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Connective tissue, found abundantly throughout the 

body, is a heterogeneous mixture of cells and fibers embed

ded in an amorphous matrix known as mesenchymal ground sub

stance. It functions, in part, to support and compartment-
1,2

alize the various tissues and organs of the body. The

proportion of cells and noncellular components of connective
tissue varies in quantity, composition, and arrangement,

apparently to meet the functional requirements of location
3,4,5

and specificity in the body.
The chemical properties of connective tissue are, in 

general, related to those chemical and structural properties 
of individual components present therein. Of particular 

interest are the characteristics and features of the amor

phous ground substance. This intercellular matrix is known 

to envelop all of the formed elements comprising connective 

tissue proper and serves as the medium through which nutri

ents and waste products can be transferred from the cells
6,7

to the blood stream. The structure of ground substance,
depending upon its location, may vary from a sol-like to a

8
gel-like state in order to mediate physiological processes. 

Ground substance serves as a water and ion reservoir for 
the maintenance of cellular concentrations. It acts to main
tain spatial and functional relationships of the cellular and 

fibrillar components of a tissue and functions to support and



protect the organs of the body against various diseases.

Moreover, it suffices as the medium into which the connective

tissue cells secrete the forms of soluble collagen which

eventually aggregate to form important structural fibers of
6,9

connective tissue. The composition of ground substance
may be altered by such inflammatory conditions as scurvy,

9,10
gingivitis, and periodontitis. Though the matrix may
appear histologically homogeneous or finely granular, exten

sive investigation, such as those summarized by Jeanloz and 
11,12

Balazs, demonstrate that it is composed of a mixture of
hexosamine containing macromolecules including hyaluronic 

acid, proteinpolysaccharides containing the chondroitin 
sulfates A,B, and C, the keratan sulfates, and in some cases 

heparin and heparan sulfate. Chemically, the acid mucopoly

saccharides are repeating polymers of a hexosamine and uronic
acid, although the keratan sulfates are known to contain

13
galactose in place of the uronic acid. Furthermore, a less

well defined group of macromolecules, called glycoproteins,
14

can be extracted from connective tissue.
15

In a recent monograph, Gottschalk has presented a 

detailed account of the history and development of the study 

°f glycoproteins. As he points out, these compounds have 
been a subject of interest for over 150 years, but advances 

in their chemistry had to await modern techniques of isola-



tion, identification, and structural analyses. Research 

prior to 1900 was concerned with describing solubility prop

erties of these substances, their behavior in the presence 

of acid and alkali, and physical properties such as viscos

ity. During this early period all carbohydrate-protein 

complexes were included in a nonspecific group called by 

various names such as mucous, mucins, mucoids or mucoproteins 

Glycoproteins are composed of a carbohydrate moiety of oligo

saccharide dimensions linked covalently to a protein back- 
16

bone. The components of the oligosaccharide include
17

hexoses, hexosamine, sialic acid and methylpentose.

Although the exact function of the carbohydrate moiety has
18,19

not been established, studies have indicated that,

unlike the proteinpolysaccharides, the carbohydrate side
20

chain lacks serial repetition. The mucopolysaccharides

contain uronic acids or sulfate esters in addition to amino
21,22

sugars, whereas glycoproteins contain no hexuronic acid
23

and few sulfate esters. Specific monosaccharides, or 

derivatives thereof, which have been identified from glyco

proteins include: D-galactose, D-mannose, D-glucose, 

L-fucose, D-xylose, N-acetyl-D-glucosamine, N-acetyl-D-
24,25

galactosamine, and several sialic acids. •

Glycoproteins are known to exhibit a variety of func

tions. Macromolecules which include hormones, immunoglobu-



lins, mucins, enzymes, serum proteins and basement membranes
15,16,26

have been shown to be glycoproteins. Collagen,

the most abundant protein in the animal kingdom, has been
27,28

shown to contain conjugated carbohydrate.

The structure and function of these glycoproteins have
29-32

been sought by many investigators, all such studies

commencing with isolation procedures. Their identification

and distribution in tissues have been demonstrated histo-
33,34

chemically by the periodic acid-Schiff (PAS) stain.

Their relationship to disease processes is known in some
15,26

instances, but remains a subject of conjecture in others.

Glycoproteins have been implicated in pathological processes
ranging from neoplasms and diabetes mellitus to gingivitis

35,36
and periodontitis. It has been suggested that the
presence and potential physiological significance of these

37
immunologically active substances may be easily overlooked. 

Formerly, it was believed that the ground substance of
15

connective tissue contained only the mucopolysaccharides. 

Recent investigations have been conducted to demonstrate 

alterations in acid mucopolysaccharide concentrations in path

ologic states of oral tissues, giving little attention to
38-40

the connective tissue glycoproteins. Since these con

jugated proteins are so widely distributed in animal tissues, 

their biologic role in pathologic conditions cannot be

dismissed.



6

Palatal tissue, a connective tissue, would seem to be a 

good source of glycoproteins. Since oral tissues are not gen

erally used as research models in connective tissue biochemistry, 

it is not difficult to realize why glycoproteins have not been 

extensively studied therein. Normal human oral tissues are gen

erally not available in good supply for biochemical studies. 

Furtheremore, all postnatal oral tissues are in intimate contact 
with oral flora and could show some degree of inflammation, 

either clinically or subclinically. With the unlimited avail

ability in Omaha of fetal calf palatal tissue, it would seem that 

this would be a good model to use to isolate these glycoproteins. 

Antisera to a glycoprotein fraction are available from umbilical 
veins of cattle and to bovine fetal serum. Thus comparisons of 
specificity can be made.

The purpose of this study was to isolate a glycoprotein 

fraction from fetal calf palatal tissue and to determine if 

immunological relationships exist with glycoproteins previously 
isolated from blood vessels.





GLYCOPROTEINS: GENERAL CHARACTERISTICS

15,23
Glycoproteins are ubiquitous to animal tissues.

Recently they have also been found in plants and micro- 
41,42

organisms. The oligosaccharide moieties are usually
branched compounds with a relatively low number of sugar
residues, lacking serial repetition, and having their

carbohydrate residues firmly bound to protein by covalent 
43-45

linkages. Glycoproteins differ from one another in size
and nature of the oligosaccharide prosthetic groups, in

molecular weight, in numbers of carbohydrate units per
molecule, and in the position of the carbohydrate unit

30,46,47
with respect to the peptide chain. Glycoproteins

may occur as soluble plasma proteins or as components of
16,31

complex insoluble structures. They may be found both
48

intracellularly and extracellularly. An individual carbo
hydrate side chain may consist of from two to seven sugars, 

while the total carbohydrate content may constitute less
than 2% or more than 80% of the total weight of the mole- 

30
cule. Although the exact function of the carbohydrate

moiety of glycoproteins is still speculative, sugars have
been said to have been included in the protein structure as

a means of effecting recognition of a protein for a target
cell or for promoting the transport of newly synthesized

18,19cell glycoprotein to the extracellular environment.



Although the nature of the glycopeptide bonds is of 

great interest to chemists, and structural studies have in

volved sophisticated chemistry, a description of the nature 
of the bonding is beyond the scope of these writings. It 
should be stated, however that there are three distinct 

types of glycopeptide linkages : glycosidic linkages to 
hydroxyl groups of serine, threonine, and hydroxylysine 

N—glycosidic linkage to the amide group of asparagine 
(analogous to the attachment of pentose to base in a
nucleotide), and an ester type linkage to the 6-carboxyl of

23,49
a glutamic acid residue.

A common finding with glycoproteins, and one worth
mentioning, is the terminal location of sialic acid on the

50
oligosaccharide moiety. These residues seem to be respon

sible for the acidic properties and low isoelectric point of
15

some glycoproteins. In glycoproteins containing both

fucose and sialic acid, there seems to be evidence that the

terminal residue of a given oligosaccharide is either one or

another of these sugar derivatives. Additionally, it has

been shown that glycoproteins containing increased amounts
of sialic acid most probably possess decreased amounts of 

51
fucose.

The number of proteins that can be shown to contain
15,30

covalently bound carbohydrate continually increases.



Studies of the biosynthesis of glycoproteins are concerned

with determining the mode and site of attachment of the
52,53

sugar residues to the peptide chain. Investigations

have shown that the addition of the carbohydrate prosthetic
groups occur in a stepwise manner after the peptide backbone

26
has been synthesized on the ribosomes. As the protein

traverses the endoplasmic reticulum, a series of nucleoside

phosphosugar-dependent glycosyltransferases act to add on
35

the sugar residues. The size of the peptide chain, the 

sequence of amino acids surrounding the linkage site and 

the specificity of the transferases appear to be important 

in determining the final structure of the conjugated protein. 
Studies have shown that after passing through the rough endo

plasmic reticulum, the glycoprotein fraction may proceed 

either to the smooth endoplasmic reticulum, and then directly

to the plasma, or it may be shuttled to the Golgi apparatus
35,54,55

and packaged for secretion. Radioautographic studies
have shown the Golgi apparatus to be the primary site of at-

56
tachment of the carbohydrate in some cases.

As previously stated, the distribution of glycoproteins 
in the ground substance of connective tissue has been demon

strated histochemically with the use of periodic acid-Schiff 33,34
stain. Unlike the mucopolysaccharides, the glycopro-

57
terns react strongly with this technique. Glycogen, which



reacts exceedingly well with this stain, can be distin

guished from conjugated proteins by its digestibility with
58

amylase preparations followed by washing. However, caution

always has to be employed when histochemical observations are 

interpreted, especially when the techniques or reactions lead
ing to the observations are subject to ambiguity. Further

more, the terminology in use by one group of investigators is 
often not accepted by others.

GLYCOPROTEINS: FUNCTION AND DISTRIBUTION 

The biological importance of carbohydrate-protein com

plexes is probably reflected by their wide distribution and
15,23

highly diverse functions. Glycoproteins have been iso
lated from plasma, urine, mucous, egg white, submaxi11ary 
glands and connective tissues among others. They have been 

shown to take part in blood clotting, in the uptake of vita
mins, in reproduction, in antigen-antibody reactions, and in 

the protection of the digestive and respiratory systems.

Their role as carriers, metabolic effectors, filtration bar
riers and structural components of membranes have also been 

30,59
documented.

The presence of glycoproteins in arterial tissue has
60-62

recently been reported. It appears that these glyco
proteins are of the soluble variety, readily extractable 
with neutral salt solutions of ionic strengths and osmo-



larities approximating that of serum. However, unlike

the proteinpolysaccharides, blood vessel glycoproteins from

cattle have been shown to produce good precipitatin® anti-
64

bodies in rabbits.

The terminology for hexosamine-containing substances 
has been confused due to both lack of consistant terminol

ogy and nebulous chemical identity. Previously, the term

mucopolysaccharide" was used to designate hexosamine-contain-
15ing acidic protein-carbohydrate substances. The recogni

tion of glycoproteins in connective tissue was limited to
15

the salivary gland substances. As other tissue glyco

proteins became recognized as being histochemically and bio

chemically different from acid mucopolysaccharides, it became 

necessary for investigators to further differentiate between

the two. Studies which had seemingly characterized acid
65

mucopolysaccharides in oral epithelium and in the attach-
66

ment apparatus now, in retrospect, seem to indicate that 

the substances demonstrated could have been extracellular 

glycoproteins as well as the acid mucopolysaccharides. Histo- 
chemical observations of the extracellular substance of epi
thelium and connective tissue of gingiva with periodic acid-

33,36
Schiff stain seem to .support this supposition. These

observations may be important in view of morphologic changes 

which occur in gingiva when gingivitis or periodontitis are

63



present. It has been previously demonstrated that the acid

mucopolysaccharides present in the ground substance of human
40,67

gingiva are altered in the disease process. Oral
bacteria have been shown to possess enzymes capable of alter-

68,69
ing these acid mucopolysaccharides. It has also been
demonstrated that certain hormonal changes affecting the oral

tissues are actually alterations in the extracellular glyco-
70

proteins of the ground substance of connective tissue. It

has been reported that there are alterations in composition
40,69

of chondroitin sulfates in gingivitis and periodontitis.
Glycoproteins, when isolated from ground substance, can be

shown to be in higher concentrations than the acid mucopoly- 
63

saccharides. It would not appear unlikely to speculate 

that this altered tissue state might be reflected in changes 

glycoproteins as well. The isolation of glycoproteins 
from oral connective tissue would appear to be a logical 

first step leading to an understanding of the relationship 
of these macromolecules to oral disease.





COLLECTION OF SAMPLES

Fetal calf palatal tissue was obtained at the Cornhusker 
Packing Company, Omaha, Nebraska. The samples were collec

ted by initially removing the snouts of the fetal calves with 

a hacksaw at the slaughter house and transporting the tissue 
to the laboratory packed in ice. The anterior palatal tissue 

was dissected from the bony undersurface, rinsed free of blood 

and stored at -20°C. When a sufficient quantity was collected, 
the tissue was pooled for isolation. No effort was made to 
distinguish age or sex of the fetuses.

Followingi the initial collection of the sample material, 

biopsies were taken from different regions of several palatal 
tissue specimens. All specimens were fixed in 10 percent 
formalin, embedded in paraffin, cut at 5 micra and stained 
with hematoxylin and eosin.

ISOLATION PROCEDURE

The extraction and isolation of the glycoprotein frac
tions were accomplished employing the procedure of

64
Radhakrishnarmurthy, et al. (Figure 1). The only modifica

tion was the use of a Sorvall centrifuge to replace the 

tedious celite-filtering step described in the method. All 
procedures were carried out at 0°-4°C.



Ninety palates were collected throughout the course of 

the study. Palates sufficient to approximate 30-40 grains 

of tissue were minced in an electric meat grinder. Excessive 

moisture was removed by blotting with filter paper. Three 

individual isolations were performed using approximately 
thirty-four grams of minced tissue for each extraction.
The minced tissue was extracted with fifteen volumes of 

0.15 M NaCl over a period of forty-eight hours with constant 
stirring at 0 C. The tissue debris was removed with a 

strainer and discarded when the extraction was terminated.

The effluents were centrifuged at 10,000 x g for fifteen 
minutes, the supernatant collected and the sediment dis

carded. The resulting pink, opalescent solution was dial

yzed for three days versus nine changes of distilled water. 
After centrifugation the slight amount of sediment was dis

carded. The supernatant was adjusted to pH 4 with one- 

tenth volume of acetate buffer, ionic strength 0.01. After 

twenty-four hours, the precipitate which formed was removed 
by centrifugation. The volume of the supernatant was meas
ured in anticipation of ammonium sulfate fractionation. The 

solution was adjusted to forty percent ammonium sulfate sat
uration and the precipitate which formed was removed by cen- 

after twenty-four hours. Addition of more am
monium sulfate to sixty percent saturation afforded another 
precipitate which was again discarded after twenty-four
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hours. Further addition of ammonium sulfate to one hundred 

percent saturation yielded a precipitate which was collected 
by centrifugation. The precipitate was the desired glyco

protein fraction. It was dissolved in distilled water and 
dialyzed for seventy-two hours versus nine changes of dis

tilled water to eliminate the salt. Centrifugation at this 
step removed another precipitate formed during dialysis.

The supernatant was lyophilized and the white, fluffy glyco
protein fraction stored under desiccation at -20°C.

ANTIBODY PRODUCTION

Three male white Dutch rabbits were used in this study 
to produce antibodies to the isolated glycoprotein. Each

rabbit had one ear tatooed with an identification number. 

These animals were designated 501, 502 and 503 respectively. 
Following a four week observation period, the flanks of 

the rabbits were shaved and the skin cleansed with pHisoHex 

followed by 70% alcohol. An emulsion of 2.5 percent glyco

protein in complete Freund’s adjuvant (Difco Laboratories) 

was prepared. Four 0.2 cc portions were injected subcutan
eously into each prepared flank with a twenty gauge needle 

in a 1 cc tuberculin syringe. After six weeks the rabbits 
were starved overnight and bled from the ear. Serum was 

prepared and a precipitin test performed versus serial dilu-
tions of a 2.5 percent glycoprotein fraction in 0.15 M NaCl.



Rabbit serum collected prior to challenge served as a control. 

A 0.5 cc booster solution of 1 mg/ml glycoprotein was admin

istered thrice weekly to each rabbit for a period of two 

weeks. The rabbits were retitered and the results indicated 

that there was sufficient antibody for immunoelectrophoretic 
purposes. The collected serum was frozen for future use.

IMMUNOELECTROPHORESIS
The following antisera were available for Immunoelectro

phoresis : antisera to bovine fetal serum and antisera to 

umbilical vein glycoprotein, these previously prepared by 

Dr. Arthur F. ¡Fishkin, and the antisera to the glycoprotein 

fraction from palatal tissue. These three antisera and their 
corresponding antigens were utilized in this study.

Immunoelectrophoresis was accomplished with a LKB 6800A 
apparatus. Glass slides fastened to a frame on a leveling 

table were covered with a one percent agar solution in 

veronal acetate buffer, pH 8.6. The slides were allowed to 
gel for fifteen minutes and transferred to a humid chamber 

for one hour. A gel punch with a pattern of two small wells 

and a long narrow trough was utilized to make the appropriate 

form in the agar. The gel plugs in the wells were removed by 

aspiration. Two microliters of a sample antigen was intro
duced into the wells with a micropipette, the apparatus was 

assembled and electrophoresis commenced. Two hundred fifty



volts were applied for one hour to separate the antigens.

The slides were removed from the apparatus and the agar in 

the center troughs removed with a gel knife. One hundred 

microliters of antiserum was placed into the troughs, the 

framed slides transferred to a humid chamber and immunodiffu

sion permitted to proceed for twenty-four hours. Protein, 

not precipitated by the antigen-antibody reaction was washed 

out with a 0.15 M NaCl solution over a twenty-four hour period. 
The NaCl was removed by washing in distilled water for one 

hour. The slides were covered with blotter strips and allowed 
to dry overnight. After removal of the blotter strips, the 

slides were sthined with Amido Black 10B for five minutes to 
make the white precipitin areas more readily visible. The 
excess dye was removed by washing for forty minutes in aque

ous methanol and acetic acid. Immunoelectrophoretic analyses, 
as described above, were performed with the following antigen- 

antibody combinations: 5, 2.5 and 1.25 percent solutions of 
a palatal glycoprotein fraction versus antiserum from each 

rabbit; 5 percent solution of a palatal glycoprotein fraction 

versus combined rabbit antisera, antisera to bovine fetal serum 
and umbilical vein glycoprotein; bovine fetal serum and 2.5 

and 5 percent solutions of a vein glycoprotein fraction versus 
antisera to the palatal glycoprotein fraction and 3.5 percent 

solutions of crystalline bovine serum albumin versus antisera



to bovine fetal serum, palatal glycoprotein and umbilical vein 
glycoprotein.

The specific antigenic concentrations of the palatal 
glycoprotein fractions were made using pooled glycoprotein 

material obtained from the three extractions. Each immuno- 

electrophoretic trial involved slides reproduced in quadru
plicate to insure uniformity of results.

CHEMICAL ANALYSES

The following analytical procedures were performed on a 
solution of the palatal glycoprotein fraction whose concentra

tion was 5.25 mg/ml based on constant weight at 105°C.: total

carbohydrate content by means of the phenol-sulfuric acid method 
71

of Dubois et al., glucose was used as the standard. Sialic

acid determination was estimated by the diphenylamine reaction 
72

of Dische. N-acetylneuraminic acid was used as the standard.
Total nitrogen content was determined by Kjeldahl digestion

and Nesselerization. A modified Elson and Morgan procedure
73

yielded hexosamine values. Polypeptide by the biuret method 
74

of Mehl and hexuronic acid by the carbazole procedure were 
75

also determined.





The photomicrograph made of the tissue specimen demon

strated a typical section of normal fetal palatal tissue 

(Figure 2). Mature palatal tissue is a connective tissue

which upon microscopic examination exhibits a stratified
76

squamous epithelium which is keratinized. The keratinized 

layer is usually well differentiated because of the functional 
stresses placed upon it. The anterior hard palate has sev

eral raised areas or rugae which are composed of a dense con
nective tissue core comprised of finely interwoven fibers
i 77,78

and covered by a masticatory mucosa. Beneath the epi

thelial layer of palatal tissue lies the much thicker 

lamina propria’. Microscopically, this layer contains numer

ous papillae projecting into the epithelial layer together

with large amounts of connective tissue fibers, cells blood
79

vessels, lymphatics and nerves.

Microscopic examination of the slide made from a sec
tion of fetal calf palate demonstrated a slightly differ

ent appearance. The epithelium, although still of a strati

fied squamous nature, was poorly, if at all keratinized. This 

was.to be expected since there is no mechanical stress placed 
upon this tissue prior to birth. The lamina propria was

immature but was still seen to contain both the cells and
80,81

fibers of connective tissue.



A glycoprotein fraction was successfully isolated from 
fetal calf palatal tissue. The results of the chemical 

analyses performed on this material are summarized in Table 

1* 1116 data indicate that this material has a gross chem
ical composition similar to glycoprotein fractions previous-
. . , , , 60 ly isolated from bovine aorta and umbilical blood vessels.

The palatal glycoprotein fraction elicited no precipi
tin reaction with the unchallenged serum from each of the 

three experimental rabbits. Six weeks after challenge with 
the glycoprotein-Freund's adjuvant emulsion, an obvious pre
cipitin reaction was observed with serum from all three 

rabbits. The peak titer was judged to be at a dilution of
3

2 of the 2.5 percent glycoprotein solution. It was decided 
that a higher antibody titer would be obtained following 

bleeding and boosting. After the booster schedule was com

pleted, the rabbits were retitered and the peak precipitin 

appeared at a dilution of 26. The serum collected from this 

bleeding was judged sufficient for immunoelectrophoretic trials.
As previously described, Immunoelectrophoresis was 

first performed using 5, 2.5 and 1.25 percent glycoprotein 

solutions versus antisera to each rabbit. This was done to 

judge the relative quality of the resolution power for each 

concentration. The resulting slides indicated that a 5 per
cent solution of the glycoprotein fraction from fetal palates



gave the best resolution in all cases. Figures 3a, b and c 

show photographs of these results. The top slide in Figure 

3a compares a 5 percent solution of a palatal glycoprotein frac
tion (upper well) and a 2.5 percent solution versus antiserum 
from rabbit 501 in the center trough. The middle slide com
pares a 5 percent solution to a 1.25 percent solution and 

the bottom slide compares a 2.5 percent solution versus a 

1.25 percent solution. The origin is marked and the anodic 

end is indicated with a plus (+) sign. Figures 3b (rabbit

502) and 3c (rabbit 503) are presented in identical format 
to that of Figure 3a.

Inasmuch as the 5 percent solution of glycoprotein 
material gave the best resolution in all cases, it became 
necessary to decide whether a given antiserum gave more 

effective resolution than another, or whether a mixture of 
all three antisera gave the best resolution at the 5 percent 

concentration. The results, depicted in Figure 4, demon

strated that rabbit 503 (bottom slide) produced the best 

antisera as compared to the mixture (top slide), or rabbit 

501 (second slide), or rabbit 502 (third slide) respectively.

For subsequent immunoelectrophoretic trials the serum of 

rabbit 503 was used as the representative palatal glycoprotein 
fraction antiserum.
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Recall that antisera to bovine fetal serum and to bovine 

umbilical vein glycoprotein material was made available for this 
study. Figure 5 shows the results obtained when a 5 percent 

solution of palatal material was subjected to Immunoelectrophoresis 
versus antiserum to bovine fetal serum (top slide), and bovine 

fetal serum versus the antiserum from rabbit 503 (bottom slide). 

Observe the palatal glycoprotein fraction contains an anodic 
component strongly suggestive of albumin and perhaps two weakly 
reacting areas from more slowly moving antigenic components.

On the other hand, bovine fetal serum contains two strongly re
acting components readily detectable by antiserum to material 

from bovine palates. The peaks of the arcs are well separated 
and no minor components are discernable.

Examination of the immunoelectrophoretic patterns of 
the palatal glycoprotein fraction suggested that there was indeed 
great similarity between this material and that of the umbilical 

blood vessel glycoprotein fraction. Umbilical vein glycoprotein 
material cross reacted with antiserum to the palatal fraction.
The two top slides of Figure 6 (2.5 percent vein glycoprotein 

versus 503 antiserum and 5 percent vein glycoprotein versus 
503 antiserum) show this quite nicely. Again, better resolu

tion was attained with the 5 percent fraction. Interestingly, 
antiserum to the vein glycoprotein fraction reacted very 

strongly with the palatal material and with excellent resolu-



tion at the anodic migrating loci. The third slide of Figure 

6 demonstrates this. The bottom slide is included for com

parison and has already been described in Figure 3c as being 

a comparison between a 5 and a 2.5 percent palatal glycoprotein 
fraction versus antiserum from rabbit 503. Note that there 

was better resolution in the cathodic migrating positions than 

can be discerned with the antiserum to the vein fraction. How

ever, the anodic resolution was inferior to that observed with 

the vein antiserum. Both sets of figures demonstrated that the 
glycoprotein fraction isolated from either blood vessel or pal

ate produced cross reacting antisera in rabbits, the immuno- 

electrophoretic patterns of which were all quite similar.
During the course of these observations the most anodic 

migrating component (which was also the component appearing 

to be xn greatest concentration) seemed to resemble serum 

albumxn. This was previously noted during the description 
concerning Figure 4. A 3.5 percent solution of crystalline 

bovine serum albumin (Pentex), when allowed to undergo Immuno

electrophoresis with the available antisera, produced the re
sults depicted in Figure 7. All three antisera gave a sharply 

reacting arc to the crystalline serum albumin. The uppermost 

and middle slides, which contained antisera to bovine fetal 
serum and to the palatal glycoprotein fraction (rabbit 503) 

respectively, showed a single anodic component identical to



the major anodic component observed in all previous trials. 

Furthermore, these two antisera reacted identically with the 
bovine serum albumin. However, the antiserum to the vein 

glycoprotein, lower slide, resolved the crystalline bovine 
serum albumin into a major component identical to that de

scribed on the upper two slides and perhaps a second very 

minor component. There was some similarity here to the 
results shown in the anodic locus of the third slide in 

Figure 6 . It would appear that antiserum to the blood vessel 

glycoprotein fraction contained antibody in sufficient con
centration to detect antigens-in common with those found in 

a blood vessel fraction, even in a highly purified crystal
line serum protein.





FIGURE 1.

ISOLATION OF A GLYCOPROTEIN FRACTION
PALATE
mince

Centrifuge 
Superxlatant

I
Dialyze; 72 hrs 

Centrifuge

Extracted; 15 voi. 0.15 M NaCl, 48 hrs

Sediment

Sediment Superilatant
pH 4; acetate 24 hrs

Centrifuge
Sediment Supernatant

(NH^^SO^ 40% sat. 24 hrs 
Centrifuge

Sediment Supernatant
(NH4 )2S0^ 60% sat. 24 hrs

Centjrifuge
Sediment Supernatant

(NH4 )2S0^ sat. 48 hrs
Centrifuge

Sediment
dissolve in dist. H2 0

Dialyze ; 72 hrs 

Centrifuge

Supernatant

Sediment Supernatant
freeze—dry

glycoprotein fraction



FIGURE 2

Photomicrograph of a typical section of normal bovine 
fetal palatal tissue (hematoxylin and eosin; original 
magnification x 1 0 0) .





FIGURE 3a.

w e in^ni S°9Uqi0n °f 3 Palatal 8 1ycoPr°tein fraction (upper well) and a 2.5 percent solution of a palatal glycoprotein 
fraction versus antiserum from rabbit 501 (top slide).
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FIGURE 3b.

5 percent solution of a palatal glycoprotein fraction (upper 
well) and a 2.5 percent solution of a palatal glycoprotein 
traction versus antiserum from rabbit 502 (top slide).

S0^ 0n °f 3 palatal glycoprotein fraction (upper well) and a 1.25 percent solution of a palatal glycoprotein 
traction versus antiserum from rabbit 502 (middle slide).

^ i T rC!nt i°octi0n °f 3 palatal glycoprotein fraction (upperwell) and a 1.25 percent solution of a palatal glycoprotein
fraction versus antiserum from rabbit 502 (bottom slide)



FIGURE 3c.

5 percent solution of a palatal glycoprotein fraction (upper 
well) and a 2.5 percent solution of a palatal glycoprotein 
fraction versus antiserum from rabbit 503 (top slide).

5 percent solution of a palatal glycoprotein fraction (upper 
well) and a 1.25 percent solution of a palatal glycoprotein 
fraction versus antiserum from rabbit 503 (middle slide).

2.5 percent solution of a palatal glycoprotein fraction (upper
well) and a 1.25 percent solution of a palatal glycoprotein
fraction versus antiserum from rabbit 503 (bottom slide)



FIGURE 4.

5 percent solution of a palatal glycoprotein fraction versus 
combined antisera from rabbits 501, 502 and 503 (top slide).

5 percent solution of a palatal glycoprotein fraction versus 
antiserum from rabbit 501 (second slide).

5 percent solution of a palatal glycoprotein fraction versus 
antiserum from rabbit 502 (third slide).

5 percent solution of a palatal glycoprotein fraction versus 
antiserum from rabbit 503 (bottom slide).



FIGURE 5.

5 percent solution of a palatal 
antiserum to bovine fetal serum glycoprotein fraction versus 

(top slide).
Bovine fetal serum versus antiserum from rabbit 503.



FIGURE 6.

2.5 percent solution of a vein glycoprotein fraction versus 
antiserum from rabbit 503 (top slide).

5 percent solution of a vein glycoprotein fraction versus 
antiserum from rabbit 503 (second slide).

5 percent solution of a palatal glycoprotein fraction versus 
antiserum to umbilical vein glycoprotein (third slide).

5 percent solution of a palatal glycoprotein fraction (upper
well) and a 2.5 percent solution of a palatal glycoprotein
fraction versus antiserum from rabbit 503 (bottom slide).



FIGURE 7.

3.5 percent solution of crystalline bovine serum 
antiserum to bovine fetal serum (top slide). albumin

3.5 percent solution of crystalline bovine serum 
antiserum from rabbit 503 (middle slide). albumin

3.5 percent solution of crystalline bovine serum 
antiserum to umbilical vein glycoprotein (bottom albumin 

slide).

versus

versus

versus



DISCUSSION



This paper has emphasized that the ground substance 

of connective tissue has been shown to contain a complex 

mixture of glycoproteins in addition to the earlier dis

covered acid mucopolysaccharides and their parent protein- 
polysaccharides. As other investigators succeeded in iso

lating and characterizing some of these substances, it be

came of interest to see if glycoproteins found in one con

nective tissue were similar to those thought to be present 

in others. Preliminary work in isolating glycoproteins 

from bovine umbilical vessels offered the opportunity to 

test the validity of this assumption. For comparisons to 

be made, it was first necessary to isolate these glycopro
teins from another bovine fetal tissue. Once this had been 

achieved, antiserum to the isolated glycoprotein fraction 

was prepared, and a comparison of antigenic behavior made 

through the process of immunoelectrophoresis. Palatal 

tissue, for reasons previously described, offered an inter
esting connective tissue on which extraction procedures 

could be readily attempted. In addition, this tissue was 

regionally separate from the umbilical blood vessels and 

thus provided a model with which useful biochemical and 

immunological comparisons could be made to blood vessel 

^terials. It was obvious, based on studies with other 
connective tissues, and the histologic studies of oral



tissues, that there had to be extractable glycoprotein mate

rial present in palate. The quantity of glycoprotein materi

al that might be extracted was anticipated to approximate 
previously reported yields. With the above ideas in mind, it 
was felt that the palatal tissue was a good choice for the 
hypothesis proposed in the introduction to this paper.

It became quite apparent that glycoprotein material 
could indeed be readily extracted from palatal tissue. The 
three separate extractions allox^ed the recovery of a water 

soluble glycoprotein fraction in sufficient amount to per

form routine chemical analyses and the immunological studies. 
The yield of this glycoprotein fraction, calculated as mil

ligrams glycoprotein material per gram wet weight of tissue, 
indicated that palatal tissue was rich in these ground sub

stance constituents and probably found in greater abundance 
than similar fractions previously isolated from umbilical 

blood vessels. The average yield of 35.23 mg/gm wet weight
of palatal tissue was approximately txvice that found bv

60Fishkm and Spangler. Moreover, the palatal glycoprotein 

fraction was shoxm to be able to produce good precipitating 

antibodies in rabbits, much like the blood vessel fraction.

It was also evident from the results of the chemical analyses 

that palatal glycoprotein, as defined, is quite similar in 
gross chemical composition to glycoprotein materials ex
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tracted from blood vessels of cattle, either fetal or adult
60,64aorta or umbilical vein or artery.

It should be reemphasized that this report is not the 
first to document the presence of glycoproteins in oral 

tissues. Previously, oral tissues had been shown, by sev

eral histochemical techniques, to contain these proteins 

conjugated with carbohydrates. Histochemical observations 
more than strongly indicated the presence of glycoproteins 

m  such tlssues, but the most satisfying proof is obviously 
based upon evidence of isolation. Furthermore, this thesis

is not the first documented report of their presence in oral
36

tissues based upon isolation. Engel, and later Schultz-
33

Haudt, Paus and Assev did in fact, isolate glycoprotein 
material by methods then in vogue. Unfortunately, the 

fractions were poorly characterized and based upon consider

ations of the physico-chemical behavior of glycoproteins 

which earlier were poorly understood. These ill-defined 

fractions could scarcely qualify as substantial proof that 

extracellular glycoprotein material is present in oral tis
sues. In all fairness, the methodology of isolation used

by those investigators was not as refined as the techniques
64

USe today- Radhakrishnamurthy et al. have shown that 
milder techniques yield more easily characterized glycopro
tein material. To the knowledge of this investigator this



is the first paper to describe an extraction of a glycopro

tein fraction from palatal tissue with quantitative chemical 

analyses of some important components in addition to a qual
itative description of its antigenic nature.

One of the more significant observations of this study 

was that the glycoprotein fraction extracted from palate was 

similar, not only in chemical composition, but in antigenic 
behavior to that of umbilical blood vessels. That two such 

widely divergent tissues should have such similar antigenic 

glycoprotein materials from their respective ground substance 

indicated that the mesodermal matrix of all connective tissues 

m  the body may be quite similar in glycoprotein composition, 

especially on examination of their immunologic behavior.

There is no doubt that the glycoprotein fraction con

tains antigenic components that cross reacted with serum. One 

of these components was most probably serum albumin. There 
are other components present in serum as well which are a 

part of the glycoprotein fraction, which at present are
undefined. Most of these components migrated anodically in 
immunoelectrophoresis.

The cathodic migrating components appeared not to cross 
react with serum. Furthermore, it was in this area of the 

immunoelectrophoretogram where there was least similarity in 
composition between blood vessel and palate. There was one



minor component which appeared to distinguish palate from 
blood vessel.

Efforts to establish by immunoelectrophoresis that 

serum albumin was a component of the glycoprotein fraction 
led to rather obvious trials, the results of which appear to 

be puzzling. However, an explanation can be furnished which 

appears consistent with the observations. The antisera from 
rabbits challenged with bovine fetal serum contained anti

bodies to components in fetal serum in sufficient concentra
tion to elicit a good response. Though serum is known to 

contain more proteins than just those designated as serum 

proteins, the immunoelectrophoretogram of serum does not show 
all constituents of serum detectable by other means. For 

example, enzymes such as the transaminases detectable in
serum by chemical means are not readily discernable by

82
immunoelectrophoresis. These enzymes originate from 
tissue. The converse could be true as well. A protein 
fraction from a given tissue could elicit an antibody re
sponse in rabbits only to those components present in 

sufficient quantity so to do. Material isolated from fetal 

palates and reacted with antiserum to fetal serum demonstrated 
a major component which appeared to behave as albumin. Other 
components of the palatal glycoprotein fraction may not be 
recognized enough to react well. The antiserum to palatal



glycoprotein contains antibodies to material concentrated 

in the palatal fraction. Again the albumin is discernable 

when fetal serum is cross reacted with the antiserum to the 

palatal fraction. Additionally, the second arc, so readily 
discernable must be in serum but this component is concen
trated in the palatal fraction. Its origin, serum or tissue, 

is not known at present. The reaction of crystalline bovine 
serum albumin with the three antisera appeared to be consis

tent with the above. Antisera to either fetal serum or 

palatal glycoprotein yielded but one distinctly clear arc 

when reacted with the albumin. However, antisera to blood 

vessel glycoprotein yielded the albumin like arc plus a minor 
component, which moved very closely to albumin. A crystalline 

protein is not necessarily completely pure. If it contains 

a very small amount of an impurity, its detection by chemical 

means might be extremely difficult if not virtually impossible. 

However, it is not hard to envisage that a serum component 
could contain an impurity arising from blood vessel walls 
which is concentrated enough in a fraction isolated from 
blood vessels such that antibodies to the fraction could 
visualize it by immunoelectrophoresis.

It should now appear obvious that there are enormous 
complexities involved with these observations. Undoubtedly 

the origin of some of the various glycoprotein components



are from the connective tissue matrix. However, the presence 

of albumin (or better a material with the same immunoelectro- 

phoretic behavior as albumin) indicated that at least one

serum component tends to migrate into tissue and when isolated
from the tissue is associated with a glycoprotein fraction.

It is interesting to speculate that albumin or a material de

rived therefrom but retaining its immunoelectrophoretic char
acteristics could be a part of the architecture of the ground 
substance.

The oral cavity is subjected to an enormous variety of

physical, chemical and biological insults. Inflammatory condi
tions are quite common both clinically and microscopically 

in oral tissues. In some cases a decrease in what appears to

be glycoproteins has been reported in inflamed tissues, and in
83-85

other cases increases have been noted. Those observations

must be interpreted with caution in the light of the data pre

sented herein. Workers who report that acid mucopolysaccharides 

can be released from the ground substance during inflammation as 

a result of enzymatic action (either from the tissue itself or ex
ogenous bacteria) fail to put emphasis on the possibility of

. . .  t  38,40similar breakdown and release of glycoproteins. Gersch
86

and Catchpole, however, had advanced this notion over twenty-

five years ago, but still there are few investigators who ad
dress themselves to this question.



The general medical importance of glycoproteins is now 

being recognized, yet interest on the part of dental researchers 

in their chemistry and immunochemical properties remains dormant. 

Information concerning oral tissue glycoproteins and their rela

tionship to pathological conditions will not be easily unravelled, 

but to neglect their importance is not good scientific strategy.

Whatever model systems are used, characterization of com
ponents and reliable quantitative data become a prerequisite 

for meaningful conclusions. This information, such as the rela
tive properties of the components of the glycoprotein fraction 
and the chemistry of these components, need be obtained.

Similar studies can be made with human tissues if conditions 
are appropriate. It is hoped that this contribution helps to 

emphasize the importance of glycoproteins in oral tissues, be 
they healthy or diseased.
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The purpose of this study was to isolate a glycoprotein 

fraction from fetal calf palatal tissue and compare immuno

logical relationships, if any, with a similar fraction iso
lated from umbilical blood vessels of cattle.

A fraction, chemically similar to a blood vessel glyco

protein fraction, was isolated from fetal calf palates by a 

method involving saline extraction, ammonium sulfate fraction
ation, and lyophilization. This fraction elicited precip

itating antibody production in rabbits with the aid of com

plete Freund's adjuvant. Immunoelectrophoretic studies in
dicated that the palatal glycoprotein fraction was similar 

to an umbilical blood vessel glycoprotein fraction and con
tained an anodic component which cross reacted with crys

talline bovine serum albumin. The cathodically migrating 

components appeared not to cross react with serum, and it was 

in this-area where there was least similarity between the 
glycoprotein fractions of palate and blood vessel.

An interesting point was raised concerning the presence 
of serum albumin and perhaps other serum components in the 

matrix of connective tissue. Serum albumin may be a normal 
and functional constituent of the matrix of connective 
tissue and may be in close association with the tissue 
glycoproteins.



These observations concerning the isolation and immuno 

electrophoretic behavior of a partially characterized 

palatal glycoprotein fraction will perhaps emphasize the 

possible importance of glycoproteins in the matrix of oral 
connective tissues whether normal or diseased.
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IMMUNOELECTROPHORETIC BEHAVIOR OF A GLYCOPROTEIN 
FRACTION ISOLATED FROM THE FETAL CALF 

PALATE

Jeffrey Edwin Devack, D.D.S.

Creighton University School of Dentistry 

Omaha, Nebraska

The purpose of this study was to isolate a glycoprotein 
fraction from fetal calf palatal tissue and to compare immuno

logical relationships, if any, with a similar glycoprotein frac

tion previously isolated from umbilical blood vessels. Because 
of the lack of information concerning oral connective tissue 

glycoproteins, this investigation was conducted to emphasize 

their possible function and importance in oral tissues whether 
normal or diseased.

Immunoelectrophoretic and analytical studies indicated 
that the palatal glycoprotein fraction was both immunologically 

and biochemically similar to an umbilical blood vessel glycoprotein 
fraction and contained an anodic component which cross reacted 

with crystalline bovine serum albumin. Emphasis was placed on 
the possibility of breakdown and release of glycoproteins 
during inflammation.
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