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Connective tissue is of fundamental importance for 
the architectural integrity of the oral cavity. The 
connective tissue of the periodontium is responsible 
for tooth attachment to the alveolar housing, gingival 
tone, and binding together of all cells and tissues of 
the dental arch.

The formed elements of connective tissue, the cells 
and fibers, are embedded in. a matrix of amorphous ground 
substance which exhibits the physical properties of a 
loose gel. This gel is amorphous and is histochemicaliy 
and histologically homogeneous as well as translucent. ■*- 
Research in ground substance biochemistry has been 
extensive in recent years ; however, the complexities of 
its macromolecular composition demand more intensive 
investigation particularly addressed to oral problems.
This is especially evident when relationships between 
periodontal disease and oral connective tissue are 
examined.

Earlier investigations of ground substance were 
devoted primarily to studies of acid mucopolysaccharides 
or glycosaminoglycans. The term "acid mucopolysaccharide" 
refers to acidic carbohydrate mucopolysaccharide bio
polymers. Hyaluronic acid, a non-sulfated macromolecule,
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constitutes much of the intercellular ground substance.
It is composed of alternating disaccharide repeating 
units of N-acetylglucosamine and glucuronic acid. The 
sulfated glycosaminoglycans include chondroitin-4-sulfate, 
chondroitin-6-sulfate, dermatan sulfate, keratan sulfates 
and heparan sulfate.̂  The monosaccharides of the chon- 
droitin sulfates are N-acetylgalactosamine and glucuronic 
acid. In general, glycosaminoglycans are repeating units 
of N-acetylhexosamine and uronic acid with the exception 
of the keratan sulfates in which glucuronic acid is 
replaced by galactose.̂

More recently glycoproteins have been demonstrated 
in connective tissue ground substance. Glycoproteins 
are defined by Gottschalk as conjugated proteins 
containing groups of one or more heterosaccharides.
These are usually branched with a relatively low number 
of sugar residues. They lack the serially repeating 
units. The oligosaccharides are bound covalently to 
the peptide chain.3 The proteoglycans are often not 
classified as glycoproteins because of their small 
proportion of protein. Also, unlike glycoproteins, 
they are conjugated with the AMPS. To date it appears 
that hyaluronic acid exists in nature unconjugated 
to protein.^
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The known functions of glycoproteins are diverse 
and exhibit a wide range of fundamental biologic 
activities. Almost all proteins of plasma, with the 
exception of albumin, contain conjugated carbohydrates.
All gonadotropic hormones are glycoproteins. Enzymes 
such as hydrolases, oxido-reductases and transferases 
have been reported to contain oligosaccharides.5 Any 
understanding of the physiologic role of connective 
tissue must include an understanding of the biochemistry 
of the glycoproteins which have been shown to comprise 
a significant portion of the ground substance in a 
number of connective tissues.6

General structural features of glycoproteins 
indicate that they are a diverse class of compounds 
ranging in molecular weight from 15,000 to over one 
million. Some glycoproteins contain a few branched 
oligosaccharide chains of 20-30 sugar residues while 
others may contain up to 800 disaccharide residues per 
molecule. The former situation is exhibited by fetuin 
whereas ovine submaxillary mucin demonstrates the latter 
case.7/8 Generally, seven sugars account for nearly all 
of the monosaccharides found in glycoproteins: L-fucose, 
D-mannose, D-galactose, D-glucose, N-acetylglucosamine, 
N-acetylgalactosamine, and sialic acid (N-acetylneuraminic
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acid). Fig. 1 shows these structures. In general, 
L-fucose and sialic acid are found at the non-reducing 
termini of the oligosaccharide chains.^

Glycoproteins differ from one another in molecular 
weight, the number and size of carbohydrate side chains, 
and the covalent attachment to the peptide chain.
An individual side chain may contain from two to seven 
sugar residues. The total carbohydrate content of a 
glycoprotein may constitute less than two percent or 
more than eighty percent of the total mass of the 
molecule . ̂ Serum glycoproteins contain branched
oligosaccharide units which make up to forty percent of 
the weight of the molecules. The number of different 
kinds of oligosaccharide units varies from one to five. 
In general, mannose residues are located quite close to 
the protein backbone and galactose residues are found 
in a more distal position. This applies generally to 
plasma glycoproteins.

The most unique structural feature of glycoproteins 
is the attachment of carbohydrate to the peptide chain. 
Three or possibly four classes or types of peptide- 
carbohydrate covalent bonds have been demonstrated.
The first and most common is a bond between the reducing
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group of N-acetylglucosamine (anomeric carbon) to the 
amide group of asparagine.5 The second class of bond 
occurs as an a(l->-0) linkage between the anomeric carbon 
of N-acetylgalactosamine to the hydroxyl group of either 
serine or threonine. ̂  The third linkage has been 
demonstrated in collagen and basement membrane. This 
consists of a 8 (l-»0) linkage between galactose and the 
hydroxyl group of hydroxylysine. The fourth is a 
8 (l->0) linkage between xylose and the hydroxyl group 
of serine.15 Also, thioglycos.idic linkages have recently 
been reported to occur in glycopeptides isolated from 
urine.15

Interest has grown considerably in the past few 
years concerning specific aspects of protein bound 
oligosaccharide and polysaccharide biosynthesis in 
connective and other tissues, The biosynthesis of the 
polypeptide chain of any glycoprotein undoubtedly occurs 
via the mechanisms described in translation of the 
genetic code. These include activation of the amino 
acid, initiation of the polypeptide chain, elongation 
and termination. Macromolecules, including mRNA, 
aminoacy1-tRNA intermediates, aminoacyl-tRNA synthetases 
and appropriate ribosomal organization all act in 
sequential effort described in detail elsewhere. 1‘7
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The synthesis of the peptide portion of glycoproteins 
probably precedes and occurs independently of the 
carbohydrate attachment ;18,19 however, glycosylation of 
serum proteins probably starts before chain completion.20 
The addition of the carbohydrate groups takes place 
primarily in a stepwise fashion, monosaccharide by 
monosaccharide by transfer of the appropriate glycosyl 
group from a nucleotide bound sugar mediated by specific 
glycosyltransferases. All of the sugars found in the 
oligosaccharide units can be generated by cells from 
glucose. Fig. 2 demonstrates this conversion.

Naturally, occurring polyprenol lipids have been 
found to mediate glycosylation of protein in addition 
to glycosyltransferases. It is clear that in bacterial 
systems polyprenol phosphates play an essential part in 
the transfer of sugars from nucleotide diphosphate sugars 
to a wide range of membrane bound acceptors. The 
establishment of polyprenol phosphates, specifically 
dolichol phosphates,as intermediates in mammalian 
glycoprotein glycosylation has come from the studies of 
the metabolism of UDP-glucose in ribosomal preparations 
of rat liver by Leloir where glucose is transferred from 
UDP to protein by way of dolichol monophosphate.21 The 
role of dolichol intermediates is limited to membrane
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bound glycoproteins in which the oligosaccharide is joined
to the asparagine.

Deviation from the classical scheme of the addition 
of monosaccharides one by one has been demonstrated.19 
Transfer of entire oligosaccharide units to endogenous 
protein can be mediated by dolichol diphosphate. This 
reaction is dependent upon the presence of deoxycholate 
and Mn++.^ Manganese ion is essential for all dolichol- 
dependent systems.8

The majority of soluble connective tissue glyco
proteins are probably synthesized by a series of 
glycosyltransferase reactions. These enzymes may be 
divided into classes depending on which sugars are 
transferred; i, e. , there are classes of sialyltransferases, 
galactosyl transferases , N--ace tylglucosaminyl transferases 
and N-acetylgalactosaminyltransferases.20,8 while each 
member of a given class uses the same sugar nucleotide 
as monosaccharide donor, they show different specifica
tions for the acceptor. As a result of this specificity, 
the product of one reaction becomes the substrate for 
the next.22 Figure 3 demonstrates a generalized 
transferase reaction.2®

Although the synthesis of the carbohydrate portion
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of glycoprotein is not controlled by a nucleic acid 
template as in protein synthesis, the process is still 
under genetic control, though indirectly. This control 
is effected by the synthesis of glycosyltransferases 
which themselves require nucleic acid templates. Thus, 
oligosaccharide composition is controlled by the 
specificity of the glycosyltransferases.22 To date, 
little is known of the regulation of glycoprotein 
biosynthesis ; however, some feedback controls have been 
demonstrated. For example, UDP-N~acetylglucosamine can 
inhibit transaminase involved in transferring the amide 
group from glutamine to fructose-6-P0 4 22 (Figure 2).

The concept of "microheterogeneity" must be clearly 
differentiated from the presence of two or more entirely 
different types of oligosaccharide units (heterogeneity). 
Earlier structural studies of glycoproteins showed that 
although a given carbohydrate unit may have a basic 
structural pattern, it can appear in varying degrees of 
completion or with minor modifications. Evidence for 
microheterogeneity has been found in almost all glyco
proteins studied, but is more obvious in some.22 It is 
believed to be due to variability during synthesis, to 
the rate of intracellular migration of the glycoprotein, 
to variable degrees of oligosaccharide degradation9, or to
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steric factors inhibiting glycosy1transferase reactions.̂  
Microheterogeneity complicates studies devoted to the 
analysis of structure of many glycoproteins.

The importance of incomplete side chains is not 
known. However, removal of terminal sialic acid from 
serum glycoproteins results in more rapid elimination 
by the liver.24'25

Chain elongation in the course of glycoprotein 
synthesis occurs by glycosyltransfer to the non-reducing 
end of the growing chain. Chain termination may occur 
upon recognition of the penultimate sugar by the 
chain-terminating glycosyltransferase-sugar; e.g. 
sialyltransferase-sialic acid to galactose (penultimate 
sugar) in bovine submaxillary mucin.

In glycoprotein synthesis, the polypeptide moiety 
is first assembled on membrane-bound ribosomes of the 
rough endoplasmic reticulum. The polypeptide is 
released and follows channels and cisternae of the 
endoplasmic reticulum toward the Golgi apparatus while 
the oligosaccharide side chains are assembled. The 
Golgi apparatus "packages" the biopolymer for excretion.
A summary of the cellular location of serum glycoprotein 
glycosylation is probably best presented by Redman and
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Cherian.26 The core protein is made on ribosomes of the 
rough endoplasmic reticulum. The first residues are 
probably added while the protein is still attached and 
before the peptide chain is complete. Mannose and 
N-acetylglucosamine are then added when the protein is 
unattached, but in the channels of the rough endoplasmic 
reticulum. As the molecule moves toward the smooth 
endoplasmic reticulum, the addition of galactose begins. 
Most of the galactose and all of the sialic acid and/or 
fucose are added in the golgi apparatus. This scheme 
is based on radiographic evidence of the .location of 
membrane bdund glycosyltransferases in the cell.

RosemanS proposed an interesting model of cellular 
adhesion involving membrane bound glycosyltransferases. 
According to this model,glycosyltransferases on the 
surface of one cell would bind to an oligosaccharide on 
another cell surface promoting cell to cell adhesion.
The best evidence for this involves platelet adhesion 
to collagen following injury. Platelet cell membranes 
contain two glycosyltransferases specific for collagen 
carbohydrate.9

The function of the carbohydrate moiety of glyco
proteins, and the fundamental biologic significance
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thereof, is not well understood. Eylar^ hypothesized 
that the oligosaccharides of glycoproteins act as a 
label, which upon interaction with a membrane receptor 
or carrier, promotes the transport of the newly 
synthesized glycoprotein into the extracellular environ
ment. This would assume that all extracellular proteins 
would be glycosylated complexes. This is not necessarily 
the case. Consider serum albumin, retinol-binding 
protein and lysozyme. None of these are glycoproteins.

The biologic activity of some glycoproteins is 
modified after partial removal of the carbohydrate. The 
activity of erythropoietin, chorionic gonadotropin and 
follicle stimulating hormone is destroyed following 
treatment with neuraminidase.2 8 The carbohydrate moiety 
may also protect the molecule from proteolysis by sterically 
excluding proteolytic enzymes from the peptide chain.^'28 
It has also been proposed that the highly charged carbo
hydrate may result in an extended protein whose domain 
may be markedly increased by differences in ionic 
environment. Physical properties such as increased 
solubility, increased viscosity and counterion binding 
may be attributed to carbohydrate.29

Although the above discussion applies to glyco
proteins in well studied connective tissues, one
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might assume that many of the characteristics of glyco
proteins apply to oral tissues.

Because of the relationship of periodontal disease 
to oral connective tissue, there is ample reason to 
believe that problems of normal structure and patho
logical alteration of the periodontium can be solved only 
by careful study of the periodontal tissues themselves. 
Since it appears well established that bacteria in 
plaque contribute to the development of periodontitis,7/30 
it is important that the resistance mechanisms of the 
host tissues operate in a normal way. Resistance depends 
upon the maintenance of normal tissue metabolism. If 
the normal physiology and biochemistry of the cells and 
tissues is perturbed, periodontitis can progress perhaps 
as a result of decreased host resistance. A prime 
requisite for apical proliferation of the epithelial 
attachment in periodontitis is the destruction of 
gingival connective tissue fibers. Gingival ground 
substance may play a significant role in the maintenance 
of normal architectural integrity of the tissue.

The terminology in the literature concerning oral 
glycoproteins has been, at best, complicated and 
confusing. In part, this is due to incomplete
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characterization of conjugated macromolecules isolated 
from tissues and fluids of the oral cavity. Accordingly, 
literature references to AMPS and proteoglycansoften 
include glycoproteins with little differentiation 
between terms.31,32 mhe ground substance of gingiva 
has been studied mostly by histochemical methods. The 
matrix of the gingival corium, the epithelial-connective 
tissue junction and intercellular spaces between epithelial 
cells stain positively with periodic acid-Schiff reagent, 
colloidal iron, and alcian blue. These techniques 
suggest the presence of glycoproteins as well as AMPS.33,34 
In palatal epithelium, amylase resistant, PAS-positive 
material causes faint staining at cell boundaries to 
the middle of the stratum spinosum. Whereas in buccal 
mucosa, .. thicker layer of PAS-positive material is 
found in the deeper layers of the epithlium.31,35 
Several workers have shown that in periodontitis, this 
intercellular substance appears disaggregated and is 
not present in sufficient amounts to stain histo- 
chemically.3®/37 jn areas of intense inflammation, the 
basement membrane and adjacent connective tissue matrix 
loses its capacity to react with PAS. This suggests a 
decrease in conjugated carbohydrate with free vicinal 
hydroxyl groups.38,39 However, distal to the locus of
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inflammation, PAS positive material accumulates 
appreciably. This accumulation has been implicated in 
the regenerative function of the tissue.40

Schultz-Haudt41 found a slow moving glycoprotein 
fraction while analyzing gingival glycosaminoglycans 
with paper chromatography. This fraction contained 
galactose, mannose, and fucose.

Thonard and Blustein4  ̂ demonstrated that gingiva 
contained what appears to be a sialic acid-containing 
glycoprotein, the level of which appeared to increase 
in inflammation. Sialic acid content of palatal tissue 
of various species has been analyzed, presumably in 
order to infer relative concentrations of glycoprotein 
in the tissues. The highest values were found with 
primates. In rats, the sialic acid concentration was 
highest in young animals and decreased steadily with age.3 4

Changes in the ground substance of gingiva in 
pathological states are not well documented. Ciancio 
and Mather4  ̂ found the concentration of chondroitin-4- 
sulfate and chondroitin-6-sulfate was lower in gingival 
tissue classified as periodontally involved when compared 
to normal tissue. Page^4 cited deRysky's efforts in 
determining that inflamed human gingiva contains
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about one-half as much hexosamine as normal tissues. 
These observations are consistent with those of Ciancio 
and Mather.45 Engle^S found that the ground substance 
in tissue samples from inflamed edematous gingiva 
contained increased quantities of water-soluble glyco
protein. In another paper, he described increased 
amounts of water-soluble glycoprotein associated with 
chronic desquamative gingivitis.47 He proposed that 
changes in the connective tissues are due, at least in 
part, to abnormal amounts of depolymerizing enzymes 
which affect the ground substance and cementing 
substance of epithelial cells. This leads to the 
degradation of glycoprotein.

Altered connective tissue ground substance occurs 
in diabetes mellitus. Kofoed48 reported a 35.9 percent 
reduction in total glycosaminoglycan concentration in 
diabetic rats. Injections of insulin almost entirely 
restored the level of the affected glycosaminoglycans 
to normal values. This is not surprising, considering 
that AMPS ultimately were derived from glucose. Altered 
glucose utilization may be reflected in decreased levels 
of conjugated macromolecules. Chiappa and Tussing49 
demonstrated decreased levels of chondroitin-4-sulfate 
and chondroitin-6-sulfate in diabetics. Hyaluronic acid
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levels were not appreciably altered.

Gingiva has the unique ability to drain or perhaps 
transport fluids from the interstitial matrix into the 
oral cavity through a specialized epithelium. Crevi- 
cular flow increases with moderate to severe inflammation.^® 
The prevalent opinion is that gingival fluid is an 
inflammatory exudate rather than a transudate. It may 
occur in minute amounts in the sulci of normal gingiva. 
However, this is open to question.52 Gingival fluid 
resembles serum in composition. Calcium and potassium 
levels are markedly increased with severe inflammation.^^
The concentration of proteins from gingival fluid closely 
resembles serum particularly in inflamed; gingiva. 54,55,56 
Brandtzaeg identified plasma proteins in gingival fluid.
IgG, IgA, albumin, and fibrinogen were present in 
proportions and concentrations comparable to those of 
plasma. 5 6 They were detected in unconcentrated whole 
saliva at levels much lower than plasma. Glucose con
centration of gingival fluid is ordinarily three to six 
times that of serum.^7 The reasons for this are not 
well understood but could involve gluconeogenesis, or 
actixre transport of the sugar through the crevicular 
epithelium. Hexosamine and hexuronic acid are present 
in gingival fluid. It has been inferred that these
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sugars represent degradation products of inflamed 
gingival tissues.58

It is quite apparent that inflammation alters the 
ground substance of the periodontal interstitial matrix. 
Earlier studies have been devoted to the histochemistry 
and biochemistry of gingival glycosaminoglycans. Little 
work has been done concerning glycoproteins even though 
they have been found in significantly high concentrations 
in the interstitial matrix of other connective 
tissues„59,60,61,62



•1ATERIALS AMD METHODS
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PURPOSE OF THE STUDY

The purpose of this investigation was to study the 
composition of a glycoprotein fraction which could be 
isolated from the interstitial matrix of human gingival 
tissue and from human serum. It was felt that this 
study is important since molecular physiology of the 
normal and pathologic periodontium can best be under
stood when there is a better knowledge of its macro- 
molecular composition.

COLLECTION OF SAMPLES

Surgical remnants of gingival tissue which exhibited 
various degrees of inflammation, and serum samples were 
obtained from patients undergoing treatment in the 
Department of Periodontics, School of Dentistry,
Creighton University, Omaha, Nebraska. Samples were 
also obtained from periodontists practicing in the area. 
Patient consent forms were provided clearly explaining 
that the tissue would be used for investigative purposes 
(see Appendix A). The tissue samples were immediately 
packed in ice after surgery and transported to the 
laboratory where they were rinsed in sterile saline, 
blotted dry, weighed, placed in sterile labelled plastic 
vials, and stored at ~20°C.
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Blood was drawn from cooperating patients via the 
antecubital vein and stored in a refrigerator overnight. 
The clotted blood was centrifuged and yielded in most 
cases, approximately 3 ml. of serum. Severely hemolyzed 
or lipemic serum was discarded. The tissue and serum 
samples were divided according to sex and age of the 
patient. Represented categories include males over 35 
years, females over 35, males under 30, and females 
under 30. The samples were pooled according to this 
classification for the isolation of glycoprotein. Serum 
samples were pooled according to the same classification. 
Tissue and serum collected were entirely from Caucasians 
with one exception. Gingival tissue was surgically 
removed from a black female, age 13, who exhibited an 
idiopathic edematous gingival hyperplasia. See Table I. 
All of the patients who had undergone periodontal surgery 
exhibited some degree of gingivitis or periodontitis.
Thus, samples of non-inflamed gingiva should serve as 
the most obvious control. However, sufficient quantities 
of such tissue were unobtainable. It was decided that 
uninflamed palatal tissue which could be collected at 
autopsy from subjects who had expired within the last 
twelve hours could perhaps serve as a likely control.
It was recognized that there are distinct histological
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and functional differences between gingiva and palate. 
However, no other options were available. These samples 
were also pooled according to the classification and 
served as a control. Sera from forty-one individuals 
with clinically healthy gingiva or individuals with no 
visible oral inflammation was collected and served as 
control as well. The control tissues and sera were 
handled as previously described.

GLYCOPROTEIN ISOLATION

The extraction and isolation of glycoprotein from 
the human tissue was achieved according to the procedure 
of Radhakrishnamurthy, et. al.61 One exception in the 
above method was the replacement of the tedious 
celite-filtering step with centrifugation at 10,000 x g. 
for 20 minutes in the cold (0-4°C) .

Samples of finely minced tissue were extracted over 
a 48 hour period with a total of 15 volumes of 0.15 M 
sodium chloride solution in the cold room. All 
laboratory extraction procedures were carried out at 
0-4OC. The extract was centrifugated for 20 minutes 
and the sediment discarded. The supernatant was 
exhaustively dialyzed for 72 hours with nine changes
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of distilled water. After centrifugation, the precipitate 
was discarded. The pH of the supernatant was adjusted 
to 4.0 with acetate buffer to a final ionic strength of 
0.01. The precipitate that formed overnight was 
separated by centrifugation and discarded. The solution 
was adjusted to a 40 percent ammonium sulfate saturation, 
allowed to remain for 24 hours, centrifuged and the 
supernatant collected. This was repeated for 60 percent 
ammonium sulfate saturation. After the solution was 
adjusted to full ammonium sulfate saturation, the 
glycoprotein fraction precipitated. This precipitate 
was allowed to aggregate for 48 hours, collected by 
centrifugation, dissolved with the least amount of 
distilled water possible and exhaustively dialyzed 
against distilled water for 72 hours to remove the salt. 
The slight residual precipitate formed from dialysis was 
removed by centrifugation. The clear supernatant was 
lyophilized and the glycoprotein fraction was weighed 
and stored under desiccation at -20°C. (Figure 4).

A detailed description of the mechanics of the 
extraction procedures of quantities of minced tissue in 
excess of 10 g. is found in Spangler’s M.S. thesis. 3̂ 
In none of the previous investigations, including that 
concerning human aortas, has the amount and availability
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of tissue seriously limited the scope of investigation.
In this case, however, the majority of the samples of 
tissue weighed considerably less than 10 g. (See Table 
I). For small samples of tissue, the scissors-minced 
material was introduced into a 150 x 20 mm. Kimax test 
tube fitted with a screw cap with a Teflon liner. The 
tissue weight was ascertained to the nearest tenth of a 
gram. Eight volumes of cold 0.15 M NaCl was introduced 
into the tube and the cap tightly fitted and checked 
for leaks. The tube was attached to a Multi-purpose 
Rotator (Scientific Industries, Inc.) by means of it's 
clip and the wheel allowed to turn at medium speed for 
24 hours. The saline extract was collected and stored 
in the refrigerator. Seven additional volumes of 0.15 M 
NaCl was introduced into the tube. This second and 
last extraction proceeded for an additional 24 hours, 
whereupon the two combined extracts were centrifuged and 
dialyzed. From this point on, the extracts were handled 
with no deviation from the above procedure.

The serum glycoprotein fraction was isolated in a 
manner similar to that of the tissue. The concentration 
of total dissolved protein in serum was assumed to be 
seven grams percent. The serum was adjusted to 15 volumes 
using 0.15 M NaCl. For example, seven grams
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of tissue would require 15 volumes of saline totaling 
105 ml. of solution. The concentration of serum proteins 
is assumed to be 7 grams per 100 ml. of serum.
Therefore, 5 ml. of saline are added to 100 ml. of serum 
to approximate the concentration of the tissue solution.

HEMOGLOBIN EXTRACTION

Hemoglobin was extracted and analysed electro- 
phoret.ically since there was some hemolysis in many of 
tne serum samples. Seven ml. of blood was collected in 
a citrated Vacutainer and was centrifuged to separate 
formed elements from plasma. The plasma and buffy coat 
layer were removed and the erythrocytes were washed four 
times with aliquots of 0.85% saline. The cells were 
laked with an equal volume of distilled water and the 
solution was allowed to stand for 15 minutes. The 
solution was centrifuged for 20 minutes at 10,000 x g. 
and the red supernatant was collected free of 
erythrocyte ghosts.

ELECTROPHORETIC ANALYSIS

The serum and tissue glycoprotein samples were 
analyzed electrophoretically using a vertical gel
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apparatus (E.C. Apparatus Corp.). a 3 mm. thick matrix 
of 5 percent Cyanogum-41 was used in 0.03 M Tris-Tris 
HC1 buffer, pH 8.6, ionic strength 8.4 x 10-3 with 
respect to the salt. A 4 percent (w/v) solution of 
glycoprotein in buffer was sufficiently dense to fill 
the slots in the gel. 0.02 ml. of solution was placed 
m  each slot. Electrophoresis was allowed to proceed 
for three hours at 5°C. Each electrophoretic pattern 
was duplicated except for three samples that contained 
less than 2.0 mg. of isolated glycoprotein. (Table I). 
The gels were stained with fresh Amido Black 10B 
solution. The stain was prepared by mixing 0.2 g. Amido 
Black 10B in a solution of 50 ml. methanol, 50 ml. 
distilled water, and 10 ml. glacial acetic acid. The 
gels were destained by washing in a water, methanol, 
and glacial acetic acid solution in the ratio of 5:5:1 
by volume. A total of six gels were used to analyze all 
the samples. One gel using glycoprotein from gingival 
tissue, palatal tissue, and serum was stained with 
periodic acid-Schiff stain (PAS). The PAS stain used 
in this study is described by Sargent/^ The gel after 
electrophoresis was .immersed in ethanol (95%) for 10 
minutes and treated with periodic acid reagent. Excess 
periodic acid was removed by washing with acidified

r
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potassium iodide and sodium sulfate solution. The gel 
then was placed in Schiff's reagent for one hour, the 
excess of which was removed by an acidified sulphite 
rinse.

Measurements were obtained according to the 
description of Fishkin and Spangler.60 Diagrams were 
made on graph paper to a scale where each centimeter 
of migration equaled 5/8 of an inch. Variations in the 
intensity of the individual components of the mixture 
which are designated as bands when stained with Amido 
Black 10B were observed. These are recorded as dark, 
medium, or light. This arbitrary classification 
appeared to be consistent although perhaps more than 
three categories could have been used. Since no 
densitometer was available for a more sophisticated 
and objective criterion, this particular description 
appears to have merit.
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RESULTS

The individual yields for all of the samples 
isolated are shown in Table I. The average yield for 
the gingival fractions was 1.90 mg./g. of tissue, 
whereas, the average yield from palatal glycoprotein 
was 2.37 mg./g. of tissue. The yield from serum was 
4.67 mg./ml. In two previous studies concerning fetal 
calf palate glycoprotein, yields of 3.08 mg./g. and 
2.87 mg./g. of tissue were reported.7/57 It should be 
noted that in three of the four palate extractions, the 
quantity of the tissue was at least 10 g, whereas this 
condition held in only one of the eight extractions 
from gingiva. The yield of glycoprotein fraction from 
the serum is quite variable although it appears as if 
a better yield is obtained when the starting volume is 
larger.

The initial electrophoretic gels which were attempted 
were done with samples of a fetal calf palate glycoprotein 
fraction. Ample material was available from practice 
isolation as well as glycoprotein isolated by Hite.57 
Fetal calf palate, whether isolated in practice for 
this investigation, or supplied by Hite57 gave identical 
gel patterns. Once the technique had been mastered,
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several electrophoretic patterns were obtained to 
determine whether or not a given sample would reproduce 
exactly in each slot of a gel. Figure 5 shows that each 
of the six patterns run simultaneously yield identical 
results. The migration of any component is consistent, 
and independent of its starting position on the gel 
matrix.

The composite results of the electrophoretic analysis 
are summarized in Figure 6. In all patterns a large and 
intensely staining, rapidly migrating band was evident. 
This major band migrated more slowly in serum (7.70 cm.) 
than that of tissue (8.1 cm.). The serum band can be 
designated as albumin.^2 & comparison of the serum
samples with that of the isolated hemoglobin fraction 
suggests that even for those sera where hemolysis was 
visibly significant, hemoglobin was probably not a 
contaminant. Figure 7 demonstrates this. The slow 
moving bands in the hemoglobin fraction are probably 
erythrocyte specific proteins which are in very small 
concentration when compared with hemoglobin.55 The 
glycoprotein fraction from serum can be distinguished 
from that of the two oral tissues by inspection of the 
distances traversed by the major bands. This is obvious 
and readily seen in all of the figures which are actual 
photographs of the stained gel patterns (Figures 8-11).
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Palate and gingiva appear to differ from one another 
as follows: a band of dark intensity migrating 4.03 cm. 
from the origin is present in samples of gingiva obtained 
from surgical remnants immediately adjacent to the teeth. 
This holds except for the sample taken from the black 
female who exhibited idiopathic gingival hyperplasia.
No other patient presented with this condition. In her 
case, two bands of medium intensity were evident, one 
migrating at 4.03 cm. and one at 3.55 cm. This is 
demonstrated by photographs of gels in Figures 7 and 8.
In any case, the black female gingival pattern differs 
markedly from any of the other tissue patterns. A band 
migrating 3.35 cm. from the origin is uniquely present. 
There seems to be one exception to the finding that all 
Caucasian gingival samples contain the dark 4.03 cm. 
band. A 25 year-old Caucasian male presented with severe 
periodontitis. The tissue which was removed and used in 
this study included an extraordinarily large piece of 
palatal tissue from a full thickness mucoperiosteal flap 
procedure. This particular individual's tissue and 
serum patterns were rather unusual insofar as they 
contain fewer bands than any other samples in category. 
See Figure 9. The palatal glycoprotein pattern also 
differs from that of gingiva in the 4 cm. locus. In
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this case, a band migrating 4.08 cm. from the origin is 
medium to light, the staining intensity of which is 
no where near the depth of that of the 4.03 cm. band of 
gingiva. A light 3.55 cm. band may also be present. .
A 3.05 cm. band is always present in palate. It has a 
medium intensity but under no circumstances is the 
intensity of this band lighter than that of the 4.08 
cm. band. Serum has a band of dark intensity which 
migrates generally a bit more slowly than 4 cm. bands 
of palate or gingiva. See Figures 10 and 11. This 
material appears to correspond to the 8-globulin 
fraction. It seems to be far more concentrated in the 
fractionated serum than in plasma.

It appears that a sex difference can be observed 
with gingival glycoprotein. In males over 35 years a 
diffuse band or pair of bands migrates 5.5 cm. from 
the origin. Careful examination of components migrating 
in this general vicinity demonstrates that female 
gingival glycoprotein contained a pair of bands 
migrating 5.15 and 5.70 cm. from the origin, respectively. 
Males under 30 years of age contain a pair of bands 
which migrate very close one to another (5.33 and 5.68 
cm. from the origin respectively). In either male 
category, however, the gingival glycoprotein material
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is distinguishable from that of the female.

No sex difference is evident in palatal glyco
protein. It should be noted that the pair of relatively 
widely spaced "female" bands of gingiva are present in 
palate. Actual gel photographs represented in Figures 
8 and 10 readily demonstrate these observations. The 
composite diagram of Figure 6 summarizes these results.

None of the observations which have been made on 
the glycoprotein material from gingiva, palate, or 
serum indicated that there are differences that can 
be ascribed to age.

Table II summarizes the data which has been 
presented in the above verbal description for the 
gingival glycoprotein fraction. Similiarly, Tables 
III and IV summarize the data from serum and palate 
respectively.

All bands of serum and tissue glycoprotein stained
well with PAS.
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Represented Monosaccharides in Glycoproteins
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FIGURE 2
Pathways of nucleotide sugars 

formation from glucose



38

FIGURE 2
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FIGURE 3
A generalized glycosyitransferase reaction
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A Generalized Glycosyltransferase Reaction 
(From Roseman20)
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FIGURE 4
Isolation of glycoprotein fract



FIGURE 4
ISOLATION OF GLYCOPROTEIN FRACTIONS
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TABLE I
A summary of pertinent data concerning the 

nature of the samples from which 
glycoprotein fractions were isolated.



SAMPLE ISOLATED

0* >  35 9 > 3 5  O* <  30 9< 3 ° 0*>35 $ > 3 5  O k 30 B$<30

G P P S G P S G P S G S G S G S G S G

N um ber o f 
In d iv id u a ls

30 5 3 10 8 4 9 9 4 11 8 10 2 2 3 3 1 1 1

M ean A g e - 43.1 68.2 75.7 48.7 52.9 585 484 24.9 18 25.8 27.1 18.8 49.5 49.5 46.3 46.3 25 25 13

Y e a rs 3 5 -5 5 46-81 70-80 3 7 -62 4 1 -7 0 3 5 -7 8 3 7 -5 4 1 3 -3 0 0 -1 9 24-27 1 9 -30 18-20 4 3 -5 6 43-56 42-49 4 2 -4 9

T is s u e  
W e ig h t - g.

14 10.2 16 3 105 6 4 4 2.6 1.5 1.5 2

S e ru m  
V o lu m e  -m l.

15 15 15 15 6.6 12.2 2.4

G ly c o p ro te in
Y ie id

m g /g  or m g/m l
1.9 3.06 2.47 5.8 1.9 2.44 7.22 1.7 1.5 2.81 1.4 3.29 1.7 &0 .93 3.8 1.4 1.6 2.8

G -  Gingiva 
P -  Palate 
S -  Serum



TABLE II
Summary of the mobilities of the components 
of the isolated fraction from gingiva. L ,
M, and D designate stain intensity as light, 
medium and dark, respectively.



TABLE II

SUMMARY OF THE MOBILITIES OF THE COMPONENTS OF 

THE ISOLATED FRACTION FROM GINGIVA

BAND___cf >35 (cf >35)* $>35 (9 >35)* d* <30 (cT <30)* 9 <30 b9 <30

.53 L L L L L L

.70 L
1.03 L M
1.48 M L M L T, M L
1.75 L L
2.10 L L
2.53 L L M L L M L
3.05 M M L M M M M M
3.35 L
3.40 M
3.55 L L L L M
4.03 D D D D D D M
5.15 M M M M
5.33 M M
5.50 M M
5.68 M M
5.70 ' M M M M
6.48 L L L L L L L
6.90 h L L L L L
8.10 D D 0 D D D D
9.55 L L
9.95 L L L L L L

Categories in parentheses indicate those Individuals 
who also donated serum. Refer to Table I



Summary of the mobilities of the components 
of the isolated fraction from serum. L , M , 
and D designate stain intensity as light, 
medium and dark, respectively.

TABLE III



TABLE III
SUMMARY OF MOBILITIES OF THE COMPONENTS 
OF THE ISOLATED FRACTION FROM SERA

BAND_____ <? >35 ((f>35)* $ >35 ($ >35)* cf <30 ($ <30)* + <30 Hb

.53 L

.70 M L L L

1.03 L M L L M M

1.48 L M L L M L M

2.10 L L L L L L

2.53 L M L L M M

3.03 L

3.65 D D D D D D D

4.23 D

4.85 M M M L L

5.78 M M M M L L

7.70 D D D D D D D

9.63 L L L L L L L

* Categories In parenthesis Indicate serum from those individuals 
whose gingival glycoprotein was also analyzed. Refer to Table I.'



TABLE IV
Summary of the mobilities of the components 
of the isolated fraction from palate. L,
M and D designate stain intensity as light, 
medium and dark, respectively.
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TABLE IV
SUMMARY OF MOBILITIES OF THE COMPONENTS 
OF THE ISOLATED FRACTION FROM PALATE

BAND 0* >35 9 >35 (f <30

.53 L L L
1.48 M M L
2.10 L
2.53 L L L
3.05 M M M
3.55 L
4.08 M M L
5.15 M M M
5.70 M M M
6.48 L L
6.90 L L
8.10 D D D
9.55 M M L
9.95 L L L



FIGURE 5

f  \ C j -  V  \JC{ ^  V ^

A photograph of electrophoretic patterns of fetal 
calf palate glycoprotein.



FIGURE 6
A diagramatic composite describing 

lectrophoretic patterns of glycoprotein 
fractions isolated from human gingiva, 

palate and serum.



EX
I

ELECTROPHORETIC PATTERNS OF HUMAN 

PALATAL, GINGIVAL, AND SERUM GLYCOPROTEINS

Sample
G -  Gingiva 
P -  Palate 
S -  Serum

Stain Intensity
Light
Medium * .....
Dark ■ ■

O-i  cm 

-1

2 -

- 3

10-

- 1 1
12—I (+)

O’'  >35 ^  > 35 O* < 30 ^  < 30 CT*> 35 ^  > 35

G P S G  P S G P S G S G S G S

0 * <  30 B^<30

G S G Hb Q ■ cm 

-1

- 3

- 5

-7

- 9

-11
(+)

LnU)



FIGURE 7

A photograph of electrophoretic patterns of glyco
protein fractions isolated from sera of subjects with 
no clinically discernible oral inflammation. From left 
to right the patterns are from the following categories : 
males over 35 years, females over 35 years, females over 
35 years - a duplicate extraction from the same serum, 
males under 30 years, females under 30 years, hemoglobin, 
and the author's plasma.
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FIGURE 3

Vl i i

A photograph of electrophoretic patterns of various 
glycoprotein fractions. From left to right the samples 
are from the following categories: gingiva from two males 
over 35 years, palate from four males under 30 years, 
gingiva from eight females under 30 years, serum from 
females under 30 years exhibiting no oral inflammation, 
and gingiva from a black female, age 13.

6574^



FIGURE 9

A photograph of electrophoretic patterns of glyco
protein fractions isolated from tissues and sera of 
males under 30 years. From left to right the samples 
are from the follov/ing categories : gingiva from one 
male, age 25, a duplicate of no. 1, serum from the 
same individual, pooled samples of gingiva from nine 
individuals, pooled samples of palate from four 
individuals, pooled serum from individuals exhibiting 
no oral inflammation.



57

FIGURE 10

A photograph of electrophoretic patterns of glyco
protein fractions isolated from tissues and sera of 
females over 35 years. From left to right, the samples 
are from the following categories: gingiva from 3 
individuals, serum from the same individuals, pooled 
samples of gingiva from eight individuals, pooled 
samples of palate from four individuals, pooled sera 
from individuals exhibiting no oral inflammation.
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FIGURE 11

I V

A photograph of electrophoretic patterns of glyco
protein fractions isolated from tissues and sera of 
males over 35 years. From left to right the samples 
are from the following categories: gingiva from two 
individuals, sera from these individuals, pooled samples 
of gingiva from thirty individuals, pooled samples of 
palate from five individuals, pooled samples of palate 
from three individuals, and pooled sera from individuals 
exhibiting no oral inflammation.
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FIGURE 12

A photograph of electrophoretic patterns of various 
glycoprotein fractions. From left to right the samples 
are from the following categories: palate from five males 
over 35 years, palate from three males over 35 years, 
pooled samples of gingiva from thirty males over 35 years, 
pooled samples of gingiva from nine males under 30 years, 
pooled samples of palate from four females over 35 years, 
and gingiva from a black female, age 13.





61

DISCUSSION

All of the previous studies which have been concerned 
with isolating, fractionating, and characterizing glyco
proteins from connective tissues have alluded to some 
generalizations which appear to hold from the data 
presented herein. In brief, these generalizations are : 
all connective tissues have within their interstitial 
matrix a group or family of glycoproteins which are 
readily isolated. They are quite soluble in aqueous 
solutions of low ionic strength. The yields may vary 
from tissue to tissue, but the amount of glycoprotein 
that can be isolated is significantl.y high. Although 
there are remarkable similaritiés in chemical com
position and immunological behavior between glycoproteins 
from different tissues, the glycoprotein composition 
of a given tissue appears to be somewhat unique, and 
different yet from that of serum. A specific tissue 
may vary in glycoprotein composition with age or 
sex.59,60,62,66

In order to study the glycoprotein composition or 
the composition of any biologically important macro- 
molecule from human tissues, it is often necessary to 
employ semi-micro or micro techniques since these
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tissues are often not in great supply. The semi-micro 
adaptation of the glycoprotein isolation technique 
devised in New Orleans has proven to be successful.6-̂ 
The yields of glycoprotein reported here are within 
published ranges including those from laboratories 
where slightly different techniques are employed for 
the initial isolation of mixtures.7/5,,67,68 Although 
there is little information in the literature 
describing actual yields of glycoprotein material from 
gingiva or palate of humans or animals, Devack^ and 
Hite5  ̂present similar data on glycoprotein yields 
from fetal calf palate to those shown here.

The extraction procedure was shown to be quite 
reproducible. Two separate isolations from the same 
serum sample gave identical yields as well as gel 
electrophoretic patterns. The yield of glycoprotein 
from palatal tissue is generally higher than that of 
gingiva. This is consistent with observations made on 
cattle tissues where the yields of glycoprotein from 
palate are at least half again as high as those from 
fetal cattle blood vessels.60 Umbilical blood vessels 
of cattle yielded approximately 1.4 mg./g. of glyco
protein fraction^ whereas both Devack"^ and Hite57 
report approximately 3 mg./g. of tissue. Palate
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appears to be a fairly rich source of the glycoprotein 
fraction. This has been discussed by Devack.7 The 
present study does not provide enough data to make 
generalizations concerning the amount of glycoprotein 
found in the tissues studied.

The large, distinct, intensely staining band which 
appears in the isolated glycoprotein fraction from 
serum is undoubtedly serum albumin. This component 
migrates at a slower rate than a similarly appearing 
band present in glycoprotein fractions isolated from 
gingiva and palate. Analogous observations have been 
reported by Fishkin and Spangler^0 and Fishkin and 
Parth.62 These two components from humans should have 
very similar immunologic properties.57,62 is
obvious, however, that the migration of these major 
components distinguishes a tissue glycoprotein mixture 
from that of serum. Owen and Triffit^ also present 
similar observations with a glycoprotein from rabbit 
cortical bone.

There is no question that gingiva can be distin
guished from palate by the presence of the 4.03 cm. 
component in Caucasians. This may appear to represent 
a distinct quantitative difference between gingiva and 
palate.
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There is an analogous band in palate with almost identical 
mobility but in no case did it stain with the same 
intensity, or did the palatal band cover the same area.

In the serum fraction there is a similar appearing 
band but it always migrates more slowly, comparable to 
the difference observed with the albumin component.
The one apparent exception to this (limiting our 
observations to Caucasians) is the sample from one male 
individual of age 25. When this particular pattern 
was inspected, an objective observer questioned whether 
or not there might have been a mistake, in designation.
That is to say, whether it was in fact not a glyco
protein fraction isolated from palate. The clinical 
information on the sample, when rechecked, indicated 
that a substantial portion of the tissue subjected to 
the isolation procedure was palatal tissue.

There is always the possibility that the intensity 
staining gingival component was not readily resolved 
under the conditions of electrophoresis used in this 
study. Two bands are identifiable in the case of the 
glycoprotein mixture isolated from the gingiva of the 
black teenage female. It may well be unfair, however, 
to make any inferences based upon this single case.
From studies on humans, we know that there are observable
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racial differences in glycoprotein fractions from aorta.59 
Moreover, the unusual pathology with which she presented 
would obviate any discussion concerning racial differences.

Alternatively, the readily identifiable gingival 
band may, in fact, be a manifestation of inflammatory 
disease. From this standpoint, it would be exceedingly 
interesting to compare a facial ridge glycoprotein 
fraction from edentulous individuals to the fraction 
from autologous palate. This kind of experiment could 
be of great help in explaining the above observations 
on Caucasians. Carefully conducted studies on racial 
differences might well reveal that there are glyco
protein components in higher frequency in one population 
or another. This is not surprising considering the fact 
that the frequency of the ABO blood groups vary 
considerably between populations.̂  These differences 
are due specifically to differences in oligosaccharide 
compos ition.̂

Sex differences in glycoprotein composition of 
aorta from humans and cattle has been documented.59 
This study suggests strongly that a sex difference can 
be recognized in the glycoprotein material that was 
isolated from gingiva. These studies should be extended
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to tissues excised from areas immediately adjacent to 
the teeth, since the difference could not be detected 
with palatal tissue. Sex differences in the composition 
of glycoprotein may, or may not, have a bearing on 
pathological conditions themselves. In the United 
States, males exhibit a higher incidence of periodontally 
related diseases than females. However, males also 
exhibit higher mean plaque indices.^1

The evidence presented here strongly indicates that 
an observer can readily distinguish the source of a 
glycoprotein fraction from gingiva or palate and that 
a similiarly isolated fraction from serum can be 
distinguished as well. There is also a distinct 
possibility that a sex difference can be observed in 
gingiva. Interestingly enough, no observable differences 
could be ascribed to age. It is felt that this is a 
significant observation. The age groups were divided 
in such a manner that there would be no overlaps (a 
five year span between categories). However, there is 
always the possibility that age differences might have 
been observed had glycoprotein samples from children 
been compared to adults. Given the nature of the 
clinical material in this immediate vicinity, such a 
study is not possible.



No claim is made that this study in any way 
represents more than an initial incursion into the 
glycoprotein composition of oral connective tissue.
Any number of new and interesting experiments can be 
devised to attempt to answer some of the questions 
which are posed as a result of attempts to interpret 
the observations. Certainly, similar studies should 
be undertaken with animals to see if there are any 
generalities which can be made. Other studies which 
can be undertaken which might prove to be of clinical 
significance, involve isolations of glycoprotein 
material from individuals with different pathologic 
states, including systemic disease. This is surely 
possible since the isolation technique has been scaled 
down successfully.

The extent and nature of this study which had to 
be confined within the framework of the two year M.S.D. 
program did not permit inclusion of quantitative 
analytical data for those samples where there was ample 
glycoprotein. In addition to quantitative data, 
immunological characterization should be investigated 
given sufficient quantities of tissue. A more complete 
biochemical characterization and structural analysis 
should be attempted on at least two of the components.

67
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These are the major band with the mobility somewhat 
faster than albumin and the 4.03 cm. (4.08 cm.) 
component from gingiva and palate.

Any study that has to depend upon the acquisition 
of tissues from a heterogenous human population, suffers 
markedly from a lack of ideal conditions. These tissues 
surely are not handled as expeditiously as those coming 
from experimental animals. In order to satisfy the 
logistic needs of the study, edematous and hyper
plastic tissues had to be pooled and often there were 
not enough separate individuals making up each category 
to minimize individual variation.

The results of research with non-human models need 
not necessarily hold for human situations. Species 
differences in metabolism can be quite profound. 2̂ 
Ultimately human subjects must be studied. This 
investigation should be expanded.



69

APPENDIX A

I. DATA SHEET FOR GINGIVAL SPECIMENS

Date _______________
Name ___________________________Age _______Race
Address_________________________Sex
Systemic complications ____ _______________________
Clinical tissue observation______________________

(e.g. fibrous, edematous, 
hyperplastic, etc.)

Procedures

II. CONSENT FORT-1 FOR TISSUE EXPERIMENTATION

Date

1 * I am aware that tissue removed by gingivectomy 
will be used for basic biochemical research.

2. I understand that the operator removing the 
tissue has nothing to do with the research.
I give my consent to have blood drawn for the 
purpose of preparing serum that also will be 
used in this basic biochemical research.

Signed

3.



ABSTRACT
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ABSTRACT

The purpose of this investigation was to study the 
composition of glycoprotein fractions which could be 
isolated from the interstitial matrix of human gingival 
tissue, and from human serum. This study is considered 
important to the periodontist because of the intimate 
relationship between periodontal disease and oral 
connective tissue.

Gingival tissue, obtained during the course of 
routine periodontal treatment,, was pooled according to 
age and sex. A glycoprotein fraction was isolated by 
a procedure which included saline extraction, acidifi
cation to pH4, and ammonium sulfate precipitation.
Inasmuch as all of the tissue collected exhibited some 
degree of inflammation, human palatal tissue taken at 
autopsy was used for comparison. Autologous serum 
samples and serum from individuals with no clinical 
evidence of oral inflammation were fractionated as well. 
The glycoproteins were analyzed using a polyacrylamide 
gel electrophoretic technique employing an E.C. apparatus. 
The conditions included a 5% gel matrix, tris buffer 
pH 8.6, y 8.4 x 10~3 with respect to the salt, 5°C for 
3 hours. The gels were stained with fresh Amido Black
1ÛB solution
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The glycoprotein isolated from gingival tissue was 
differentiated from palatal tissue glycoprotein by the 
presence of a darkly staining component which migrated 
approximately 4.03 cm. from origin. Palatal tissue has 
a similiar component which stains less intensely. A 
possible sex difference can be observed with the 
gingival glycoprotein fraction. A distinct pair of 
bands which stain with what is arbitrarily called 
medium intensity migrates between 5.15 and 5.70 cm. 
from the origin. With male gingiva there is an analogous 
band or pair of relatively unseparated bands which 
migrate with a trailing edge somewhat faster than the 
slowest female component and a leading edge somewhat 
slower than the fastest female component.

The serum glycoprotein fraction can be readily 
differentiated from that of gingiva or palate, inasmuch 
as the albumin component migrates at a slower rate than 
the major component present in the tissue fraction.
Thus, if the electrophoretic patterns of the three 
glycoprotein fractions are observed together, an observer 
with little practice can readily distinguish the source 
of the fraction using the criteria previously described.
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