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The egg-yolk protein precursor, vitellogenin, is
biosynthesized and secreted by Xenopus laevis (South
African clawed toad) liver in response to a single dose
of oestradiol=-l17-g . ,The protein has previously been
characterized as a Ca +"binding glycolipophosphoprotein ;
it is a dimer, mol. wt. 450,000-550,000, made up of two
similar sized subunits. The biosynthesis of vitello-
genin has been studied using an in vitro liver slice
system, concentrating particularly on the post~
translational phosphorylation and glycosylation of the
vitellogenin polypeptide.

In pulse-chase experiments with (3H) leucine,
cellular fractionation followed by SDS polyacrylamide gel
electrophoresis has allowed the identification of 200,000
mol. wt. polypeptide precursors of vitellogenin associated
w%&h‘the microsomes. _However, further experiments with
(34P) phosphate and (3H) sugars showed that the level of
phosphorylation and glycosylation of the microsomal
precursors is very low compared with secreted vitellogenin.
A second distinct population of precursors has been
identified in the post-microsomal fraction, but in contrast
to the microsomal precursors, these are phosphorylated
and glycosylated to a similar extent to secreted vitello~
genin.

The possible involvement of glycolipid inter-
mediates during the glycosylation of vitellogenin has also
been studied. It has been shown that ocestrogen-treatment
results in an increase in the formation of glycolipid
intermediates, both in isolated fmicrosomal preparations
and in liver slices, and that these have properties
consistent with them being of the dolichol phosphate sugar-

Cype. b
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Chapter 1

INTRODUCTION

The primary translation products of secretory
proteins undergo considerable structural cﬁanges before the
secretion of the completed protein molecule. Table 1 shows
a list of some common secreted proteins ; these examples
illustrate that the post=-translational modifications may
involve the addition of non-protein groups, such as
phosphorus, carbohydrate or lipid, and/or the cross-linking
of polypeptide chains to form multichain proteins. In
addition, many secreted proteins are produced as larger
precursor molecules which must subsequently be cleaved to
give the final product. In this introduction, some aspects
of the post~translational modification of secreted proteins

will be reviewed. First, however, the way in which the poly-

peptides of secretory proteins are biosynthesized ana
transported through the cell to the site of secretion will

be described.
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1.1 The Basic Secretory Pathway

The classical model for the secretoryvpathway was
proposed by Palade (1975), and this was based on an
analysis of the intracellular transport.of secretory
proteins in the pancreatic exocrine cell. Palade's model
suggests the following basic steps in the secretory

process : -

(1) . the synthesis of the polypeptides of

the secretory proteins on polysomes attached
to the membrane of the rough endoplasmic
reticulum;

(ii) the segregation of the newly synthesized
polypeptides within the cisternal space of the
endoplasmic reticulum; ' '

(iii) the intracellular transport of the
polypeptide from the intercisternal épace of the
endoplasmic reticulum to the Golgi complex;
(iv) the concentration and possible intra-
cellular storage of the secretory protein;

(v) the discharge of the completed protein
from the cell.

Research into the biosynthesis; intracellular
transport and secretion of other proteins has led to this
model of the basic secretory pathway being generally
accepted. Some of this work will now be considered.

1.1.1  The '"Signal-Hypothesis"

The '"Signal-Hypothesis' was originally proposed
by Blobel and Sabatini (1971) to explain the synthesis of
the polypeptides of secretory proteins on the ribosomes of
the rough endoplasmic reticulum. The hypothesis has since
been elaborated, primarily due to the pioneering work of
Milstein et al (1972), to provide a scheme for the trans-
port of the translation products across the membrane of
the endoplasmic reticulum, and their segregation within the

intercisternal space.

The basis of the '"'Signal-Hypothesis' is that



- -

secretory proteins are initially translated as polypeptides
with an NH2~termina1 extension, termed the "signal-~peptide';
the suggested events are outlined in Figure 1. According

to the scheme, the newly translated signal-peptide of the
nascent chain is channelled through the large ribosomal
subunit, and, as it emerges, penetrates into the endoplasmic
reticulum membrane resulting in the aggregation of specific
receptor proteins in the membrane to form a proteinaceous
~tunnel. The large ribosomal subunit then binds to the
membrane, linking the channel in the subunit with the newly
formed tunnel in the membrane, and this allows the passage
of the signal-peptide, followed by the rest of the nascent
chain, through the membrane and into the cisternal space.
Prior to the completion of the nascent chain, the signal-
peptide is cleaved by a membrane-bound protease, referred
to as ''signalase', and, finally, the completed polypeptide
is released into the intercisternal space, and the ribosome
detached from the membrane. As a result of the folding of
the completed polypeptide to give a bulky tertiary structure
it is unable to pass back across the membrane, and trans-

port becomes essentially unidirectional.

The evidence for the '"Signal-Hypothesis' has come
from experiments in which the mRNA coding for various
secretory proteins has been translated in heterologous cell~-
free systems. The first report of a specific secretory
protein being translated as a precursor with an NH, ~
terminal extension was by Milstein et al (1972) ; they
'showed that when mRNA coding for immunoglobulin light chain
was translated in a reticulocyte lysate system, the product
had a molecular weight approximately 1,500 greater than
authentic light chain. This observation was subsequently
confirmed by Blobel and Dobberstein (1975, a b), and since
then NHz*terminal extensions have been identified in the
primary translation products of many secretory proteins,
including pancreatic secretory proteins (Devillers~-Thiery
et al, 1975), parathyroid hormone (Habener et al, 1976),
insulin (Chan et al, 1976), albumin (Strauss et al, 1977)
‘and egg-white ovomucoid (Thibodeau et al, 1978). Although
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amino~acid sequence data has revealed considerable varia-
tion in the length (15 - 30 amino-acids) and composition

of the NHZ-terminal extensions, a common feature is their
strongly hydrophobic character (Thibodeau et al, 1978).
This marked hydrophobicity may represent an essential
feature of their proposed function, that is, the establish-
ment of a connection between the nascent chain on the
ribosomes and the membrane of the endoplasmic reticulum.

However, secretory proteins are not the only class
of proteins to be synthesized on membrane-bound ribosomes
(see Shore and Tata, 1977 for a relevant review). In
particular, proteins destined to become components of sub-
cellular organelles are also biosynthesized on the ribosomes
of the rough endoplasmic reticulum, for example, mitochon-
drial (Bingham and Campbell, 1972) and plasma-membrane
(Bergeron et al, 1975) proteins, as well as proteins of the
endoplasmic reticulum itself (Dallner et al, 1966, a b), and
after translation these may also remain associated with the
membrane. Indeed, further evidence (Shore and Harris, 1977)
has indicated that the majority, if not all, of the proteins
normally translated by the membrane-bound ribosomes are
passed into or across the membrane, and that few, if any,
are released into the cytosol. Therefore, although the
evidence obtained from the study of specific secretory
proteins is consistent with the "Signal-Hypothesis'', it has
not yet been established whether the primary translation
products of other proteins biosynthesized on the membrane-
bound ribosomes also include NHznterminal "signal-peptides',
or whether this is a characteristic unique to secretory
proteins. It is relevant that in E. Coli, outer membrane
lipoprotein has been shown to be synthesized as a precursor
with a hydrophobic NH2~terminal extension (Di Rienzo et ai,
1978), which is presumed to facilitate the insertion of the
protein into the membrane. This observation suggests that
such sequences may be a general feature of proteins destined
to be associated with membranes, whether they are to become
an integral part of the membrane structure, or simply to be
'transpofted across it. Lastly, it is interesting that oval-
bumin, the major protein synthesized and secreted by the



hen oviduct, has been shown to be synthesized without a
transient NH,-terminal extension (Palmiter et al, 1978),
which suggests that other factors must be involved in the
transport of this protein across the endoplasmic reticulum

membrane .

1.1.2 The Intracellular Transport of Secretory Proteins

After the release of the newly synthesized
polypeptides of secretory proteins into the intercisternal
space of the rough endoplasmic reticulum, they must be
transported through the cell to the site of secretlon, the

plasma membrane.

The initial evidence for Palade's model of intra-
cellular transport in the pancreatic exocrine cell came from
autoradiographic studies after in vivo pulse-labelling (Caro
and Palade, 1964). The results suggested that the poly-
peptides of the secretory proteins were transported from the
endoplasmic reticulum to the Golgi complex, where they were
packaged into secretion (zymogen) granules prior to
secretion from the cell. Later, in vitro pulse labelling
followed by subcellular fractionation indicated the trans-
port of labelled protein from the rough microsomal fractlon,
derived from the membranes of the rough endoplasmic
retlculum, to the smooth microsomal fraction, derived from
- small, smooth-surfaced vesicles and fragments of the Golgi
complex, and then to zymogen granules (Jamieson andPalade,
1967, a b). A combination of the results obtained from auto-
radiography and subcellular fractionation suggested the
transport process illustrated in Fig 2. It is proposed that
after being released into the intercisternal space, the
secretory protein moves out of the endoplasmic reticulum in
small, smooth-surfaced vesicles formed as "buds'" f£rom the
- endoplasmic reticulum membrane. These vesicles then travel
to the Golgi region of the cell, where they empty their
v contents into condensing vacuoles, which, when filled with

protein, become mature zymogen granulés and migrate to the

cell wall and are secreted by exocytosis.

?eters et al (1971) studied the biosynthesis and
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intracellular transport of serum albumin in rat liver.
Animals were given an in vivo injection of (146) leucine

and the incorporation of label into albumin immuno-
precipitates derived from various subcellular fractions was
followed. The results indicated the passage of theknewly
synthesized albumin from the rough to the smooth microsomes
ie, from the rough to the smooth endoplasmic reticulum, and
then to a Golgi-rich fractionprior to secretion. Similar
intracellular transport pathways have been demonstrated for
serum ~ oy acid glycoprotein (Jamieson and Ashton, 1973)

and serum lipoproteins (Glaumann et al, 1975) biosynthesized
in rat liver, and also for secretory proteins biosynthesized
in other tissues, and these will be referred to later. It

is relevant to point out that although the rough microsomal
or membrane fraction is undoubtedly derived from the membranes
of the rough endoplasmic reticulum, the nature of the smooth
microsomal or membrane fraction is less well defined ; for
example, whereas in the pancreas the smooth membrane

fraction was derived mainly from the Golgi complex (Jamieson
“and Palade, 1967a), in the liver the smooth membrane fraction
was derived mainly from the smooth endoplasmic reticulum
(Peters et al, 1971). In general the smooth membrane fraction
is heterogeneous, and may consist of elements of the smooth
endoplasmic reticulum, the Golgi complex and also fragments
of plasma membrane and other smooth membranes (see Dallner
and Ernster, 1968, for a review), and this should be borne

in mind during the following discussion.

A key point of the basic intracellular transport
pathway is that once segregated within the intercisternal
space, the newly synthesized protein is kept within special-
ized membrane bound compartments at all stages prior to
secretion, and that it is not released free into the cyto-
plasm. This dogmatic view has been criticized by Rothman
(1975) who argues that although the available evidence is
consistent with this hypothesis, it does not offer conclusive
proof of its existence, nor exclude alternatives. On the
basis of independent experiments into the synthesis and
transport of pancreatic enzymes, he proposes a model for
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secretion in which the intracellular membrane compartments
are in equilibrium, both with each other, and with the
cytoplasm, and therefore that the secretory protein is not
completely segregated from the cytoplasm.

However, in spite of such criticism, the idea that
the newly biosynthesized secretory protein is compartment-
alized throughout its intracellular life is widely accepted ;
indeed, it is generally believed that such compartment -
alization is an essential prerequisite for the post=-
translational modification processes which are necessary
before the secretion of the completed protein (see Campbell
and Blobel, 1976 for a review). Three aspects of the post -
translational modification of secretory proteins will now
be discussed ; the addition of carbohydrate residues to
form glycoproteins, the addition of phosphate groups, and
the way in which the primary translatlon products are
converted into multi-chain proteins.

1.2 The Glycosylation of Secretory Proteins

With the exception of albumin, all of the main
secretory proteins are glycoproteins, that is, they contain
covalently bound carbohydrate groups. Glycoproteins are
-also important constituents of cell membranes and organelles,
and a major class of structural proteins, the collagens,
are also glycosylated, therefore the addition of carbohydrate
groups is an important and widely occurring post-translational
modification. A great deal of work has been carried out to
investigate the structure and biosynthesis of glycoproteins,
and some aspects of this work will be presented in this

sectione.

‘1¢2,1_ The Structure of Glycoproteins

An appreciation of the biosynthesis of glycoproteins
requires an understanding of some basic features of their
structure. (For reviews on the structure of glycoproteins,
see Spiro, 1969, 1970, 1973.)

Glycoproteins can be conveniently classified accord-
ing to the nature of the covalent linkage between the
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carbohydrate group and the polypeptide chain. Three
distinct types of glycopeptide bond have been shown to
occur in proteins from animal tissues, the linkage always
involves the C-1 of the most internal sugar residue and a
functional group of an amino=-acid within the peptide chain.
The three types of linkage are:-

(1) an N=-glycosidic bond between the amide
group of aspargine and N-acetyl glucosamine ;
(ii) an O-glycosidic bond between the hydroxyl
group of serine or threonine and N~acetyl
goiladiosammg mannose, galactose or xylose, eg
various mucins and glycoproteins with blood
group activity ; ;

(iii) an O-glycosidic bond between the hydroxyl
group of hydroxylysine and a galactose residue,

eg basement membranes and collagens.

The following discussion will be concerned with
glycoproteins involving the N-glycosidic type of linkage
since this has been identified in a variety‘of glycoproteins
from many soufces; including most of the secretory proteins.

Table 2 shows the structures of the N-glycosidically
linked carbohydrate groups of four secretory proteins. The
~oligosaccharides attached to the proteins are usually
~branched structures, and there are two distinct types of
carbohydrate groups, the complex type, and the high-mannose
type. Thyroglobulin contains both types of oligosaccharide
chain ; each molecule of thyroglobulin has 7-8 high-mannose
groups (termed Unit A chains) and 22 complex groups (termed
Unit B chains) (Spiro and Spiro, 1973). Immunoglobulin G
“has 2 complex groups, one bound to each heavy chain
(Kornfeld et al, 1971), in contrast, immunoglobulin M (a
pentamer) contains a large amount of carbohydrate with 4-6
carbohydrate groups per heavy chain including both complex
and high-mannose type (Hickman et al, 1972). Ovalbumin has
a single high-mannose type group (Montgomery et al, 1965 ;
Tai et al, 1975), and phosvitin has a single complex type
‘group (Shainkin and Perlmann, 1971). '

Two basic features of the structure of the carbo~
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the cell prior to secretion. The classical theory involves
the action of specific glycosyl transferases and the
transfer of single sugar residues direct from nucleotide-
sugars. However, evidence is accumulating to support the
idea that the inner core region of the oligosaccharide is
pre-assembled and added to the polypeptide chain 'en bloc'"
. from an oligosaccharide~lipid intermediate. Evidence for
the sequential addition of the peripheral sugars will be
described, followed by a discussion of the possible role of
lipid-intermediates in glycosylation.
a) The Sequential Addition of Sugars to the Oligosaccharide
Chain

Two main approaches have been adopted to study the
process of carbohydrate addition to secretory proteins ;
first, experiments in which intracellular intermediates
have been identified, and second, investigations to local-
ize the specific glycosyl transferases involved in sugar
addition (for a review see Schachter, 1974). Examples of
both of these approaches will be discussed briefly.

Immunoglobulin G contains 2 complex~type carbohydrate
chaiﬁs, one attached to the carboxyterminal half of each
heavy chain. Light chains are usually free of carbohydrate,
but some plasma-cell tumours synthesize and secrete kappa -
type light chains containing a single carbohydrate chain with
a sequence closely resembling that of lg G (Melchers, 1969).
Melchers has studied the assembly of the complex type oligo-
saccharide chain of immunoglobulin using two plasma-cell
tumours, MOPC 21 and MOPC 46, synthesizing and secreting
lg G and kappa-light chain respectively. A comparison of
the kinetics of incorporation of (3H) leucine and various
-radioactive sugars into intracellular and secreted immuno-
globulin (detected by immunoprecipitation) suggested that
mannose and glucosamine, the sugars of the core region, were
added soon after the translation of the polypeptide chain,
whereas galactose, a sugar present in the peripheral sequence,
was added later (Melchers, 1970). Also; although labelled
fucose was detectable in the secreted protein, it was not
present in intracellular immunoglobulin, suggesting that
fucose was added just prior to secretion.
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To confirm these kinetic results, the carbohydrate
content of immunoglobulin isolated from various subcellular
fractions was analysed (Melchers, 1971), and a summary of
the results obtained from the fractionétion of plasma-cells
synthesizing 1lg G is shown in Table 3. Although only a
crude sucrose=-density gradient procedure was used for
fractionation, there was a clear difference in the carbo-
hydrate composition of the immunoglobulin associated with
the two main subcellular fractions : the immunoglobulin
associated with the rough membranes, presumably derived
mainly from the rough endoplasmic reticulum, contained the
core-sugars, glucosamine‘and mannose, but was deficient in
galactose, whereas the smooth membranes, presumably derived
from the smooth endoplasmic reticulum and the CclgimcampleX,
contained immunoglobulin with glucosamine, mannose, and
galactose. The secreted form of immunoglobulin contained
glucosamine, mannose and fucose. It was interesting that
the cytoplasmic supernatant fraction also contained immuno-
globulin ;'however, since the amount recovered in this
fraction varied between 3 and 30% depending upon the
fractionation procedure adopted, it seemed likely that this
was, at least in part, an artefact of this procedure.
Similar results were obtained in experiments performed by
Choi et al (1971). The results indicated that intracellular
immunoglobulin which differed in carbohydrate could be found
at different subcellular sites, and the results supported
the idea that the addition of the peripheral sugars of the
carbohydrate unit occurs in several steps as the immuno-
globulin is transported through the cell prior to secretion.

| These conclusions were further corroborated by the
results of later experiments (Knopf et al, 1975). Labelled
intracellular light chain was isolated by immunoprecipitation
and digested with trypsin and Pronase. The resulting glyco-
peptides were resolved into four species ; the major glyco-
pe?tide species contained only the core sugars, N-acetyl -
glucosamine and mannose, another glycopeptide species
contained the core sugars and galactose, and two glyco-
peptide species contained the core sugars, galactose, and
either one or two residues of sialic acid. Again, these
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TABLE 3 CHEMICAL ANALYSIS OF THE CARBOHYDRATE COMPONENT
OF MOPC 21, 1g ¢
VARTOUS SUBCETIUTAR FRACTIONS

, lg G Sugars Present in.
isolated from ‘ Carbohydrate Unit
GLcNH, | Man Gal : Fuc

Rough ; |

Membranes ¢ ¢
Smooth '

Membranes ¢ ; ¢
Cytoplasmic

Supernatant ¢ R ¢ (@)
Secreted | é é 3 3

Giciiri= glucosamine, Man - mannose, Gal ~ galactose,
Fuc = fucose)

Simplified from Melchers (1971).

results suppofted the idea that the addition of the peri-
pheral sugaré occurs in several steps. The fact that all
of the intermediates identified contained the full comple-
ment of core sugars favoured the idea that the core is
added to the polypeptide "en bloc'", rather than by the
addition of single sugar residues - this will be discussed

in the next section.

The enzymatic assembly of the complex Unit B
carbohydrate moiety of thyroglobulin has been investigated
by Spiro and Spiro (Spiro and Spiro, 1973 ; Spiro et al,
1974). They isolated from thyroid particles sialic acid and
galactosyl transferases with properties consistent with a
‘role in the addition of the peripheral sugars residues to
the Unit B oligosaccharide chain (Spiro and Spiro, 1968).
The specificity of the transferases was tested using
exogenous glycopeptide acceptors, prepared by Pronase
digestion of thyroglobulin ; the glycopeptides produced were
used either intact, having the structure:-

Peptide - Core Sugars - Man - Gitdle -Gof - NAN

or after the stepwise removal of the peripheral sugars from
the oligosaccharide chain by selective acid hydrolysis and

glycosidase digestion.
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Dolichols are widely distributed in mammallian systems

and are mainly esterified to long-chain fatty acids,
although the free alcohol is also present (Butterworth and
Hemming, 1968).

The original discovery by Strominger's group
~(Anderson et al, 1965) that a lipid-carrier was involved
in the transfer of glycopeptide groups during bacterial
cell wall synthesis, and the subsequent identification of
the lipid-carriers as isoprenol derivatives (Hiyashi et al,
1967 ; Scher and lennarz, 1969) prompted numerous investi-
gations into the possible role of similar lipid-carriers
in eukaryotic glycoprotein biosynthesis. In early studies
in mammallian systems, Caccam et al (1969) showed that
membrane preparations from liver, o¥2duct, and myeloma
(

tumours catalysed the transfer of C) mannose from GDP

(140) mannose to an endogenous acceptor lipid, and they
suggested that the glycolipid formed was an isoprenol
derivative. The first clear indication that the lipid-
intermediates involved were derivatives of dolichol came
from Behrens and Leloir (1970) ; they found that rat liver
microsomes catalysed the transfer of glucose from UDP-
glucose to a lipid acceptor, to form a product which had
properties consistent with it being dolichol monophosphate
glucoée. Unambiguous identification of dolichol inter-

- mediates came from Hemming and Evans (1973) ; they showed
that pig liver microsomes catalysed the transfer of (146)
mannose from GDP (14C) mannose to a lipid acceptor, forming
a glycolipid which was identical to synthetic dolichol
monophos phate mannose prepared by Warren and Jeanloz (1973).

CH, OH
(ﬁ 033
.0 — 1{-—- 0 — CH, — CH, — CH — CH,
o-
CH, | CH,
(CHZ- CH= C — CH, )18 CH,— CH== C — CHj

Dolichol phosphate mannose
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Tetas et al (1970) showed that rat and rabbit
liver microsomal préparati@ns catalysed the transfer of
N~acetyl glucosamine from UDP-N-acetyl glucosamine to a
lipid acceptor, and the product was subsequently identified
as dolichol diphosphate N-acetyl glucosamine (Behrens et al,
1971a; Palamafczyk and Hemming, 1974). During the same
period, microsomal preparations from a variety of other
tissues were found to catalyse the transfer of monosacch-
arides from nucleotide-sugars to dolichol-type acceptor
lipids. Also, several of these early investigations
(Behrens and leloir, 1970 ; Richards and Hemming, 1972 ;
Baynes et al, 1973) demonstratéd the transfer of labelled
sugar from the isolated lipid-sugar intermediate to endo-
genoﬁs microsomal protein, suggesting a role for the

intermediates in glycoprotein synthesis.

In further studies Behrens et al (1971b showed that
in addition to monosaccharide-lipid derivatives, a second
~ type of lipid-sugar intermediate was formed. This compound
had the unusual property of being insoluble in chloroform/
methanol mixtures but soluble in chloroform/methanocl/water
(10:10:3), and it was tentatively identified as an oligo-
saccharide containing approximately 20 monosaccharide
residues linked to a lipid, presumaﬁly dolichol, by a
pyrophosphate bridge. The isolated oligosaccharide-lipid
was shown to serve as a donor of the oligosaccharide chain
to endogenous microsomal protein (Behrens et al, 1973). Since
these early investigation, there has been extensive research
to identify the role of lipid=-sugar intermediates in glyco=-
protein synthesis (for reviews see Hemming, 1974 ; Lennarz,
1975 ; Waechter and Lennarz, 1976). The evidence to suggest
the participation of lipid=-sugar intermediates, presumably
derivatives of dolichol, during glycoprotein synthesis in
the hen oviduct will now be reviewed as a specific example.
This system is of particular relevance to a discussion on
the post-translational modification of secretory proteins
since a major product of oviduct protein synthesis is the

secretory glycoprotein, ovalbumin.

Waechter et.al (1973) showed that particulate

membrane fractions of hen oviduct catalyzed the transfer
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of (146) mannose from GDP (140) mannose to an acceptor
‘1ipid, to form a mannolipid which had the characteristics
of dolichol phosphate mannose. However, two other labelled
components were also identified. The first, which was
termed soluble mannosylated endogenous acceptor (mannosyl=
s-acceptor), was insoluble in chloroform~methanol (2:1),
but soluble in chloroform~methanol-water (10:10:3), this
property suggested that it was an oligosaccharide-lipid
intermediate similar to that described by Behrens et al
(1971b). The second, which was termed residual mannosylated
éndogénous receptor (mannosyl-r-acceptor), was insoluble

in both solvent mixtﬁres,vand the evidence suggested that
it was a glycoprotein. The kinetics of the transfer of
labelled mannose from GDP-mannose to the three types of
endogenous acceptors suggested that the mannolipid formed
was an intermediate in the synthesis of the oligosaccharide-
lipid (mannosyl-s-acceptor) and the glycoprotein (mannosyl=-
r-acceptor). More direct evidence for this relationship
was the finding that the isolated and purified mannolipid
could serve as a donor of mannose in the synthesis of the

" oligosaccharide-1ipid and the glycoprotein (Waechter et al,
1973). 1In subsequent experiments it was shown that the
isolated oligosaccharide~lipid served as a donor for the
Introduction of oligosaccharide chains into the glycoprotein
(Lucas et al, 1975). The results were consistent with the

scheme shown below:%
GDP Man

o Lipid

GDp
‘ Man-Lipid

o DligosaccharidemLipid

Man-Oligosaccharide~Lipid
| e T Man~Lipid

. Protein

Glycoprotein
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that the oligosaccharide chain was transferred "en bloc'
during glycoprotein synthesis.

The next step was to investigate the nature of the
proteins glycosylated by the oligosaccharide~lipid inter-
mediate, and to establish whether the lipid-linked pathway
is indeed involved in the glycosylation of secretory
glycoproteins. Pless and Lennarz (1975) analysed the
proteins labelled by (14C) mannose-oligosaccharide~1ipid
using sodium.dodecyl sulphate polyacrylamide gel electro-
phoresis. Under the incubation conditions used the
principal acceptor of the oligosaccharide chain was a
polypeptide of molecular weight approximately 25,000,
however, no significant label was incorporated into a
protein which could be identified as ovalbumin. Similarly,
Hsu et al (1974) reported that in mouse myeloma preparations,
which synthesize large amounts of immunoglobulin light
chain, most of the protein labelled by (140) mannose -

- oligosaccharide~lipid had a molecular weight of 20-50,000,
but that only 10-20% of the labelled protein was light

chain. In view of the large quantities of secretory proteins
synthesized by both of these tissues, these results were
disappointing since they suggested. that the labelled
oligosaccharide was incorporated primarily into membrane ~
bound glycoproteins, but they did not completely rule out

the possibility of lipid intermediates participating in the
addition of the core sugars to ovalbumin and immunoglobulin.
However, based on these and other studies (see Waechter and
Lennarz, 1976) it was possible to propose a scheme to explain
the role of lipid intermediates (generally assumed to be
defivatives of dolichol) in the biosynthesis of glycoproteins,
and this is outlined in Figure 3. It must be stressed that
this is only a tentative pathway and is still not fully
understood ; for example, the precise mechanism of assembly
of the initial dolichol diphosphate disaccharide is not
clear, and it also seems likely that some of the mannose
residues in the oligosaccharide are added directly from
GDP-mannose and not via a dolichol phosphate mannose inter-

" mediate (Kang et al, 1978).
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Although it was not possible to demonstrate the
glycosylation of endogenous ovalbumin by oligosaccharide~
lipid, subsequent experiments have been successful in
showing the transfer of oligosaccharide from oligosaccharide-
lipid to a denatured and chemically modified form of
ovalbumin (Pless and Lennarz, 1977). Sulfitolysis was
employed‘for the denaturation and disulphide cleavage of
various proteins and they were then incubated with an
oviduct membrane preparation and isolated, labelled,
oligosaccharide~lipid. Sodium dodecyl sulphate polyacryla-
" mide gel anaiysis indicated the incorporation of oligo~
saccharide from the oligosaccharide~lipid to the denatured
forms of the three secretory proteins, ovalbumin,

o~lactalbumin, and ribonuclease A. Since a-lactalbumin
and ribonuclease A are unrelated to ovalbumin in amino-
acid sequence, and completely foreign to the oviduct, it
would appear that the enzyme specificity for this glycosyla-
tion involves at most a limited region of the polypeptide
chain. It is suggested that the tri=-peptide sequence
Asn~X-Threonine (or Serine) is necessary for glycosylation ;
however since other denatured proteins that were tested
also included this sequence but were not glycosylated, other
factors must also be involved (see also Struck et al,
1978). The results of the investigation were interpreted
as suggesting that the unfolding of the native polypeptide
structure is neceséary for the exposure of the site of
carbohydrate attachment. If extended to the physiological
situation, this would imply that the transfer of the oligo-
saccharide to the polypeptide occurs before the newly
sgnthesized protein adopts its folded structure, and
therefore either while it is still attached to the ribosome
or very soon after being released. This conclusion is
consistent with the observation that the core sugars,
N~acetyl glucosamine and manncse, are added to ovalbumin

nascent chains (Kiely et al, 1976).

Further evidence for the participation of oligo-
saccharide~lipid in ovalbumin glycosylation has come from
a convincing series of experiments using the antibiotic
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tunicamycin (Struck and Lennarz, 1977). Tunicamycin
specifically inhibits the lipid~linked pathway for glyco~
protein synthesis by blocking the first step in the assembly
of the oligosaccharide-lipid, the synthesis of N-acetyl
.glucasamine diphosphate dolichol, as shown in Figure 3
A(Tkacz and Lampen, 1975). It was found that tissue slices
incubated in the presence of tunicamycin synthesized the
polypeptide chain of ovalbumin at almost normal rates, but
that the newly synthesized protein did not contain labelled
N-acetyl glucosamine or mannose, and had the properties of
unglycosylated ovalbumin. Tunicamycin has also been shown
to inhibit the glycosylation of immunoglobulins (Hickman

and Kornfeld, 1978). These results provide strong evidence
in favour of a lipid-linked pathway being involved in the
assembly-of the core oligosaccharide of ovalbumin and the

immunoglobulins.

Thus, the biosynthesis of an oligosaccharide~lipid
containing N-acetyl glucosamine and mannose has been
established, and its role as a donor of its oligosaccharide
chain to form both membrane and secretory glycoproteins has
been demonstrated. However, the results of more recent
studies extending the previous work on the biosynthesis and
structure of the ollgosaccharldm lipid have indicated that
the situation is considerably more complex than previously
suggested, Oviduct membrane preparations have been shown
to synthesize a ?arge ollg@sacchaflde ~lipid containing
glucose in addition to the N-acetyl glucosamine and mannose
present in the intermediate described pre%iousiy (Chen and
Lennarz, 1978a). It has been demonstrated that this
éligasaccharide is transferred "en bloc'" to an endogenous
“membrane protein, molecular weight 25,000, and also to an
exogenous soluble protein, S-carboxymethylated
~ o~lactalbumin. However, it has also_been shown that
after transfer to the protein, the oligosaccharide is
processed enzymically and the glucose residues removed
resulting in a smaller oligosaccharide with a molecular
@2 (Chen and Lennarz, 1978b).

weight similar to (Maﬂ)z(ﬁ,

Spiro et al (1976) had previously demonstrated the
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biosynthesis of a large oligosaccharide-lipid by thyroid
slices and other tissues, including the oviduct. The
oligosaccharide~lipid from the thyroid contained 14-15
monosaccharide residues, including glucose, and its
transfer to an endogenous protein acceptor was shown. They
pointed out that if the oligosaccharide~lipid acts as the
donor of oligosaccharide to thyroglobulin, not only would
the glucose residues have to be removed, but the oligo=-
saccharide would also have to undergo considerable process~-
ing to remove excess mannose residues in order to achieve
carbohydrate-units of the complex~type, which contain only
3 mannose residues in the core structure. The processing
of high-mannose containing oligosaccharides to complex-
type oligosaccharide-units has been demonstrated by Tabas

et al (1978).

Therefore in summary, there is evidence for the
participation of oligosaccharide-lipid intermediates in the
‘glycosylation of secretory proteins. However, it now seems
that this is unlikely to involve the simple ''en bloc"
transfer of a pre~formed core éligosacaharide unit to the
protein, but the transfer of a large glucose-containing
oligosaccharide which must subsequently be pracaﬁsed by
specific glycosidases to give the appropriate core |
structure. The evidence suggests that the core sugars are
added to the protein during or soon after translation, and
that the peripheral sugars are then added in stages during
intracellular transport.

1.3 The Phosphorvylation of Secretory Proteins

- The first report to discuss the phosphorylation of
a secretory protein came from Sanger and Hocquard (1962)
they identified.dephosphomevalbumin as an intermediate in
the biosynthesis of ovalbumin in hen oviduct. The presence
- of intracellular dephospho-ovalbumin suggested that the
phosphorylation of ovalbumin takes place after the synthesis
_of the polypeptlda chain. More recently there has been
extensive research into the role of phaﬁpharylatlon and
deph@sphorylatlon in regulatory processes (for a Y8V16W3
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see Rubin and Rosen, 1975), but less attention has been

. paid to the post-translational phosphorylation of
individual secretory proteins, with the exception of the
milk protein, casein. Some of the research into the
mechanism of casein phosphorylation will be described here.

1.3.1 The Phosphorvylation of Casein

The major components of borine casein are

asl~casein (45%) , B-casein (33%) and = «-casein (15%)
(Bingham and Farrell, 1977). The determination of the
‘amino-acid sequences of the caseins has defined accurately
the location of the phosphate groups (Mercier et al, 1971
Mercier et al, 1973 ; Ribadeau-~Dumas et al, 1972) ; the

QSlma 5” and Ke-caseins contain 8, 5 and 1 phosphoserine
residues respectively. A prominent feature of the primary
structure of the Goq- and B~caseins is a region of
homology which-includes a cluster of 4 phosphoseryl residues,
the sequenée of this region in Ogy-casein is as shown
below: -

63 ‘ 70
=Glu = S?r - Ile = S?r - S?r - S?r - Glu - Glu =~

P P P P

in a81wcasein this sequence extends over residues 63-70,
and it is repeated in residues 14-21 of B-casein, with the

substitution of leucine for isoleucine.

Early kinetic studies (Singh et al, 1967) indicated
that phosphorylation of casein occurs after the completion
of the polypeptide chain, and efforts were directed towards
locating enzymes responsible for the phosphorylation.
Bingham et _al (1972) identified a protein kinase in the
Golgi fraction of bovine mammary gland that incorporated
phosphate into dephcsphoryiated @Szmaasein at more than
ten times the rate of protein kinases from other subcellular
fractions. The Golgi casein kinase was a cyclic-AMP
‘independent protein kinase and used ATP as the phosphate
donor. Dephosphorylated GGy B~ and k-caseins were
the best substrates for the enzyme and were phosphorylated
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at much higher rates than native caseins ; histones,
phosvitin, B~lactoglobulin and d~lactalbumin were not

. + )4
appreciably phosphorvylated. The presence of 6@2 or %gz

o

was essential for catalysis.

The observation that dephosphorylated caseins

4

preferred substrates suggested that the enzyme was incorpor-

i

ating phosphate into sites which had originally been

phosphorylated, however, there was no direct evidence that
this was the case. More recently, a Golgl protein kinase

has been identified in bovine mammary gland which appears
to have the ability to rephosphorylate dephosphorylated

5,

casein specifically (Mackinlay et al, 1977). When
dephosphorylated @Slmaaseim was rephosphorylated with
(ygsz} ATP, the labelled phosphate incorporated was
confined to two lengths of the polypeptide chain which
between them included all of the phosphate groups of the
native casein, this indicated a specificity of action of
the casein kinase in vitro similar to that occurring in
vivo. To confirm this specificity, two peptides which
included all of the phosphoserine residues of ‘& Slm@a@@iﬁ
were prepared from native aqq-casein, deéphosphorylated
and then rephosphorylated with (v ~""P) ATP. The labelled
phosphate was found to be incorporated only at the sites

da

occupied by phosphoserine residues in the native protein.
These results strongly supported the idea that this protein
kinase is responsible for the in vivo phosphorylation of

‘casein.

@ gq-casein contains 16 serine residues, only 8
of which are phosphorylated (Mercier et al, 1971). Mercier
proposed a theory for the specificity of casein kinase based
on an examination of the amino-acid sequences of the three
bovine caseins. In Ggq=casein, each phosphorylated serine
has a glutamic acid or a phosphoserine residue two residues
to the right in the sequence, but this sequence does not
occur when the serines are phosphate~free. Thus it is
proposed that casein kinase recognizes a potential
phosphorylation site corresponding to the tripeptide
sequence Ser = X - Ser P (or Glu), where X is any amino=-
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acid, this hypothesis is also supparte& by the B=-casein
sequence. The ability of the specific casein kinase
isolated from bovine mammary gland to specifically
rephosphorylated peptides derived from casein as well as

the native protein (Mackinlay et al, 1977) favours the idea
that the enzyme recognizes a particular amino-acid sequence
and does not require a particular conformation in the native
proteinﬁ I1f the phosphorylation does indeed require
recognition of Ser - X ~ Ser P or Ser -~ X - Glu sites, it
must be assumed that phosphorylation is a sequential process,
with a Ser - X - Glu site being phosphorylated first, in
order to generate a Ser- X - Ser P site. However, other
milk proteins contain potential sites for phosphorylation,
but do not conform to the proposed theory (Bingham and |
Farrell, 1977) ; for example, lactalbumin has three potential
sites but contains no phosphate, and K-casein has four
potential sites, none of which are phosphorylated. The

lack of phosphorylation at these sites may be the result of
steric hinderance due to the conformation of the protein or

the proximity of carbohydrate residues.

In contrast to the 8 phosphate groups of cxglwcaseinj
the region of the vitellogenin molecule destined to become
the yolk-protein, phosvitin, contains 56% serine residues,
most of which are phosphorylated (Follett and Redshaw, 1971).
A protein‘kinase has been identified in the liver of Xenopus
laevis (Tenner and Wallace, 1972), but there is no evidence
that it is the specific kinase involved during the
biosynthesis of vitellogenin. It would be interesting to
discover whether oestrogen-treatment results in the
induction® of a specific vitellogenin kinase in order to
process such a highly phosphorylated moiecule; and to
determine the characteristics involved in its specificity.

1.4  The Formation of Multichain Proteins

The previous sections have described the biosynthesis
and intracellular transport of the polypeptides of secretory
proteins, and the addition of carbohydrate and phosphate
groups to the polypeptides. Since several secretory proteins
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are made up of two or more covalently-linked polypeptide
chains (see Table 1) another type of post-translational
modifications involves the formation of multichain proteins
from the primary translation products. The formation of a
multichain protein depends on the correct assembly of its
component polypeptide chains; and the processes involved
in the assembly of insulin, collagen and the immuno-~
globulins will be described here. '

1.4.1 The Assembly of Insulin

The polypeptide hormone insulin (mol. wt. 6,000)
is made of of 2 different polypeptide chains, the A and B
.chains, which are linked by 2 disulphide bridges (Sanger,
1945) (see Figure 4). Therefore during the assembly of
insulin the two polypeptide chains must be brought together
by some mechanism so that the interchain linkages are
formed in the correct places. Both polypeptide chains of
insulin are biosynthesized as part of a single precursor
molecule, proinsulin (mol. wt. 9,000) (Steiner and Oyer,
1967 ; Chance et al, 1968). The proinsulin molecule has a
B-chain amino-acid sequence at the NHzﬁterminus with a 22
amino~acid sequence linking the COOH-terminus of the B-
chain with the Nszterminus of the A-chain, and terminates
with the normal A-chain amino~acid sequence (Chance et al,
1968). The native conformation adopted by the folding of
the prbinsulin molecule results in the A- and B-chain
regions being brought together in the correct position for
the formation of the interchain linkages (Steiner and Clark,
1968) and this is followed by the cleavage of the connecting
peptide to form the final insulin molecule (see Figure 4).

’ The formation of the disulphide bridges is believed
to take place in the rough endoplasmic reticulum soon after
the release of the proinsulin molecule from the ribosomes,
but the proteolytic cleavage of the connecting peptide does
not appear to begin until the polypeptide reaches the Golgi
apparatus and then continues for several hours after the
formation of secretion granules (Steiner et al, 1974).
However, it should be pointed out that the primary
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translation product is not proinsulin, but pre-proinsulin,
which includes the Nﬁzmterminal extension, the signal-
peptide, but this is assumed to be cleaved prior to the
processing of proinsulin (Chan et al, 1976).

1.4.2 The Assemblvy of Collagen -

The basic unit of the collagen fibril is the
tropocoliagen molecule (or collagen fibril monomer), this
is insoluble at pH 7.4 and 37°C and aggregates in a highly
specific manner to form insoluble fibrils. The formation
of the collagen monomer poses a more difficult assembly
problem than insulin since it is made up of three polypep-
tide chains, termed a=-chains, each with a mol. wt. of
approximately‘lO0,000, and these are'wrapped around each
other in a right-~handed, triple-helical formation. The
three a=-chains have their ends approximately aligned, and
although the helical structure extends throughout most of
the collagen molecule, there are regions at the NHZ“ and
COOH-termini of approximately 15-20 amino-acids which are
non~helical. The amino-acid sequences of the individual

ao~chains making up the helical structure need not be the
same, for example, the collagen molecules of bone, tendon
and skin, Type I coliagensj consist of two distinct types
of o~chain, al(I) and o2, in the ratio of 2:1 ; in
contrast cartilage collagen, Type II, consists of three
identical  o-chains, designated o 1(II). Type III and
Type IV collagens are found in other tissues and again
these are made up of a~chains with distinct primary

structures.

The a~-chains contain about 1050 amino=~acids, of
which glycine accounts for one~third of the total and this
is evenly distributed so that every third residue is glycine
and one of the other two is usually proline ; the a~chains
contain no cysteine residues. Before the assembly of the
collagen molecule, proline and lysine residues in the

o~chains must be hydroxylated in order to allow the
formation of the two types of interchain bond which are
responsible for the stability and rigidity of the helical
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structure ~ these linkages are hydrogen-bonds between
hydroxyproline residues and water molecules and covalent
bonds between hydroxylysine residues. (For reviews see
Kuhn, 1969 ; Bornstein, 1974 ; Grant and Jackson, 1976
Fessler and Fessler, 1978).

The problem of how the three polypeptide chains are
assembled to form the collagen molecule has been solved to
some extent by the discovery that collagen is synthesized
as a large, soluble precursor molecule called procellagen
(see Grant and Jackson, 1976 ; Fessler and Fessler, 1978).
Procollagen consists of three palyﬁeptide chains, designated
pro- o ~-chains, which are significantly larger (mol. wt.
approximately 145,000) than the  a=-chains of the final
molecule. The pro- o ~chains have an Nﬁzwterminal extension
(mol. wt. approximately 18,000) and a COOH-terminal
extension (mol. wt. 22-35,000) (Byers et al, 1974). The
cysteine residues of the COOH-terminal extension are able
to form interchain disulphide bonds (Byers et al, 1974) and
it has been shown that disulphide bond formation is closely
correlated with helix formation (Schofield et al, 1974 ;
Harwood et al, 1977). On the basis of these results it is
- proposed that -the formation of disulphide bonds between the
- COOH-terminal extensions brings about the correct alignment
of the three pro- o ~-chains and promotes the assembly of
the triple-helix (see Figure 5). The helical structure is
then stabilized by the formation of hydrogen-bonds between
hydroxyproline residues and water moleucles (Berg and Prockop,
1973 ; Sakakibara et al, 1973).

The assembly of the pro- o =-chains into procollagen
occurs during the passage of the molecules from the rough
to the smooth endoplasmic reticulum (Harwood et al, 1973}o
However, the final conversion of the procollagen molecule
to collagen does not occur until after secretion, when the
NH, ~ and COOH-terminal extensions are digested in a step-
wide fashion by procollagen peptidases (Davidson et al,
1975). The removal of the extension peptides markedly
influences the solubility properties of the molecule and

the cleavage results in tropocollagen molecules which



- 34 -

Figure 5
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aggregate to form insoluble fibrils. The formation of
interchain covalent linkages, either Schiff's bases or

o~ PB-unsaturated aldols, between hydroxylysine residues
of adjacent polypeptide chains stabilizes the structure of
the fibrils and confers on them the high tensile-strength
necessary for their structural function (Tanzer, 1973).

Thus the successful assembly of collagen differs
from the formation of insulin since it involves the
association of three individual polypeptide chains, and not
the biosynthesis of a single large precursor molecule.

1.4.3 The Assembly of the Immunoglobulins

The immunoglobulin represents an example of a multi-
chain protein with four polypeptide chains. All of the
immunoglobulin classes have a basic 4~chain monomer structure
consisting of two heavy chains (mol. wt. 50,000) and two
‘light chains (mol. wt 25,000) (Porter, 1967) ; each heavy
chain (H) is disulphide linked to a light chain (L) to form
a half-molecule (HL), and two half-molecules are disulphide
linked via their heavy chains to form the complete monomer.

This basic monomer structure is shown below:-~

COOH COOH

e § S e
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Thus the biosynthesis and assembly of the immunoglobulins
requires the correct alignment and covalent linkage of the
four polypeptide chains (see Bevan et al, 1972, for a review
on immunoglobulin biosynthesis).

The heavy and light chains of immunoglobulin are
synthesized on separate polysomes (Williamson and Askonas,
1967), the heavy chains on polysomes consisting of 11-18
ribosomes and the light chains on‘polysomes with 4-5
ribosomes. However, as mentioned earlier in this intro-
duction, the primary translation products are slightly
larger than the authentic heavy and light chains since they
include the NH2~termina1 extension, the signal-peptide ;
this peptide is cleaved prior to the assembly of the immuno-

globulin monomer.

The immunoglobulin monomer is assembled from its
component heavy and light chains by a sequence of disulphide-
bridge formation and studies have been directed towards
~ determining the order of disulphide linkage of the polypep-
tide chains (see Bevan et al, 1972). Pulse-chase experiments
have resulted in two basic pathways for lmmunoglobulln
assembly being identified:~-

1) 2)
H+H —> H, i H+L ~——HL
H2+L-~? HZL HL+HL —> H2L2
H2L+L~—%>H2L2
Intermediates - Intermediates -
H, and HZL HL

A study of the intermediates involved in the biosynthesis
of immunoglobulins in a number of species has shown that
each case falls into one or other of the two categories,
with the exception of lngb, where a mixed pattern of
intermediates was observed (see Bevan et al, 1972).

‘ However, although these experiments explain the
order of the covalent linkage of the heavy and light chains,
they give no information as to how the chains are initially
aligned to allow the correct disulphide bridges to be
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formed. It is thoughttﬁuﬁ:whereés covalent linkage does
not occur until after the release of the chains into the
intercisternal space of the endoplasmic reticulum (Laskov
et al, 1971), non-covalent linkages may be formed between
free light chain molecules and heavy chain molecules which
are still attached to the polysbmes (Shapiro et al, 1966),
and that the formation of covalent bonds follows the non-
covalent assembly of the chains into a stable structure
(see Bevan et al, 1972). There is no evidence for the
involvement of large precursor molecules in the assembly of

the chains.

The assembly of immunoglobulin M (1gM) and immuno~
globulin A (1gA) poses even more problems, since they are
secreted in polymeric forms, lgM as a pentamer, consisting
of 5 1gM monomers, and lgA as a dimer, consisting of 2 1gA
monomers. In both cases the monomers are linked together
by inter-monomer H-chain disulphide bonds: Since no poly~
meric forms of either 1gM or 1gA can be detected intra-
cellularly (Parkhouse and Askonas, 1969 ; Farkhouse, 1971),
'polymerization probably occurs just before or at the time
of secretion ; it is suggested that the sulphydryl groups
responsible for the covalent linkages between the monomers
are blocked within the cell so that no polymeric form is
produced until the time of secretion (Askonas and Parkhouse,
1971).

Once the polymeric forms of immunoglobulin are
assembled they contain a third type of polypeptide chain,
called the J~-chain, which has a molecular weight of approx-
imately 23,000 (Halpern and Koshland, 1970 ; Mestecky et al,
1971). The J-chain is also biosynthesized in the secretory
cell and is distinguishable from light chain since it is
vlmmunologlcally distinct and has a unique peptlde map
(Kaji and Parkhcuse, 1975), it is also relevant that the J-
chain has a high cysteine content. It is proposed that the
J-chain is essential for the polymerization of 1gM and 1gA
(Della Corte and Parkhouse, 1973) and that the introduction
of the J-chain results in the assembly of the polymeric
~ forms by a series of disulphide exchanges, beginning with
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Figure 6
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the formation of a J-chain dimer ; a possible mechanism
for the polymerization of 1 g M is shown in Figure 6
(Chapuis and Koshland, 1974). The proposed mechanism
requires an oxidation step for the formation of the final
disulphide bond. A problem with this mechanism is how
polymerization is limited to the formation of a pentamer?
A possible explanation is that the oxidation step required
for the closing of the pentamer is coupléd with secretion,
and that the pentameric form is the only acceptable sub-
strate for this reaction ; alternatively, steric
constraints may prevent the closing of a non-pentameric
form of the chain (Chapuis and Koshland; 1974).

From the three examples described it is clear that
there is no common mechanism involved in the assembly of
multichain proteins. The process may involve the synthesis
of a single large precursor molecule, as in the case of
insulin, or the association of individual polypeptide
chains, as with collagen and the immunoglobulins.

1.5 Vitellogenin - a Glycolipophosphoprotein

In summary it may be said that progress has been
made in elucidating the mechanisms involed in:the bio-
bsynthesis and modification of specific secretory proteins.
However, since it is clear that there is wide variation
in both the nature and the extent of the post-translational
processing steps which the primary translation products
must undergo, there is room for considerable diversity
in the precise mechanisms involved during the biosynthesis
of individual proteins ; therefore it is wvaluable to
investigate the biosynthesis of as many different
secretoryvproteins as possible. Vitellogenin is a'glyco-
lipophosphoprotein (see Table 4) and as yet there is
little information concerning the process involved in the
addition of the non-protein components. The work presented
in this thesis looked at the addition of the phosphate and |
carbohydrate groups to the vitellogenin polypeptide.
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TABLE 4 STRUCTURAL PROPERTIES OF XENOPUS VITELLOGENIN,

T N- H N
- PROTEIN VITELLOGENIN | LIPOVITELLIN | PHOSVITIN
(serum) (yolk (yolk
platelet) platelet)

MOL. Wg. 500 290 55
(x 10™2) (200,000) (120,31) (35, 177
(%)
SERINE 12 4 56
(% residues)
(% residues 72
phosphorylated)
METHIONINE + + -
CALCIUM ‘ 1.6
(% protein=-bound)
LIPID 12.0 20.0 0.5
(%)
CARBOHYDRATE 1.6 0.3 10.0
(%)
BILIVERDIN | 2 S 0
(molar ratio)

Figures in parenthesis give.the molecular weights
of individual subunits : the vitellogenin molecule contains
2 sub-units, each consisting of a lipovitellin dimer and

1 molecule of phosvitin.

(Data combined from:~- Bergink and Wallace, 1974a ;Ansari
et al, 1971 ; Redshaw and Follett, 1971 ; Clemens, 1974 ;
Tata, 1976 ; Ohlendorf et al, 1977).
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Chapter 2

MATERIALS AND METHODS

2.1 Materials

Special chemicals were obtained from the sources
given below. All other chemicals were ex-stock from BDH
~or Koch-Light.

2.1.1 Chemicals

Acrylamide (pure) Koch~Light Laboratories, Bucks
Ammonium persulphate BDH Chemicals, Poole, Dorset
(Analar? .
Bromophenol Blue BDH Chemicals, Poole, Dorse
Coomassie Brilliant Blue E.T. Gurr, through Baird &
Tatlock, Romford, Essex
Cycloheximide Sigma Chemicals, London
DEAE~Cellulose Acetate Whatman, Maidstone, Kent
(DE 52)
Dimethyl formamide BDH Chemicals, Poole, Dorset
L~Leucine BDH Chemicals, Poole, Dorset
Nl Nl#Methylene bis BDH Chemicals, Poole, Dorset
acrylamide
17-8 oestradiol BDH Chemcials, Poole, Dorset
Silica gel GF254 Merck Chemicals, Germany
Sodium dodecyl sulphate BDH Chemicals, Poole, Dorset
N, N, T, Tetramethyl- BDH Chemicals, Poole, Dorset
ethylenediamine :
Tris (hydroxymethyl) Sigma Chemicals, London
methylamine

2.1.2 Chemicals for Liquid Scintillation Counting

Butyl PBD Koch-Light Laboratories, Bucks

- Dimethyl POPOP , Cambrian Chemicals Ltd., U.K.
(scintillation grade)
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Dimethyldially-
tartardiimide

Hyamine hydroxide (1 M
soll in methanol)

NCS Tissue Solubliser
PPO (Scintillation grade)
Synperonic NXP

Toluene (Sulphur-free)
Xylene (puriss. A.R.)

Aldrich Chemicals, Gillingham,
Dorset

Nuclear Enterprises, Edinburgh

Hopkins & Williams, Essex
International Enzymes, Berks
I1.C.T., UK. ;

Koch~Light Laboratories, Bucks
Koch-Light Laboratories, Bucks

2.1.3 Liquid Scintillation Fluids
Toluene~-Butyl PBD for non-aqueous samples
Butyl PBD 20 g
Toluene 2.5 1
Tritoscint II for aqueous samples
Dimethyl POPOP 0.5 g
PPO 4.0 g
Synperonic NXP 333 ml
Xylene 667 ml
2.1.4 Radiochemicals

A1l radiochemicals were obtained from the Radio-

chemical Centre, Amersham,

Bucks.

The specific activities

of the radiochemicals used were as follows:~-

Acetate

(UleC) Acetic acid,
sodium salt

(BH) Acetic acid,
sodium salt

Amino Acids

L-(4, 5~3H) Leucine
-im(methyl~3H) Methionine
Ln(3~3H) Serine

1-(2, 5-°H) Histidine

Phosphate
(32P) Phosphate

Specific Radioactivity

59 mCi/m mol

250 mCi/m mol

40-60 Ci/m mol
70 Ci/m mol
17 Ci/m mol.
50 Ci/m mol

Carrier~free
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Specific Radiocactivity

Sugars
Dw(lmgﬁ) Galactose 22 Ci/m mol
Bw(6m3H> Glucosamine ' 38 Ci/m mol
DM(IMBH) Mannose 5 Ci/m mol
Uridine dipha@ pho- 16.3 Ci/m mol
D~(6="H) galactose .
Guanosine d%ghoaphom 173 mCi/m mol
. (U=+7C) mannose
‘Urldlne diphospho=N=acetyl- 323 mCi/m mol

d-(U-14C) glucosamine

2:15 Liquid Scintillation Counting

All samples were counted at 12°C in either a
Phillips Liquid Scintillation Counter or an Intertechnique
ABAC SL 40. Automatic correction was made for quenching
from quench curves constructed using chloroform/methanol
(2:1) as a quenching agent. The accuracy of the quench

correction was & 5% (§.D.)e

In dual label (3H)/(32P) experiments, corrections

were made for cross-over between the two counting channels.
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2.1.6 Abbreviations

ATP
Bis
Butyl PBD

DATD
DEAE
DMFA
EDTA
HCG
Hyamine

PCA
PPO
Dimethyl POPOP

SDS

TEMED
TCA
Tris

Adenosine=5'-Triphosphate

N, Nl methylenebisacrylamide

5-(4-biphenyl) -2 ~(4~tert~butylphenol) -
l-oxa=3, 4~diazole

Diethydiallyltartardiimide

Diethylaminoethyl ‘

Dimethylformamide

Ethylenediamine tetra-acetic acid

Human chorionic gonadotrophin

Benzyldimethyl (2~(2~(4~-(1, 1, 3, 3, -
tetramethylbutyl)-tolyloxy)ethoxy)
ethyl ammonium hydroxide)

Perchloric acid
2, 5, Diphenyloxazole

1, 4, Di(2~(4-me)5~phenyloxazolyl)-
benzene

Sodium dodecyl sulphate (sodium lauryl
sulphate)

N, N, Nl, Nlmtetramethylathylenediamine

Trichloroacetic acid

Tris (hydroxymethyl) methylamine
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2.2 Methods

2:2.1 Animals

Female Xenopus laevis weighing approximately 100 g
were used in all experiments. The animals were kept in
fresh water at 22°C and were fed weekly on diced ox liver.

2242 Injections

In experimental animals a single dose of 17-8
oestradiol was injected into the dorsal lymph sac. In
control animals an injection of 0.2 mls of olive oil was

given in the same location.

Injections of radioisotopes in 0.2 mls of distilled

water were given intra-muscularly into the upper leg muscle.

2.2.3 Preparation of Plasma Vitellogeniﬁ

Vitellogenin was prepared from the plasma according
to the method described by Munday et al (1968). Oestrogen
treated Xenopus were pithed and their blood collected by
cardiac puncture. 0.2 mls of citrate (15 mg/ml) was added
to the blocd to prevent clotting and the plasma was
isolated from the red blood cells by centrifugation. The
plasma was then cooled to 0°C, treated with 3.5 M
dimethylformamide (0.37 mls DMFA/1 ml plasma), and the pH
of the resulting solution adjusted to 7.0 with 0.2 M
acetic acid. The mixture was allowed to stand at 0°C for
1 hour and the resulting thick green precipitate was
collected by centrifugation at 3,000 rpm for 5 minutes at
5°C. The precipitate was then washed once with 2.5 mls of
3.5 M DMFA in 0.15 M NaCl and reharvested by a second centri-
fugation step. The resulting vitellogenin was then dissolved
in 0.9% NaCl (Approximately 3-5 mls), dialysed against
distilled water for 3 hours, and freeze-dried for storage.
Vitellogenin prepared by this procedure was stable, and
could be stored deep~frozen for long periods (at-ieaat 12

months) .
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224 In vitro Incubation of Liver Slices

a) Incubation Medium

In preliminary experiments, the medium used was
identical to the phosphate saline buffer described by ,
Dulbecco and Vogt (1954), except for the addition of 20 mM
sodium pyruvate as an energy source. To avoid the precipi-
tation of calcium phosphate, three separate solutions were
prepared and then mixed and brought to pH 7.4 with 1 M
HCl. They were as follows:~-

Solution 1 Solution 2 Scolution 3
NaCl 4.0 g CaC126H20 0.1 g MgClZ6H20 0.1 g
KC1 0.2 g
NaZH}?O4 1.5 g
(anhyd)

KH2P04 0.2 g
(anhyd)
Sodium 2.2 g
pyruvate
/800 ml HZO /100 ml HZO /100 ml HEO

However, in subsequent experiments the incubation
medium was based on a 50% dilution of Eagle's Minimal
Essential Medium with Earle's Salts, containing a final
concentration of 20 nM N»Zwhydroxyethylpiperazinelem2w
ethanesulphonic acid (HEPES), 200 units/ml of penicillin,
200 pg/ml of streptomycin, 70u g/ml of gentomycin and 20
units/ml of mycostatin (see Table 5).

b) Liver Slice Preparation

Animals were pithed and their livers removed into
ice-cold incubation medium. Liver slices of approximately
5 x 3 mm were cut using fine scissors and washed 3 times
with 10 mls of incubation medium. The slices were blotted
dry on filter paper and weighed on foil.

¢) Incubation Conditions

A Incubations were carried out in 25 ml glass coni-
cal flasks with a tissue to medium ratio of 0.5 g of liver
slices to 4 mls of medium or 1 g of liver slices to 10 mls
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TABLE 5 COMPOSITION OF THE INCUBATION MEDIUM

A stock solution was prepared as follows:-

g/litre mg/litre

NaCl - 6.8 Choline Cl1 - 1.0
KC1 0.4 Folic Acid 1.0
*NaH, PO, - 0.15 Inositol 2.0
MgSOaa7HZO 0.2 ‘» Nicotinamide 1.0
CaClZ 0.2 Ca~Pantothanate 1.0
Glucose 1.0 Pyridoxal HCL 1.0
NaHCO 2.2 Riboflavin 0.1

Thiamine HCL 1.0

Phenol red 10.0

*This was omitted in (32P) phosphate incorporation
experiments.,

A 507 dilution of the stock solution with the following
additions was used for the incubations:~-

Final conc™
Penicillin 200 units/ml
Streptomycin 200 pg/ml
Gentomycin 70 vg/ml
Mycostatin 20 units/ml
HEPES ‘ 20 mM

The pH was adjusted to pH 7.4 with NaOH.



of incubation medium.

In time~-course experiments in which samples of
both incubation medium and tissue were required, one flask
was set up for analysis at each sampling time.

Samples were incubated at 22°C with constant shaking
at 45 strokes/min, which allowed the slices to move gently
from side to side within the flask. The incubations were
allowed to equilibrate for 10 minutes before the addition

of isotope.

d) Pulse~Chase Incubations

Flasks of liver slices were set up as described
above. The slices were incubated with the appropriate
labelled precursor and at the end of - the required pulse-
period further protein synthesis was prevented by the
addition of cycloheximide (100 Hg/ml medium) ; the incuba-
tion was then continued in the same medium. Half way
through the subsequent chase period a second dose of cyclo-
heximide was given as a précautionary measure to ensure
that there wds no recovery from the effect. Any variations
from this basic procedure will be described as appropriate.

2:265 Isolation of Vitellogenin from the Incubation
Medium

After the fequired incubation time the incubation
medium was removed and the viteliogenin precipitated from
it by the dimethylformamide/acetic acid technique described
in section 2.2.3, and then dialyéed and freeze-dried for
storage. The specific activity of the isolated vitello-
genin was determined as described in section 2.2.7 d).

2:2.6 Cellular Fractionation Studies

a) 1Isolation of the Microsomal Fraction and the
- Post-Microsomal Supernatant

At the end of the required incubation time the
incubation medium was removed and the liver slices were
washed twice in 5 mls of TKMS buffer (0.25 M sucrose, 0.05 M
Tris-HCL, .0.025 M KCL and 0.005 M MgCl,, pH 7.5). The
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slices were then transferred to a glass homogenizing tube
with 2.5 mls of ice-cold TKMS buffer containing 50 ul/ml

of the protease inhibitor phenylmethylsulphonylfluoride,

PMSF (from a stock solution of 6 mg/ml in 90% ethanol).

The tissue was homogenized with a tight~fitting pestle using
a Tri-R-Stir R tissue homogenizer at speed setting 3.5-4 ;
12 passes of the pestle were made. If incorporation of
radiocactivity into total tissue protein was to_Be deter-
mined a sample of the homogenate was kept at this stage.

Cell debris, nuclei and mitochondria were
sedimented from the total tissue homogenate by centri-
fugation at 4,000 g (6,000 rpm) for 10 minutes at 4°c, in
the 16 x 15 fixed=-angle rotor of an MSE High-Speed 18
centrifuge. The resulting post-mitochondrial supernatant
was red with a layer of yellowilipid floating on the
surface, and the 4,000 g pellet was black. The lipid
associated with the post—mitocﬁondrial supernatant was
removed by filtering the supernatant through absorbant cotton
wool. The filtrate was then decanted into 10 ml polycar~
bonate tubes and the microsomal fraction sedimented by
centrifugation at 105,000 g for 60 minutes at 4°C, in the
10 x 10 ml titanium fixed=-angle rotor of an MSE 50 centri-
fuge. After centrifugation a brown, jelly-like microsomal
pellet was obtained and a pale red post-microsomal super-

natant. Both fractions were retained.

The microsomal pellet obtained from 0.5 g of liver
slices was resuspended in 2 ml of ice-cold TKMS buffer by
gentle homogenization, either within the centrifuge tube
or after transfer to a test-tube, with a loose-fitting
pestle at speed setting 2.5 until the suspension was of

uniform appearance.

b) ‘Isolation of the Post-Microsomal Pellet

A sample (0.5 ml) of the post-microsomal super-
natant fraction was retained for gel analysis and the
remainder was transferred to a 10 ml polycarbonate tube.
The post-microsomal pellet was sedimented by centrifugation
at 105,000 g for 3 hours. The small red pellet which
resulted was resuspended in ice-cold TKMS buffer by gentle
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homogenization ; the volume of TKMS used was the same as
the volune of post-microsomal supernatant from which the
pellet was sedimented. The final supernatant was retained
(Scheme 1 summarizes the cellular fractionation procedure.)

c) Solublization of the Microsomal and Post-
Microsomal Pellet Fractions

; The microsomal pellet from 0.5 g of liver slices
‘was resuspended in 2 ml of TKMS buffer as described above.
The suspension was incubated at room temperature for 30
minutes in the presence of the protease inhibitor PMSF,
this was added at a concentration of 50 ul/ml (from a
stock solution of 6 mg/ml in 957% ethanol). At the end of
the incubation period, sodium dodecyl sulphate (SDS),

- 2-mercaptoethanol, and NaZCO3 were added to give final
concentrations of 2%, 10% and 50 mM respectively (from a
stock solution containing 50% 2-mercaptoethanol, 10% SDS
~and 250 mM NaZCOB)’ and the suspension solublized by boillng
at 100°C for 5 minutes.

The post-microsomal pellet was resuspended in
TKMS buffer, the volune used being the same as the volume
of post-microsomal supernatant from which it was sedimented.
PMSF was added to the suspension at a concentration of
50 Ml/ml (from the stock solution) and SDS, 2-mercaptoethanol
and Na2C03 were added to give final concentrations of 2%,
10% and 50 nM respectively. The suspension was then
solublized by boiling at 100°C for 5 minutes. (N.B. ~ the
post-microsomal pellet suspension was not incubated for
30 minutes with PMSF prior to solublization.)

After solublization by this procedure, these
fractions were ready to be applied to SDS‘polyacrYlamide

gels.

26247 Measurement of Protein-Bound Radioactivity

The term 'protein-bound radioactivity' refers to
the covalent incorporation of radioactive precursors into
protein. Although the methodology used to determine the
level of radioactive incorporation into particular
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SCHEME 1 CELLULAR FRACTIONATION OF XENOPUS LIVER

0.5 g liver slices (washéd)
+ 2.5 ml TKMS (+PMSF)

Homogenize (12 passes)

- Total Tissue Homogenate

v
4,000 g x 10 min
|

v B v

Black pellet Red supernatant
(cell debris, (post-mitochondrial
nuclei and supernatant)
mitochondria)
v
Filter

105,000 g x 60 mins

, v
Brown pellet Clear red supernatant
(microsomes) ' (post-microsomal
: supernatant)

105,000 g x 3 hours

v | v
Red pellet Final supernatant

(post-microsomal
pellet)
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fractions varied, in all cases it was necessary to remove

all non~covélent1y bound label before deternining the
incorporation into protein. To obtain a low background

level of radioactivity the following precautions were taken:-

(i) sanples labelled with radioactive precursor were
diluted with excess unlabelled precursor ;
(ii) adequate time was allowed for the precipitation of

the protein by TCA ;

(iii) the precipitates were washed, using TCA containing
unlabelled precursor, by repeated rotomixing and centri-
fugation. Care needed to be taken during the centrifugation
steps since if the suspension was centrifuged for longer
than 1 minute at top speed the precipitate formed a hard
pellet which was difficult to break-up and could trap non-

covalently bound label.

a) Analvsis of the Incubation Medium Protein
for the Incorporation of Radioactive Precursors

The filter paper disc technique was used to
determine the incorporation of radioactive precursors into

incubation medium protein.

0.3 ml samples of incubation medium were centri-
fuged to remove red blood cells and other debris, and then
50 ul aliquots of the clarified medium were applied to
individual pieces of Whatman 3 mm filter paper measuring
approximately 2 cm x 2 cm. The incorporation of radio-
activity into the aliquots was then analysed as shown in
Scheme 2. For most of the isotopes used the washing
procedure (A) was sufficient to reduce the background
radioactivity to 150-300 dpm. However, for incubations in
which 200 uCi of (32P) phosphate was used, the washing
procedure (B) was necessary in order to reduce the back-
ground radioactivity to an acceptable level (approximately
4,000 dpm) . |

b) Analysis of the Total Tissue Protein for the
Incorporation of Radioactive Precursors

1 ml aliquots of liver slice homogenate were used
to determine the incorporation of radioactivity into total

tissue protein as shown in Scheme 3.
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SCHEME 2 FILTER PAPER DISC METHOD FOR THE ANALYSIS OF
INCORPORATION OF RADIOACTIVITY INTO INCUBATION
MEDIUM PROTEIN

50 wul aliquots of clarified
incubation medium applied
to 2 x 2 cm filter papers

and air dried

!

Precipitate protein in 200 ml
10% TCA (30 min, 4°C)

(Aa) , (B)
Wash, Wash,
5 x 200 ml 5% TCA 5 x 200 ml 5% TCA
+ 0.01 M + 0.01 M phosphate,
unlabelled precursor 1 x 15 min (4°C)
(15 min, 4°C) 1 x overnight (4°C)

1 x 15 min (90°C)
2 x 15 min (room temp)

/

Wash:¢ -
2 x 200 ml ethanol/diethylether (1/1) (5 min),
1 x 200 ml diethylether (5 min)

|

When dry, discs placed in scintillation
vials and counted in
50 % toluene/butyl PBD/50% methanol
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SCHEME 3 ANALYSIS OF TOTAL TISSUE PROTEIN FOR THE
CORPORATION OF RADIOACTIVE

1 ml aliquot of total tissue
homogenate

|

Add 3 ml, 0.1 M unlabelled
precursor

!

Precipitate protein with 30% TCA
to a final concentration of 10%

l 2 hours at 4°C

Wash 4 x 5 ml, 5% TCA containing
0.01 M unlabelled precursor,
1 x 90°C (30 min)
3 x 4°C

. Add 5 ml, 30%
H202 to pellet to bleach protein
‘ (60°C, 3- 4 hrs)

Re~precipitate protein at final
concentration 10% TCA

Wash, 2 x 5 ml 5% TCA (4°C)

v
Wash, 2 x 3 ml acetone (15 min)
1 x 5 ml ether (15 min)

Dissolve precipitate in 0.9 ml hyamine
hydroxide at 50°C. To 0.3 ml aliquot
add 15 mls toluene/butyl PBD
+ 2 drops acetic acid and measure
radioactivity
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SCHEME 4 ANALYSIS OF MICROSOMAL PROTEIN FOR THE

INCORP F CTIV

RS

1 ml aliquot of microsomal
suspension

l

Add 3 ml, 0.1 M unlabelled
precursor

l

Precipitate protein with
30% TCA to a final conc®
of 10%

l 1 hour at 4°C

Wash 6 x 3 ml, 5% TCA
containing 0.01 M unlabelled
precursor,

5 x 49C
1 x 90°C (15 min)

!

Wash,
1 x 3 ml ether (15 min)

!

Dissolve precipitate in 0.3 ml
hyamine hydroxide at 50°C,
add 15 ml toluene/butyl PBD

+ 1 drop glacial acetic acid
and measure radioactivity

2 x 3 ml acetone (15 min)
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Since the total tissue protein fraction is black,
due to the presence of melanin pigment, it was necessary
to bleach the protein with hydrogen peroxide prior to
counting as the dark colour would result in a high level
of quench and make counting unreliable. After bleaching,
the sample had to be washed throughly to remove all traces
- of hydrogen peroxide.

c) Analysis of the Microsomal Protein for the
Incorporation of Radicactive Precursors

Resuspended microsomal protein was analysed for
the incorporation of radioactivity as shown in Scheme 4.
d) Determination of the Specific Activity of

Vitellogenin Isolated from the Incubation
Medium

- A small sample (approximately 0.25 mg) of the
labelled vitellogenin isolated from the incubation medium
was. dissolved in 0.5 mls of 0.15 M NaCl. The protein
concentration of 25-100 ul samples of this solution was
determined by the method of Lowry et al (1951). Similar
aliquots of the solution were applied to filter papers and
the protein-bound radiocactivity was determined as shown in
Scheme 3. Alternatively, the protein-bound radiocactivity
was determined by adding aliquots of the labelled vitello-
genin solution to 1 ml of a solution containing approxi=-
mately 5 mg of cold, carrier vitellogenin. The protein was
then TCA precipitated and washed as shown in Scheme 4.
Knowing the protein concentration and protein-bound radio-
activity the specific activity of the vitellogenin was

calculated.

2.2.8 Polvacrylamide Gel Electrophoresis

Two methods of polyacrylamide gel eiectroPhoreﬁis

were used in this work:-

a) Non-SDS polyacrylamide gel electrophoresis

b) 'SDS polyacrylamide gel electrophoresis.
Both of these sytems involve the use of double-stack poly-
acrylamide gels, with a large-pore upper gel acting as a
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stacking gel and concentrating the protein into a fine
band before separation in the small pore lower gel.

a) Non-SDS Polvacrvlamide Gel Electrophoresis

Preparation of Gels

Stock acrylamide and buffer solutions were prepared
as shown in Table 6a. The gels were cast in 8 cm perspex
tubes which were sealed at one end with a double-layer of

Parafilm.

Stock solutions for the lower, small pore gel were
mixed in the proportions shown in Table 6b to give the
desired gel concentration. (In this work only 5% gels were
used, but details of 4-107% gels are included for reference.)
‘The mixture was then de-aerated on a water pump. The gels
were poured to a height of approximately 6 cms and a thin
layer of distilled water was pipetted over the top in order
to achieve a flat surface after polymerization. The gel
solution took about 30 minutes to polymerize.

. When polymerization of the lower gel was complete,
the solutions for the upper, large-pore gel were mixed in
the pfbportions shown in Table 6b and de-aerated. The
layer of water was removed from the top of the lower gel
and the upper solution added to a depth of 0.75 cms ; water
was again overlaid. The gels ﬁere exposed to light from a
200 watt bulb placed directly ébove them so that the photo-
polymerization of the acrylami@e in the upper gel could be
initiated by the action of ribﬁflavim- Polymerization took
about 15 minutes, after which the upper gel appeared white
and opaque. The gel was left for a further 30 minutes and
a small hole was made in the Parafilm before electrophoresis.

Preparation of Samples for Electrophoresis

50~-100 ul samples of incubation medium were applied
directly to the gels. When precipitated vitellogenin was
to be analysed, it was dissolved inTris/glycine reservoir
buffer, and a sample volume of 10-100 1l containing up to
50 nug of protein was applied to the gels.




TABLE 6a SOLUTIONS FOR NON-SDS POLYACRYLAMIDE GEL

ELECTR

Lower Gel
(SmallﬁPore)

Gel Buffer (la)

Tris 36.3 g
N.HC1 ‘ 48.0 ml
TEMED 0.92 ml
HZO to 100 ml
Acrylamide Solution (2a)
Acrylamide 30.0 g
Bis 0.8 g
KBFe(CN)6 15 mg
HZO to 100 ml
Initiator (3a)

Ammonium

persulphate 0.28 g
HZO to 100 ml

(freshly prepared)

Reservoir Buffer - Tris/glvycine

Tris 6 g
Glycine 28.8 g
HZO to 1 litre
pH 8.6

Upper Gel
(Large -Pore)

Gel Buffer (1b)

Tris , 5.8 g
N.H2P04 25.6 ml
HZO to 100 ml
Acrylamide Solution (2b)
Acrylamide 10.0 g
Bis 2.5 g
HZO to 100 ml
Initiator (3b)
Riboflavin 4 mg
H,0 to 100 ml

(Solutions had a shelf-life of 3 months when kept
refridgerated in amber glass bottles)
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PREPARATION OF NON-SDS GELS

Solutions were mixed in the following proportions:-

LDwer Gel

Solution % Acrylamide

4 5 6 7 8 9 10

la 1.0 1.0 1.0 1.0 1.0 1.0 1.0

2a 1.3 ‘1.6 2.0 2.3 2.7 3.0 3.3

3a 4.0 4.0 4.0 4.0 4.0 4.0 4.0

HZO 3.7 3.4 3.0 2.7 2.3 2.0 1.7

Upper Gel

- 1b 1.0
2b 2.0
3b 1.0
H,O 4.0
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Electrophoresis

The electrophoresis was carried out in a Shandon

" disc-gel electrophoresis apparatus using the same buffer
in the upper and lower chambers. A drop of saturated
sucrose solution containing bromophenol blue was added to
the samples - since the dye runs with the buffer front,
this allowed the distance of migration to be followed. A
sample volume of 10-100 ul, containing up to 50 ug of
protein was then layered over each gel, the sucrose in the
indicator solution giving the sample sufficient density to

displace the upper reservoir buffer.

A Shandon power pack was used for the electro-
phoresis and was set to deliver a constant current, with
the electrode in the lower buffer connected to the anode.
A current of 2 mA/gel was passed for approximately 5 minutes
to allow the protein to migrate into the large-pore gel and
form a fine band. The current was then increased to 5 mA/
gel. The electrophoresis was continued until the dye front
had reached 0.5-1 cm from the end of the gel tube ; this
took about 1 hour. '

The tubes were removed from the apparatus and the
gels squeezed out into 7% v/v acetic acid. After fixing
theprotein bands for 1 hour, the gels were stained for
protein with 0.2% Coomassie Brilliant Blue solution in 10%
v/v acetic acid, 50% v/v methanol for 1%-2 hours. The gels
were then destained by allowing the stain to diffuse out
into 10% v/v acetic acid, 20% v/v methanol, with frequent

changes of the destainer.

Destained gels could then be scanned for protein in

a Joyce-Loebl gel scanner at 550 nm.

b) SDS Polyacrylamide Gel Electrophoresis

Preparation of Gels

The preparation of the gels and the electrophoresis
procedure was based on the method of Neville (1971).
However, in the lower gel, the normal cross-linker, bis,
was replaced by diethyldiallyltartardiimide (DATD), this



- 61 -

meant that the gels could be solublized in 2% periodate
solution instead of NCS solublizer (see later). Stock
acrylamide and buffer solutions were prepared as shown in
Table 7a.

The stock solutions for the lower, small-pore gel
were mixed in the proportions shown in Table 7b to give
the desired concentration. (In this work only 7.5% gels
were used, but details of 5% and 11% gels are included for
reference.) After de-aeration, TEMED was added to initiate
polymerization. The gels were cast to a height of 5~6 cms
in Parafilm sealed Perspex tubes and distilled water was
layered over the surface. When polymerization was complete
(20-30 minutes), the water layer was removed and the upper
gel solution mixed as shown in Table 7b, dé-aerated, and
applied to a depth of 0.75-1 cm. The upper gel was left
to chemically polymerize on top of the lower gel, this took
approximately 10 minutes, and the gels were left for a
further 30 minutes prior to electrophoresis. The gels could
be prepared up to 24 hours before use and kept overnight in

a refridgerator.

Preparation of Samples

Samples were prepared for electrophoresis as shown
in Table 8.

Electrophoresis

The gels were placed in the electrophoresis
apparatus and the upper and lower reservoirs were filled
with the appropriate buffers. Up to 250 ul of sample could
be applied to each gel, containing as much as 150 ug of
protein. A drop of saturated sucrose solution containing
bromophenol blue was added to the samples before they were
applied to the gels. The samples were electrophoresed
towards the anode at 1 mA/gel for about 10 minutes to allow
the protein to form a fine band in the upper gel. The
current was then increased to 2.5 mA/gel, and the dye front
took 2-2% hours to run the length of the tube. The gels
were removed from the tubes and the dye front marked with a

piece of Ni-chrome wire.



TABLE 7a SOLUTIONS FOR SDS POLYACRYLAMIDE GEL

ELECTROPHORESIS

Lower Gel
(Small-pore)

Acrylamide Solution (1la)

Acrylamide - 27.5 g
DATD 0.369 g
H,0 to . 100 ml
Gel Buffer (2a)

Tris 12.85 g
HZO ‘to 100 ml

pH to 9.18 with HCL

Initiator (3a)

Ammonium 0.3 g
persulphate
H,0 to 100 ml

(freshly prepared)

Reservoir Buffers

Upper Buffer

Tris/SDS/Borate

- Tris | 4.965 g
SDS 1.0 g
HZO to I 1litre

pH to 8.64 with solid
boric acid

Upper Gel
(Large~-pore)

Acrylamiée Solution (lc¢)

Acrylamide 75 g
Bis 0.6 g
H,0 to 100 ml
Gel Buffer (2c¢)

Tris l.64 g
HZO to 100 ml

pH to 6.1 with HZSG&

Initiator - as (3a)

Lower Buffer

Tris 51.39 g
HZO to 1 litre

pH to 9.5 with HCL






TABLE 8 PREPARATION OF SAMPLES FOR SDS POLYACRYLAMIDE
GEL ELECTROPHORESIS

Samgle Treatment
Precipitated Dissolved in 2% SDS,
Vitellogenin 10% 2 -mercaptoethanol,
50 oM Na,CO
273
Incubation Incubated at a final concen-
"Medium tration of
’ 4% SDS,

10% 2~-mercaptoethanol,
50 mM Na,CO, at
1009C fof 57min

Microsomal and Resuspended in TKMS and solu~-
Post-Microsomal : blized at a final concentration of
Pellets 2% SDS, .

10% 2-mercaptoethanol,
50 mM Na,CO, at
100°C fof 5 min (in presence of

PMSF)
Post-Microsomal Incubate at a final concentration
Supernatant® of
and Final 2% SDS,
Supernatant 10% 2-mercaptoethanol,
50 mM Na2C03 at
100°C fof 57min (in presence of
PMSF) :

(*The post-microsomal supernatant fraction was always
analysed immediately on isolation.)
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After fixing for 1 hour in 7% v/v acetic acid, the
gels were stained in Coomassie Brilliant Blue solution in
10%v/v acetic acid, 50% v/v methanol, at a concentration of
0.1% (stained overnight) or 0.25% (stained for approximately
2 hours). The gels were then destained in 10% v/v acetic
acid, 25% v/v methanol with frequent changes of destainer.
Destained gels could be scanned for protein at 550 nm using
a Joyce Loebl gel scanner.

c) The Determination of Radioactivity on
Polvacrylamide Gels

In order to determine the distribution of radio-.
activity on polyacrylamide gels they were sliced, and the
slices solublized and counted. In order to do this the gel
to be counted was first frozen in an enamel dish containing
crushed solid CO2 and then sliced, either using a Mickel
automatic gel slicer, or by placing the frozen gel on graph
paper and using a razor blade to cut slices of the required

size.

Solublization of Non~-SDS Gels

Non~-SDS gels, in which bis was used a cross-linker,
were solublized using NCS solublizer. 2 mm slices were cut
and each slice was placed in a scintillation vial containing
0.5 mls of NCS. The vials were tightly capped and left at
50°¢C overnight. After this treatment the samples were
allowed to cool and 15 mls of toluene/butyl PBD was added
to each sample. It should be emphasized that during this
procedure although the protein was digested, the actual gel
slice was left intact. The vials were left to cool in the
dark for at least one hour before counting.

Solublization of SDS Gels

During the preparation of SDS gels, in most cases
the normal cross-linker, bis, was replaced by diethyldiallyl-
tartardiimide (DATD) in equimolar quantitiesy(Baumann and
Chrambach, 1976), and this meant that the gel slices could
be solublized in 2% periodate instead of NCS. Also, because
of the number of gels to be analyzed during some of the
experiments, the size of the slices cut from the lower half
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" of the gels was often increased from 2 nm to 5 mm, and thus
this reduced the number of samples to be counted. Each

2 mm slice was placed in a scintillation vial containing

0.4 mls of 2% sodium periodate (for 5 mm slices this was
increased to 0.8 mls) and the slices left to dissolve at
room temperature, this took 30-60 minutes. In this method
the slices were completely dissolved. 1 ml of absolute
‘alcohol, 10 mls of Tritoscint and a drop of glacial acetic
acid were then added to each vial and the vials left to cool

in the dark for at least one hour before counting.

2.2.9 The Incorporation of Labelled Nucleotide-Sugars
into Glycolipid Intermediates by Microsomal
Preparations

a) Preparation of Microsomes

Control or ocestrogen-treated Xenopus were pithed
and their livers removed into ice-cold TKMS buffer. 2 g
of liver was weighed out and the tissue finely minced using
scissors and then transferred to 10 mls of fresh TKMS buffer
in an homogenizing tube. The mince was homogenized with
just 3 full strokes of a loose-fitting pestle (approxi-
mately 1 mm clearance) using a Tri-R-Stir-R homogenizer
at speed setting 3.5. The microsomes were then prepared
from the tissue homogenate as described in section 2.2.6 a).

b) Resuspension of Microsomes

The microsomes prepared from 2 g of liver were
resuspended by gentle homogenization in 2.5 mls of 0.05 M
Tris/maleate, pH 7.5, at 0% (to give a protein concentration
of approximately &4-8 mg/ml). The protein concentration was
determined accurately by the method of Lowry et al (1951).

c) Incubation Conditions

The incubation conditions were similar to those
described by Palamafczyk and Hemming (1971). 0.4 or 0.8 ml
aliquots of fresh microsomal suspension were incubated with
the following additions ; 8 mM MnCl,, 1 mM EDTA, 8 mM
2~mercaptoethanol (these were added from a 10x concentra-
tion stock solution) and either UDP-D (6~3H) galactosé
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(0.5 - 2 uGL), UDP-N-acetyl-D (U-1%C) glucosamine (0.05 -
0.1 uCi) or GDP (Umlac) mannose (0.05 - 0.1Ci). The incu-
bations were normally for one hour at 22°C, with constant
shaking, at 60-70 strokes/minute. At the end of the incu-
bation period the incubations were terminated by the
addition of 4 volumes of 2:1 (v/v) chloroform/methanol and
rotomixing. In some experiments 0.3 ml aliquots of the
incubation mixture were retained for polyacrylamide gel
anélysis before the addition of chloroform/methanol.

d) Extraction of Lipid from the Microsomal
Incubation Mixture '

Lipid was extracted from the microsomal incubation

mixture as shown in Scheme 5.

2.2.10 The Incorporation of Labelled Sugars into Glyco~-
lipid Intermediates by Liver Slices

a) Preparation of Liver Slices and Incubation
Conditions

Liver slices were prepared and incubated with either
50 uCi of (3H) galactose or 50 uCi of (BH) glucosamine as
described in section 2.2.4. At the end of the incubation
time the incubation mediun. was removed and the slices
washed twice with 5 mls of ice-cold TKMS buffer. The
slices were then transferred to an homogenizing tube with
2 mls of TKMS buffer and the slices homogenized with a
tight-fitting pestle using a Tri-R-Stir-R homogenizer at a
speed setting 3.5 ; twelve passes of the pestle were made.

b) - Extraction of Lipid from the Liver Slice
Homogenate

Lipid was extracted from the liver slice homogenate
as shown in Scheme 6. The procedure was similar to the
extraction of lipid from the microsomal incubation mixture
but after extraction with 2:1 chloroform/methanol, the
residue was further extracted with 10:10:3 chloroform/
methanol /water. The washed 2:1 chloroform/methanol extract
and the 10:10:3 chloroform/methanol/water extract were

pooled for chromatographic analysis.
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SCHEME 5 EXTRACTION OF LIPID FROM MICROSOMAL
: INCUBATIONS

Incubation terminated by .
addition of 4 vols. CHCl3/MeOH, 2:1 (v/v)

}

Rotomix and centrifuge

i

Upper aqueous layer
Lower organic layer
Residue at interface

)

Remove upper aqueous layer and discard.
Carefully collect the lower organic layer
without disturbing the interface, and
retain the organic extract

!

Re~extract the interface residue,
1 x 2 ml CHC13/MeOH + 0.5 mls Tris/maleate
1 x 2 ml CHCl13/MeOH + 0.5 mls Hp0
and collect organic extracts

Pool 2:1 CHC1l3/MeQOH extracts and wash
as described in Scheme 7
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SCHEME 6 EXTRACTION OF LIPID FROM LIVER SLICE
HOMOGENATE

Homogenize 0.5 g liver slices in 2 mls
TKMS buffer and divide homogenate
into 2 portions

}

Add to each portion of homogenate
4 mls CHCl3/MeOH, 2:1 (v%
and homogenize

v
Centrifuge

v
Upper aqueous lavyer
Lower organic layer
Residue at interface

i

Remove upper aqueous layer and discard.
Carefully collect the lower organic layer
without disturbing the interface residue

and retain the organic extract

i

Re~extract the interface residue,
2 x 4 ml CHCl3/MeOH + 1 ml HyO0
and collect organic extracts

— N

Pool 2:1 CHClj3/MeOH Re~extract residue
extracts and wash with
as described in ‘ 2 x 3 ml CHCl /MeOH/H2
Scheme 7 ' 10:10:3 (v/v/v)

and pool extracts
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SCHEME 7 WASHING OF THE 2:1 CHLOROFORM/METHANOL EXTRACT

To the 2:1 CHCl3/MeOH extract
add 0.25 vols. of Theoretlcal Upper Phase*
and wash by gentle mixing

Centrifuge, and discard upper
aqueous layer. Wash organic
layer once more as described above

|

Centrifuge, and discard upper
aqueous layer. Wash organic
layer with 0.25 vols. of Salt-free
Theoretical Upper Phase®

Centrifuge and discard aqueous layer

v :
Evaporate sample of washed extract
to dryness and dissolve in
50% toluene/butyl PBD/50% methanol
for counting

~*Theoretical Upper Phase =~
CHC15/MeOH/H,0/1 M MgClL, (3:48:47:0.168)

Salt-free Theoretical Upper Phase -
CHClB/MeOH/HZO (3:48:47)

(Folch et al, 1957)
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2.2.11 DEAE~Cellulose Acetate Chromatography of the
Labelled Lipid Extract

a) Preparation of Columns

The chromatographic procedure adopted was based on
the method described by Barr and Hemming (1972). The DEAE~-
cellulose acetate was prepared by leaving DE 52 cellulose
in contact with glacial acetic acid overnight. The excess
acetic acid was washed out with methanol on a Buchner fummel
until no smell of acetic acid remained. The DEAE~cellulose
acetate was stored suspended in methanol. The columns were
- packed (dimensions 12 cm x 0.8 cm diameter) and washed with
50 mls of chloroform/methanol, 2:1 (v/v) before the '
épplication of the samples.

b) Preparation of Samples of Llpld Extract for
Chromatography

For analysis of the lipid extract obtained from
microsomal incubations:~ the sample of washed 2:1 chloroform/
methanol extract to be chromatographed was evaporated to
dryness in a round-bottomed flask, and then re-dissolved in
2-3 ml of chloroform/methanol, 2:1 (v/v). The sample was
then‘ready for application to the column.

For analysis of the lipid extract obtained from
liver slice homogenates:~ the washed 2:1 chloroform/
methanol extract and the 10:10:3 chloroform/methanol/water
extract were pooled and evaporated to dryness in a round-
bottomed flask. The sample was then re-dissolved by first
washing around the sides of the flask with 0.5 ml of 10:10:3
chloroform/methanol/water (v/v/v), and then adding 2.5 ml
of chloroform/methanol, 2:1 (v/v) to this. The sample was
then ready for application to the column.

¢) Elution of Columns

The samples prepared as described above were applied
to the columns and eluted successively with chloroform/
methanol, 2:1 (v/v) ; methanol ; 0.0l M ammonium acetate in
2:1 (v/v) chloroform/methanol and 0.05 M ammonium acetate
in 2:1 (v/v) chloroform/methanol. The ammonium acetate
solutions were prepared by adding to chloroform/methanol,
2:1 (v/v), the appropriate volume of a stock solution of
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2.5 M ammonium acetate in methanol, containing 3% v/v acetic
acid.
For the analysis of samples obtained from microsomal
‘incubations, the colunns were eluted with:-
30 ml1 chloroform/methanol, 2:1 (v/v)
20 ml methanol
50 mI 0.01 M ammonium acetate
50 mlI 0.05 M ammonium acetate
and for the anaiysis of samples obtained from total tissue
- homogenates, the columns were eluted with:-
50 m1 chloroform/methanol, 2:1 (v/v)
30 ml1 methanol
50 ml 0.01 M ammonium acetate
50 m1 0.05 M ammonium acetate.

The elution was carried out at room~temperature
and the flow-rate was approximately 60 ml/hour. 5 or 10 ml
fractions were collected, and samples evaporated to dryness
and counted for radicactivity by the addition of 10 mls of
50% toluene/butyl PBD/50% methanol.

2.2.12 Further Analysis of the Labelled Fractions Eluted
trom the DEAE~Cellulose Acetate Columns

a) Thin-Laver Chromatography

Thin layer plates were prepared manually using a
slurry of non-fluorescent silica gel in water. The samples
to be chromatographed (fractions eluted from the DEAE-
cellulose acetate columns by ammonium acetate) were washed
twice with 0.25 vols of water to remove the ammonium acetate
salt which could affect the chromatography. They were then
evapofated to dryness and the residue taken up in approx-
imately 0.2 mls of chloroform/methahol, 2:1 (v/v). The
samples were then spotted onto the plates. The solvent
systems used were chloroform/methanol/water, 65:25:4
(v/v/v) and isopropanol/ammonia/water, 6:3:1(v/v/v). After
running, the solvent front was marked and 1 cm bands were
scraped from the plates for the determination of radio-
activity ; the radioactivity was eluted for 30 minutes
with 2 ml of methanol in a scintillation vial. 15 ml of
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toluene/butyl PBD was then added to each vial and the

samples counted.
b) Mild Acid Hydrolysis Procedure

The acid hydrolysis procedure was as described by
Richards and Hemming (1972). The sample to be hydrolysed
was evaporated to dryness and mixed with1lml of methanol/
water, 1:1(v/v), containing 0.01 M HCl, and heated at
100%C for 20 minutes. The mixture was then neutralized by
adding 1 ml of 0.1 M NaOH in methanol. 2 ml of chloroform
and 2 ml of water were added and, after mixing, the mixture
was separated into two layers by centrifugation. Samples
of the aqueous layer and the chloroform layer (evaporated
to dryness) were counted for radiocactivity in 10 mls of
- Tritoscint or 10 ml of 50 % toluene/butyl PBD/50% methanol
respectively.

¢) Paper Chromatography of the Labelled Sugars
Released by Acid Hydrolysis

The labelled sugars released from the lipid fraction
into the aqueous phase during the acid hydrolysis procedure
were analysed by descending paper chromatography using the
upper layer formed from a mixture of butanol/ethanol/water
4:1:5 (v/v/v) as the solvent system. The aqueous sample
containing the labelled sugar was first rotomixed with a
small quantity of "Amberlite'" resin in order to remove the
salt resulting from the neutralization of the acid ; the
resin was then removed by filtering the solution through
glass wool. The sample was then evaporated to dryness,
redissolved in 0.2 mls of distilled water and spotted on
Whatman No. 1 chromatography paper. 20ug-40ug samples of
glucose, raffinose, lactose and N=~acetyl-glucosamine were
spotted as standards. The chromatogram was run for 36-48
hours. After the run, the radioactivity was located by
cutting the lane containing the radiocactive sample into 1
cm strips and placing each strip into a scintillation vial.
The radiocactivity was eluted with 5 mls of methanol for
30 minutes ; 10 ml of toluene/butyl PBD was then added

and the samples counted.

The positions of the standard sugars were determined

by staining with silver nitrate. 0.2 ml of saturated
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silver nitrate was diluted to 20 ml with acetone, and
distilled water was added until the precipitate just
dissolved. The paper was dipped into this solution and when
dry was taken through 10% ethanolic NaOH and then through
sodium thiosulphate to clear the background, and; finally,
washed in cold, running water. The standard sugars stained

as brown or black spots.

2.2.13 Assay of Glucose-6~Phosphatase and 5' -Nucleotldase
Act1v1tz

a) Preparations of Fractions for Assay

2 control and 2 oestrogen-treated Xenopus were

~used to determine the glucoSe-G—phosphatasé and 5'-
nucleotidase activity of liver subfractions. 2 g samples

of liver from each animal were sliced and homogenized in

8 mls of TKMS buffer. A sample of the total tissue homo-
genate was retained and the remainder was fractionated as
shown in Scheme 1 to obtain the microsomal pellet, the post-
microsomal pellet and the final supernatant. The microsomal
pellet was resuspended in 5 ml of TKMS buffer and the post~
microsomal pellet in 3 ml of TKMS buffer. 100uand 200u 1
samples of total tissue homogenate, microsomal suspension,
post-microsomal pellet suspension and final supernatant

were assayed for glucose-6-phosphatase and 5'~nucleot1dase
activity as described below. '

b) Glucose~6-Phosphatase Assay

100 ul and 200 il aliquots of the fractions were
incubated with 0.3 mls, 0.2 M dimethylglutarate (pH 6.5) ;
0.1 ml, 0.1 M EDTA and 0.1 ml, 0.1 M glucose-6-phosphate.
Incubations were for 1 hour at 22°C with constant shaking
at 70 strokes/minute. The reaction was stopped by the
addition of 1.5 mls, 6% TCA and the protein was precipitated
for 1 hour at 0°C ; the tubes were then centrifuged and the
supernatant removed and assayed for phosphate as described
below. The protein precipitate was resuspended in 2 mls
H,0 and the protein content of 100uand 200 ul samples
determined by the method of Lowry et al (1951).
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¢) 5'=Nucleotidase Assay

. 100 1 and 200 ul aliquots of the fractions were
incubated with 0.35 ml, 0.25 M Tris (pH 8.0) ; 0.05 ml,
0.05 M MgCl, and 0.1 ml, 0.025 M AMP. The tubes were
incubated and the reaction terminated as in the glucose=-6-
phosphatase assay described above. Samples of the super=
natant were assayed for phosphate as described below.

d) Inorganic Phosphorus Determination

0.4 ml samples of supernatant were used for an
assay of the inorganic phosphate released during the incu-
bations. 1.5 ml of 0.6% ammonium molybdate in 5% perchloric
acid was added to 0.4 ml samples of supernatant. The
phospho-molybdate complex was reduced with 0.5 ml (2 mg/ml)
ascorbic acid and the blue colour was allowed to develop
for 30 minutes and then read at 750 nm. A standard curve
was set up using 0.05 - 1 pmole of phosphate. The enzyme
activities were expressed as u moles phosphate released/mg
protein/hour after tissue and substrate blanks has been

subtracted from experimental readings.

2.2.14 Electron Microscopy

a) The Microsomal Pellet

The microsomal pellet, prepared as described in
section 2.2.6 a), was fixed in 1% osmium tetroxide, buffered
with 0.05 M cacodylate (pH 7.4) and containing 0.25 M
sucrose, for 90 minutes at room temperature, and then washed
in cacodylate wash for 3 hours. The sample was dehydrated
through graded ethanol, and then embedded in Spurr resin
overnight at 70°C. Ultra-thin sections were cut on a
Cambridge/Huxley Ultra-Microtome using glass knives and
counter-stained with urenyl-acetate and lead citrate. The
sections were then examined in an Hitachi HU-12 electron

microscope.

b) The Post-Microsomal Pellet

In order to improve the fixation of the post-

microsomal pellet, equal volumes of the post-microsomal
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supernatant and 6% glutaraldehyde, in 0.25 M glucose,

0.05 M cacodylate, were mixed and then centrifuged at
105,000 g for 3 hours to obtain the post-microsomal pellet.
Fixation was terminated by a cacodylate wash, and then the
tissue was sliced into smaller pieces, and the washing
continued for a further 30 minutes. The sample was then
post~fixed in 1% osmium tetroxide and processed as described
for the microsomal pellet.
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Addendum Preparation of Rough and Smooth Microsomal
- Fractions from Rat and Xenopus Liver

Rough and Smooth Microsomal Fractions were
prepared as described by Lewis and Tata (1973). The method
is outlined in Scheme 8. The pellets were resuspended in
"0.35 M sucrose, 0.05 M TriS/Acetate, pH 7.4, 0.025 M K
Acetate, 0.01 M Mg Acetate and the glucose-6-phosphatase
activity of the fractions determined as described in 2 2 \3
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SCHEME 8 PREPARATION OF ROUGH AND SMOOTH MICROSOMAL
FRACTIONS FROM RAT AND XENOPUS LIVER

5 g liver tissue-wash with
3 x 50 ml Homogenization Medium
(0.35 M sucrose, 2.5 mM Mg Acetate, pH7.4)

Homogenize in 25 ml Homogenization
Medium (10 strokes)

v
'Filter homogenate through nylon mesh

6,000 g x 10 min

v
Pellet . ,
(mitochondria, Supernatant
. cell debris etc

6,000 g x 10 min

v
Pellet v
Supernatant
v
Layer 6 ml portions of
. supernatant over
3 ml 1.3 M sucrose, 0.05 M Tns/Acetate
0.025 M K Acetate, 0.01 M Mg Acetate,
pH7 o &4 : )
v
- 6 ml portion
105,000 g x 2% hr
¥ 105,000 g x 2% hr
Pellet v
(ROUGH Interface |
MICROSOMES) . Pellet
v (TOTAL
Dilute to 6 ml MICROSOMES)

with Homogenization Medium

105,000 g x 2% hr

|

Pellet
(SMOOTH MICROSOMES)
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Chapter 3

THE‘INCORPORATION OF RADIOACTIVE PRECURSORS INTO
SECRETED VITELLOGENIN BY LIVER SLICES

The livers of oestrogen-treated Xenopus laevis
(South African clawed toad) biosynthesize and secrete into
the blood large quantities of the serum protein vitellogenin
(Munday et al, 1968 ; Follett and Redshaw, 1968 ; Wallace
and Dumont, 1968). Vitellogenin is a Ca2+*binding,
glycolipophosphoprotein with a molecular weight of 450,000~
550,000 (Ansariet al, 1971 ; Redshaw and Follett, 1971),
and is a dimer, made up of two similar sized subunits,
molecular weight 200,000-220,000 (Bergink and Wallace,
19745 Clenens et al, 1975). Studies'by Wallace have shown
that, under the influence of gonadotrophins, vitellogenin
is selectively removed from the serum by the ovaries, and
is cleaved within the oocytes to give its two component
proteins, lipoviteilin and phosvitin (Wallace and Dumont,
1968 ; Wallace and Jared, 1969). These are the egg-yolk
proteins and have subunit molecular weights of approximately
0.17 x 10° for phosvitin (Ohlendorf et al, 1971) and 1.1
and 0.3 x 10° for lipovitellin (Bergink and Wallace, 1974a)

The amino-acid and non-protein components of vitell-
ogenin are extremely unevenly distributed between the
regions of the parent molecule destined to become the two
yolk-proteins ; thus phosvitin is unique in that 567 of its
amino-acids are serine residues, and, since 70% of the serine
residues are phosphorylated, the region of the parent
molecule destined to become phosvitin contains most of the
phosphorus. Almost all of the lipid associated with
vitellogenin is accounted for by that in lipovitellin, so
the iipovitellin regibn of the parent molecule contains
most of the lipid (see Table 4 for the stfuctural features
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of Xenopus vitellogenin, lipovitellin and phosvitin).

During the period when this part of the work was
being undertaken, experiments were being carried out in
this laboratory to investigate the uptake, cleavage and
processing of vitellogenin by human chorionic gonadotrophin
(HCG) -primed, isolated oocytes. These studies required
labelled vitellogenin of a very high specific activity so
that the processing events inside the oocytes could be
followed. The most successful way of obtaining very
highly labelled vitellogenin for use in this work was by
chemically iodinating vitellogenin purified from Xenopus
serum with 1251, using the lactoperoxidase method.
Vitellogenin with a specific activity of 40 - 100 x 10°
dpm/mg was obtained using this procedure.

However, it was felt that if possible it would be
preferable to use non-chemically modified labelled vitello-
genin for sone of the uptake experiments. Previous work
in this laboratory (Dolphin et al, 1971 ; Merry et al, 1973)
has shown that during the in vitro incubation of liver
slices from oestrogen treated toads, impressive amounts of
labelled amino-acids are incorporated into vitellogenin
secreted into the incubation medium. We planned to improve
this system and to incorporate various labelled precursors
into vitellogenin with a high specific activity, and then
to isolate the pure protein for possiblé use in oocyte
incorporation studies. With this system there was also
the possibility of incorporating label into the regions of
the parent molecule destined to become either phosvitin or
lipovitellin, and this could be useful for following the
cleavage of vitellogenin, and the appearance of the indivi-

dual yolk-proteins.

3.1 The Incorporation of (BH) leucine into Vitellogenin
by Liver Slices

The first step was to establish that the labelled
vitellogenin secreted into the incubation medium by liver
slices could be isolated from the medium in an intact,

undegraded form.
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3.1.1  The Time-Course of Incorporation

Figure 8 shows the time-course of incorporation of
(3H) leucine into protein secreted into the incubation
medium during the in vitro incubation of liver slices from
oestrogen-treated toads. The lag phase of 90-120 mins
associated with the secretion confirmed previous work in
this laboratory (Dolphin et al, 1971 ; Merry et al, 1973)
and the significance of this 1ég phase will be discussed

in Chapter 4.

3.1.2 Polyacrylamide Gel Analysis of the Incubation
Medium

Samples of the incubatioh nedium taken after a 6
hour incubation period were analyzed by both non-SDS and
SDS polyacrylamide gel electrophoresis. During non-SDS
polyacrylamide gel electrophoresis, ie under non-denaturing
conditions, native vitellogenin runs in its dimeric form,
but any dissociation into the monomer form can be identified.
During SDS polyacrylamide gel electrophoresis, vitellogenin
is dissociated into its two coﬁponent 200,000 mol. wt. sub-

units.

The results of non-SDS polyacrylamide gel analysis
(Figure 9) showed that nearly all of the protein-bound
radioactivity released into the incubation medium was
associated with a single proteln peak (A), which corresponded
to the position of the authentic vitellogenin dimer ; this
confirmed the work of Dolphin et al (1971) and Merry et al
(1973) The slight shoulder of protein and label (B),
migrating just ahead of the main peak, represents a small
proportion of vitellogenin monomer present in the sample ;
the small peék (C) represents a small amount of‘polymerized

vitellogenin.

Figure 10 shows the results of SDS polyacrylamide
gel analysis ; all of the protein-bound radioactivity was
associated with a single protein peak corresponding to the
position of the 200,000 mol. wt. subunit of vitellogenin.
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Figure 8
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Figure 8 Incorporation of (SH) Leucine into

Secreted Protein

Liver slices (1 g) were lncubated for 6 hours in
10 ml of phosphate-saline buffer w1tb 10 pcCi ( H) leucine.
At various times, 0.3 ml sample§ of the incubation medium
were removed and analysed for the incorporation of radio=-
activity into secreted protein By the filter paper disc
method as described in Chapter 2.
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Figure 9
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Figure 9 Non-SDS Polyacrylamide Gel Analysis of (3H)
Leucine~Labelled Incubation Medium

A 100 ul sample of the incubation medium obtained
from the experiment described in Figure 8 was analyséd on
a 5% non-SDS polyacrylamide gel. The gel was stained for
protein, scanned at 550 nm (dashed line) and the radio-
activity in 2 mm slices determined (histogram).
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Figure 10
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Figure 10 SDS Polvyacrylamide Gel Analysis of (3H)
Teucine~Labelled Incubation Medium

A 100 yl sample of incubation medium obtained from

the experiment described in Figure 8 was analysed on a
The gel was stained for

7.5% SDS polyacrylamide gel.
protein, scanned at 550 nm (dashed line) and the radio-

activity in 2 mm slices determined (histogram). 'X' marks
the position of polypeptide of mol. wt. approx. 200,000.
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3.1.3 . The Isolation of Vitellogenin from the Incubation
Medium

Labelled vitellogenin was isolated from the
incubation medium using the specific dimethylformamide/
acetic acid technique described by Munday et al (1968) .
After precipitation, the vitellogeﬁin was dissolved in
0.9% NaCl, dialysed and freeze-dried for storage as
described in Chapter 2. 3-5 mg of vitelldgenin was
isolated from each incubation. Non-SDS and SDS poly cryla-
mide gel analysis confirmed that during this isolation
procedure the vitellogenin maintained both its dimer
structure and its undegraded 200,000 mol. wt. subunits.
However, care was required during the acidification stage
of the procedure, since over-acidification could lead to
the dissociation of the dimer into its monomer subunits.

In this section of the work it was necessary to analyse the
vitellogenin obtained using both types of gels, since for
oocyte incorporation studies it was required in its native
dimer form with undegraded subunits ; previous work in this
laboratory had shown that it was possible for a sample to
appear in an authentic dimer form on non—SbS gels, but for
SDS gel analysis to reveal that the component subunits were
actually extensively degraded. '

Therefore it was possible to use the in vitro liver

slice technique to prepare labelled vitellogenin which could
be isolated from the incubation medium in its native form.

3.1.4  The Specific Activity of the Isolated Vitellogenin

When 1 g of liver sliceé, taken from animals at
8~14 days after a single anectlon of oestrogen, were
incubated with 10 uCi of ( H) leucine for 6 hours in
phosphate-saline buffer, they routinely incorporated
300, 000-600,000 dpm/g liver into incubation medium
vitellogenin, although there was considerable variation
between animals. The estimated specific activity of the.
vitellogenin isolated from the incubation medium was 80-
200,000 dpm/mg protein. For labelled vitellogenin to be
considered suitable for isolated oocyte incorporation
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studies, a specific activity of at least 1-2 x 106 dpm/mg
was required to enable the uptake of the vitellogenin to
be followed. The two possible ways of increasing the
specific activity were either to increase the amount of
labelled precursor added, or, to prolong the incubation
period - a combination of the two would give the most

economical use of the available precursor.

3.2 Modifications to the Incubation Medium for 24
hour Incubations

In previous work, the in vitro incubation of liver
slices was performed in phosphate-saline buffer. However,
to enable vitellogenin with a higher specific activity to
be produced it was decided to extend the incubation period
to 24 hours ; for this, an incubation medium similar to
those used for long-term tissue culture experiments was
more appropriate. A 50% dilution of Eagle's minimal
essential medium with Earle's salts (minus leucine) with a
final concentration of 20mM HEPES, as used by Wangh and
Knowland (1975) was chosen. The deletion of leucine from
the medium meant that the specific activity of the added
(3H) leucine would not be reduced. It was found that when
liver slices were incubated in this medium for 24 hours
with (3H) leucine, the incorporation of radiocactivity into
secreted vitellogenin was approximately double that obtained
in a parallel incubation with phosphate-saline buffer
(Table 9). The effect of the modifications described below
on the level of incorporation were tested and the results
~are shown in Table 9. |

(1) Amino-acids. Completely omitting all of the

amino-acids from the incubation medium had no effect

on the incorporation of (3H) leucine into secreted
vitellogenin during a 24 hour incubation.

(i1) Insulin. In some tissue culture procedures,

insulin is added to facilitate the uptake and

incorporation of amino-acids. However, insulin

had no effect on this system.

(iii) Antibiotics. When vitellogenin was precipi-

tated from 6 hour incubation medium, and then
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analysed by SDS polyacrylamide gel electrophoresis
and the gel stained for protein with Coomassie
Blue, there was only one major protein band,
corresponding to the 200,000 mol. wt. subunit of
vitellogenin (Figure lla). However, when the
vitellogenin precipitated from 24 hour incubation
medium was analysed (Figure 11b), the 200,000 mol.
wt. subunit was found to be extensively degraded,
with less than 50% remaining as the intact
vitellogenin subunit. The addition of the anti-
biotics penicillin, streptomycin, gentomycin and
mycostatin, at final concentrations of 200 units/
ml, 200 ug/ml, 70 pg/ml and 200 units/ml respectively
prevented this degradation without reducing the
level of incorporation, thus allowing intact
vitellogenin to be isolated after a 24 hour incu-
bation. The degradation of the vitellogenin was
probably the result of its proteolytic digestion by
enzymes released from the lysozomes after the break-
down of the liver slice tissue by bacterial action.
The effect of the antibiotics may be to inhibit

the breakdown of the liver slice tissue and thus
prevent the release of the proteolytic enzymes.

Therefore, the incubation medium used for all
subsequent in vitro liver slice incubations described in
this thesis was a 50% dilution of Eagle's minimal essential
medium with Earle's salts, minus amino-acids, with a final
concentration of 20mM HEPES containing the antibiotics
penicillin, streptomycin, gentomycin and mycostatin. The
full composition is given in Table 5 in Chapter 2.

3.3 The Specific Activity of Vitellogenin Preparations
: isolated after 724 hour Incubatlons

Vitellogenin labelled with several precursors was
isolated from the incubation medium after 24 hour incuba-
tions. Table 10 shows the specific activities of the
vitellogenin preparations obtained. All samples were
analysed by both SDS and non-SDS polyacrylamide gel electro=-



. Figure 11 SDS Polvacrvlamide Gel Analysis of Vitello~
genin Precipitated from a) 6 hour and
b) 24 hour Incubation Medium

Vitellogenin was precipitated from samples of
incubation medium taken at 6 hours, a), and at the end
of a 24 hour incubation, b). Samples (approx. 40 ug)
of the vitellogenin were analysed on 7.5% SDS polyacryla-
mide gels. The gels were stained for protein and scanned

: at 550 nm.
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TABLE 10
1l g samples of liver slices were incubated in
7.5 mls of incubation medium with various isotopes for
24 hours. At the end of the incubatiéns, vitellogenin
was precipitated from the incubation medium and the
sﬁecific activity determined as descrgbed in Chapter 2.

TABLE 11

At 10-12 days after oestrogenltreatment, animals
were injected with the isotopes shown. 48 hours later
. the animals were sacrificed, the blood‘collected, the
vitellogenin prepared from the serum, and the specific
activity determined as described in Chapter 2.
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TABLE 10 THE SPECIFIC ACTIVITY OF THE LABELLED
VITELLOGENIN I1GOLATED FROM IN VITRO LIVER

SLICE INCUBATIONS

Isotope uCi Spec.: Act. of Vg % isotope
(dpm/mg) incorporated |
(°H) Leu 100 2-5 x 10° 15-20
1 () vet 15 0.7 x 10° 15 (L)
u) ser 50 0.5 x 10° 2.6 (P)
(*2P) phosphate | 500 4-8 x 10° 1-2 (P)
(14c) Acetate 100 0.8 x 10° 0.4
(PH) Acetate 500 1.5 x 10° 0.15

TABLE 11 THE SPECIFIC ACTIVITY OF VITELLOGENIN
TSOLATED FROM XENOPUS SERUM AFIER IN VIVO

INJECTION OF ISOTOPE

Isotope UCi Spec. Act. of Vg |
- (dpm/mg)
(°H) Leu 100 0.18 x 10°
(32P) phosphate 500 0.02-0.06 x 10°
H) Leu 150 0.16-0.4 x 10°
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phoresis, typical results are shown in Figure 12 and 13.
Non-SDS analysis (Figure 12) showed that although most of
the vitellogenin was in the dimer form (A), some was
dissociated into the monomer form (B), the proportion of
monomer varied between preparations. SDS analysis (Figure
13) confirmed that the subunits were undegraded.

3.4 A comparison of in vitro Incorporation with the
in vivo lIncorporation of Injected Isotope

The in vivo incorporation of radioactive precursor
into serum vitellogenin by oestrogen-treated Xenopus
provided an alternative method for obtaining’the labelled
protein required for oocyte incorporation studies. 10-12
days after oestrogen treatment, toads were injected with
100 Ci of (BH) leucine, 250 uCi of ( 32 p) phosphate or

50 uCi each of (3H) leucine, (3H) serine and (3H) histidine
(the isotopesvwere injected in 0.2 ml of distilled water).
48 hours later, the animals were sacrificed, the serum
collected and the vitellogenin isolated as described in
Chapter 2. The specific activities of the labelled vitello-
genin preparétions obtained by this method are shown in
Table 11.

In vivo incorporation resulted in vitellogenin of
a much lower specific activity than was obtained using the
same amount of labelled precursor in an in vitro liver
slice incubation ; thus when (3H) leucine was injected, the
specific activity of the labelled vitellogenin obtained was
0.18 x 106 dpm/mg, compared with 2-5 x 106 dpm/mg from an
in vitro incubation, and when (32 P) phosphate was injected,
the specific activity of the vitellogenin was only 0.02-
0.06 x 100 dpm/mg compared with 4-8 x 106 dpm/mg from an
in vitro incubation. However, at 10-12 days after oestrogen-
tréatment, the serum contains up to 50 mg of vitellogenin
per ml, and therefore the in vivo method has the advantage
of enabling up to 300 mg of labelled vitellogenin to be
isolated from each animal, compared with only about 5 mg
obtained from the medium after the incubation of 1 g of
liver slices. But, since the uptake of vitellogenin by
isolated oocytes was only of the order of 0.1 ug/oocyte/



Figure 12 Non=-SDS Polvacrylamide Gel Analysis of
Vitellogenin Precipitated from the
Incubation Medium

Liver slices (1 g) were incubated for 24 hours in
- 10 ml of incubation medlum with either a) 100 uCi ( H)
‘leucine or b) 500 uCi ( P) phosphate. At the end of
the incubation the vitellogenin was precipitated from

the medium and samples (40 - 80 ug) were analysed on

5% non=-SDS polyacrylamide gels. The gels were stained
for protein, scanned at 550 nm (dashed line) and the
radibactivity in 2 mm slices determined (histogram).

a) ( H) leucine-labelled vitellogenin
~b) 3 P) phosphate—labelled vitellogenln

Figure 13 SDS Polvyacrylamide Gel Analysis of
(overleaf)  Vitellogenin Precipitated from the
’ Incubation Medium

Samples (approx. 50 ug) of the vitellogenin
obtained from the experiments described in Figure 12
were analysed on 7.5% SDS polyacrylamide gels. The gels
were stained for protein, scanned at 550 nm (dashed
line) and the radioactivity in 2 mm slices was deter-
mined (histogram) X=-position of polypeptide of mol wt.
approx. 200,000. | |

—a)  ( H) ‘leucine-labelled vitellogenin

b) (3 P) phosphate—labelled vitellogenin
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24 hours, the specific activity of the vitellogenin obtained
by the in vivo procedure was not high enough to be useful

for these experiments.

3.5 Thé.Uptake of Labelled Vitellogenin (prepared from
in vitro incubations) by Isolated Oocvytes

These results were obtained in this laboratory by
J.M. Pratt (unpublished observations)..

Figure 14 shows the results of an experiment in
which isolated oocytes from HCG-treated toads were incubated
with either (3H) leucine~ or (32P) phosphate-labelled
vigellogenin prepared as described in the previous section ;
_the specific activity of both samples was 2 x 106 dpm/mg.
Both (BH)-leucine~ and (32P) phosphate~labelled vitellogeenin
was incorporated to approximately the same extent, 0.1 ug/
oocyte/24 ho@ts, however insufficient counts were
incorporated%to allow the distribution of the radioactivity
inside the odcyte to be analysed by polyacrylamide gel
electrophoreais.

Table 12 shows the results of a second experiment
in which (BH) leucine~ and (3H) methionine-labelled vitello~
genin (Specific activities 0.5 x 106‘and 3 x 10° dpm/mg
respectively) and (1251) labelled vitellogenin (prepared
by chemical ipdination of serum vitellogenin) were incubated

“with isolated oocytes.

TABLE 12
Vitellogenin Incorporation Ratio
labelled with ( ugvVg/10 oocytes/ dimer : monomer
: 24 hours)
CCH) met 0.43 2:1
CH) leu 0.11 | 1:4
21y | 0.73 3:1

Although each incubation contained the same concen-
tration of vitellogenin, there was considerable variation
in the level of incorporation. Non-SDS polyacrylamide gel
analysis of the vitellogenin samples revealed that the
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Figure 14 The Uptake of a) (BH) Leucine~ and b) (32P)
Phosphate~Labelled Vitellogenin by Isolated
Oocytes

Isolated oocytes obtained from HCG-treated Xenopus
were incubated with either a) (3H) leucine~- or b) (32P)

phosphate~labelled vitellogenin for 24 hours. The incor-

- poration of radioactivity into the oocytes was determined
at intervals. ‘
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observed uptake was related to the ratio of vitellogenin
dimer to vitellogenin monomer present. Thus in the (3H)
"methionine~-labelled vitellogenin, the ratio of dimer to
monomer was 2:1 and the incorporation was 0.43 ug/l0 oocytes/
24 hours, whereas in the (3H) leucine~labelled vitellogenin
the ratio of dimer to monomer was 1l:4 ie most of the vitello-
genin was dissociated into its monomer subunits, and the
incorporation was only 0.11 1g/10 oocytes/24 hours ; the
(1251) labelled vitellogenin had the'highest ratio of dimer
to monomer, 3:1, and also gave the highest incorporation,
0.73 ug/10 oocytes/24 hours. These results suggest that

the oocytes are able to distinguish between the dimer and
‘monomer forms of vitellogenin and that the uptake of the

native dimer form is favoured.



CHAPTER 4
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Chapter 4

THE PHOSPHORYLATION AND GLYCOSYLATION OF
THE VITELLOGENIN POLYPEPTIDE

Workers in this laboratory have shown that when
liver-slices from oestrogen-treated Xenopus laevis are
incubated with radioactive amino~acids there is a 90-120
minute lag-period before the secretion of labelled vitello~-
genin into the medium (Dolphin et al, 1971 ; Merry et al,
1973). This lag-period is the time taken for the
biosynthesis, assembly and secretion of the final vitello-
genin molecule (Merry et al, 1973). Further studies have
identified a single microsomal precursor of secreted
vitellogenin with a mol. wt. of approximately 200, 000, very
similar to the mol. wt. of the vitellogenin subunit
(Penning et al, 1977). This precursor is present on the
microsomes from an early stage in the lag-period, and the
results suggest that the phosvitinyl and lipovitellinyl
moieties of the parent vitellogenin molecule are biosynthe-
sized as part‘of a single large polypeptide. These findings
are consistent with results showing that vitellogenin
mRNA codes for a protein of mol. wt. approximately 200,000
(Shapiro et al, 1976).

Since vitellogenin is a CaZ+~binding, glycolipo-
phosphoprotein, the primary translation product must undergo
several post-translational modifications before the secretion
of the completed molecule. As yet there is little direct
evidence to suggest when the phosphorus, carbohydrate and
lipid moieties are added to the newly translated vitello-
genin polypeptide. The aim of the experiments presented
in this chapter was to investigate at what stage prior to
secretion the intracellular precursors of vitellogenin are

phosphorylated and glycosylated.
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4.1 - The in vitro Incorporation of (3H) Leucine into
Vitellogenin by Liver Slices and the ldentification
of Microsomal Precursors

Several preliminary experiments were performed to
demonstrate the characteristics of (BH) leucine incorpora-
tion into vitellogenin by liver slices. It was also
necessary to confirm that (BH) leucine labelled microsomal
precursors of vitellogenin could be reliably identified
before proceeding with more complex experiments.

Figure 15a shows the time-course of secretion of
labelled vitellogenin into the medium during the incubation
of liver slices from oestrogen-treated toads with (3H)
leucine. The characteristic lag-period of 90-120 minutes -
representing the time taken for the biosyntheéis, assembly
and secretion of the final vitellogenin molecule - was a
- consistent feature of these experiments. If after 1 hour
further peptide~bond formation (and consequently transla~-
tion) was inhibited by the addition of cycloheximide, auth-
entic labelled vitellogenin was secreted into the medium
for about 90 minutes after the end of the lag-period (Figure
15b). This result indicated that prior to cycloheximide
addition at L hour, completed (3H) leucine~labelled
‘polypeptide precursors of vitellogenin must already have
been present intracellularly ; it was also evident that
any modifications taking place during the second hour of
the lag-period did not require the formation of any new

peptide-bonds.

To identify the microsomal precursors of vitellogenin,
liver slices were pulsed for 1 hour with (3H) leucine. At
the end of the pulse period, cycloheximide was added and the
incubations continued for a subsequent 4 hour chase period.
Samples of liver slices were taken at 1 hour, 2 hours and
5 hours and the microsomal fraction harvested, solublized
in the presence of the protease inhibitor PMSF, and the
solublized microsomal protein analysed by SDS polyacryl-
amide gel electrophoresis as described in Chapter 2. The
results are shown in Figure 16. After 1 hour only one major
labelled polypeptide was associated with the microsomes, and
this had a mol. wt. of about 200,000, similar to the subunit



Figure 15 The Incorporation of (3H) Leucine into
: Secreted Protein, a) in the Absence and
b) in the Presence of Cycloheximide

a) Liver slices (0.5 g) were incubated for 6
hours in 5 ml of incubation medium with 10 uCi (3H)
leucine. At various times, 0.3 ml samples of the medium
were removed and the incorporation of radioactivity into
secreted protein was determined by the filter paper disc
method as described in Chapter 2. ’

b) Liver slices were incubated with (SH) leucine
as described in a). At 1 hour, cycloheximide was added
to the incubation to give a final concentration of
100 pg/ml, and the same amount was added at 3 hours and
5 hours. The incorporation of radioactivity into
secreted protein was determined at various times.
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Figure 16  SDS Polyacrylamide Gel Analysis of CCH)
R Teucine~-Labelled Microsomal Protein :

Liver slices (3 x 0.5 g) were incubated in 5 mls
of incubation medium with 20 uCi (3H) leucine. Cyclo~-
heximide (100 ug/ml) was added at 1 hour (and again at
3 hours and 5 hours). Samples of liver slices were taken
at 1, 2 and 5 hours and the microsomal fraction harvested
and solublized with SDS and 2-mercaptoethanol as
"descrlbed in Chapter 2. 150 ul samples of the’ solublized
' microsomal protein were analysed on 7. 5% SDS polyacryla-
mide gels and the radioactivity in 2 mm slices was
determined. 'X' - position of a polypeptide of mol. wt.

approx. 200,000,
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mol. wt. of secreted vitellogenin. This species was still
present on the microsomes at 2 hours ie 1 hour after the
addition of cycloheximide, but was almost completely lost
at 5 hours, the loss corresponding to the appearance of
labelled vitellogenin in the incubation medium ; similar
results were obtained when the slices were incubated with
(BH) leucine for 2 and 2% hours before cycloheximide
addition. These results confirmed the earlier work of
Penning et al (1977) and indicated that during the lag~-
pefiod, completed 200,000 mol. wt. polypeptide precursors
of vitellogenin accumulate on the microsomes, and that at
the end of the lag-period these precursors are released
into the incubation medium. |

It should be mentioned that the microsomal
precursors could only be detected if the microsomes were
solublized in the presence of the protease inhibitor,

PMSF (phenylmethylsulphonyl fluoride), and in the absence
of this inhibitor, smaller polypeptides were identified as
precursoré of vitellogenin (Penning et al, 1977).

4.2 The Identification of Phosphorylated Precursors
of Vitellogenin

4.2.1 The Incorporation of (BH) Leucine and (32P)
Phosphate into Secreted, Total Tissue and
Microsomal Protein .

When liver slices from oestrogen-treated toads
were incubated with (32P) phosphate, labelled protein was
bsecreted into the incubation medium as shown in Figure 17.
SDS polyacrylamide gel analysis of the incubation medium
confirmed that vitellogenin was the only (32P) phosphate-
labelled protein secreted durlng the incubation. The
secretion of (32P) phosphate labelled vitellogenin was
attended by a 1%-2 hour lag-period, similar to the lag-
period characteristic of the incorporation of (SH) leucine
into secreted vitellogenin ; this confirmed the results
obtained by Merry et al (1973). It was found that by
omitting phosphate from the incubation medium and incuba-
_ ting the slices with 20 uCi (3H) leucine and 200 uCi (BZP)
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Figure 17
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Figure 17 Incorporation of (32P) Phosphate into
Secreted Protein

- Liver slices (0.5 g) were incubated for 6 hours
in 5 mls of incubation medium with 1@0u<li@2P) phosphate.
At various times, 0.3 ml samples of the incubation medium
were removed and the incorporation of radioaetivity into
secreted protein was determined by the filter paper disc

method as described in Chapter 2.
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phosphate, double-labelled vitellogenin was secreted into
the incubation medium and SDS polyacrylamide gel analysis
showed that the P/T ratio of the secreted vitellogenin was
approximately 2 (throughout this section, the term '"P/T
ratio'" refers to the ratio of (32P) dpm to (3H) dpm) .
Therefore this system was favourable for experiments to
compare the level of phosphorylation of the intracellular
microsomal precursors of vitellogenin and the final
secreted protein. For these experiments, the length of
the pulse=-period was increased to 2% hours in order to
increase the quantity of radioactivity being analysed.

. In initial experiments, samples of 0.5 g of liver
slices were incubated with 200 uCi (32P) phos phate and

20 uCi (3H) leucine ; cycloheximide was added at 2% hours
‘to inhibit further protein synthesis and the incubations
were continued for a further 3% hours (total incubation
period 6 hours). Samples of liver slices and incubation
medium were taken at 1%, 2% and 6 hours and the incorpora-
tion of radioactivity into secreted, total tissue, and
microsomal protein was determined.

Figure 19 shows the results of SDS polyacrylamide
gel analysis of samples of incubation medium taken during
a (3H) leucine and (32P) phosphate double-labelling
experiment ; the analysis indicated that double-labelled
vitellogenin was secreted into the incubation medium, and
that the P/T ratio of the secreted vitellogenin was
approximately 1.8. Figure 18a shows that, as expected,
(3H) leucine was incorporated into the secreted protein with
a lag=-period of approximately 1% hours. After cycloheximide
addition at 2% hours, the appearance of labelled protein
in the incubation medium was accompanied by a concomitant
loss of radiocactivity from the total tissue and microsomal
protein fractions, this represented the loss of (BH)
leucine~labelled intracellular precursors of vitellogenin
from the tissue (Penning et al, 1977). During the chase~-
period, the decrease in radioactivity associated with the
total tissue protein fraction was approximately equal to the
amount of labelled protein secreted into the incubation



Figure 18 Incorporation of a) ( H) Leucine and b) ( P)

S Phosphate into Secreted, Total Tissue and
Microsomal Protein durlng a 2% hour Pulse -
3% hour Cvcloheximide Ghase Experiment

Liver Slices (4 x 0.5.g) were incubated in 4 mls
of incubation medium with 20 uCi (3H) leucine and 200 uCi
(32P) phosphate. Cycloheximide (100 ug/ml) was added at
2% hours (and again at 4% hours). At various times,
incubations were: removed and the incorporation of radio-
activity into secreted protein (S.P.), total tissue
~protein (T.T.P) and microsomal protein (M.P.) was

determined as described in Chapter 2. (Phosphate was
omltted from the incubation medium.) '
a) ( H) leucine incorporation
" b) (32P) phosphate 1ncorporation
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~200,000.

‘Figure 19 SDS Polvacrylamide Gel Analysis of (BH)
' Teucine- and (°4P) Phosphate~Labelled
Incubation Medium

100 ul samples of the incubation medium obtained
at 1%, 2% and 6 hours in the experiment described in
Figure 18 were analysed on 7.5% SDS polyacrylamide‘gels
and the radioactivity in 2 mm slices was determined.

X' - position of a polypeptide of mol. wt. approx.

CH) —
(32]?) nnnnnn .
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medium ; however, only about 30% of this decrease could

be accounted for by the loss of label from the microsomal
protein fraction. Since it is well established that only
a portion of the microsomal. fraction can be isolated by
conventional homogenization and centrifugation procedures,
and that a high proportion of the fraction is sedimented
with the mitochondria during the first centrifugation step
(Lewis and Tata, 1973), this discrepancy was not surprising.
Indeed, previous workers in this laboratory had also made
this observation and had shown that the missing radio-
activity could be accounted for by that present in the
4,000 g pellet (Penning et al, 1977).

Figure 18b shows that (32P) phosphate was also
incorporated into secreted protein with a lag-period of
approximately 1% hours. However, after cycloheximide
addition at 2% hours, although (BZP).phosphatewlabelled
vitellogenin continued to be secreted into the incubation
medium, there was no concomitant loss of (32P) phosphate
label from the total tissue or microsomal protein fractions.
This suggested that the pool of (3H) leucine~labelled vitello-
genin precursors lost from the tissue during the chase
period was not fully phosphorylated ; if this was the case,
the secretion of (BZP) phosphate=-labelled vitellogenin
- into the incubation medium after cycloheximide addition
would have been accompanied by a corresponding loss of (BZP)
phosphate label from the total tissue and microsomal frac-
tions, similar to the observed loss of (3H) leucine label.

It should be stressed that since this was a double-
label experiment the same sample of protein was used for
the determination of both (3H) leucine and (32P) phosphate.
incorporation, and therefore any difference in the labelling
patterns obtained with the two isotopes were genuine and not

due to experimental error.

4.2.2 The Incorporation of (BZP) Phosphate into the
Microsomal Precursors of Vitellogenin

Samples of the microsomal fractions harvested at 1%,
2% and 6 hours in the experiment described in 4.2.1 were
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solublized and aﬁalysad by 8DS polyacrylamide gel electro-
phoresis ; the results are shown in Figure 20. At 1% and
2% hours, the ( H) leucine labelled, 200,000 mol. wt.
polypeptide precursor of vitellogenin was clearly recog-
hiéable, and this was completely lost at 6 hours, thus
confirming the previous results. However, when compared
with the vitellogenin secreted into the incubation medium
(Figure 18), it was clear that the pool of microsomal

- precursors was only slightly phosphorylated, and it was
estimated that the ("H) leucine-labelled precursors
included only about 15% of the full complement of (32P)
phosphate label associated with the final secreted vitello-
genin. The results of two further experiments which also
illustrate this point are shown in Figure 21. These results
implied that there was little accumulation of phosphorylated
precursors of vitellogenin on the microsomes, and thus they
were consistent with the observation made in the previous
section, that the secretion of (32P) phosphate-labelled
vitellogenin into the incubation medium was not accompanled
by a concomitant loss of (BZP) phosphate label from the
total tissue and microsomal protein fractions.

- The possibility that the low level of phosphory=-
lation of the microsomal precursors was due to the (~°P)
phosphate not having reached a steady-state level in the
appropriate phosphate-pool was considered. However if this
was so it would follow that the vitellogenin secreted during
the early part of the time-course would also have a low
P/T ratio, but the results of the analysis of the incubation
medium (Figure 19) show that this was not the case, and that
as early as 1% hours vitellogenin with a P/T ratio of

approximately 2 was detectable.

The low level of phosphorylation of the microsomal
precursor'compared with the secreted vitellogenin argued
‘against complete phosphorylation taking place soon after
the translation of the wvitellogenin polypeptide, since this
would result in the microsomal precursor having a P/T ratio
similar to the secreted protein. It seemed likely that the
polypeptides were not being phosphorylated until just prior



Figure 20 SDS Polvacrylamide Gel Analysis of (3H)
: Teucine~ and (32P) Phosphate-Labelled

Microsomal Protein (1)

150 1l samples of soclublized microsomal protein
obtained at 1%, 2% and 6 hours in the experiment
described in Figure 18 were analysed by 7.5% SDS poly-
acrylamide gels. The radioactivity in 2 mm slices was
determined. 'X' - position of a polypeptlde of mol. wto
200,000.

Figure 21 SDS Polvacrylamide Gel Analysis of ( H)
‘(overleaf) leucine~ and (32P) Phosphate~Labelled
Microsomal Protein (2) _

150 ul samples of solublized microsomal protein
obtained at 2% and 6 hours in two further experiments
identical to that described in Figure 18 were analysed
on 7.5% SDS polyacrylamide gels. The radioactivity in

2 mm slices was determined. 'X' - positien of a poly~-
peptlde of mol. wt. approx. 200,000.
( H)

(¥%py e -
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to their release from the microsomes, resulting in little
accumulation of the phosphorylated species.

4.2.3 The Identification of Possible Phosphorylated
Precursors of Vitellogenin in the Post-Microsomal
Fraction

The supernatant remaining after the harvesting of
the microsomes during the experiment described in sections
4.2.1 and 4.2.2, referred to as the soluble protein or
cytosolic fraction, was analysed by SDS polyacrylamide gel
electrophoresis 3 the results are shown in Figure 22.
Somewhat surprisingly, the analysis revealed at 1%, 2% and
6 hours this fraction contained only one major peak of
radiocactivity and that this was in the 200,000 mol. wte.
region. However, in marked contrast to the microsomal
precursors of vitellogenin, this species had a P/T ratio
of approximately 2, ie it was phosphorylated to a similar
‘extent to the vitellogenin secreted into the incubation
medium (Figure 19). The amount of radioactivity associated
with this 200,000 mol. wt. species was maximum at 2% hours,
and at 6 hours the labelled peak was reduced to 50% of its
2% hour level. The analysis of the post-microsomal super-
natant fraction obtained in a similar experiment are shown
in Figure 23 ; again the post-microsomal supernatant
included the labelled 200,000 mol. wt. species which was
phosphorylated to a similar extent to the secreted vitello~-

genin.

The identification of this labelled phosphorylated
species in the post-microsomal supernatant had interesting
implications since it suggested that the tissue included
two distinct pools of precursor vitellogenin, the microsomal
pool, comprising completed 200,000 mol. wt. polypeptide,
but including only a fraction of the phosphate associated
with the secreted vitellogenin, and a second pool .in the
soluble protein fraction, comprising fully phosphorylated

precursors.

4.2.4 Analysis of the Post-Microsomal Supernatant Fraction

Before continuing with the results of further



Figure 22 SDS Polvyacrylamide Gel Analysis of ( H)
o Leucine~ and (54P) Phasphate~Labelled Post -

Microsomal Supernatant (1)

150 1l samples of the post-microsomal supernatant
obtained at 1%, 2% and 6 hours from the experiment described
in Figure>18 were analysed on 7.5% SDS polyacrylamide gels.
The radioactivity in 2 mm slices was determined. 'X' -
position of a polypeptide of mol. wt. approx. 200,000

Figure 23 SDS Polyacrylamide Gel Analysis of ( H)
(overleaf) Teucine~ and (34P) Phosphate-Labelled Post~
Vi Microsomal Supernatant(Z)

150 ul samples of the post-microsomal supernatant
obtained at 1%, 2% and 6 hours in anexperiment similar to that
described in Figure 18 were analysed on 7.5% SDS poly=-
acrylamide gels. The radioactivity'in 2 mm slices was
determined. 'X' - position of a polypeptide of mol. wt.
approx. 200,000.

(32py  -ee--
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double~label experiments, the characteristics of the post-
microsomal species as determined from single~label experi-=-
ments with (3H) leucine will be described, since these
results have a bearing on the procedures adopted in
subsequent experiments.

a) The Effect of Prolonging the Chase Period

In 2% hour pulse, 3% hour cycloheximide chase
experiments, such as those described in the previous section,
the loss of the labelled, 200,000 mol. wt. species from
‘the post-microsomal supernatant during the chase period
was variable. Therefore it was decided to increase the
length of the chase-period from 3% hours to 5% hours, to
ensure that the maximum amount of this species was being
extruded from the tissue, and consequently that gel analysis
would show the maximum loss of the species after cyclo-

heximide addition at 2% hours.

The post-microsomal supernatant fraction may
include soluble extracellular protein in addition to
soluble intracellular protein. In these experiments, there
was the possibility of equilibration of the incubation
medium with the extracellular fluid of the liver slices.
1f this was occurring it would mean that the labelled
species present in the post-microsomal supernatant could
simply be due to the equilibration of the labelled vitello-
genin in the incubation medium with the liver slice
tissue. Therefore it was necessary to assess the effect
of the presence of labelled vitellogenin in the incubation
medium on the amount of labelled species recovered in the

post-microsomal supernatant fraction.

Three samples of liver slices were incubated with
(3H) leucine. One sample was removed at 2% hours and
cycloheximide was added to the remaining incubations. At
6 hours, the slices from one of the remaining flasks were
rémoved, washed and transferred to fresh incubation medium
ie transferred from medium containing a large quantity of
labelled vitellogenin to medium containing no labelled
vitellogenin,yand the incubations were continued for a
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further 2 hours. The slices were then processed, and
samples of the incubation medium and post-microsomal super-
natant were analysed by SDS polyacrylamide gel electro-
’phoresis : the results are shown in Figures 24 and 25.

Analysis of samples of the incubation medium taken
at 2% and 8 hours (Figure 24) confirmed that, during this
period, labelled vitellogenin was secreted into the incu-
bation medium. Analysis of the post-microsomal supernatant
(Figure 25) showed that at 2% hours there was a distinct
(3H) leucineélabelled peak in the 200,000 mol. wt. regiom,
and that at 8 hours this labelled peak was reduced to 30%
of its 2% hour level. A comparison of the 8 hour postC-
microsomal fractions obtained from the slices which had
remained in the original incubation medium (85) with that
obtained from slices which had been transferred to fresh
incubation medium at 6 hours (8b), indicated that there was
very little difference (less than 10%) between the amount
of 200,000 mol. wt. labelled species recovered. This
result ruled out the possibility that the presence of large
quantities of labelled vitellogenin in the incubation
medium, as was the case in 8a (sée Figure 24), was
resulting in any significant contamination of the post-
microsomal supernatant fraction. However, in subsequent
experiments, to ensure that the maximum possible loss of
labelled, 200,000 mol. wt. species was observed, two
incubations were always included for analysis at 8 hours,
and the slices from one were transferred to fresh medium
at 6 hours. In each case, post-microsomal fractions from
both incubations were analysed, and all of the experiments
confirmed that there was very little difference between
the amount of the 200,000 mol. wt. labelled species récavered,

An important feature highlighted by these experi-
ments was that at 2% hours, when there was a maximum amount
of labelled 200,000 mol. wt. species in the post-microsomal
supernatant fraction (Figure 25), only a small amount of
labelled vitellogenin had been secreted into the incubation

medium (Figure 24) ; conversely, at 8 hours, when the
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- Figure 24 SDS Polvacrylamide Gel Analysis of (BH)
leucine-Labelled Incubation Medium

Liver slices (3 x 0.5 g) were incubated with
10 ucCi (BH) leucine. At 2% hours, one incubation was
removed and cycloheximide (100 pg/ml) was added to the
remaining flasks. At 6 hours, the slices from one of the
remaining flasks, b), were removed, washed and transferred
to fresh incubation medium (containing cycloheximide), the
slices in the other flask, a), remained in the original
medium. The incubations were continued for a further 2
hours. 100 UL samples of the incubation medium obtained at
2% and 8 hours (from the incubation in which slices
remained in the original medium) were analysed on 74 5%
SDS polyacrylamide gels. The radiocactivity in 2 mm slices
was determined. 'X' - position of polypeptide mol. wt.
approxe. ZO0,000.



Figure 25 SDS Polvacrylamide Gel Analysis of (3H)
Leucine-Labelled Post-Microsomal

Supernatant

150 ul samples of the postwmicrosomal_supernatant
obtained at 2% and 8 hours in the experiment described
_in Figure 24 were analysed on 7.5% SDS polyacrylamide
gels. The radioactivity in 2 mm slices was determined.
v,*X’.~ position of polypeptide mol. wt. approxe. 200, 000.

8 hours a) = slices remained in original
incubation medium '

8 hours b) =~ slices transferred to fresh
incubation medium at 6 hours.
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maximum amount of labelled vitellogenin had been secreted,
the amount of labelled post-microsomal species was

reduced by at least 60%. The results of polyacrylamide
gel analysis of the incubation medium and post-microsomal
supernatant fractions obtained from two more experiments
are shown in Figure 26 and they also illustrate this point,
as do the results of all subsequent experiments of this
type. This relationship provided further evidence that
the labelled post-microsomal species was not.simply the
result of the contamination of the liver slices with
labelled vitellogenin from the incubation medium, since if
this was the case, the changes in the level of the post-
microsomal species would be expected to reflect the amount
of labelled vitellogenin secreted into the incubation
medium, ie; it would increase between 2% and 8 hours. The
results obtained favoured a precursorwproduct relationship
between the post-microsomal species and the secreted

vitellogenin.



Figﬁre 26A  SDS Polyacrylamide Gel Analysis of ( H)
: Leucine~-Labelled Incubation Medium (a) and

Post~M1crosoma1 Supernatant (b)

100 ul samples of incubation medium, (a), and 150 ul
samples of post-microsomal supernatant, (b), obtained at 2%
.and 8 hours from an experiment identical to that described
in Figure 24 were analysed on 7.5% SDS polyacrylamide gels.
The 8 hour post-microsomal supernatant sample.was obtained
from slices which had been transferred to fresh incubation
medium at 6 hours. The radioactivity in 2 mm slices was
determined. 'X' - position of a polypeptide mol. wt.
approx. 200,000.

Figure 26B  (overleaf)

- As Figure 26A
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b) The Sedimentation of the 200,000 Molecular
Weight Species from the Post-Microsomal
Supernatant

Liver slices were incubated with (BH) leucine for
2% hours, the microsomes were then harvested and a sample
of the post-microsomal supernatant was retained. The
remaining supernatant was subjected to a second high=-speed
centrifugation step for 3 hours at 105,000 g. This centri-
fugation resulted in a small, red-coloured pellet.
The pellet was resuspended in TKMS buffer to give a final
volume equal to the volume of the supernatant from which
it was harvested and solublized with SDS and 2-mercapto-
ethanol as described in Chapter 2. Samples of the post=
microsomal pellet and the final supernatant were then
analysed by SDS polyacrylamide gel electrophoresis. The
results of two independent experiments are shown in Figure
27. 1t should be pointed out that equal volumes of each
fraction were analysed, and therefore the counts recovered
in each fraction can be compared directly.

Analysis of the post-microsomal supernatant
(Figure 27a) showed that it included the familiar, 200,000
mol. wt., labelled species ; however, after the 3~hour
centrifugation step, as little as 5~10% of this labelled
species was recovered on gels of the final supernatant
(Figure 27c). Analysis of the solublized, post-microsomal
pellet protein (Figure 27b) revealed that 65-75% of the
200,000 mol. wt., labelled species lost from the super-
natant was recovered on gels of this fraction. No correct-
ions were made for any losses occurring during the second
centrifugation step or subsequent solublization and
analysis. In preliminary experiments it was found that the
post-microsomal pellet was difficult to reéuspend and care-
ful homogenization was necessary before solublization in
order to achieve the maximum recovery of the labelled species
on gels of this fraction ; this probably accounts for the
observation that the 200,000 mol. wt. labelled'species lost
from the postfmicrosomal supernatant was not fully
recovered on gels of the post-microsomal pellet,fraction.



Figure 27 SDS Polvacrylamide Gel Analysis of (BH) :
Teucine~Labelled Post-Microsomal Supernatant
(a), Post-Microsomal Pellet (b), and Final

Supernatant (c)

Liver slices (0.5 g) were incubated with 20 uCi
(3H) leucine for 2% hours. The microsomes were harvested
and a sample of the post-microsomal supernatant was ’
retdained for gel analysis. The remaining supernatant was
centrifuged for a further 3 hours at 105,000 g to obtain
the post-microsomal pellet and the final supernatante
The post-microsomal pellet protein was solublized as
described in Chapter 2. 150 1l samples of the post-
microsomal supérnatant,(a), post*micfosomal pellet, (b),
and final supernatant, (c), were analysed on 7.5% SDS poly-
acrylamide gels. The radioactivity in 2 mm slices was
determined. The results of 2 independent experiments are
shown. 'X' - position of polypeptide mol. wt. approx;
200,000, |
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The almost complete loss of the labelled species
from the supernatant and its co-sedimentation with the
post-microsomal pellet was interesting, since it suggested
that it was associated with a particulate fraction and was
not truly soluble. The results of electron microscopic
analysis of the microsomal and post-microsomal pellets
(shown and discussed later) indicated that the two pellets
Were morphologically distinct. However, vitellogenin is
a very large protein, mol. wt. 400~500,000 and the
possibility that soluble vitellogenin would be sedimented
during a long, high-speed centrifugation step could not be
ignored. Therefore, it was decided to look at the behaviour
of soluble vitellogenin during an identigai fractionation

procedure.

Liver slices were incubated with 20 uCi of (BH)
leucine for 6 hours, the incubation medium was used as a
source of soluble vitellogénin in the following experiment.
Two samples of liver slices were incubated for 2% hours,
one with 20 uCi of (BH) leucine and one with no added
isotope. At the end of the incubation, the slices incubated
with (3H) leucine were homogenized in TKMS buffer as normal,
but an aliquot of 6-hour incubation medium (containing
labelled, soluble vitellogenin) was added to the buffer
before the homogenization of the slices from the incubation
with no added isotope, and in this way the behaviour of
soluble vitellogenin during the fractionation procedure
was followed. The post-microsomal supernatant and post-
microsomal pellets obtained were analysed by SDS polyacryla-
mide gel electrophoresis and the results are shown in
Figure 28. Analysis of the post-microsomal supernatant and
post-microsomal pellet obtained from the slices incubated
with (BH) leucine (Figure 28A) confirmed previous results,
approxxmately 70% of the ( H) leucine~labelled, 200,000
mol. wt. species present on gels of the post-microsomal
supernatant was recovered on gels of the solublized post=
microsomal pellet protein. In contrast, analysis of the
distribution of labelled soluble vitellogenin between the
two fractions (Figure 28B) showed that only 20% of the
labelled vitellogenin present in the post-microsomal



Figure 28 Comparison of the Sedimentation of the
Labelled 200,000 mol. wt. Post-Microsomal

Species (Figure 28A) and Soluble Vitello-
genin (Figure 28B) During the 3~hour
Centrifugation Step

Figure 28A  Liver slices (0.5 g) were incubated with

20 uCi (3H) leucine for 2% hours. The microsomes were
harvested and the post-microsomal supernatant was centri-
fuged for a further 3 hours at 105,000 g to obtain the .
post-microsomal pellet. 150 vl samples of the post-
'microsomal supernatant, a), and post-microsomal pellet,
b), were analysed on 7.5% SDS polyacrylamide gels and

the radioactivity in 2 mm slices was determined. 'X' -
position of a polypeptide mol. wt. approx. 200,000.

Figure 28B (overleaf) In a parallel experiment, liver
slices (0.5 g) were incubated for 2% hours but with no
added isotope. The slices were then homogenized in

TKMS buffer to which 500 il of 6 hour incubation medium
(containing (BH) leucine-labelled, soluble vitellogenin)
had been added. The microsomes were harvested and the
pbst—microsomal supernatant further centrifuged to obtain
the post-microsomal pellet. 150 ul samples of the post-
microsomal supernatant, a), and pellet, b), were analysed
on 7.5% SDS polyacrylamide gels and the radioactivity in
2 mm slices was determined. 'X' - position of a poly-

peptide mol. wt. approx. 200,000.
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supernatant was recovered on gels of the post-microsomal

pellet.

Although this result did not completely rule out
the possibility that soluble vitellogenin present in the -
post-microsomal fraction would co-sediment with the post-
microsomal pellet, it did indicate that there was a clear
dlfference between the behaviour of soluble vitellogenin
and the ( H) leucine~-labelled, post-microsomal species ;
this difference favoured the idea that the post-microsocmal
species was associated with a particulate fraction and not

truly soluble.

In the light of these results, further double-label
experlments with (3H) leucine and ( P) phosphate were

performed.

4.2.5 Further Investigation of the Phosphorylated
Precursors of Vitellogenin

0.5 g samples of liver slices were incubated with
(BH) leucine and (32P) phosphate ; one incubation was
removed at 2% hours and cycloheximide was added to the
remaining flasks. At 6 hours the slices from one of the
remaining incubations were removed, washed and transferred
to fresh incubation medium (as described in 4.2.4 a)) and
the incubations were continued for a further 2 hours. The
microsomal fractions were harvested and samples of the
~incubation medium, microsomal protein and post-microsomal
supernatant were analysed by SDS polyacrylamide gel electro-
phoresis. The results are shown in Figure 29 and 30. A
comparison of the vitellogenin secreted into the incubation
medium (Figure 29a) with the microsomal precursors of
 vitellogenin (Figure 29b) confirmed that, as observed
previously, the pool of precursors present on the microsomes
at 2% hours was only partially phosphorylated, and it was
estimated that the ( H) leucine~labelled microsomal
precursors included only 20% of the (BZP) phosphate label
associated with the final secreted vitellogenin. The (3H)
leucine~labelled microsomal precursors were almost completely
lost at 8 hours. Figure 30 shows that at 2% hours the post-



Figure 29 SDS Polvacrylamide Gel Analysis of (3H)
S Leucine~ and (5ZP) Phosphate~Labelled
Incubation Medium (a) and Microsomal
Protein (b) (1)

Liver slices (3 x 0.5 g) were incubated with 20 1Ci
(3H) leucine and 200 WCi (32P) phosphate. At 2% hours,
one incubation was removed and cycloheximide added to the
remaining flasks. At 6 hours, the slices from one of the
remaining flasks were remdved, washed and transferred to
fresh incubation medium, the slices in the other flask
remained intﬂﬁaoriginal medium and the incubations
continued for a further 2 hours. 100 Ul samples of the
incubation medium, (a), and 150 Ul samples of the micro-
somal protein, (b), obtained at 2% and 8 hours (from the
incubation in which slices had remained in the original
- medium) were analysed on 7.5% SDS polyacrylamide gels
and the radioactivity in 2 mm slices was determined. 'X'
- position of a polypeptide mol. wt. approx. 200,000.

Figure 30 (overleaf) SDS Polvacrvylamide Gel Analysis
of (9H) Leucine~ and (942P) Phosphate~-
Labelled Post-Microsomal Supernatant

150 1l samples of the post-microsomal supernatant
obtained at 2% and 8 hours in the experiment described
in Figure 29 were analysed on 7.5% SDS polyacrylamide
gels. The 8 hour sample was obtained from the slices
which had been transferred to fresh incubation medium
at 6 hours. The radiocactivity in 2 mm slices was
determined. 'X' - position of a polypeptide mol. wt.
approx. 200,000.

‘ (3H) —
(%) -eeee-
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SDS Polyacrylamide Gel Analysis of (3H) Leucine~ and
(32P) Phosphate~Labelled Post-Microsomal Supernatant
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microsomal supernatant included the labelled, 200,000 mol.
wt . species and that, in contrast to the microsomal precur-
sors, this had a P/T ratio of approximately 2.5, similar

to that of the vitellogenin secreted into the incubation
medium. At 8 hours, the labelled post-microsomal species
was reduced to 18% of its 2% hour level.

In a second experiment, the same procedure was
adopted, but the post-microsomal supernatant was centri-
fuged for a further 3 hours in order to obtain the post-
microsomal pellet, as described in section 4.2.4 b). The
results are shown in Figure 31 and 32. SDS polyacrylamide
gel analysis of the incubation medium and the microsomal
protein (Figure 31) again confirmed that the microsomal
~precursors were only partially phosphorylated compared
with the final secreted vitellogenin. Figure 32a shows
that the labelled 200,000 mol. wt. épecies present in the
post~microsomal supernatant had a P/T ratio of approximately
2.2, again similar to that of the vitellogenin secreted
into the incubation medium, and that at 8 hours this labelled
~species was reduced to 30% of its 2% hour level. Figure
32c shows that after the 3-hour centrifugation step very
‘little of the double~-labelled post-microsomal species
remained in the final supernatant, but that approximately
70% was recovered on gels of the post-microsomal pellet
(Figure 32b).

Thus, these double-label experiments confirmed the
results obtained previously, and indicated that although
the pool of microsomal precursors included only a fraction
of the (32P) phosphate label associated with the final
secreted vitellogenin, the post~micfosomal supernatant
contained a 200,000 mol. wt. species with a P/T ratio
similar to that of the secreted protein. The observed loss
of the labelled post-microsomal species during the chase
period was consistent with it being a precursor of secreted
vitellogenin, and its co-sedimentation with the post~-
microsomal pellet suggested that it was associated with a
particulate fraction and not a true soluble precursor.



Figure 31 SDS Polyacrylamide Gel Analysis of (BH)
Teucine~- and (32P) Phosphate~-Labelled
Tncubation Medium (a) and Microsomal Proteln

® @)

Incubations were as described in Figure 29. ' 100
vl samples of the incubation medium, (a) and 150 1l samples
of the microsomal protein, (b), obtained at 2% and 8 hours
(for the incubation in which slices had remained in the
orlglnal medium) were analysed on 7.5% SDS polyacrylamide
gels. The radioactivity in 2 mm slices was determined.
X' - position of a polypeptide mol. wt. approx. 200,000.

(overleaf) SDS Polvyacrylamide Gel Analysis
of (JH) Leucine~- and (3ZP) Phosphate-
Tabelled Post-Microsomal sSupernatant (a),
Post-Microsomal Pellet (b) and Final
Supernatant (c)

Figure 32

150 1l samples of the post-microsomal supernatant
(a), post-microsomal pellet, (b), and final supernatant,
(c), obtained at 2% and 8 hours in the experiment

described in Figure 31 were analysed on 7.5% SDS poly-
acrylamide gels. The 8 hour samples were obtained from
the slices which had been transferred to fresh incubation
medium at 6 hours. The radioactivity in 2 mm slices was
determined. 'X' - position of a polypeptide mol. wt.
approx. 200,000.

(BH) —

(BZP) ......
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SDS Polyacrylamide Gel Analysis of (BH) Leucine -
and (32P) Phosphate~Labelled Post Microsomal

Supernatant, (a), Post-Microsomal Pellet, Figure 32
(b) and Final Supernatant, (c).
X
“3 M S
dpm x 10 "
1
6- o 25 hours 8 hours
i
&3
7 [N 1 -
(R f
ié ;
4+ :i,, - £e b
e ; o :
] R ¥ ¥
i : i Ve g
i : ' -
- 4 H ¢
2 ' : et :A.
0 ¥ Y f 4 T T Y T X4
b L N
1 1
4- ! 25 hours 8 hours
1]

e

o o @ en e o

[
| S
@ aw o oan A

8 hours
.
’-:......... ._.‘:“;'I.--.-.:-""”"wm“_‘J
PRI oo
- %
[ 1 1 § § IR 4
0 2 4cms

distance migrated



- 131 -

The observation that the pool of (BH) leucine~
labelled mlcrosomal precursors included only a fraction
of the ( P) phosphate label associated with the secreted
vitellogenin could imply either, that all of the (3H)
leucine~labelled precursors were slightly phosphorylated
or, that the majority of the (3H) leucine-labelled precur-
sors were unphosphorylated but that there was a small
proportion of fully phosphorylated precursors. When the
results of SDS polyacrylamide gel analysis of the micro-
somal protein obtained from double-label experiments were
carefully scrutinized, it was interesting to note that the
(32P) phosphate label associated with the 200,000 mol. wt.
microsomal precursors of vitellogenin migrated slightly
behind the main ( H) leucine-labelled peak (see Figures 20,
21, 29 and 31). This suggested that the‘( P) phosphate
label was associated with a species of slightly higher mol.
"wt. than the bulk of the (3H) leucine~labelled precursors,
and thus it favoured the idea of a small proportion of fully
phosphorylated precursors with a slightly higher mol. wt.
being present. To check whether this slight difference in
migration was a genuine phenomenon, a sample of ( 2P)
- phosphate-labelled incubation medium vitellogenin was mixed
with a sample of solublized microsomal proteln obtained
after the incubation of liver slices with ( H) leucine for
2% hours and the mixture was analysed on an SDS polyacryl=-
amide gel ; the results of two gel analyses are shown in
Figure 33. The (BZP) phosphate~labelled incubation medium
vitellogenin migrated slightly behind the (3H) leucine~-
labelled microsomal precursor peak, and the difference in
migration was very similar to that observed with double-
labelled microsomal protein. This result supported the
idea that the microsomal fraction included two distinct
species of vitellogenin precursor, the majority being
unphosphorylated, but with a small proportion of fully
phosphorylated precursors of slightly higher mol. wt. and
closely resembling the final secreted vitellogenin. The
double-labelled 200,000 mol. wt. species in the post -
microsomal fraction did not show the same discrepancy between

the migration of the (32P) phosphate and (3H) leucine label,
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Figure 33
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Figure 33 SDS Polyacrylamide Gel Analysis of ( P)
Phosphate~Labelled Incubation Medium and ( H)
Leucine~-Labelled Microsomal Protein

Liver slices (0.5 g) were incubated with 100 uCi
(32P) phosphate for 6 hours. In a second incubation, liver
slices were incubated with 20 uCi (3H) leucine for 2% hours
and the microsomal fraction obtained. Samples of (BZP)
phosphate~labelled incubation medium and (3H) leucine~
albelled microsomal protein were mixed, and the mixture
analysed on a 7.5% SDS polyacrylamide gel. - The results of
2 gel analyses (1 and 2) are shown.

CH)  —
(BZP) ,,,,,,
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and this suggested that it only included one species of
precursor and that this was very similar to the final
secreted vitellogenin.

4.3 The Identification of Glycasylated Precurs ors
of Vitellogenin

4.3.1 The Incorporation of Labelled Sugars into Secreted
Vitellogenin

Liver slices from oestr@gen*treated animals were
1ncubated with 501Mh_of ( H) glucosamine, ( H) galactose or
( H) mannose for 6 hours and the incorporation of label
into protein secreted into the lncubatlon medium was
determlned. Figure 34 shows that both ( H) glucosamine
and ( H) galactose were lnccrporated into secreted protein,
however, the incorporation of ( H) mannose was low and was
not studied further. The incorporation of ( H) glucos amine
was attended by a 1%-2 hour lag period, similar to that
characteristic of (BH) leucine incorporation. SDS poly~
acrylamide gel analysis of the (3H) glucosamine~ and (“H)
galactose-labelled incubation medium (Figure 35) showed
that in both cases vitellogenin was the only major labelled
protein secreted. However, it was consistently found that
significant amounts of background radioactivity were
asoociated with the lower mol. wt. regions of the gel and
this was probably due to the non=-specific binding of the
labelled sugars. |

Since both (BH) glucosamine and (3H) galactose
were incorporated into secreted vitellogenin, experiments
were planned to look at the level of glycosylation of the
intracellular precursors of vitellogenin. Ideally double-
label experiments would have been carried out using (1QC)W
labelled sugars and ( H) leucine, Slmllar to those
performed with ( P) phosphate and ( H) leucine ; however,
(14C) ~labelled sugars are very expensive and therefore, as
a more economical alternatlve, it was necessary to compare
the lncorporatlon of ( H) leucine and either (3H) glucosa-
mine or ( H) galactose in parallel incubations. In order
to do this, comparable amounts of (BH) leucine and the
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Figure 34 The Incorporation of (3H) Glucosamine, (BH)
Galactose and (3H) Mannose into Secreted

Protein

Liver slices (0.5 g) were incubated with 50 uCi
(3H) glucosamine, (3H) galactose or (3H) mannose for 6
hours in 4.5 ml of incubation medium. At various times,
0.3 ml samples of the incubation medium were removed and
analysed for the incorporation of radioactivity into
secreted protein by the filter paper disc method as

described in Chapter 2.
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Figure 35
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Figure 35 SDS Polvacrvlamide Gel Analysis of (3H)
Glucosamine~ and (J3H) Galactose-Labelled
Incubation Medium

100 ul sample of (3H) glucosamine~labelled, (a),
and (BH) galactose~labelled, (b), incubation medium from
the experiment described in Figure 34 were analysed on
7.5% SDS polyacrylamide gels. The radioactivity in 2 mm
slices was determined. 'X' ~ position of polypeptide mol.
wt. approx. 200,000.
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(3H) sugars had to be incorporated into secreted vitello-
genin, and this was achieved by 1ncubat1ng the liver slices
with 50 uCi of ( H) sugar and 10 pCiof ( H) leucine.

4.3.2 The Incorporation of ( H) Glucosamine and ( H}
Galactose into the Mlcrosomal Precursors of
Vltellogenln

' 0.5 g samples of liver slices were incubated with
50 uCi.of(3H) glucosamine and identical samples were
incubated with 10 uCiof (BH) leucine. At 2% hours, one
(3H) glﬁcosaminé incubation and one (BH) leucine incubation
were removed and cycloheximide was added to the remaining
flasks. = At 6 hours, the slices from one of the remaining
incubations with each isotope were removed, washed and
transferred to fresh incubation medium (as described in
4.2.4 a)), and the incubations were continued for a further
2 hours. The slices were then fractionated to obtain the
microsomes, the post-microsomal supernatant and the post-~
microsomal pellet as described‘previcusly, In an identical
experiment, liver slices were incubated with 10 uCi of (BH)
leucine and 50 uCi of (3H) galactose.

Figure 36 shows the results of SDS polyacrylamide
gel analysis of the ( H) leucine= and ( H) glucosamine -
.labelled incubation medium, and this confirmed that both
were incorporated into secreted Vitellogenin, SDS poly~-
acrylamide gel analysis of the (BH) leucine-labelled micro-
somal protein (Figure 37a) confirmed that at 2% hours, the
familiar (BH) leucine~labelled, 200,000 mol. wt. precursors
‘of Vitellogenin were associated with the microsomes and
that these were lost during the chase period. However,
analysis of the (3H) glucosamine-labelled microsomal
protein (Figure 37b) showed that there was very little
(3H) glucosamine label associated with the microsomal
precursors, and it was estimated that the (SH) leucine-
1abelled microsomal precursors included only about 10% of
the ( H) glucosamine label present in the final secreted

vitellogenin.

Figure 38 shows the results of SDS polyacrylamlde
gel analysis of the ( H) leucine=- and ( H) galactose~



 Figure 36 SDS Polvacrylamide Gel Analysis of (BH)
Teucine-Labelled (a) and (SH) Glucosamine-
Tabelled (b) Incubation Medium

3 flasks of liver slices (0.5 g) were incubated
with 50 1Ci H( glucosamine and 3 flasks were incubated
with 10 uCi ( H) leucine. At 2% hours, one ( H) gluco~-
saﬁine incubation and on (BH) leucine incubation were
‘removed and cycloheximide was added to the remaining
flasks. At 6 hours, the slices from one of the remaining
incubations with each isotope were removed, washed, and
transferred to fresh incubation medium, the slices in the
other flasks remained in the original incubation medium.
The incubations were contlnued for a further 2 hours.

100 1l samples of the ( H) leucine~labelled, (a), and ( H)
- glucosamine~labelled, (b), incubation medium obtained at

8 hours (from the incubations in which slices had remained
in the original medium) were analysed on 7.5% SDS poly-
acrylamide gels. The radioactivity in 2 mm sliceé was
determined. 'X' - position of polypeptide mol. wt. ‘
approx. 200,000.

Figure 37 = (overleaf) SDS Polyacrylamide Gel Analvysis
: of (3H) Leucine-Labelled (a) and (5H) Gluco-
samine~Labelled (b) Microsomal Protein

150 ul samples of (3H) leucine-labelled, (a), and
(BH) glucosamine~labelled, (b), microsomal protein obtained
at 2% and 8 hours (from the slices which had remainéd in
the original medium) in the experiment described in Figure
36 were analysed on 7.5% SDS polyacrylamide gels. The
radidaétivity in 2 mm slices was determined. 'X' -~ position

- of polypeptide mol. wt: approx. 200,000.
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Figure 38 SDS Polvyvacrylamide Gel Analvsis of ( H)
leucine~Labelled (a) and (-°H) Galactose~
Labelled (b) Incubation Medium

The experiment was identical to that described
in Figure 36 except that the liver slices were incubated
with 50 uCi of ( H) galactose instead of ( H) gluco=-
saﬂine. 100 ul samples of ( H) leucine~labelled, (a),
‘and ( H) galactose-labelled, (b), incubation medium
obtained at 8 hours (from.the incubations in which slices
had remained in the original medium) were analysed on
7.5% polyacrylamide gels. The radiocactivity in 2 mm slices
was determined. 'X' - position of polypeptide mol. wt.

approx. 200,000.

Figure 39 (overleaf) SDS Polvacrylamide Gel Analysis
of (JH) Leucine-Labelled (a) and (3H)
Galactose~Labelled (b) Microsomal Protein

150 nl samples of ( H) leucine~-labelled, (a),
and ( H) galactose ~labelled, (b), microsomal protein
obtained at 2% and 8 hours (from the incubations in
which slices remained in the original medium) in the
experiment described in Figure 38 were analysed on 7.5%
SDS polyacrylamide gels. The radiocactivity in 2 mm
slices was determined. 'X' - position of polypeptlde

mol. wt. approx. 200,000.
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labelled incubation medium obtained in an identical experi-
~ment, and this confirmed that both were incorporated into
secreted vitellogenin. SDS gel analysis of the (3H)
leucine-~-labelled microsomal protein (Figure 39a) again
confirmed that at 2% hours, the (3H) labelled, 200,000

mol. wt. precursors of vitellogenin were associated with
the microsomes and that these were lost at 8 hours.
However, analysis of the (BH) galactose~labelled microsomal
protein (Figure 39b) showed that there was very little (3H)
galactose label associated Wlth the microsomal precursors,
‘and it was estimated that the ( H) 1euc1ne~labelled micro=-
somal precursors included only about 10% of the ( H)
‘galactose label present in the final secreted vitellogenin.

These results indicated that there was little
detectable accumulation of (BH)wglucosaminem and (3H)
galactose-labelled precursors on the miérosomes, and thus
they suggested that the microsomal precursors of vitello-
genin were relatively unglycosylated.

4.3.3 The Incorporation of (3H Glucosamine and (3H)
Galactose into the Post-Microsomal Species

The post-microsomal supernatant and post-microsomal
pellet fractions from the experiments described in 4.3.2
were analysed by SDS polyacrylamide gel electrophoresis.

Figures 40 and 41 show the results of SDS poly~
acrylamide gel analysis of the ( H) leucine~ and ( H)
glucosamine-labelled post-microsomal supernatant and post=-
microsomal pellet fractions obtained from parallel incuba-
tions. At 2% hours, the post~m1crasomal supernatant
'lncluded the familiar ( H) leucine labelled, 200,000 mol.
wt. species, and at 8 hours this was reduced to 30% of its
2% hour level (Figure 40a). After the three hour centri-
fugation step, approximately 70% of this labelled species
was recovered on gels of the post-microsomal pellet (Figure
40b). Thus, these results confirmed those obtained in
previous experiments with (3H) leucine. Analysis of the
(3H) glucosamine~-labelled post-microsomal supernatant
obtained,in_the parallel experiment (Figure 4la) showed



Figure 40 SDS Polyacrylamide Gel Analysis of (3H)
' Leucine-Labelled Post-Microsomal Supernatant
(a) and Post-Microsomal Pellet (b)

Figure 41 (overleaf) SDS Polvacrylamide Gel Analysis
of (J5H) Glucosamine-Labelled Post-
Microsomal Supernatant (a) and Post-
Microsomal Pellet (b)

150 yl samples of (BH) leucine~ and (3H)

glucosamine~labelled post-microsomal supernatant, (a),

and postwmicrosomél pellet, (b), obtained at 2% and 8
‘hours in the experiment described in Figure 36 were ana-
lysed on 7.5% SDS polyacrylamide gels. The 8 hour samples
were obtained from the slices which had been transferred
to fresh incubation medium at 6 hours. The radioactivity
- in 2 mm slices was determined. 'X' - position of a poly-
peptide mol. wt. approx. 200,000. ‘ '
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that the 200,000 mol. wt. post-microsomal species was also
clearly labelled with ( H) glucosamine. However, the loss
of this labelled species between 2% and 8 hours was not so
obvious as the loss of the (3H) leucine~labelled species ;
this was because of the increase in the background level

of radioactivity associated with the gels at 8 hours.
Approximately 80% of the ( H) glucosamine~labelled, post-
microsomal supernatant species was recovered on gels of the
post-microsomal pellet (Figure 41b), and in this fraction
the loss of this species between 2% and 8 hours was clearly
shown. A comparison of the relative incérporation of (3H)
leucine and (3H) glucosamine into the vitellogenin secreted
into the incubation medium (Figure 36) and into the post~-
microsomal species (Figure 40 and 41) indicated that the
post-microsomal species was labelled with (3H) gluéosamine
to a similar extent to the final secreted vitellogenin.

Figures 42 and 43 show the results of SDS poly~
acrylamide gel analysis of the ( H) leucine~ and ( H)
galactose-labelled post-microsomal supernatant and post-
microsomal pellet fractions obtained from parallel incuba-
tions. At 2% hours, the post-microsomal supernatant again
included the familiar (BH) leucine~labelled, 200,000 mol.
wt. species and at 8 hours, this was reduced to 20% of its
2% hour level (Figure 42a). After the 3-~hour centrifuga-
tion step, approximately 657% of this labelled species was
recovered on gels of the post-microsomal pellet (Figure
42b). These results again confirmed those obtained in
previous experiments with (3H) leucine. Analysis of the
(3H) galactose~labelled post-microsomal supernatant (Figure
43a) showed that the 200,000 mol. wt. post-microsomal
species was also clearly labelled with (3H) galactose, and
that at 8 hours this was reduced to about 20% of its 2%
hour level. Approximately 65% of the ( H) galactose~-

"~ labelled post-microsomal supernatant species was recovered
on gels of the post-microsomal pellet (Figure 43b) (In
these experiments, the final supernatant remaining after
the 3 hour centrifugation step was not analysed, however,
earlier experiments had shown that very little of the
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labelled, 200,000 mol. wt. species remained in the final
supernatant (see sections 4.2.4 b and 4.2.5)). A compari~
son of the relative incorporation of (BH) leucine and ("H)
galactose into the vitellogenin secreted into the incubation
medium (Figure 37) and into the post-microsomal species
(Figure 42 and 43) indicated that the post~microsomal species
was labelled with (BH) galactose to a similar extent to the
fina1‘5ecreted vitellogenin. ' =

These results again demonstrated that at 2% hours,
the post-microsomal supernatant contained a ( H) leucine~
labelled, 200,000 mol. wt. species which was lost during
the chase period, and that this species co-sediment with
the post-microsomal supernatant. Howevef, they also showed
that; in contrast to the microsomal precursors, the post-
microsomal species was labelled with both (BH) glucosamine
and (3H) galactose to a similar extent to the secreted
vitellogenin and thus they suggested that, unlike the
microsomal precursors, the post-microsomal species was
relatively highly glycosylated.



CHAPTER 5



- 148 -

Chapter 5

THE INCORPORATION OF LABELLED SUGARS INTO
‘GLYCOLIPID INTERMEDIATES DURING VITELLOGENIN SYNTHESIS

In Chapter 1, the evidence to support the role of
glycolipid intermediates during the glycosylation of
proteins was discussed. Since vitellogenin is a glyco-
protein, it was interesting to see whether there was any
evidence to suggest the participation of similar inter-
mediates during oestrogen-induced vitellogenin synthesis
in Xenopus laevis. Therefore the experiments repcrted in
this chapter aimed to find out whether oestrogen-treatment
resulted in any stimulation of the incorpofation of
labelled sugars into glycolipid intermediates which could
be involved in the glycosylation of vitellogenino Two
types of experiment were performed ; first, microsomal
ftactions, obtained from control and oestrogen-treated
Xenopus, were used_to study the transfer of labelled sugars
from nucleotide sugars‘to glycolipid intermediates ; and
second, the incorporation of labelled sugars into glyco-
lipid intermediates by liver slices from control and
bestrogenﬂtreated Xenopus was inveStigated.
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5.1 The Incorporation of Labelled Sugar from UDP
( H) Galactose, GDP (140) Mannose and UDP-N-Acetyl
( 4C) Glucosamine into Glycollp1d~lntermedlates
by Xenopus Liver Mlcroscmes

Microsomal suspensions, prepared from Xenopus liver
as described in Chapter 2, were used to study the 1ncorp0raw
‘tion of labelled sugar from UDP ( H) galactose, GDP ( C)
mannose and UDP N=-acetyl ( 4C) glucosamine into a glyco-
lipid fraction extracted with 2:1 chloroform/methanml
| Incubations were in the presence of MnClZ, 2wmercaptoethan01
and EDTA and the conditions were as described in Chapter 2.

5.1.1 The Effect of Oestrogen"Treatment on Incorporation

a) UDP ( H) Galactose and GDP ( C) Mannose
Incorporation .

The microsomal fraction from control and oestrogen-
treated animals was incubated with either 1 uCi of UDP
(3H) galactose or 0.1 uCi of GDP_(;4C) mannose. At 10, 20,
30 and 60‘minutes samples were taken and lipid extracted
with 2:1 chloroform/methanol as described in Chapter 2.
The incorporation of radioactivity into the 2:1 chloroform/
methanol extract, subsequently referred to as the 2:1 extract,
was determined at each time and the results are shown in
~ Figure 44. The incorporation of both UDP (BH) galactose and
GDP (lQC) mannose into labelled glycdlipid present in the
2:1 extract was 3-4 fold higher in the oestrogen~treated
incubations than in control incubations. In the oestrogen-
treated incubation the incorporation of UDP (3H) galactose
was linear, and at 60 minutes the incorpdration was 74,000
dpm/g liver, compared with 19,000 dpm/g liver in the control
~incubation. The incorporation of GDP (lAC) mannose in the
. oestrogen-treated incubation reached a maximum of 81,000
dpm/g liver at 30 minutes, compared with 23,600 dpm/g liver
in the control incubation. In subsequent experiments,

incubations were for one hour.

In these preliminary experiments, the incorporation
data obtained was expressed with reference to the wet



Figure 44 The Incorporation of UDP (3H) Galactose (a)
: and GDP ZEEC) Mannose (b) into Glycolipid by
Microsomes from Control and Oestrogen-
Treated Animals S

The microsomal fraction was obtained from the
liver of a control and an oestrogen-treated animal,
Dupiicate 0.8 ml aliquots of microsomal suspension were
incubated with either 1 uCi UDP (SH) galactose, (a), or

0.1 uCi GpP (140)‘Mannose,(b). At various times, 0.4 ml
- samples were taken and lipid extracted with 2:1 chloroform/
methanol. The incorporation of radioactivity into the
2:1 extract was determined. The results are expressed as
dpm/g wet weight liver used for the preparation of the
microsomes. Full details are given in Chapter 2.
Control | A
Oestrogen~-treated [
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weight of liver used for the preparation of the microsomes.
It has been shown in previous work in this laboratory
(Smith et al, 1978) that oestrogen-treatment results in an
increase in the microsomal protein content of the liver.
Therefore there was ﬁhe possibility that the increase in
incorporation observed after oestrogen-treatment was due,
in part, to a higher microsomal protein concentration in
the oestrogen-treated incubations, however, the results of
Subsequent experiments showed that this was not the case.

b) The Time-Course of the Oestrogen-Induced
~otimulation of Incorporation

The results of preliminary experiments showed that
after oestrogen-treatment there was increased incorporation
of labelled sugar from both UDP (BH) galactose and GDP
(14C) mannose into a glycolipid fraction by liver microsomes.
It was decided to look at the level of stimulation of this
incorporation at various times after oestrogen-treatment.

At 3, 7, and 14 days after oestrogen-treatment,
microsomes were prepared from 2 experimental animals and one
control and incubated with UDP (BH) galactose and GDP (140}
mannose for 1 hour in parallel incubations. The incorpora-
tion of radiocactivity into the 2:1 extract was determined ;
the results are shown in Table 13 and are expressed as

incorporation/mg microsomal protein.

At 3 days after oestrogen-treatment the incorporation
of UDP (SH) galactose was stimulated to approximately 4
times the control level, and this stimulation was maintained
at 7 and 14 days. The stimulation of incorporation of GDP
(140) mannose was slightly less, being approximately 3
times the control level at each day. However, it should be
emphasized that the microsomes obtained from individual
oéstrogenwtreated animals were incubated, and therefore, as
expected, there was variation between the incorporation
levels observed in the 2 experimental animals on each day,
this variation in incorporation was most marked on day l4.
In Figure 45, the average stimulation over control obtained

on each day is plotted.
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TABLE 13 THE INCORPORATION“OFiUDP“(,H)WGALACTOSEMAND

TREAlbU XENOPUS

Time after ‘ Incorporation o
Oestrogen=- (dpm/mg protein x 10 7)
Treatment - T A
(days) UDP ("H) Gal GDP (~7C) Man
Control 1 2 Control 1 2
3 2.1 6.8 1 9.2 2.4 5.5 1 7.2
7 1.6 12.2 9.5 2.1 6.6 7.2
14 2.3 13.2 4.9 1.4 7.2 3.3

At 3, 7, and 14 days after oestrogen-treatment, 1
control and 2 ocestrogen-treated animals were sacrificed
and the microsomal fraction obtained from the liver of
individual animals. 0.8 ml allquots of microsomal suspen-
sion were lncubated w1th 1 pCi UDP ( H) galactose or 0.1

uCi GDP ( C) mannose for 1 hour. Lipid was then extracted

from the incubations with 2:1 chloroform/methanol and the
incorporation of radiocactivity into the 2:1 extract
determined. Full details are given in Chapter 2.
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Figure 45 The Effect of Oestrogen-Treatment on the

Incorporation of UDP (3H) Galactose and
GDP (14C) Mannose into Glycellpld by
“Mlcrosomes

The incorporation data shown in Table 13 expressed
in terms of the average stimulation over control incor-

poration obtained at each day.
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c) UDP N~Acetvyl (lQC} Glucosamine Incorporation

In a separate set of experiments the effect of
oestrogen~treatment on the incorporation of N-acetyl (lac)
glucosamine into glycolipid by microsémal fractions was
investigated.  The microsomal fraction from control and
cestrogen-treated animals was incubated with 0.1 uCi of
UDP N=-acetyl (lac) glucosamine for 1 hour and the lipid
was then extracted with 2:1 chloroform/methanol and the
incorporation of radiocactivity into the 2:1 extract
determined. The results of two independent experiments
~are shown in Table 14, which also shows the incorporation
of UDP (3H) galactose obtained in parallel incubations.
 The incofporation of UDP N-acetyl (1&6) glucosamine  into
labelled glycolipid present in the 2:1 extract was 8-10
fold higher in the oestrogen-treated incubations than in
.control incubations. The stimulation of the incorporation
of UDP (3H) galactose in the parallel incubations confirmed
the results obtained previously.

Table 15 shows the calculated values for the amounﬁ 
of each sugar (in nmoles) transferred from the labelled
nucleotide sugar to glycolipid during incubations with
microsomal fractions obtained from ocestrogen-treated
animals. Mannose transfer was the highest, being 18 times
greater than N-acetyl glucosamine transfer and 65 times
greater than galactose transfer. However, since no
account was taken of the microsomal pool-size of the rele~
vant derivatives, these values cannot be said to reflect
the true level of sugar transfer.

5.2 Analysis of the Labelled Glycolipid Fraction

The results described in the previous section
demonstrated that in microsomes prepared from oestrogen-
treated animals there was a stimulation of the transfer of
labelled sugars, from UDP (3H) galactose, GDP (146) mannose
-and UDP N=~acetyl (IQC) glucosamine, into a glycolipid
fraction present in the 2:1 extract. However, the incorpora-
tion data gave no indication as to the identity of the
glycolipid involved. Therefore the next step was to
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TABLE 14 THE_lNCORPORATIONwOFMUDPMN*ACETYL_&ﬂﬂ%)

Incarporatioﬁ
(dpm/mg protein)
1 2
Control 138,(1,380) 174 (4ﬂ08@)
Oestrogen- :
treated 1,403 (13,920) 1,904 (40,497)

The microsomal fraction was obtained from the liver
of 1 control and 1 ocestrogen-treated animal. Duplicate
0.4 ml aliquots of microsomal suspension were incubated
with 0.1 pCi UDP N~acetyl (La4c) glucosamine for 1 hour.
Lipid was then extracted from the incubations with 2:1
chloroform/methanol and the incorporation of radiocactivity
into the 2:1 extract determined. The results of 2 inde~-
pendent experiments are shown (the experimental animals in
1 and 2 being 10~ and 12~days after cestrogen-treatment
respectively). The figures in parenthesis show the incor-
poration of UDP (3H) galactose obtained in parallel incu=
bations (0.5 uCi in 1 and 1. 0 uCi in 2). Full details are

given in Chapter 2.

TABLE 15  THE CALCULATED TRANSFER OF (°H) GALACTOSE, (1%c)
MANNOSE AND NwACETYLH(;QC)WGLUCOSAMINE TO _LIPID

Incorporation into Lipid
(n moles/g liver)

(3H) Galactose ; | 0.002
(140) Mannose 0.130
N-Acetyl (14C) Glucosamine - 0.007

Knowing the specific activity of the UDP ( H)
galactose, GDP (14C) mannose and UDP N-acetyl (14C) gluco-
samine, the amount of each labelled sugar transferred to
lipid durlng cestrogen-treated incubations was calculated.
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establish whether the labelled glycolipid produced had
characteristics comsistent with it being a dolichol=-sugar.

5.2.1 DEAE-Cellulose Acetate Chromatography

Dolichol monophosphate and diphosphate sugar‘
derivatives can be separated from neutral lipids by anion
exchange chromatography using DEAE-cellulose acetate columns.
Both dolichol monophosphate~ and dolichol diphosphate~-
sugars bind to DEAE-cellulose acetate by virtue of their
negatively charged phosphate groups ; dolichol monophosphate-
sugars can be eluted from the column with 0.0IM ammonium
acetate whereas dolichol diphosphate~sugars bind more '
strongly; due to the extra ﬁegaﬁive charge, and are eluted
with 0.05M ammonium acetate. Neutral lipids are not
retained by the column and are eluted with chloroform/

methanol and methanol.

The labelled 2:1 chloroform/methanol extracts,
obtained from control and oestrogen-treated incubations in
the experiments described in the previous section, were
analysed by DEAE-cellulose acetate chromatography as
described in Chapter 2 to discover whether the behaviour
of the labelled glycolipid fraction was similar to that of
© a dolichol~-sugar derivative ; typical results are shown in
Figure 46, 47 and 48.

a) Analysis of the (3H) Galactose~Labelled
Glycolipid Fraction (Figure 46)

When the (BH) galactose~labelled 2:1 chloroform
~extract obtained from oestrogen-treated incubations was
analysed, approximately 70% of the radiocactivity applied to
the column was eluted as a broad peak with 0.0IM and 0.05M
ammonium acetate. In contrast, when the 2:1 extract
obtained from control incubations was analysed, no radio-
active peak was eluted with ammonium acetate. The incor-
poration of radioactivity into neutral lipid, ie, material
not retained by the column, was very low in both control and

oestrogen-treated incubations.



Figure 46

Figure 47

Figure 48

The 1

DEAE-Cellulose Acetate Chromatography of
{JH) Galactose-Labelled 2:1 Chloroform/
Methanol Extract

(overleaf) DEAE-Cellulose Acetate Chroma-
tography of N-Acetvl (14C) Glucosamine~
Labelled 2:1 Chloroform/Methanal‘Extract

(overleaf) DEAE-Cellulose Acetate Chroma-
tography of (14C) Mannose-Labelled 2:1
Chloroform/Methanol Extract

abelled 2:1 chloroform/methanol extracts

obtained from control and ocestrogen-treated incubations
in the experiments described in Tables 13 and 14 were
analysed by DEAE~cellulose acetate chromatography. The

columns were
| 30 ml
20 ml
50 ml

50 ml

eluted with - \
chloroform/methanol (2:1)
methanol

0.01 M ammonium acetate in chloroform/
methanol (2:1)

0.05 M ammonium acetate in chloroform/
methanol (2:1)

The solvent changes are marked by arrows. 5 or 10 ml
fractions were collected and aliquots taken for the

determination of radioactive incorporation.

are given in

Chapter 2.

Full details
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b) Analvsis of the N-Acetvyl (146) Glucosamine -
Labelled Glycolipid Fraction (Figure 47)

When the N~acetyl (140) glucosamine~labelled, 2:1
chloroform/methanol extract obtained from oestrogen-treated
incubations was analysed, approximately 70% of the radio- Q
activity applied to the column was eluted as a single peak
with 0.05M ammonium acetate. In contrast, when the 2:1
extract obtained from control incubations was analysed,
no radioactive peak was eluted with ammonium acetate.

Again there was no incorporation of radicactivity into
"neutral lipid in either control or ocestrogen~treated

incubations.

c) Analysis of the (146) Mannose=-Labelled
Glycolipid Fraction (Figure 46)

(14

When the: c) mannose~1abelléd, 2:1 chloroform/
methanol extract obtained from oestrogen-treated incubations
was analysed, approximately 70% of the radiocactivity applied
to the column was eluted as a broad peak with 0.0IM and
0.05M ammonium acetate. When the 2:1 extract obtained
from control incubations was analysed, approximately 50%
of the radioactivity applied to the column was eluted as a
broad peak with 0.0IM and 0.05M ammonium acetate. Again,
there was no incorporation of radiocactivity into neutral
lipid in either control or oestrogen-treated incubations.

The most important point to be demonstrated by the
DEAE-cellulose acetate chromatographic analysis of the
labelled 2:1 extracts was that oestrogen-treatment resulted
in the stimulation of incorporation of each of the labelled
sugars into a glycolipid fraction eluted with ammonium
acetate. The incorporation of labelled sugars into neutral
lipid was insignificant in both control and oestrogen-

treated incubations.

The effect of oestrogen-treatment on the incorpora-
tion of (3H) galactdse and N~-acetyl (146)-g1ucosamine, from
uDP (3H) galactose and UDP N-acetyl (lac).glucosamine9 into
labelled glycolipid eluted with ammonium acetate was
dramatic. In both cases ocestrogen~-treatment resulted in

the incorporation of labelled sugar into a labelled glyco-
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lipid fraction which was not detectable in the 2:1 extract
from control incubations. This indicated that the radio~
activity present in the 2:1 extract from the control incuba-
tions was due to contamination or non=-specific incorporation
and not due to the specific incorporatién of labelled sugar
- into the glycolipid fraction eluted with ammonium acetate.
It followed that the estimates of the effect of oestrogen-
treatment made simply by comparing the 1nc0rporatxon of
( H) galactose and N-acetyl (IQC) glucosamine into the total
.201~extracts were actually under estimates of the true
stimulation of incorporation of the labelled sugars into the
ammonium acetate-eluted glycolipid fraction. This was most
apparent in the case of {3H) galactose incorporation ; from
a comparison of the incorporation of label into the 2:1
extracts from control and oestrogenﬂtfeated incubations the
stimulation was estimated to be only 4~5 fold (Table 13 and
Figure 45), whereas more rigorous analysis by‘DEAEwcellulose
acetate chromatography revealed that the stimulation of
incorporation into the ammonium acetate=-eluted glycolipid
was actually much greater (Figure 46).

The effect of oestrogen-treatment of the incorpora-

146) mannose, was less

tion of (14C) mannose, from GDP (
dramatic although still very clear. In both control and
oestrogen-treated incubations, (1QC) mannose was incorpora-
ted into a labelled glycolipid fraction which was eluted

with ammonium acetate, however, in the oestrogen-treated
incubations the incorporation of label into this fraction

was approximately 5 times greater than in control incubations.
(L4 |

The fact that the ( H) galactose=~, C) mannose-

and N-acetyl (146) glucosamine~labelled glycolipid fractionms
were retained by the columns and eluted with ammonium
acetate was in favour of them being derlvatlves of dolichol
phosphate. The elution of the N=-acetyl ( C) glucosamine -
labelled fraction as a single peak with 0. 05M ammonium
acetate suggested that it was a dolichol diphosphate deriva-
tive. However, since both the (BH) galactose=- and the (~°C)
mannose-labelled glycolipid fractions were eluted as a broad
peak with both 0.0IM and 0.05M ammonium acetate, it was not
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possible to suggeét the exact nature of the derivatives

involved.

5.2.2 Thin-Layer Chromatography

Samples of the labelled material eluted from the
columns by ammonium acetate were further analysed by silica-
gel thin-layer chromatography using chloroform/methanol/
water (65:25:4) and isopropanol/ammonia/water (6:3:1) as
solvents. Using chloroform/methanol/water as the solvent
system, the labelled material mlgraﬁed as a single species
(Figure 49), the Rf values for the ( H) galactose~- (IQC)
mannose~ and N=-acetyl (146) glucosamine~-labelled glycolipid
being 0.31, 0.35 and 0.21 respectively. Reported Rf wvalues
of dolichol monophosphate mannose and dolichol diphosphate
N-acetyl glucosamine are 0.31 and 0.27 reSpectively
(Richards and Hemming, 1972 ; Cooper and Hémming, 1977).
Using 15opropanol/ammonla/water as the solvent system, the
(BH) galactose~ and ( 4C) mannose-labelled glycolipid
migrated as a single species, with an Rf value of 0.72 in
both cases. The reported Rf value for dolichol monophos=
~phate glucose is 0.72 (Behrens and Tabora, 1974).

5.2.3 Mild Acid Hydrolysis

When subjected to mild acid hydrolysis, the
phosphate-sugar linkage of dolichol phosphate sugar deriva-
tives is hydrolysed and the sugar released,’this‘characterm
istic distinguishes them from other glycolipids, such as
glycerolipids, whlch are stable to aczd treatmente.

Samples of the ( H) galactose~ and ( C) mannose~labelled
material eluted from the columns with ammonium acetate

were treated with hydrochloric acid as described in Chapter
2. The results are shown in Table 16. After hydrolysis,
83-95% of the label was released from the glycolipid and
rendered water-soluble.

5.2.4 Paper Chromatography of the Labelled Sugars
Released by Acid Hydrolysis

The labelled sugars released from the labelled

glycolipld by acid hydrolysis were analysed by paper
chromatography, using butanol/ethanol/water as the solvent



Figure 49 Thin-Layer Chromatography of the Labelled
Lipid Eluted from the DEAE~Cellulose Acetate

Colums by Ammonium Acetate

Samples of the (BH) galactose~labelled, (a),
(140) mannose ~labelled, (b), and N-acetyl (14C)_glucow
samine~labelled, (c), material eluted from the columns
| described in Figures 46, 47 and 48 were analysed by thin-~
layer chromatography with chloroform/methanol/water
(65:25:4) as the solvent system. The radiocactivity in
1 cm strips was determined. The arrows mark the solvent

front.
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TABLE 16  ACID HYDROLYSIS OF THE LABELLED GLYCOLIPID
| ELUTED WITH AMMONTUM

Lipid o dpm recovered in
Labelled
with Aqueous Organic
(upper) (Lower)
uDP_(’H) Gal
1 - 9,600 (95%) 480
2 , 9,592 (96%) 400
GDP (14C) Man
1 22,000 €84%) ‘ 4,000

2 16,000 (93%) 1,200

A sample of the labelled‘lipid was treated with
0.01 M HC1l, at 100°C for 20 min and then neutralized by
the addition of 0.0l M NaOH. After the addition of 2 ml
of HZO and 2 ml of chloroform, the mixture was separated
into 2 layers by centrifugation. The upper aqueous and
lower organic layers were assayed for radloactlvn.tys Full
details are given in Chapter 2.
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system, to determine whether the label was present in

mono-, di-, tri~ or oligosaccharide moieties. The results
are shown in Figure 50. Most of the radioactivity

released from the (140) mannose~labelled glycolipid ran ;
as a single peak with a mobility similar to glucose, showing
that most of the labelled sugar released during the
hydrolysis was in the monosaccharide form. Most of the
radioactivity released from the ( H) galactose-labelled
glycolipid ran as a broad peak with a mobility similar to
glucose, but a small amount ran with a mobility close to
raffinose and lactose, showing that although most of the
labelled sugar released during the hydrolysis was in the
monosaccharide form, a small proportion was in the form

of di~- or trisaccharide. These results indicated that

most of the (140) mannose~ and (3H) galactose~-labelled
glycolipid formed was monosaccharide-1ipid (assuming that
nc‘hYdfolysis of larger sugar units occurred during the
acid treatment).

5.3 The Incorporation of ( H) Glucosamine and ( H)
Galactose into Glycolipid Intermedlates by
Xenopus Liver Slices

Liver slices from control and oestrogen-treated
animals were incubated with either 50 uCi of (BH) gluco-
samine or 50 uCi of (3H) galactose for 6 hours. The
slices were then homogenized in TKMS buffer and the lipid
extracted from the homogenate with 2:1 chloroform/methanol
followed by 10:10:3 chloroform/methanol/water as described
in Chapter 2. The combined 2:1 and 10:10:3 extracts were
then analysed by DEAE-cellulose acetate chromatography,
thin-layer chromatography, acid hydrolysis and paper
chromatography.

503.1" DEAE-Cellulose Acetate Chromatography of the
Labelled Glvycolipid Extracted from the Total

Tissue Homogenate

The combined 2:1 and 10:10:3 extract obtained from
control and oestrogen~-treated incubations was analysed by
DEAE-cellulose acetate chromatography as described in
 Chapter 2. The results are shown in Figures 51 and 52



Figure 50 Paper Chromatography of the Labelled Sugars
Released by Mild Acid Hydrolysis

The water soluble products obtained after the
hydrolysis of the ( H) galactose- ~labelled, (a), and
14C) mannose-labelled, (b), glycolipid eluted with
ammonium acetate (see Table 16) were analysed by paper
chromatOgraphy using butanol/ethanol/water as the solvent
- system. The radioactivity in 1 cm strips was determined
The migration of the standards was determined by staining
with silver nitrate. | '
| R - Raffinose (trisaccharide)
L - Lactose’(disaCCharide)
G - Glucose (monosaccharide)
Full details are given in Chapter 2.
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and Table 17.

a) Analysis of the (3H) Glucosamine=-Labelled
Glycolipid Fraction (Figure 51)

When the combined 2:1 and 10:10:3 extract obtained
from oestrogen-treated liver slices after incubation
with (BH) glucosamine was analysed, approximately 60% of
the radioactivity recovered from the column was eluted as
neutral lipid with chloroform/methanol and methanol. A
second peak of radioactivity was eluted with 0.05M ammonium
acetate. When the column was eluted with 0.2M ammonium
| acetate, no further radiocactivity was recovered. The
analysis of the lipid extracted from control liver slices
gave similar results, with labelled neutral lipid being
eluted with chloroform/methanol and methanol, and a second
peak of radioactivity being eluted with 0.05M ammonium
acetate. The incorporatibn of radioactivity into neutral
lipid and into the fraction eluted with 0.05M ammonium
acetate was greater in the oestrogen-treated liver slices,
with the incorporation into neutral lipid being approx-
imately 4-fold higher than in the control, and the incor-
poration into the ammonium acetate-eluted fraction being
approximately 3-fold higher than in the control.

b) Analysis of the (BH) Galactose-Labelled
Glycolipid Fraction (Figure 57)

When the combined 2:1 and 10:10:3 extract obtained
from ocestrogen~treated liver slices after incubation with
(3H) galactose was analysed, approximately 80% of the
“radioactivity recovered from the column was eluted as
neutral lipid with chloroform/methanol and methanol. As
with the (BH) glucosamine~labelled 1ipid, a second peak of
radioactivity was eluted with 0.05M ammonium acetate. The
analysis of the lipid extracted from control liver slices
gave similaf‘results, with labelled neutral lipid being
eluted with chloroform/methanol and methanol, and a second
peak of radioactivity being eluted with 0.05M ammonium
acetate. The incorporation of radiocactivity into the
fraction eluted with 0.05M ammonium acetate was approx-
imately 3-fold higher in the oestrogen-treated liver slices

than in the control.



Figure 51 DEAE-Cellulose Acetate Chromatography of the
Combined 2:1 Chloroform/Methanol and 10:10:3
Chlorororm/Methanol/Water Extract Obtained
from Liver Slices after Incubation with (SH)
Glucosamine

Liver slices (0.5 g) from control, (a), and
oestrogen-treated, (b), animals were incubated with 50 uci
(BH) glucosamine for 6 hours. The slices were then homo-
~ genized in TKMS buffer and lipid extracted from the

‘homogenate with 2:1 chloroform/methanol followed by
10:10:3 chloroform/methanol/water. The combined 2:1
and 10:10:3 extract was analysed by DEAE~-cellulose acetate.
chromatography. The columns were eluted with - |
50 ml chloroform/methanol (2:1)
30 ml methanol '

50 ml 0.0l M ammonium acetate in chloroform/
methanol (2:1)

50 m1 0.05 M ammonium acetate in chloroform/
methanol (2:1)

 The solvent changes are marked by arrows. 5 or 10 ml
fractions were collected and aliquots taken for the
determination of radioactive incorporation. Full details

are given in Chapter 2.

Figure 52 (overleaf) DEAE-Cellulose Acetate Chroma-
tography of the Combined Z2:1 Chloroform/
Methanol and 10:10:3 Chloroform/Methanol/
Water Extract Obtained from Liver Slices
after Incubation with (JH) Galactose

As Figure 51, except that the liver slices were
incubated with‘(3H) galactose instead of (3H) glucosamine.
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Figure 52
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DEAE~Cellulose Acetate Chromatography of the Combined 2:1
Chloroform/Methanol and 10:10:3 Chloroform/Methanol/Water
Extract Obtained from Liver Slices after Incubatlon with
( H) Galactose
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TABLE 17 (ol | H) GLUCOSAMINE AND (°H)
GALACTOSE INTO THE FRACTIO ELUTED FROM DEAE-
CELLULOSE~ACETATE COLUMNS

Lipid Incorporation into -3
Labelled Fractions (dpm/g liver x 10 °)
with eluted with
Chloroform/methanol 0.05 M
and methanol NH4 Acetate
a) b)
(3H) Glucosamine
Control 18 14
| Oestrogen-
treated 76 39 (2.8x%)
(3H) Galactose
Control 140 37
Oestrogen-
treated 196 118 (3.2x%)

(See Figures 51 and 52)

The incorporation of (3H) glucosamine and (3H)
galactose into the fractions eluted with a) chloroform/
methanol and methanol and b) 0.05 M ammonium acetate was
determined from the elutlon profiles shown in Figures 51

and 52,
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The lncorporatlon by liver slices of both ( H)
glucosanine and ( H) galactose into a neutral lipid
fraction was in marked contrast to the results obtained
with the microsomal system described in the previous
section where there was no incorporation of labelled sugars
into neutral lipid. However, in the liver slice system
there was also incorporation of radioactivity into a glyco- .
lipid fraction eluted with 0.05M ammonium acetate, an elution
position characteristic of dolichol'diphcsphate~sugar deriva~
tives, and the‘incorporation of label into this fraction was
increased after oestrogen-treatment.

5.3.2 DEAE-Cellulose Acetate Chromatography of the
Labelled Glycolipid Extracted from Che Microsomes
and the Post-Microsomal Supernatant

Liver slices from control and oestrogen—treated
animals were incubated with 50 uCi of ( H) glucosamine or
50 uCi of ( H) galactose. The slices were then homogenized
in TKMS buffer, the homogenate centrifuged at 6,000 rpm
for 10 minutes to remove mitochondria, nuclei . and cell
debris and the post-mitochondrial supernatant centrifuged
to obtain the microsomes and the post-microsomal supernatant
as described in Chapter 2. Lipid was extracted from the
microsomes and the post-microsomal supernatant with 2:1
chloroform/methanol followed by 10:10:3 chloroform/methanol/
water and the combined 2:1 and 10:10:3 extract from each
fraction was analysed by DEAE-cellulose acetate chroma-
tography. The results are shown in Flgure 53 and they
showed that both ( H) glucosamine and ( H) galactose were
incorporated into a glycolipid fraction present in the post-
mitochondrial supernatant which was eluted with.0.05M
ammonium acetate ; at least 85% of this labelled, ammonium
dcetate-eluted glycolipid was associated with the micro-
somal fraction and only about 15% remained in the post-
microsomal supernatant. Both the microsomal fraction and
the post-microsomal supernatant included labelled neutral
lipid. 1In this experiment, no account was taken of any
radloactxvity incorporated into material sedimented with
the mitochondria and cell-debris during the initial

centrifugation step.



Figure 53 DEAE-Cellulose Acetate Chromatography of
the Combined 72:1 and 10:10:3 Extract Obtained
from the Microsomal Fraction (l) and the
Post-Microsomal Supernatant (2) alfter the
Incubation or Liver Slices with (JH) Gluco~
samine (a) or (“H) Galactose (b)

Liver slices (0.5 g) from ocestrogen-treated animals
were incubated with 50 uCi (BH) glucosamine, (a), or
50 uCi (SH) galactose, (b), for 6 hours. The slices were
then fractionated to obtain the microsomes, (1), and the
post-microsomal supernatant, (2), and lipid extracted
from both fractions with 2:1 chloroform/methanol followed
by 10:10:3 chloroform/methanol/water. The combined 2:1
and 10:10:3 extract from each fraction was analysed by
DEAE-cellulose acetate chromatography. Elution was as
described in Figure 51. The solvent changes are marked
by arrows. 10 ml fractions were collected and aliquots
taken for the determination of radioactive incorporation.
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5.3.3 Thin~Laver Chromatography

Samples of the labelled glycolipid eluted with
0.05M ammonium acetate in the experiments described in
Figures 51 and 52 were further analysed by silica-gel
thin-layer chromatography using-chloroform/methanollwater
(65:25:4) as the solvent. The results are shown in Figure
54. The labelled materlal migrated as a broad peak, the
Rf values for the ( H) glucosamine- and (3H) galactose-
labelled glycolipid being 0.25 and 0.33 respectively.

The Rf values were similar to those reported for dolichol
phosphate sugar derivatives (0.21 - 0.35} (Behrens and
Tabora, 1974).

5.3.4 Mild Acid Hydrolysis

As described in 5.2.3, dolichol phosphate~sugar
derivatives are susceptlble to mild acid hydrolysis.
Samples of the ( H) glucosamine- and (BH) galactose-
labelled material eluted with 0.05M ammonium acetate were
treated with hydrochloric acid as described in Chapter 2.
The results are shown in Table 18. After hydrolysis,
75-90% of the label was released from the glycolipid and
rendered water~-soluble.

5¢3.5 Paper Chromatography of the Labelled Sugars
Released by Acid Hydrolysis

The labelled sugars released from the labelled
glycolipid by acid hydrolysis were analysed by paper
‘chromatography using butanol/ethanol/water as the solvent
system. The results are shown in Figure 55. The radio-
activity released from the (3H) galactose~labelled glyco-
lipid ran as a single peak with a mobility similar to
raffinose; showing that most of the labelled sugar
released during the hydrolysis was in the form of trisacch-
aride or larger oligosaccharide moieties. The radio-
activity released from the (3H) glucosamine-labelled
glycolipid migrated as 2 peaks, one with a mobility similar
to raffinose, and a second broader peak with a mobility
between lactose and glucose, showing that approximately



Figure 54 Thin~Layer Chromatography of the Labelled
Lipid Eluted from E-Cellulose Acetate
Columms by 0.05 Myimmcnium Acetate .

. Samples of the (3H) glucosamine~labelled, (a),

and (SH) galactose~labelled, (b), material eluted from
the columns described in Figures 51 and 52 with ammonium
acetate were analyséd by thin-layer chromatography with
chloroform/methanol /water (65:25:4) as the solvent system.
The fadioactivity in 1 cm strips was determined. The
arrows mark the solvent front.
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TABLE 18 ACID HYDROLYSIS OF THE LABELLED GLYCOLIPID

ELUTED WITH O. M ACETATE
: Lipid dpm recovered in
Labelled ;
with Aqueous - Organic

(3H) Glucosamine
1 ' ‘ 23,400 (89%) 2,797

2 , 26,200 (91%) 2,470

(3H) Galactose |
1 28,800 (76%) ' 8,900
2 24,070 (80%) 5,807

A sample of the labelled lipid was treated with
0.01 M HCl at 100°C for 20 min and then neutralized by
the addition of 0.01 M NaOH. After the addition of 2 ml
of HZO and 2 ml of chloroform, the mixture was Separated
into 2 layers by centrifugation. The upper aqueous and
lower organic layers were assayed for radioactivity. Full
details are given in Chapter 2.




Figure 55 Paper Chromatography of the Labelled Sugars
‘ Released by Mild Acid Hvydrolysis ‘

The waterwsoluble products obtained after the
hydrolysxs of the ( H) glucosamine~labelled, (a), and
( H) galactose~labelled, (b), glycolipid eluted with
0.05 M ammonium acetate (see Table 18) were aﬁalysed by
paper~chromatography using butanol/ethanol/water as the
solvent system. The radiocactivity in 1 cm strips was
determined. The migration of the standards was determined
by staining with silver nitrate. '

R - Raffinose (trisaccharide)
L - Lactose (disaccharide)
G = Glucose (monosaccharide)

NAG - N - acetyl glucosamine
Full details are glven in Chapter 2.
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Figure 55
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40% of the labelled sugar released during the hydrolysis
was in the form of trisaccharide or larger oligosaccharide

moieties and the remainder in the form of mono~- or

disaccharide.



CHAPTER 6
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Chapter 6

DISCUSSION

6.1 Background

| Vitellogenesis in Xenopus laevis involves the
oestrogen-induced biosynthesis of viteilogenin'in the
liver, its'secretion into the bloodstream, and sﬁbsequenﬁlyj>
under the influence of gonadotrophin, its uptake by the
ovary and further processing to form the two yolk proteins
lipovitellin and phosvitin. A similar basic mechanism
for the biosynthesis of the egg-yolk proteins seems to
operate in all egg-laying species studies so far, which
include amphibians, birds and insects (for reviews see
Clemens, 1974 ; Wallace and Bergink, 1974 5 Berglnk and
Wallace, 1974b ; Engelmann, 1974).

The recent research interest in the field can be
traced to the discovery by Urist and Schjeide (1961) that
oestrogen-treatment of chickens resulted in the appearance
of a new calcium-binding component in the serum ; this
phenomenon suggested a possible experimental approach towards
the elucidation of the mechanism of oestrogen action. 1In
search of a more convenient experimental animals, workers
in this laboratory observed that in Xenopus laevis a
single dose of oestradiol~-17-8 produced a dramatic response
with the accumulation of large quantities of ‘a calcium~-
binding protein in the serum (Munday et al, 1968). The
new protein could be isolated from the serﬁm by a single-
step manipulation involving precipitation with dimethyl-
formamide. The liver was suggested as the site of synthesis
of the protein (Munday et al, 1968). During the same period
similar observations were made in two other laboratories
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(Follett and Redshaw, 1968 ; Wallace and Dumont, 1968 ;
Wallace and Jared, 1968). As the technique of polacryl=~
amide gel electrophoresis became available, it was
established that the serum protein isolated by the dimethyl-
formamide technique was virtually homogeneous (Ansari

et al, 1971), and furthermore this was the .only method
which allowed the preparation of the protein with its

total calcium complement intact.

The easy availability of large amounts of the new
protein allowed it to be chemically characterized as a
Ca2+~binding glycolipophospho-protein, mol. wt. 450~
550,000, containing 0.85% calcium, 1.65% phosphorus, 12%
lipid and 1.35% carbohydrate (Ansari et al, 1971 ; Redshaw
and Follett, 1971 ; Wallace, 1970). ZXenopus vitellogenin
also contains 2 moles of the bile pigment, biliverdin,
causing it to have a pale green colour (Redshaw and Follett,
1971) . ; indeed, a characteristic feature of oestrogen~-
treatment of Xenopus laevis is that the serum becomes green
due to the acuumulation of vitellogenin. Meanwhile,
studies by Wallace and co-workers (Wallace and Dumont,
1968 ; Wallace and Jared, 1968) established that vitello-
genin, biosynthesized in the liver and released into the
blood, was sequestered by growing oocytes in the ovary,
and then through a series of translocation and proteolytic
cleavage processes, was converted into its two component
egg-yolk proteins, lipoﬁitellim and phosphovitin.

It is now established that the vitellogenin mole~
cule is a dimer, made up of 2 similar sized polypeptide
chains of mol. wt. approximately 200,000 (Bergink and
Wallace, 1974a ; Clemens et al, 1975). Recent work by
Wallace has indicated that serum vitellogenin includes 3
distinct forms of polypeptide subunit which differ slightly
in mol. wt. (Wiley and Wallace, 1978). The results imply
that, depending on the way in which the 3 subunit types
combine to form dimers, between 3 and 6 different species
of vitellogenin may exist in the serum. The heterogeneity
in the vitellogenin polypeptide subunit may result either
from multiple gene copies or from differential post-
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translational processing of a common gene product.

, In laying hens, the egg-yolk proteins are also
biosynthesized as components of a large precursor vitello-
genin molecule (Deéley et al, 1975). However, this has
only been demonstrated relatively recently and previously
it was believed that phosvitin and lipovitellin were

synthesized as separate moities.

The enormity of the response of Xenopus laevis to
a single dose of oestrogen suggested that the process could
be exploited for the study of several fundamental bio-
chemical processes in the fields of the mechanism of hormone
action and developmental biology ; so, in the decade
following the original observations, increasing research
interest has been focused on ocestrogen-induced vitellogene=-
sis in Xenopus laevis. During this period, major advances
have been made in the area of the isolation of vitellogenin
mRNA and the regulation of its biosynthesis by oestrogen
(Baker and Shapiro, 1977 ; Ryffel et al, 1977 ; Farmer et
al, 1978). 'Vitellogenin synthesis has been successfully
induced in vitro in tissue culture (Wangh and Knowland,
1975 ; Green and Tata, 1976) and, more recently, DNA
sequences derived from vitellogenin mRNA have been cloned
and characterized (Wahli et al, 1978 ; Smith et al, 1978).
Related studies have also been carried out in the chicken
system (Deeley et al, 1977). (For reviews see Tata, 1976 ;
Ryffel, 1978 ; Tata and Smith, 1979.)

We have concentrated on several other aspects of
the response. After oestrogen~treatment the incorporation
of radiocactive precursors into vitellognnin synthesized by
the liver increases linearly, reaching a maximum at 9 - 16
days after hormone-treatment (Dolphin et al, 1971), and at
the peak of the response at least 40-60% of liver protein
synthesis is directed towards vitellogenin production
(Merry et al, 1973). Electron microscopic evidence has
shown that the early biochemical changes following hormone
treatment involve a marked proliferation of the endoplasmic
reticulum in the hepatocytes (Nicholls et al, 1968 ; Lewis
et al, 1976): Workers in this laboratory have provided
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quantitative evidence to support these ultrastructural
studies, showing that oestrogen treatment resulted in a
120-160 fold stimulation of hepatic cholesterol and fatty
acid synthesis, and that the newly synthesized lipids were
destined to become components of the cell membranes (Smith
et al, 1978)4 It has also been demonstrated that the
synthesis of the other principal component of microsomal
membranes, rRNA, is oestrogen-induced (Smith, 1977).

Such a proliferation of the endoplasmic reticulum is in

" keeping with the synthesis of large quantities of a secre-
tory glycolipophosphoprotein. When liver slices from
oestrogen-treated Xenopus laevis are incubated with labelled
amino~acids, there is a 1%-2 hour lag period before the
appearance of labelled vitellogenin in the incubation
medium, this represents the time taken for the biosynthesis
of the vitellogenin polypeptide, its subsequent modifica=-
tion through glycosylation, phosphorylation, Ca2+ and
lipdi addition and, finally the secretion of the completed
molecule (Merry et al, 1973 ; Penning et al, 1976). The
work presented in Chapter 4 aimed to look at the temporal
relationship between the synthesis of the vitellogenin
polypeptide, its post-translation modification, and

secretion.

6.2 The Post~Translational Phosphorylation and
Glycosylation of Vitellogenin

The preliminary experiments described in Chapter
4 confirmed previous work from this laboratory (Dolphin
et al, 1971 ; Merry et al, 1973). When liver slices from
oestrogen—-treated Xenopus were incubated with (3H) leucine,
there was a 1%5-2 hour lag period before the appearance of
labelled vitellogenin in the incubation medium (Figure
15a). If at 1 hour further translation was inhibited by
the addition of cycloheximide, labelled vitellogenin was still
secreted into the incubation medium as normal for about 1%
hours after the end of the lag period (Figure 15b), showing
that the processing events occurring during the second
hour of the lag period did not involve further peptide
bond formation. Analysis of the microsomal protein fraction
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by SDS polyacrylamide gel electrophoresis (Figure 16)
showed that during the lag period, (3H) leucine~labelled,
200,000 mol. wt. polypeptide precursors of vitellogenin
accumulated on the microsomes, and that at the end of the
lag period, the loss of these precursors was concomitant
with the secrgbien of vitellogenin into the incubation
medium. The ability to incorporate impressiv e amounts of
radioactivity into intracellular precursors of vitello-
genin, and to reliably identify these precursors by SDS
polyacrylamide gel electrophoresis suggested a way of
studying the post~translational modification of the
vitellogenin molecule. The subsequent experiments were
designed to investigate the level of phosphorylation and
glycosylation of the vitellogenin precursors.

62201 The Identification of Phosphorylated Precursors
of Vitellogenin

When liver slices from oestrogen-treated Xenopus
were incubated with (SZP) phosphate there was a lag period
of 1%-2 hours before the appearance of labelled vitello=-
genin in the incubation medium (Figure 17) ; thus the time-
course followed a pattern identical to that for (SH)
leucine incorporation. The same time-course for the
incorporation of (32P) phosphate had been demonstrated by
previous workers in this laboratory (Dolphin et al, 1971 ;
Merry et al, 1973). This result suggested that the addition
of phosphate was occurring very soon after the translation
of the vitellogenin polypeptide. In order to establish
more firmly whether this was indeed the case, it was
necessary to perform double-label, pulse-chase experiments
with (3H) leucine and (32P) phosphate and to compare the
amount of (32P) phosphate~label associated with the micro-
somal precursors of vitellogenin and with the completed
vitellogenin molecule, ie, secreted vitellogenin.

When liver slices were incubated with (3H)
leucine and (BZP) phosphate, SDS polyacrylamide gel
analysis confirmed that double-labelled vitellogenin was
secreted into the incubation medium throughout the time
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course (Figure 19). However, SDS polyacrylamide gel
analysis of the microsomal fra tion (Figure 20) showed
that the 200,000 mol. wt. ( H) leucine~labelled mlcrasamal
precursors included only a fraction (10~15%) of the (
phosphate label associated with the final secreted vitellow
genlnm I1f, as suggested by the time-course of the incor-
poration of (32?) phosphate into secreted protein,
phosphorylation was occurring very soon after the trans-
lation of the vitellogenin polypeptide, the microsomal
precursors would have been labelled with (BZP) phosphate
to a similar extent to the secreted vitellogenin.

It may be argued that the observed 10w level of
vinccrpcratlcn of ( 2P) phosphate into the ( H) leucine=-
labelled microsomal precursors could be due to the time
taken for the added (32P) phosphate~label to reach a
steady~state level in the appropriatevphosphatempcol,
rather than reflecting the non-phosphorylation of the
precursors per se ; a similar explanation could account
for the lag-period prior to the appearance of (32P)
phosphate*labelled vitellogenin in the incubation medium.
However, the results shown in Figures 19 and 20 indicate
clearly that this was not the case, since even at 2% hours,
‘when impressive amounts of (BZP) phosphate and ( H)
leucine-labelled vitellogenin were present in the incuba-
tion medium, the level of phosphorylation of the micro-
somal precursors was still low ; indead, at as early as
1% hours, (3H) leucine-labelled vitellogenin with its full
complement.of (32P) phosphate was detectable in the

incubation medium.

Thus the results of polyacrylamideygel analysis
of the microsomal protein suggested that there was little
accumulation of fully phosphorylated polypeptide precursors
of vitellogenin on the microsomes, and therefore that
phosphate addition was not occurring until just prior to,
or after, the release of the precursors from the micro-
somes. This contrasted with the earlier suggestion, based
on the time~-course of incorporation of (3 P) phosphate
into secreted vitellogenin, that phosphorylation was
occurring Qery soon after translation, and highlights the
problems involved in interpreting simple kinetic data in



- 184 -

the absence of additional evidence.

Since the results suggested that the pool of
microsomal precursors comprised mainly non-phosphorylated
or only slightly phosphorylated vitellogenin polypeptides,
they raised the question as to whether phosphorylated
precursors were accumulating in any other intracellular
pool prior to secretion? SDS Polyacrylamide gel analysis
of the supernatant remaining after the harvesting of the
microsomal fraction, hereafter referred to as the ''post-
microsomal supernatant', revealed that, like the micro-
somal fraction, it included a single~labelled polypeptide
species with a mol. wt. of approximately 200,000 (see
Figure 22). However, what made this observation
particularly interesting was that, in marked contrast to
the microsomal precursors, the (3H) leucine-labelled
post-microsomal 200,000 mol. wt. species was labelled
with (BzP) phosphate to a similar extent to the final
secreted vitellogenin molecule. However, the problem was
whether the 200,000 mol. wt. post-microsomal species was
a genﬁine phosphorylated precursor of secreted vitello-
genin or whether it was just an artefact due to the
experimental procedure. The possibility that the recovery
of this species in the '"post-microsomal supernatant' was
due to the contamination of this fraction with double-
labelled vitellogenin derived from the incubation medium
had to be considered ; but the experiment described in
Figure 24 indicated that this was not the case. The
kinetic relationship between the amount of the 200,000
mol. wt. labelled species recovered in the microsomal and
the post-microsomal fractions and the secretion of labelled
vitellogenin during the time-course (summarized in Figure
56) was consistent with a precursor product relationship
between the microsomal and post-microsomal species and
secreted vitellogenin ; during the lag-period prior to
secretion, the labelled species accumulated first in the
microsomal fraction and then in the post-microsomal fraction,
and the secretion of labelled vitellogenin into the
medium during the chase period correlated with the loss of
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Figure 56 The Kinetic Relationship between the (BH)

Leucine-Labelled 200,000 mol. wt. Microsomal

and Post-Microsomal Species and Secreted
Vitellogenin

The amount of {BH) leucine~labelled 200,000 mol.
wt. species recovered in the microsomal and post-

microsomal fractions and in the incubation medium was
determined from the SDS polyacrylamide gels described
in Figures 19-23. (M.P. - microsomal protein, P.M.S. =
post-microsomal supernatant, S.P. - secreted protein.)
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the labelled species from the microsomal and "post-
microsomal supernatant' fractions. The results of poly~
acrylamide gel analysis indicated that at 2% hours similar
amounts of the (BH) leucine~labelled, 200,000 mol. wt.
species were associated with both the microsomal and
“?ostﬂmicrascmal supernatant' fractions (see Figure 56) .
However, it is known that only 20-30% of the total
microsomes are recovered in the microsomal pellet fraction
(Lewis and Tata, 1974), and this was confirmed in this
work (see later, Table 19), therefore it seems probable
~that in the intact liver tissue, considerably more of

the labelled 200,000 mol. wt. species is associated with
the microsomes than with the "'post-microsomal supernatant'.

Further single-label experiments with (3H}
leucine~ revealed that when the 'post-microsomal supernatant!
was subjected to a second 3~hour centrifugation step, the
labelled, 200,000 mol. wt. post-microsomal species was
almost quantitatively co-sedimented with a ''post~
microsomal pellet', and that very little remained in the
final supernatant (see Figure 27). This~suggested that
the post~microsoma1 species was not soluble, but associated
with a "light'" particulate fraction. The observation that
soluble vitellogenin was not similarly sedimented during a
parallel fractionation procedure suppdrted this idea (see
Figure 29). 1In the light of these observations, further
experiments with (BH) leucine and (32P) phosphate were
performed, and the "post-microsomal pellet' fraction
analyéed 5 these confirmed that the double-labelled "post=-
microsomal’ species was co-sedimented with the‘”postw
microsomal pellet' (see Figure 32).

Thus the evidence suggested that prior to secretion
polypeptide precursors of vitellogenin were associated
with two distinct intracellular pools ; a microsomal pool,
comprised of completed polypeptide precursors of vitello~
genin, but including only a fraction of the (BZP) phosphate
label found in secreted vitellogenin, suggesting that the
average level of phosphorylation of the precursors was
low, and a post-microsomal pool, comprised of precursors
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labelled with (BZP) phosphate to a similar extent to
secreted vitellogenin, thus suggesting that they were

fully phosphorylated.

The observation that the (BZP) phosphate label
associated with the mlcrosomal precursors always migrated
slightly behind the main ( H) leucine~-labelled peak
(see Figures 20, 21, 29 and 31), indicated that the
phosphate label was present in a species with a slightly
higher mol. wt. than the bulk of the (3H) leucine-labelled
microsomal precursors ; it was also shown that the mol.
wt. of secreted vitellogenin was slightly higher than that
of the microsomal precursors (Figure 33). Thus the results
favoured the idea that the low average level of (32P)
phosphate labelling of the microsomal precursors reflected
the presence of two distinct populations of precursors
the majority being non-phosphorylated, with a mol. wt.
slightly lower than secreted vitellogenin, but with a
small proportion, about 15-20% of fully phosphorylated
precursors, with a mol. wt. similar to secreted viteliagenine,

32?)

6262 The Identification of Glycosylated Precursors
of Vitellogenin

In view of the evidence suggesting the presence
of two distinct intracellular pools of vitellogenin
precursors, it was interesting to look at the level of
glycosylation of the precursors associated with the
microsomal and post-microsomal fractions. Both ( H)
glucosamine and (3H) galactose were incorporated into
vitellogenin secreted by liver slices (Figures 35, 36 and
38). However, a comparison of the relative incorporation
of (3H) leucine and the labelled sugars into secreted
- vitellogenin and into the (3H) leucine~labelled microsomal
precursors of vitellogenin revealed that the mlcrosomal
precursors lncluded only a fraction of the ( H) gluco-
samine and ( H) galactose present in the secreted vitello
genin {Figures 37 and 39) ; it was estimated that the
microsomal precursors included a maximum of 15% of the
(3H) glucosamine and (BH) galactose label associated with
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the final secreted vitellogenin. In contrast, analysis
of the post-microsomal fraction showed that the (3H)
1euc1ne~labelled 200,000 mola wt. species was labelled
with ( H) glucosamine and ( H) galactose to the same
extent as the secreted vitellogenin (Figures 40-41).
-These experiments again demonstrated that the labelled
species present in the '"post~microsomal supernatant' was
co-sedimented with the "post-microsomal pellet', and showed
the loss of this species between 2% and 8 hours. Thus
the results suggested that the average level of both
phosphorylation and glycosylation of the microsomal
precursors was low compared with secreted vitellogenin,
but that the post-microsomal species was both phosphory-
‘lated and glycosylated.

6.2.3  Electron Microscopic and Enzymic Analysis of
the Microsomal and Post~Microsomal Fractions

The microsomal and '"post-microsomal pellet!
fractions were examined by electron microscopy (Plates
1-3). The microsomal fraction (Plate 1) was heterogeneous,
consisting mainly of rough surfaced vesicles, derived
from the rough endoplasmic reticulum, and also some
smooth surfaced vesicles and other membrane fragments,
thus it represented a typical microsomal fraction. In
contrast, the "post-microsomal pellet' fraction consisted
of much finer particulate material, with no clear vesicular
structures or membrane fragments. The results showed
convincingly that the microsomal and '""post-microsomal
pellet" fractions obtained were marpholégically distinct,
and that the '"'post-microsomal pellet' was not contaminated
with fragments derived from the microsomal fraction. Plate
3 is an electron micrograph of a section through the
microsomal pellet, and this shows clearly that although
most of the pellet was predominantly made of vesicular
structures as described above, a layer of smaller
particulate material, resembling that found in the "post=-
microsomal pellet', was sedimented on the surface. The
microsomal fraction was obtained by performing a 1 hour
centrifugation step, and since the "post-microsomal pellet”



Plate 1 Electron Micrograph of the Microsomal Fraction
Derived from Xenopus Liver

Magnification Factor : 10,000 x

Plate 2 Electron Micrograph of the Post-Microsomal
Pellet Fraction Derived from Xenopus Liver

Magnification Factor : 10,000 x

Plate 3 (overleaf) Electron Micrograph of the
Microsomal Fraction Derived from Xenopu
Liver ‘

Magnification Factor : 3,600 x

The fractions were obtained, fixed and processed for
electron microscopy as described in Chapter 2.
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was isolated simply by prolonged centrifugation, it was
not surprising that the microsomal fraction was contamin-
ated with some of the lighter material. However, this
observation does not affect the interpretation of the
results obtained, on the contrary, it implied that at
least some of the (32P) phosphate associated with the (
leucine-labelled microsomal precursors was due to the
presence of some of the double-labelled species derived
from the lighter fraction and that therefore the level of
phosphorylation of the microsomal precursors was even less
than grev1ously estimated ; some of the (BH) glucosamine
and ( H) galactose label associated with the microsomal
precursors could also be due to the contamination of the
microsomal pellet with the lighter fraction. Conversely,
the observation that the "'post-microsomal pellet' was

EH)

completely free from microsomal contamination showed
unamblguously that the '"post-microsomal'! 1abe11ed species

was not derived frem the microsomes.

1t was thought that the light membrane fraction
could possibly be derived from fragments of the smooth
endoplasmic reticulum. Therefore to complement the
-electron microscopy, the distribution of glucose=6-
phosphatase activity, the marker enzyme for the endoplasmic
reticulum, between the microsomal and post~microsoma1
pellets was investigated ; the results are shown in Table
19 (overleaf).
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TABLE 19 Distribution of Glucose=6~Phosphatase Activity
in Microsomal and Post-Microsomal Fractions
from Xenopus Liver

Fraction Specific Activity

( ¥ mole Pi/mg/hour)

Controcl Oestrogen-
Treated
Total Tissue -
Homogenate 0.43 (100%) 0.42 (100%)
Microsomes 1.30 (27% 0.81 (21%)
Post-Microsomal P ; -
Pellet 0.06 ( 0.4%) @504 ( 0.4%)

- Final Supernatant - -

The fractions were obtained and G6Pase activity
determined as described in Chapter 2. The values in
parenthesis give the recovery of activity in each
fraction as a percentage of the total activity.

Approximately 25% of the total G6Pase activity
present in the tissue homogenate was recovered in the
microsomal fraction, and the specific activity in this
fraction was 2-3 times higher than in the homogenate. The
observation that only a fraction of the total G6Pase
- activity was recovered in the microsomal fraction
emphasized the point made earlier, that the yield of micro-
somes obtained during the fractionation procedure was
low due to the sedimentation of a high proportion during
the 6,000 g centrifugation step. However, compared with
the microsomal fraction, the specific activity of G6Pase
in the ""post-microsomal pellet' fraction was negligable,
and the percentage recovery of total activity was also very
low (0.4%) ; the very low G6Pase specific activity strongly
suggested that the "post-microsomal pellet' was not derived
from the endoplasmic reticulum. To confirm this, it was
decided to compare the G6Pase activity of the '"'post~
microsomal pellet' with that of the smocoth microsomal
fraction (including the smooth endoplasmic reticulum)
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obtained by a discontinuous sucrose gradient procedure ;
the distribution of G6Pase activity between the rough and
smooth microsomal fractions obtained and the microsomal
and '‘post-microsomal pellet' fractions is shown in Table
20 (overleaf). The specific activity of G6Pase in the
smooth microsomal fraction was 7 times greater than in the
"post-microsomal pellet', and thus the two fractions were
enzymigally distinct (see also footnote*). Electron
micrographs of the rough and smooth microsomal fractions
are shown in Plates 4 and 5. In contrast to the "post-
microsomal pellet', the smooth microscmal fraction éﬁlat@
5) was made'up of distinct smooth=-surfaced wvesicles.

These results showed conciusively>ﬁhat the "'post-microsomal
pellet" fraction was not synonymous with the smooth
microsomal fraction, and that it was not derived from the

- smooth endoplasmic reticulum.

The distribution of 5'-nucleotidase activity, the
marker enzyme for the plasma membrane, between the
fractions was also investigated ; the results are shown in
Table 22 (overleaf). 5'-nucleotidase activity was present
in both the microsomal and the "post-microsomal pellet'
fractions, and also in the final supernatant, but the
specific activity was highest in the microsomal fraction,
as would be expected since the plasma membrane is a heavy
fraction. This result ruled out the possibility that the
"post-microsomal pellet" fraction was primarily derived

from plasma membrane fragments.

* The specific activity of G6Pase in the rough micro-
somal fraction was approximately twice that found in the
smooth microsomal fraction. Lewls and Tata (1974) reported
a similar difference between the G6Pase specific activity
of rough and smooth microsomal fractions obtained from rat
liver, and this was confirmed in this study (see Table 21
overleaf). It was interesting that in the fractions
obtained from Xenopus liver, the specific activity of the
G6Pase was at least ten times lower than in fractions
obtained from rat liver ; the reason for this could be
that the Xenopus fractions were incubated at 22°C, whereas
the rat fractions were incubated at 37°C.



- 194 -

TABLE 20 A GComparison of the Distribution of Glucose-
b6-Phosphatase Activity in Rough and omootn
Microsomes (a) and in Microsomal and POSE -
Microsomal Fractions (b) from Xenopus Liver

Fraction Specific Activity
( vmole Pi/mg/hour)
‘ (a) . .
Total Tissue Homogenate 0.30 (100%)
Total Microsomes | 0.48 (12@5%)
Rough Microsomes : 0.62 (8.7%)
Smooth Microsomes : 0.28 (1.2%)
| (b) _
Total Tissue Homogenate ' 0.32 (100%)
Microsomes 0.59 (21.5%)
Post~-Microsomal Pellet 0.04 (0.1%)

TABLE 21 Distribution of Glucose~-6-Phosphatase
Activity in Rough and Smooth Microsomal
Fractions from Rat Liver

Fraction Specific Activity
‘ (u mole Pi/mg/hour)
Total Tissue Homogenate 4,0 (100%)
Total Microsomes 8.0 (25%)
Rough Microsomes 9.2 (13%)
Smooth Microsomes | 5.1 (5%)

The fractions were obtained and the G6Pase activity deter~
mined as described in Chapter 2, except that incubation

of rat liver fractions was performed at 37°9C. The values
in parenthesis give the recovery of activity in each
fraction as a percentage of the total activity.



Plate 4 Electron Micrograph of the Rough Microsomal
Fraction Derived from Xenopus Liver.

Magnification Factor : 10,000 x

Plate 5 Electron Micrograph of the Smooth Microsomal
: Fraction Derived from Xenopus Liver:

Magnification Factor : 10,000 x

The fractions were obtained, fixed and processed for

electron microscopy as described in Chapter 2.
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TABLE 22 Distribution of 5'-Nucleotidase Activity in
Microsomal and Post-Microsomal Fracrions
from Xenopus Liver

Fraction - Specific Activity.
( v mole Pi/mg/hour)
control ‘ Oestrogen~
treated
Total Tissue P
Homogenate 0.30 (100%) 0.29 (100%)
Microsomes 0.53 (15.6%) 0.83 (24%)
Post-Microsomal pe s
Pellet ‘ 0.32 @8%) 0.11 (1.6%)
Final Supernatant |  0.23 (12.0%) ~0.15 (6.5%)

The fractions were obtained and the 5'-nucleotidase
activities determined as described in Chapter 2. The
values in parenthesis give the recovery of activity in
each fraction as a percentage of the total activity.

6.3  The Effect of Oestrogen-Treatmentvon the Synthesis
of Lipid-Sugar Intermediates in Xenopus Liver

In Chapter 1, the evidence to suggest the role of
glycolipid intermediates during glycaprotein synthesis was
discussed. The oestrogen-induced synthesis of vitello=-
genin in Xenopus liver offers a particularly interesting
~system in which to study the possible role of lipid-
intermediates during the synthesis of a specific secretory
glycoprotein, since after oestrogen~treatment up to 70%
of liver protein synthesis is directed towards vitello-
genin, a protein not synthesized prior to hormone treat-
ment. The experiments described in Chapter 5 looked at
the effect of oestrogen-treatment in the synthesis of
lipidnsugar'intermediates in Xenopus liver.

When liver microsomal fractions were incubated with
UDppP (BH) galactose, GDP (14C) mannose or UDP N-acetyl
(14C) glucosamine, it was found that oestrogen-treatment
resulted in a stimulation of the incorporation of each of

the labelled sugars into glycolipid extrable in 2:1
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chloroform/methanol (Figure 44, Tables 13 and 14).
Analysis of the labelled lipid extract by DEAE-cell
chromatography (Figures 46, 47 and 48) showed that the
~increased incorporation could be accounted for by an
increase in the incorporation of labelled sugar into a
glycolipid fraction eluted with ammonlum acetate ; the
effect on the lncorporatlon of ( H) galactose and N-acetyl
(146) glucosamlne was dramatic, since in both cases
oestrogen~treatment resulted in the formation of a labelled
glycolipid fraction which was not detectabie in lipid
extracted from control incubations. The elution of the
labelled glycolipid fraction with ammonium acetate was
consistent with them being derivatives of the dolichol
phosphate type ; the results of thin-layer chromatography
(Figure 49) and the susceptibility of the glycolipid to
acid hydrolysis (Table 16) were also consistent with this.
Paper chromatography of the labelled sugars released from
the ( H) galactose~- and ( C) mannose-labelled glycolipid
during acid hydrolysis (Figure 50) indicated that the
intermediates formed were monosaccharide lipid derivatives.
(When the residue remaining after the 2:1 chloroform/
methanol extraction was re=-extracted with 10:10:3 chl ro~
form/methanol /water, a solvent system favouring the extraction
of more polar oligosaccharide lipid derivatives, and the
extract analysed by DEAE-cellulose acetate chromatography,
it was found that the amount of labelled, ammonium acetate-
elutable material extracted in this fraction was less

than 10% of that present in the 2:1 chloroform/methanoi
extract. This indicated that the incorporation of labelled
sugars into oligosaccharide lipid was very'low in this

system.)

An especially interesting aspect of these results
is that substantial amounts of (3H) galactose were trans-
ferred from UDP (BH) galactose to endogenous lipid by
microsomal preparations from oestrogen~treated animals,
since although galactose containing lipid intermediates
are known to be involved in the synthesis of antigenic
detefminants in the bacterial cell wall (Wright et al,
'1965), the transfer of galactose to endogenous lipid in
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other liver microsomal preparations has usually been

shown to be negligable (Janowski and Chojnacki, 1972 ;
Behrens et al, 1971). However, it should be pointed out
that after 6estrogen~treatmant, Xenopus liver represents

- a unique situation, in which the majority of the protein
synthetic capacity of the cell is devoted towards vitello-
genin synthesis ; the microsomal systems previously
investigated were only carrying out general hepatic protein
synthesis, and thus are only comparable with the situation
in control Xenopus liver, where there was no detectable
transfer of ( H) galactose to endogenous glycolipld inter~-
mediates.

In Chapter 4 it was shown that liver slices from
oestrogen~treated Xenopus incorporated both (3H) galactose
and (3H) glucosamine into secreted vitellogenin. Therefore
in this'system it was possible to determine whether there
was also an increase in the formation of glycolipid inter-
mediates in a situation in which the completed vitello~-
genin molecule was being synthesized. Liver slices from
control and oestrogen“treated animals were incubated with
( H) galactose or ( H) glucosamine, and at the end of the
incubation lipid was extracted from the tissue with 2:1
chloroform/methanol followed by 10:10:3 chloroform/methanol/
water and the extracts pooled and analysed by DEAE cellulose
acetate chromatography« In both control and oestrogen-
treated incubations, ( H) galactose and ( H) glucosamine
were incorporated into a glycolipid fraction which was
eluted with 0.05 M ammonium acetate (Figures 51 and 52),
but after oestrogen-treatment, the incorporation of label
into this fraction was 3-~4 fold greater than in the control
incubations. The results of thin-layer chromatographic
analysis (Figure 54) and the susceptibility of the ammonium
acetate-eluted glycolipid fraction to acid hydrolysis again
favoured the (BH) galactose~ and (3H) glucosamine-labelled
glycolipid being derivatives of the dolichol~-phosphate-
sugar type. However, in contrast to the derivatives
obtained from the microsomal system, paper chromatography
of the labelled sugars released by acid hydrolysis (Figure
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55) suggested that both (3H) glucosamine~- and (SH)
galactose were incorporated into oligosaccharide-lipid
during liver slice incubations. ‘

Thus the results obtained in both microsomal and
liver slice systems showed that after cestrogen~treatment
there was an increase in the synthesis of glycolipid
intermediates of the type suggested to be involved in
glycoprotein biosynthesis. However, a problem with the
interpretation of results obtained in tissues which
synthesize secretory proteins is that it is difficult to
distinguish between the glycolipid intermediates which may
be involved in the glycosylation of the secretory protein
and those involved in the glycosylation of endogenous
membrane proteins. It has been shown that glycolipid
intermediates are involved in the synthesis of the
structural glycoproteins of the endoplasmic reticulum
(Nilsson et al, 1978), and since the response of Xenopus
liver to oestrogen involves a proliferation of the endo-
plasmic reticulum, this must require a considerable
increase in the synthesis of structural glycoproteins
destined to become ¢omponents of the new membranes.
However, in this system it has already been shown that
after the incubation of liver slices with (BH) leucine,
the only major labelled polypeptide associated with the
- microsomal fraction was the 200,000 mol. wt. polypeptide
precursor of vitellogenin (for example see Figures 16, 20
and 21), and it follows that the synthesis of any new
structural protein was negligable compared with vitello-
genin synthesis. Further to this, there was no evidence
for significant incorporation of (3H) glucosamine or (3H)
galactose into microsomal structural protein (see Figures
37 and 39). Therefore it is unlikely that the increase in
the formation of glycolipid intermediates observed is '
involved with the synthesis of new structural glycoproteins.
It is interesting that in chick oviduct, the tissue most
closely similar to the yolk protein synthesizing system in
its response to oestrogen, it has been shown that there is
an increase in the synthesis of glycolipid intermediates
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following oestrogen-treatment (Lucas, 1979), and that these
may be involved in the development of the tubular gland
cells and/or'the glycosylation of the secretory protein,
ovalbumin. It is proposed that the rate limiting step

for the formation of glycolipid intermediates is the
availability of dolichol phosphate (Harford et et al, 1977),
and that the level of dolichol phosphate may play a role

in regulating the rate of glycoprotein synthesis. More
recent reports have indicated that the synthesis of dolichol
phosphate is regulated by the enzyme 3~hydroxy-3-methyl~-
glutaryl CoA reductase, the enzyme reéponsible for the
regulation of cholesterol biosynthesis (Mills and Adamany,
1978). 1t is interesting to speculate that in Xenopus
liver, an increase in the activity of 3~hydroxyn3wmethyl~
glutaryl CoA reductase following cestrogen-treatment could
result in a co-ordinated increase in the synthesis of
cholesterol, glycoproteins destined to become components

of new cell membranes, and the secretory glycoprotein

- vitellogenin.

6.4 General Conclusions

The procedures adopted in this study enabled the
direct identification of two distinct populations of
vitellogenin precursors. The population associated with
the microsomal fraction =~ which includes the membranes of
the rough and smooth endoplasmic reticulum - was
predominantly non~-phosphorylated with a very low average
level of glycosylation compared with secreted vitellogenin ;
the observation that the mol. wt. of these precursors was
slightly lower than that of secreted vitellogenin was
consistent with the absence of the phosphate and carbo-
hydrate groups. 1In contrast, the population of precursors
associated with the "post-microsomal pellet" was phosphory~-
lated and glycosylated to the same extent as secreted
vitellogenin. The results suggested that phosphorylation
and glycosylation were not being completed until just
prior to the release of the precursors from the endoplasmic

reticulum membranes.
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However, what is the nature of the precursors
which are associated with the “post-microsomal pellet!
fraction? A possibility is that the precursors present in
this fraction are in the form of secretion granules or
aggregates of vitellogenin molecules assembled prior to
secretion. Such granules may be hOmogeﬁeousﬂ made up
entirely of vitellogenin molecules, or heterogeneous,
consisting of vitellogenin molecules in association with
other proteins. Aggregation of the precursor molecules
may be necessary for the formation of the wvitellogenin
dimer from the two subunits, or for the inclusion of
calcium and the bile pigment biliverdin into the molecule.

On -the basis of the results obtained it is
possible to propose a tentative scheme to explain the
intracellular distribution of the precursors of vitellogenin
prior to secretion and to indicate the stages at which
phosphate and sugar addition are likely to occur.

1 hr 2 hrs

0 .

1 |
MICROSOMAL FRACTION s LOROSOMAL
(ROUGH AND SMOOTH (SO EVTON
ENDOPLASMIC RETICULUM) CRADILEST)

Translation A
7-12 mins Completed 200,000 Fully Secretion
mol. wt. polypep- phosphory~
tide precursors lated and
Unphosphorylated glycosylated
Low average level precursors
of glycosylation
Slightly lower
mol. wt. than
secreted vitello-
genin
Phosphorylation
and complete
lycosylation \
%Via glycolipid

intermediates?)
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There is little accumulation of phosphorylated
and glycosylated precursors of vitellogenin on the micro-
somes. It is interesting to speculate that the complete
modification of the polypeptide precursors causes a
change in the physical characteristics or conformation of
the molecules and favours their release from the endo-
plasmic reticulum and their conversion into a form suitable
for secretion. Both the phosphate groups and the oligo-
saccharide chain are added to the region of the parent
molecule which is destined to become phosvitin ; therefore,
just as the hydrophobic "'signal-peptide" allows the
transport of the newly translated secretory polypeptide
across the endoplasmic reticulum membrane -and into the
intercisternal space, so the extensive modification of a
limited region of the vitellogenin molecule:may "trigger'
the release of the precursors from the membranes of the
endoplasmic reticulum and their formation into secretion

granules .
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