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PAET 1

INTRODUCTION



Chapter 1 - Glycoproteina
1*1 (l) General Introduction to Glycoproteins
The complexes formed between proteins and polysaccharides have
been extensively reviewed (Jeanloz, 1963; Brimacombe & Webber,
1964; Gottschalk, 1966; Sharon, 1966; Ginsburg & Neufeld, 1969; 
Spiro, 1970)*

Protein-polysaccharides have received many names such as 
mucoproteins, glycoproteins and mucopolysaccharides and various 
systems of nomenclature have been proposed (see Gottschalk, 1966)# 
There may be some confusion caused by the prefix "muco", which 
may refer to the protein or the sugar component of protein- 
polysaccharides. In order to counteract this , Jeanloz (1960) 
proposed a system of nomenclature where the compounds in which 
the protein-polysaccharide linkage was thought to be weak (e.g. 
salt link or hydrogen bond) were known as polysaccharide™i>3:'otein 

complexes. The name glycosaminoglycuronoglycaus was proposed 
to cover polysaccharides which had a repeating disaccharide 
unit of hexosamine and hexuronic acid. Compounds with a 
covalent linkage between protein and carbohydrate were called 
glycoproteins. However, most of the polysaccharide-protein 
complexes, frequently referred to as mucopolysaccharides, have 
been shown to contain a covalent linkage between their protein 
and polysaccharide moieties and so can be classed as glycoproteins.

Gottschalk (1966) proposed to update the system of 
nomenclature of Jeanloz (196O) and to regard mucopolysaccharides



as a specialised class of glycoprotein because of the repeating 
disaccharide nature of their carbohydrate moiety and the relatively 
large size of the carbohydrate part. Other glycoproteins do not 
seem to have a simple repeating unit in their carbohydrate moiety.

In their reviews, Ginsburg and Neufeld (I969) and Spiro 
(1970) regard mucopolysaccharides as a specialised class of 
glycoprotein (as these compounds do have a covalent linkage 
between their protein and polysaccharide portions) in which the 
carbohydrate moiety is larger than in conventional glycoproteins*

The updated system of nomenclature of Jeanloz (I960) as 
proposed by Gottschalk (1966) shall be used here.

Glycoproteins have been found to occur widely in the animal 
and plant kingdoms and more recently have been found in micro
organisms. While the peptide portion reflects the whole spectrum 
of amino acids, only a limited number of monosaccharides have 
been found. These characteristic sugars are D-galactose, D- 
mannose, D-glucose, L-fucose, D-xylose, L-arabinose, N“acetyl-I)« 
glucosamine, N-acetyl-D-galactosamine and the N— and 0-acetyl 
and N-glycolyl derivatives of neuraminic acid. In addition to 
this the hexxironic acids, D-gluouronic and L-iduronic acid are 
found as part of mucopolysaccharides.

The carbohydrate portion of glycoproteins may contain from 
two to six or seven of the monosaccharide types (Gottschalk, 1966; 
Spiro, 1970) and may represent from less than 1^ to more than 80^ 
by weight of the molecule (Spiro, 1970)# The number of covalently.



bound carbohydrate units in glycoproteins may range from one
as in ovalbumin (Johansen, Marshall & Neuberger, I96I), ribonuclease
B (Plummer & Hirs, 1964) or deoxyribonuclease (Catley, Moore &
Stein,. 1969), to higher numbers such as 19 for calf thyroglobulin 
(Spiro, 1965) up to as many as 800 in the ovine submaxillary 
glycoprotein (Graham & Gottschalk, I960). However, there is a 
wide range of molecular weights of glycoproteins and the degree 
of glycosylation of the molecule may be visualised by calculating 
the average number of amino acid residues per covalently bound 
carbohydrate unit (Spiro, 1970), This spacing varies from an 
average of 6 amino acids per carbohydrate unit in ovine submaxillary 
glycoprotein through one carbohydrate group per 50? amino acids 
for ovalbumin to one carbohydrate group per 1000 amino acids in 
rabbit scleral collagen (Spiro, 1970).
1*1 (2) Occurence and Biological Activities of Glycoproteins

Proteins that have been found to be glycosylated, as well 
as being widespread throughout the plant and animal kingdoms have 
many diverse functions, although in many cases it is difficult to 
asci’ibe a particular function to a particular protein*
Glycoproteins have been found to be hormones, for example, 
chorionic gonadotrophin (Bahl, 1969), follicle-stimulating hormone 
(Cahill, Shetlar, Payne, Endecott & Li, 1968), thyroid-stimulating 
hormone (Carsten & Pierce, I963) and thyroglobulin (Spiro & Spiro, 
1965) and enzymes, ribonuclease (Plummer & Hirs, 1964), 
deoxyribonuclease (Catley Moore & Stein, 1969), horse radish

3



peroxidase (Shannon, Kay & Lew, 1966) and pepsin and pepsinogen 

(Bohak, 1969)* The immunoglobulins IgG (Eoseweaver & Smith, I96I)* 
IgA (Dawson & Clamp, I968) and IgM (Miller & Metzger, 1965) are 
glycoproteins. Glycoproteins are also involved in transport as 
in transferrin (Jamieson, 1965) the iron transporting protein of 
plasma, while other plasma glycoproteins are, for example, fetuin 
(Spiro, i960) and fibrinogen (Bray & Laki, I968). Glycoproteins 
are found in cellular membranes in platelets (Pepper & Jamieson, 
1969), visual pigment (Heller, I968) and E. Coli cell membrane 
(Okuda & Weinbaum, I968) and in extracellular membranes such as 
glomerular basement membrane (Spiro, 196? a), lens capsule 
(Pulcushi & Spiro, 1969) plant cell wall (Lamport, I969) and yeast 
cell wall (Sentandreau & Northcote, I968). Phytohaemagglutinins 
from many sources e.g. soy bean (Lis, Sharon & Katchalski, I966), 
black locust (Bourrillon & Pont, I968) and meadow mushroom (Sage 
& Connett, 1969) are glycoproteins as are the mucins such as 
ovine submaxillary glycoprotein (Graham & Gottschalk, I960), 
sulphated gastric (Paraer, Glass & Horowitz, I968) and porcine 
submaxillary glycoprotein (Carlson, I968). Glycoproteins are 
also found in urine, Tam and Horsfall glycoprotein (Maxfield &
Stefanye, 1962) and in connective tissue as collagens (Spiro,

- 1969; Butler & Cunningham, I966) or keratan sulphate-proteins 
(Bray, Lieberman & Meyer, 196?). Most of the major proteins of 
hen egg white are glycoproteins with the exception of lysozyme 
(Montgomery, 1970) although a discussion of egg white glycoproteins



will occur in a later chapter.
So it can be seen that glycoprotein function may be hormonal, 

enzymatic or structural, or involved in transport, lubrication or 
cellular adhesion. A discussion of the function of the carbohydrate 
moiety of glycoproteins will occur in a later chapter.
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Chapter 2 Structural Aspects of Glycoproteins
1. 2 (l) Protein - Carbohydrate Linkage

The protein-carbohydrate linkage involves the functional 
group of an amino acid side chain and the sugar at the reducing 
terminus of the carbohydrate moiety* The types of protein- 
carbohydrate linkage which have been reported are as follows;-
(1) A|3-K-glycosidic bond between N-acetylglucosamine and 
asparagine (Marshall & Neuberger, 1964).
(2) An O-glyceji&ie bond involving serine or threonine with 
either (a) an N«acetylgalactosamine residue (Graham & Gottschalk, 
i960) or (b) a galactose residue (Muir & Lee, 1969)*
(3) A ^-G-glycosidic bond between serine and xylose (Roden, 
1968).
(4) A ^-O-glycosidic bond involving hydroxylysine and galactose 
(Spiro, 1967c).
(5) An 0-glycosidic bond between hydroxyproline and arabinose 
(Lamport, 1969)*



1.2 (2) Carbohydrate Moiety Associated with the Protein-
Carbohydrate Linkage

The N-glycosidic link between N-aoetylglucosamine and 
asparagine has been found in ovalbumin and other egg white 
proteins as well as plasma proteins, hormones and enzymes.

With this type of linkage the carbohydrate moiety may be of 
a simpler type involving mannose and W-acetylglucosamine residues, 
or a more complex heteropolysaccharide unit made up of N- 
acetylglucosamine, mannose, galactose, and sialic acid or fucose. 
The more complex type of unit is very widespread, being found 
in plasma glycoproteins (Jamieson, 1965; Spiro, 1962; Dunn &
Spiro, 1967; Satake, Okuyama, ishihara & Schmid, 1959)» hormones 

(gpiro, 1965; Bahl, 1969) and immunoglobulins (Eoseweaver &
Smith, 1961; Dawson & Clamp, I968; Clamp & Putnam,̂  ̂ 1964), while 
the simpler unit is found, for example,- in ribonuclease B 
(Plummer & Hirs, 1964), deoxyribonuclease (Catley, Moore & Stein, 
1969)9 thyroglobulin (Spiro, 1965)? an immunoglobulin IgA (Dawson 
& Clamp, 1968) and soy bean phytohaemagglutinin (Lis, Sharon & 
Katchalski, 1966). Among egg white proteins, ovomucoid 
(Montgomery & V/u, 1968) has the more complex type of unit while 
ovalbumin (Johansen, Marshall & Neuberger, 196I), avidin (heLange,
1969) and ovotransferrin (Williams, 1968) have the simpler type.

A third type of carbohydrate moiety associated with the 
N-acetylglucosamine-asparagine linkage is found in the mucopoly
saccharide, corneal keratan sulphate. This has a carbohydrate



moiety of repeating galactose and N-acetylglucosaraine residues 

with additional sialic acid and fucose (Ehavanandan & Meyer, X967) 

and mannose (Baker, Cifonelli, Mathews & Roden., 1969)*

The x>̂ otein-carhohydrate linkage involving serine or threonine 

and N-acetylgalactosamine is foimd in mucins (Graham & Gottschalk, 

i960 ; Carlson, 1968) with the characteristic sugars being sialic 

acid, fucose, galactose, N“acetylgalactosamine and N-acetylglucosamine 

The carbohydrate unit may vary from monosaccharides up to hepta- 

saccharides (Graham & Gottschalk, I96O; Carlson, I96S; Watkins,

3.966; Lloyd, Rabat & Licerid^ 1968) although larger branched units 
have been reported for ovarian cyst mucins (Lloyd, .Rabat & Lic.eriD?

1968).

The mucins may have blood group activity of the ABU and Lewis 

systems associated with their cax'bohydrate moiety depending on the 

terminal -linked sugars on the galactose-N-acetylhexosamine core 

(Watkins, 1966). Terminal N-acetylgalactosamine specifying A- 

activity, terminal galactose B-activity and the presence of one 

or two fucose residues determining and Lewis activity. The 

M and N blood group substances isolated from the red blood cell 

membrane also have their carbohydrate portion attached to the 

peptide portion by serine or threonine residues (Thomas & V/inzlcr, 

1969; Kathan & Adamany, 196?» Winsler, Harris, Pekas, Johnson &
Weber, 1967)? although M and N blood group antigenicity depends 

on sialic acid residues (Springer & Ansell, 1958).
It should be noted that in glycoproteins with the asparagine-K-



acetylglucosamine linkage there is considerable variation in the 
degree of glycosylation from an average of one carbohydrate unit 
per 41 amino acids for Otj- acid glycoprotein up to one unit per 
S6o amino acids for soy bean haemagglutinin (Spiro, 1970)* In 
comparison, the degree of glycosylation of mucins with the 0- 
glycosidic linkage involving serine or threonine and N-acetylgalacto- 
8amine residues is much higher and more constant, for example, an 
average of one carbohydrate unit per 6 amino acids in ovine 
submaxillary glycoprotein and one unit per 8 amino acids in porcine 
submaxillary glycoprotein (Spiro, 1970)• It has been calculated 
that about 30^ of the total amino acid residues in mucins are 
P “hydroxyamino acids (llashimoto & Pigman, 1962) and that of these 
about 50-70^ are involved in glycosidic links (ïïarbon, Herman, 
Rossignol, Jolies & Clauser, 1964; Tanaka & Pigman, 1965)* It is 
thought that the close spacing of carbohydrate units in mucins 
with a large number of negatively charged sialic acid residues 
near each other helj)s to impart a high viscosity to the glycoprotein 
through electrostatic repulsion (Gottschalk, 196o).

It has been mentioned that IgA myeloma immunoglobulin has 
asparagine linked carbohydrate groups, but it also contains a 
serine linked carbohydrate unit (Dawson & Clamp, 1968) and rabbit 
IgG has been reported to contain a single N-acetylgalactosamine 
attached to threonine (Smyth & Utsumi, 1967)*

In a similar case to corneal keratan sulphate mentioned above 
with an asparagine linked carbohydrate moiety, it is believed that



cartilage keratan sulphate has a similar carbohydrate structural 
pattern although linked to serine and threonine residues by 
N-acetylgalactosamine residues (Bray, Lieberman & Meyer, 196?; 
Bhavanandan & Meyer, 1968). A group of sulphated glycoproteins 
have been reported in gastric mucosa (Pamer, Glass & Horowitz,
1968), colonic mucosa (inoue & Yosizawa, 1966) and submaxillary 
gland (Bignardi, Aureli, Balduini & Castellani, 1964) in which 
the linkage is presumably through serine or threonine residues.

The protein-carbohydrate linkage occuring in collagen from 
earthworm (Muir & Lee, 1969; Spiro, 1970) and clamworm (Spiro,.
1970) cuticles consists of galactose linked to serine and threonine 
residues. Di- and trisaccharides of galactose apparently
represent the main forms of the carbohydrate portion as well as

t hesingle galatose residues. These ar^only collagens found which 
have serine or threonine links instead of the more usual 
hydroxylysine linkage. Although no hydroxylysine has been found 
in these molecules, they contain larger amounts of serine and 
threonine than other collagens (Spiro, 1970; Josse & Harrington,
1964). It is worth noting also that the body wall of the earthworm 
has the more usual hydroxylysine type of linkage to a glucosylgalactose 
disaccharide (Spiro, 1970).

JThe protein-carbohydrate linkage involving an» 0-glycosidic bond 
between serine and xylose occurs in mucopolysaccharides (proteoglycans) 
such as heparin, heparan sulphate, dermatan sulphate and chondroitin 
sulphate. As mentioned earlier these may be termed a special

10



class of glycoprotein as it lias teen found that they do have a 
covalent bond between carbohydrate and peptide. The use of mild 
alkali and proteolytic digestion in the isolation of these compounds 
from connective tissue, and the repeating unit of the carbohydrate, 
gave rise to the idea that they were essentially polysaccharides 
and the precise nature of the protein part has not been determined.
The carbohydrate moiety is thought to be larger than in convential 
glycoproteins. The xylose involved in the peptide-carbohydrate 
bond is preceded by two galactose residues (Rodén, 1968), then a 
repeating disaccharide unit of hexuronic acid (iduronic and glucuronic 
acid) and hexosamine (glucosamine and galactosaniine). For a review 
see Brimacombe and Webber (1964).

The protein-carbohydrate linkage consisting of an 0-glycosidic 
bond between hydroxylysine and galactose is found in collagens 
(Spiro, 1969; Jeanloz, Bhattacharyya & Roberts, I969) and basement 
membranes (Spiro, 1967c; Spiro & Fuîcushi, I969) and is unusual as 
it involves a glycosidic substitution at a hydroxyl group close 
to an unsubstituted amino group. Usually when an 0-glycosidic 
link takes place near amino groups, these amino groups are blocked.
The carbohydrate moiety is an OC-(h>2) glucosylgalactose disaccharide 
(Spiro, 1969; Spiro, 1967c; Spiro & Fukushi, 1969)#

In basement membranes nearly all the carbohydrate structural 
unit is in the form of disaccharide units, while in the fibrillar 

collagens up to 50^ may occur as single galactose residues (Spiro,
1969). The extent of glycosylation varies from an average of one



carbohydrate group per 27 amino acids for bovine lens capsule 
glycoprotein to one carbohydrate group per 1000 amino acids for 
rabbit scleral collagen (Spiro, 1970) and in general the carbohydrate 
is spaced further for collagens and closer for basement membranes.
As well as reflecting the high number of hydroxylysines present in 
basement membranes, about 80^ of the hydroxylysines present are 
involved in protein-carbohydx'ate linkages while in fibrillar 
collagens a smaller percentage of hydroxylysines are involved in 
0-glycosidic linkages (Spiro, 1969)*

Although an early report suggested that invertebrate collagens 
have greater amounts of carbohydrate than vertebrate collagens 
(Gross, Sokal & Eougwie, 1956), a recent report based on more 
evidence says that there is no apparent relation between 
phylogenetic position of a species and percentage carbohydrate 
content (iCatzman, Halford, Seinhold & Jeanloz, 1972). This 
later paper also has shoTO an O-cC-D-glucopyranosyl — (l->2)-0-^
-D~ galactopyranosyloxy —  (l->5)“*lysine unit involved in the
protein-carbohydrate linkage (Katzman et al, 1972).

The 0-glycosidic linkage between hydroxyproline and arabinose 
occurs in plant cell wall glycoproteins and the carbohydrate moiety 
consists of arabinose from a monosaccharide up to a tetrasaccharide 
(Lamport, 1969) in the linkage region.

It is worth noting that the hydroxyproline of collagen does 
not seem to take part in the covalent linkage between protein and 
carbohydrate.
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While most glycoproteins contain carbohydrate units of only 
one type, the occurence of more than one type has been recorded. 
The proteins in which this occurs have the more complex type of 
heteropolysaccharide unit linked N-glycosidically to asparagine, 
but may in addition have the simpler mannose-N-acetylglucosamine 
unit, for example thyroglobulin (Spiro, 1965). Also, although 
there is broad similarity of protein-carbohydrate linkage and 
type of carbohydrate moiety in a biological group of proteins, 
some proteins contain more than one type of protein-carjbohydrate 
bond. For example, glomerular basement membrane has both 
hydroxylysine- and asparagine-linked carbohydrate moieties 
(Spiro, 1967 b), while IgA immunoglobulin (Dawson & Clamp, I968) 
and rabbit IgG immunoglobulin (Smyth & Utsumi, 196?; Nolan & 
Smith, 1962) have asparagine- and serine- or threonine-linked 
carbohydrate units*

It can be seen therefore, that a glycoprotein may have a 
carbohydrate unit of one structural pattern oi' more than one 
structural pattern which may be linked by the same type of 
protein-carbohydrate bond or by different protein-carbohydrate 
linkages.
1 » 2 (3) Location of Carbohydrate Moiety on Peptide Chain.

With the exception of asparagine linked to carbohydrate, 
there is little evidence concerning the amino acid sequence 
around the types of amino acid involved in protein polysaccharide
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linkages. The sequence Ser-Gly-Gly, however, has been reported 
for mucopolysaccharides (Baker & Roden, 1970). In the case of 
N-acetylgalactosamine linked to threonine, there may be a run of 
two or three proline residues on the carboxyteimiinal side of the 
threonine involved in the protein-carbohydrate linkage (Smyth & 
Utsumi, 1967)* The glucosylgalactose disaccharide of skin 
tropocollagen is linked 0-glycosidically to hydroxylysine in the 
sequence Gly-Met-Hyl-Gly-His-Arg (Butler & Cunningham, 1966).
The sequence of amino acids around asparagine residues involved 
in protein-carbohydrate linkages has led to the suggestion that 

the sequence Asn-X-Ser/Thr (with X being any amino acid) may be 
the recognition site for an enzyme attaching N-acetylglucosamine 
to asparagine (Marshall & Feuberger, 1970)«, This is further 
indicated by the complete amino acid sequence of the glycoproteins 
ribonuclease B (Plummer & ilirs, 1964), porcine ribonuclease 
(jackson & Hirs, 1970) and an immunoglobulin IgG (Sdelman, 
Cunningham, Gall, Gottlieb, Rutishauser & Ifaxdal, I969) which 
suggest a specific utilisation of asparagine residues.

Jackson and Hirs (1970) proposed that the nature of the amino 
acid, X, in the sequence Asn-X-Ser/Thr found in glycoproteins with 
asparagine linked carbohydrate groups determined the type of 
oligosaccharide unit synthesised. If X was a polar amino acid, 
the more complex type of heteropolysaccharide would be synthesised, 
while if X was non polar the simpler mamiose-N-acetylglucosamine 
moiety would be synthesised^ However, ovotransferria (Williams,.



196s) has the more simple type of carbohydrate moiety linked to 
asparagine in the sequence Asn-Arg-Thr, and one of the more 
complex type of heterosaccharide units of an IgM immunoglobulin 
(Shimizu, Putnam, Paul, Clamp & Johnson, 1971) is linked to 
asparagine in the sequence Asn-Ala-Ser* Apart from these 
exceptions, most other glycoproteins examined bear out the proposal 
of Jackson and Hirs (1970), although one of the complex 
carbohydrate moieties of cAj-acid glycoprotein is reported to bo 
linked to asparagine in the sequence Asn-Thr-Gly (Yamauchi, Makino 
ik Yamashina, 1968) which does not adhere to the sequence Asn-X- 
Ser/Thr usually found (Marshall & Neuberger, 1970).

In a recent paper, Kabasawa and Hirs, (1972) suggest that 
the nature of residue X in the sequence Asn-X«Ser/Thr must exert 
an important influence on the configuration of that part of the 
protein surface recognised by the enzymes responsible for the 
biosynthesis of the carbohydrate side chain* They further point 
out that the simpler and more complex heterosaccharide units linked 
to asparagine in porcine ribonuclease could contain a common core 
unit made up of ot Man(l->3y^) GlcNAc(W4)GlcNAo->Asn. In the 
simpler type of carbohydrate moiety this would be elaborated by 
the addition of a ̂ -mannosyl residue to the outer of the two 
N-acetylglucosamines, while in the more complex units it would be 
elaborated by the addition of an ^-mannosyl unit at the inner of 
the two N-acetylglucosamines (Kabasawa & Hirs, 1972),



:U 2. (4) Mi0ro]!eterogene 11y

The structural patterns of the carhohydrate moieties in glyco- 

pz'oteins have been mentioned and the observation that a glycoprotein 

may have entirely different types of carbohydrate groups attached to 

its peptide portion has "been pointed out. However many glycoproteins 

have been found to be microheterogeneous in that they contain minor 

variations in their carbohydrate portion. The ratio of the two 

constituent sugars, mannose and N-acotylglucosaniine, in the single 

carbohydrate group of ovalbumin varies, even when the ovalbumin is 

obtained from the eggs of a single hen (Cunningham, Ford ̂ & Rainey, 

1965? Cuimingham, I968). The heterogeneity would, therefore, 

seem to have its origins in the biosynthetic process rather than 

in a genetic phenomenon. The carbohydrate of collagens is a 

glucosylgalactose disaccharide, however single galactose residues 

have been reported (Spiro, 19^9; Cunningham & Ford, 1968). Studies 

on human o(«macroglobulin (Dunn & Spiro, I967) have shown the 

presence of 31 heteropolysaccharide units of varying size and 

composition. From the study of glycopeptides of ^(^macroglobulin, 

the authors found that the size and composition of the carbohydrate 

moieties was consistent with the idea of a core of mannose and 

N-acetylglucosa,mine residues to which are added sialic acid or 

fucose, galactose and additional N-acetylglucoso.mine residues to 

a varying degree, Kabasawa and Hirs (1972) point out that the 

observed heterogeneity in glycopeptide fractions originating 

from the two more complex heteropolysaccharide units of porcine



ribonuclease, may result from the addition of side chains containing 
N-acetylglucosamine, galactose and N-glycolylneuraminic acid to 
a common heptasaccharide core consisting of 3 mannose residues,
3 N-acetylglucosamine residues and 1 fucose residue.

In addition to the structural studies above, microheterogeneity 
may be observed in the intact molecule, in some cases, by 
electrophoresis or ion exchange chromatography (Reinhold, Dunne, 
Wriston, Schwarz, Sarda & Hirs, 1968). However charge differences 
may also arise from differences in amino acid composition such as 
the replacement of an asparagine residue by an aspartic acid 
residue, or in a difference in the total basic or acidic amino 
acid content of species of the molecule.

Although hetei'ogeneity of the carbohydrate portion can be 
explained on the basis of lack of completion of the carbohydrate 
moiety, there is the possibility of positional isomerism. In 
c/LI -acid glycoprotein, the sialic acid can be linked to carbon 
3,4, or 6 of the galactose (Jeanloz, 1966)* It has been proposed 
that this may explain the polymorphism on starch gel electrophoresis 
due to the effect of the different linkage positions on the pK 
values of the sialic acid (Schmid, 1968). Heterogeneity may 
also be explained by the lack of complete specificity of sugar 
transferases involved in the synthesis of the carbohydrate portion 
or by degradation by glycosidases (Gottschalk, 1969)*



Chapter J Biosynthesis of Glycoproteins
1. 3 (1) General Considerations

Consideration of the biosynthesis of glycoproteins involves, 
as well as the synthesis of the peptide portion, activation of 
the monosaccharide residues and their mechanism of assembly to 

the growing polysaccharide chain* This involves the attachment 
of the first sugar to the peptide, then elongation of the 
carbohydrate chain. The sugars must adopt the correct anomeric 
configuration and the incoming sugar may be linked to, say, one 
of four or five possible hydroxyl groups. Consideration must 
also be given to the control of this process, including initiation 
and termination of chain growth, the intracellular location of the 
processes and the temporal relationship between the synthesis of 
the peptide and carbohydrate components of the molecule.
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It has been found that intracellular proteins are synthesised 
on free ribosomes, while extracellular proteins ax’e synthesised on 
membraxie bound ribosomes (Birbeck & Mercer, I96I; Redman,. Siekevitz 
& Palade, 1966; Redman, 1969)* It is assumed that the peptide 
portion of glycoproteins is synthesised on ribosomes, coded for by 
messenger ÏÜJA, in the same manner as non-glycosylated proteins* 
Protein destined for export then passes through the membrane of the 
endoplasmic reticulum and as it is* transported through the spaces 
of the endoplasmic reticulum to the Golgl apparatus, carbohydrate 
is added sequentially to the protein under the action of specific



membrane bound sugar transferases. Although most glycoproteins 
are secreted, not all secreted proteins are glycoproteins, and a 
discussion of this will follow.

The initial glycosylation, i.e. the attachment of the first 
sugar to an amino acid side chain, may occur while the protein 
is still bound to the ribosomes or immediately after its release 
(liallinan, Murty & Grant, I968; Schenkein & Uhr, 1970; Molnar,: 
Robinson & Winzler, 1965; Lawford & Schachter, I9 6 6; Sarcione,
Bohne & Leahy, 1964; Sinohara & Sky-Peck, 1965; Molnar & Sy, 1967; 
Cook, Laico & Eylar,. I965) although this point is not clear at 
present. Then as the glycoprotein moves through the channels of 
the endoi^lasmic reticulum, the sugar portion is built up one 
sugar unit at a time by the action of specific glycosyltransferases 
(Ginsburg & Neufeld, 1969)* These transferases, which are 
believed to be attached to the membrane of the endoplasmic 
reticulum system, have to have specificity for both the donor 
sugar nucleotide and the acceptor growing glycopeptide. The 
monosaccharide, its anomeric configuration and the activating 
base are all specifying factors. In the case of the first 
attached sugar, the size of the peptide chain and the sequence 
around the linking amino acid may also offer specificity 
(Marshall & Neuberger, 1970; McGuire & Xtoseman, 1967; Hagopian 
& Fylar, 1969). For the addition of subsequent sugars, the 
terminal and penultimate sugars as well as their method of 
linkage may also be specifying factors. As the new sugar-



sugar bond is being formed there is the possibility of linkage 
to one of four or five hydroxyl groups.

This sequential nature of addition of carbohydrate means 
that the product of one reaction, becomes the substrate for 
the next, so that the specificity of the glycosyltransferases 
determines the type of structural unit synthesised (Roseraan,
1970)» It is probably not absolutely necessary for the membrane 
bound transferases to be spatially separated as the specificity 
of the transferases determines the sequence of the chain.

From studies of subcellular fractionation and autoradiography, 
it appears that the initial glycosylation and the synthesis of 
the core portion of plasma glycoproteins occurs on the rough 
endoplasmic reticulum, while later additions occur in the 
smooth membranes of the endoplasmic reticulum and in the Golgi 
apparatus (Schenkein & Uhr, 1970; Schachter, Jabbal, Hudgin, 
Pinteric, McGuire & Roseman, 1970; Zagury, Uhr, Jamieson &
Palade, 1970; Choi, Knopf & Lennox, 1971)# Glycosyltransferases 
involved in the synthesis of glycoproteins are probably located, 
therefore, on the rough and smooth endoplasmic reticulum as well 
as on the Golgi complex (Horowitz & Dorfman, I968) and may be 
considered to be extracellular, while the sugar nucleotides are 

synthesized in the cytosol (Winterburn & Phelps, 1971). Polyprenol 
lipid carriers have been implicated in the translocation of sugar 
units across the membrane (Tetas, Chao, and Molnar, 1970).

The Golgi apparatus is believed to concentrate the glyco-

20



protein and package it for secretion (Rambourg, Hernandez & 
Leblond, 1969)* Terminal fucose and sialic acid residues are 
added late, perhaps shortly before secretion (Choi, Knopf & 
Lennox, 1971). The secretory process probably resembling a 
reverse of pinocytosis involving a fusion of secretory vesicles 
from the surface of the Golgi and the plasma membrane (Z^gury 
et al, 1970).

Evidence for the above scheme comes from both in vivo and 
in vitro studies (Molnar, Robinson & Winzler, 1965» Lawford & 
Schachter, 1966; Spiro & Spiro, I96 6; Sarcione, Bohne & Leahy, 
1964). Liver particulate fractions contain glycoproteins 
thought to be precursors of plasma glycoproteins (Sarcione,
Bohne & Leahy, 1964; Simkin & Jamieson, 1967; Li,Li & Shetlar, 
1968), and studies on the thyroid showed the presence of a 
particle-bound precursor of soluble thyroglobulin which could 
be released by the use of sodium deoxycholate (^piro & Spiro,
1966). This same study (Spiro & Spiro, 1966) demonstrated 
that the effect of puromycin was to inhibit the synthesis of 
the peptide portion of soluble thyroglobulin without inhibition 
of the carbohydrate moiety, indicating that the peptide part 
was synthesised first. Puromycin also caused some inhibition 
of the synthesis of the carbohydrate portion of the particle 
bound thyroglobulin (presumably through depletion of peptide 
precursors) with the more perii>heral sugars being least affected* 
From the differential effects of puromycin on the incorporation
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of the constituent sugars into the particle hound protein, 
it was concluded that the sugars were added one at a time in 
a stepwise fashion to a membrane bound precursor of the soluble 
protein (Spiro & Spiro, I966). The effect of puromycin on 
glycoprotein biosynthesis has been studied in other tissues 
(Molnar & Sy, 1967; Cook, Laico & Eylar, 1965) and it has 
similarly been found that peptide synthesis was inhibited while 
carbohydrate addition could continue. The inhibition of 
carbohydrate synthesis follows the inhibition of peptide 
synthesis more rapidly in some tissues than in others, presumably 
reflecting different pool sizes of precursor material with 
completed peptide chains but incomplete c arb o hydr at e moiety 
to which sugars may be added, or to a different rate of 
utilisation of the available precursors.

Several glycosyltransferases have been found in particulate 
fractions containing membranes of the endoplasmic reticuliun 
(McGuire, Jourdiah, Carlson & Eoseman, 1965; Johnston, McGuire, 
Jourdian & Eoseman, 1966*, Spiro & Spiro, I968 b,c). It is not 
thought that the attachment of N-acetylglucosamine to a specific 
asparagine residue in the peptide chain is under direct genetic 
control as no transfer ENA containing N-acetylglucosamine has 
been found (Sinohara & Sky-Peck, 1965). The complex asparagine- 
linked heteropolysaccharide unit of thyroglobulin is thought to 

be built up in a sequential fashion by the transferases found in 
thyroid (Spiro & Spiro, 1968 b,c) as enzymes have been found
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which can synthesise the peripheral sequence of sugars sialic 
acid-galactose-N-acetylglucosamine*

The disaccharide unit of ovine submaxillary glycoprotein 
can be synthesised by two transferases found in particulate 
fractions of the gland. The first transfers N-acetylgalactosamine 
from TJDP-N-acetylgalactosamine to serine or threonine residues 
from which the carbohydrate has been removed (McGuire & Roseman? 
1967)? while the second transfers sialic acid from CMP-N- 
acetylneuraminic acid to N-acetylgalactosamine residues already 
linked to the protein through serine or threonine residues 
(Carlson, McGuire, Jourdian & Roseman, 1964)#

Several glycosyltransferases have been found in gastric 
mucosa (Ziderman, Gompertz, Smith & Watkins, 1967; Race,
Ziderman & Watkins, 1968; Hearn, Smith & Watkins, I96S) and in 
milk (Kobata, Groilman & Ginsburg, I968 a,b; Shen Grollman &I
Ginsburg, I968) which are involved in the synthesis of 
oligosaccharides with blood group activity of the ABH and Lewis 
systems#

A xylosyltransferase involved in the linkage of xylose to 
serine in the peptide portion of proteoglycans has been described 
(Grebiier, Hall & Neufeld, 1966; Robinson, Telser & Dorfman, I966). 
The addition of the two galactose residues found adjacent to 
the peptide linked xylose proceeds through the action of two 
distinct galactosyltransferases which have been found on 
particles of chick embryo cartilage (Helting & Roden, I969)*



Enzymes involved in the formation of the galactose- 
hydroxylysine links of basement membranes and collagens have 
also been described, as has the enzyme responsible for 
transferring glucose from UDP-glucose to hydroxylysine-linked 
galactose (Spiro & Spiro, 1968 a). These enzymes have been 
isolated from both the soluble and the particulate fractions 
of tissues.

These studies have led to the idea of glycoprotein 
biosynthesis outlined above. Also, it has been shown recently 
(Schauer & Wember, 1971)» that although N-acetyl-, N-glycolyl- 
and N-acetyl“0-acetylneuraminic acid may be transferred from 
their UMP-glycosides by neuraminic acid transferases onto 
serine or threonine linked N-acetylgalactosamine residues of 
bovine submaxillary-gland glycoprotein, hydroxylation or 0- 
acetylation of N-acetylneuraminic acid could also occur after 
incorporation into the growing glycoprotein* It is thought 
that the enzymes modifying free and membrane bound N- 
acetylneuraminie acid and the transferases form multienzyme 
complexes in the membranes of the endoplasmic reticulum 
(Schauer & Wember, 1971)*

Although this discussion has mostly considered secreted 
proteins, the membrane proteins of the endoplasmic reticulum, 
Golgi and plasma membrane are synthesised in a similar manner 
except that they are incorporated into the membrane rather 
than released into the cisternae (Roseman, 1970; Hambourg,



Hernandez & Leblond, 1969; Peters, Fleischer & Fleischer, 1971)#
Also, although most extracellular proteins seem to be synthesised 
by the route described, collagen is not secreted by the Golgi 
system, but passes directly to the plasma membrane where the 
carbohydrate residues are added as it is extruded (Bosmann, I969)#
1. 3(3) Relationship of Biosynthesis to Heterogeneity

From the outline of the biosynthesis of the carbohydrate 
portion of glycoproteins described, it can be seen that as the 
protein moves along the channels of the endoplasmic reticulum 
there might not always be the chance for a glycosyltransferase 
to act on the growing carbohydrate chain. As long as the 
secretory process does not require a completed carbohydrate unit, 
then molecules in varying degrees of completion would be secreted* 
The observed microheterogeneity might reflect the speed with which 
the protein moves along the endoplasmic reticulum, steric 
hindrance of the peptide chain preventing the approach of a 
glycosyltransferase or perhaps a transfer site being saturated 
by another peptide molecule*

A lack of complete specificity of a glycosyltransferase could 
result in positional isomerism or in the substitution of one 
sugar for another, and positional isomerism could also be ex%)lained 
by a group of transferases forming linkages to different positions 
on the same terminal sugar. (Gottschalk, 1969). 
lo 3 (4) Control of the Biosynthetic Process

As the biosynthesis of the carbohydrate moiety of glycoproteins



is postribosomal, it is presumably under the influence of 
euviromental factors such as enzyme specificity and availability 
of substrates rather than direct genetic control, and carbohydrate 
attachment may therefore be involved in the regulation of the 
biosynthesis of glycoproteins.

However, the influence of genetic factors can be seen in the 
case of the glycosyltransferases involved in the synthesis of 
oligosaccharides with blood group activity (Ziderman et al, 196?? 
Race et al, 19^8; Hearn et al, 1968; Kobata et al, 1968 a,b;
Shen et al, 1968). These studies showed that ABH and Lewis 
activity depend on the inheritance of specific glycosyltransferases 
responsible for the synthesis of the carbohydrate moiety of all 
compounds with blood group activity, such as glycoproteins of the 
gastric mucosa, oligosaccharides of milk and glycolipids of the 
red cell membrane.

There are three examples of feedback control involved in 
the regulation of the biosynthesis of the precursor sugar 
nucleotides. In rat liver: (1) UDP-N-acetylglticosamine inhibits 
glutamine-fructose-6-phosphate transaminase, which is the first 
enzyme in the sequence leading to its own synthesis (Kornfield, 
Kornfield, Neufeld & 0*Brien, 1964), and (2) CMP-N-acetylneuraminie 
acid inhibits UDP-N™acetylglucosamine-2™epimerase which is 
involved in the formation of N-acetylmannosamine leading to 
the synthesis of the sialic acid nucleotides (Kornfield et al, 
1964). In cartilage: (3) HDP-xylose inhibits UDP-glucose
dehydrogenase which forms UDP-gIncuronic acid thus inhibiting



the formation of both the glucuronic acid and xylose nucleotides 
(Neufeld & Hall,' 19^5)# It is possible therefore that glycoprotein 
biosynthesis may be regulated by the availability of the sugar 
nucleotides involved in the synthesis of the carbohydrate portion.

Lactose synthetase which transfers galactose residues to 
glucose to form lactose is made up of two proteins, the A and B 
protein (Brew, Vanaman & Hill, 1968). The A protein is the 
catalyst for the reaction which transfers galactose residues to ' 
N-acetylglucosamine to form N-acetyllactosamine. The B protein, 
which was shoim to be d-1actalbumin, inhibits this reaction 
catalysed by the A protein. Thus oC-lactalbumin has altered 
the substrate specificity of the A protein from N-acetylglucosamine 
to glucose. It is thought (Brew et al, 1968) that this activity 
of the A protein is the same as the activity of bovine colostrum 
in incorporating galactose residues into growing oligosaccharides 
of glycoproteins which contain a terminal ^-N-acetylglucosamine 
residue (McGuire et al, 1965)* It is supposed that during 
lactation,(A-1actalbumin, by modifying the acceptor specificity 
of the A protein, can divert ÜBP-galactose from its role in the 
synthesis of glycoproteins to the production of lactose.

The fact that a large number of possible combinations of 
monosaccharides could exist, but only a small number are found, 
suggests that the biosynthetic process is non«random* For
exam%)legalactose has not been found linked to mannose but 
is frequently found linked to N-acetylglucosamine.
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Although little information is available on chain termination, 
sialic acid or fucose at the non-reducing terminus may act as 
signals for cessation (Gottschalk, 1969)*
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Chapter 4 Catabolism of Glycoproteins 
1. 4(1) Degradative Enzymes

Enzymes having characteristically low pH optima from the 
lysosomal fraction of the cell have been found to be capable of 
degrading the carbohydrate unit of glycoproteins (Aronson & de 
Duve, 1968; Mahadevan, Dillard & Tappel, 1969). These glycosidases 
include neuraminidase (Mahadevan, Nduaguba & Tappel, 196?)»
^-galactosidase (Sellinger, Eeaufay, Jacques, Doyen & de Duve, 

i960), “N-acetylgalactosaminidase (Weissman & Friederici, I966), 
yS -N«acetylgluoosaminidase (Sellinger et al, i960), oC -fucosidase 
(Conchie & Hay, I963) and (X-mannosidase (Sellinger et al, I96O; 
Conchie & Hay, 1963)* A ^ - m  anno si das e (Muramatsu & Egami,^
1967) and an (X -galactosidase (pazur & Kleppe, I962) are other 
glycosidases reported* These enzymes are exoglycosidases and 
act by releasing the non-reducing terminal sugar.

A ^-»aspartyl-N“acetylglucosamine amidohydrolase has been 
described which hydrolyses the pro t e i n-0 nrb 0 hydr ate linkage 
involving asparagine and N-acetylglucosamine (Mahadevan & Tappel, 
1967; Ohguahi & Yamashina, I968). The products of this reaction 
are aspartic acid and l-amino«N-acetylglucosamine, with this 
latter product hydrolysing nonenzymatically below pH 7 to ammonia 
and N-acetylglucosamine (Makino, Kojima, Ohgushi & Yamashina, I968), 
The enzyme requires that the amino and carboxyl groups of the 
asparagine residue be Tmsubstituted (Makino et al, I9 6 8; Ohgushi 
& Yamashino, 1968; Tarentino & Haley, 1969). However, this 
amidohydrolase can release N-acetylglucosamine or a whole



carbohydrate unit, e.g. of ovalbumin (Tarentino & Malay, 1969; 
Makino et al, I968), transferrin (Tarentino & Maley, 1969) or 
ribonuclease B (plummer, Tarentino & Maley, 1968). It appears, 
therefore, that degradation of the peptide portion would have to 
precede hydrolysis of the protein-carbohydrate linkage.

The linkage between N-acetylgalactosaminc residues and 
serine or threonine residues may be split by an
acetylgalactosaminidase (V/eissmann & Hinrichsen, 1969). Although 
with ovine submaxillary mucin this enzyme requires the prior 
removal of external sialic acid residues, it is preferable if the 
N-acetylgalactosamine is attached to a large segment of the 
peptide chain (Bhargava, Buddecke, Worries & Gottschalk, I966).

The linkage between serine and xylose may be hydrolysed by 
a ^-xylosidase (Pukuda, Muramatsu & Egami, 1969)*

These enzymes, which have been found from many sources 
including mammalian liver and kidney and hen oviduct, along with 
proteolytic enzymes, such as the cathepsins, seem to be able to 
completely degrade glycoproteins.
1. 4 (2) Relationship of Catabolism to Microheterogeneity

If proteins can be secreted with incomplete carbohydrate 
moieties, then as well as this arising from biosynthetic reasons 
as discussed, it could also arise from removal of one or two 
sugars from the tei’minal, non-reducing end, of the carbohydrate 
under the action of some of the exoglycosidases described.



Chapter 5 Function of the Carbohydrate Moiety of Glycoproteins
1. 5 (1) Relationship of the Addition of Carbohydrate to the

Secretion of Glycoproteins
Eylar (1965) proposed that the addition of carbohydrate to 

protein was a signal for export as he found that, in general, 
extracellular proteins were glycosylated while intracellular 
protein had no carbohydrate covalently bound* However it is 
obvious that not all secreted proteins are glycoproteins, as hen 
egg white lysozyine and bovine pancreatic trypsinogen and 
chymotrypsinogen have no carbohydrate moiety* Nonetheless, 
it is still a useful rule of thumb that while not all secreted 
proteins are glycoproteins, most glycoproteins are secreted*

Winterburn and Phelps (1972) recently discussed Eylar’s 
hypothesis with a redefinition of intracellular and extracellular 
space* As well as Eylar*s definition of extracellular as that 
which is outside the plasma membrane, they included material in 
continuity with the extracellular milieu* This covers the 
cisternae of the endoplasmic reticulum, the inside of Golgi sacs 
and vesicles and the interior of lysosomes* It is inherent in 
the definition that an exported protein crosses one membrane, that 

of the endoplasmic reticulum* M'Smbrane components themselves 
were also regarded as extracellular* They concluded that 
carbohydrate was not added as a signal for export but as a means 
of determining the extracellular fate of the protein molecule*

Their discussion was based on the pattern of glycosylated 
and non-glycosylated proteins secreted by a single tissue of an
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organiBUi, e.g. hen oviduct or bovine pancreas. Pancreas secretes 
about of its total protein as glycoproteins while oviduct 
secretes about 97/̂  as glycoprotein and cow* s milk contains about 
58;l of its total protein as glycoprotein. Also, whi 1 e only two 
or three of the human plasma proteins are non-glycoproteins, 
these make uj> about half the total by weight (Winterburn & Pheii>s,
1972)0

Three of the six well characterised polypeptide hormones 
secreted by the anterior pituitary ax'e glycosylated, liite ini sing 
hormone, follicle-stimulating hormone and thyrotrophic hormone 
(Spiro, 1970), while the other three are not, growth hormone, 
prolactin and adrenocorticotrophic hormone (Nakane, 1970; Li,
Dixon, Lo, Schmidt & Pankov, 1970)*

As secreted proteins are made 011 membrane bound ribosomes, 
the passport for export can be said to lie in the messenger lîNA 
which discriminates for a membrane bound ribosome, and that the 
decision for export is taken before the addition of carbohydrate 
and so does not lie in the addition of carbohydrate (Winterburn 
& Phelps, 1972).

This of course gives rise to a problem, in that some 
secreted proteins are not glycosylated, and, if they are 
synthesised and secreted by the same method as glycoproteins, 

then why do they have no carbohydrate added? It has been 
mentioned that the amino acid sequence -Asn-X-Ser/Thr may be a 
recognition site for glycosylation of asparagine residues (Marshall 
& Neuberger, 1970). If a secreted protein did not contain this
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sequence, then perhaps it would not be glycosylated. However 
proteins having this sequence, but not glycosylated, have been 
found in secretions (sinohara, Asano & Fukui, 1971» Bradshaw, 
Ericsson & Walsh, 1969» Brew, Castellino, Vanaman & Hill, 1970).
It is reported that albumin is secreted by the same cytological 
route as plasma glycoproteins (Peters et al, 1971) and there is 
no evidence to suggest that albumin was glycosylated but had the 
carbohydrate removed ppior to secretion, and so this problem seems 
unanswerable at present. However, it has been shoim in the 
magnum region of hen oviduct that there are three types of tubular 
gland cell involved in the secretory process (Wyburn, Johnston, 

Draper & Davidson, 1970). It is proposed that one of these 
cell types is involved in the secretion of lysozyrae (the only 
major egg white protein not glycosylated), while one of the other 
types is involved in the secretion of ovalbuiuin (Wyburn et al, 
1970). So it is possible that secreted non-glycoproteins, 
certainly in some cases, may be synthesised and secreted by 
different cell lines from those involved in the secretion of 
glycoproteins, even though they originate from the same tissue.

The converse of Eylar*s hypothesis is that intracellular 
proteins are non-glycosylated, and while this is generally true, 
there are exceptions, for example, kidney ^-glutamyl 
transpeptidase (Szewczuk & Gonnel, 1964), and glycoproteins of 
the mitochondrial (Martin ik Bosmann, 1971) and nuclear (Kashnig 
& Kasper, 1969) membranes.
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It is clear from this that the addition of carbohydrate
as a signal for export is certainly not the whole explanation 
for the glycosylation of proteins.
1. 5 (2) Correlation of Carbohydrate with Function of Glycoproteins

While the mucins and glycosaininoglycans may require the
polyelectrolyte character conferred on them by the numerous 
negatively charged groups (Gottschalk, i960), the inclusion of 
carbohydrate does not always have obvious justification in 
glycoproteins. ' A particular case being that ribonuclease B is 
glycosylated and has the same activity as ribonuclease A which 
is non-glycosylated (Plummer & Hirs, I963)* The removal of 
sialic acid from the plasma glycoproteins haptoglobin, transferrin, 
thyroxine-binding globulin (Blumberg & Warren, I961) and 
corticostei’iod-binding globulin (Muldoon & Vfestphal, 196?j has 
no effect on their transporting function, and no effect on the 
tertiary structure of the polypeptide chain of C<|-acid glycoprotein 
(Schmid ik Kamiyama, I963) or fetuin (Oshiro and Eylar, I969).
Removal of a substantial amount of carbohydrate from thrombin 
(Skaug & Christensen, 1971), glueoamylase (Pazur, Knull & Simpson, 
1970) or chloroperoxidase (lee & Hager, 1970) was foimd not to 
impair their enzymatic function. While, in contrast, the 
activities of chorionic gonodatrophin (Goverde, Veenkeimp & Homan,
1968; Mori, 1969) and follicle stimulating hormone (Mori, 1969? 
Gottschalk, Whitten & Graham, I960) are lost upon removal of the 
terminal sialic acid residues, and it is proposed that modification



of the carbohydrate portion of hormones abolishes the specific 
interaction of the hormone with its target organ (Montgomery, 1970; 
Suttajit, Reichert & Winzler, 1971 ? Van Hall, Vaitukaitis, Ross, 
Hickman & Ashwell, 1971)# Similarly, the removal of carbohydrate 
affects the activities of blood group specific glycoproteins 
(Watkins, 1966}♦ However as it is pointed out (Winterburn & 
Phelps, 1972), these ascribed functions may not represent the 
complete role of the protein throughout its life, or the "complete 
biological function" of the protein.

Plasma proteins, except transferrin, are rapidly removed from 
the circulation by the liver parenchymal cells if the terminal 
sialic acid residues are removed (Morell, Gregoriadis, Scheinberg, 
Hiclnaan & Ashwell, 1971). As this activity could be regulated 
by the activity of neuraminidases, some specificity could be 
offered here by the type of terminal residue, and catabolic rate 
would be influenced by the binding of the desialylated protein to 
the plasma membrane. An extension of these studies using 
artificially glycosylated albumin (Rogers & Kornfield, 1971) 
confirmed the idea that the specificity of the response resides 
in the oligosaccharide unit.

Winterburn and Phelps (1972) conclude that the significance 
of the glycosyl residues is to impart a discrete recognitional 
role on the protein and point out the role of the oligosaccharide 
unit in cellular recognition phenomena as described by Winzler 
(I970)* The conclusion being that terminal sialic acid masks
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an underlying antigenic determinant, such that carbohydrate could 
be added as a code for determining the extracellular fate of a 
protein molecule within an organism, either to effect recognition 
of a protein with its target cell or to mask this code until 
activation by removal of terminal sialic acid. It has been 
proposed that intracellular adhesions are a result of interactions 
between oligosaccharides in the membrane of one cell with 
glycosyltransferases in the membranes of adjacent cells (Roseman^ 
1970), and a similar mechanism may operate in the catabolism of 
plasma glycoproteins if the membrane acceptors are sialyltransferases 
incorporated into the plasma membrane via the Golgi complex 
(winterburn & Phelps, 1972).

Before this hypothesis could be generalised, the situation 
seen for plasma glycoproteins w o u l d  need to be shown to apply to 
other groups of glycoproteins as well, but it may help to explain 
the relatively small number of carbohydrate structural units found 
in glycoproteins.

Fibroblasts synthesise and secrete collagen, and it is thought, 
tropoelastin, and although an early report says that carbohydrate 
is covalently bound to collagen-protein throughout the phylogenetic 
scale (Gross, I963)» it now seems that the extrusion of collagen 
through the plasma membrane does not have an obligatory requirement 
for the addition of the disaccharide unit, as it has been reported 
that sawfly silk collagen is not glycosylated (Spiro, Lucas &
Eudall, 1971) and a similar case exists for porcine tropoelastin
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(Grant, Steven, Jackson & Sandberg, 1971)* So although the 
carbohydrate moiety of collagens may be important to the molecule, 
it does not seem to be compulsory for its function.

A major difficulty in describing the function of the 

carbohydrate moiety, therefore, lies in the measurement of 
biological activity, and although the carbohydrate portion may 
be shown to be unnecessary for a particular activity, it may be 
necessary for, say, binding to a cell surface or attachment to a 
membrane. It seems therefore, that even if the carbohydrate 
moiety is not involved in the major biological function of the 
glycoprotein, it may play some other supporting role in determining 
the overall relationship of the glycoprotein to its enviroment.



Chapter 6 Hen Oviduct, and Egg White Proteins
1. 6 (l) General Introduction

The remainder of the discussion will concern egg white 
glycoproteins, in particular ovomucoid#

Egg white is essentially a mixture of proteins synthesised 
hy the oviduct and secreted around the yolk# The magnum portion 
of the oviduct is reponsihle for the secretion of the protein 
component of egg white and was used in biosynthetic studies to be 
described# TÜe oviduct of a laying hen may be about 70cm in 
length and up to 60g in weight# The portion encompassing the 
ovary is the infundibulum and is about 10cm long* This gives 
way to the main region, the magnum, which is about 30cm long and 

30g in weight* This leads to the isthmus region, about 14cm 
long which gives way to the shell gland or uterus region about 
7 cm in length, The final 10cm or so is the vaginal region 
terminating in the cloaca (Wyburn et al, 1970)* The weight and 
size of the oviduct may vary greatly depending on the season, 
stage of the egg laying cycle and age of the hen, and perhaps 
reflects the hormone balance of the hen. It is not proposed to 
discuss these regions in detail, but merely to say that the isthmus- 
shell gland region is responsible for laying dowii the shell, while 
the infundibulum and magnum are responsible for the secretion of 

most of the proteins of egg white#
The protein component of egg white may be seen from Table 1*
It can bo seen that one protein (lysozyme) is non-glycosylated



Table 1 r. Tbe protein corn no si t û on o.f ogg white
( aît er Parkins on, 19661 b’’jbnrn et al, i 970 )

of fo carbo
Protein egg white hydrate in Biological

solids molecule Activity

Ovalbixmin 54 4 Nutritional ?
0 V 01 r an s î e r r 1 n 13 2 Iron transport
0 vovimc 0 i d 11 20 Ïrypsin inhibition
Lysozyme 5*5 None Lyses bacteria
Ovomucin 1#5 30 Structural ?
0vogly 0 G pr o t e in 1 30 ?
A p 0 f 1 a V 0 p r 01G i n 0p8 L o V7 B ib of 1 aviu. binding
Ovoinhibitor Oo*l 6 Protease inhibitor
Avidin . 0,05 2 Biotin binding
Globulins 8



while the rest of the proteins are glycoproteins# The degree 

of glycosylation varies as can he seen from the ^ carbohydrate 
content and number of carbohydrate units# Also, ovalbumin 
(Johansen et al, I96I), avidin (DeLange, 1969) and ovotransferrin 
(williams, 1968) have asparagine linked carbohydrate units, which 
consist of the simpler mannose and N-aeetylglucosamine type, while 
ovomucoid (Montgomery & \fu, 196?) has the more complex 
heteropolysaccharide unit consisting of mannose, N-acetylglttcosamine, 
sialic acid and galactose#

Although an activity has been described for those proteins 
in which it is known, it is not known if this is the precise and 
complete biological function of the molecule# Ultimately, of 
course, egg white secretions arc nutritive, but initially they 
may have some anti-bacterial, structural or buffering role to play*
1* 6 (2) Biosynthetic Studies in Oviduct

Hen oviduct is a tissue which is active in x>rotein synthesis 
and secretion* A hen may lay an egg a day for about a month 

before pausing, and may lay 850 «300 eggo pe%' year# In a standard 
egg g about 4g of protein are secreted into egg white in the 3 hours 
that the egg takes to pass along the 30cm magnum portion of the 
oviduct (Wyburn et al, 1970)# As the magnum weighs about 30g, 
it can be seen that in a week a hen can secrete axi amount of 
protein into egg white, equal to the weight of the magnum itself*

Anfinsen and Steinberg (l95l) demonstrated that hen oviduct 
had the capacity to synthesise ovalbumin i n vitro, and Canfield



and Anfinsen (1963) examined the synthesis of lysozyme in this 
tissue* Hendler (1956; 1957) extended the studies on ovalbumin 
and found that on tissue fractionation, the microsome-like 
material sedimented at centrifugal fields of 600g in 10 minutes 
as opposed to the much higher fields necessary for other tissues, 
liver, for example* Carey (I966) confirmed this finding although 
showing that particulate material could be washed out of the 600g 
pellet to give JEiNA rich particulate fractions which sedimented 
at 10,000g in 10 minutes* The results suggested that the 
microsomal fraction was involved in the synthesis of egg white 
proteins despite its behaviour in the centrifuge*

By 1962 although the in vitro synthesis of ovalbumin in 
oviduct tissue had been described {Anfinsen & Steinberg, 1951; 
Hendler, 1956; 1957) the synthesis of other egg white proteins 
had not been demonstrated. To examine the possibility that other 
egg white proteins may be synthesised elsewhere in the hen* 3 body 
and then concentrated in the oviduct, Mandeles and Ducay {1962) 
examined the labelling pattern of egg white proteins after 
in vitro and in vivo studies* (it is perhaps worth recording 
here that although ovotransfex-rin has a different carbohydrate 
moiety from chicken serum transferrin, the protein component of 
the species is virtually indistinguishable and probably identical 
(Williams, 1962; I968). As serum transferrin is thought to be 
synthesised in the liver, it might be possible for ovotransferrin 
to be synthesised in the liver and transported to the oviduct via 
the serumj*



Mandeles and jDucay (1962) showed that injection of 
labelled amino acids into laying hens resulted in eggs with 

ovalbumin and ovotransferrin (formerly known as conalbumin) 
similarly labelled, but having a higher specific activity than 
lysozyme. Injection of prelabelled ovotransferrin into a second 
hen gave a similar pattern, suggesting that ovotransferrin was not 
concentrated in the oviduct but was broken down and used for the 
synthesis of ovalbumin and lysozyme as well as ovotransferrin, 
making an extra-oviducal site of formation of ovotransferrin 
unlikely. In vitno studies, with and without hormone addition, 
showed that glycine could be incorporated into egg white

proteins, but that while the specific activities of ovalbumin 
and ovotransferrin paralleled each other, the specific activity 
of ovomucoid was sometimes higher, sometimes lower, and the 
specific activities of the lysozyme and flavoprotein fractions 
varied considerably when the oviduct was excised at different 
times in the egg-laying cycle. The results suggested that while 
the oviduct was the site of egg white protein formation, {a) the 
rate of formation of each of the proteins is different (b) the 
proteins may be formed at cytologically exclusive sites, or (c) 
formation of some of the egg white proteins may require a 

hormonal t n ê *

It has been shoTm that estrogen causes cellular differentiation 

of immature chicken oviduct epithelial tissue and induces the 
synthesis of ovalbumin as well stimulating general protein
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synthesis (Kohler, Ctrimley & 0*Mailey, I968; O'Malley, McGuire 

& Korenman, 1967}* Progesterone induces the synthesis of avidin 
in tissue pretreated with estrogen although general protein 
synthesis remains unaltered (Korenman & O'Malley, I968). It 
was concluded from these studies that ovalbumin and avidin were 
cell specific proteins synthesised by different epithelial cells 
in oviduct mucosa. The electron microscopic observations of 
Wyburn et al (19?0), suggested that different tubular gland 
cells were involved in the secretory process of ovalbumin and 
lysozyme, and so egg white proteins may be synthesised and 
secreted by different and specific cells. It was further 
concluded that the selective induction of ovalbumin by estrogen 
and avidin by progesterone may be through stimulation of specific 
target cells by these hormones (Kohler et al, 1968).

The effects of progesterone (Korenman & O'Malley, I968) were 
confirmed by other workers (Oka & Schimke, 1969), but in both 
these studies massive amounts of hormone was used* Using lower 
doses of progesterone, it was shown that progesterone could 
enhance estrogen induced growth of oviduct and it was concluded 
that the effect of progesterone was not through increased protein 
synthesis, but through decreased protein catabolism (Muller, Cox 
& Carey, 19?0).

The above results suggest that hen oviduct is under the 
control of at least an estrogen and a progesterone, and the 
synthesis of egg white proteins show a differential response to
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these hormones. But, the concentration and proportion of the 
hormones are probably extremely important, and great care must be 
taken in interpreting data on the effects of hormones.

Hen oviduct has been shoim to be the site of egg white protein 
formation (Anfinsen & Steinberg, 1951» Canfield & Anfinsen, 1963» 
Hendler, 1956; 1957; Mandeles & Dueay, 1962; Carey, 1966) and may 
be used in vitro to study the biosynthesis of egg white proteins. 
The pattern of proteins from in vivo and in vitro studies is the 
same on electrophoresis in sodium dodecyl sulphate acrylamide gels 
(Palmiter, Oka & Schimke, 1971) ^nd the elution profile of proteins 
from homogenised oviduct and egg white is similar on diethyl- 
aminoethyl-cellulose chromatography (Mandeles & Dueay, 1962)*
Hen oviduct may confidently be used, therefore, to examine in vitro
biosynthesis of egg white proteins, and was chosen to follow 
the biosynthesis of ovomucoid and the possible relationship of
biosynthesis to the observed microheterogeneity of ovomucoid in 
studies to be described.



Chapter 7 OVOMUCOID
Isolation of Ovomucoid

The presence in egg white of a substance which was not 
coagulated by heat was recognised in 1890 (Neumeister, 1890)*
This was subsequently identified as a glycoprotein and named 
ovomucoid (Mdrner, 1894).

Early methods of preparation involved the heat coagulation 
of other egg white proteins followed by precipitation of ovomucoid 
with ammonium sulphate or acetone (Longsworth, Canaan & Maclnnes, 
1940)» Other methods have involved the precipitation of other 
proteins with trichloroacetic acid and precipitation of ovomucoid 
with acetone at pH 3*5 (Lineweaver & Murray, 1947)# Fredericq 
and Deutsch (1949) used ethanol to precipitate ovomucoid after 
a preliminary precipitation of other egg white proteins with 
trichloroacetic acid at pH 3*5.

Carboxymethyl-cellulose ion exchangers have been used in the 
purification of ovomucoid (Rhodes, Azari & Feeney, 1958; Rhodes, 
Bennett & Feeney, i960), and recently a batch technique has been 
described using an anion and a cation exchanger in which 
contaminants are absorbed onto ion-exchange resins, but ovomucoid 
excluded by washing at a pH approximating to the isoelectric point 
of ovomucoid (Davis, Mapes & Donovan, 1971).
1. 7 (2) Biological Activity of Ovomucoid

The association of the trypsin inhibiting activity of egg 
white (Delezenne & Pozerski, 1903) with ovomucoid was made by
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Lineweaver and Murray (1947)# However an additional protein 
has been found in egg white which is an inhibitor of both trypsin 
and chymotrypsin (Matsushima, 1958), and probably other proteases, 
but is present in much lower proportions*

There has been some doubt as to whether the inhibition of 
trypsin by ovomucoid is competitive or non-competitive. From 
chemical modification studies and kinetic evidence, Fraenkel- 
Conrat, Bean and Lineweaver (1949) concluded that ovomucoid did 
not react with the active centre of trypsin. Green (1953) 
using the model substrate benzoyl-L-arginine ethyl ester showed 
that inhibitor could displace substrate and vice versa, and 
therefore that the inhibition was competitive. The difficulty 
in demonstrating competitive inhibition when large molecular 
weight compounds are used to determine trypsin activity (Fraenkel- 
Conrat et al, 1949)? is that the dissociation constant of the 
ensyme-inhibitor complex is very much lower than the Michaelis 
constant of the enzyme. The inhibition seems to be in a 1:1 
Molar basis.

lo 7 (j) Microheterogeneity
Longsworth et al (1940) found that ovomucoid gave a single 

component on moving boundary electrophoresis, and calculated the 
isoelectric point to be 4.3* Heterogeneity was suggested by 
reversible boundary spreading. Fredericq and Deutsch (1949) 
showed that ovomucoid has an isoelectric point of 3*9, but that 
this shifts to 4.2 on heating for one hour at lOO^C. Heterogeneity 
was observed in low ionic strength buffer (O.OIM) at a pH near



the isoelectric point (pH 4.5). Bier, Terminiello, Duke, Gibbs 
& Nord (1953) demonstrated the existence of five species with 
isoelectric points of 4.41, 4*28, 4.17, 4.01, and 3.83. All had 
the same activity against trypsin and it was concluded that they 
were all ovomucoid species with the same biological activity.
Rhodes et al (I960) have reported three ovomucoid species isolated 
by stepwise gradient elution from carboxymethyl-cellulose♦ Other 
workers (Chatterjoe & Montgomery, 19Ô2) isolated two fractions 
and when the major one was rechromatographed it gave two 
components again with the same elution volumes* On electrophoresis 
at pH 4.6, ionic strength 0.01, material from the major peak showed 
four components. As the sialic acid content was less than one 
residue per mole of ovomucoid, it was concluded that there was a 
mixture of components, some containing sialic acid and some not.

As it has been reported that ovomucoid may have as many as 
four residues of sialic acid per mole of protein (Rhodes et al, 
i960), it is possible to have five molecular species of ovomucoid 
differing only in having from zero up to four sialic acid residues 
per mole of protein; (Chatterjee & Montgomery, I962).

On starch gel electrophoresis at pH 4.65, ionic strength 
0 .015, Melamed (I967) found three components. The two major 
components had approximately zero, and 0.4 moles sialic acid per 
mole of protein. The sialic acid containing species separated 
into two components after neuraminidase treatment. These two 
components had similar mobilities to the original two major species,
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and Melamed concluded that there Is a charge difference between 
the ovomucoid species which resides in some residue other than 
sialic acid.

Beeley (1971a) reports the isolation of three major and two 
minor species of ovomucoid hy chromatography on sulphoethyl- 
Sephadex and reports variation in sialic acid, galactose and N- 
acetylglucosamine content, while the amino acid content and 
trypsin-inhibiting activity were virtually identical for all the 
species.

Although these numerous cases of microheterogeneity have 
been reported, ovomucoid appears homogenous in the ultracentrifuge. 
For a summary of physical constants see Melamed (1966) and Davis 

et al (1971).
1. ? (4) The Peptide Portion of Ovomucoid

The molecular weight of ovomucoid has been reported to be 
27ÿ000«28,000 (for a review see Melamed, 1966) and tables of 
amino acid composition have been reported (DavijS et al, 1971; 
Beeley 1971n). Ovomucoid contains all the usual amino acids 
except tryptophan and cysteine (but has 8 cystines)*

No sequence studies have been carried out on the peptide 
portion, but the N-tcrminus is reported to be alanine (Fraenkel- 
Gonrat & Porter, 1952) and the C-terminus phenylalanine (Penasse, 
Jutisz, Fromageot & Fraenkel-Conrat, 1952).
1. 7 (5) Carbohydrate Portion of Ovomucoid

Levene and Mori (1929) found mannose and glucosamine in



ovomucoid and Sorensen (1934) also detected galactose. The 
carbohydrate content was found to be about 20-25^. Early 
structural studies suggested glucosamine^ mannose? galactose 
in a ratio of 7:3:1 (Stacey & Woolley, 1940; 1942). More 
recently sialic acid has been found, but this varies with the 
method of isolation, however only the N-acetyl derivative has 
been identified (Feeney, Rhodes tk Anderson, I960) and falls in 
the range 0.4^ to 4^.

Méthylation and periodate oxidation studies suggested a 
branched structure with a core of mannose and N-acetylglucosamine 
to which short chains of mannose and glucosamine were attached, 
with sialic acid probably protecting galactose residues (Bragg 
& Hough, 1961 ; Chatterjee & Montgomery, I962).

Partial acid hydrolysis suggested that galactose was either 
terminal, non-reducing, or linked to a terminal sialic acid 
(Montreuil & Chosson, 1962).

Montgomery and Wu (I963) suggested three similar carbohydrate 
moieties attached to Aqx residues and gave ratios of 8:4:1 for 
glucosamine: mannose: galactose, with sialic acid in one 
glycopeptide fraction in the ratio of 1 :8 sialic acid: glucosamine,
although recovery of sialic acid was not 100^.

Ovoglycoprotein (Ketterer, 1965) which has similar solubility 
properties to ovomucoid, is a likely contaminant of these 
preparations and care must be taken in interpreting the results 
of carbohydrate assays. The highest sialic acid content reported
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for an ovomucoid preparation is kf> (Rhodes. et al, I960) while 
ovoglycoprotein is reported to contain 3^ sialic acid (Ketterer,
1965).

The most commonly used method of preparation of ovomucoid 
in the above structural studies has been that of Lineweaver and 
Murray (1947), and this preparation may contain up to 2Qfo of other 
egg white proteins as impurities (Davis et al, 1971)• Beeley 
1971a) reports values for the carbohydrate composition of ovomucoid 
isolated by thfe method of Fredericq and Deutsch (1949) further 
purified by chromatography on sulphoethyl-Sephadex. This
chromatography fractionates ovomucoid into species with varying 
carbohydrate content. The carbohydrate analysis showed that 
sialic acid was present in a range of 0-2 moles/mole of protein, 
galactose in the range 1-6 residues/molecule, mannose 10“13 
residues/molecule and glucosamine in the range 14-27 residues/ 
molecule. As the concentration of ovoglycoprotein was found 
to bo of the order of 1-2;̂ , Beeley (1971n) concluded that this 
was too low to account for the heterogeneity of the carbohydrate 
moiety of ovomucoid.
I, 7 (6) The Proteiii-Carbohydrabe Linkage of Ovomucoid

Hartley and Jovons (1962) suggested that serine or threonine 
residues were involved in the protein-carbohydrate linkage of 
ovomucoid from studies on reducing power. Beeley and Jevons 
(1963) followed up these studies and cast some doubt on the 
authenticity of the serine/thieonine links. Montgomery and Wu
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(1963) proposed three asparagine linked carbohydrate units as 
they found glycopeptide fractions containing carbohydrate linked 
to asparagine residues after proteolytic digestion. The linkage 
would therefore be N-glycosidic, involving asparagine and N- 
acetylglucosamine.
1. 7 (7) Ovomucoid; Reason for Study

Ovomucoid was chosen for study as it has a fairly well defined 
structure, and is a major component of egg white, about 11^ of 
the total protein. It has a high carbohydrate content, about 

by weight of the molecule and can be obtained easily from 
egg white, isolated with a high degree of purity as will be 
described. Ovomucoid has the frequently observed asparagine 
linked carbohydrate moiety with the more complex heteropoly
saccharide unit, has more than one carbohydrate unit per molecule 
and is, in common with many glycoproteins, microheterogeneous.
It seemed to be a suitable model (Bompound for studying glycoprotein 
biosynthesis and for examining the possible connection between 
biosynthesis and the observed heterogeneity of glycoproteins.
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PART 2

MATERIALS AND METHODS



Chapter 8 Materials
Unless otherwise stated reagents were of Analar grade and used 

without further purification*

2» 8 (l) Chromatographic Media
Sephadex G-series and sulphoethyl (SE)-Sephadex C-50 were obtained 

from Pharmacia, Uppsala, Sweden* All chromatography columns and 
accessories and Blue Bextran 2000B were also from Pharmacia. Wiatman 
carboxymethyl cellulose was obtained from W. & R* Balston Ltd., England 
as were all chromatography and filter papers. Dowex 1 and Dowex 50 
were purchased from Sigma Chemical Company, St. Louis, Missouri, U.S.A.

2» 8 (2) Proteins
Trypsin, t̂ tfice crystallised salt-free and lyophilised was purchased 

from Eoch-Ligilt, Colnbrook, Bucks., U.K. Chymotrypsin, three times 
crystallised and salt free was obtained from Seravac, Maidenhead, Bercks., 
U.K. Cytochrome C, ribonuclease A, lysozyme, haemoglobin, subtilisin, 
pepsin, ovalbumin and bovine serum albumin were from Sigma Chemical 
Company, St. Louis, Missouri, U.S.A. Conalbumin, six times crystallised, 
lyophilised, salt-free and iron-free was obtained from Serva, Heidelberg, 
Germany. Ovoglycoprotein was prepared by the method of Ketterer (1965).

2. 8 (3) Sugars
D-glucose, U-mannose, D-galactose, N-acetyl-D-glucosamine, D- 

glucosaniine . ÏÏC1 . and N-acetylneuraminic acid (sialic acid) were obtained 
from Koch-Light, Colnbrook, Bucks#, U.K.
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2. 8 (4) 7\aiino Acids
All amino acids were of the L-confi'^uration and obtained from 

British Ding Houses, Poole, Dorset, U.K.

2. 8 (5) Uadiochemicals
Ir- [4, 5-^U lysine. HCl (250mCi/imuol),
L- lysine. HCl (l2mCi/mmol),
D- glucosamine. HCl (3*0mCi/imuol),
D- galactose (3*0mCi/iimiol) and
D- mannose (27.5mCi/mmol)

were all obtained from the Radiochemical Centre, Miersham, Bucks., U.K.

2. 8 (6) Measurement of pH
Be te lamination of pH was carried out on a titrator TTÏ1C (Radiometer, 

Copenhagen, Denmark) which had been calibrated at 20^C with standard 
buffer solution tablets (Soloid brand) pH 4.00, pH ?.0, pH 9*20 
(Burroughs Wellcome & Co., London, England).

2, 8 (7) Spectrophotometer
Absorbance was measured on a DB spectrophotometer (Beclcnian 

Instriunents Ltd., Glenrothes, Fife, Scotland).

2. 8 (s) Dialysis tubing
Visiting tubing was obtained from the Scientific Instrument Centre 

Ltd., London, England, and was boiled three times in distilled water 
before use.
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Chapter 9 Methods

2. 9 (l) Preparation of G-200-trypsin and G-2QQ-chymotrypsin
Sephadex G-200 was coupled to chymotrypsin hy the method of Axen,

Porath and Ernhack (1967)* Insoluhilised trypsin was prepared hy a
slight modification of this procedure. Sephadex G-200 (medium) lOg
was allowed to swell in water for 5 days* After décantation, the
suspension (800ml) was brought to pH 11 with 1.5M NaOH. Cyanogen bromide
(Koch-Light, Colnbrook, Bucks., U.K.), 400ml of a 25mg/ml aqueous solution
was added, in a fume cupboard, to the stirred solution which was maintained
at pH 11-11.5 by continuous addition of NaOH for 6 minutes. The
activated Sephadex was washed on a filter with cold water and cold O.IM
NallCO^ and then suspended in 200ml of O.IM NaHCO^ containing O.O5M
benzamidine hydrochloride (Ralph fhnanuel, Ltd., Wembley, Middlesex, U.K. ), 
Trypsin was added and the suspension stirred for 16 hours at

The product was washed 5 times on a centrifuge at 4 C with 5 volumes
each of O.IM NaHCO^, 0.5M NaCl and HCl, pH 1,5. After packing the G-200-
trypsin into a column (internal diameter 2.5cm) it was washed overnight
with 500?îl of O.5N NaCl adjusted to pH 3 with HCl. The insolubilised
trypsin was then washed with ImM HCl and stored at under toluene.

2. 9 (2) Enzyme Assays
Proteolytic activity was measured with casein as substrate by a 

modification of the method of Northrop, Kunitz and Herriott (1948)._ 
Samples of insolubilised enzyme in 1ml mM HCl were preincubated for 5 
minutes on a rapidly shaking( 120 times per minute) water bath at 35^0 in 
conical flasks (25ml). The substrate Vfo (w/v) Hammarsten casein
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(British Drug Houses, Poole, Dorset, U.K.) in O.IM sodium phosphate hufier, 
pH 7*8, was also preincuhated at and the reaction started by the
addition of substrate (3ml) to the shaken enzyme solution* After 20
minutes the reaction was stopped by the addition of 3^ trichloroacetic
acid (3ml) and the mixtures transferred to centrifuge tubes* After 1 hour 
at room temperatinre all samples were centrifuged at 2300g for 10 minutes.
The absorbance of the supernatants was measured at 280nm, A calibration 
curve was obtained from standards incubated at the sajue time as unknown 
samples* Blanks with enzyme or inhibitor added after trichloroacetic 
acid precipitation were included in all experiments*

To measure tiypsin inhibition, insolubilised enzyme and inhibitor
were preincubated for 3 minutes in 1ml of 0,1M sodium phosphate, %)H 7*8, 
before addition of casein and assayed as described above. The inhibition 
of soluble tr^qisin by ovomucoid preparations was determined similarly*

Esterase activity was determined in 3ml of O.OIM benzoyl-Iv-arginine 
ethyl ester (British Drug Houses, Poole, Dorset, U.K.), O.OIH Tris,
O.OIM KCl and 0.03M CaCl^, pH 8.0 or pH 9.3 at 23^C, The enzyne was 
added to the substrate after temperature equilibration and hydrolysis 
was monitored with a titrator TTTIC coupled to a titrigraph SBH2c 
(Radiometer, Copenhagan, Denmark) using O.IM NaOII as titrant.

To measure inhibition of the esterase activity of trypsin, enzyme 
and ovomucoid were mixed at 4^C before addition to the substrate and 
assayed as described above.
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2, 9 (3) Preparation of "Crude Ovomucoid"
Eggs wore obtained from a flock of %ite Leghorn hens maintained in 

an'animal house. Ovomucoid was isolated from egg white as described by 
Fredericq and Deutsch (l949) up to the stage of the first ethanol 
pi'ecipitation. This involved a preliminary precipitation of other 
components with 5^ (w/v) trichloroacetic acid at pH 3*5 then precipitation 
of ovomucoid by adjusting the pH of the trichloroacetic acid supernatant 
to pH 6 and adding two volumes of ethanol. The ethanol precipitate was 
then suspended in water and dialysed against water brought to pH 4.6 
with acetic acid, with several changes of distilled water over two days. 
After centrifugation (4000g for 30 minutes) the supernatant was lyophilised 
to give a "crude ovomucoid" preparation.

2. 9 (4) Batch Isolation of Ovomucoid
Sephadex G-200-trypsin was used to isolate ovomucoid from egg white 

or oviduct homogenates with or without a preliminary trichloroacetic acid 
precipitation at pH 3*5•

Before use the insoluble tx'yî sin was washed on a centrifuge 
successively with HCl, pH 1.3; HCl, pH 3; 0.5̂ 1 NaCl; water and O.IM
sodium phosphate buffer, pH 7* All solutions were kept on ice and 
centrifugation was at 600g for 10 minutes at 4*̂ C, Scruples from which 
ovomucoid was to be isolated were adjusted to pH 7 and mixed with an 
equal volume (settled by centrifugation) of insoluble trypsin. Con
taminants were removed by washing successively with 3 volumes of O.IM 
sodium phosphate, pH 7 (3 times), 0,3î̂ i NaCl (3 times) and water (3 times) 
in the centrifuge as'above. All these washes were discarded, and the
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ovomucoid isolated by washing with 2 volumes of HCl, pH 1*5 (2 times), 
adjusting the pooled acid washes to pH 4.6 with NaOH, dialysing for 
two days against several changes of distilled water at 4^C and 
lyophilising* At least Img of ovomucoid could be isolated per 1ml 
(settled volume) of G-200-trypsin*

Wlien the preliminary trichloroacetic acid precipitation step was 
included, this was carried out at a final concentration of 5^ (̂ /̂v) 
trichloroacetic acid at pH 3*5 and 4^C. After 2 hours at 4*̂ C, the 
precipitate was removed by centrifugation at 4000g for 30 minutes.
Sodium phosphate buffer (iM, pH 7) was added to the supernatant to 
give a final phosphate concentration of O.IM and ovomucoid was isolated 
by adsorbtion on and elution from G-200-trypsin as above.

2. 9 (5) Sulphoethyl-Sephadex Chromatography
Ovomucoid was further purified and fractionated by column chromato

graphy on sulphoethyl (SB)-Sephadex C-50. The SE-Sephadex C-50 was 
allowed to swell in water for 3 days. Before use the chromatographic 
medium was washed on a Büchner filter fimnel under vacuum, using acid 
hardened filter paper No. 52 (\Üiatman), with 0.5N HCl then with water 
until the effluent was above pH4. The SE-Sephadex C-50 was then washed 
with 0.5N NaOH followed by water until the effluent was below pH 8. 
Finally the chromatographic mediuoi was washed with the eluting buffer, 
0.014M sodium acetate containing ImM sodium azide (Koch-Light, Colnbrook, 
Bucks., U.K.) adjusted to pH 4.85 with acetic acid, until the effluent 
had the same pH as the buffer solution. The SE-Sephadex C-50 was then 
added to more eluting buffer, the fines poured off and after degassing



the slurry, it was poured into a column (82cm x 5cm).
The columns were washed at a flow rate of 40ml/hour produced by a 

peristaltic pump (IKB, Stocltholm-Bromma, Sweden) with a further 1 litre 
of buffer before application of sample* Ovomucoid was either dissolved 
directly in the eluting buffer (ig in 10ml) or dissolved in water and 
dialysed overnight against the buffer* After sample application, fractions 
(l5ml) were collected and the extinction at 280nm (^280^ read. Samples 
corresponding to the fractionated ovomucoid species were rechromatographed 
in the same system.

In this chromatographic system (pH 4.85) there was considerable 
broadening of the later emerging peaks which limited the usefulness of the 
method. It was found to be more suitable to separate the sialic acid free 
ovomucoid variant from the sialic acid containing variants by chromato
graphy in a similar system to that described above, except that columns 
were equilibrated and samples eluted with buffer at pH 4*90 instead of 
pH 4.85* Resolution of the sialic acid containing ovomucoid variants 
could then be achieved by a separate chromatographic step at pH 4.85 
(Beeley, 1971a).

The eluting buffers, pH 4.85 and pH 4;90» were made up in batches 
of 10 litres to ensure that several cliromatography runs could be carried 
out ifith identical buffer.

2. 9 (6) Carboxymethyl Cellulose Chromatography
Ovomucoid was isolated from egg white by the carboxymethyl cellulose 

chromatographic method of Rhodes, Azari and Feeney (l95S) using carboxy
methyl cellulose, CM 23.
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2. 9 (?) Protein Detemiination
Protein concentration of ovomucoid preparations was determined by 

the method of Lowry, llosebrough, Farr and Randall (l95l) using ovomucoid 
of loiomi moisture content as reference standard* Moisture content was 
determined by drying to constant weight at A stock solution of
ovomucoid (20mg/ml) was made up on this basis and stored at -lÔ Ĉ* Each 
time a protein determination was made a complete set of blanlcs and 
standards were run and the concentration of the stock solution was checked 
by measuring its extinction at 280nm (E (280nm) = 4, Deutsch & Morton, 
1961).

The reagents 2f> (w/v) Na^CO^ in O.IN NaOH, 2^ (w/v) sodium potassium 
tartrate and 1^ (w/v) CuSO^.^H^O (all from British Drug Houses, Poole, 
Dorset, U.K.) were made up and mixed in the ratio of 100 ; 1 : 1 in that 
order. Polin and Ciocalten's phenol reagent (British Drug Houses, Poole, 
Dorset, U.K.) was titrated to pH 7*0, determined on a pH meter, with NaOH. 
On this basis the reagent was diluted with water to make it IN wi th respect 
to acid (ajjproximately a 2-fold dilution was required).

Samples and standards were in a volume of 1ml, or 0*4ml if less 
protein was present. The extinction was read at 750nm, or 500nm if the 
readings at 750nm were too high (hoAfry et al, 195l)* Ovomucoid concen
tration could be determined in the range 0.01 - Img/ml*

2. 9 (s) Carbohydrate Assays
Glucosamine was determined by the acetylacetone method of Elson and 

Morgan (l933) using the modification of Boas (1953) or the method of 
Cossi and Piliego (1960). The acetylacetone (Koch-Light, Colnbrook,



Bucks., U.K.) was redistilled before use and the p-dimethylaniino- 
heiizaldehyde (Koch-Light, Colnbrook, Bucks., U.K.) was recrystallised by 
adding a concentrated alcoholic solution to 5 volumes of water. Optimal 
hydrolysis conditions for the determination of glucosamine from ovomucoid 
were found to be 4N HCl for 3 hours at lOO^C.

Sialic acid was measured by the thiobarbituric acid assay of ihninoff 
(1961) or by the resorcinol method of Svennerholm (1958). Sialic acid
was released from the glycoprotein by hydrolysis in 0.1Î4 for 1 hour
at 80^C prior to the thiobarbituric acid assay, prior removal of sialic 
acid was not necessary in the resorcinol assay method.

Total hexose was determined by the orcinol method (Hartley & devons, 
1962) or by the anthrone method (hoe, 1955) using mannose as a standard* 
Orcinol (British Drug Houses, Poole, Dorset, U.K.) was recrystallised 
from benzene before use.

2. 9 (9) Immunochemical Experiments.
Rabbit antisera to crude ovomucoid were obtained as described by 

Beeley (l971a), and were found to give precipitates with ovomucoid, 
ovalbumin and ovoglycoprotein. Antiserum to whole egg white and anti
serum to ovalbumin were obtained from Antibodies Inc., Davis, California, 
U.S.A.

Double diffusion (Ouchterlony, 1949) was carried out in plastic 
Petri dishes with 1% (w/v) special agar-noble (Difco Laboratories, 
Detroit, Michigan, U.S.A.) containing lOmg/lOOml merthiolate (Eli Lilley 
and Co. Ltd., U.S.A.) in 0.95̂  NaCl-O.OlM sodium phosphate buffer,
pH 7*5* Antiserum was placed in the centre well and the outer wells



were charged with protein solutions at a concentration of 2^ (w/v)« 
Diffusion was allowed to go on overnight at 30*̂ C in a humid atmosphere.
The gels were then rinsed with 0.9/̂  (w/v) NaCl and idio to graphed.

Iiraiiunoelectrophoresis at pH 7*5 was carried out on glass slides 
(7.5cm X 2.5cm) coated with 1% (w/v) agar containing lOing/lOOnil merthiolate 
in 0.9/̂  (w/v) NaCl-O.OlM sodium phosphate, pH 7*5 at 8 volts/cm for 2 hours 
at room temperature. After electrophoresis troughs were cut out, charged 
with antiserum and inununodiffusion was carried out overnight at 30^C in a 
humid atmosphere.

Immimoelectrophoresis at pH 4.9 was carried out similarly except 
that the agar was made up in O.OIM sodium acetate buffer with the 0.9/̂
(w/v) NeCl omitted. After electrophoresis troughs were cut out and charged 
with O.IM sodium phosphate, pH 7*5» which was allowed to diffuse into the 
agar for 1 hour at room temperature. The phosphate buffer was then 
removed, antiserum added to the troughs and immunodiffusion carried out 
overnight at 30^C in a moist atmosphere.

2. 9 (lO) Isoelectric Focusing
Purification of ovomucoid was monitored by isoelectric focusing on 

flat beds of polyacrylamide gel.
Gels were prepared by mixing 2ml 0.8)4 (v/v) N, N, N ’, N'-tetra- 

methylethylenediamine (Koch-Light, Colnbrook, Bucks, U.K.), 4ml 28^ (w/v) 
acrylamide (Eastman Organic Chemicals Ltd., Rochester, New York, U.S.A.) 
containing 1.47^ (w/v) N *-N'-methylenebisacrylamide (British Drug Houses, 
Poole, Dorset, U.K.), 0.4ml 40^ (w/v) Ampholine either pH range 3-10 or 
pH range 3-6 (UvB, Stockholm-Broimna, Sweden), 2ml 0.004^ (w/v) riboflavin



(British D m g  Houses, Poole, Dorset, U,K*) and 8.6ml water. This 
mixture was inserted into the space formed between a perspex mould, 130mm x 
120mm X 1mm, and a glass plate. The gel was polymerised under the action 
of daylight. After removing the mould the gel, which adhered to the glass
plate, was ^vrapped in a polythene sheet and equilibrated for 5 hours in a
cold room (4^C) before use* The gel was placed horizontally in an 
electrophoresis tanlt (Shandoii Scientific Co. Ltd,, London, England) after 
removing the polythene sheet. The buffer compartments contained 0.3^
(v/v) aqueous phosphoric acid (British Drug Houses, Poole, Dorset, U.K.) 
at the anode and 0.3^ (v/v) aqueous ethanolamine (British Drug Houses, 
Poole, Dorset, U.K.) at the cathode. Continuity of current was made by 
paper wicks which overlapped the gel by 3 ™  at each end. Samples of
protein (O.lmg - 0.3mg) were applied to pieces of Whatman No.l paper
(3™  X 10mm) and placed on the surface of the gel, approximately ̂  of the
way along the gel from the cathode, with the lOmm edge parallel to the
wicks. Up to 3 samples could be run per gel in this manner, A plastic 
strip, 130mm X 10mm x 1mm, was placed on top of each wick where it made
contact with the gel and a glass plate 150mm x 130mm was placed on top of
these strips. Electrolysis was carried out for 16 hours at 100 volts and 
then for 3 hours at 3OO volts with a constant voltage power supply 
delivered by a Vokam power pack (Shandon Scientific Co. Ltd., London, 
England). The initial current of 3iuA fell to less than 1mA finally. The 
electrolysis was carried out at 4^C.

After electrolysis the gel was fixed and Anipholine removed by soaking 
in a solution containing 3^ (w/v) trichloroacetic acid in 30^ (v/v) aqueous
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ethanol over a period of two days with one change of fixing solution. The
gels were then stained for 30 minutes with 0.1^ (w/v) amido black (G.T.
Gurr Ltd., London, England) in 50^ (v/v) aqueous ethanol, and destained 
by soaJting in several changes of a solution containing 1Q% (y/v) acetic acid 
in 30^ (v/v) aqueous ethanol. Ovomucoid is soluble in trichloroacetic 
acid if the ethanol is omitted. The gels shrink to half their original 
size following ethanol treatment.

Vîhen it was desired to elute ovomucoid samples from the gel a more 
rapid staining procedure was used. In this case the segments of gel 
containing the samples to be eluted were cut out and kept at while a 
reference standard was stained as follows. The gel was iiranersed for 1 
hour in a solution containing kjo (v/v) 2-mercaptoethanol (Koch-Light, 
Colnbrook, Bucks., U.K.) and 30J» (v/v) ethanol in Q.IM tris plî 8.3. The
gel was then transferred to a solution containing 10^ (v/v) acetic acid
in 30/̂  (v/v) aqueous ethanol for a further 1 hour. The gel was then 
stained in a solution containing 0.05/» (w/v) bromophenol blue (British 
Drug Houses, Poole, Dorset, U.K.) and Vjo (w/v) mercuric chloride (British 
Drug Houses, Poole, Dorset, U.K.) in (v/v) aqueous acetic acid for 10 
minutes (Bailey, 1962) and destained with 7.30 (v/v) acetic acid. Wiien 
the gel had regained its original size (30 minutes) ovomucoid samples from 
an unstained segment of the gel were cut out by reference to this stained 
standai'd and the ovomucoid species allowed to diffuse out of the gel into 
1ml distilled water or 1ml O.IN acetic acid overnight.

In some cases the segments of gel containing the ovomucoid species 
were placed directly onto a second gel and refocused under the same con-
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ditions described above.
The pH gradient established by the ampholytes was checked by 

removing portions of the gel at 5 or 10mm intervals along the gel prior 
to fixation. The pieces of gel were either removed with a cork borer or 
strips of gel 10mm x 3mm were taken. The pH at each part of the gel was 
•then checked by laying the gel portions directly onto narrow range indicator 
paper (British Drug Houses, Poole, Dorset, U.K.) or by immersing the gel 
portions in 1ml of distilled water for 4 or 24 hours and then measuring 
the pH as described earlier. All the methods of pH determination gave 
similar results. A graph was then drami of pH versus distance along the 
gel (from either electrode). By measuring the position of the ovomucoid 
variants (from either electrode) the isoelectric points of the ovomucoid 
species were determined by reference to this graph.

2. 9 (ll) Separation of Ovomucoid from Carrier Ampholytes
A mixture of ovomucoid and ampholytes could be completely separated 

by gel filtration on Sephadex G-30 by a modification of the method of 
Vesterberg (1969) for the separation of proteins and ampholytes.

Three samples were prepared by mixing (l) ovomucoid 20mg/ml (0.2ml) 
and 0;15N acetic acid (0.4ml), (2) Ampholine 400 (w/v), pH 3-10 (0,2ml) 
and O.I5N acetic acid (O.̂ uul) and (3) ovomucoid 20mg/ml (0.2ml), Ampholine 
400 (w/v), pH 3-10 (0.2ml) and 0.3N acetic acid (0.2ml). The samples were 
applied individually to a column (30cm x 1.3cm) of Sephadex G-pO and eluted 
with O.IN acetic acid. Fractions (iml) were collected at a flow rate of 
30ml/hour at room temperature. It was found that Anpholine gives a deep 
blue colour in the protein determination method of Lowry, Hosebrough,



Farr and Randall (l93l) and so the column effluents were monitored h y  

this method.
By running ovomucoid and i\mpholine on their ora their respective 

elution volumes could he determined and when a mixture of ovomucoid and 
Ampholine was applied to the column it was found that they could be 
completely separated. The separation of ovomucoid and Ampholine was not 
complete on columns (30cni x 1.3cm) of Sephadex G-23 nor on shorter columns 
of Sephadex G-50. Dialysis was also an ineffective separation method as 
ampholytes remained inside the dialysis sac even after extensive dialysis. 
Although it was possible to precipitate ovomucoid with acetone, the gel 

filtration method gave a quick and complete separation of ovomucoid from 
ampholytes. This also meant that protein content of ovomucoid separated 
from Ampholine could confidently be determined by the method of Lowry 
et al (1951) without the possibility of ampholytes contributing to the 
colour yield.

2. 9 (12) Sodium Dodecyl Sulphate Gel Electrophoresis
Sodium dodecyl sulphate (SBS) was obtained from British Drug Houses* 

Poole, Dorset, U.K., all.other chemicals were from sources already 

indicated.
The molecular weight of ovomucoid was determined by polyacrylamide 

gel electrophoresis in the presence of SDS as described by Weber and 
Osborn (1969), However their staining and destaining procedure was 
modified as ovomucoid is soluble in acetic acid and washes out of the gel.

After electrophoresis the length of the gel and the distance moved by 
the marker dye (bromophenol blue) were measured (Weber & Osborn, 19&9),



The gels were then placed upright in tubes containing 0*10. (w/v) amido 
black in 500 (v/v) aqueous meth£inol and stained for 2 hours. The staining 
solution was then poured off and the gels destained by soaking in several 
changes of a solution containing 7.50 (v/v) acetic acid in 5^0 (v/v) 
aqueous methanol. The length of the gel and the position of the protein 
bands were determined by scanning with a densitometer ÜFD 100 (Vitatron 
Instruments Ltd., Dieren, Netherlands) and the mobilities of the proteins 
calculated (Weber & Osborn, 1969). The mobilities of standard proteins 
were plotted against the logarithm of their knora molecular weights and the 
molecular weight of ovomucoid determined from its mobility using this 
standard curve (Weber & Osborn, 1969).

‘ Ovomucoid was prepared from egg* white or oviduct homogenates by the 
method of Fredericq and Doutsch (1949) further purified and fractionated 
by chromatography on Si5-Sephadex C-50. Ovomucoid was also isolated from 
these sources by adsorbtion on and elution from 0^200-tryq^sin and was used 
without further purification. The marker proteins were cytochrome C, 
ribonuclease, lysoayme, haemoglobin, trypsin, subtilisin, pepsin, ovalbumin 
and bovine serum albumin. The marker proteins and ovomucoid were run 
individually or in various combinations. Each combination of proteins 
or single protein was run in 4 individual gels.

2. 9 (13) Incorporation Studies using Oviduct Tissue
All the[^^c] labelled precursors (mannose, galactose, glucosamine 

and lysine) were obtained as solids and were dissolved in the incubation 
mediuju (Krebs & Henseleit, 193^) to give a solution containing 5QuCi/ml.

The & lysine was purchased as a 1ml sterilised solution containing ImCi

Q



To this was added an equal volume of a solution containing.unlabelled 
lysine at the same concentration so that the specific radioactivity of the 
isotope was halved to 125mCi/inmol * As the specific radioactivity of 
lysine was 12mCi/mmol, this meant that IpCi |^^(^lysine gave the equivalent 
amount of lysine in the incubation medium as lOyiCi pilj lysine.

Oviduct tissue was removed from regularly laying White Leghorn hens 
killed by decapitation. The albumen secreting magnum of the oviduct was 
transferred to a buffered salts medium (Krebs & Henseleit, 1932) at 4^C,
The composition of this medium is given in Table 2, The oviduct tissue 
was then dried by blotting with filter paper, weiglied, finely chopped with 
scissors and portions (ig) suspended in fresh salts medium (5ml) which had 
the additions shora in Table 3* The tissue portions were incubated at 
37^C, with continuous gentle shalcing, for periods of time up to 8 hours 
with glucosamine (4pCi/g of tissue) and lysine (40p.Ci/g of tissue)
and gassed continuously with 0^ + CO^ (95:5).

For single label incorporation experiments, l^Ci/g of tissue of 
lysine or glucosamine was used. In this latter case, L-lysine.HCl
(73.1mg/litre) was added to the incubation medium. In one experiment the 
labelled precursors were mannose (4piCi/g of tissue) and pllj lysine
(40uCi/g of tissue) and in another they were galactose ( k ^ C i / g  of
tissue) and lysine (40jLiCi/g of tissue).

After incubation the tissue samples were plunged into ice and 
centrifuged at 600g for 10 minutes at 4^C. The supernatants were collected 
and the tissue was washed twice more with cold incubation medium (ig ; 5ml) 
and the supernatants combined. The washed tissue samples were then
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Table 2. - The composition of the incubation liieci.iuin 
(Krebs & Ilciioeleitj 1932) ̂

The salts medium was prepared by mixing ir
following proportions s

Propcrtioxi Salt Cone entrâtion

100 WaCl 4,5
4 icei 5.75
3 CaClp.GhgO 12.05
1 KH2FO4 10.55
1 19o-0
21 NallCO^ 6.5

The medium was now at 3x the required strongthe The 
salts were made up individually at the stated 
concentrations and stored separately in a refrigerator
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Medium; CoA, Eendler, 1937? antibiotics, Carey, 1966).

Ingredient
L-arginlno JICl 
L*=ï'cyst ill e 
L-histldine.HCl 
L-isoleiicine 
L-leucirie 
L-methionine 
L «f pli e ny 1 a 1 an i n G 
L-threouine 

tryptophan 
L-tyrosine 
L-valine 
L-g lut ami lie 
D”glucose 
Coenzyme A 
Penicillin. G 
Streptomycin sulphate

Final Concentration (mg/h)
126 p 2
24 c 0 
38 .3
52.4
52.4 
14,9 
33*0 
47.6 
10,2 
36,2 
46,8
292,0

2000
300
100
100

The ingredients were made up at 100% their final 
strength and stored at -lO^C, All the amino acids were 
made up together in water except glutamine which was 
keijt separate and cystine and tyrosine which were made 
up together in 0,1N HCl,
Coenzyme A, penicillin G .and streptomycin sulphate were 
obtained from Sigma Chemical Co,, St, Louis, Missoui’i, 
U.S.A.



suspended in 0,44M sucrose containing 0.05M tris, 0,025̂ 1 KCl and
(TKM), pH 7*3 (3inl/g tissue) and homogenised using a Bounce 

homogeniser with a teflon pestle. After centrifugation for 1 hour at 
103,000g the supernatant was used for the isolation of "intracellular" 
ovomucoid (Fig, l). Ovomucoid isolated from the combined washings of 
the tissue was considered to be "extracellular" (Fig. l). The 103>000g 
pellet was extracted with 0.50 (w/v) sodium deoxycholate for 30 minutes 
at 4^C and after recentrifugation at 105,000g for 1 hour ovomucoid was 
isolated from the "deoxycholate extracted" supernatant (Fig. l).

Although this was the normal incubation method used, in preliminary 
incorporation studies the medium of Handler (1956; 1937) with the phenol 
red indicator omitted and with the addition of streptomycin and penicillin 
(Carey, 1966) was also employed. In early experiments the method of 
homogenising the tissue was also investigated by homogenising the tissue 
in cold incubation medium or in buffered sucrose in an all glass Potter- 
Elvehjem type homogeniser driven by a power drill (Black and Decker) or in 
a Bounce type homogeniser.

2, 9 (l4) Isolation of Ovomucoid from Tissue Fractions
The tissue fractions illustrated in Fig. 1 were brought to pH 3*5 

and to them was added an equal volume of 100 (w/v) trichloroacetic acid 
at pH 3 or, more usually 0.1 volume of 530 trichloroacetic acid pH 2, and 
the pH readjusted to pH 3*5. After 2 hours at 4^C, the precipitate was 
removed by centrifugation at 4000g for 30 minutes. The supernatant was 
brought to pH 7, sodium phosphate buffer (iH, pH7) was added to give a 
final concentration of O.IM and ovomucoid isolated by adsorbtion on and
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elution from G-200-trypsin as described earlier* For a comparison of the 
methods of isolation of ovomucoid, in early studies the trichloroacetic acid 
supernatant was brought to pll 6 and ovomucoid precipitated by adding tivo 
volumes of ethanol (Fredericq & Deutsch, 1949). The ovomucoid samples 
were dialysed, lyophilised then taken up in water (iml) and aliquots re
moved for assay of protein content and radioactivity determinations.

In order to determine the specific radioactivity of ovomucoid after 
additional purification steps had been included in the isolation, ovomucoid 
from the intracellular fraction (l^Omg) was passed through a column of 
Sephadex G-73 (28cm x 2.5cm), eluted with 0.025M sodium acetate pH 4.7*
The flow rate was 12.5ml/hour and fractions were collected. The 
fraction corresponding to ovomucoid was pooled and an aliquot chromatographed 
on carboxymethyl cellulose CM-23 by the method of Rhodes et al (1958). 
Ovomucoid which had been prepared by the ethanol precipitation method of 
Fredericq and Deutsch (1949) was then treated with G-200-trypsin. Similarly
ovomucoid which had been isolated using insolubilised trypsin was pre
cipitated by adding two volumes of ethanol (khedericq & Deutsch, 1949). 
Ovomucoid isolated using G-200-tryi3sin was also treated with G-200-chymo- 
try%)sin using the same washing conditions as in the batch isolation of 
ovomucoid by adsorbtion on and elution from G-200-trypsin. However as 
ovomucoid is not adsorbed on insolubilised chymotrypsin, the washings at 
pH 7 were collected as the ovomucoid fraction.

Although intracellular and extracellular ovomucoid were routinely 
isolated by adsorbtion on and elution from G-200-trypsin following a 
preliminary precipitation stage with trichloroacetic acid at pH 3*5, it was
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foxmd to be more suitable to omit the trichloroacetic acid precipitation 
stage in the isolation of deoxycholate extracted ovomucoid as inclusion 
of this preliminary step resulted in very low yields of ovomucoid from 
this fraction.

2. 9 (15) Additions to the Incubation Medium
Cycloheximide (Calbiochem, Los ilngeles, California, U.S.A.) at a 

concentration of 50p.g/ml or lOOpg/ml was added to the incubation medium 
5 minutes prior to the addition of labelled lysine and glucosamine to 
determine its effect on the incorporation of precursors into ovomucoid. 
Similar experiments were carried out with puromycin dihydrochloride 
(Nutritional Biochemicals Corporation, Cleveland, Ohio, U.S.A.).

The effect of hormones was investigated by the addition of l;iiN or 
0.01^1 progesterone (A ̂  pregnen 3,-20 dione) or of lyiM or 0.01;liM p- 
estradiol (both from Sigma Chemical Co., St. Louis, Missouri, U.S.A.) to 
the incubation medium. A combination of both hormones at or both 
at O.Ol̂ iM was also tested. The hormones were made up at a concentration 
of 0.02il in ethanol. To an aliquot (0.25ml) of the stock solution was 
added 15ml O.5M NaOH, this was neutralised with O.5M HCl and made up to 
50ml with water. This gave a solution of either hormone at a concentration 
of O.lmM in phisiological saline. These solutions were used to obtain 
the final concentrations of Ijcdl and O.OlpM of the hormones in the in
cubation medium.

The possible effects of 2-deoxyglucose (Koch-Light, Colnbrook, Bucks., 
U.K.) at a concentration of lOmM and O.lmM on the incorporation of labelled 
lysine and glucosamine into ovomucoid was also investigated. In one



experiment in the presence of 2-deoxyglucose (IOidM), mannose was added 
to the incubation medium at the same concentration as 2-deoxy-D-glucose.

2. 9 (16) Liquid Scintillation Counting
Aliquots (O.lml - 0,5ml) of a solution of labelled ovomucoid from

incubation studies were made up to 0,5ml with water and incubated at 37^0
for 10 minutes with 0,5ml hyamine hydroxide (a IM solution in methanol
obtained from Nuclear Enterprises, Edinburgh, Scotland) in scintillation
vials. Then 10ml of scintillation fluid containing 0,70 (w/v) 2,5-
diphenyloxazole (Koch-Light, Colnbrook, Bucks., U,K,) and 100 (w/v)
napthalene (Nuclear Enterprises, Edinburgh, Scotland) in 1,4-dioxan
(Koch-Light, Colnbrook, Bucks,, U,K,) was added. The dioxan based
scintillator was made up in batches of 1 litre at a time and stored under
(oxygen free) nitrogen to prevent peroxide formation. The vials were
counted in a liquid scintillation analyser (Philips, Netherlands). As
the liquid scintillation counter can discriminate between pulses of
different energy, and is a lower energy emitter than ^^C, it is
possible by selection of the energy levels in which the counts are to be

3 14recorded to count H and C simultaneously. The efficiency of counting 
was determined by the quenching of an external standard which allowed 
d.p.m, to be calculated from the observed c.p.m. The efficiency of
counting of single label ^^C was 620, while the efficiency of dual label

14 ' 3counting was 330 for C and 150 for E. Background radiation was
automatically subtracted from the counts by the analyser.

2. 9 (17) Determination of Fate of Precursor.
After tissue incubations with glucosamine and lysine as



precursors, samples of ovomucoid were hydrolysed in 6N HCl for 18 hours 
at 103^C in sealed tubes under vacuum. The HCl was removed by rotary 
evaporation at 40^C and the hydrolysed protein talcen up in 1ml water.
A portion was prepared for liquid scintillation counting and an aliquot 
fractionated in an amino acid analyser JLC-5AH (Japanese Electron Optics 
Laboratory Co. Ltd., Tolcyo, Japan) using a 0.8cm x 15cm column of LCI4-1 
resin (j.E.O.L. Co. Ltd., Tolcyo, Japan). The amino acid pealvs were 
collected by splitting the stream so that 0.42ml/min of the sample went 
to the ninhydrin detector and O.BOml/min was collected in 2ml fractions.
Portions (0.5ml) of these 2ml fractions were prepared for liquid
scintillation counting.

Glucosamine was liberated from labelled ovomucoid by hydrolysis in 
4N HCl at lOO^C for 3 hours. The HCl was removed by rotary evaporation 
at 40^C and the residue taîcen up in 2ml water. An aliquot was prepared 
for liquid scintillation counting and the rest was passed through a 
column (llcm x 1cm) of Dowex 50 K2, form. The effluent was discarded 
and the column washed with 25ml of water which was also discarded. The 
glucosamine was eluted by washing the column with 25ml 2N HCl and the HCl
removed by rotary evaporation at 40^C, .The residue was talcen up in 1ml
water, 0.4ml was prepared for liquid scintillation counting and the rest 
used for the assay of glucosamine by the acetylacetone reaction (Elson & 
Morgan, 1933)* The Dowex 50 was washed with 2N NaOH, water, 3N HCl and 
water again before use.

Sialic acid was released from ovomucoid by hydrolysis in O.IN H^SO^ 
at SO^C for 1 hour in a volume of 1ml. The acid was neutralised with
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NaOH and a further 2ml of water added* The sample was applied to a 

colunn (9cm x 1cm) of Dowex 1 X8, formate form. The effluent was discarded 

and the column washed with a further 25ml of water which was also discarded. 

Sialic acid was eluted by washing the column with 30ml of 0.3N HCOOH* The 

formic acid was removed in a rotary evaporator at 40^C and the sample taken 

up in 1ml water, A portion (0.4inl) was prepared for liquid scintillation 

counting and the rest assayed for sialic acid content by the thiobarbituric 

acid method of Arainoff (I96I). Dowex 1 formate was generated from Dowex 1 

chloride by washing the resin with sodium formate. This was done after 

washing the chloride form resin with 2N NaOH, water, 2N HCl and water again.

2. 9 (I8) Estimation of the Specific Radioactivity of the 
Total Trichloroacetic Acid Precipitable Protein 

In the isolation of intracellular and extracellular ovomucoid from 
oviduct there was a preliminary precipitation step with 50 (w/v) 
trichloroacetic acid at pH 3*5 included. The precipitate from this stage 
was washed twice with 50 (w/v) trichloroacetic acid and dissolved in 0.5N 
NaOH (iml/original g of tissue) at room temperature for 1 hour. Aliquots 
(5pl to 20;ul) were assayed for protein content by the method of Loray 
et al (1951) using ovalbumin as the reference standard. As the samples 
were in NaOH the Na^CO^ reagent was made up in a reduced strength of 
NaOH.to account for the NaOH which was being added to the assay in the 
protein samples (Lowy et al, 195l). To a further aliquot (lOp̂ l) was 
added lOpl of potassium phosphate buffer, O.IM pH 7 and just enough HCl 
to neutralise the sample. The samples were then prepared for liquid 
scintillation counting as described.



The specific radioactivities of the intracellular and extracellular 
trichloroacetic acid precipitable proteins determined in this way were the 
same as those determined when aliquots of the extracellular and intra
cellular fractions were precipitated with 50 (w/v) trichloroacetic acid 
not brought to pH 3*5* It was much more convenient therefore to routinely 
use the trichloroacetic acid, pH 3*5, precipitates for the determination 
of the specific radioactivities of total protein fractions of the tissue.

2. 9 (19) Sulphoethyl-Sephadex Chromatography of 
Labelled Ovomucoid 

Labelled ovomucoid was fractionated on columns (60cm x 1cm) of 
sulphoethyl-Sephadex C-50 by elution with 0.014M sodium acetate contain
ing ImM sodium azide, pH 4.90 at a flow rate of 4ml/hour, Fractions 
(1.6ml) were collected and 0.4ml portions used for the estimation of 
protein content (Lowry et al, 1951) and 0.4ml portions prepared for liquid 
scintillation counting. The columns were run with buffer maintained 
under nitrogen to avoid uptake of CO^ from the atmosphere.

2. 9 (20) Isoelectric Focusing of Ovomucoid after 
Neuraminidase Treatment 

Neuraminidase (E.C. 3* 2. 1. 18) was obtained from Worthington 
Biochemical Corporation, Freehold, New Jersey, U.S.A. It was described 
that 1 unit of enzyme activity hydrolysed 1 ;uinole of N-acetylneuraminic 
acid from a glycoprotein substrate in 1 minute* The activity of the 
neuraminidase was 0.7 unit/mg neuraminidase, and a 1ml vial contained 2mg.

Ovomucoid was incubated with neuraminidase (l.4m imits/mg of 
ovomucoid) for 24 hours at 37^C in O0O5N sodium acetate buffer pH 5*5*
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The samples were dialysed, lyophilised and the hand pattern on isoelectric 
focusing compared to the band pattern of unhydrolysed ovomucoid.

2. 9 (21) Fractionation of Oviduct Ilomogenate by Differential 
and Sucrose Density Gradient Centrifugation

(a) Differential Centrifugation
A portion of oviduct (8g) was homogenised in 40ml 0.44M sucrose in 

a Bounce homogeniser at 4^C. All subsequent steps were carried out at 
4^C. The homogenate was centrifuged at 600g for 10 minutes in an MSE 
Major centrifuge (Measuring and Scientific Equipment Ltd., Crawley,
Sussex, England) using the 8 x 50ml swing out rotor. The pellet was 
washed three times in fresh 0.44M sucrose by resuspending and recentrifug
ing. The washed pellet was called PI. The combined supernatants were 
centrifuged at 10,0G0g for 10 minutes in an MSE Highspeed 18 centrifuge. 
The pellet was washed once with sucrose and the washed pellet called P2. 
The combined supernatants were centrifuged at 105,000g for*60 minutes in 
an MSE Superspeed 50 centrifuge using the MSE 50 rotor. The pellet was 
washed once with sucrose and the washed pellet called ?3. The combined 
supernatants were called S3*

The cell fractions were washed with 50 (if/v) trichloroacetic acid at 
room temperature. The precipitate was extracted with 50 (w/v) trichloro
acetic acid at 90^C for 10 minutes and centrifuged. The extraction was 
repeated twice. The combined extracts were considered to contain the 
nucleic acids and the residue to contain the protein (Carey, 1966). The 
cell fractions were also made Û.2N with respect to perchloric acid and the 
nucleic acids fractionated by the method of Fleck and Munro (I962).
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(b) Discontinuous Sucrose Gradient Centrifugvatiou

A discontinuous sucrose density gradient was prepared by layering 
the following solutions on top of each other. First 4.5ml of saturated 
sucrose containing 0.05M tris, 0.025M KCl and 0.005M MgCl^ (TKM buffer) 
pH 7.5, then 4,5ml 2M s\icrose-TKM buffer pH 7-5 followed by 9ml 0.5M 
sucrose-TEM buffer pH 7*5* A sample of oviduct homogenate (0.4g) in 
O.25M sucrose-TIGl buffer pH 7*5 was layered on top of the gradient. The 
samples were centrifuged at 80,.000g for 10 hours in an MSE Superspeed 50 
centrifuge using the MSE 40 rotor. Fractions (l.5ml) were collected from 
the bottom of the tube by inserting a capillary right to the bottom of the 
gradient and drawing off the sucrose.

The extinctions at 280nm and at 260nm of the fractions were determined. 
An equal volume of 100 (w/v) trichloroacetic acid was added to the fractions 
to precipitate the protein and nucleic acids, and the precipitate was 
washed with cold 50 (w/v) trichloroacetic acid. The nucleic acids were 
extracted from the trichloroacetic acid precipitate by incubating at 70^C 
for 30 minutes in 0.5N perchloric acid.
(c) Linear Sucrose Density Gradient Centrifugation

Linear sucrose density gradients were prepared by filling one limb 
of a gradient mixing vessel with 0.5M sucrose-TKM buffer pH 7*5 and the 
other limb with an equal volume of 2.5M sucrose-TKM buffer pH 7*5. The 
mixer limb which contained the denser sucrose had a bar magnet driven by 
an electric magnetic stirrer. The limbs were connected at the bottom 
and the solutions allowed to mix while drawing off the mixture to fill a 
centrifuge tube with the gradient. Each limb contained half the total



volume of gradient required to fill the centrifuge tube. One sample of 
oviduct homogenate (0*8g) in 0.25M sucrose-TKM buffer pH 7*5 was applied 
to a 20ml gradient and centrifuged at 20,000g for l6 hours in an MSE 
Superspeed 50 centrifuge using the MSE 40 rotor. Another sample was 
applied to a 15ml gradient and centrifuged at 5,000g for l6 hours in an 
MSE Highspeed 18 centrifuge. Another sample of oviduct homogenate was 
applied to a 20ml gradient and centrifuged at 2000g for l6 hours in an 
MSE Mistral 4L centrifuge using the 8 x 50ml swing out rotor with rubber 
adaptors to take the 20ml MSE tubes. Fractions were collected from each 
gradient as described and their extinctions at 260nm and 280nm determined. 
Protein and nucleic acids were precipitated with 50 (w/v) trichloroacetic 
acid and the nucleic acids extracted by incubating the trichloroacetic 
acid precipitate with 0.5N perchloric acid for 30 minutes at 70^C.

In both the sucrose gradient centrifugation methods portions of the 
oviduct were homogenised with a Bounce homogeniser and portions with a 
Fotter-Elvehjem homogeniser.

2. 9 (22) Chemical Determinations on Oviduct Cell Fractions

The total protein content and the radioactivity of trichloroacetic 
acid precipitates were determined as described above (section 2. 9 (l8 )̂ .

The DNA content of hot trichloroacetic or hot perchloric acid 

extracts and DNA isolated by the method of Fleck and Munro (1962) was 

estimated by the method of Burton (1956) or by the method of Ceriotti 

(1952) using calf thymus DNA (Sigraa Chemical Co., St. Louis, Missouri, 

U.S.A.) as a steindard.

The RNA content of hot trichloroacetic acid or hot perchloric acid
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extracts and üNA isolated by the method of Fleck and Hnnro (1962) was 
determined by the orcinol reaction (hische, 1935) after destruction of 
hexoses by heating in O.IN NaOîI at lOO^C for 13 minutes (Solomon, 1937)• 
Yeast RNA (British Drug Houses, Poole, Dorset, U.K.) v/as used as 
reference standard.



PART 5

RESULTS



Chapter 10 Isolation of Ovomucoid
The first part of this section concerns the isolation,

fractionation and characterisation of ovomucoid. The later section 
is concerned with studies on the biosynthesis of ovomucoid.

For biosynthetic studies it was necessary to develoi? a specific 
isolation method which could isolate small quantities of ovomucoid 
with a high degree of purity. The use of an insolubilised derivative 
of trypsin in the isolation of ovomucoid was investigated and some
properties of the insoluble trypsin are included.

The homogeneity of ovomucoid isolated by use of insolubilised 
trypsin was investigated by isoelectric focusing and inmiunocheiaical 
teclmiques and the isolation method compared to that of Fredericq and 
Deutsch (1949). Ovomucoids from egg white and the oviducts of 
laying hens were also compared by these above techniques and by their 
carbohydrate content and tryqisin inhibiting activity.

Further fractionation of ovomucoid was carried out by 
chromatography on columns of sulphoethyl-Sephadex C-30 and the sialic 
acid content and trypsin inhibiting activity of the ovomucoid species 
determined*

The isoelectric points of the ovomucoid variants were determined 
by isoelectric focusing. The molecular weight of ovomucoid was 
estimated by gel electrophoresis in the presence of sodium dodecyl 
sulphate.



3. 10 11j Properties of Insolubilised Trypsin
The use of an insolubilised trypsin derivative in the isolation 

of ovomucoid was examined as part of a collaborative project with 
Dr. J.G. Beeley. Trypsin was bound to Sephadex G-200 as described in 
the Methods section and a description of the properties of the insolubi
lised enzyme have been published (Beeley, 1970; Beeley & McCairns,

1972).
The proteolytic activity of the prépara ' ion of G-200-tryj)sin used 

in these studies towards casein and the esterase activity towai'ds 
benzoyl-L-arginine ethyl ester (BAÏIE) are given in Table 4,

TABLE 4
The activity of G-200-trypsin towards BAEE and casein
The activity is related to the ug of soluble trypsin giving an equivalent 
rate of hydrolysis of substrate per mg dry weight of insolubilised enzyme.

Substrate Activity (jng soluble trypsin/mg dry weight)

BAEE 43.6

Casein 4.3

Of the activities expressed in Table 4, 710 of the proteinase 
activity and 330 of the esterase activity of insolubilised trypsin were 
inhibitable by ovomucoid (Beeley & McCairns, 1972).
3. 10 (2) Batch Isolation of Ovomucoid using Insolubilised Tryp)sin 

Ovomucoid binds to G-200-trypsin at pH 7 but dissociates readily
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as the pli is lowered. The ovomucoid hound to the insoluble enzyme may 

be liberated by washing at pH 1.5 (Beeley & McCairns, 1972)*

An example of the batch isolation of ovomucoid using an insolubilised 

tiypsin derivative is given in Fig. 2» The ovomucoid was a "crude 

preparation" of ovomucoid from egg white isolated by the method of 

Fredericq and Deutsch (1949)®

It was found that 10 ml (settled volume) of Ĝ 'SOO-tryqjsin had the 

capacity to isolate a maximum of lOmg of ovomucoid. If less than lOmg 

of ovomucoid was added to 10ml (settled volume) of insoluble trypsin, 

then 800 was adsorbed at pH 7 and eluted at pH 1.3» If more than lOmg 

ovomucoid was added to 10ml (settled volume) of G-SOO-trypsin, then the 

maximum isolated by washing at pH 1.5 was iOmg.

3* 10 (3) Isoelectric Focusing of Ovomucoid

Ovomucoid was isolated from egg white a.ud oviduct homogenate using 

insolubilised trypsin* A. parallel exp (triment was carried out at the 

same time with insoluble chyuota'y|5sin as a control® The isooleetric 

focusing band pattern of the material which eluted at pH 1.3 is shora 

in Fig* 3* Adsorbtion of egg white or the supernatant from oviduct 

homogenate directly onto G-̂ BOO-tr̂ qosin led to the isolation of components 

having the same isoelectric points as the major ovomucoid species. 

However, additional components were observed, one group with isoelectric 

point slightly higher than that of the most basic ovomucoid species and 

a much more basic series of components* This more basic series of com

ponents was also observed in the eluate from G»"200-ehymotrypsin. There 

is an inhibitor of both trypsin and chymotx̂ ypsiia present in egg white
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2* Batch isolation of ovoiniicoid \i.sing G-200-tryps:Ln

Protein (mg/inl)

0

0* 1.

0 0 —

) 11 12 13 14

Wash No*

Samples of ovomacoid 2o3mg ; o--o 5mg ̂  in 10 ml 0«1M sodinm 

phosphates pH 7 isolated from 10 ml (settled volume) of G-200- 

trypsin. Wash 1 was the su%)ernatant, Wash 2,3,4; O.IM sodium 

phosphate pH 7,’Wash 3,6,7» 0»3M NaCl, Wash 8,9,10; water and 

Wash 1 1,12,13 and 14; KCl pH 1*5* The ovomucoid was a crude 
preparation Isolated fi*om egg white hy the method of Fredericq 

and Deutsch (1949)o Details of the washing procedure are given 
in the text*
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(a) Ovora'acoi-d isolated from oviduct by adsoi'btion on and 
elution from G-200-lrypsin following pH 3*5 trichloroacetic 
acid precipitation of other components• (h) Same method 
applied to egg white ovomucoid, (c) Proteins isolated from egg 
white by direct adsorbtion on and elution from G-200-trypsin. 
(d) Proteins isolated by direct adsorbtion on and elution from 
G-200~chymotrypsin, (e) Sample obtained by trichloroacetic acid 
precipitation at pH 3*5 of egg white followed by adsorbtion on 
and elution from G-200-chjTîiotrypsin,
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named ovoinhibitor (Feeneyj Stevens & Osuga, I9G3)*
Contaminating proteins were removed by a preliminary precipitation 

stoj) with 3 $ (w/v) trichloroacetic acid at pH 3^5 before adsorbtion with 
G-200-trypsin (Pig# 3̂ . and 3b)» After trichloroacetic acid precipitation^ 
no material remained in the supernatant which would bind to chjmiotrypsin 
(Figo 3o)c

Ovomucoid isolated from the supernatant resulting from trichloro
acetic acid precipitation of egg white or oviduct homogenate by use of an 
insolubilised trypsin derivative showed an isoelectric focusing pattern 
similar to that of the best conventional preparations, for esa;npl6, 
ovomucoid isolated by the method of Frederick and Beutsch (l9t9)e The 
isoelectric focusing pattern of ovomucoid may be used as an indication 
of the homogeneity of the preparation.  ̂A comparison of ovomucoid 
isolated from oviduct or egg white (Fig. 3a and 3b) showed that the same 
charged species were present*
3, 10 (t) lîîBTiunochemical Experiments

The homogeneity of ovomucoid isolated by adsorbtion on and elutio?a 
from G-'200™trypsin following a preliminary trichloroacetic acid pre
cipitation was fui’ther examined by imnumoelectrophoresis (at pll 7*5 and 
pH 4*9) and imDmno diffus ion using antisera to whole egg white, ovalbumin 
or crude ovomucoid*

From the results of double diffusion using antiserum to crude 
ovomucoid (Fig. 4) it can be seen that crude ovomucoid (prepared by the 
method of Fredericq & Beutsch, 1949) contained a second antigenic species 
which could be completely removed by adsorbtion on and elution from
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(a) Si (d) Ovoîiiucoid isolated by adsorbtion on and elution from
G-200-trypsin following trichloroacetic acid pll 3*5 precipitation
of other components. (b) & (e) Ovomucoid isolated by the method
of Fredericq & Doutsch (1949). Samples (a) & (b) were from
egg white while samples (d) & (e) were isolated from oviduct
homogenate. (c) & (f) Ovoglycoprotein isolated from egg white 
by the method of Ketterer (1963).
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(a) & (c) Whole egg white, (h) & (d) Ovalhujiiiii. (c) Ovomucoid 
from egg white isolated by adsorbtion on and elution from 
G-200-trypsin following precipitation of other components with 
pH 3'5 trichloroacetic acid, (f) Ovomucoid isolated from 
oviduct homogenate by the same method.
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l ï s in u  a u t t “*crijclc o v c n u c o id  a n t i  oc-»̂ tî~:

(a) (:)) (c) ( à )

(a) & (c) Ovomucoid isolated by adsorbtion on and elution 
from G-200-trypsin following a preliminary precipitation of 
other components with pH 3*5 trichloroacetic acid, (b) & (d) 
Ovomucoid isolated by the ethanol precipitation method of 
Fredericq and Dentsch (1949). Samples (a) & (b) were from 
oviduct homogenate while samples (c) & (d) were isolated 
from egg white*
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(d)

(a) & (d) Ovomucoid isolated from oviduct(a) or egg white(4) by 
adsorbtion on and elution from G-200-trypsin after pE 3*5 trichloro- 
acetic acid precipitation of other components, (b) Ovomucoid 
isolated by the method of Fredericq & Deutsch (1949). (c) Ovo- 
glycoprotein prepared by the method of Ketterer (I965).
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(5-2üCï-tryx>siïi. Ovoglycoprotein prepared by the method of Ketterer 

(1963) gave three precipitin arcs*

On using an antiserum to ovalbumin it is seen (Fig* 3) that ovo

mucoid isolated by use of an insolubilised trj’psin derivative contains 

no species corresponding to ovalbumino The- results with anti-egg white 

antiserum were similar*

On iimmuioeloctrophoresis at pH 7.3 using ajitiserimi to crude ovomucoid 

(Fig. 6), ovomucoid prepared by the method of Fredericq and Deutsch (l949) 

gave two precijjitin arcs, while ovomucoid px’epared by adsorbtion on and 

elution from (t-200-1r̂ q̂)sin gave one precipitin arc indicating homo

geneity under these conditions * When the electrophoresis was carried 

out at pH 4,9 prior to immunodiffusion at pH 7.5 using antisermii to crude 

ovomucoid, the same pattern was found (Fig* 7).

It was sho\m earlier (Eeeley, 1971u) that rabbit antisera raised to 

crude ovomucoid gave three precipitin arcs corresponding to ovomucoid, 

ovalbumin and ovoglycoprotein. From the results described here (Figs* 4, 

3$ 6 and 7) it appears that the major contaminant of this preparation of 

crude ovomucoid is ovoglycoprotein* Ovomucoid isolated by the &-200- 

ti'y})sin method gave one precipitin arc, indicating homogeneity, under all 

the conditions employed* Ovomucoids from egg white or oviduct homo- 

genates were indistinguishable in these studies*

3* 10 (3) Analytical Determinations of Carbohydrate

The carbohydrate content of a crude preparation of ovomucoid from a 

mixture of egg whites and the same preparation after adsorbtion on and 

elution from G-200-trypsin is illustrated in Table 3*
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TABLE 3
«ct.5 *>* * w w t  teti:» *

The hexose and hexosamine content of egg white ovomucoid hefox’e and 

after adsorbtion on and elution from Ct-200-trypsin,
M*"**sfs*CT-Ti4EÎM*)*lE*.ti t»i~t~lTI»9~ ■■'■■liriŴMTi n IMI *i It >Tk7"nrf~ilW fl ifi ri*t>

Preparation of ovomucoid Hexose (g/lOOg) Hexosamine (g/lOOg)

(a) Crude ovomucoid 8.85 13.3

(b) Ovomucoid after adsorbtion on 
and elution from G-=200-tr)'psin 8.75 13.1

It can be clearly seen from Table 5 that the hexose and hexosamine 

content of ovomucoid, isolated by both techniques are indistinguishable * 

In Table 6, the carbohydrate content of ovomucoid isolated from a 

single egg is compared with the carbohydrate content of the ovomucoid 

isolated from the oviduct of the hen laying that egg.

TABLE 6
*" 1 klhiF,#.*4

The carbohydrate content of egg white and oviduct ovomucoid isolated 

by use of G-HOO-timisin.

Ovomucoid Hexose (g/lOOg) Hexosamine (g/iOOg) Sialic acid (g/lOOg)

(a)
Egg white 8.80 13.6 0.46
(b)
Oviduct 8*75 14*1 Oc50

The values of the carbohydrate assays are virtually identical for 

ovomucoid from oviduct and egg white and compare well with carbohyd?:ate 

assays on ovomucoid isolated from egg white by alternative methods 

(Beeley 1971a; Montgomery & Wu, 1963)#
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The optimal conditions for the- hydrolysis of ovomucoid for the 

assay of glncosomine were determined. In a preliminary experiment, 

hydrolysis at room temperature with varying strengths of HCl for periods 

up to 6 hours was found to he ineffective in liberating glucosamine from 

ovomucoid* Hydrolysis at 100*̂ C with JICl was effective in liberating 

glucosamine and Fig* 8 illustrates the hydrolysis of ovomucoid (at lOO^C) 

with varying strengths of HCl over a 6 hour period* Optimal hydrolysis 

conditions were found to be 4N HCl at lOO^C for 3 hours. Incubation of 

glucosamine under these conditions caused no destruction of g3.uc os amine 

as the values for the optical density after hydrolysis agreed with those 

before hydrolysis* A wavelength scan of glucosamine assayed before and 

after hydrolysis also suggested that there was no destruction of glucos- 

ajiiine under these conditions as the scans were indistinguishable*

The protein content of ovomucoid preparations was determined by the 

method of Lowry et al (l93l) using ovomucoid of known moisture content 

as the reference standard and this is illustrated in Fig. 9o The 

carbohydrate content was related to tîiis*

3o 10 (6) ïr'vuDsin Inhibiting Activity of Ovomucoid Preparations

No difference could be found in the trypsin inhibiting activity of 

ovomucoid from egg white or oviduct isolated by either the method of 

Fredericq and Deutsch (1949) or by the use of G-200«trypsin* Ivhen 

assayed with casein as substrate it was found, in all cases, that lp.g 

ovomucoid inhibited Ipg tr^qisin* If all the trypsin was active, then 

taking the respective molecular weights of trypsin (23,300) and ovomucoid 

(27y000-30,000) into account, this might suggest that iniiibition was 

in a 1:1 molar basis*



Fif̂ o 8. Optimal hydrolysis conditions for the determination 

of glucosamine from ovomucoid

li

2N HCl O  O
3N HCl X~ X
4N HCl a  CD
5N HCl / V —

Hours

Hydrolysis of ovomucoid (0#lmg/ml) at 100*^C m t h  

varying concentrations of HCl* Glucosamine was 

assayed by the method of Cessi and Piliogo (I960)» 

Optimal hydrolysis conditions were determined to he 

4N HCl for 3 hours0 There was no destruction of 
glucosamine under these conditionse
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Fifîo 9*' Protein estimation by' the method of Lowry
I~nl r>*i~n~r- ~li iHrH**J-ni nr> — i- n - ■ -̂ ---1 * -~t—r-l ii • ~ *i~1ii' ii i ■ »«>Tm~irTl~iif m li ~lî i rtrtm i J r ■ n biim « i ■■ n i w i i ■ iuin~̂i n     i ilVf U_I_ ■_!_■. g_l .   I L_ŷ

(1951) usine; ovomucoid as reference standard «

E750um 03; 
E‘500ïim

O — O  E750nm
e— ^ E500nm

2.0
1,8
1,6
1,4
1.2 
1.0
Oc8
0.6
0.4
0o2
0 ■r 1-

0 200
--- {.
400100 300 300

ovomucoid/assay

Samples were assayed by the method of Lowry et al (1931) 
using the 0.4ml assay volume. In the 1ml assay volume 

ovomucoid at a concentration of iOOjag/ml had an extinction 

(730mii) of appx’oximately 0.22^ while ovalbxxmin or bovine 

serum albumin had extinctions of approximately 0.32.



Chapter il Fractionation of Ovomucoid
3o 11 (l) iSxilphoetliyl-Sephadex Cliromatography

Ovomucoid, from either egg white or oviduct tissue, could he further 
fractionated by chromatography on columns of sulphoethyl (SE)-Sephadex 
C-50 as illustrated by Fig. 10. Rechromatogra]phy of the peaks labelled 
B, Cp D and E in the same system is illustrated in Fig, 11. Pealt B and 
peak C both re chromato graphe das single jjeaks emerging in the expected 
positions. Peak D re chromato graphed as a major pealc emerging in the same 
position as previously but also had a small later emerging peak. Peak F 
on rochromatography had an asymmetrical profile with material ovei'lapiiing 
with the major and minor peaks of rochi'omatographed component D.

The isoelectric focusing pattern of components B, C, D and F is 
represented by Fig* 12. Pealt D and peak F corresponded to ovomucoid 
species 0^ on isoelectric focusing, peak C corresponded to ovomucoid 0^ 
and peak B to ovomucoid 0^.

The trypsin-inhibiting activities of the chromatographic components 
are shoim in Table 7<>

TABLE 7
Relative trypsin^inJiibiting activity of ovomucoid variants resulting 
from. SE«Sephadex C-30 chromatography
Trypsin inhibition was measured with casein as substrate, values arc ex
pressed as % inhibitory activity of fraction C.

Component B C D E
^ Trypsin inhibition 93 96 100 102 102
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Fractions were pooled as illustrated
E280nni

600 20 80 120100
Fraction No*

Chromatography of ovomucoid on SE™Scphadex C— 50 (82cm x 5cm), 40ml/ 
hour flow rate, 15ml fractions collected^ Eluant 0*014M sodium 
acetatep lm)i sodium azide pK 4o85* Sample was lc2g of ovomucoid 
in 10ml of buffer, equi 1Î&abated hy dialysis<>
Fige lie Rechromatographv of the ovomucoid species in the same 

system

0/3

0,2

0,1

0

juĉ ĵOnm

i3 i(5o60 80
Fraction No*
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Fig, 12, Isoelectric focneing' of re chromât ogi'aplied peaks 

from SF-Sepbadex C-50 chromatography

0,3
O'

r '1 r  1 [ 1

Ovomucoid Fraction Fraction Fraction Fraction
B C D E

The ovomucoid variants have been labelled in

order of decreasing isoelectric point (Boeley, 19?la)
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It can be seen that the trjqjsin inhibiting activities of the species 
were virtually identical (Table 7)*

The pealts I) and E (which both corresponded to the most basic
ovomucoid variant 0̂  on isoelectric focusing) were not completely resolved
in this system. The pH of the eluting buffer in the-above experiments 
was pH 4,85* If the pll of the eluting buffer was raised to pH 4,90, 
then ovomucoid, from either egg white or oviduct, could be resolved into 
two components (Fig, 13o-), If the pH was raised above pH 4,90» e.g. pH 
4,92; ovomucoid was unfractionated (Fig, 13b), On rechromatography of 
fractions I and II at pH 4,90, both emerged as single pealcs with the 
expected elution volumes (Fig, 14),

The sialic acid content of fractions I and II is illustrated in 
Fig, 13 and it can be seen that sialic acid content decreased with 
increasing elution volume. On isoelectric focusing it was found that 
fraction I contained ovomucoid variants 0^ to 0^, while fracton II
contained the sialic acid free variant 0^*

Due to the broadening of the later pealts in the pH 4,83 chromato
graphic system, the pH 4.90 system, which separated the sialic acid 
free ovomucoid variant from the sialic acid containing variants, was 
found to be the more useful fractionation method.

There was no difference in elution profile in the pH 4.90 
chromatographic system or in the pH 4.85 system between ovomucoids from 
egg white or oviduct.

1



Pifi;» 13.' SE-Sepîiadex C-50 chroiaatography of OYomucoid 
•ai-. pH'4.90(Eig. l'3a) and pli 4.92 (iTig. 13b) 

13280am pig. l^a.
0.4

0'C)'0'^y-ChCy~Q~O'(}'^0
0 10 20 Fraction No

E280nm 

0,4

0.2

Flg. 13t

0 0"0”0"0‘ 0~0^
20 FractiO'Ti Mo10

Chx'omatogi’aphy of ovomucoid on columns (90cm x 1 & gem) of 

SE'«Sephadex C-50. Flô f rate was 9e44ml/hourp 3p 

fractions collected. Sample was 15mg of ovoiuucoid in 1ml 

ecluting Iniffer̂  pH 4,90 (Fig, Ip a) or pH 4*92 (Fig. ,

Eluant 0.014M sodium acetate containing ImH sodium asidec-

1 0 1



14 0 . Ilechx'omatof̂ raT>liy of 'the ovomucoid species
fractionate cl by SE™Sephaclc% C™?0 chromatof^raphy 

at pH 4o90

ESSOnm 

0.4

0 0 S '■

0

Fractions were pooled, as illustrated.
0

OtJ'0"0“0'0“D~0-c>̂
100 20 Fraction No

E280nm

0— 0 I

I

0 10 20 Fraction No.

Upper graph ; SE-Sephadex chromatography of ovomucoid (20mg) 
under the same coxiditions as in Fig. 13a.

Lower graph : x'-cchromatography of the fractions Ï and II 

(pooled as illustrated) in the same system.



Fiffo 15c The sialic acid content of o-voiimcoid snecies 

fractionated hy SE-Senhadex chromatography

Sialic acid 
(pg/ml)

E2S0nia Q — Q  

0*8 *“

100 20 Fraction Noo

2

0

Ovomucoid(30mg) if as fractionated hy SE-Sephadex chromatography 

at pli 4c90 under the same conditions as described in Figc 

and sialic acid content determined hy the method of Aminoff 

(l96l)e
Sialic acid(g/lOOg of ovomucoid)

2.6
1.6 
0.6 
Go o6 
0 
0

On isoelectric focusing fraction I corresponded to■the

sialic acid containing variants(0^-0[„) while fraction II
J'

corresponded to the sialic acid free ovomucoid 0 .̂

Fraction No 
10 
11 
12
13
14
15
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11 (2) Carhox̂ JTJiethyl Cellulose Cliromatographv

Blended egg white can he fractionated on columns of carborymethyl 

cellulose (Rhodes, Asari & Feeney^ 195S). An example of the separation 

of ovomucoid froai other egg white px̂ oteins is given in Fig. I6. Inaction 

I from this preliminary chromatography when chromatographed in a second 

system (iihodes et_^, 1958) gave rise to three com%)onents (Fig© I?)» As 

this two-stage chroniatographj'̂  gave the same elution quittern as that of 

Rhodes et ai (1958), it was attempted to isolate ovomucoid from oviduct
*%c«*a'SDfclta=ss«n > / /

homogenate by this method. The elution profile of fractionated oviduct 

homogenatep equilibrated by dialysisj was the same as that for egg white 

illustrated in Figs. I6 and 17o

The peaks lA, IB and IC (Fig. 17) from the second chromatographic 

step in the fractionation of ovomucoid from oviduct homogenate were 

collected for assay of trypsin iniiibition. The results of the trypsin 

inhibition studies are presented in Fig. 18. Fraction IÂ showed almost 

no tryp8in-in]iibiti.ng activity. Fractions IB and XC both had about 

half the activity towards trypsin shô îx by stock ovomucoid. By reference 

to Rhodes et_al (1958)^ it would be expected that fraction lA corresponded 

to riboflavin, fraction IB to ovomucoid and fraction IC to apoflavoprotein. 

In view of the low trypsin-inhibiting activity of ovomucoid isolated by 

carboxymethyl cellulose chromatography, this method of isolation of ovo

mucoid was discontinued. It is not clear î hether fractions IB and IC were 

both a mixture of components, such as ovomucoid and apoflavoprotein, or 

whether there had been some dénaturation of ovomucoid during the isolation. 

Either of these alternatives could explain the low trypsin-inhibiting 

activity found.
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Isolation of ovomicoid from T;hite "by
carb0 xiniiothyl cel Ini o s o chromato }.̂ raphy

E280nm First chromatography^ (Fir/t. l6)

0~

t-
0 20 40 bO Fraction No*

Initial fractionation of ogg Mil te on a column % 2«5cm)

of CM 23c Eluant was OoiM acetic acid brought to pïî 4*3 

with pH changed to pH 4*4 at position showai by arrow *

Scimple was 30r»i blended egg. white dialysed for 2 days 

against the sta3?ting buffer. Flow rate was l^O^ul/hour-and 

13ml fractions were collected* Fraction I was chromatographed 

in a second system described below*

E28 Onm S e c ond clir onmt o gr aphy * ( F1 g * 1 ?}

plï 4*7 
\/

1*0

0*3'

0

pH 4*3 
1/

pH 3e3

V

0 20 40
-I— — — —

60 80 Fraction No

Peak I from the first step was dialysed overnight against 

0*023H sodium acetate pH-3<?7 and fractionated on CM 23* The 

ai'rows indicate the pH and point of change of the buffer*
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Fig* 18* The trypsin inhibiting activities of fractions

isolated from oviduct homogenate by carboxymethyl 

cellulose c]iromatography

^initial activity (25;ig trypsin) 
100

80

60

40

20

0

— X-

Fraction

IB
IC

^ activity 

of control

43^
37^

Control
ovomucoid 100^

t
0 2,3 3c0 703 10*0 12*3 yig inhibitor/assay

An oviduct homogenate was fractionated hy cax'boxymethyl cellulose 

chroDiatogx’aphy (R]iode8_ j 3 , 1938) * The trypsin inhibiting 

activities of the. fractions (Figo i?) was measured using casein 

as substrate"' in the assay of Northrop et a|.(l948)* The activity 

is expressed as a percent of that of ovomucoid isolated from 

oviduct homogenate hy use of G-'200-trypsin* The activity of 

oviduct ovomucoid isolated this way was the same UR that of egg 

white or oviduct ovomucoid isolated by the method of Fredericq 

and 1)putsch (1949)*



Chapter 12 Physical Determinations on OvoDiucoid
3* 12 (l) Isoelectric Points of the Ovomucoid Variants*

Isoelectric focusing is a separation method based on establishing 
a pH gradient in which a proteixi migrates to a point corresponding to its 
isoelectric pointe The isoelectric points of the ovomucoid variants 
were determined by measuring the pH profile of the gradient established 
by Ampholine and reading off the pH at the points corresponding to the 
ovomucoid species 0^ to 0^* This is illustrated hy Pig. 19, Ovomucoid 
variants 0^ and 0^ did not stain well as they were present in much 
smaller proportions than 0^, 0^ or 0^*

The isoelectric points of the major ovomucoid variants were de

termined to be I 0^, 4,43? Og, 4*30; 0^, 4,13* .Prom the values found
in several experimentsç these readings were ^ 0 c2pE imit* The isoelectric 
point of ovomucoid Oj,̂ was estimated to be 4*0 and the isoelectric point 
of 0^ would have been less than this although it -was not determined 
directly because of difficulties with staining* It was not possible to 
distinguish the isoelectric points of the ovomucoid variants derived 
from egg white from those derived from oviduct*

In the experiment represented by Fig* 19 the ovomucoid was a'’crude'*
preparation isolated by the method of Fredericq and Deutsch (1949)* The
minor component with an isoelectric point higher than that of the most 
basic ovomucoid species, 0^, was sometimes present in ovomucoid isolated 
by this method* The isoelectric point of this component is approxi
mately 4,6 and it focuses in the same position as ovalbumin. It is 
possible that this represents a trace of ovalbumin contamination of this
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Fi#» 19 « -i soelectric jointe of, the ovoîniicoid variants 
pH

9
8
7 
6

3

(“)

G r a die n t e s t atdi s hed by AnijHio 1 i iie pH '3-10

10

distance along gel (cm)

Gradient established by Ampholine pHÎ

10 (•h)
distance along gel (cm)

The pH was determined as described in the text. The positions of

the ovomucoid species are shown. The ovoiuticoid nsed was a crade

preparation from egg white which contains a contaminant more basic 
than 0 » 108



Fi g, :.0. Fiofocncin'r of the ovonncoid variants

(+)

(a) h) (c) (h. (•>) (f) te)

(-)
After isGoIoctric locnsiug in a first gel,the location of the 
cvGiiiucoid varicuits vas determined by staining a reference 

standard of a crude preparation of ovomucoid focused at the same 
tiæe. Pieces of gel wore cut out^ applied to a second gel and 
refocused under the same conditions* (a) Ovomucoid C., • (b)
Ovomucoid 0^* (c) Ovomucoid prepared by the method of Fredericq
and Deutsch (19^9). (d) Portion of the original gel containing 
ovomucoid iiropared by the method of Fredericq and Doutsch (I9^i9j* 
(e) Ovomucoid 0^. (f) Ovomucoid (g) Ovomucoid 0^* (h)
Ovomucoid prepared as in sample (c). The ovomucoid variants 
have been labelled 0.,-0^ in order of decreasing isoelectric1 5
point (Beeley, 19?i&)
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crude preparation of ovomucoid. When ovomucoid was isolated by use 
of G-200“tryi)sin following a tx^ichloroacetic acid precipitation step? 
the basic component was eliminated* and the isoelectric points of the 
ovomucoid variants were found to be indistinguishable from those given 
above e

If a piece of gel corresjiondiDg to one of the ovomucoid variants 

was cut out and applied to a second gel, then under the same conditions 
of focusing* one protein band with the same isoelectric point as 
px'evicusly was found (Fig* 20)o As this was tx’ue of all the ovomucoid 
variants (neglecting trace contamination of a neighbouring species) it 
illustrates that the multiplicity of bands found on isoelectric focusing 
is not an artifact of the focusing proceduxre and suggests that there is a 
genuine charge difference between the ovomucoid variants*
3» 12 (2) Molecular Weight Estimation by Sodiim Dodecyl 

Sulphate Gol Electrophoresis
The estimation of molecular weights of proteins by electrophoresis 

in polyacrylamide gels in the presence of the detergent sodiirn dodecyl 
sulphate (SDS) was reported to be quick* easily performable a.nd accurate 
to within ̂  10)o (Weber & Osborn* 1969)0 The moleeulai’ weight and 
homogeneity of ovomucoid preparations were checked by this technique *

The molecular weight of egg white and oviduct ovomucoid was 
calculated to be 30,000 i 2*500 (Fig* 2l). When ovomucoid was isolated 
by adsorbtion on and elution from Ĝ ™200-™trypsin* following a preliminary 
trichloroacetic acid precipitation step, no trace of any additional 
protein component could be found, indicating homogeneity* When o%'-omucoid
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i'lffo %1. Molecular we is ht of ovomucoid estimated by 
Sodium dodecyl sulphate gel electrophoresis 

Molecular weight (x 10  ̂ )

;
7
$

Serum albumin

g

&

3
Subtilisin

2

\Haemoglobin 
lysosyme

t Ribonuclease
Cytochrome C

1
0*2 leO Mobility

The electrophoretic mobilities of the marker proteins are shown 
as a linear function of their respective molecular weights (^logarithm) 
The arrow indicates the mobility of ovomucoid from which the 
molecular weight was calculated to be 30»000 2,300,
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was further fractionated by chromatography on colimms of Sïh-Sephadex C-30, 
the molecular weights of the chcxcged vaa:̂ iants were indistinguishable from 
each other or from unfractionated ovomucoid.

The above results have shov/n that ovomucoid may he isolated from egg 
white or oviduct homogenates by use of an insolubilised trypsin derivative* 
Egg white ovomucoid and oviduct ovomucoid have identical trypsin-inhibiting 
activities and their hexose, hexosamine and sialic acid content are in
distinguishable* The isoelectric focusing patterns of ovomucoids from 
both sources resemble each other as do the elution profiles on SE^Sephadex 
C-50 chromatographyo The molecular weights of ovomucoid from both 
sources are indistinguishable* Furthermore, ovomucoid isolated by use 
of G-’SOO-trj'psin resembles ovomucoid isolated by the method of Fredericq 

and Deutsch (1949) by all the above criteria* However, the sensitive 
te comiques of inunimodiffusion and immano electrophoresis suggest that 
ovomucoid isolated by use of G-200-tiyqpsin is immimologically pure, 
while ovomucoid isolated by ethanol precipitation, following a preliminary 
trichloroacetic acid precipitation step, contains more than one antigenic 
species. The major contaminant of ovomucoid prepared by ethanol pre
cipitation seems to be ovoglycoprotein, although traces of ovalbumin may 
also be present. In view of this, isolation of ovomucoid by adsorbtion 
on and elution from G-200-trypsin, following a preliminary trichloroacetic 
acid precipitation stage, would be the preferred method. There was no 
evidence of chyinotrypsin inhibiting activity present in ovomucoid isolated 
by this method, indicating the absence of ovoinhibitor.
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Cliapter 13 Biosynthesis of Ovomucoid
The previous section described methods of isolation of ovomucoid 

and illustrated that ovomucoid could be isolated from oviduct and that 
ovomucoid from this source had the same properties as egg white ovomucoid.

In early biosynthetic studies a further appraisal of the methods of 
isolation of ovomucoid was made by comparing the specific radioactivities 
of ovomucoid isolated by the method of Fiedericq and Deutsch (1949) and by 
the use of trypsin* Radiological piu'ity of ovomucoid isolated by
these techniques was examined by determining the specific radioactivity 
of ovomucoid after additional purification steps had been included in the 
isolation methodso

Methods of preparation of oviduct tissue for in vitro biosynthetic 
studies and the nature of the biosynthetic medium mil be discussed as 
will the methods of homogenisation of the labelled tissue.

The time course of incorporation of glucosamine and lysine into 
"intracellular" and "extracellular" ovomucoid was followed and compared 
to the incorporation of glucosamine and lysine into the total, trichloro
acetic acid precipitable, protein intracellularly and extracellularly.
An examination was made of the possibility that ovomucoid synthesis or 
secretion might he stimulated in vitro by the addition of hormones to 
the incubation medium.

The presence of possible precursors to soluble intracellular 
ovomucoid wus examined by extracting the pellet which remained after 
centrifugation of oviduct homogenates with deoxycliolate. Attempts were 
also made to fractionate oviduct into subcellular components by centri-
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i'ugation in sucrose density gradients*
In order to investigate the temporal relationship between the bio

synthesis of the peptide and carbohydrate portions of ovomucoid, tissue 
incubations were carried out in the presence of inhibitors of protein 
synthesis*

Labelled ovomucoid was fractionated by chromatography on sulphoethyl- 
Sephadex C-30 and the specific radioactivities of the ovomucoid variants 
compared* The possible relationship of these observations to the 
microheterogeneity of ovomucoid is discussed*

3* 13 (1) Methods of Preparation of Tissue for Incubation Studies
N" mm v n rw  •y~rT~N~iiriu~~nn ttth n ï T - t  imi r r n  <• 1 r *  1 -p tn  1 i ttitit n r n '— 1 - n r^ “ fr n T w n in ■ii'MT~in~r — n * m * iiii | in n T~iii 1% n #1»# ui ~ 1 n n n 1 1   * ,1,1 o 111 ,1, u ,

As the method of preparation of the tissue might affect its ability 
to incorporate precursors into ovomucoid, the oviduct was prepared for 
in vitro studies as follows; (i) the tissue was finely chouped with 
scissors, (2) the tissue was put once through a mincing machine, (3) a 
section of tissue was stretched over a glass ring so that both sides of 
the tissue were bathed in incubation medium or (4) a piece ox tissue was 
turned inside out as a sac*

The resultant specific radioactivities of ovomucoid isolated from 
the tisme after a 2 houi' incubation period with lysine are sIioto in
Table 8* It can be seen that compared to chopping the tissue with 
scissors (Handler, 1936) mincing the tissue with a mincer has greatly 
reduced the incorporation of lysine into ovomucoido Stretching the 
tissue or turning it inside out as a SaC have resulted in ovomucoid with 
a higher specific radioactivity. However, as protein content may vary 
along the magnum with the position of an egg in the oviduct (byburn
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Table 8 » Methods ox preparation of tissue for incubation stud-j es

Method of preparation 

of tissue
Specific r a di o a ctivity 

d * p * DU /iBg of 0vomncold

(1)Fin.ely chopped with 
scissors

(2)MincGd in mincer
(3)StretchGd over glass ring
(4)Turned inside out as sac

520
147

2030
1220

Oviduct portions (3g) were incubated in 7 ^ o f  the 
medium of Heiidler (l936| 195?) supi>lemented with 
antibiotics (Carey, 1966), Incubation was for 2 hours 
with lysine { l p . C i / g of oviduct). Ovomucoid
was isolated from the intracellular fraction using 
G“200“trypsin after homogenisation of the tissue in 
0.44M sucrose-TKM buffer, pH 7*5, in a Douiice 
homogeniser*
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et al, 1970), in studies where sevey.*al pieces of tissue were required, 
it was considered to he preferable to chop the tissue with scissors as 
this would distribute the tissue more evenly between different samples, 
In the following incorporation experiments the oviduct was finely 
chopped with scissors prior to incubation,

3* 13 (2) Radiological Pui'ity of Isolated Ovomucoid, and 
Coinnai'ison of Isolation Methods

14c lysine for 2 hours, ovomucoidAfter incubation of oviduct id.th 
was isolated from the i05ÿ000g supernata;at of oviduct homogenate by the 
method of Fi'edericq and Deutscli (1949) or by adsorbtion on and elution 
from G-200-trypsin* In Fig* 22 the specific radioactivities of ovo
mucoid from two separate experiments are shomi along with the specific 
radioactivities a:Cter additional purification steps. It can he seen 
that when ovomucoid prepared by ethanol precipitation was further purified 
by gel filtration and carboxymethyl cellulose chromatography, the specific 

radioactivity of the ovomucoid was essentially unaltered«. The specific 
radioactivity of ovomucoid isolated by use of G--2G0-trypsin was similar 
to that of ovomucoid prepared by ethanol precipitation. This was true 
no matter at what stage in the purification G^200-trypsin was used to 
isolate ovomucoid. In Fig. 22 it can be seen that G-200“tryx)sin was 
used to isolate ovomucoid prior to trichloroacetic acid precipitation, 
following trichloroacetic acid precipitation, following ethanol pre
cipitation and after the chromatographic steps in the purification of 
ovomucoid from oviduct homogenate and in all cases the specific radio
activities were comparableo
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Fie;. 22. Radiologies,! purity of ovoBmcoid (l)

Whole oviducts(40g) were incubated in 100ml of the medium 
of Hendler (1936? 1957) suiJx̂ XeBiented with antibiotics (Carey,
1966) for 2 hours with C lysine, I j x C i / g o f oviduct ai
precursor* Ovomucoid was isolated from the supernatant 
resulting from.centrifugation (l03s000g x 60 miii) of 
oviduct homogenate hy the methods shown* The numbers 
refer to the specific radioacti^’̂ities (dopome/mg) of 
ovomucoid at each stage in the isolation* In Fig* 22(a) 
the oviduct was homogenised in fresh incubation mediioa 
in a Rotter-Elvehjcm homogeniser* In Fig* 22(b) the 
oviduct was homogenised in 0*4411 sucrase-Tîüi buffer, 
pE 7o5 in u Bounce homogeniser* The material which 
adsorbed on G-200"trypsin at pE ? and eluted at pH io5 
was treated with G-200-chymotrypsin, collecting the 
non-adsorbed material* A portion of ovomucoid isolated 
by ethanol %)recipitation (Fredericq & Beutseh, 1949) 
was passed through columns of Sephadex G 75 and carboxy
methyl cellulose CM 23 as described in the text.
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Wlien ovomucoid isolated by use of G'“‘200“'trypsiu was passed over 

G-200“Chyïîîotrypsin and the non-adsorbed material collected, there was 

essentially no change in the specific radioactivity of ovomucoid. This 

particular step would be expected to remove ovoinhibitor by adsorbtion 

on G-200-chymotry|:>sin, especially in the case of ovomucoid isolated by 

use of G-200-trypsin without a preliminary trichloroacetic acid pre

cipitation stage*

This observed lack of change in specific radioactivity of ovomucoid 
when additional purification steps were included in the isolation of 
ovomucoid from oviduct was further investigated in the experiment 
represented by Fig. 23o In this case the order of the purification steps, 
ethanol precipitation, adsorbtion on and elution from G-200-try])sin and 
the coupling of G-200-trypsin to G-200-chyBiotry])sin in the isolation of 
ovomucoid from oviduct homogenate ŵ as varied. The results again 
suggested that ovomucoid prepared by ethanol precipitation had a similar 
specific radioactivity to ovomucoid isolated by use of CMROO-trypsin, 
and that on additional purification steps the specific radioactivity of 
ovomucoid was virtually unchanged. It was also indicated that ovomucoid 
may be isolated directly from the 105,000g supernatant of oviduct 
homogenate by use of G-200-trypsin without a preliminary trichloroacetic 
acid precipitation step.

On comparing the yields of ovomucoid isolated by the various methods 
(Fig* 23); it can be seen that the amount of ovomucoid isolated in 
sample (2b), i.e. ovomucoid prepared by ethanol precipitation of ovo
mucoid isolated by use of G-200-trypsin following a preliminary trichloro-
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Figo 23 e Eaciiological puT'itj of ovoBmcoid (2)

A wholo oviduct (30g) was incubated in 73ml of the medium 
o f JTendler (1936; 195?) supplemented with antibiotics (Carey-,, 
1966) for two hours with C lysine^ 3^.Ci/g of oviduct as  

precursor* Ovomucoid was isolated from the intracellular 
fraction of oviduct homogenate by the methods shown* The 
tissue vras homogenised in a Rotter-Elvehjem homogeniser in 
fresh incubation medium. Trichloroacetic acid precipitation 
was at 3^ (w/v), pH 3»3? the supernatant collected after 
centrifugation (4000g x 30 minutes). Precipitation of 
ovomucoid was achieved by adding 2 volumes of ethanol to a  

solution of ovomucoid at pH 6 (Predoricq & Heutsch, 1949)o 
The material which adsorbed on G-200-trypsin at pH 7 and 
eluted at pE 1.5 was treated with G-200-ohymotrypsin, 
collecting the non-adsorbed material. The specific radio
activity (d.p.m./mg) of ovomucoid is shovm along with the 
yield of ovomucoid (mg/g of tissue) for each isolation 
method*
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acetic acid precipitation stage, is much lower than the yields of 

ovomucoid isolated in all the other samples. Difficulty was frequently 
found in precipitating small quantities of ovomucoid with ethanol. As 
the ovomucoid isolated hy the methods shovm in Fig. 23 was split 
equally among all the fractions, the yield should, have been the same in 

all the samples. The normal range of ovomucoid isolated from oviduct 
homogenates was 1 *5"7iüg ovornucoid/g (wet weight) tissue*

There is a large volume increase in the isolation of ovomucoid by 

the method of Predericq and Deutsch (l949)> e.g. adding an equal volume 
of 10^ (w/v) trichloroacetic acid then 2 volumes of ethanol produced a 
6 fold increase in volume of the sample* In order to counteract this,
0.1 volume of (w/v)trichloroacetic acid was used to give the 

correct final concentration of trichloroacetic acid, but some difficulty 
was still fomid on attempting to precipitate small quantities of ovomucoid 
with ethanolo

The three experiments represented by Pigs* 22 and 23 ŵ erc performed 
with three separate oviducts* Although the incubation conditions in the 
experiments were the same, the resultant specific radioactivities of 
ovomucoid from each experiment were different. This illustrates the 
difficulty in interpreting and comparing the results from experiments 
performed on different oviducts*

In the experiment illustrated by Table 9» portions of oviduct were
incubated with lysine or glucosamine for varying lengths of
time and the specific radioactivities of ovomucoid isolated by ethanol 
precipitation and by use of G-2ÜO-trypsin coupled to G-200-chymotrypsin
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Table 9o Comparison of the snocific radioactivities of
ovoitiucoid Isolated from the tissue at different 
times by two isolation methods

Oviduct portions ('3g) were incubated in 7*5̂ il of the 
mediimi of Hondler (1956; 195?) supplemented with 
antibiotics (Cax'ey, 1966), Precursors were

14g glucosaminelysine (l^iCi/g of tissue) or 
(lyiCi/g of tissue)* The tissue portions were 
homogenised in a Potter-Elvehjem homogeniser in 
fresh incubation salts (Hendler, 1956; 195?) and 
after centrifugation (l0 5»000g for 60 minutes) the 
supernatant was used to isolate intracellxilar 
ovomucoid by the methods described. In one 
incubation with lysine, puromycin (lOO;.ig/ml) was 
added to the medium.
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Column (a ) repx'esents ovomucoid isolated by the method of 

Fredericq and Deutsch (1949)* Column (b ) represents ovomucoid 

isolated using G-2Ü0-trypsin (without a preliminary trichloro

acetic acid precipitation step) then treated with G-200- 

cliymotrypsin, keeping the non-adsorbed material*

Isotope Incubation 
time (hours)

Specific radioactivity 
dop*RU/mg of ovomucoid

(A) (B)
Lysine 0 0 0
Lysine 0*4 94 80
Lysine 0*7 200 175
Lysine 5 1250 1200
Lysine (+Piiromycin) 5 62 0
Lysine 16 560 480
Glucosamine 0 0 0
Glucosamine 5 1000 920
Glucosamine 16 1200 878
Glucosamine 18 1004 700

V %



compared. It ca.n be seen that the specific radioactivities of ovoRtucoid 
isolated by either method wore similar for any one incubation time, both 
for lysine labelled material and glucosamine labelled material* The 
specific radioactivity of lysine labelled ovomucoid increased np to 5 
hours, but showed no further increase at l6 hours * Likewise, the 
specific radioactivity of glucosamine la^bollcd ovomucoid was similar at 
16 or 18 hoxirs to that of ovomucoid isolated after a 3 hour incubation 
period*

Incubation in the presence of puromycin (lOQug/ml) has caused at 
least 95?̂  inhibition of the incorporation of lysine into ovomucoid after 
5 hours.

This experiment as well as suggesting that lysine and glucosamine 
are incorporated into ovomucoid, forms the basis for a more detailed 
study of the time course of incorporation of precursors into ovomucoid.

The ovomucoid from one part of this experiment had been isolated 
using G-200-trypsin, without a preliminary trichloroacetic acid pre
cipitation stage, but further purified by passing over G-^OO-cbymotx’jqjsin 
and collecting the non-adsorbed material. Any material which did 
adsorb on G-20O-chymotry%)sin was also collected, by,washing with JlGl, 
pH 1,5; and its radioactivity determined to chock on the presence of the 

protein, ovoinhibitor. No radioactivity above blank, 50c,pjm;was found 
in the pH 1,5 HCl washes from G^200-chytnotrypsin«, As ovoinhibitor is a 
minor component of egg white, it may have been present in low proportions.

Although it has been sho^m that ovomucoid could be isolated from 
the 105,000g supernatant of oviduct homogenate without a preliminary 

trichloroacetic acid precipitation, the high speed supernatant contains
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a substantial amount of non-ovomucoid protein* In early studies, it 
was found that some ovomucoid could be adsorbed on G-200-chymotr^qpsin 
and some material corresponding to ovalbumin on isoelectric focusing 
could be adsorbed on G-200-trypsin if the 0.511 NaCl washes wei'e omitted 
from the washing procedure. It was considered to be preferable, 
therefore, to remove the bulk of the high molecular weight contaminants 
by including this preliminary trichloroacetic acid precipitation stage 
in the isolation of ovomucoid.

As the specific radioactivity of ovomucoid isolated by adsorbtion 

on and elution from G-200-tr)q)sin is similar to that of ovomucoid 
isolated by the method of Frederioq and Deutsch (1949), either method 
could be used in the isolation of labelled ovomucoid from oviduct. 
However, as the ethanol precipitation method was found to be xmsuitable 
for isolating small quantities of ovomucoid and the G«200»trypsin 
isolation method resulted in ovomucoid which was immunologically 
homogenous (Figs. 4™7)? in all further studies, ovomucoid was isoMed 
from oviduct homogenates by adsorbtion on and elution from G-SOO-trypsin 
following a preliminary trichloroacetic acid precipitation step.

As there may be some non-incorporated lysine or glucosamine 

associated with labelled ovomucoid isolated from oviduct, an 
investigation was made into the effectiveness of dialysis in removing 
any radioactive lysine or glucosamine from ovomucoid. In Table 10 the 
d.p.m. associated with unlabelled ovomucoid which had lysine or

glucosamine added to it is shoim after purification steps to remove 
the free lysine or glucosamine wore performed* It can be seen that
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Table 10e The effcctiveness of proceuufoB for removing non- 
incoxgp o rr a ted 1 y aj.  ̂ oBiucgi d.

Isotope

Glucosamine
Lysine

Glucosamine
Lysine

Glueosamine 
Lysi n e

Procedirco for 
renioving isotope

Dialysis at 
pH 4.6

Dialysis against 
distilled water

d c p o Jiu
recovered

82
90

410 
503

Passage through 
Dowex 50

10,525
2,422

^ removed

100
100

99.98
99.98

99.52
99.89

'To, samples of ovomucoid (2rag) were added 44. lysine, lyiCi
or [3'̂ oJ glucosamine, l;uCi in a total volume of 1ml. Dialysis 
was against 5 litres ox water (or water brought to pH 4.6 
xfith acetic acid) for 2 days with one change of solution. In 
one experiment the samples were brought to a volume of 40ml 
with HCl, pH 1.5 and passed through columns (lOcm x 0.5cm) of 
Dowex 50 y collecting the non-adsorbed material.
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dialysis against water or passage over columns of Dowex 50 rewioved most 
of the free lysine or glucosamine hut that dialysis against distilled water 
brought to pH 4.6 with acetic acid was virtually 100J& effective in removing 
unincorporated radioactive material* As a result, when ovomucoid was 
isolated from oviduct after tissue incubations, the ovomucoid was 
dialysed over a period of two days against water brought to pH 4.6, with 
several changes of water*

3* 13 (3) Single Label Incorporation Studies in lim Different 
Incubation Media

In all the foregoing experiments, oviduct had been incubated in the 
modiunt of Hendler (1956? 1937) supplemented with antibiotics (Carey,
1966). The ovomucoid in these early studies had been isolated from the 
103,000g supernatant of oviduct homogenate. It was intended to isolate 
ovomucoid, in these studies, from the incubation medium (Sl), from the 
103,000g supernatant (S2) and from a deoxycholate extract of the 105,000g 
pellet (33) of oviduct homogenate* These tissue fractions hax̂ e been 
labelled Si? "extracellular fraction", S2; "intracellular fraction",
S3? "deoxycholate extracted fraction", and this is illustrated in Fig# 24. 
(This is similar to Fig* 1 but has been reproduced here for ease of 
reference).

The experiment represented by Table 9 suggested that, on tissue 
incubation studies, the specific radioactivity of ovomucoid in the intra- 
cellular fraction increased over about a 5 hour period when labelling 
with lysine. The recovery of administered radioactivity from the extra
cellular fraction is sho^m for different times of incubation in Table 11.
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Fige 24c Tissue fractiosisation xn singlo label studios
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Table il* Becovcrv of. adrnx nx sterod rad-ioaotivi tr from the 

i n c ixb a t  i  o n  m e dJ. i t h L i in e

Inc lib ai i o n t i m g ( h o ur s }

jg  ___ 0 ̂ 1__  0 . 5    i  2 5
fo x”ecovery of administered radioactivity

96 100 73.6 53o5 47*5 41.0

90

42.

Oviduct %]ortiona (3g) were incubated in 7,5^1 of the medium of 
Hendler (1956; 195?) supplemented xrith antibiotics (Carey, 19*66)
using 14^ lysine (i;tiCi/g of oviduct ) as precursor. After
washing the tissue twice with fresh incubation salts (liendlex" 
1956; 1957) the supernatants were combined and a portion 
prepared for liquid scintillation counting.

Table 12. The effectiveness of the procedure for washing 
the oviduct portions

Administered radioactivity 
Supernatant S 
Wash 1 
Wash 2 
Wash 3

6,6 X 10 d.p.m, 
5.96 X 10^ d.p.m 
229,000 d.p.m, 
40,000 d.p.m*

55 d.p.m*

^ recovered
90 .5

3 .5
0.6
0

Total 9 4 ,6

14CJTo unincubated portion (3g) of oviduct was added 3/iCi 
lysine in a volume of 7*5^1 of incubation medium (Hendler?
1956; 1957), The tissue was centrifuged (600g for 10 minutes) 
and the supernatant collected. The washing was repeated 3 times 
with fresh medium.

I ̂
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It can be seen that the amount of radioactif:ity in the extracellular 

fraction. Si has decreased up to 2 hours incubation time, but that at 

times longer than 2 hours the amount of radioactivity in SI has remained 

fairly constant* The results from Tables 9 and 11, therefore, would 

suggest that the time course of incorporation of lysine into ovomucoid 

should be followed over a period of a few hours only*

After incubation of oviduct tissue, the tissue pellet (p) was 

washed with fresh incubation medium prior to homogenisation* The 

effectiveness of the ŵ ashings are illustrated in Table 12 which shows 

the radioactivity present in the washings of the tissue pellet (P) from 

an unincxibated control. As recovery of administered radioactivity ŵ as 

quantitative, and a third wash was not washing out any additional radio

activity, all incubated samples were washed twice with cold incubation 

medium*

lysine was added to the washedIn one other zero-time sample, 

tissue pellet (Pl) before homogenisation. After homogenisation and 

centrifugation, the x'ecovery of this radioactivity was 103^ from the 

supernatant, S2* All of this radioactivity was recovered from the 

supernatant after trichloroacetic acid precipitation, suggesting that no 

lysine had co*™precipitated with the total protein fraction* There was 

no radioactivity associated with the ovomucoid which was isolated from 

the trichloroacetic acid supernatant, indicating the effectiveness of the 

isolation procedure in removing any free (non-incorporated) lysine which 

might have contributed to the counts in the ovomucoid fraction.

In Fig, 25 the time course of incorporation of lysine into intra

cellular ovomucoid in the medium of Hendler (1956; 1957) is shoTm* The
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■“Specific radioactivity (dop„m,/mg of ovomucoid)
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"•"Total incorporation (d^pom./g of oviduct)
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Portions of oviduct (ig) were incubated in the medi\ua of

Hendler (1956 j 195?) for the times shown with lysine l):iCi/g as

precursoro Ovomucoid was isolated from the intracellular fraction 

by adsorbtion on and elution from G-200-irypsin,
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The exx^erimental details are as given in Eig„ 25* After incubation 

of oviduct for the stated times, ovomucoid was isolated from the 

tissue fractions by adsorption on and elution from G-200-tryx3sin 

following pK 3^5 trichloroacetic acid precipitation of other 
coiipjonents o
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specific radioactivity of ovomucoids d*x>,iiu/nig (Fig? 25a) and Uie total 

incorporation of lysine d,p,m./g (wet weight) tissue (Fig* 25b) increased 

linearly over 2 hours with no observable lag period* The amount of 

ovomucoid isolated from the intracellular fraction was, approximately, 

constant throughout the incubation period while the amount of ovomucoid 

isolated from the extracellular fraction increased over tlie time of 

incubation (Fig. 26). The ovomucoid isolated from the extracellular 

fraction represented -J-rd of the total ovomucoid isolated from the tissue 

after a 5 hour incubation period, but no radioactivity was associated 

v;ith this ovomucoid fraction in this experiment. As the amount of 

ovomucoid isolated from the extracellular fraction increases with time, 

it may represent unlabelled ovomucoid being secreted into the medium*

(The 105j000g pellet was extracted with deoxycholate, but due to 

mechanical failure while centrifuging, the samples were irretrievably 

lost and no determinations could be made on them)*

An examination of the medium, of Hendler (1956? 1957) shows that the 
potassium content and sodium content are both 72mlL This is high in 

potassium and low in sodium when compared to chicken serum. It was 

decided to repeat the above experiment wdth a more physiological medium. 

The original ringer bicarbonate of Krebs and Henscleit (1952) has a 

composition closely resembling the salt content of chicken serum. llather 

than detex'mine the effect of individual additions to this medium on the 

incorporation of precursors into ovomucoid, it was decided to supplement 

this physiological medium with the essential amino acids in order to 

supply all that the oviduct might need in synthesising glycoproteins,
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without greatly complicating the mediiriu (.For in vitro hiosynthetic 

studies, Manholes and Ducay (1962) supplemoîited the medium of Hendler 

(1 9 5 6 ) with amino acids, and Palmiter, Oka and Schiinlce (l97l) used a 

commercial incubation medium) «,

In Figc 27b it can be seen that the total incorporation of lysine, 

d.p.m,/g (wet weight) tissue, into intracellular ovomucoid was linear 

over, appxoxiiiiately 4 hours in this more physiological medium (described 

above). The specific radioactivity, d.p.nu/mg, of deoxycholate extracted 

ovomucoid (Fig, 28a) was higher than that of intracellular ovomucoid 

(Pig, 27a). However, as the yield of ovomucoid from the deoxycholate 

extracted fraction was very small (Fig* 29), the total incorporation of 

lysine into this fraction (Fig. 28b) was much lewder than the total in

corporation into the intracellular fraction (Fig* 27b), The ajiiomit of 

ovomucoid isolated from the extracellular fraction increased with time 

(Fig, 29) and after 5 hours represented -g-rd of the total ovomucoid from 

the tissue. There was a small anioimt of radioactivity associated with 

extracellular ovomucoid in this experiment but this varied with time and 

it was not clear if this did represent the appearance of newly synthesised 

ovomucoid in the medium.

The observation that newly synthesised ovomucoid did appear in the 

extracellular fraction was confirmed in experiments where the incorpora

tion of lysine into ovomucoid, intracellularly, was somewhat higher 

than the incorporation into intracellular ovomucoid observed in the 

experiment represented by Fig, 27, An illustration of the appearance of 

lysine labelled ovomucoid in the extracellular fraction is given in
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ovonmcoid
I?ig. 28a

Specific radioactivity (d^ponu/mg of ovomucoid)
4000 -

2000

Hours

Total incorporation (d*p*m<./g of oviduct)
400

200

Hours

Incubatioxi'. conditions were as. in Fig. 27, Ovomucoid was isolated 
from the deoxycholate extracted fraction of oviduct hoiuogenate by 
adsorbtion on and elution from G-200-trypsin following precipitation 
of other components with pH trichloroacetic acid*
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Incubation conditions are given in Table 2?c Ovomucoid was 
isolated from the tissue fractions, after incubation of oviduct 
for the times shown, by adsorbtion on and elution from 

trypsin following precipitation of other components with pll 3*5 
trichioro ac oti c acid *
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Tabic l‘5c- The appearance of r.ewTy synthesieod ovoraucoid in 

the incLibation medi'ams

Intracellular 0vomu e o i d E'xtr ac e 1 lul ar ovomucoid
I ticub at ion d*pomo/mg d6%)«m*/ g d .p .m ̂ /mg dt p«m^/g
time (hours) of ovomucoid of oviduct of ovomucoid of oviduct

P 0 0 0 0
2 2000 5,800 83 55
3 6200 15,400 322 252
9 8900 20,200 874 695

Oviduct %)ortions ( 2 g )  were incubated in 5mi of the medium of 
Krebs and Henseleit (1932) supplemented with amino acids and
antibiotics using ! ‘3 lysine (luCi/g of oviduct) as precursoiy 
The tissue portions were homogenised in a Potter-Elvehjeni 
homogeniser in fresh incubation medium (Krebs & Eenseleit^ 1932)
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Table 1 3 It cau bo seen that while both the specific radioeictivity 
and total incorporation of lysine into extracellular ovomucoid are 
fairly low, they both do increase with time, representing the appearance 
of newly synthesised ovomucoid extracellularly*

In view of the more physiological nature of the original ringer 
bicax'bonate (Krebs & Henseleit, 1932) and the observation that it was 
capable of supporting the incorporation of lysine into ovomucoid, this 
was the medium chosen for all further in vitro studios *

3* 13 (4) Methods of Homogenising Oviduct Tissue Prior to
Isolation of Ovomucoid from the Intx'acellular and 
Deoxycholate Extracted Practions

In one of the experiments on radiological purity of ovomucoid 
represented by Fig. 22, the oviduct had been homogenised with a 
Potier-E3,vehJem homogeniser (Fig, 22a), while in the other a Dounce 
homogeniser was used (Fig& 22b). \dien using the Potter-Elvebjem 
homogeniser, the tissue had been homogenised in incubation medium, while 
with the Dounce homogeniser, buffered sucrose was used. An investi
gation was made on the specific radioactivities of intracellular and 
deoxycholate extracted ovomucoid isolated after homogenisation of com- 
imrable tissue samples from a single oviduct by these tAfo types of 
homogenisers.

After incubating tissue portions with lysine for 2 hours, ovomucoid 
was isolated from the intracellular fraction. The specific radioactivities 
of intracellxilar ovomucoid isolated after homogenisation of the tissue by 
various methods are shoTO in Table 14. It can be seen, that the specific



Table 14. The specif ic radioaai:< vitp of intro cellular
ovonmcnid isolated after hcmopymisation of the 
tissue by varions methods

Homo g Gill s at i on m.e tho d

USf.(4-tr*II—• tlJ-tt-'-IH’-

Potter-Blvehjem in incubation medium 
Bounce in incubation medium 
Potter-EIveïijGill in 0o44M sucrose-- 

TKM,pH 7.5 
Bounce in 0.44M sucrose-TKH, pH 7̂ ,5

S p G c i X i o r a d i o a c t i y 11 j 
d.p.m c/mg of Üvomucoicl

1999
1980

2060
2150

Oviduct portions (4g) were incubated in 10ml of the medium of 
Krebs and Henseleit (193^) supplemented with amino acids and

14. lysineantibiotics. Incubation was for 2 hours with 
(jyuCi/g of oviduct) as precursor.. After incubation the tissue 
pieces were split into 4 x Ig (approximately) portions which 
were then homogenised by the above methods.



radioactivities of intracellular ovomucoid were virtually identical, 
no matter whether the ovomucoid was isolated after homogenisation of 
the tissue with a Bounce or Potter-Elvehjem homogeniser in incubation 
medium or in buffered sucrose.

In earlie.1' experiments it was found that the amount of ovomucoid 
isolated by deoxycholate extraction of the 105>000g pellet was very 
small (Pig. 29). This fraction might contain some precursor material 
of ovomucoid which has an incompleted carbohydrate moiety and perhaps, 
therefore differing in solubility properties from ovomucoid secreted 
into egg white. As well as comparing the homogenisation techniques, 
therefore, ovomucoid was isolated from the deoxycholate extracted 
fraction by use of G-200-trypsin both with and without a preliminary 
trichloroacetic acid precipitation stage.

It can be seen that the yields of deoxycholate extracted ovomucoid 
were greatly reduced if the preliminary trichloroacetic acid precii)itation 
was included in the isolation method (Table I5). Although this to a 
certain extent might have reflected a difficulty in isolating very small 
quantities of ovomucoid from the deoxycholate extracted fraction, it may 
have represented a chemical difference between deoxycholate extracted 
ovomucoid and intracellular ovomucoid.

V/hen the trichloroacetic acid precipitation stage was omitted from 
the method of isolation of deoxycholate extracted ovomucoid, the specific 
radioactivities of ovomucoid, isolated after homogenisation of the tissue 
by the differing techniques, were virtually indistinguishable (Table 15). 
If the trichloroacetic acid precipitation was included, then the specific
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Tablo ilK The isolation of ovomucoid from the deoxyciholate 

extracted fractiera of oviduct homogenote

P reelpi t a 11on Ŝ ioc-iAic
wlth t):'ichloro™ mg of I'&ct io act! vity

Horn 0 g e n i s a. t i o n acetic acid 0vomu cold d.p.m. d.p.Ku/mg
method included recovered recovered of ovouuxcoid

(-̂ ) or (“’)

Pottex'“-El veh j em, (+) 0 0
salts medium ( 4 0.24 720 3000

Bounce, (4 0.05 142 2840
salts medium (4 0.18 598

II. ■! 1 1 1 II *

3320

Po 11 e r-Elve h jcm, (•f) 0c03 86 2840
0.44M sucrose TEM (4 0.30 916 3050

Bounce, (+) 0.05 140 2800
0.44M sucrose TKM (-) 0,21 652 3100

Incubation conditions were as in Table 14. The portions (equivalent 

to Ig originally of oviduct) were extracted with deoxycholate. The 

deoxycholate extracted supernatant was split into two equal portions 

and ovomucoid isolated using G-200-1rypsin with or without including 

the preliminary precipitation step with trichloroacetic acid.
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radioactivity of ovomucoid was similar to that of ovomucoid isolated 
without inclusion of this preliminary precipitation step (Table 15)$
The small amount of ovomucoid isolated when trichloroacetic acid pre
cipitation is included in the isolation of deoxycholate extracted 
ovomucoid and the low values (Table Ip), make the calculation of 
specific radioactivities very difficult to determine with any degree of 
certainty.

Although ovomucoid isolated by use of G-200-trypsin without a 
preliminary trichloroacetic acid precipitation stage may contain 
ovoinhibitor, this is a minor component of egg white (O.lfb by weight). 
Also, it has been sho\m that the specific radioactivities of intra
cellular ovomucoid isolated by use of G-200-tr3'psin with or without a 
preliminary trichloroacetic acid precipitation stage were virtually 
the same, and that the specific radioactivity of ovomucoid was 
essentially unaltered by passage over G-200-chyraotrypsin (Fig. 22). In 
view of these observations, in all subsequent studies where ovomucoid 
was isolated from the deoxycholate extracted fraction by use of G-200- 
trypsin, the preliminary trichloroacetic acid precipitation stage was 
omitted.

As the specific radioactivities of intracellular ovomucoid 
isolated from tissue homogenised by different methods closely resembled 
one another (Table 14), and the specific radioactivities of deoxycholate 
extracted ovomucoid from tissue homogenised by these methods were like
wise similar (Table 15), there seemed to be little to choose between the 
homogenisation methods. Hendler (1956;1957) used a Potter-Elvehjem

144



homogeniser while Carey (I966) used a Dounce homogenisex’ to homogenise 
oviduct portions. Carey (1966) suggested that the use of 0.44M sucrose 
when fractionating oviduct homogenate in the centrifuge might have helped 
to prevent microsome-like material from sedimenting at the low centri

fugal fields found by Hendler (l956;1957)j and Anderson (1956) suggested 
that a Dounce homogeniser was less likely to damage cell particles. In 
further studies it was decided to homogenise portions of oviduct in 0.44î'I 
sucrose-TKM buffer, pH 7«5> with a Dounce-tjqpe homogeniser.

3. 15 (5) Characteiûsation of Labelled Ovomucoid from Tissue 
Incubation Studies 

On isoelectric focusing of ovomucoid isolated from the deoxycholate 
extracted fraction, it can be seen (Fig. 30) that the major ovomucoid 
vai'iants 0^, 0^ and a ti'ace of 0^ were present both in an unincubated 
sample (Fig, 30d) and in samples which had been incubated for 2 or 7 
hours (Figs. 30b and 3dc). No trace of any components with an isoelectric 
point higher than that of the most basic ovomucoid variant, 0^, was 
found. Due to the veiy small amount of material which was present in 
this fraction, it cannot be said with certainty that the more acidic 
ovomucoid species, Oĵ and 0^, were not present, as these are minor com
ponents which do not stain readily unless there is sufficient ovomucoid 
applied to the gel.

In Fig. 31 it can be seen that the isoelectric focusing band 
patterns of intracellular ovomucoid isolated from the tissue after 2 hours 
or 7 hours (Figs. 31b and 31c) resembled that of intracellular ovomucoid 
from an xuiincubated portion of oviduct (Fig. 31a)* Ovomucoid isolated
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J'ir. 30. isoelectric focus ! n - of (lo(i: yclo Vnic srti octco.
c\ <;r..ucold f roin i x :■ r.ue j nc\il>c.t<m p i■ ’di oo

»•/

(q ) (b) (c) (a)

(~)

(a) Ovomucoid isolated from egg white by the method of 
Fredericq and Deutsch (l949). (b) Ovomucoid isolated from 
the deoxycholate extracted fraction of oviduct homogenate by 
adsorbtion on and elution from G-200-trypsin after a 2 hour 
incubation period in vitro. The preliminary trichloroacetic 
acid precipitation stage was omitted. (c) Ovomucoid isolated 
similarly after a 7 hour incubation period. (d) Ovomucoid 
isolated by the same method from an unincubated piece of 
tissue.
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Fi 31 T Isoc-] cc i.\'i r. fcsr .7.." of i iiLrac"!'* •» Ir.-̂ mxl
e>'tî'acc?».Ir lâ  f \ rr nid f y c tissuê  ir-'m\L. -5 ' :.,r>

(4

(a) (h) (c) (4

(-)

(a) Ovomucoid isolated from the intracellular fraction of 
an unincubatcd oviduct homogenate hy adsorbtion on and elution 
from G-200-trypsin following a preliminary precipitation of 
other components with pH 3*5 trichloroacetic acid, (h) 
Intracellular ovomucoid isolated similarly after a 2 hour 
incubation period. (c) Intracellular ovomucoid isolated by 
the same method after a 7 hour incubation period. (d) 
Ovomucoid isolated by the same method from the extracellular 
fraction after a 2 hour incubation period in vitro.
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from the extracellular fraction after a 2 hour' incubation period 
(Fig. 31d) also resembled intracellular ovomucoid from an unincubated 
sample of oviduct (Fig* 31a) on isoelectric focusing* The same band 
pattern was found for ovomucoid isolated from the extracellular fraction 
after a 7 hour incubation period and for exti'acellular ovomucoid from an 
unincubated control (not sho^m)•

The results would suggest that isoelectric focusing has not detected 
any obvious differences between ovomucoid isolated from' tissue fractions 
after a 7 hour incubation period and ovomucoid from an unincubated sample 
of oviduct. As has been implied elsewhere in the text, oviduct ovo
mucoid (Fig, 31u) resembled egg white ovomucoid (Fig, 30a) on isoelectric 
focusing, Sind use of G-200-trypsin in the isolation of ovomucoid (Fig. 
31a) has removed the comiionent with an isoelectric point higher than 
that of ovomucoid 0^ which was sometimes present (Pig*30a) in ovomucoid 
prepared by the method of Fredericq and Deutsch (1949)*

The carbohydrate content of intracellular ovomucoid isolated after 
incubation of oviduct for various periods of time is shoim in Table l6.
It can be seen that the hexosamino content of ovomucoid was essentially 
unaltered in incubation studies up to 7 hours and that the hexose content 
of ovomucoid isolated from the tissue after 1,3 hours incubation . 
resembled that of ovomucoid from an unincubated portion of tissue. The
sialic acid content has fluctuated somewhat over the incubation period 
(0,25 - 0.50/̂ ) but this is within the range of values normally found for 
the sialic acid content of egg white ovomucoid.

The lysine and histidine content of intracellular ovomucoid isolated
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Table 16^ Tho enrbohyurato content of intracellular ovcRucoid 

t r OR) t X c s ■(}. e x n. c ub r. t i o n. o tiid i e &

(Mc De- implies deter-minatioii not carried out).

■* 'A-Aw*Incubation Hexose llcxos amine Sialic acid
time (hours) g/lOOg g/ioog g/lOOg

Uni nc ub at e d control Sc 75 It. 1 0 .50

:U5 8,4 14.0 0.25
5 N.B. 13.4 0..49
7 W.Bc 13.1 0.29

Table 17« The lysine and histidine content of intracellular

ovomucoid from tissue incubation studies

— —   —  r^~~—  i~   ir n  ri ' li i  ■■■ ■■ ■ i ii i i i i an ■! m j  i »n~ i i i ■■ j r i-w ^ m  #,#L iii a "iii R r  ~iir, n  ~MolcWljDj, OOOg Moles7 27, OOOg
Incubation time 3*5 hour 7 hour 3*5 hour 7 hour

Lysine 4.73 4.90 12.9 13*2
Histidine 1.31 1.4? 3.55 3*98



from the tissue after a 3*5 hour and a 7 hour incubation period are 
given in Table 17* It can be seen that the lysine content agreed well 
at both times as did the histidine content. On assuming a molecular 
weight of 27,000 for ovomucoid, the residues of lysine and histidine 
per mole ovomucoid have been calculated (Table 17) and these values 
agree well with the published values on lysine and histidine content of 
egg white ovomucoid (Davis et al, 1971? Beeley, 1971a).

These results suggested that ovomucoid isolated from oviduct after 
periods of incubation up to 7 hours resembled egg white ovomucoid or 
ovomucoid isolated from an unincubated piece of tissue*

3, 13 (6) Suitability of Lysine and Glucosamine as Precursors
m» *11 ■! I I I| 1 imm I II ■■ m Km,,:*." mr mum, i* ■ ■ «i i ■ )i w , ii.i, hhmü ■ n̂r* * fc. ■ ■■*■■■■» i

in Incubation Studies 
By hydrolysis of labelled ovomucoid, isolated after incubation of

n noviduct with | H |lysine for 3*5 hours and 7 hours, and separation of 
the amino acids, it was found that all the radioactivity was
recovered in the fraction corresponding to lysine (Fig, 32)* The 
recovery of incorporated radioactivity was 101^ in the lysine fraction 
isolated after a 3*5 hour incubation and 102^ after a 7 hour incubation 
(Table 18). Lysine was originally chosen as it was Ic h o t o  to be an 
essential amino acid for the hen, and this has demonstrated its 
suitability as a labelled precursor for incubation studies,

\Vhen glucosamine was used as labelled precursor in tissue
incubation studies, then the incorporated X’adioactivity was associated 

with both glucosamine and N-acetylneuraminic acid from ovomucoid 
(Table 19). Most of the incorporated radioactivity from the labelled

1.50



Extinction 
units, Neutral & 

acidic amino 
acids Lys His Ammonia

T500 Fraction
d ♦ p * m *

250

recovered in sample 
Labelled ovomucoid vas hydrolysed with IÏC1 and the amino acids 
fractionated on an amino acid analyses ag described. Radio
activity was recovered from the lysine fraction onljf. Recovery 

of radioactivity was 1 0 0 , in lysine from ovomucoid isolated from
the tissue after a 7 hour or a 3.5 hour incubation period in vitro 

(Table 18).
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Table iS. Recovery of ,yilj jyidi00c t d 1 iyy ill iutracelli-ilfir
'5 !ôyc>rn̂ c<n̂ t\_v{i th__L H > as procUPs0r in tiSKue

incubation s’:-iiuies

Incubation ci o  p c  m 0 isi d 0 p 0 m 0 recovered $

time (hours ) ovomucoid ;1 ri lysine recoxrcry

5700 5750 101

7 4650
JtTfci # vnnM  »'ftnv^w r

4760 102 
'"1*1 ^*#4Ï i-iieh*i-ii:tJMlWreii*T

Table 19_o Kecovex^y of i'X .1 ra.dioac’t
a***-* ««VMWIhW  k W-«M|4

ivity in intracellular

ĉ vonm CO id %vi th 1  ̂G, glucosamine as precursor in

tissue incubation studies

(NtDo implies] no determination was carried out)

Incubation
■■■ <m 1 LnwT

d , p , m 0 ' in d,p<,ÎUo d c p „  m 0 ^ I'GCOvery
time ovomucoid recovered in recovGX'ed in of radio
hours (100 )̂ sialic acid glucosamine activity

2 820 150 (18^) N.D.
2 360 64 (1 8jé) 340 (94^) 112^

5 2700 N,D. 2260 (84^) —

5 1200 350 (29 )̂ 1000 (83 )̂ 112^

7 2200 490 (22 )̂ 1980 (90 )̂ 112^
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glucosajuine has been recovered as glucosamine, although 18-29/̂  was 
metabolised to N-acetylneux'aminic acid* The recovery of incorx:)orated 
radioactivity was greater than 100^ at all times of incubation. As 
about 24^ of the labelled glucosamine was metabolised to N-acetyl- 
ueuraminic acid the total d.p.m* in the N-acetylnem’aminic acid fraction 
was much less than the d.p.m. associated with glucosamine (Table 19) and 
would be more likely to be in error*

The observation that the radioactivity of administered glucosamine 
was recovered in both glucosamine and sialic acid would confim that the 
normal route of synthesis of the sialic acid nucleotides (Kornfield 
et al, 1964) was occurring in the tissue during the incubation period, 
and that glucosamine was a suitable choice of precursor for biosynthetic 
studies.

UTien the amount of glucosamine added to the incubation medium 
was increased from l̂ iCi/g oviduct to ÿiCi/g oviduct, the specific 
radioactivity of intracellular ovomucoid, isolated after an incubation 
period of 9 hours, was increased approximately 5 fold (l3jOOO - 57,000 
d.p.m./mg ovomucoid). In view of this, in dual label studies it was 
decided to increase the amount of labelled precursor to ^iCi 
glucosamine/g (wet weight) oviduct and to use 40;uCi lysine/g (wet
weight) oviduct. It was also decided to use 5ml incubation medium/g 
tissue rather than 2.5ml/g tissue to counteract any volume losses during 
the incubation.

A summary of the conditions used for dual label incubation studies 
is given below. A list of relevant points is given, the reason for
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choosing a particular method has occurred in the above sections and is
not reproduced here*

(1) The tissue was finely chopped with scissors*
(2) Portions of oviduct (ig) were incubated in the original 

ringer bicarbonate (5ml) of Krebs and Henseleit. (1932) 
supplemented with essential aanino acids, glucose, penicillin 
and streptomycin.

(3) Ovomucoid was isolated from the intracellular and extracellular 
fractions by adsorbtion on and elution from 0-200-trypsin 
following a preliminary trichloroacetic acid preci%)itation 
step.

(4) Ovomucoid was isolated from the deoxj’'cholate extracted fraction 
by use of G-200-trypsin ^fithout including the preliminary 
trichloroacetic acid precipitation step*

(5) Homogenisation of the tissue was carried out in 0.44H sucrose-
bufferÿ pH 7*5, using a Dounce homogeniser.

(6) Labelled precursors were 
14*

lysine (4(^uCi/g oviduct) and 
glucosamine (^Ci/g oviduct).

Falmiter, Oka and Schiinke (l9?l) found that insulin was necessaxy 
to maintain incorporation of isotopes into protein in long term in vitro 
studies using a commercial incubation medium* The incorporation of 
precursors into protein in the absence of insulin was the same as that 
in the presence of added insulin up to 6 hours. As the in vitro studies 
on ovomucoid biosynthesis to be described were of the order of 6 hours, 
no insulin was added to the medium.
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y* I  -) { / }  The Incorporation of I— "JULysine and LT'C_J Glucosamine
into Intx'acelliilar and Extracellular Ovomucoid, and into

Intracellular and Extracellular Total Protein 
From Fig. 33 it can be seen that the incorporation (d.p.m,/g of 

tissue) of [ I lysine into intracellular ovomucoid was linear over 
about a 6 hour pieriod. Newly synthesised ovomucoid (labelled with 
lysine) did not apĵ ear in the medium until after, approximately, 1 hour. 
The incorporation (d.p.m./g of tissue) of glucosamine into intra
cellular ovomucoid was also linear over the ô hour period, although 
there was an initial lag period obseiuœd (Fig. 34). This initial lag 
in the incorporation of glucosamine into intracellular ovomucoid 
probably reflected the slower build up of the intracellular glucosamine 
pool compared to the build up of the lysine pool. Similar to the 
observations with lysine labelling (Fig. 33)> the incorporation of 
glucosamine into extracellular ovomucoid was verjr much lower than the 
incorporation of glucosamine into intracellular ovomucoid (Fig, 34).
The yield of ovomucoid from the tissue fractions is given in Fig. 35> 
and it can be seen that the proportion of ovomucoid in the extracellular 
fraction increased from 10^ of the total ovomucoid isolated at zero time 
up to 35/ of the total at 6 hours. It is obvious therefore, that as 
the total incorporation of radioactive precursors into extracellular 
ovomucoid was much smaller than their incorporation into intracellular 
ovomicoid (Figs. 33 and 34), only a small lu'oportion of the ovomucoid 
isolated from the extracellular fraction was newly synthesised material* 

For a comparison, the results from an experiment performed with
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Pi^, 3 3 , Tho incorporation of II. lysine‘s into intracellular

and extracellnlar ovomucoid. (Experiment l).

Intr a c e 11 111 ar Extracellular
ovomucoid 

d*p»m,/g of oviduct
ovomucoid
d.p*m./g of oviduct

20

INÏRACELLUI.AR
0-0

EXTRACELLULAB

640 2 8

1.2

0*6

0

Incuhation time (hours)

15



"54. The incorDoration ^Incosamitie into intr a ■
cellular o,nd extracellular ovomucoidc (Experiment l)«,

Intr ae e 1 lul ar 
ovomiicoicl

Extracelluliir
ovomucoid
d*p.üu/g of oviductd*p,m*/g of oviduct

12

INTRACELLUL.AII
0-0

ESTP^ACELLULiUl

- f
640 2 8

Incubation time (hours)

4( X 10 )

1.0

0.5

0
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Yields of ovomucoid from the tissue fractions in
radioisotope studies * (Ex') 

ing/g (wet weight) of oviduct

eriment l)

ÏKÏEACELXiÜLÂTl
3

E.XTEACELLULAE 0~~0-

[er

DEOXYCHOLATE EXTRACTED X-X1

-X

0 Hours

—  B
fo of ovomucoid in 
the extracellular 
fraction

20,̂

6k0 2 8
Incuhation time (hours)

1§8



another oviduct are also presented^ In Pigo 36 it is seen that the 

incorporation of lysine into intracellular ovomucoid was linear over^ 
approximately a 5 hour period in this experiments After a lag period 
of ahout an hour, a small amount of newdy synthesised material appeared 
in the extracellular fraction, The incorporation of glucosamine into 

intracellular ovomucoid (Fig, 3?) again indicated the presence of an 
initial lag period* After this lag period (approximately 1 hour) the 
incorporation of glucosamine into intracellular ovomucoid was linear 
over the 7 hour period examined* In conti'ast to the experiment 
represented hy Fig* 34, there was no observable lag period detected in 
the incorporation of glucosamine into extracellular ovomucoid in the 
experiment represented by Fig* 37• This may have reflected the 
availability of ovomucoid precursors to which carbohydrate could be 
added* V/liile the omoimt of ovomucoid isolated from the intracellular 
fraction was fairly constant over the incubation period, the amount of 
ovomucoid isolated from the extracellular fraction increased from lOJy of 
the total ovomucoid isolated at %ero time up to 30^ of the total after
7 hours (Fig* 38)* From the total incorporation of lysine and glucos
amine into extracellular ovomucoid compared to their incorporation into 
intracellular ovomucoid (Figs* 36 and 3?)# it was again indicated-that 
only a small proportion of extracellular ovomucoid was newly synthesised 
material*

C ' I 11 r——* *' 1̂*

3 lJ ’ ratio has decreased during the period 2 hours to
8 hours in both intracellular and extracellular ovomucoid (Fig* 39) in
the experiment represented by Figs* 33-35* This observation was confirmed

159



i*‘xp;r 3^' The incorporation of L̂ ITJ 13̂ 31110 into intracellular
and extracellular ovomiTcoid, eriinent 2)
Intracellular Extracellular
ovomucoid 

d.pc.m^/g of oviduct
Ovomucoid
d.p*m«/g of oviduct

50

INTHACELLULAH

2!5

EXTIUCELLITLAIl
ù r ~ ^

0
10 3 5 7

2

0

Incuhation time (hour's)

1



Fiffc 37, The incorporation of L/“cJfflucoBamine into intra-
cellular and extracellular ovomncoid. (Experiment 2)*

Intracellular
ovomucoid
â y p ^ m ç / of oviduct 

( X 10-3 )

12

IKT1UCELI.UI.AE.
0 - 0

r '

EXTIIACELLULAE
A - A

/

1 3 50 7

Extracellular 
ovomucoid 

d*p*m@/g o f oviduct
( X 10“  ̂ )

t IcO

0.5

0

Incubation time (hours)
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î uu ulsgue 1‘ract.iona in

radioisotope studies^ (Experiment 2)

m#/g (wet weight) of oviduct

INTRACELLÜLAU

EXTRACELLULAR
0-0

UEOXYCnOLATE EXTRACTED

$ of ovomucoid in 
the extracellular 
fraction10^

0 2 h 6 8

Hours

Incutation time (hours)
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39 & 40

60

40

20

0

100

80

60

40

20
0

Ratios of L  lysd.ne : ĉ j  glcosmnixie in 1 iitra■
cellular and extracellular ovomucoid with time 

JL Ĉ hJ I ratios (Experiment l)

O

0 — 0

O - O

EXTRACELLULAR

ÏETRACELLUTAR

a

64 82 8 Hours

Incubation time (hours)

Fig o 40c 111 £ cl ratios (Experiment 2 )
î î i 1 —1_ - —I ri * I *    hhimiw • -- i ,, r i * ,, — i, ■■■■■■■ *

0( EXTRACELLTOMl

O - n  INTRACELLULAR

64 80 2
Incubation time (hours)



in Fig. 40 for the experiment represented hy Figs, 36-38, However in
Fig, 40 it can he seen that at times less than 2 hours, the il 14,

ratio was much lower than it was at 2 hours* This may have represented
l4'the addition of labelled carbohydrate to ovomucoid precursors which

had completed peptide portions but incompleted carbohydrate moieties. 
After trichloroacetic acid precipitation of the incubation medium,

3.the amounts of 'H radioactivity and radioactivity remaining in
the supernatant were calculated as indications of the amounts of free

lysine and glucosamine remaining in the extracellular fraction
with time. Both lysine and glucosamine were taken up linearly by the 
tissue, but lysine was taken up more rapidly than glucosamine (Fig, 41),
After 6 hours, 80^ of the added 'H lysine had been taken up by the 

14' glucosamine had been takentissue while only 20/b of the initial 
up into the intracellular spaces of the tissue.

In the isolation of ovomucoid from the intracellular and extra
cellular fractions of the tissue, a preliminary precipitation with 3^
(w/v) trichloroacetic acid at pH 3*3 was included. The precipitate from 
this step was washed twice on the centrifuge with 5^ (w/v) trichloroacetic 
acid and the washed precipitate used as an indication of the total 
protein (minus ovomucoid) fraction of the tissue. It was more convenient 
to use the precipitate from 3^ (w/v) trichloroacetic acid, pH 3*3, than to 
remove aliquots for a separate precipitation with 3^ (w/v) trichloroacetic 
acid (not brought to pH 3*3). Both precipitation methods gave the same 
results. After washing the precipitate twice (a third wash was not 
effective in washing out any additional radioactivity) it was dissolved
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Pig, 41 * Uptake of isotope l>y the tissue

dop*mo( X 10 ^ )
Uliio os amine

100 GLUCOSAMINE (Mg

80

60

0-040

20

0 —

640 2 8

( X 10 )

10

8

2

0

Inclination time (hours)

Data refer to Experiment 1 * After trichloroacetic acid 

precipitation of the extracellular fraction an aliquot 

of the supernatant was prepared, for liquid scintillation 

counting. The amount of radioactivity remaining in the 

medium with time is illustrated above#

165



in 0*5N NaOH for determination of protein content by the method of 
Loifry et al (l95l) and radioactivity by liquid scintillation counting 
(Methods section)*

The incorporation of lysine into the intracellular and extracellular 
total protein fractions in the experiment corresponding to Pig, 33 is 
given in Pig* 42* The incorporation of lysine into intracellular 
total protein was linear over, approximately, a 5 hour period with no 
detectable lag period. After a lag of about an hour*, lysine labelled 
material began to appear in the incubation medium. The incorporation 
of glucosamine into total protein for the experiment corresponding to 
Pig* y i is given in Pig. 43. There may have been a small lag period 
before glucosamine was incorporated into extracellular total protein. 
There was, however, a lag period of about an hour before glucosamine 
was incorporated into intracellular total protein* After this lag 
period, the incorporation of glucosamine into intracellular and extra
cellular total protein was linear over the time course (S hours) 
examined.

In Fig* 44 it can be seen that the incorporation of lysine into 
intracellular total protein, in the experiment corresponding to Fig, 36, 

was also linear over 3 hours with no detectable lag period. There was 
a lag period of approximately 1 hour before the incorporation of lysine 
into extracellular total protein. It C£ui be seen in Fig* 45, for the 
experiment corresponding to Fig. 37, that there was no detectable lag 
period in the incorporation of glucosamine into extracellular total 
protein. The incorporation of glucosamine into intracellular total
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, Incorpoi'ation of lysine into the total trichloroacetic 

ecinitahle protein,, f Experiment 2 )•
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protein was linear over the time course (7 hours) examine ci, after an 
initial short lag periods

Apart from the absolute values obtainedj the overall pattern of 
results from the two separate experiments depicted (EigSo 33j and
43 and Figs. 3̂ > 37, 44 and 45) were similar* It was calculated that 
after 6 hours ? in one experiment (Fig, 42) 22^i of the added lysine was 
in intracellular total protein while was in extracellular total 
protein* For the same experiment, 2^ of the initial lysine was in 
intracellular ovomucoid, while 0*09/̂  was in extracellular ovomucoid after 
this time (Fig. 33)* In the other experiment (Fig* 44) 12^ of the 
added lysine was in intracellular total protein while i/â was in extra
cellular total protein after 6 hours. In this experiment, 0.45/» of 
the initial lysine was in intracellular ovomucoid and 0*012^ in extra
cellular ovomucoid after this time (Fig. 3^)* From these figures it 
was calculated that after 6 hours in one experiment (Figs* 33 and 42)
8.4^ of the lysine incorporated into all intracellular protein was in 
intracellular ovomucoid, while 8.3^ of the lysine incorporated into all 
extracellular protein was in extracellular ovomucoid. In the other 
experiment after this time, 3*&^ of the lysine incorporated into all 
intracellular protein was in intracellular ovomucoid, while 1.2/o of the 
lysine incorporated into all extracellular protein was in extracellular 
ovomucoid (Figs. 36 and 44). Similar calculations showed that after 6 
hours in one experiment (Fig. 43), 2$ of the added glucosamine was in 
intracellular total protein while 0.25^ was in extracellular total 
protein. After this time, 1.2^ of the initial glucosamine was in
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intracellular ovomucoid and 0,05^ in extracellular ovomucoid (Fig* 34).
The figures for the other experiment were that after 6 hours 0*35^ of 
the initial glucosamine was in intracellular total protein while 0.4^ 
was in extracellular total protein (Fig. 45). After this time, 0,11^ 

of the added glucosamine was in intracellular ovomucoid while 0.005?» 
was in extracellular ovomucoid (Fig. 37). From these fi«pures it was 
calculated that after 6 hours in one experiment (Figs. 34 and 43) 37?» 
of the glucosamine incorporated into all intracellular protein was in 
intracellular ovomucoid and 17?» of all the glucosamine incorporated into 
extracellular protein was in extracellular ovomucoid. In the other 
experiment after this time (Figs# 37 and 45), l6.6^ of the glucosamine 
incorporated into all intracellular protein was in intracellular ovomucoid 
while 1.2?» of the glucosamine incorporated into all extracellular protein 
was in extracellular ovomucoid#

The incorporation of lysine into intracellular ovomucoid was much 
larger than the incorporation of lysine into extracellular ovomucoid 
(Pigo 33 and Fig. 3&). There was a similar difference between the 
incorporation of glucosamine into intracellular and extracellular 
ovomucoid (Fig. 34 and Fig. 3?). However, although the incorporation of 
lysine into intracellular total protein was greater than the incorporation 
of lysine into extracellular total protein (Fig. 42 and Fig* 44), the 
difference between the incorporation of glucosamine into intracellular 
and extracellular total protein was not so marked (Fig. 43 and Fig. 45). 
There may be some intracellular proteins synthesised which are not for 
secretion, and the smaller difference in incorporation of glucosamine
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into intracellular and extracellular total protein when compared to the 

difference between the incorporation of lysine into intracellular and 

extracellular total protein (Fig. 43 compared to Fig* 42 and Fig, 45 

compared to Fig* 44) may be a reflection of the large proportion of 

glycosylated proteins in oviduct secretions* It can be seen in Fig* 46, 

for the experiment corresponding to Figs, 34 and 43, that the specific 

radioactivity (d.î .m./mg of ovomucoid) of intracellular glucosamine 

labelled ovomucoid ivas much higher at all times than the specific radio

activity (dcp,m,/mg of protein) of glucosamine labelled intracellular 

total protein* Although the specific radioactivity of extracellular 

glucosamine labelled ovomucoid was higher than the specific radioactivity 

of glucosamine labelled extracellular total protein, these values were 

nearer to each other than were the values for intracellular total protein 

and Gvomucoido In Fig, 47, for the experiment represented by FigSa 37 

and 45j it was confirmed that the specific radioactivity of intracellular 

glucosamine labelled ovomucoid ŵ as much higher than the specific radio

activity of intracellular glucosamine labelled total protein at all 

times. This time, the specific radioactivity of glucosamine labelled 

extracellular total protein was higher than the specific radioactivity 

of glucosamine labelled extracellular ovomucoid, but once again these 

values were much closer together than the specific radioactivities of 

intracellular ovomucoid and total protein.

In Fig, 48, for the experiment corresponding to Figs* 33 and 42, 
it can be seen that the specific radioactivity of lysine labelled 
intracellular ovomucoid was only marginally lower at all times than the
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specific radioactivity of lysine labelled intracellular total protein.
The specific radioactivities of lysine labelled extracellular ovomucoid 
and total protein were likewise similar. In Fig. 49, for the experiment 
corresponding to Figs. 36 and 44, however, it can be seen that the specific 
radioactivity of intracellular lysine labelled ovomucoid was much lower 
than Approximately -g-) that of intracellular lysine labelled total protein 
over the time course examined (7 hours). Similarly, the specific 
radioactivity of extracellular lysine labelled ovomucoid was lower than 
that of extracellular lysine labelled total protein over the time course.
As the specific radioactivity of ovomucoid was variable when compared to 
that of the total acid precipitable protein fraction in experiments with 
different oviducts, it may be that ovomucoid can be synthesised at a
different though varying rate from total protein (minus ovomucoid)
synthesis. Egg white proteins may, of course, be synthesised at 
cytologically exclusive sites (iVyburn et al, 1970; Kohler et al, I968;
0*Malley et al, 1967; Korenman & O'Malley, I968).

In the experiment represented by Figs. 33 and 34, and 42 and 43, 
when the oviduct was excised, an egg was just moving from the protein 
secreting magnum portion of the oviduct into the shell gland region for 
the laying doira of the shell. In the experiment represented by Figs.
36 and 37, and 44 and 45, the shell had been completed and the egg was 
about to be laid. This may explain the variation in absolute values 
between the results from experiments performed on separate oviducts, if 
there was a difference in the rate of synthesis of egg white proteins

at different times in the egg laying cycle. In terms of lysine
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glycine

labelling, the variation in the specific radioactivity of ovonmcoid 
when compared to the specific radioactivity of total %)rotein (Figs. 48 
and 49) was similar to that found by Mandeles and Ducay (1962), They 
found that when oviducts were excised at varying times post-oviposition, 
the specific radioactivity of glycine labelled ovomucoid was sometimes 
higher and sometimes lower than the specific radioactivity of ovalbumin 
after a 3 hour incubation period of oviduct in vitro with 
As the variable rate of ovomucoid synthesis when compared to ovalbumin 
or total protein synthesis seems to depend on the stage of the egg 
laying cycle, it is possible that this is a reflection of the hormone 
balance of the hen.

3. 13 (s) The Possible Effects of Hormones on the Synthesis
■  r mmnmm in  '  n i ■ i ■■ ihm i ■ ■ n in — « w t i u M  n i  n *  i ,  ii  i ■ i w i i w.i « i  m i p ■ u p ■ —  i  !■ >ni .ü  ■ i .  , m

or Secretion of Ovomucoid 
To examine the possibility that ovomucoid synthesis or secretion 

might be stimulated in vitro by hormones, tissue incubation studies were 
carried out in the presence of progesterone or estrogen. In Table 20 
it can be seen that O.OljoM progesterone had virtually no effect on the 
specific radioactivity of intracellular ovomucoid, in terms of lysine 
labelling or glucosamine labelling, isolated after a 5 hour incubation 
period. The specific radioactivities of both lysine labelled and 
glucosamine labelled intracellular ovomucoid were reduced when tissue 
incubations were carried out in the presence of progesterone. 
Progesterone, O.Oj^l or had little effect on the specific radioactivity 
of extracellular ovomucoid, isolated from the tissue after a 5 hour 
incubation period. IVhile incubation for 5 hours in the presence of
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Table 20^ The poesiblo effects o f ïiormones ou the syxvi'.hesiB
or eecreiion of ovonmcoid

Fraction

Isotope

Control

4'Proge B t e r o n e 
(O.Oi)iM) 

fPr0 g & s t e r one
( w )

‘i'Estrogen
(o.oijil'î)
•{'Estrogen

( i p ï i )

I n. t r a c c 1.1 u 1 a;:
/w.g of ovomucoid 

Lysine Grluco.sp.)uisie

38,900

39,600

22,400

24,100 

37?700

fProgester one 
(0,01>iM) & 
estrogen
(O.OliTiM) 26,600

•{•Pro g esterons 
( 1^1 ) & 

estrogen 
(1;jM) 27,200

1420

1590

525

805

1310

1030

960

Ex t r a cell ni ar o v oinu c o 1 d 
dcp.ino/mg of ovomucoid 
Lys i ne GI u,c o s am i ne

3520

4270

4350
JI ■ .*• f # #

3240

4740

5600

3500

185

270

144

151

240

290

203

Incubation was for a
14,oviduct) and

5 hour period %fith Q^hJ lysine (40 ^iCi/g of
glucosamine (4yiCi/g of oviduct)



OoQl̂ aM estradiol has caused some reduction in the specific radioactivities 
of lysine labelled and glucosamine labelled intracellular ovomucoid, 
tissue incubations in the presence of 1^1 estradiol resulted in intra
cellular ovomucoid which had a similar specific radioactivity to the 
control. Estradiol, O.OlpM or had little effect on the specific 

radioactivity of extracellular ovomucoid isolated from the tissue after 
a 5 hour incubation period. IVlien a combination of progesterone and 
estradiol was used, there was no increase in the specific radioactivity 
of lysine labelled or glucosamine labelled intracellular ovomucoid 
compared to the control. The combination of hormones, progesterone 
O.Ol^I and estradiol 0*01^1 has increased, to an extent, the specific 
radioactivity of extracellular ovomucoid isolated after a 5 hour 
incubation. This increase was not large, however, and when tissue 
incubations were carried out in the presence of both hormones at a 
concentration of IpM, the extracellular ovomucoid isolated after 5 hours 
had a similar specific radioactivity to that of the control, in terms of 
both lysine and glucosamine labelling.

It is possible that in these studies neither the right concentration 
of either hoimione nor the correct balance of the hormones was chosen» 
However, under the conditions tested, there was no combination of 
progesterone and estrogen which would stimulate ovomucoid synthesis or 
secretion in vitro. In view of this lack of stimulation, no further 
examinations were made on the possible effects of hormones on the synthesis 
or secretion of ovomucoid.



3r 13 (9) The Incorporation of Precursors into Deoxycholate 
Extracted. Ovomucoid 

The general pattern of glycoprotein biosynthesis is that the 
growing glycoprotein moves from the rough membranes of the endoplasmic 
reticulum through the smooth membranes of the endoplasmic reticuliuji to 
the Golgi apparatus (Hambourg et al, I969; Choi et al, 1971; Melchers, 
1971)# Particle bound glycoprotein precursors which could be released 
by deoxycholate have been found in tissues (Spiro & Spiro, 1966), In 
view of these findings, the specific radioactivity of the ovomucoid which 
washed out of the 105,000g pellet from oviduct homogenate by use of 
deoxycholate was determined in radioisotope studies.

With lysine as precursor, the specific radioactivity (d.p.m./mg)
of deoxycholate extracted ovomucoid was slightly higher than that of 
intracellular ovomucoid in the experiment corresponding to Pig. 33 
(Pig. 50). The specific radioactivity of extracellular ovomucoid was

14ç glucosamine asmuch less than these values (Pig. 50). With 
precursor, the specific radioactivity of deoxycholate extracted ovomucoid 
was indistinguishable from that of intracellular ovomucoid, while the 
specific radioactivity of extracellular ovomucoid was much lower than 
both of these (Pig. 5l)* Due to the low yield of ovomucoid, 0.3̂ :g/g of 
oviduct in this fraction (Pig. 35)j the total incorporation (d.p.m./g of 
oviduct) of
deoxycholate extracted ovomucoid were very low.

In the experiment represented by Pig. 36, the specific radioactivity 
of lysine labelled ovomucoid from the deoxycholate extracted fraction

& lysine (Pig. 52a) and glucosamine (Pig. 52b) into
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(Fig, 53) was higher than that of intracellular lysine labelled 
ovomucoid. The specific radioactivity of deoxycholate extracted 
glucosamine labelled ovomucoid was higher than that of intracellular 
glucosamine labelled ovomucoid (Fig, 3^)* In terms of both lysine 
labelling (Fig. 53) and glucosamine labelling (Fig* 5^), the specific 
radioactivities of extracellular ovomucoid were lower than those of 
intracellular or deoxycholate extracted ovomucoid. The low yield of 
deoxycholate extracted ovomucoid, 0*3mg/g of oviduct (Fig* 38) meant 
that the total incorporation of labelled lysine (Fig, 55a) into ovomucoid 
from this fraction was lower than the total incorporation into intra
cellular ovomucoid (Fig, 36)* The total incorporation of glucosamine 
into deoxycholate extracted ovomucoid (Fig, 53b) was likewise lower than 
the incorporation of glucosamine into intracellular ovomucoid (Fig* 37).

lysine :
In the experiment represented by Figs. 50«52, the ratio of 

14^
&

glucosamine in deoxycholate extracted ovomucoid fell 
during the period 2-8 hours (Fig, 56)* Similar ratios of amino acid : 
carbohydrate were found in intracellular and extracellular ovomucoid 

(Fig, 39). These observations were confirmed for the period 2-7 hours 
in Fig, 57 for the experiment represented by Figs. 53*55* However, at

lysine : 14ç,times less than 2 hours (Fig, 57), the ratio of 
glucosamine was very low and may have represented addition of carbohydrate 
to ovomucoid precursors which had a completed peptide chain but in
completed carbohydrate moiety. The ratio of amino acid : carbohydrate 
was particularly low in extracellular ovomucoid at times less than 2 hours 
(Fig, 40), As glucosamine may be metabolised to sialic acid, this may
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The specific radio activity of Glucosamine labelled
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have represented the addition of either glucosamine or sialic acid to 
ovomucoid shortly before secretion.

As the specific radioactivity of deoxycholate extracted ovomucoid 
was slightly higher over a 5 hour incubation period than the specific 
radioactivity of intracellular ovomucoid, it may have represented a 
precursor of soluble intracellular ovomucoid* The closeness of the 
specific radioactivities of intracellular and deoxycholate extracted 
ovomucoid, however, might have meant that any particle bound ovomucoid 
precursor in the deoxycholate extracted fraction was ”contaminated" by 
ovomucoid of a lower specific radioactivity. The low yield of 
ovomucoid from, the deoxycholate extracted fraction meant that it was 
only a small proportion of the total ovomucoid isolated from the tissue 
(approximately 7^)*

3* 13 (lO) Preliminary Investigation on the Incorporation of 
Neutral Sugars into Ovomucoid 

The incorporation of niannose and lysine into ovomucoid is
represented by Table 21a, With lysine as precursor, the specific
radioactivities (d,T>,m,/mg) of ovomucoid in the intracellular and extra
cellular fractions have increased over a 5 hour period. The specific 
radioactivity of deoxycholate extracted ovomucoid was similar to that of 
intracellular ovomucoid at 2 hours and 5 hours, although it was lower at 
8 hours. With mannose as precursor, the specific radioactivity
of extracellular ovomucoid increased over the 8 hour incubation period 
while the specific radioactivity of intracellular ovomucoid increased 
over, approximately, 3 hours. The specific radioactivity of deoxycholate



Table 21c Incorporation of neutral sugars '.Into ovomucoid

Table 21a: Incorporation of mannose

Isotope 14̂ , mamio s 0 & lysine

Fraction SI S2 S3 Si S2 S3
d c p c. m o/mg of ovomucoid

#1 # a * acan,»!/̂ .

d 0 p « m o/mg of ovomucoid

Incubation
time (hours)

0 0 0 0 0 0 0
2 100 5 0 0 0 8000 7 0 0 0 0.4x10^ 0.4x10^
5 6 0 0 2 5 0 0 0 22000 28000 1x10 0.9x10
8 1100 3 2 0 0 0 1 5 0 0 0 3 0 0 0 0 1x10^ 0.4x10

Table 211k Incorporation of galactose

Isotope } \ galactose
M/a PO Am M BI ̂

lys iiiG
Fraction SI 8:2 S3 81 82 S3

d*p.Be/mg of ovomucoid dop om*/mg of ovomucoid
Incubation

■ <!■ PiLllLITT—B

time (hours)
0 0 0 0 0 0 0
2 220 9000 8400 12000 0 *7x10 0.65x10

5 600 18000 I68OO 32000 0.7x10^ 0.85x10^
8 1200 3OOOÔ 8000 36000 0.75x10^ 0,4x10

Labelled precursors were l h J lysine (40pCi/g of oviduct) and
either 14. 14.mannose (4^iCi/g of oviduct), Table 21a, or 
galactose (^Ci/g of oviduct), Table 21b. (81; extracellular
82; intracellular, S3 ; deoxycholate extracted fraction^.
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extracted ovomucoid was similar at 2 hours and 5 hours to that of 
intracellular ovomucoid. The specific radioactivity of extracellular 
ovomucoid was much lower at all times than the specific radioactivity 
of intracellular ovomucoid.

The incorporation of galactose and 'II lysine into ovomucoid
in a separate incorporation experiment is represented by Table 21b, In
this case i/ith ^  lysine as precursor, the specific radioactivity of
ovomucoid increased rapidly over 2 hours but was no higher at longer
times. The specific radioactivity of deoxycholate extracted ovomucoid
at 2 hours and 5 hours was similar to that of intracellular ovomucoid at
the same time. The specific radioactivity of extracellular ovomucoid
increased over 5 hours, but was always lower than that of inti'acellular

14*ovomucoid at the same time. With galactose as precursor, the
specific radioactivities of ovomucoid in the intracellular and extra
cellular fractions increased over the 8 hour incubation period, although 
at each time the specific radioactivity of extracellular ovomucoid was 
lower than that of intracellular ovomucoid. At 2 hours and at 5 hours 
the specific radioactivity of deoxycholate extracted ovomucoid was 
similar to that of intracellular ovomucoid.

with
The results suggested that when oviduct ;ras incubated in vitro

C mannose or I C galactose, that radioactivity was associated 
with ovomucoid in all three tissue compartments. The specific radio
activity of extracellular ovomucoid was always lower than that of 
intracellular ovomucoid in the time course examined (8 hours). The 
specific radioactivities of intracellular and deoxycholate extracted
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ovomucoid were similar over a 5 hour incubation period,

3* 13 (11) Fractionation of Oviduct Homogenates by
Differential Centrifugation and by Centrifugation 
on Sucrose Density Gradients 

A portion of hen oviduct was homogenised in 0,44M sucrose with a 
Dounce homogeniser and fractionated by the differential centrifugation 
scheme illustrated in Fig. 58 (Carey, I966), The distribution of DNA, 
BNA and protein between oviduct cell fractions PI, P2, P3 and S3 (Pig. 
58) is sho™ in Table 22a, By examining the DNA/protein and the ENA/ 
protein ratios it is clear that the 600g pellet (Pi) was enriched in 
DNA and the 105,000g pellet (P3) was enriched in IÎNA (Table 22b). 
However, the percentage recoveries (Table 22a) show that there was a 
substantial amount of ENA in all fractions and that fraction PI 
contained only about 63^ of the total DNA, The supernatant fraction 
S3 contained most of the protein of the homogenate.

This fractionation scheme did not seem to produce a particularly 
clear separation of subcellular components as determined by the chemical 
assays (Table 22), Attempts were made, therefore, to fractionate 
oviduct homogenates by sucrose density gradient centrifugation. Such 
a fractionation would be necessary to follow the movement of ovomucoid 
through the subcellular components of the tissue.

Oviduct homogenates were centrifuged at 80,000g for 10 hours on . 
stepwise sucrose density gradients. The optical density profiles of 
fractionated oviduct across the gradients at 260ruu (E26o) and 280nm 
(B280) are given in Fig. 59* There was a large amount of ultraviolet
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Table 22 c D:i s tribut ion of DNA* EilA and protein between 
o V i du e t cell frac 1 1o ns

For nomenclature of fractions see Fig* $8* In column (l) 
chemical fractionation of nucleic acids end protein was 
by the method of Fleck o.nd Mimro (1962)* column (2)
chemical fractionation (Carey, 1966) was by cold trichloro
acetic acid (protein) and hot trichloroacetic acid 
(nucleic acids)* In Table 22a the yield of the cell 
fractions is expressed as a percentage of the yield from 
the unfractionated homogenate* The yield in the 
uufractionated homogenate is expressed in m g /g (wet 
wGighf̂  of tissue*
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TaTîlo 22tt

—  J- A ENÏk Protein
(1) (2) (i) (2) (1) (2)

Fraction $ % $ f f

mg/g 0-75 0.82 2,10 2.16 44.3
Homogenate (100^) (100^) (100̂ 5) (100^) (100^) (100^)

Pi 6 2 .6 64.8 15.7 10.6 23.1 20,0
P3 5.0 15.4 17.5 30 .0 13 .6 10.8
P3 10.7 11.5 38.9 38.5 9.1 6*8
S3 21.7 8.5 27.9 21.1 54.2 6 2 « k

Table 22b

Cell DNA/Protein ËNA7 Protein ENÂ/DNÀ
Fraction (mg/mg) (aig/mg) (mg/iDig)

(1) (2) (i) (2) (1)
■ 1 1 w II

(2)

Homogenate 0.0164 0.0158 0.0475 0,0415 2 .9 2,6
PI 0.0445 0.0510 0.0323 0.0216 0 .7 0.4
P2 0.0063 0.0224 0.0610 0 .1150 10.1 3.1
P3 O.ÛI93 0.0264 0.2040 0.2360 10.4 8*9
S3 0.0065 0.0021 0.0244 0,0140 3.7 6*5

1



absorbing material at the interface between 2M and satni'ated sucrose and 
at the top (low density sucrose) of the gradient* The profiles of the 
gradients of oviduct homogenised with a Potter-Elvehjem homogcnizer 

(Pig* 59a) and with a Dounce homogeniser (Pig* 59h) were similar* Most 
of the DNA and ItNA were at the interface between 2M and saturated sucrose, 
while most of the protein was near the top of the gradient (Pig. 60)* In

& lysine, asamples of oviduct which wore incubated for 5 hours with 
small amount of radioactivity was associated with the protein at the 
interface between 2M and saturated sucrose while most of the trichloroacetic 
acid precipitable radioactivity was near the top of the gradient (pig. 6l)*
A preliminary centrifugation at 600g for 10 minutes before application of 
oviduct homogenates to gradients, only removed some of the ultraviolet 
absorbing material which was found at the interface between 2M and saturated 
sucrose when the preliminary centrifugation was omitted*

As most of the DNA and most of the ENA of the homogenate were both 
recovered at the interface between 2M and saturated sucrose, there seemed 
to be no clear fractionation of subcellular components of oviduct* 
Centrifugation of oviduct homogenates at 20,000g for 16 houi's or at 
5f000g for l6 hours on linear (O.5-2.5^0 sucrose density gradients did 
not improve the fractionation*

In Pig* 62 the optical density profiles (P260 and E2S0) of an oviduct 
homogenate centrifuged on a linear sucrose density gradient at 2,000g 
for l6 hours is shoim* There were two peaks of ultiaviolet absorbing 
material, fractions I and II (fraction I at denser sucrose than fraction 
II)* In Fig* 63 it- can be seen that there was ENA and DNA associated
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Figo 59* Fractionation of oviduct homogenate by discontinuous 
suprose gradient centrifugation

The gradients were prepared as described in the Methods 
section. The extinction profiles of the gradients at 
260nin and 280nm are illustrated* In Fig* 59a the gradient 
was from a portion of oviduct (0*4g) which was houiegenised 
in a Pottei'-'Flvehjem homogeniser* In Fig* 59h the oviduct 
was homogenised in a Dounce homogeniser. Samples were 
ajpplied to the gradients in 0.25M sucrose TKlî, pH 1 * 5 *

The gradient is illustrated helow these Figs. 

Centrifugation was at 80,000g for 10 hours*
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Oviduct homogenate was centrifuged on a linear sucrose gradient 
at 2yOOOg for l6 hours as descrihcd in the Methods section
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.I'iff, Recovery of radioactivity^ in oviduct fractions
i'osiilting from linear sucrose gradient centrifugation

Lysine radioactivity Glucosamine radioactivity

LYSINE GLUCOSMINE 
—#

II 1000

25,000 -

1- T T rT T T T
0 2 

(Dense sucrose)
4 6
Fraction.

8 10
(Light sucrose)

Experimental conditions were as in Fig. 6 2. The oviduct in 
this study (Fig. 64) had heen incubated for 2 hours with

n 14. glucosamine (4^aCi/g oflysine(40^iCi/g of tissue) and 
oviduct). The radioactivity recovered is that in trichloro' 
acetic acid precipitates of the fractions*
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with both fractions. There was lysine and glucosamine
radioactivity present in trichloroacetic acid precipitates of fractions 
I and II (Fig* 64) from an oviduct which had been incubated for 2 hours

3;with 4jfJ lysine and 14^ & radioactivityglucos£uiiine* The ratio of 
in terms of specific radioactivity (d*p.m./mg of protein) of the protein 
components of fractions I and II was 1 . 2 : 1  (fraction I ; II)* The 
ratio of the specific radioactivities of fraction I protein to fraction II 
protein in terms of |̂ Ĉ~[ glucosamine labelling was 0*6 : 1 (fraction I : II), 
Fraction I has proportionately more of the lysine radioactivity and
less of the 14çj glucosamine radioactivity than fraction II. The Hŝ A/ 
protein ratio in fraction I was O.36, while the RNA/protein ratio in 
fraction II was O.I6, These,values are similar to the values found for 
rough membranes (fraction l) and smooth membranes (fraction II) of other 
tissues on fractionation (Jamieson & Palado, 196?; Choi et al» 1971). 
However, as both fraction I and II contained DNA, this would suggest 
nuclear contamination of the fractions.

This inability to fractionate oviduct homogenates by differential 
or sucrose density gradient centrifugation meant that it was not possible 
to follow the movement of labelled ovomucoid through identifiable sub
cellular components of the tissue.

3* 13 (12) The Effect of Inliibitors of Protein Synthesis 011 

the Incorporation of Precursors into Ovomucoid 
In order to investigate the temporal relationship between the syn

thesis of the peptide and carbohydrate portions of ovomucoid, tissue 
incubation studies wére carried out in the presence of puromycin or
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cycloheximide* In Table 23 the specific radioactivities of ovomucoid 
in control samples isolated from the tiiree tissue fractions (intracellxilar, 
extracellular and deoxycholate extracted) after a 2 hour and 7 hour in
cubation period are shown. The specific radioactivities of ovomucoid 
isolated from tissue fractions in incorporation studies in the presence of 
puromycin or cycloheximide are expressed as percentages of these values.

When tissue incubations were carried out in the presence of puromycin 
(50pg/ml) the specific radioactivity of •̂ 1̂  lysine labelled ovomucoid was 
reduced to 15-22 '̂S of the control value in all tissue fractions at both 
times (Table 23). With incubation in the presence of puromycin at a 
concentration of lOOug/ml, the specific radioactivity of lysine labelled 
ovomucoid was 8-13/o of that of a control at the same time. The specific 
radioactivity of glucosamine labelled ovomucoid was 90-lOOJè of that
of a control when tissue incubations were carried, out in the presence of 
puromycin (30;iig/ml or 10(ÿig/ml). Puromycin has therefore caused some 
inhibition of the incorporation of lysine into ovomucoid, while the 
incorporation of glucosamine was virtually unaltered. The effects of 
cycloheximide (5Qng/ml) on the incorporation of precursors into ovomucoid 
were similar to those described for puromycin. Cycloheximide at a 
concentration of lOOpg/ml has virtually abolished the incorporation of 
lysine into ovomucoid, while the incorporation of gliicosatnine was 
essentially unaltered at both 2 hours and 7 hours, in all three tissue 
fractions (Table 23).

These results would suggest that oviduct contained a pool of ovo
mucoid precursors with completed pe%)tide chains but incompleted carbohydrate 
moieties to which carbohydrate could be added. It is also implied that



Table 23. The effect of inhibito?:s of protein synthesis 
on the incorporation of precursors into 
ovomucoid

Values are expressed as percent activity 
(d*PoJiu/mg of ovomucoid) of a control sample. 
The specific radioactivity of the control is 
given in terms of d.p.nu/mg of ovomucoid. 
Incubations were for 2 hours or 7 houx's with

lysine (40yiCi/g of oviduct) and 
glucosamine (4yiCi/g of oviduct)*
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Deoxycho late
Ex tra c o11u1ar xiitracelliilar extract od

Fraction 0 vornxic 0 i d ovonnAcoid 0 VO m‘a CO id
Isotope Lys GlcNil^ • Lys GlcNÏÏ^ Lys G IcHilg

Control N.D. 15846 580 51991 815
(2 hours) (100,4 ( lo o f i j (too^ (

-fPuromycia
(50;ag/îîil) N»D, 20^ 100% 22% 95%

■vPux'omycin
(lOO;,ïg/ml) N.D, 9f»

u icM*, r< «J

90% B% 90,«

4-Cycl oîieximi c7 c
(50#g/ml) NoD, 5f- 9't% 2% 99%

fCyc1oheximi do
('XOO;xg/ml) N.Dv O'fi 90% 2% 95%

Control 5774 158 43805 1610 91909 3000
(7 hours) 1'ioo^j (100;?) (lOO^ (loo^ (iOO^ (̂100^

*l-Puromycin
(!50;tg/ml) 15^ 100 ;̂ i6f̂ 94^ 11% 91%

+Purom7cin
(lOO/xg/ml) 15/0 100JÎ 15% 91% 15% 955

-{-Cycloheximide
(î50;ig/ial) 15^ 102;̂ 6% 91% 5% 985

^Cycloheximide
(iOO;ig/ml) 0% lOh^ 0% 9^% 1% 945

(N,D. implies that no determination was carried out).
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carbohydrate addition follows peptide synthesis and could go on for 
several honis in the absence of protein synthesis.

Although it is Itnoxm that puromycin or cycloheximide can inliibit 
the synthesis of the peptide portion of glycoproteins no such well 
documented inhibitors of the synthesis of the carbohydrate portion of 
glycoproteins have been recorded. In an attempt to inliibit, or block, 
the synthesis of the carbohydrate portion of ovomucoid, tissue incubations 
were carried out in the presence of 2-deoxyglucoso. If this substrate 
was incorporated in error into the growing glycoprotein, it might result 
in an accumulation of ovomucoid precursors with incompleted carbohydrate 
moieties.

In one experiment (Table 24) when tissue incubations were carried 
out for 7 hours in the presence of 2-deoxyglucose, O.lmM or lOmM, it can 
be seen that the specific radioactivity of extracellular ovomucoid in terms 
of lysine or glucosamine labelling was essentially unaltered. The specific 
radioactivity of intracellular ovomucoid in terms of lysine and glucos
amine labelling was increased. The specific radioactivity of deoxycholate 
extracted ovomucoid in terms of glucosaiuine labelling was essentially 
unaltered. Deoxyglucose (O.lmM) had essentially no effect on the specific 
radioactivity of deoxycholate extracted lysine labelled ovomucoid, while 
incubation in the presence of deoxyglucose (lOmM) increased the specific 
radioactivity of lysine labelled deoxycholate extracted ovomucoid.

In a separate experiment (Table 25) it was found, after a 5 hour 
incubation period in the presence of deoxyglucose, O.lmM or lOmM, that 
the specific radioactivity of intracellular ovomucoid in terms of lysine

20



Tf'bïes 24* 25'’ The possih}^; t-fïects of deoxyglvicoso on the

iricorDoration of procnrsots into ovomucoid

7 hour incuhution uorciod Table 2h

Fraction

Isotope

Ext race11ular 
ovomuco i d
do ppm„/mg

of ommucoid

I nt r a.c e i 1 ul ar 
ovomucoid
d.poivu/i'-ig

of ovomucoid

Control

•f D e oxyg Xuc ose 
(0 *ImM) 

+IfGoxyglucase 
(lOmM)

GlcHIT

160

220

280

Lys GlcNH, Lys

5800

6440

1610 43805

D& oxyoho 5 at o 
Gxt>? acted 
ovomucoid 
d p  * m * / mg 
of ovomucoid
IcNH. Lye

3000 91909

5780 2720 70,000 3340 103000

2520 51900 2220 153000

5 hour incubation period Table 25

Fraction

Isotope

Control
4'D coxy glue ose 

(O.IbiM) 
-fDeoxyglucose 

(lOmM)
+Deoxyglucose 

(lOuiM) & 
iaaimose 
(IOimM)

Extracellular ovomucoid Intracellular ovomucoid 
d.p.m./mg of ovomucoid dop.m./mg of ovomucoid
Glucoaainine

185

Lysine Glucosamine

165

125

184

3520

3200

3340

3840

210

1420

825

930

940

Lysine

38,900

23,100

26,700

32,500



and glncosaniine labelling was reduced. The specific radioactivity of 
lysine labelled extracellular ovomucoid was essentially unaltered, and 
the specific radioactivity of glucosamine labelled extracellular ovomucoid 
was similar to that of the control. The slight reductions in the specific 
radioactivities of ovomucoid obser^œd when tissue incubations were carried 
out in the presence of lOinli deoxyglucose were to an extent, relieved by 
the addition of mannose to the incubation medium (Table 25)*

In view of the lack.of any large change in the specific radioactivity 
of lysine or glucosamine labelled ovomucoid when tissue incubations were 
carried out in the presence of 2-deoxyglucose, and the variable effects it 
seemed to produce on the specific radioactivity of ovomucoid, this was not 
an effective inhibitor of the synthesis of the carbohydrate portion of 
ovomucoid.
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Chapter .14 Fractionation of Labelled Ovomucoid
It was intended to fractionate ovomucoid so that the specific 

radioactivities of the ovomucoid variants could be compared in order to 
determine if the species were all synthesised at the same time or whether 
they bore a precursor-product relationship to one another. The 
relationship of the observations to the microheterogeneity of ovomucoid 
is discussed.

Ovomucoid could be completely separated from Arapholine by gel 
filtration (Methods section). After isoelectric focusing of labelled 
ovomucoid, the ovomucoid variants were eluted, from the gel and separated 
from any ampholytes present. However, the small ajiiount of protein 
present in each variant after focusing meant that the determination of 
protein content was very difficult to estimate accurately. This was 
particularly true of the more acidic species which were present in lower 
proportions. It was possible to detect that ovomucoid 0^ (the most basic 
variant) had a similar specific radioactivity to that of unfractionated 
ovomucoid, but the specific radioactivities of all the species could not 
be compared to each other. In view of this, ovomucoid was fractionated 
by sulphoethyl (SE)-Sephadex C-50 chromatography into two components, one 
(fraction l) corresponding to the sialic acid free ovomucoid variant 0^, 
and the other (fraction II) to the sialic acid containing variants 
Og “ 0^ (described in Fig, 15)o

3, 14 (l) Sulphoethyl-Sephadex Chromatography
In preliminary'' single label studies with lysine as precursor,

it was indicated that intracellular ovomucoid 0^ had a higher specific
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radioactivity than ovomucoids Og - 0^, after a 2 hour incubation period
& lysine and 14^(Fig, 65)# These studies were repeated with 

glucosamine as precursors in dual label studies.
The elution profiles of ovomucoid isolated from the intracellular 

fraction after incubation for 2, 4, 6 and 8 hours are shown in Fig, 66,
In terras of lysine labelling it can be seen (Fig, 66a) that the sialic 
acid free ovomucoid has a higher specific radioactivity than the sialic 
acid containing variants after 2 hours. At 4 hours the ovomucoid species 
have approximately the same specific radioactivity (Fig, 66b), The same 
was true at 6 and 8 hours (Figs, 66c and 66d), As the lysine content 
of the species is virtually identical (Seeley, 1971a) these results would 
suggest that the^sialic acid free ovomucoid variant is synthesised first.
At times longer than 2 hours the specific radioactivities of all the species 
were approximately the same, and this may have reflected the addition of 
carbohydrate to ovomucoid precursors which were already labelled with 
lysine. At 2 hours there would presumably be a smaller proportion of 
lysine labelled precursors to which carbohydrate could be added resulting 
in a lower specific radioactivity in the more acidic species.

At all times the specific radioactivities of the intracellular species, 
in terms of glucosamine labelling, were similar to each other (Fig, 66),
As carbohydrate is added to completed peptide chains, this is probably a 
reflection of the late build up of the carbohydrate moiety of ovomucoid. .

glucosamine : lysineClearly at 2 hours (Fig, 66a) the ratio of 
is higher in the more acidic ovomucoid variants them in ovomucoid 0^, 
This would be consistent with the addition of carbohydrate to completed
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FÎK. 6 5 » The spécifié radioactivity of ovomucoid species
o4-.-i n - u a t o r 1  h t r  C i-n li A c l / > ' h T » n T n n + . A i T f ‘r > ç > - n h yfraotiof^Ated by SE-Sephadex chromatography™^^

"  ■ ■■ "■ II *  ■ —  I   — — -    P ’ ■ "  -  — —  - I —' . - ' . - , T r r i i  11 -m T lim .n  ~nTri T itf

After incubation of oviduct with [^^cjlysine ( l ) x C i / g  of 
oviduct) a i)ortion of intracellular ovomucoid was 
fractionated by chromatography on columns (60cm x 1cm) 
of SE-Sephadex. The flow rate was 4ml/hour and 1,6ml 
fractions collected. Eluant was 0,014M sodium acetate 
containing ImM sodium azide, pH 4,90,
The upper graph represents the elution profile of 
ovomucoid isolated fj;om the intracellular fraction 
after a 2 hour incubation period as determined by the method 
of Lowry et al (195&)#

The elution profile Is similar to that of egg white 
ovomucoid (Fig, 15),

The lower gra,ph represents the specific radioactivities 
(dpp,mc/mg of ovomucoid) of the fractions.
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Fig* 66« SE-Sephadox chromai
ovomucoid

P3‘Oviduct was incubated with LzH lysine (4:0;iCi/g of oviduct) 
and glucosamine (4^Ci/g of oviduct). Ovomucoid was
isolated from the intracellular fraction of oviduct at 
various incubation times and fractionated by SE-Sephadex 
chromatography as in Fig. 6 5* The protein elution profile 
and the specific radioactivities of ovomucoid, in terms 
of lysine labelling and glucosamine labelling, are shown 
after 2 hour (Fig, 66a), 4 hour (Fig, 66b), 6 hour 
(Figc66c) and S hour (Fig. 66d)incubations.
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peptide chains, and that ovomucoid 0^ ivas the first to be labelled with 
lysine.

These results suggest that ovomucoid 0̂  may be the precursor to the 
more acidic species, intracellularly, but that the more acidic species 
could not be the precursor of ovomucoid 0^* It is still possible that 
in the secreted product the multiplicity of species could result from the 
removal of sialic acid from the most completed species to a varying extent. 
To test this possibility, the above studies were repeated with extracellular 
ovomucoid.

“Ilysine as precursor, all&' After a 4 hour incubation period with 
the extracellular ovoiirucoid species had a similar specific radioactivity 
(Fig. ^7b). The same was true after 6 hours (Fig, 67c), With 
glucosamine as precursor, the specific radioactivities of the variants were
similar to each other both at 4 and 6 hours (Figs, 67b and 67c), At 2
hours the specific radioactivities of the glucosamine labelled
ovomucoid species could not be determined accurately due to the low specific
radioactivity of the starting material (400d.p,m,/mg of ovomucoid).
However it can be seen (Fig, 67a) that the specific radioactivity of 
extracellular 0^ was higher than the specific radioactivities of the other 
variants in terms of lysine labelling after 2 hours. This would suggest 
that the most basic ovomucoid variant (O^) does not result from the
removal of sialic acid from a more acidic species prior to secretion. It
would also imply that the sialic acid free ovomucoid may be secreted
without having had sialic acid added.
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Fig. 6 7„ The specific radioactivities of the
■ I I* I ^IJ ■  m . i w ii  % , I I ~ -  ■  ' ' ' ■       -------------------- --   r— m i n i  •   ■    

extracellular ovomucoid, species fractionated 
by SE"Sephadex chromatography

From the same experiment indicated in Fig, 66 ovomucoid 
was isolated from the extracellular fraction of oviduct 
and fractionated by SE-Sephadex chromatography. The 
protein elution profile and specific radioactivities of 
ovomucoid are shoim at 2 hour (Fig. 67a)> 4 hour(ÿig^ 67b) 
and 6 hour (Fig. 67c) incubation periods.
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3* 14 (g) Heterogeneity of Ovomucoid Examined by Isoelectric 
Focusing

The above results have indicated that heterogeneity of ovomucoid 
could partly he explained by the secretion of ovomucoid variants without 
a “completed*^ carbohydrate moiety, Beeley (l971b) and Melamed (1967) 
showed that after neuraminidase treatment of egg white ovomucoid there 
were still two species remaining. In egg white, this may be partly due 
to effects of storage e.g. deamidation of asparagine residues. The 
heterogeneity of oviduct intracellular ovomucoid was therefore examined 
by isoelectric focusing before and after neuraminidase treatment.

In Fig. 68c the three major ovomucoid variants can be seen in a 
sample of oviduct ovomucoid. After neuraminidase treatment of this 
sample (Fig. 68b), the three bands still remain. Fig, 68a represents a 
crude preparation of ovomucoid to show the location of the species. In 
Fig. 69a the band pattern of a crude preparation of ovomucoid from egg 
white is sho^m. Fig. 69d represents this preparation after adsorbtion 
on and elution from G-200-trypsin. It can be seen that the patterns were 
very similar except that the use of G-200-trypsin has removed the con
taminant which is more basic than 0^. After neuraminidase treatment of 
both these saaiples, the number of ovomucoid species has been reduced to 
3 (Figs. 69b and 69c). Although the effectiveness of the removal of 
sialic acid was not checked in these studies, there is a residual charge . 
heterogeneity remaining after neuraminidase treatment of ovomucoid.

Clearly then, part of the charge heterogeneity of ovomucoid is due 
to sialic acid. The residual heterogeneity remaining after neuraminidase 
treatment of ovomucoid may be due to carboxyl side chains with abnormal
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(a) A crude preparation of ovomucoid from egg white prepared 
by the ethanol precipitation method of Fredcricq and Deutsch 
(3949). (b) Intracellular ovomucoid from oviduct homcgenate 
after neuraminidase treatment, (c) Sample (b) before 
neuraminidase treatment. Samples (b) & (c) were isolated 
from oviduct by adsorbtion on and elution from G-200-trypsin 
following a preliminary precipitation of other components 
with i>H 3*5 trichloroacetic acid.
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(a) (b) (c) (d)
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(c) A ci’itde preparation of ovomucoid ieclated from egg vuitc 
by the otlianol precipitation method of Fredcricq and Dcutsch 
(1949). (b) Sample (ft) after neuraminidase treatment. (c)
Ovomucoid isolated from egg white by ndsorbticn on and elution 
from G-200-trypsin following a preliminary precipitation of 
other components with pH 3*5 trichloroacetic acid and treated 
with neuraminidase. (d) Sanq)le (c) prior to neuraminidase 
treatment.
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pK values (Melamed, 1967? Donovan, 19&7) or to a difference in amino 
acid content of the species (Melamed, 1967), However any differences 
in amino acid content would have to he minor as the amino acid analyses 
of the variants are similar and immunodiffusion can detect no 
differences between the species (Beeley, 1971a)#
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Chapter 13 General Discussion
By using the highly associated but reversible binding of ovomucoid 

to trypsin it has been possible to isolate ovomucoid from egg white or 
oviduct homogenates with a high degree of purity.

As opposed to electrophoretic or chromatographic isolation procedures 
which depend on size and charge, affinity chromatography is selective for 
molecules which react in the system chosen. In this case an insolubilised 
derivative of trypsin was employed which would have the capacity to isolate 
any molecules which bind to trypsin. The isolation method was shorn: to be 
selective for ovomucoid if a preliminary precipitation stage with 
trichloroacetic acid was included (Fig. 3)* If ovomucoid was isolated 
directly from blended egg white or oviduct horaogenate then a more basic 
group of components was also observed on isoelectric focusing (Fig. 3)#
This presumably would represent ovoinhibitor (Matsushima, 1958), an egg 
white protein which inhibits both trypsin and ch^miotrypsin (Feeney, Stevens 
& Osuga, 1963)# After trichloroacetic acid precipitation no material 
remained in the supernatant which would bind to G-200-chyinotrypsin. As 
ovomucoid isolated by adsorbtion on and elution from G-200-trypsin following 
a preliminary precipitation with trichloroacetic acid showed no evidence of 
chymotry|:sin inhibiting activity, this would suggest the absence of ovo
inhibitor.

Ovomucoid isolated by adsorbtion on and elution from G-200-trypsin 
had the same try?)sin inhibiting activity as ovomucoid isolated by the method 
of Fredericq and Deutsch (1949)# It was found that Ipg of ovomucoid 
inhibited Ipg of trypsin and due to the similarity of molecular weights of
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ovomucoid (27,000 - 30,000) and tr^^psin (23,300) this may have meant that 
inhibition was in a 1 : 1 molar basis if all the trypsin was enzyiiatically 
active. Green (1953) showed that the inhibition of trypsin by ovomucoid 
was competitive.

The hexoss, hexosamine and sialic acid content of ovomucoids 
isolated by use of G-200-trypsin and by the method of Fredericq and Deutsch 
(1949) were virtually indistinguishable (Tables 5 and 6), These analytical 
values foimd for egg white and oviduct ovomucoids were similar to the 
carbohydrate assays on egg white ovomucoid reported by other workers 
(Beeley, 1971a; Chatterjee & Montgomery, 1962; Montgomery & Wu, I963),
As the molecular weight of ovomucoid is reported to be in the range
27.000 - 30,000 (Melamed, I966), the cai'bohydrate content of ovomucoid 
(Tables 3 and 6) in terms of residues per mole of protein would be hexose 
14 - 15, glucosamine 21 - 24 and sialic acid approximately 0.4 residue 
per mole of ovomucoid.

When the molecular weight of ovomucoid was determined by gel electro
phoresis in the presence of sodium dodecyl sulphate (SDS) the value of
30.000 was found, Weber and Osborn (1969) demonstrated that SDS gel 
electrophoresis gave z'emarkably accurate molecular weight determinations 
for some 40 polypeptide chains of varying size. They did not, however, 
use any proteins with an extensive carbohydrate moiety, Reynolds and 
Tanford (l970) illustrated that proteins bound identical amounts of SDS 
on a gram to gram basis and that the complexes formed had identical 
hydrodyizamic shapes. As the hydrodynamic properties of protein-SDS 
complexes were a function of the polypeptide chain length and their 
charge per unit mass was approximately constant, this formed the basis
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of the molecular weight estimation, Howevei', Nelson (l97l) f'̂ nnd that 
some proteins were resistant to SDS dénaturation and that the charge of 
the protein could affect the amount of SDS bound, Segrest> Jackson, 
Andrews and Marchesi (l97l) showed that the molecular weight of human 
erythrocyte membrane glycoprotein determined by SDS gel electrophoresis 
was dependent on the acrylamide concentration. They found that the 
membrane glycoprotein bound less SDS per g of protein than standard 
polypeptides resulting in a lower charge : mass ratio than expected.
The effect of this on the mobility of the glycoprotein was greatest at 
low gel concentrations where the sieving effect was least (Segrest et al, 
1971)* They also foimd that their estimation of the molecular weights 
of the dimorphic species of porcine ribonuclease 24,000 and 20,000 were 
higher than those of Reinhold et al (I968), 21,000 and 17,000. Oh 
molecular weight estimations by gel filtration Andrews (1964) found that 
the glycoproteins ovomucoid and fetxiin had elution volumes smaller than 
expected which he attributed to the large carbohydrate content and shape 
of these molecules. As ovomucoid contains 20 - 23/o carbohydrate the 
molecular weight (30,000) determined in the studies here may err on the 
high side. Davis et al (l97l) from sedimentation studies and from the 
amino acid content determined the molecular weight to be 27,300. The 
observation that no other molecular component was present in ovomucoid 
prepared by adsorbtion on and elution from G-200-trypsin in the SDS gels 
was an indication of the purity of the preparation.

The isoelectric focusing band pattern of ovomucoid isolated by use 
of G-200-trypsin was similar to that of ovomucoid prepared by the method



of Fredericq and Deutsch (1949)* Furthermore, comparison of ovomucoid 
isolated from egg white with that extracted from a homogenate of washed 

oviduct tissue (Figs. 3» 30, 31, 68 and 69) indicated similarity in the 
charged species present. The ovomucoid isolated from oviduct homogenate 
was presumably newly secreted material trapped in the secretory tubules 
of the tissue or glycoprotein which was in the process of preparation for 
secretion* If this was the case, the similarity of charged species in 
egg white and oviduct would malte it unlikely that the multiplicity of 
species arose from degradation following secretion. The observation 
that each variant refocused in the same position as it did previously 
(Fig. 20) suggested that the multiplicity of species was not an artifact - 
of the focusing procedure. The isoelectric points of the variants 
0^, 4*43; Og, 4.3O; 0^, 4.15; 4.0 (and 0^ less than 4) may
correspond to the five molecular species with isoelectric points, 4.41, 
4,28, 4,17, 4,01 and 3*&3 separated by zone electrophoresis (Bier et al, 

1953).
The above results have indicated that ovomucoid isolated by adsorbtion 

on and elution fi'om G-200-trypsin had similar properties to ovomucoid 
isolated by the method of FTedericq and Deutsch (1949). Further, 
ovomucoid isolated from oviduct closely resembled ovomucoid from egg white 
by the above criteria. However, using the sensitive te cliniques of 
iimmmochemistry it was shoxm (Figs, 4, 3, 6 and 7) that ovomucoid isolated 
by adsorbtion on and elution from G-200-trypsin was inmiunologically 
homogenous under all the conditions tested while ovomucoid prepared by 
the ethanol precipitation method of Fredericq and Deutsch (1949) contained
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more than one antigenic species. From the similar mobility of the 
contaminating species on electrophoresis it seemed probable that the 
major contaminant of crude ovomucoid prepared by ethanol precipitation 
was ovoglycoprotein (iCetterer, 1965) although a- trace of ovalbxmiin could 
sometimes be detected*

Ovomucoid isolated from oviduct by use of insolubilised try%)sin 
after 7 hours of incubation in radioisotope studies resembled egg white 
Gvounicoid on isoelectric focusing (Figs. 30 and 5l). The carbohydrate 
content of ovomucoid isolated from the tissue after incubation studies 
up to 7 hours was also similar to the carbohydrate content of egg white 
ovomucoid or ovomucoid from an unincubated piece of tissue (Table 16).
The lysine and histidine content of ovomucoid from tissue incubation 
studies (Table 1?) were similar to the published values of lysine and 
histidine content of egg white ovomucoid (Beeley, 1971a; Davis et al, 
1971). These observations would suggest that the G-200-trypsin method 
was suitable for isolating labelled ovomucoid from tissue incubation 
studies. Radiological purity if as indicated by the lack of change in 
specific radioactivity (d.p.m./mg of ovomucoid) when additional purifica
tion steps (e.g. ethanol precipitation or gel filtration) were included 
in the isolation of ovomucoid from labelled homogenates (Figs. 22 and 23).

Wien glucosamine was used as precursor in incorporation
studies there was radioactivity associated with both glucosamine and N- 
acetylneuraminic acid from ovomucoid (Table 19). This may have been 
expected from the route of synthesis of the sialic acid nucleotides 
(ivornfield et al, 1964), and indicated the suitability of glucosamine as

23



a precursor material* With & lysine as precursor all .of the radio
activity incorporated into ovomucoid was recovered in lysine (Table IS and 
Fig* 32) and as lysine is an essential amino acid, this demonstrated the 
suitability of its choice as a precursor for in vitro studies.

Both lysine and glucosamine were taken up linearly by the tissue 
although lysine was taken up more rapidly than glucosamine (Fig. 4l).
The slower uptake of glucosamine may to an extent have reflected the 
large amounts of glucose in the medium as energy source, but there was 
obviously a slower build up of the radioactive intracellular glucosamine 
pool compared to lysine.

Lysine was incorporated linearly into inti'acellular ovomucoid over 
approximately a 5 hour period (Figs. 33 and 36), while there was a lag 
of about an hour before glucosamine was incorporated linearly into intra
cellular ovomucoid (Figs. 3^ and 3?)* Schubert (l970) observed a linear 
uptalte of leucine and glucosamine into mouse myeloma protein intra- 
cellularly with no detectable lag period. However Parkhouse and Melchers 
(1971) did observe a lag in incorporation of hexosamine (derived from 
mannose) into intracellular myeloma immunoglobulin IgM* In radioisotope 
studies with thyroid slices Spiro and Spiro (1966) found that there was a 
lag in the incorporation of glucosamine (derived from glucose) into 
intracellular thyroglobulin. It would seem likely that a lag of 
incorporation of glucosamine into intracellular ovomucoid would be a 
reflection of the slower build up of the intracellular radioactive 
glucosamine pool and perhaps also the relatively larger number of reactions 
or intermediate pools that the glucosamine may have to go through before
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incorporation into the protein ccnipared to lysine.
It was difficult to determine if there was a lag in the incorporation 

of glucosamine into extracellular ovomucoid (tigs. and 37). The total 
incorporation of glucosamine into extracellular ovomucoid was lower at all 
times (up to 8 hours) than the incorporation into intracellular ovomucoid. 

This would he in agreement with the results of Schubert (1970) with 
myeloma immunoglobulin up to 2 hours of incubation. Spiro and Spiro 
(1966) demonstrated that thyroglobulin recovered from the incubation 
meditmi after a 3 hour incubation period had a lower specific radioactivity 
(in terms of sialic acid, galactose, glucosamine and mannose) than intra
cellular thyroglobulin. Parkhouse and Melchers (l97l) demonstrated 
that mannose and glucosamine were incorporated early into immunoglobulin 
IgM when compared to fucose. Fucose labelled IgM was secreted without a 
lag, while there was a lag of about 30 minutes before the secretion of 
mannose labelled material. The curve for the incorporation of mannose 
into extracellular IgM crossed the curve for the incorporation of mannose 
into intracellular IgM at 8 hours. Schubert (l970) found a lag of about 
20 minutes before secretion of glucosamine labelled immunoglobulin. As
the incorporation of glucosamine into extracellular.ovomucoid was lower 
than the incorporation into intracellular ovomucoid there seems to be 
broad agreement between the results presented here and the results from 
the above studies. Glucosariine is considered to belong to the core 
portion of glycoproteins while sialic acid or fucose are terminal residues 
(Dunn & Spiro, 1967; Kabasawa & Hirs, 1972; Chatterjee & Montgomery, 
1962; Watkins, 1966). It has been shoim that glucosamine may be
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metabolised to sialic acid and it is possible that sialic acid could 
be added to ovomucoid shortly before secretion. The availability of 
ovomucoid precursors would determine the extent of addition of sialic 
acid to ovomucoid being prepared for secretion.

Parkhouse and Melchers (l97l) showed that there was a lag in the 
incorporation of leucine into extracellular IgM and in agreement with 
their studies with mannose as precursor that the curves for incorporation 
of leucine into intracellular and extracellular IgM crossed at 6 hours.
In the radioisotope studies with oviduct tissue presented here it was 
sho'svn that there was a lag period of about an hour (Figs. 33 and 36) 
before the linear incorporation of lysine into extracellular ovomucoid.
In a similar case to glucosamine labelling the incorporation of lysine 
into extracellular ovomucoid was lower over the 8 hour incubation period 
than its incorporation into intracellular ovomucoid, Schubert (l970) 
showed that there was a lag of 20 minutes before the secretion of leucine 
labelled myeloma immunoglobulin and that the incorporation of leucine 
into extracellular protein was lower than the incorporation into intra
cellular protein. Spiro and Spiro {1966) showed that the specific 
radioactivity of leucine labelled thyroglobulin from the incubation 
medium was much lower at 8 hours than the activity of the intracellular 
protein after incubation of thyroid slices. In all these studies, 
including the work presented here, it seems to be a common factor that 
there is a lag in the incorporation of radioactive amino acids into 
extracellular glycoprotein and that the incorporation of a labelled amino 
acid into extracellular protein is lower than the incorporation into
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intracellular protein during the linear period of incorporation of 
precursor into intracellular protein.

Newly synthesised ovomucoid, labelled with lysine, appeared in the 
incubation medium after 1 hour. After 6 hours, about 30/̂  of the total 
ovomucoid isolated from the tissue was recovered from the extracellular 
fraction (Figs. 35 and 38) although only a small proportion of this was 
labelled (Figs. 33, 3^» 36 and 37)* It seems likely that there was a 
mixing of newly synthesised and preformed ovomucoid in the medium. As
nendler (l957) showed that oviduct lost its ability to incorporate 
precursors into protein on homogenisation, it is very unlikely that the 
newly synthesised ovomucoid came from cell free synthesis in the medium 
and it is more probable that it originated from intracellular ovomucoid 
from the tissue. However, the bulk of the newly synthesised ovomucoid 
seems to be retained by the tissue in the 8 hour incubation period 
examined here.

Palmiter, Oka and Schiniite (l97l) demonstrated, in tissue culture 
studies using explants of oviduct from immature chicks pretreated in vivo 
with estrogen, that after 33 hours 26^ of the newly synthesised soluble 
proteins were in the medium while only 5^ of proteins made during a 2 
hour pulse were secreted. They do not quote figuides for the total 
protein isolated from the medium ( i.e. labelled and unlabelled) but give 
e.p.m, recovered only. However there seems to be broad agreement with 
the results presented here that incorporation of amino acids into protein 
from the extracellular fraction was lower than incorporation into intra
cellular protein.
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It was pointed out in the Kesuits section that while the overall 
pattern of incorporation of precursors into ovomucoid was similar in 
several experiments, the absolute values varied from oviduct to oviduct* 
This may have reflected the stage of the egg laying cycle of the hen 
(Wyburn et al, 197^) and its hormone balance* The effects of estrogen 
and progesterone on oviduct are well documented* Ovalbumin synthesis 
may be induced by estrogen and avidin synthesis by progesterone (O’Malley, 
McGuire & Korenman, 1967; Kohler, Grimley & O’Malley, I968; Korenman & 
O'Malley, I968; Muller, Cox & Carey, 1970; Oka & Schinike, I969).
However Palmiter et al (l97l) were unable to induce ovalbumin synthesis 
in explants of oviduct magnum in vitro. In one expei'iment using 
oviduct portions in vitro Mandeles and Dueay (1962) found that the 
addition of estrogen, progesterone and the hens o^m anterior hypophysis 
to the incubation medium resulted in ovalbumin and ovotransferrin with 
increased specific radioactivities* The incorporation of glycine into 
flavoprotein was completely abolished while the hormones had virtually 
no effect on ovomucoid synthesis. In the studies described here 
(Table 20) it was also found that no combination of progesterone and 
estrogen tested could stimulate ovomucoid synthesis or its secretion.

Hen oviduct has been shoim to have the capacity to synthesise 
ovalbumin in vitro (Anfinsen & Steinberg, 1951; Handler, 1956; Carey, 
1966) and lysozyme (Canfield & Anfinsen, 1963)* The synthesis in vitro 
of ovalbumin was confirmed by Mandeles & Due ay (I962) and the synthesis 
of lysozyme, ovotransferrin, flavoprotein and ovomucoid demonstrated.
In the studies presented here it has been confirmed that hen oviduct
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is the site of formation of ovomucoid. This would malce the possibility 
that egg white proteins are synthesised elsewhere and concentrated in the 
oviduct (see llomanoff & liomanoff, 1949) unlikely.

It was found that lysine was incorporated linearly over a 5 hour 
period into the total trichloroacetic acid precipitable protein, while 
there was a lag of about an hour before lysine labelled acid precipitable 
protein appeared extracellularly (Figs. 42 and 44). This meant that 
the curves for the incorporation of lysine into total protein were 
similar to the curves for the incorporation of lysine into ovomucoid.
There was a lag of about an hour before glucosamine was incorporated into 
intracellular total acid precipitable protein (Figs. 43 and 45) which was 
similar to the lag found for ovomucoid. However the total incorporation 
of glucosamine into acid precipitable protein- extracellularly was not as 
much below its incorporation into intracellular protein as in the case 
of ovomucoid. As the incorporation of lysine into extracellular total 
protein was much lower than its incorporation into intracellular total 
protein, this may have reflected the large amount of glycosylated proteins 
in oviduct secretions. Ilendler (1956) using radioactive CO^ as precursor 
in tissue incubation studies also found that there was a lag in incor
poration of radioactivity into extracellular total protein. The 
incorporation of radioactivity into the proteins from oviduct homogenate 
supernatant which were precipitable with 40^ (w/v) ammonium sulphate 
showed only a very slight lag (Handler, 1956).

Fith ĉj glucosamine as precursor the specific radioactivity of 
intracellular ovomucoid was always higher than the specific radioactivity 
of the intracellular acid precipitable protein fraction (Figs. 46 and 47).
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Once again this may have reflected the extensive carbohydrate moiety 
of ovomucoid (Montgomery & Ku, I963) and the possibility that there were 
oviduct proteins synthesised which had no or less carbohydrate attached.
The specific radioactivities of extracellular ovomucoid and total 
protein in terms of glucosamine labelling were closer together than in 
the ease for the intracellular proteins. Although ovomucoid is about 
XV̂ jo of the total egg white protein it has a much more extensive carbo
hydrate moiety (20 - 25/0 than ovalbumin (4/ü) which forms about 54^ of 
egg white protein (Table l).

With lysine as precursor in in vitro studies with oviduct
tissue it was found that the specific radioactivity of ovomucoid was in 
one case (Fig, 48) about the same as that of total proteins over a 6 
hour incubation period. This was true both intracellularly and extra
cellularly, In an experiment with a different oviduct it was found 
that the specific radioactivity of ovomucoid (intracellular or extra
cellular) was about half that of total protein over the same time course 
(Fig. 49) in terms of lysine labelling. The oviducts in these experi
ments were excised at different times post-oviposition and there may 
be a variation in the rate of formation of egg white proteins at 
different times in the egg laying cycle (Mandeles & ihicay, 1962; Wyburn 
et al, 1970)t Mandeles and Ducay (I962) found in a 5 hour in vitro 
experiment that the specific radioactivities of ovalbumin and ovotransferrin 
were similar while the specific radioactivities of ovomucoid, lysozyme 
and flavoprotein differed from this value and from each other in terms 
of glycine labelling. When the oviduct was excised at different times
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poet-oviposition the specific radioactivities of all the proteins 
varied. However while the specific radioactivities of ovalbumin and 
ovotransferxûn paralleled each other, the specific radioactivities of 
the other proteins bore no relationship to this.. The results presented 
in this work seem to be similar to the findings of Mandeles and Ducay 
(1962). It would appear that at different times in the egg laying 
cycle the synthesis of ovomucoid may vary when compared to ovalbumin or 
total protein synthesis. Neither the results of the present work nor 
those of Mandeles and Ducay (1962) suggested that ovomucoid synthesis 
was stimulated by the addition of hormones to the incubation medium. 
However egg white proteins may be synthesised and secreted by different 
and specific cells (O’Malley et al, 196?; Kohler et al, I968; Korenman & 
O ’Malley, 1968; Wyburn et al, 1970)*

The above results have shô ra that lysine was incorporated linearly 
into intracellular ovomucoid and that a small amount of newly synthesised 
material appeared in the medium after a lag of about an hour. There was 
a lag of about an hour before the linear incorporation of glucosamine into 
intracellular ovomucoid, and the incorporation of glucosamine into extra
cellular ovomucoid was lower over an 8 hour incubation period than the 
incorporation into intracellular ovomucoid. These results are similar 
to the results of other studies on glycoprotein biosynthesis.

In general it has been found that intracellular proteins are 
synthesised on free ribosomes while extracellular proteins are synthesised 
on membrane bound ribosomes (Redman, Siekevitz & Malade, I966; Redman, 
1969). The overall pattern of glycoprotein synthesis which has emerged
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is that a growing glycoprotein moves from the rough membranes of the 
endoplasmic reticulum through the smooth membranes of the endoplasmic 
reticulum to the Golgi apparatus (Hambourg et al, 1969î Choi et al,
1971j Melchers, 1971; Zagury et al, 1970; Schenkein & Xlhr, 1970). 
During this transport through the cisternae of the endoplasmic reticulum 
system carbohydrate is added to the glycoprotein by specific membrane 
bound sugar transferases (Ginsburg & Neufeld, 1969)»

Liver particulate fractions were considered to contain precursors 
of plasma glycoproteins (Sarcione et al, 1964; Li et al, 1968), A 
particle bound precursor of thyroglobulin was found in particulate 
fractions of thyroid (Spiro & Spiro, 1966), It was found in these 
present studies that ovomucoid which was released from the 105,000g 
pellet of oviduct homogenate by deoxycholate had a higher specific 
radioactivity (d.p.m./mg of ovomucoid) than intracellular ovomucoid 
over a 5 hour incubation period (Figs. 50, 51, 53 and 54) both in terms 
of lysine labelling and glucosamine labelling. The specific radio
activities of the ovomucoids from both fractions were however fairly 
similar over the time course. Handler (1956) also showed that cell 
debris proteins had a slightly higher specific radioactivity than the 
proteins from the supernatant which were precipitable with 40ji (w/v) 
ammonium sulphate in one experiment and that the specific radioactivities 
were very similar in another experiment. There was no lag in the in
corporation of isotope into cell debris proteins (Handler, 1956) and 
similar observations were noted here for ovomucoid (Figs. 52 and 55).
The ovomucoid from the deoxycholate extracted fraction seemed to have
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different solubility properties from soluble intracellular ovomucoid 

(Table 15)• It may have been that deoxycholate extracted ovomucoid did 

represent a precursor to intracellular ovomucoid. However the similarity 

of specific radioactivities of ovomucoids from both fractions may have 

meant that any precursor of ovomucoid was "contaminated" with ovomucoid 

of a lower specific radioactivity. It is possible that the 105,000g 

pellet contained secretory granules, but the low yield of ovomucoid from 

this fraction (Figs, 35 and 3S) meant that it was only a small proportion 

of the total ovomucoid from the tissue (approximately lf>)*

Handler (1956; 195?) demonstrated that microsome-like material
sedimented at centrifugal fields of 600g in 10 minutes and Carey (1966) 
showed that ENA rich particulate fractions could be washed out of the 
600g pellet to sediment at 10,000g in 10 minutes in centrifugation 
studies of oviduct homogenates. On differential centrifugation studies 
in this present work (Fig, 58, Table 22) it was found that there was no 
clear separation of cell fractions of oviduct homogenate. Fractionation 
of oviduct homogenates by stepwise or linear sucrose density gradients 
did not improve the separation of recognisable cell fractions (Figs, 59- 
64). It is not clear why ENA enriched fractions of oviduct sediment at 
low centrifugal fields, but this may be a reflection of a highly developed 
endoplasmic reticulum system (Handler, 1956).

The temporal relationship of the synthesis of the peptide and 
carbohydrate portions of ovomucoid was investigated by carrying out tissue 
incubation studies in the presence of inhibitors of protein synthesis. 
Preliminary attempts at blocking the synthesis of the carbohydrate portion
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of ovomucoid with 2-deoxyglucose (fables 24 and 25) were not successful. 
However it was sboim (Table 23) that cycloheximide virtually abolished 
the incorporation of lysine into intracellular ovomucoid after a 2 hour 
and a 7 hour incubation period while the incorporation of glucosemiine 
was essentially unaltered. Similar results were found in ovomucoid from 
the extracellular and deoxycholate extracted fractions. Tissue in
cubations in the presence of puromycin also gave similar results. These 
results suggested that oviduct contained a pool of ovomucoid precursors 
with completed peptide chains but incompleted carbohydrate moieties to 
which carbohydrate could be added. It is also implied that carbohydrate 
addition followed protein synthesis and could go on for several hours in 
the absence of protein synthesis. Similar observations have been made 
in other tissues (Spiro & Spiro, 1966; Molnar & Sy, 1967; Cook et al, 
1963). The inhibition of carbohydrate synthesis follows the inhibition 
of peptide synthesis more rapidly in some tissues than in others, 
presumably reflecting different pool sizes of precursor material to which 
carbohydrate can be added or a different rate of utilisation of these 
precursors.

It has been show that newly synthesised ovomucoid can appear in 
the incubation medium after approximately 1 hour while it has been 
demonstrated that carbohydrate addition can go on for several hours in 
the absence of protein synthesis. It is perhaps possible that not all 
the ovomucoid has to go through the complete carbohydrate synthesising 
pathway before secretion. There is possibly a slow build up of the 
carbohydrate moiety and some elaboration of the carbohydrate part which



is not necessary for secretion. As glucosamine may be metabolised to 
sialic acid, part of the incorporation of radioactivity from glucosamine 
may be as sialic acid (Table 19)•

Many studies have demonstrated the microheterogeneity of ovomucoid 
(Bier et al, 1953, Rhodes et al, I96O; Chatterjee & Montgomery, 1962; 
Melamed, 1967; Beeley, 1971a, b). Ovomucoid could be fractionated by 
isoelectric focusing (Figs, 3, 30, 31, 68 and 69) or by sulphoethyl (SE)- 
Sephadex C-50 chromatography (Figs. 10 - 15). The ovomucoid species 
varied in sialic acid content (Fig, I5) and in galactose content (Beeley, 
1971a), However the trypsin inhibiting activities of.the ovomucoid 
variants were similar (Table 7) and they had similar amino acid contents 
and immunochemical properties (Beeley, 1971a)* Most other workers have 
demonstrated heterogeneity of egg white ovomucoid but the present studies 
have shoTO that intracellular ovomucoid from oviduct had similar charge 
heterogeneity.

As heterogeneity of glycoproteins could arise from the secretion of 
glycoprotein with incompleted carbohydrate moiety or from lack of complete 
specificity of glycosyltransferases or from the degradation of glycoprotein 
by glycosidases in the tissue (Gottschalk, 1969), an ‘investigation was 
made into the specific radioactivities of the ovomucoid variants 
synthesised by oviduct in vitro. With lysine as precursor it was shoim, 
after a 2 hour incubation period, that the specific radioactivity of the 
most basic ovomucoid (O^) from the intracellular fraction was higher than 
the specific radioactivities of the sialic acid containing variants 
Og - Op, (Figs. 65 and 66a). At times longer than 2 hours (Figs,66b,c and d)



&

the specific radioactivities of all the variants were similar. As the 
lysine contents of the species are virtually identical (Beeley, 1971a) 
this suggested that the sialic acid free variant 0^ was synthesised 
first. At all times the specific radioactivities of the intracellular 
species in terms of glucosamine labelling were similar to each other 
(Fig. 66). As carbohydrate is added to completed peptide chains this 
was probably a reflection of the late build up of the carbohydrate 
moiety of ovomucoid. At 2 hours (Fig, 66a) the ratio of glucosamine

lysine would be higher in the sialic acid containing variants than in 
the sialic acid free ovomucoid. This would be consistent with the 
addition of carbohydrate to completed peptide chains and that ovomucoid 
0^ was the first to be labelled with lysine. The results suggested that 
0^ could be the precursor to the other species intracellularly, but that 
the more acidic species were not the precursor to 0^, Essentially 
similar observations were found with extracellular ovomucoid (Fig. 67). 
This suggested that the most basic ovomucoid did not result from the 
removal of sialic acid from a more acidic species prior to secretion.
It would also imply that the sialic acid free ovomucoid may be,secreted 
without having had sialic acid added. As all the ovomucoid species were 
found in the tissue prior to secretion and there was differential 
labelling of the species with regards to lysine labelling, both intra
cellularly and extracellularly, it would appear that heterogeneity 
could partly be explained by secretion of ovomucoid with incompleted 
carbohydrate moiety. Other workers have proposed similar explanations 
for the observed microheterogeneity of glycoproteins (Gottschalk, 1969;



Dunn & Spiro, 196?; Kabasawa & Ilirs, 1972) •

Beeley (l971b) and Melamed (1967) found that there was a residual 
charge heterogeneity in egg white ovomucoid after neuraminidase 
treatment. The present results confirmed these observations and 
demonstrated that this residual heterogeneity remained in oviduct 
intracellular ovomucoid after neuraminidase treatment (Figs, 68 and 69). 
This residual heterogeneity may be due to a difference in amino acid 
content of the species (Melamed, I967) or to carboxyl side chains with 
abnormal pK values (Melamed, 1967; Donovan, 1967). However the 
inmiunochemical properties and amino acid analyses of the ovomucoid 
variants are very similar (Beeley, 1971a), Fetuin also shows residual 
heterogeneity after neuraminidase treatment, but the microheterogeneity 
was considered to result primarily from the differences in the number 
and arrangement of the sialic acid residues (Oshiro & Eylar, I968). 
Positional isomerism of sialic acid residues attached to galactose 
residues of acid glycoprotein (Jeanloz, I966) have been proposed
as an explanation of the observed polymorphism of tliis protein on 
starch gel electrophoresis (Sclmiid, I968), It would seem likely that 
the charge heterogeneity of ovomucoid resides primarily in the sialic 
acid residues. If this is the case, then the observed micro
heterogeneity of ovomucoid can be partly explained from the results 
presented in this work by the secretion of ovomucoid with incompleted 
carbohydrate moiety.
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Siiui;iiary ' '

•î r t in n  f"* M  ̂ A  \-ji\c: T o  rt ( n  4"  ̂ 'Pt'riY n j-i iT f r f  ,rTi 4 p  -'-U  jn Ti rtiri,-, O'fiïT  A *{■. c. oof oviduct tissue by adsorbvion on and eiuticn from 
of oviduct tissue by adsorlrtion on and elution from an
insolubilised trypsin derivativec Uvomucoid isolated this way
had the same hexose, hexosamine and sialic acid content as
ovomucoid prcTjax’ed by the method of Fredericq and Deutsch (1949)
and the same trypsin inhibiting activity^ Immunochemical
studies suggested that ovomucoid isolated by adsox’btion on and
elution from G-200-trypsin was Imraxmologically homogenous^while
ovomucoid isolated by ethanol precipitation (Fredericq &
Dentsch5 1949) contained more than one antigenic species,
2, Ovomucoid was fractionated into differently charged
variants by sulphoethyl-Sephadex chromatography or isoelectric
focusing. The 3 variants of egg white ovomucoid observed on
isoelectric focusing were present in oviduct tissue before
secretion, making it unlikely that the multiplicity of species
arose from degradation following secretion. The isoelectric

points of 4 of the variants were determined to be 4*43, 4*30?
4*13 and 4,0 and the isoelectric point of the most acidic
species estimated to be less than 4® All had the same molecular
weight, estimated by sodium dodecyl sulphate gel electrophoresis
to be 30,000 « 2,500, After neuraminidase treatment the number
of variants was reduced from 3 to 3 suggesting that part of
the charge heterogeneity resided in the sialic acid residues,
3* The insolubilised trypsin isolation method was shoxra to
be suitable for isolating labelled ovomucoid from tissue
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xnetiDaPiori. studies, Ovomucoi.d isolated from the tissue aftsr

a 7 hour incubation, period in vitro was sliown to he
indistinguisbahle from ovomucoid, from an unincubated piece of.

tissue or from egg white ovomucoid, Radiological purity v;as
indicated by the lack of change in specific radioactivity
(d*p,rao/mg of ovomucoid) when additional purification steps,

gel filtration or ethanol precipitation were included in
the isolation*

Lysine was incorporated linearly into intracellular
ovomucoid over a 3 hour period in vitro* After about an hour
a small amount of newly synthesised ovomucoid appeared in the
medium* Thoi'e was a lag of approximately an hour before the

14. glucosamine into intraocllulaic 
14, g lue 0 8 ami ne i xit o

linear incorjxoration of 
ovomucoid* The incox'poratioxi of 
extracellular ovomucoid was lower over an 8 hour incubation 
period than its incorporation into intracellular ovomucoid. 
Although only a very small amount of newly synthesised 
material appeared in the medium, about of the total
ovomucoid isolated from the tissue was in the extracellular 
fraction after 8 hours*
3* There was no combination of progesterone and estrogen
tested that could stimulate ovomucoid synthesis or secretion. 
However the rate of synthesis of ovomucoid varied if hen 
compared to the synthesis of the total trichloroacetic acid 
precipitable protein fraction when the oviduct was excised at 
different times post-oviposition.
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6, Ovomucoid which wos rcl eascd from 'the 105 p 00Og pellet of
oviduct homogenates had a slightly higher, though fairly similar 
specific radioactivity in terras of both lysine and gjxicosaniiue 
labelling to that of intracellalnr ovomucoid over a 3 hour 
incubation period* The deoxycholate extracted ovomucoid seemed 
to have different solubility properties from intracellular 
ovomucoid* Only a ' v e r y small propox'tiojx of the total ovomucoid 
isolated from the tissue (appx’oxiraately ?/) was released by 
deoxycholatep Fx'actionisatioii of oviduct homogenates by 
centï*ifugation suggested that there was no clear separation of 
subcellular components * Part of this difficulty was that RNA 
enriched material sedimented at lower centrifugal fields than 
that found for other tissues, liver for example *

7* Tissue incubations in the presence of puromycin or
cycloheximide suggested that carbohydrate addition followed 
protein synthesis and could go on for several hours in the 
absence of protein synthesis. The tissue presumably contained 
a pool of ovomucoid precursors with completed peptide chains 
but iiicompleted carbohydrate moiety to which carbohydrate 
could be added,
8, By fractionisâtion of labelled intracellular ovomucoid
it was indicated that the sialic acid free ovomucoid variant
(O^) was synthesised first. The specific radioactivity of 
lysine labelled extracellular 0^ was also higher than that 
of the sialic acid o&ntâindag variants extracellularly in a 2 
hour incubation study. This implied that 0^ did not result
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from the removal of sialic acid from a more acidic sped es 

prior to GGcrction, and that 0  ̂may be secreted without having 

had sialic acid addecU The results suggested tha L he tax'o- 

geneity of ovomucoid could be partly expXai.ned by the sécrétion of 

ovomucoid with incompleted carbohydrate moiety*
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BIOSYNTHESIS OP OVOMUCOID 
BY Eric McCairns

Summary of thesis submitted to the 

University of Glasgow, November, 1972,

Ovum00old was isolated from egg white or the homogenates of 
oviduct tissue by adsorbtion on and elution from an insolubilised trypsin 

derivative (Sephadex G~200~trypsin). Ovomucoid bound to the insolubilised 

trypsin at pH 7, but could be eluted by washing the complex at pH 1.5»

The method was shown to be selective for ovomucoid if a preliminary 

precipitation of other components with 5^ (w/v) trichloroacetic acid, 

pH 3*55 was included in the isolation.
Ovomucoid isolated using insolubilised trypsin had the same 

trypsin inhibiting activity and the same hexosamine j h.exose 'and sialic ac 
content as ovomucoid prepared by conventional methods, such as ethanol 

precipitation. Immunochemical studies suggested that ovomucoid isolated 
by adsorbtion on and elution from G-200-trypsin was inmunologically 
homogenous, while ovomucoid prepared by ethanol precipitation, following 
a preliminary pH 3*5 trichloroacetic acid precipitation of other component 
contained more than one antigenic species. Ovomucoids from egg white or 

the homogenates of washed oviduct tissue were indistinguishable in the 

above studies «



Ovomucoid was fractionated into differently charged variants 
by sulphoethyl-Sephadex chromatography or isoelectric focusing, The 

5 variants of egg white ovomucoid observed on isoelectric focusing 

were present in oviduct tissue before secretion making it unlikely 
that the multiplicity of species arose from degradation following secreti< 
The isoelectric points of 4 of the variants were determined to be 4.45, 
4*30, 4*15 and 4*0 and the isoelectric point of the most acidic species 

estimated to be less than 4* All had the same molecular weight, estimatec 
'sodium: dodecyl, sulphate gel electrophoresis to be 30,000 4- 2,500, After 
neuraminidase treatment the number of variants was reduced from 5 to 3 
suggesting that part of the charge heterogeneity resided in the sialic 

acid residues.

The insolubilised trypsin isolation method was shown to be 

suitable for isolating labelled ovomucoid from tissue incubation studies. 

Ovomucoid isolated from the tissue after a 7 hour incubation period in 

vitro was shown to be indistinguishable from ovomucoid from an unincubatec 

piece of tissue or from egg white ovomucoid. Radiological purity was 
indicated by the lack of change in specific radioactivity (d,p.m./mg of 
ovomucoid) when additional purification steps, e.g. gel filtration or eths 

precipitation were included in the isolation.
Lysine was incorporated linearly into intracellular 

ovomucoid over a 5 hour period in vitro. After about an hour a small 
amount of newly synthesised ovomucoid appeared in the medium. There was 
a lag of approximately an hour before the linear incorporation of

glucosamine into intracellular ovomucoid. The incorporation of



J  glucosamine into extracellular ovomucoid was lower over an 8 hour 
incubation period than its incorporation into intracellular ovomucoid. 
Although only a very small amount of newly synthesised material appeared 

in the medium, about 30^ of the total ovomucoid isolated from the tissue 
was in the extracellular fraction after 8 hours.

There was no combination of progesterone and estrogen tested 

that could stimulate ovomucoid synthesis or secretion in vitro. However 

the rate of synthesis of ovomucoid varied when compared to the synthesis 
of the total trichloroacetic acid precipitable protein fraction when the 
oviduct was excised at different times post-oviposition.

Ovomucoid which was released from the 105,000g pellet of 
oviduct homogenates by deoxycholate had a slightly higher, though fairly 

similar, specific radioactivity in terms of both lysine and glucosamine 
labelling to that of intracellular ovomucoid over a 5 hour incubation 
period. The deoxycholate extracted ovomucoid seemed to have different 
solubility properties from intracellular ovomucoid. Only a very small 
proportion of the total ovomucoid isolated from the tissue (approximately 
'jfo) was released by deoxycholate* Fractionation of oviduct homogenates 
by centrifugation suggested that there was no clear separation of 
subcellular components. Part of this difficulty was that RHA rich 
material sedimented at lower centrifugal fields than that found for 

other tissues, liver for example.
Tissue incubations in the presence of puromycin or cycloheximide 

resulted in almost complete inhibition of the incorporation of lysine 
into ovomucoid in all tissue compartments after a 2 hour and a 7 hour



incubation period, while the incorporation of glucosamine was 
essentially unaltered. This suggested that carbohydrate addition 
followed protein synthesis and could go on for several hours in the 

absence of protein synthesis. The tissue presumably contained a pool 

of ovomucoid precursors with completed peptide chains but incompleted 
carbohydrate moiety to which carbohydrate could be added.

Fractionation of labelled intracellular ovomucoid indicated 

that the sialic acid free ovomucoid variant (O^) was synthesised first 

as the specific radioactivity of lysine labelled 0^, was higher than 
that of the sialic acid containing variants after a 2 hour, incubation 
period. The specific radioactivity of lysine labelled extracellular 
0^ was also higher than that of the sialic acid containing variants 
extracellularly in a 2 hour incubation study. This implied that 0^ 

did not result from the removal of sialic acid from a more acidic species 
prior to secretion, and that 0^ may be secreted without having had sialic 
acid added. The results suggested that heterogeneity of ovomucoid could 
be partly explained by the secretion of ovomucoid with incompleted 
carbohydrate moiety.


