
revealed that initial attachment, spreading and locomotion of human gingival
fibroblast-like cells is inhibited on plastic substrata or human cementum previously
subjected to treatment with saliva, and that the inhibitory activity of saliva is
conveyed by high molecular weight sulphated glycoprotein (SGP) which can be
isolated from human whole saliva by gel filtration chromatography (Hogg and

Embery, 1982). The hypothesis has been advanced (Heaney, 1986) that adsorption



of saliva to root surfaces in vivo may play a part in the processes which lead to
healing at the dentogingival junction by repair rather than regeneration, by further

suppressing connective tissue cell repopulation of the root surface.

It is known that SGP and whole saliva retain their inhibitory influence on cell
attachment in the presence of serum, although high concentrations of serum
counteract it to some degree (Heaney, 1990). Serum contains specific glycoproteins
which mediate initial adherence of connective tissue cells to substrata, notably
fibronectin which is an archetypal cell attachment factor (Hynes and Yamada, 1982;
Mosher, 1984; McDonald, 1988). Wound healing at the dentogingival junciion
occurs in the presence of both saliva and blood, and the ability of SGP and
fibronectin to exert their antagonistic effects on cell behaviour might depend on their
mutual adsorption to the root surface and the suitability of the resulting adsorption
layer as a substratum for cell attachment. Work on other adsorption-desorption
systems such as blood-polymer surfaces, shows that the behaviour of biological
molecules is often complex. Individual constituents are adsorbed at different rates,
often extending over hours, depending on factors such as concentration, molecular
size, nature of the surface and affinity for the latter (Brash, Uniyal et al., 1974;
Grinnell and Feld, 1982, Brash and Ten Hove, 1984). Deposition of slower
adsorbing molecules can be accompanied by displacement of other agents already
present on the surface (Vroman, Adams ef al., 1980; Uniyal and Brash, 1982).
Whether SGP actually can influence patterns of healing by modulating cell attachment

and locomotion will depend on such considerations. At present, however, this



information is not available and so the true biological significance of cell adhesion

cannot yet be fully established.

The purpose of the present investigation was to attempt to clarify some of these
factors and thus further elucidate the role of high molecular weight human salivary
sulphated glycoprotein (SGP) in periodontal wound healing. The particular aims of

this work were as follows:

1. It is recognised that high molecular weight salivary glycoproteins may participate
in the formation of elaborate aggregates with other salivary constituents, and that high
molecular weight material prepared by gel filtration chromatography is heterogeneous
(Schrager and Oates, 1971b; Kondo, Sato et al., 1978; Hogg and Embery, 1979;
Green, 1984; Levine, Reddy ef al., 1987; Tabak, 1990). It was decided, therefore,
to prepare SGP by a modification of the method of Hogg and Embery (1982) and,
using ion exchange chromatography, to fractionate the putatively heterogeneous
isolate in order to determine in more detail which of the isolates so obtained

conferred on SGP the ability to inhibit cell adhesion.

2. Although heterogeneous, SGP has been shown to maintain the unity of its
aggregate molecules under non-dissociative or non-reducing conditions (Hay, Gibbons
et al., 1971; Kondo, Sato ef al., 1978). It was thus considered to be of interest to
determine whether SGP retains its qualitative composition upon adsorption to
hydroxyapatite, a substratum which is an intrinsic part of dentine and cementum. It

was intended to achieve this by recovering the material adsorbed from SGP on



hydroxyapatite for comparison with the parent SGP material by means of sodium

dodecyl sulphate polyacrylamide electrophoresis (SDS-PAGE).

3. A further aim of the present study was to investigate in vitro adsorption-desorption
behaviour of SGP in the presence, either singly or together, of serum fibronectin and
albumin which is the major compound of plasma by weight, on hydroxyapatite for
periods up to 26h. The substratum and the time range were chosen in an attempt to
resemble in vivo conditions during early stages of wound healing before epithelial
proliferation has occurred to an extent which would interfere with attempts by
connective tissue elements to colonise the root surface (Clark, 1988; Robertson and
Buchanan, 1990). In order to quantitate SGP in the proposed experiments, it was
necessary in the first instance to develop and test a novel convenient enzyme-linked
immunosorbent assay (ELISA) using the blood group domain of SGP (Sénju and

Rélla, 1975; Hogg and Embery, 1979) as the target epitope.

4. To investigate the ability of SGP to bind to human gingival fibroblast-like cells
in vitro as a means of studying the mechanisms by which SGP mediates the reported

inhibition of cell attachment in vitro.



CHAPTER 2

LITERATURE REVIEW.

HIGH MOLECULAR WEIGHT SALIVARY SULPHATED

GLYCOPROTEINS.

INTRODUCTION.

Numerous studies have emphasised the importance of saliva in maintaining the
integrity of oral tissues (Gottschalk, 1972; Tabak, Levine et al., 1982; Mandel, 1987:
Levine, Reddy et al, 1987; Cohen and Levine, 1989; Tenovuo, 1989). Along with
many other human salivary constituents, high molecular weight sulphated mucin-type
glycoproteins have been ascribed several roles in the oral environment in health and
disease, and have been extensively studied with regard to their structure and function
(Hay, Gibbons et al, 1971; Tabak, Levine et al, 1982: Embery, Hogg et al., 1984;
Heaney, 1986; Mandel, 1987: Levine, Reddy er al, 1987; Tabak, 1990: Denny, Denny

et al,, 1991).



This review will focus on the molecular structure and function of the salivary
sulphated mucin-type glycoproteins and attempt to elucidate the differences and

similarities between them.

Amongst the terms applied to designate these high molecular weight salivary
compounds, mucin and mucus glycoprotein have been most commonly used. As will
emerge later in this review, these compounds possess a characteristic basic structure
which, comprising carbohydrate covalently linked to protein, complies with the
definition of glycoproteins recommended by IUPAC-IUB Joint Commision on
Biochemical Nomenclature (Sharon, 1987). One ot the earliest fundamental reviews
of structure and function of glycoproteins was compiled by Gottschalk (1972).
Additional designation as mucin or mucus glycoprotein is based on certain other
structural features which, according to the definition of mucin-type glycoproteins
suggested by Strous and Dekker (1992), include, firstly, a high proportion of
oligosaccharides O-linked to serine or threonine residues of the polypeptide backbone
and amounting to 50% or more of the overall molecular weight, and secondly, a
protein backbone containing a number of repeating sequences which carry virtually

all oligosaccharide attachment sites.

ISOLATION AND NOMENCLATURE.

As methods employed in different laboratories throughout the world to isolate and

characterise salivary high molecular weight glycoproteins have varied, several mucin-



type moieties with subtle differences in composition have been described and reported
under a plethora of names. Detailed attention to the existing literature enables the
reader to recognise that, despite the reported differences and varying nomenclature
applied, marked fundamental similarities in function and structure are borne by these
particular salivary constituents as a class. On the other hand, a certain degree of
confusion exists in the literature regarding cross-references, comparison of reported
results and acceptable nomenclature. This is evinced, in part, by the proclivity of
authors to treat the isolates of other workers as being equivalent of their own, even
when the methods of preparation differ sufficiently to ensure that the isolates in
question cannot be identical. For instance, Veerman Valentijn-Benz et al. (1991) refer
to an ultracentrifugation isolate prepared from whole saliva under dissociative
conditions as "MG1", a term applied by Prakobphol, Levine ez al. (1982) and Levine,
Reddy ez al. (1987) in their description of high molecular weight mucin glycoprotein,
prepared by sequential gel filtration of human submandibular-sublingual saliva under
reducing conditions. In another example amongst many, Levine, Reddy ef al. (1987)
cite the studies of Hogg and Embery (1979 and 1982) comparing aggregating activity
of high molecular weight salivary isolates on different bacterial species without a

reference to substantial differences in preparation techniques employed.

The isolation of high molecular weight mucin-type glycoproteins is usually based on
their large molecular size and characteristically high-buoyant density. These features
permit their isolation by using gel filtration chromatography on gels with high
molecular weight exclusion limits and by ultracentrifugation. Isélation procedures can

be carried out under either non-reducing or reducing conditions. Whilst non-reducing



conditions, when applied for example in gel chromatography, preserve all covalent
bonds between polypeptides present in the native molecules and have fewer
detrimental effects on their functions, purification of the molecules would be restricted
by incomplete removal of other salivary constituents should the latter be able to
associate with the moiety of interest. In this respect, high molecular weight sulphated
mucin-type glycoproteins have been shown to participate in the formation of elaborate
complexes with other salivary molecules stabilised by both non-covalent and covalent
forces, a process for which the term "heterotypic complexing" has been suggested
(Levine, Reddy et al., 1987; Tabak, 1990). A reduction of disulphide bonds, on the
other hand, may help to obtain pure monomeric moieties but render them unsuitable
for functional studies which require the preparation of intact molecules (Veerman,

Valentijn-Benz et al,, 1989a).

The choice of salivary material to be subjected to fractionation is another point of
importance and usually depends on the requirements of the individual study. The
contribution by different salivary glands towards the total content of the glycoproteins
of interest in whole saliva, and of various methods of collection of stimulated or
unstimulated saliva from particular glands have been considered in several reports
(Hensten-Pettersen and Kornstad, 1976; Birkhed and Heintze, 1989: Séderling, 1989),
which suggest that no strict comparisons between results should be made unless origin

and collection of salivary material are considered.

One of the first reviews of the then existing isolation procedures and known structural

aspects of mucins extracted from bovine submaxillary glands was published by



Hammarsten as early as 1888. Various methods were employed thereafter to isolate
salivary glycoproteins and study their composition, structure and properties, including
formation of mucin clots, precipitation by alcohol or quaternary ammonium salts,
salting out and various deproteinisation procedures (reviewed by Apostolopoulos,

1966).

Amongst the earlier methods of the isolation of high molecular weight salivary
glycoproteins based on molecular size was the procedure reported by Apostolopoulos
(1966). In this investigation a glycoprotein component of a molecular weight
exceeding 100,000 Da was isolated from human whole saliva by gel filtration on
Sephadex G-100, following a selective deproteinisation of the samples. Some
evidence was furnished for polydispersity of the isolated constituent and for an origin
in submandibular-sublingual glands. The isolated moiety was named "human salivary

glycoprotein".

Gel filtration of submandibular-sublingual saliva on Bio-Gel P-300 by Rélla and
Jonsen (1968) resulted in the isolation of thermostable blood group-active glycoprotein
material. The highly anionic high molecular weight substance prepared in this study
also was designated as "salivary glycoprotein". The same method was later applied
by Sénju and Rélla (1975) in the isolation of a sulphated glycoprotein with blood

group activity from whole saliva.

Hay, Gibbons et al. (1971) describe a "high molecular weight constituent" (>150x10°

Da) of whole saliva which was prepared by gel filtration chromatography using

10



Sephadex G-200 and Sepharose CL-4B in their investigation of salivary and plaque

components with bacterial aggregating activity.

Gel filtration on Bio-Gel P-150 was also used by Schrager and Oates (1971a) as a
method of isolation of high molecular weight material from whole saliva. The blood
group-active sulphated moiety prepared in their study was named "the principal

glycoprotein from human mixed saliva".

Baig, Winzler ez al. (1973) also report the existence of a high molecular wei ght mucin
(500,000-1,000,000 Da) with blood group activity. This was prepared from human
submandibular saliva by precipitation with cetylmethylammonium bromide (CETAB)

and subsequent gel filtration of the dissolved precipitate using Sephadex G-200.

Using human submandibular gland biopsies as a source of secretory protein material,
Oemrawsingh and Roukema (1974a and 1974b) developed an isolation technique
which primarily consisted of an ultracentrifugation stage followed by gel filtration on
Bio-Gel P-300. The isolated constituent, which was prepared at the sedimentation
velocity of 1.3 g/ml and designated as "human submandibular mucin", possessed
structural features and properties similar to those of the high molecular weight isolates
described by other contemporary workers (reviewed by Oemrawsingh and Roukema,

1974b).

Kondo, Sato et al. (1978) used gel filtration on Sepharose CL-2B as the method of

isolation of "the human salivary aggregating factor" for Leptotrichia buccalis cells.

11



The results of analytical procedures applied in this study suggested that the cell-
aggregating factor was a high molecular weight glycoprotein with blood group

activity.

Hogg and Embery (1979 and 1982) identified and partially characterised a blood
group-reactive high molecular weight sulphated glycoprotein "BGR-glycoprotein"
which can be isolated from whole saliva by ion exchange chromatography using

DEAE-cellulose resin or gel filtration on Sepharose CL-4B.

Sequential gel filtration chromatography on Bio-Gel P-100 and Bio-Gel A-50,
followed by equilibrium density-gradient centrifugation in caesium chloride, was used
by Slomiany, Murty er al. (1986) to isolate a high molecular weight mucus

glycoprotein with buoyant density of 1.54 g/ml from human submandibular saliva.

Prakobphol, Levine ez al. (1982) and Loomis, Prakobphol et al. (1987) described two
different components which can be isolated by sequential gel filtration of human
submandibular-sublingual saliva on Sephadex G-200 and Sepharose CL-2B after
reductive alkylation, namely high molecular weight mucin, called "MG1", and low

molecular weight mucin, called "MG2".

Ultracentrifugation of whole saliva under dissociative conditions as employed by
Veerman, Valentijn-Benz et al. (1989a), results in isolation of high molecular weight
mucin (buoyant density 1.47 g/ml) which resembles MG1 in carbohydrate and amino

acid composition.

12



In summary, various methods of isolation of high molecular weight mucin-type
salivary glycoproteins have been elaborated and described by several research groups.
Despite certain differences between the laboratory procedures and terminology applied
to designate the isolated material, the modern methods employed for initial isolation
from saliva have been principally based on two distinct properties of these salivary
constituents, namely a molecular weight exceeding 10° Da and high buoyancy.
Nevertheless, the differences in preparative procedures which have been illustrated
above, particularly those relating to the use of dissociative or non-dissociative and
reducing or non-reducing conditions, and the differences in filtration characteristics
of the many and varied gels which have been used, make it difficult for the fastidious
to compare directly one isolate with another. This may be of particular importance
when the purpose of comparison relates to a functional characteristic of this class of
compound, as is the case in this investigation, because of the propensity of these

glycoproteins to form aggregates.

STRUCTURE.

Substantial knowledge has been acquired in recent years of the structure and
composition of high molecular weight mucin-type salivary glycoproteins. However,
because of the complexity of this salivary constituent and, to a considerable extent,
of the diversity of methods employed to collect saliva and to isolate and characterise
the molecules of interest, the structural details reported in various studies differ

occasionally and make strict comparisons difficult.

13
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For example, the existence of polydispersity and heterogeneity in mucin-type salivary
glycoproteins has been recognised and reported in several studies (Apostolopoulos,
1966; Schrager and Oates, 1971b; Hay, Gibbons et al., 1971; Kondo, Sato et al., 1978,;
Green, 1984). Recently, Veerman, van den Keybus et al. (1991 and 1992)
demonstrated immunochemical heterogeneity even within the fairly well characterised
MG1 molecules, while formation of heterotypic complexes between MG1 and other
salivary molecules has also been shown (Levine, Reddy et al., 1987; Tabak, 1990).
This complexity will, undeniably, affect experimental attempts aimed at the elucidation
of structure of the material in question. The possibility of structural heterogeneity, for
inst: nce, must be taken into account when experimental data are interpreted, just as
in the case of heterotypic complexing, due care must be taken to remove the

"contaminants" before a homogeneous sample is available for structural analysis.

The molecular size of the molecule of interest can usually be estimated by its elution
at the void volume on various gels with high molecular size exclusion limits. A high
molecular weight is a very distinctive feature of a mucin-type salivary glycoprotein,
which makes it practical to isolate the moiety by gel filtration chromatography.
Taking into consideration the exclusion limits of the gels used in the above-listed
studies, the molecular size of the components isolated can be estimated as in excess
of 10° Da. Although mucin molecules have occasionally been shown to enter low
percentage polyacrylamide gels in the presence of sodium dodecyl sulphate (Loomis,
Prakobphol et al., 1987; Veerman, Valentijn-Benz et al., 1989a), exact determination
of the molecular weight of whole moiety and of the protein core by SDS-PAGE is

complicated by the occurrence of heterogeneity and formation of complexes.

14



Structure of the protein backbone.

All studies concerned with characterisation of mucin-type salivary glycoproteins have
reported common structural features, including a protein core (apomucin) enriched in
serine, threonine, alanine, glycine, proline and glutamic acid, which usually account
together for more than 50% of total amino acid residues. The actual protein content
of the glycoprotein material isolated and analysed in various studies amounted to
values well below 50%, ranging from 14.9% (Loomis, Prakobphol et al., 1987) to
40% (Sonju and Rélla, 1971). Table 2.1 lists the values which have been reported for

the total protein content of the moiety of interest.

Schrager and Oates (1971a) analysed the composition of 12 samples, finding mostly
threonine, serine, proline and alanine amongst the 15 detected amino acid residues.
Amino acid assay of the material isolated by Hay, Gibbons ez al. (1971) from salivary
samples of 6 individuals revealed threonine, serine, proline and glycine in highest
proportions amongst the 18 amino acids present. Threonine, serine, alanine, proline,
glycin and glutamic acid were the most highly concentrated constituents in the
samples isolated by Hogg and Embery (1979). Several other studies have confirmed
a high content of the above-listed amino acid residues (Oemrawsingh and Roukema,
1974b; Kondo, Sato et al, 1978; Loomis, Prakobphol et al, 1987; Veerman,
Valentijn-Benz et al., 1989a; Kawagishi, Fahim et al, 1990). Biophysical studies

employing fluorescent hydrophobic probes have demonstrated that hydrophobic
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protein sulphate blood
content % content group
activity
Apostolopou- 32.3 n.d. n.d.
los(1964)*
Hay, Gibbons 33 n.d. n.d.
et al. (1971)
Schrager and 15-30 0.77 mmol/l yes
Oates (1971a)
Baig, Winzler 40.8™ 2.09%™ yes
et al. (1973)
Oemrawsingh and 28.1 n.d. yes
Roukema (1974b)
S6nju and 40 0.51% yes
Roélla (1975)
Kondo, Sato et 18.2-22.2 n.d. yes
al. (1978)
Green and 28 3.7% yes
Embery (1985)
Slomiany, Murty 14.5 2.8% n.d.
et al. (1986)
Loomis, 14.9 7.0% n.d.
Prakobphol et al.
(1987)
Veerman, 12.8 1.7% n.d.
Valentijn-
Benz et al.
(1989a)
Kawagishi, 18 2.3% n.d.
Fahim et al.
(1990)

as reported by Oemrawsingh and Roukema (1974b)
calculated from values reported in this paper

n.d. not determined

Table 2.1. Some features of mucin-type salivary glycoproteins.




pockets containing negatively charged amino acids exist within the MG1 molecule

(Loomis, Prakobphol et al., 1987).

However, knowledge of the sequence of amino acids within the apomucin structure
is at present deficient. Detailed information which exists on the structure of apomucin
of certain animal salivary mucins (bovine and porcine, in particular) suggests that the
protein core is composed of tandemly repeated identical amino acid sequences (Strous
and Dekker, 1992). Comparable patterns have emerged from the limited sequence

analysis available for human salivary mucins (Tabak, 1990).

A high content of oligosaccharides, O-linked to serine or threonine residues in the
protein backbone, is a characteristic structural attribute of mucin-type salivary

glycoproteins (Tabak, 1990).

Different models for the general structure of mucin-type salivary glycoproteins have
been advanced. The intepretation of results obtained from gel chromatography and
analytical centrifugation led Hay, Gibbons et al. (1971) to suggest that the material
isolated in their study exists in solution in a random coil configuration. Oemrawsingh
and Roukema (1974b) conclude that the salivary mucin in their preparation contained
two or more protein chains, linked by disulphide bonds. The existence of disulphide-
linked multiple polymeric forms, similar in amino acid composition, has been shown
by Reddy, Levine et al. (1989) for high molecular weight human salivary mucin

(MG1).

KT



Tabak, Levine ez al. (1982) advocate a random coil model for the glycosylated peptide
of salivary mucin. They envisage that this peptide backbone has little secondary
structure and consists of at least two distinct structural domains, glycosylated and
"naked", the latter effected by the biased distribution of cysteinyl and hydrophobic
amino acid residues. The glycosylated clusters of 3-9 residues, in which every other
amino acid is serine or threonine, alternate with "naked" hydrophobic segments of 4-7
residues none of which contain serine or threonine. The peptides are linked into a
suprastructure by interchain disulphide bonds and stabilised by calcium bridges and
ionic interactions between e-amino groups of lysine and carboxyl groups as well as
by hydrophobic interactions between "naked" segments. This model has teen further
substantiated in the investigation of the biochemical and biophysical properties of
MGT1 by Loomis, Prakobphol ez al. (1987), who provide some experimental evidence
to indicate that the carbohydrate units of MG1 might be arranged in a biased rather

than random configuration around the peptide core.

There also exists a "windmill" model for the oligomeric structure of mucin molecules,
based on knowledge of the structure of porcine gastric mucin. However, this still
lacks solid experimental proof (Strous and Dekker, 1992). In this model, four
identical monomers are joined to one central 118,000 Da link glycoprotein by
disulphide bonds. Kawagishi, Fahim et al. (1990) have demonstrated the existence of
such a link component, albeit of a higher molecular weight (approximately 150,000
Da) in human salivary mucins. However, Slomiany, Okazaki et al. (1991) presented
evidence indicating that 118,000 Da link glycopeptides are not intrinsic mucin

components but rather fragments of incompletely removed extraneous fibronectin.
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The low molecular weight salivary mucin MG2 (Prakobphol, Levine et al., 1982;
Loomis, Prakobphol ez al., 1987) has a molecular weight of 200-250 kDa and consists
of a single polypeptide chain, enriched in threonine, serine, proline and alanine. These
four amino acids account for approximately 75% of the total amino acid residues,
while glycine contributes only 1.4% (Cohen and Levine, 1989). A "bottle-brush"
model, incorporating uniform distribution of carbohydrate side chains along a single

peptide, has been proposed for its configuration (Loomis, Prakobphol e al., 1987).

Carbohydrate chains.

The glycoprotein nomenclature as suggested by the Joint Commission on Biochemical
Nomenclature (Sharon, 1987) includes as intrinsic components of glycoprotein
molecules, covalently linked carbohydrates, which may be in the form of mono-, di-,
oligo- and polysaccharides and their derivatives. The link between carbohydrate and
protein is indicated by the locants N- or O-. Oligosaccharides with a N-glycosyl link
to asparagine are divided into two major classes: the N-acetyllactosamine type
containing N-acetyl-D-glucosamine, D-mannose, D-galactose, L-fucose and sialic acid,
and the oligomannose type containing N-acetyl-D-glucosamine and a variable number
of D-mannose residues. The locant O- is used for O-glycosyl links to serine,

threonine, hydroxylysine or hydroxyproline.

Carbohydrates, O-linked to serine and threonine residues of the protein backbone,
contribute to over 50% of the dry weight of salivary mucins (Tabak, 1990).

Considerable knowledge currently exists of the composition and structure of O-linked
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sugars. The most commonly found monosaccharides are N-acetylgalactosamine
(GalNAc), N-acetylglucosamine (GIcNAc), galactose (Gal), fucose (Fuc) and sialic
acid (SA). Additionally, O-linked oligosaccharides have been found to contain
sulphate residues which are in most instances linked to Gal, GalNAc or GIcNAc

(Tabak, 1990; Strous and Dekker, 1992).

Determination of carbohydrate components in the material isolated by Schrager and
Oates (1971a) revealed Gal, Fuc, GIcNAc, GalNAc and SA, with the constant
quantitative relationship of 4:3:1 between Gal, GIcNAc and GalNAc. In this study,
low Fuc content in some samples was related to absence of A, B or H blood group
activity, whereas higher levels of Fuc and the presence of GalNAc were associated

with blood group specificity H and A respectively.

Baig, Winzler et al. (1973) determined the carbohydrate composition of high
Weiqht
molecularA mucin isolated from salivary samples of 7 donors and found a distinct
variation in the levels of different sugars in the assayed samples. Based on the results
of this study, the authors suggest an association between the differences in the
individual samples and the occurrence of secretor status and actual blood group of the
donors. They also propose that other factors, such as rate of secretion, the physiologic
and psychologic status of the donors could affect the carbohydrate composition.

Generally, their samples contained high levels of Gal, Fuc, GIcNAc, SA and GalNAc,

as well as detectable amounts of glucose and mannose.
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