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INTRODUCTION

Nomenclature. Carbohydrate-polypeptide complexes

are widely distributed in nature and include such
diverse substances as plasma proteins, proteins of
mucous secretions, hormones, enzymes, cellular and
extracellular membranes and both soluble and insol;
uble components of connective tissue. These sub-
stances vary widely in their content of carbohydrate
and, in the past, a number of terms, such as mucoid,
mucoprotein, chondroitin sulphuric acid and glyco-
protein have been used to describe some of these
complexes, different authors frequently using the
same name to describe substances of different nature
(1). Barly classification of carbohydrate-polypep-
tide complexes divided these substances into groups
according to the percentage of hexosamine that they:
contained (1-3) or the nature of the bond linking
carbohydrate to polypeptide (4-6). In the latter
classification Jeanloz (4) divided carb%hydrate«
polypeptide complexes into two distinct groups,
namely those in which the linkage between carbohy-
drate and polypeptide is covalent, as is found in the
carbohydrate-polypeptide complexes of serum, and
those in which the carbohydrate is linked to poly-

peptide by easily split ionic forces. This latter



group was comprised of substances such as hyalu-
ronic acid and chondroitin sulphates. However,
further studies have shown that covalent linkages
also exist in substances comprising the above group
(5). It is therefore unlikely that the type of
linkage joining carbohydrate to polypeptide provides
a generally applicable criterion to distinguish
between the two main groups of carbohydrate-polypep-
tide complexes present in animal tissues and body
fluids,

In order to reduce confusion arising from the
use of such nomenclature, Gottschalk (1), classified
carbohydrate-polypeptide complexes according to
characteristic structural features of their carbo-
hydrate moieties. 1In the polysaccharide-protein
complexes the carbohydrate is homo- or heter< poly-
saccharide characterized by small repeating units
and a high degree of polymerization: the carbohydrate
may be linked to polypeptide by covalent or electro-
static bonds. Substances such as chondroitin sul-
phate and hyaluronic acid belong to this group. In
the glycoproteins, on the other hand, the carbohy-=
drate consists of a relatively small number of sugar
residues, lacking a serially repeating unit and

bound covalently to the polypeptide chain. Examples



of carbohydrate~-polypeptide complexes belonging in
this latter group are those found in serum and
secretions from submaxillary glands together with
substances such as ovomucoid and carbohydrate-con-
taining polypeptide hormones. Spiro (6) has recently
proposed a tentative classification scheme for the
glycoproteins based on the amino acid involved in
linkage with carbohydrate. Thus, four groups have
been proposed in which the linkage involves aspara-=
gine (e.g. serum type of glycoprotein), threonine
(e.g. mucins and blood group substances), hydroxyly-
sine (e.g. plant cell walls) and hydroxyproline
(e.g. collagens). According to the above classifica-
tion the term glycoprotein can clearly be applied

to describe a variety of substances having different
properties and functions. However, since the work
presented in this thesis is concerned with carbohy-
drate-polypeptide complexes found in serum, the

term glycoprotein will be used to describe such
complexes since their carbohydrate groups are rela-
tively few in number, lack a repeating unit and are
bound covalently to polypeptide which by virtue of
size and amino acid composition would be referred

to as a protein.



Serum glycoproteins: classification. Serum proteins

are normally classified ( 7) according to their
mobility on free moving boundary electrophoresis at
PH 8.0 -8.6, albumin being the fastest moving
fraction followed by the (xs; B8 = and 7Y -globulin
fractions in order of decreasing mobility.

The occurrence of glycoproteins in mammalian
tissues and body fluids was first recognized by
Fruend in 1892 (8) in a fraction of serum not coag-
ulated by heat. The name seromucoid was later
applied to this substance by Zanetti (9) who isoclated
it by alcohol fractionation of serum. Material pre-
cipitated from human serum following addition of
perchloric acid (final concentration of 0,6M), was
found to be very similar to seromucoid (10). The
seromucoid fraction of human serum contains a number
of glycoprotein components, chief among these being
o ;-acid glycoprotein (orosomucoid)* first isolated
by Weimer, Mehl and Winzler (11). Mammalian serum
has since been shown to contain a large number of

distinct glycoproteins (1) indeed, it is becoming

¥ Orosomucoid is an @ j-acid glycoprotein which is
the major component of the seromucoid fraction of
serum. The seromucoid fraction consists of those
serum proteins that are soluble in 0.6M=perchloric
acid but precipitated by 5% phosphotungstic acid.



apparent that, with the possible exception of
albumin, most other serum proteins contain carbo-
hydrate, the o-globulins being particularly rich

in glycoproteins. Over the past fifteen years
interest in serum glycoproteins has been stimulated
greatly as a result of the observation that there
are noticeable changes in the levels of serum
protein-~-bound carbohydrate in various pathological
conditions where inflammation is involved (12,13).
Consequently, with a view to explaining the signifi-
cance of the response of serum glycoproteins to
inflammation many workers have been studying the
structure and biosynthesis of serum glycoproteins

in normal animals and those suffering from a variety
of inflammatory conditions. In order to describe
this work clearly serum proteins are discussed
below under the general headings of structure,
biosynthesis and involvement in the acute inflamma-

tory response,

Serum glycoproteins: general structure. The deter-

mination of the structure of serum glycoproteins is

essential for an understanding of their mode of bio-
synthesis and their response to inflammation. Thus,
several reviews have been published on the structure

of serum glycoproteins (6,12,14-18).



Carbohydrate analysis of serum glycoproteins
has shown that these compounds contain a character-
istic group of sugars that include the neutral
sugars D=galactose, D-mannose, L-fucose and; in a
very few cases, D-glucose; the amino sugars D=gluco-
samine and D-galactosamine usually as their N-
acetylated derivatives and the various derivatives
of neuraminic acid (N-acetyl; N-=glycolyl: N-acetyl-
O-diacetyl and N, -O-diacetyl) collectively known as
the sialic acids. The sialic acids or fucose have
always been found to occupy a terminal position in
the oligosaccharide chains of serum glycoproteins
and, although the carbohydrate content of serum
glycoproteins has been found to vary from a few
percent to more than forty percent (6), the size of
the carbohydrate groups is fairly constant ranging
in molecular weight from about 2000 - 3500 (6). 1In
the serum glycoproteins studied to date, the number
of carbohydrate chains has ranged from two for
transferrin (19) and human IgG immunoglobulin (20),
three for fetuin (14) and calf throglobulin (21);
five for human o -acid glycoprotein (22,23), nine
or ten for human ceruloplasmin (24), thirteen for
haptoglobin (25) and thirty-one for human (xznmacrom

globulin (26). Despite the almost infinite variety



of structures that could be formed by sugars present
in glycoproteins in terms of variations in sedguence,
linkages and branching, detailed structural studies
of the carbohydrate groups of glycoproteins have
indicated a relatively conservative utilization of
sugaxr components, with certain preferred sequences
recurring in many glycoproteins, A very common
structural pattern is represented by the hetero-
polysaccharide unit of serum glycoproteins such as
bovine fetuin (27,28), human ¢,-acid glycoprotein
(22), a,-macroglobulin (26), thyroglobulin (21)
and IgG and IgA immunoglobulins (29,30). The carbo-
hydrate units of these glycoproteins are extensively
branched but, nevertheless, all have been found to
contain terminal trisaccharides having the structure
sialic acid (or fucose)-galactose=N-acetylgluco-
samine (Fig. 1). This terminal triplet of sugars
is linked to an inner core consisting mainly of
mannose and N-acetvlglucosamine,

The most extensively studied serum glvcoprotein
from a structural peint of view has been human o 1
acid glycoprotein. It is generally believed that
each oligosaccharide chain of human g lvacid glyco-
protein consists of fifteen to eighteen sugar

residues (31) with 3-7 such chains per molecule of
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Proposed structure for a glycopeptide isolated from human exlnacid
glycoprotein (31).



glycoprotein (22,32), The structure of the oligo-
saccharide chains of human al—acid glycoprotein
has recently been proposed by Wagh et al. (31),
(Fig. 1). A similar structure has also been report-
ed for one of the oligosaccharide chains of human
transferrin (33). In the structure illustrated in
Fig. 1, sialic acid occupies a terminal position
and in the case of alnacid glyvcoprotein which
contains about 10% sialic acid, is responsible for
the low isoelectric point of that protein (13).

| Studies on the structure of carbohydrate chains
of serum glycoproteins have provided evidence that
the carbohydrate units may appear in varying stages
of completion or with minor modifications resulting
in microheterogeneity of glycoproteins. This has
been shown specifically with cxl~acid glycoprotein
(22) and o,-macroglobulin (26). Schmid (22) has
reported that 5-9 polymorphic forms exist upon starch
gel electrophoresis of alaacid glycoprotein. How-
ever, removal of the sialic acid reduces the number
of forms to two. It has been suggested that this
polymorphism is due to the positional isomerism
displayed by the sialic acid which can be linked
to either C-3, C-4 or C-6 of the galactose residues.

In serum glycoproteins the attachment of the
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carbohydrate prosthetic group to the polypeptide
chain is covalent and has been uniformly shown to
involve the C-=1 of N-acetvlglucosamine and the
amide nitrogen of asparagine. This type of linkage
was originally described in ovalbumin (34,35) and
was also found in IgG immunoglobulin (29); a -acid
glycoprotein (32,36), fetuin (27) and thyroglobulin
(21). The precise location of the carbohydrate
units on the peptide chain depends on the complete
elucidation of the amino acid sequence of specific
glycoproteins. This has been accomplished for only
a very limited number of serum glycoproteins in-
cluding IgG myeloma immunoglobulin (37) and o y-acid
glycoprotein (38). Schmid et al. (38) determined
the sequence of amino acids in two large glycopep-

tides from human -acid glycoprotein. One glyco-

%1
peptide was composed of 22 amino acid residues and
one carbohydrate unit, and the other consisted of

65 amino acid residues and contained four carbohy-
drate units. All carbohvdrate units were found to
be attached to asparagine residues. In addition the
carbohydrate units were linked to asparaginyl
residues included in the general tripeptide -Asn-X-
(%gﬁ)g where =X- represents any amino acid. This

supported earlier studies (23,31) in which partial
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seguences of (Xl—acid glycoprotein showed that
threonine or serine residues were adjacent to, or
near to, the asparagine-carbohydrate linkage.
Similar serine and threonine residues have also
been found in glycopeptides isolated from a variety
of other serum glycoproteins of mammalian origin
(39). The presence of the hvdroxy-containing amino
acids near to the asparagine residue involved in
linkage with oligosaccharide has prompted the sug-
gestion that these amino acids are recognized by
the glycosyl-transferases responsible for attachment
of the first carbohydrate to the asparagine residue

in the polypeptide chain (39,40).

Biosynthesis of proteins in eucaryotic cells

Cell structure. Before describing a general scheme

for the biosynthesis of proteins in eucaryotic cells
it is necessary to first describe some of the mor-
phological structures present in such cells. How-
ever, since eucaryotic cells can vary considerably
in structure depending on species and tissue of
origin the description below concerns the liver
parenchymal cell in particular since this cell type
is mainly responsible for the manufacture of most

serum proteins (41).
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The liver parenchymal cell (Fig. 2), consists
of a nucleus which is separated from the cytoplasm
by a double~layered nuclear membrane (42). The
nuclear membrane possesses numerous aperatures and
is believed to be connected to the endoplasmic
reticulum which are the membranous components found
in the cytoplasm. The nucleus has been shown to be
the main site for transcription of ribonucleic acid
(RNA) from deoxyribonucleic acid (DNA). Therefore,
most of the cellular DNA is located in the nucleus
although a small amount is located in the mitochon-
drion. The normal parenchymal cell contains about
800 mitochondria (42). A double membrane limits
their structure, the inner membrane having £folds
called cristae which extend deep inside the structure.
The mitochondria are the site of cellular respira-
tion and intracellular energy production (42).
About 20-25% of the total protein of the inner mem-
brane consists of enzymatically active proteins
functioning in electron transport and oxidative
phosphorylation. The outer membrane contains the
fatty acid thiokinases while the matrix contains
enzymes involved in the Kreb's cycle (42). Isolated
mitochondria from many types of eucaryotic cells

have been found to incorporate labelled amino acids



Fig. 2 Schematic view of hepatocyte

1. nucleolus. 2. nucleoplasm. 3. nuclear
membrane. 4. nuclear pore., 5. mitochon-
drion. 6. mitochondrial granule. 7. rough
surfaced endoplasmic reticulum. 8. free
ribosomes. 9. smooth surfaced endoplasmic
reticulum. 10, Golgi complex. 11. lysosome.
12, microbody. 13. glycogen particles.

14. fat droplet. 15. pinocytic invagination.
16, bile canaliculus. 17. junctional
complex. 18, microvillus of the bile canali-
culus. 19, microvillus of the sinusoidal
border. 20. studlike projection of the
cytoplasm,
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into mitochondrial protein. That protein synthesis
does occur in the mitochondrion is supported by the
fact that the mitochondrion possesses a specific cir-
cular DNA, a DNA directed RNA polymerase, specific
mitochondrial forms of t-RNA and activating enzymes,
and ribosomes similar to those found in bacteria (42).
In addition, it has been shown that mitochondria are
capable of synthesizing their own glycoproteins (43),
The nucleus and the mitochondrion, however, are not the
intracellular sites concerned with the synthesis of
most proteins produced by secretory cells such as the
liver or pancreas. It is now well established that the
biosynthesis of serum proteins in particular is carried
out by ribosomes in association with endoplasmic reti-
culum present in the cytoplasm. The general structure
of the endoplasmic reticulum is that of a network of
parallel membranes making up tubules, and enclosing
spaces or channels separated from the cytoplasmn.

These membranes are connected with one another to

form a conti%ﬁm (44<-46). The endoplasmic reticulum

is composed Af rough and smooth membranes and Golgi
apparatus. The rough membranes are studded with

the protein synthesizing units, the ribosomes, (47)
while the smooth membranes lack such particles.

The smooth membranes are most clearly seen in certain
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areas of the cytoplasm; particularly near the
lateral plasma membrane or concentrated near areas
of glvcogen granules and around the Golgi apparatus.
Another type of differentiated intracellular mem-
brane is the Golgi apparatus (48), which is composed
of a series of flattened or rounded smooth-surfaced
cisternae, vesicles and vacuoles. In addition to
being found attached to the endoplasmic reticulum,
ribosomes are also found free in the cytoplasm.

The isolation, structure and physical properties of
ribosomes have been studied extensively in recent
years (49,50). 1In eucaryotic cells ribosomes con-
sist of two subunits having sedimentation coeffic-
ients of 605 and 45S giving a final particle with

a sedimentation coefficient of about 80S. Magnesium
is reguired to preserve the structural integrity of
the ribosome (49,50). Each ribosome contains
several protein molecules (50) which are thought to
be responsible along with a close structural re-
lationship with ribonucleic acid for the shape and
compatability of the ribosome, allowing it to func-
tion in protein synthesis, Other cytoplasmic
components include lysosomes (12), particles which
contain a large number of hydrolvtic enzymes; micro-

bodies, glycogen particles, and fat droplets.
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The recognition of various membranous com-
ponents in the cytoplasm of the cell led to the
establishment of methods to isolate and characterize
these membranes., Claude (51-53) first isolated
microsomes by the technique of differential centri-
fugation of postmitochondrial supernatant. The
microsomal material consists of fragments of the
endoplasmic reticulum, Golgi complex and disrupted
plasma membranes. The first attempt to separate
intact rough and smooth membranes from microsomes
was made by differential centrifugation in 0.88M
sucrose (54), Later, Rothschild (55) isolated rough
and smooth surfaced membranes from rat liver by
high-speed centrifugation on a discontinuous sucrose
gradient. Dallner (56) showed that rough membranes
could be more easily separated from smooth membranes
by treatement with cesium ions. Cesium ions tend to
bind specifically to rough membranes rendering them
more dense, and consequently they are easier to
separate from smooth membranous material. Smooth
membrane fractions were subsegquently prepared by
treatment with magnesium ions which bound to some

smooth membrane components, but not to others. In

smooth membranes by zone centrifugation on stabalized
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sucrose gradients. More recent technigues have
led to the isolation of fractions containing mainly
Golgi complex (58).

Thus the isolation and characterization of
these warious membranous components has led to
more detailed studies on the biosynthesis of pro-

teins at the subcellular level.

General scheme for biosynthesis of proteins. An

outline of the mechanism of protein synthesis as it
is thought to occur in eucaryotic cells is shown in
Pig. 3. It is thought that the actual mechanism of
protein synthesis is similar to that determined for
prokaryotic cells. However, the overall process of
protein synthesis in eucaryotic cells appears to be
much more complicated than in prokaryotes. This
complexity arises £from the unique feature of eucary-
otic cells, i.e., the spatial separation of trans-
criptional and translational processes afforded by
the sequentering of the first of these into the

nuclear structure.

The nucleus is the site of transcription of
messanger RNA (mRNA) from DNA molecules. The mRNA
chain is synthesized, directly utilizing the cor-

responding section of DNA as a template; therefore,
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Fig. 3 Protein synthesis as it is thought to
occur in eucaryotic cells. N, nucleus,
NP, nuclear pore, Ct, cytoplasm, AA, amino
acid, ANP, Adenosine monophosphate, ATP,
Adenocsine triphosphate, PP, polypeptide
chain, P, membrane bound polysome, NM,

nuclear membrane.
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the DNA determines the nucleotide sequence in the
mRNA chain being synthesized and the entire speci-
ficity of the RNA formed (59,60). The presence of
RNA polymerase is essential for mRNA transcription
(61,62), In addition, transfer RNA (tRNA) and
ribosomal (rRNA) are synthesized in the nucleus.
It has been shown that ribosomal RNA (rRNA) is a
major product of gene transcription in nucleated
cells (63). OFf all the species of DNA-like RNA
synthesized in the nucleus it seems that only a
small number are transferred into the cytoplasm
(64,65). The transfer of mRNA from the nucleus
into the cytoplasm may be brought about by the
formation of a complex with the smaller (45S) of
the two ribosomal subunits. This process has been
termed transmission (66). The 45S-mRNA complex
when in the cytoplasm combines with the larger
subunit (60S) to yield the polysome directly (67,
68). In the intact cell only polysomes bound to
membranes are the major sites of protein synthesis
(69). It is clear that pools of polysomes, mono-
somes, and native ribosomal subunits exist in
eukaryotes (70-72). Studies have shown that the
free subunits are in equilibrium with those in

polysomes (70,73), and it is likely that cyclic
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dissociation of ribosomes into subunits occurs be-
tween rounds of polypeptide chain initiation in
mammalian cells as in bacterial cells (e.g. 74},
The membranes of the endoplasmic reticulum, to
which the ribosomes are attached; may undergo turn-
over rates comparable to those of the ribosomes
(68,75).

The formation of the polypeptide chains on
the membrane bound polysomes 1s believed to be
similar to that in bacteria and occurs in four main
stages. In the first stage of protein synthesis
the amino acids are activated and then transferred
to their corresponding tRNA melecules by the action
of specific aminocacyl-tRNA synthetases (76). The
aminoacyl-tRNA complex is the intermediate form from
which activated amino acid residues are transferred
into the growing polypeptide chain in the ribosome.
The formation of aminoacyl-tRNA from the free amino
acids and t-RNA molecules occurs outside the ribo-
some in the cytoplasm (77). The process is catalyzed
by the enzyme aminoacyl-tRNA synthetase and occurs
in two steps. In the first step the free amino acid
reacts with ATP, resulting in the production of
aminoacyl adenylate and pyrophosphate (78,79).

The aminoacyl adenylate is then bound to the specific
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synthetase and this complex then reacts with tRNA
{80) as the carboxyl of the amino acid residue of
aminoacyl adenylate is transferred to the 3'=0H
group of the ribose of the terminal adenosine of

tRNA with a release of AMP (81),

The second stage of protein synthesis; called
initiation of polypeptide chain synthesis; is
thought to occur as found in bacteria. The ribo-
some must be dissociated into its subparticles so
that the mRNA can be bound to the 45S subunit before
chain initiation will begin (72)}. Should there exist
an AUG (or GUG) codon at the 5' end of the mRNA;
then formylmethionyl-tRNA associates with its codon
on the 45S subparticle forming a stable ternary
complex of the 45S-AUG-formylmethionyl-tRNA, There

is evidence that formylation of tRNAM

et is not
necessary for initation of protein synthesis in
Hela cells (82). Three initation factors (M, M,
and M3) have been found to be required in this
process. The function of these initation factors
are uncertaine Ml and M, are capable of stimulating

the binding of Met-tRNA_ to reticulocyte ribosomes

£
(83) in the presence of AUG. Also, M, is required
for the translation of natural mRNA (84), which

indicates that its function may be related to
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selecting or recognizing natural mRNA., The 608
subparticle then associates with the 45S sub-
particle to form the complete ribosome, thus pre-=
pared to perform the next stage of polypeptide
synthesis.

Elongation of the polypeptide chain in
eukaryotes is thought to be similar to that found
in prokaryotes., As a result of the tRNA transloca-
tion and the corresponding drawing over of the
template, the aminoacyl-tRNA binding site becomes
vacant and a triplet is positioned on it. Then the
aminoacyl-tRNA binding site of the small_subparticle;
with the positioned triplet adjacent to the initiat-
ing codon, selectively binds the aminoacyl-tRNA
corresponding to this triplet. As a conseguence
the initial complex ribosome»mRNZlF(aminoécyl-tRl\TA)2
arises (85). The peptide bond is formed by reaction
of the amino group of the newly bound aminoacyl-tRNA
with the esterified carboxyl group of the carboxyl
terminal amino acid residue of the peptidyl-tRNA.
This reaction coccurs by a nucleophilic displacement
in which the parting group is the tRNA. In bacteria
an enzyme, peptidyl transferase, which is part of
the 508 portion of the ribosome, is required to

catalyze the reaction (86). This whole process is
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repeated using the specific amino acid bearing tRNA
molecules until termination of the polypeptide
chain occurs.

Stage IV involves the termination of the poly-
peptide chain. The release of polypeptide chains
from the ribosome has been shown in vitro (87,88)
to be due to “nonsense" triplets, i.e., triplets
that do not code for any of the amino acids.

Similar evidence exists for the termination of pro-
tein synthesis in bacterial protein synthesis where
the nonsense "amber? and "ochre' mutations show that
the triplets UAA and UAG possess a terminating
function (89). The final release of the polypeptidyl-
tRNA from the ribosome, when a termination codon is
reached, is promoted by a specific release factor
which is bound to the ribosome and promotes the
hydrolysis of the ester linkage between the poly-
peptide chain and tRNA molecule (20). The ribosonme
then runs off the mRNA in free form, dissociates
into its subparticles and re-entexrs the cycle for

protein synthesis.

Biosynthesis of Serum Proteins. It has been known

for some time that the biosynthesis of proteins in

mammalian cells occurs on the ribosomes present in
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the cytoplasm of the liver parenchymal cell accord-
- ing to the general scheme mentioned above.

The first evidence that the liver was the main
site of synthesis of serum proteins came from the
studies of Peters and Anfinsen (91) who demonstrated
that label was incorporated into chicken serum albumin
from 14Cwlabe11ed CO2 in a chicken liver slice system.
They also demonstrated a net increase in serum albumin
during incubation (92). Miller and his coworkers (93,
94) perfused rat livers with blood to which 14Calysine
had been added: radioactivity was incorporated into
all electrophoretically separated fractions of serum
with the exception of the Y -globulins. With liver
perfusion or slice techniques or in tissue culture
experiments, the liver has since been shown to synthe-
size a large number of specific serum proteins in-
cluding rat serum albumin (95,96), a rat ¢ -globulin
fraction (97}, rat (acute phase) cxzaglycoprotein
(98), human and monkey o ,-acid glycoprotein (99),
rabbit and human haptoglebin (99,100), rat and human
transferrin (99,101), rat (93) and human fibrinogen (102)
and mouse and rat ceruloplasmin (103,104). Although the

above studies have clearly implicated the liver as the

main site of synthesis of serum glycoproteins, they
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did not indicate the subcellular site of synthesis
of these proteins nor the manner in which they are
secreted from the cell. Zamecnik and Keller (105)
first demonstrated the incorporation of label into
protein when the isolated microsome fraction from
rat liver was incubated with labelled amino acids
and a source of regenerating adenosintriphosphate
(ATP). These workers further showed that the micro-
some fraction from rat liver isolated at various
times after administration of L»leucinewl4c contain-
ed the most radioactive protein. In addition they
found that when the microsome fractions were treated
with deoxycholate which solubilizes the membranous
components of the fractions but not the ribosomes,
it was the ribosomes that were active in protein
synthesis (106,107).

Among the proteins present in serum, albumin
comprises about 40% of the total protein. This
readily facilitates its isolation in a homogeneous
state so that it may be used for studies on its
biosynthesis. In addition, serum albumin is not a
glycoprotein and consists of only one polypeptide
chain. Consequently the biosynthesis of this pro-
tein has been studied extensively. Several workers

have shown that albumin is synthesized preferentially
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on ribosomes attached to membranes of the endo-
plasmic reticulum; rather than on free ribosomes (69,
108-111). Studies by Peters(112,113) on the incor-
poration of L—leucine—14C into subcellular fractions
from rat liver have shown that the synthesis of
albumin occurs on the rough endoplasmic reticulum,
It appears that albumin is synthesized in associ-
ation with ribosomes in the first few minutes (112,
114), and is transferred to the cisternae of the
vough endoplasmic reticulum and is subsequently
channeled into the smcoth endoplasmic reticulum

and then to the Golgi apparatus, with 15-20 minutes
elapsing before the appearance of radiocactivity in
the blood. Similar studies by Glaumann and Ericsson
(111) have confirmed the sequential passage of
albumin through the membranes. However, an under-
standing of the biosynthesis of conjugated proteins;
such as glycoproteins, reguire considerations

bevond those encountered in the biosynthesis of
simple proteins such as albumin. These arise from
the fact that in addition to the synthesis of the
polypeptide chain, the carbohydrate units must be
assembled and attached in some manner to the poly-
peptide portion. Workers generally agree that the

polypeptide backbone of glvcoproteins is synthesized
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according to the well established pathway of protein
synthesis previously described. The attachment of
sugars to the polypeptide chain has been studied
with great fervor in the past few years. With
D~glucose=14C as precursor Spiro (115)was the first
to show that the rat liver was the major site of
addition of glucosamine residues to serum proteins.
This was later confirmed by studies on the intact
rat and rabbit with Daglucosamine»l4c as precursor
(116,117, It was found in these studies that gluco-
samine wag used efficiently for the biosynthesis of
glycoproteins, with some conversion to sialic acids
but negligible conversion to neutral hexoses and
amino acids. Although these studies showed that the
liver was the site of attachment of carbohydrate
groups to polypeptide chains, they did not indicate
the mechanism or subcellular site of attachment of
sugars to polypeptide. Numerous studies have since
been carried out to elucidate the mechanism of
attachment of sugars to polypeptide chains. These
studies have resulted in the postulation of two
main theories as to the glycosylation of protein
and completion of the oligosaccharide chains in
glycoproteins. According to one hypothesis the

carbohydrate chain is built up in the Golgi cisternae
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of mammalian cells by a multienzyme complex of
carbohvdrate transferases which is localized in

the membranes of the Golgi apparatus., This hypothe-
sis has been termed the single-csite hypothesis.

This idea is based on the original observations of
Neutra and Leblond (118) who injected 3p-1abelled
glucose or galactose into rats; and found that
macromolecules; other than glvcogen, were labelled
only in the Golgi zone of liver and other tissues.
Supporting this interpretation, Wagner and Cynkin
(119), and Caccam, Jackson and Eylar (120) have re-
ported that incorporation of N-acetylglucosamine

and mannose in endogenous proteins is cérried out

by the smooth microsomal fractions (rich in Golgi
fragments); but not by the rough microsomal fractions
of rat and rabbit liver. Similar observations have
been reported by using Hela cells (121)., According
to the other hypothesis (multi-site hypothesis)
glycosylation of proteins is initiated on the rough
membranes and the remainder of the oligosaccharide
chain is assembled within the smooth membranes and
the Golgi apparatus. Early evidence that this type
of glycosvlation of glycoproteins occurred came from
work by Robinson, Molnar and Winzler (¥16) and Molnar,

Robinson and Winzler (122) who studied the incorpora-
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tion of D=glucosamineml4c into liver subcellular
fractions in vivo and observed that there was in-
corporation of label into components of rough
membrane subfractions in addition to incorporation
into smooth membrane subfractions. Subcellular
acquisition of carbohydrate groups by glycoprotein
was confirmed and further extended by Lawford and
Schachter (123)who studied the kinetics of incor-
poration in vivo of D-glucosamine=l4c into protein-
bound hexosamine and sialic acid of rat subcellular
fractions and of rat plasma proteins. These studies
indicated that hexosamine was incorporated into
glycoprotein in the channels of both rough and
smooth endoplasmic reticulum whereas sialic acid
was incorporated primarily within the smooth en-
doplasmic reticulum. In addition, it was found that
D=glucosamine-l4c was incorporated into rat liver
ribosomes in vivo, indicating that some glucosamine
was incorporated into nascent ribosome~bound poly-
peptide. Other studies by Molnar and his coworkers
(124,125) and Redman and Cherian (126) have supported
the multi-hit theory. These workers investigated
the incorporation of radiocactive sugar nucleotides
into subcellular fractions of liver from rats and

rabbits. The rough microsomal fraction was more
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active than the smooth microsomal fraction for the
incorporation of hexosamine and mannose, but only
one-third as active for the incorporation of D-
galactose=l4co On the other hand D-galactose=3H
was taken up 3-4 times faster by the smooth micro-
somes than by rough microsomes. Further studies
by Tetas, Chao and Molnar (127) confirmed these re-
sults, In addition, it was suggested by these
workers that a sugar acid labile lipid intermediate
is involved in the biosynthesis of glycoproteins,
rather than a direct transfer of the sugar to the
acceptor molecule,

Wagner and Cynkin (128) studied the ability of
the Golgi apparatus isolated from rat liver to
mediate steps in the biosynthesis of glycoproteins.
These workers studied five enzymatic activities:
the transfer of glucosamine, galactose, glucuronic
acid, mannose and N-acetylneuraminic acid from their
sugar nucleotide precursors to endogenous trichloro-
acetic acid-precipitable proteins. Their results
were consistant with the hypothesis that the N-
acetylglucosamine, galactose and N-acetylneuraminic
acid residues of the terminal sialic acid-galactose-
N-acetyvlglucosamine sequence of many glycoproteins

(12) are added to nascent glycoprotein within the Golgi
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apparatus while the sugar residues in the inner
positions of the oligosaccharide chains are in-
serted at other sites in the endoplasmic reticulum.
Similar results have also been obtained by
Schachter et al.(129) who suggested that enzymes
present in the Golgi apparatus are involved in
terminating the synthesis of <xl~acid glycoprotein
by the liver during secretion from the cell.

Much of the evidence that has accumulated for
the mechanism of bioéynthesis of glvcoproteins has
come from studies by several workers on the bio-
synthesis of thyroglobulin in thyroid slices.
Spiro(130) used puromycin to inhibit synthesis of
the peptide portion of soluble thyroglobulin.
Puromycin, however, did not appreciably interfere
with the synthesis of the carbohydrate portion of
the protein indicating that the peptide portion is
synthesized before and independently of carbohydrate
attachment. Examination of the particle-~bound
thyroglobulin precursors isolated after incubation
of thyroid slices with puromycin again showed that
the synthesis of the peptide portion was completely
inhibited and indicated that the synthesis of the
carbohydrate portion was partially impaired; with

the sugars more internally located in the carbohy-
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drate units being affected more than those in more
peripheral locations. Since the material on the
particles represents a more recently synthesized
material than that present in the soluble fraction,
these findings were consistant with a depletion of
membrane-bound precursors, and suggested that the
attachment of the carbohydrate groups to the poly-
peptide chain takes place in a stepwise manner by
the seguential attachment of sugar residues to a
series of membrane bound precursors (130). Attach-
ment of carbohydrate groups to a polypeptide chain
in this manner has also been suggested by other
studies on the biosynthesis of thyroglobulin (131-
134)., Herscovics (131) found that labelled mannose
is incorporated on subunits of thyroglcobulin at
about the time of their synthesis, whereas labelled
galactose is incorporated over 30 minutes later
near the time of aggregation of subunits to form
non-iodinated thyroglobulin., Similarily, labelled
fucose is incorporated into thyroglobulin at the
terminal stage of synthesis of the protein (132-133),
Radioautography studies (134) have indicated that
mannose incorporation takes place within the rough
endoplasmic reticulum of thyroid follicular cells;

whereas galactose addition occurs within the Golgi
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apparatus after migration of thyroglobulin precur-
sors to that site.

Of the two theories existing on the biosynthe-
sis of glycoproteins the multi-hit theory has gained
acceptance from recent investigations. The concept
that sugar molecules are added to the polypeptide
chain while it passes through the endoplasmic reti-
culum has led to a search for glycosyltransferases
which are capable of transferring the carbohydrate
groups to the precursor protein molecule., Indeed,
enzymes responsible for the attachment of several
carbohydrate units have been described. Thyroid
particles have been shown to contain the enzymes
responsible for the assembly of the sialyl-galacto-
syl=N-acetylglucosamine sequences of the oligo-
saccharide chains present in thyroglobulin (130,135
136). Sialyltransferases were first described by
Roseman et al.(137,138). A membrane-bound sialyl-
transferase has been demonstrated in liver and sub-
sequently characterized (129139). These sialyltrans-
ferases have been shown to incorporate sialic acid
into partially deglycosylated ulaacid glycoprotein
(129) or fetuin preparations (139). Other enzymes
found to incorporate sugars into glycoprotein are

galactosyltransferases (129,140), N-acetylglucos-



aminyltransferases (129,141,142) and a fucosyltrans-
ferase (143). A series of studies by Hudgin and
Schachter (144-~146) have described the properties

of a pork liver and blood serum sialytransferase
(144), galactosyltransferase (145) and N-acetylgluco-
saminyltransferase (146). It was found that in both
liver and serum a single sialytransferase is respon-
sible for incorporation of sialic acid into G 4=
acid glycoprotein, fetuin and N-acetyllactosamine
and sialic acid incorporation occurs whenever a
terminal galactose linked (1,4) to a penultimate
N-acetylglucosamine is presented to the enzyme.
Indication that similar glycosyltransferases exist
in serum as were found in livers was first noticed
by Mookerjea et al. (147). Studies by Hudgin and
Schachter (144-146) have also indicated that similar
enzymes exist in pork liver and serum. However, the
function of serum glycosyltransferases have yet to
be elucidated. From the numerous studies performed
on the biosynthesis of glycoproteins it appears that
such molecules are synthesized in the following
manner. The polypeptide chain is synthesized on

the ribosome (polysomes) by the usual machinery for
protein synthesis. The polypeptide chain then moves

through the channels of the endoplasmic reticulum
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(148). As the protein moves through these channels,
membrane bound glycosyliransferases, firmly attached
to membranes, attach sugar molecules one at a time
from an activated nucleotide sugar to the growing
carbohydrate chain. The enzyme specificity is
directed toward several properties of the acceptor,
foremost among which is the nature of the terminal
nonreducing sugar of the carbohydrate chain to which
the new sugar is attached. The penultimate sugar,
as well as the linkage of the terminal sugar to
penultimate sugar may also have a determining role.
Eventually the glycoprotein passes into the Golgi
apparatus where terminal sugars are added and the
glycoprotein is concentrated and packaged into

granules which are secreted into serum.

Serum glvcoproteins: Their involvement in the

acute inflammatory response.

Inflammation in mammals, caused by chemical
inflammatory agents, neoplastic diseases, bacterial
infections, and a variety of other conditions re-
sults in an increase in the total protein-bound
carbohydrate of serum arising from increases in the

concentration of a variety of serum glycoproteins
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(Table 1), However, in spite of the well documented
response of serum glycoproteins to the inflammatory
stimulus, little is known about the biochemical
mechanisms that lead to the increased content of
certain glycoproteins in serum as a result of in-
flammation. With a view to obtaining some informa-
tion on the mechanism and significance of the re-
sponse of serum glycoproteins to inflammation,
several groups of workers have studied the events
that take place in the body in response to inflamma-
tion, Glenn, Bowman and Koslowske (159) have separated
the process of inflammation into two reactions, the
local reaction and the systemic reaction (Fig. 4).
The local reaction refers to the events occuring

in the immediate area of tissue damage, whereas the
systemic reaction describes events induced by the
local reaction. Glenn et al. (159) suggested that
the local events are "contributory”, or events which
initiate the overall process, whereas the systemic
responses are “protective" or "inhibitory": that is
events which protect the body or slow down the over-

all process of inflammation.

The local reaction. When injury occurs in a tissue

blood flows into the wound and forms a clot as



TABLE 1

Total Hexose and Hexosamine of Glycoprotein in

Normal and in Some Pathological Sera

Sera from normal and

Total glycoprotein

hexose

Total glycoprotein

hexosamine

diseased individuals (mg/100ml serum) (mg/100ml serum) References
Normal 100 66 (149)
Advanced cancer 195 + 25 203 4 12 (150)
177 % 8.8 131.9 % 56 (151)
Diabetes 193 153 (152)
174  + 24,7 145.2 + 23 (153)
Rheumatic fever 190 + 1.9 100.4 + 3.5 (154)
Rheumatoid arthritis 215 - (155)
153  + 3 128 + 3 (156)
Tuberculosis 204 + 15.6 211 o+ 9 (150)
Cholera 272+ 7 - (157)
Pregnant women 272 4+ 4 - (158)
Acute leukemia 157.5 + 19.8 127.5 + 12.3 (151)
Hodgkin's disease 189.3 + 38.9 141 + 30,1 (151)
Lymphosarcoma 218.2 + 32,7 142.5 + 23,4 (151)
Multiple myeloma 255 4 76,1 165 + 9.5 (151)

LE
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THE "INFLAMMATORY PROCESS®

DAMAGING AGENT(S)

Antigen-antibody reactions
Chemical-physical irritants

Bacterial infection

(1) Trauma
Others

LOCAL REACTION

Venular dilation

Slow venular flow

Increased blood viscosity

Endothelial leakage

Erythrostasis

Platelet aggregation

Thrombus formation (2)

FPibrin acecunulation

Neutrophil and lymphocyte
accumulation

Phagocytosis of irritant
and damaged tissues

Leucocyte and platelet
breakdown

Increased Lactate
dehvydrogenase

\(3)

PROMOTIVE AND CONTRIBUTORY?

N

SYSTEMIC REACTION

Increased body temperature
Pain
Granulocvtosis and
lymphocytosis
Increased fibrinogen
Increased C-reactive
protein
Increased o= and g-globu-
lins
Increased X g-glycoproteins
Decreased albumin
Decreased serum iron
Increased serum copper
Increased mucoproteins
Increased glvycoproteins
Increased pituitary and
adrenal function
Increased gamma-globulin

(4)
PROTECTIVE AND INHIBITORY?

OVERALL PROCESS

(6)///

&
CELL DEATH AND NECROSIS

\ (5)

RESTITUTION

LEAKY MEMBRANES

Pig. 4
process.

Schematic representation of the inflammatory
The numbers in parenthesis describe

the order in which the events are believed to

OCCur,
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fibrinogen molecules from the blood gquickly link

up into interconnected strands of fibrin. After the
clot has formed, inflammation begins as dying and
broken tissue produce substances that cause blood
vessels in the nearby uninjured area to leak (160),
The resulting flow of serum into the injured area
provides a maintaining environment for white blood
cells that follow into the wound. These white blood
cells are mainly neutrophils and macrophages which
kill bacteria and remove debris from the injured
area by a process of phagocytosis (160). The re-
lease of lysosomal enzymes during the inflammatory
response is thought to be important in activating
cutaneous collagenase which degrades collagen in
structural components of the tissue into soluble
breakdown products which drain away from the area

of tissue damage (160)., Eventually another kind of
cell, the fibroblast, appears in the wound. The
fibroblast then repairs the injured tissue by syn-
thesizing and secreting collagen and protein poly-

saccharides that form scar tissue (160).

The systemic response. According to the scheme put

forward by Glenn et al. (159), (Fig. 4), the local

reaction by some unknown mechanism, is believed to
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induce the systemic response to inflammation. The
systemic response consists primarily of increases
in the levels of a variety of serum glycoproteins
(Fig. 4). The proteins that increase in content in
serum as a result of inflammation are normally re-
ferred to as acute phase reactants (161). The most
important acute phase reactants present in human
serum are orosomucoid, ceruloplasmin, haptoglobin,
transferrin, fibrinogen, <i2wmacroglobuling and the
Y =globulins (162). 1In addition to the above acute
phase reactants, new serum proteins not normally
present in serum, make their appearance; these
include the C-reactive protein in man (163) and the
o ,-{acute phase) globulin in rats (149,164). The
response of an <¥l=acid glycoprotein corresponding
to orosomucoid and the “2~(acute phase) globulin
to experimentally induced inflammation in rats has
been studied extensively by several groups of
workers (161,164=166)., Darcy (164,165) found a 7-fold
increase in the alnacid glycoprotein of rat serum
in response to turpentine induced inflammation and
a 20=fold increase due to growth of Walker tumor.
It was originally suggested by Darcy (167) that the
increase in serum o l-aacid glycoprotein was a re-

sponse to substancesliberated from damaged necrotic



cells., The presence of <xl=acid glycoprotein in
the area of tissue damage prompted the suggestion
that the serum glycoprotein response to inflamma-
tion resulted from the release of glycoproteins
synthesized locally in the inflammed tissue (168).
However, it has since been established that the
liver is the site of synthesis of most of the acute
phase reactants including rat @lmacid glycoprotein
and o zm(acute phase) globulin (169-172). Thus, the
increase in concentration of these proteins appears
to be a direct consegquence of increased hepatic
synthesis, suggesting that the liver is involved in
some aspects of the control of the inflammatory
reaction. It is now generally believed that hor-
monal factors that may be released from the site of
inflammation, stimulate the liver to increase the
synthesis rates of acute phase glycoproteins that
are normally present in serum (163,167,173)., This
may be accomplished by some "switching on® and "switch-
ing off" mechanism affecting the biosynthesis of
acute phase globulins in mammalian liver (98).
However, the precise mechanism of this process is
not understood at the present time and is currently

under investigation in many laboratories.
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Introduction to the work presented in this thesis

Many studies have been performed on the effect
of inflammation on serum proteins of various
animal species. Thus, it is well documented that
there is an increase in the content of certain gly-
coprotein fractions in the serum of animals in re-
sponse to inflammation. However, very little is
known about the biochemical mechanism behind the
increase in production of serum glycoproteins.
Therefore, the present studies have been designed to
follow the biosynthesis of a specific glycoprotein
at the subcellular level in response to inflammation
in order to eventually determine what biochemical
process is responsible for the increase in content
of glycoproteins in serum as a result of inflammation.

In order to perform these studies it was
necessary to isolate in a homogeneous state one oxr
more serum glycoproteins that increase in content
in response to inflammation. Therefore, crude pro-
tein fractions were obtained from serum from normal
and experimental animals by ion-exchange chromatog-
raphy on columns of diethylaminoethyl cellulose.
These fractions were analvzed for protein-bound
hexose and hexosamine and were examined by immuno-

electrophoresis and electrophoresis on cellogel strips.
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The fraction which showed the greatest increase in
protein-bound carbohydrate was subsequently used as
starting material for the isolation of specific
acute phase reactants. Serum albumin, and ¢ -

acid glycoprotein and an azwmacroglobulin were
isclated from the starting material by a combination
of ion-exchange chromatography, sephadex gel filtra-
tion and isoelectric focusing. The isolation and

analyses of the =acid glyvcoprotein and the o o=

%1
macroglobulin were performed in collaboration with
Mr. A.D. Friesen who reported some of these results
for the degree of Master of Science. These results
have also been reported briefly in this thesis in
order to maintain the continuity of this presentation.
The quantitative precipitin technique was used

to determine the content of albumin, -acid glyco-

%1
protein and o zamacroglobulin in serum samples
obtained from control rats and rats suffering from
inflammation for 5-72h. The alaacid glycoprotein
and uzmmacroglobulin were found to be acute phase
reactants increasing about 6-fold as a result of
inflammation: the greatest increase occurred at
24-48h after induction of inflammation: albumin did

not change in content as a result of inflammation.

. . . . 3
Studies on the incorporation of L=leucine~ H and
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D»glucosamine=l4c into heterogeneous serum fractions
and into the three specific proteins were performed
to study the rates of synthesis of these proteins in
response to inflammation. Labelled leucine was used
as a precursor for polypeptide synthesis, while
labelled glucosamine was used as a precursor for
carbohydrate synthesis, since it is used efficiently
for the synthesis of serum proteins and also because
N-acetylglucosamine residues participate both in
linkage with polypeptide in serum glycoproteine and
occur in more peripheral positions of the carbochy-
drate chains. It was found that there was an increase
in incorporation of labelled precursors into the two
acute phase proteins under study when isoclated from
the serum of experimental animals when compared with
corresponding proteins isolated from control animals.
There was negligible change in incoxporation of
labelled leucine into serum albumin. These results
suggested that there may be an increase in the rate
of synthesis of the acute phase globulins under
study in response to inflammation.

The increase in content and the increase in
the incorporation of labelled leucine and gluco-
samine into aleacid glycoprotein and o,-macroglo-

2
bulin in response to inflammation indicated that it
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was important to study the biosynthesis of specific
acute phase globulins at their cellular and sub-
cellular sites of svnthesis in the organ responsible
for their manufacture. However, before detailed
studies could be undertaken; the cellular and sub-
cellular site of synthesis of the proteins under
examination in the present work had to be located.
Studies on the site of synthesis were restricted to

the o ,-acid glycoprotein, an acute phase reactant,

i
and albumin, a protein which does not respond to
inflammation. In experiments in gigg; tissues were
removed at appropriate times after administration of
Lnleucinen3H and Dwglucosamineal4c and subjected

to subcellular fractionation. The non-ionic deter-
gent Lubrolmw% was used to extract tissues or sub-
cellular fractions. Immunodiffusion studies, in-
volving the use of antisera to albumin or (xl-acid
glycoprotein, followed by radicautography were
performed to determine the site of synthesis of the
two proteins. Since the microsome fraction of liver
proved to be the main or sole site of synthesis of

the ul«acid glycoprotein and albumin, the guantita-

tive precipitin technique was used to determine the

%
Lubrol-¥W is a polyoxyethylene ether of general

formula R.(O.CH2.CH2)p. OH where R is cetyl or a
mixture of cetyl radicles oleyl radicles and n is
approximately 16,
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content of ulmacid glycoprotein in microsome
material from livers from normal rats and rats
suffering from inflammation. A five to six=Ffold
increase in content of ul=acid glycoprotein was
found in extracts of microsome material from ex-
perimental animals when compared with controls:
the greatest increase occurring at 8-12h following
inflammation: there was little change in the con-
tent of microsomal serum albumin as a result of
inflammation. Because of the large increase in
content of acute phase glycoproteins in livers
from experimental animals an electron microscope
study was performed in order to determine if there
were any changes in appearance of intracellular
structures in liver cells from experimental animals
as a result of the increased content of almacid
glycoprotein found in liver microsome material
isolated from such animals. Changes were observed,
particularly in the membranous components of the
cytoplasm, which were consistent with an increase
in the storage capacity of liver for proteins
destined for secretion from the cell in livers from
experimental animals.

Incorporation of labelled leucine and glucosamine

into almacid glyvcoprotein and albumin isolated from
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rough and smooth membranes and the Golgi apparatus
was studied in order to determine the pathway of
secretion of these two proteins., It was found that
there was no difference in the pathway of secretion
or rates of secretion of the proteins under study
in experimental animals when compared to controls.
These results suggested that the increase in content
of o l—acid glycoprotein found in serum following
induction of inflammation was likely to result from
increased production or rate of synthesis rather
than increased secretion or changes in the pathway

of secretion from the liver into serum.
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EXPERIMENTAL

Materials

Radioactive compounds, nmhexadecanew192«3H
14

(2.461uCi/g), n-hexadecane-1l-

leucinea4,5m3H (1000mCi/mM) , L-leucine-1%c

{(10mCi/mM) , D~glucosamine-lal4c hydrochloride

Cc (1.06yCi/g), L-

(3.1mCi/mM) and D=glucosamine=lwl4c hydrochloride
(55mCi/mM), promethium=147 hydrochloride, Amersham

Searle, Toronto, Ontario.

Chromatographic and electrophoresis media, Car-

boxymethylcellulose (CM-cellulose) and diethylamino-
ethylcellulose (DEAE-cellulose) were prepared as
described by Peterson and Sober (174) from Whatman
cellulose powder, CFll (W &R. Balston; Ltd., London,
England) seived to 200 mesh before use: Sephadex

and Sepharose 4B, Pharmacia (Canada) Ltd., Montreal:
starch hydrolyzed for gel electrophoresis, Connaught
Medical Research Laboratories, Toronto, Canada:
Nobel agar, Difco Laboratories, Detroit, Michigan:
Cellogel strips and Cellogel blocks; Consolidated
Laboratories (Canada) Ltd., Weston, Ontario and
Colab Laboratories, Inc., Chicago, Tllinois; ampho-

line carrier ampholytes, LKB-Producter AB,
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Stockholm-Bromma, Sweden; Dowex 50 and Dowex 2,
Sigma Chemical Co., St. Louis, Mo.: acrylamide and
N,N' methylenebisacrylamide; Eastman Organic
Chemicals, New York: Cyanogum 41 (b-dimethylamino-

propionitrile), Fisher Scientific Co., Toronto.

Detergents., Lubrol-W flakes, Imperial Chemical
Industries Ltd., Blackley, Manchester, England:
sodium deoxycholate, Sigma Chemical Co., St. Louis,

Mo,

Proteins and Sugars. Bovine serum albumin (crvstal-
line), human serum albumin, D (+) galactose
(crystalline), D (+) mannose (crystalline), D (4)
glucosamine HCl, D (+) galactosamine HCl, N-acetyl-
D=glucosamine, N-acetyl-D-galactosamine, N-acetyl-
neuraminic acid (type IV) and N-glycolvlneuraminic
acid, Sigma Chemical Co., St. Louis, Mo.: human
glycoprotein fraction VI, Pentex Inc., Kankakee,
Illinois; human plasma, Red Cross Blood Bank,
Winnipeg, Manitobas human o -globulins and horse
apo-ferritin, Mann Research Laboratories, Orange-

burg, New York.
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Chemicals for scintillation counting. 2,5-Diphenyl-

oxazole (PPO) and 1,4-bis-2-(5-phenyloxazolyl)-
benzene (POPOP), Packard Instrument Co., Inc.,
Illinois; Bio-solv solubilizer (BBS-3), Beckman
Instruments Inc., Toronto, Canada.

Other chemicals and materials were obtained
as follows: Dextran T70, Pharmacia (Canada) Ltdo;
Montreal; l-=dimethylaminonaphthalene-5-sulphonyl
chloride (DANS), glucose-6-phosphate, ribonucleic
acid (type 1IV), Sigma Chemical Co., St. Louis;
Missouri; Freund's complete adjuvent, Difco Labora-
tories, Detroit, Michigan; X-ray film, Ilford Ltde;
Ilford, Essex, England: turpentine oil, double

rectified, Fisher Scientific Co., Toronto, Canada,
Methods

Animals
Male hooded rats of 300-350g body weight were
purchased from the Quebec Breeding Farm Inc.,
St. Eustache, Quebec. Rats were maintained on a
diet of Purina laboratory chow and tap water and
were starved for 1l6h prior to sacrifice. Albino
rabbits of about 2.4Kg body weight were obtained

from Western Laboratory Animal Breeders, Springfield,
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Manitoba. Rabbits were maintained on Purina rabbit

chow and an automatic water supply.

Physical measurements

Extinctions in the wvisible region of the
spectrum were measured with a Unicam SP600 spectro-
photometer. Extinctions at 280mu were measured with
a Beckman model DB spectrophotometer., Fluoresence
was measured with a Turner model 110 Fluorometex
with a 360mu primary filter and a 510muy secondary
filter. Measurements of pH were made with a radio-
meter model 28b pH meter. Measurement of radio-
activity was with a Packard Tri-carb scintillation
spectrometer (model 3320). Aqueous solutions of
protein (up to 0.4ml solution and 3mg protein) were
added to 10ml scintillation cocktail containing
0,.7% PPO, 0.036% PCPOP, 10ml BBS=~3, and 90ml toluene.
Mixtures of 3H and 14C were counted concurrently
with red and green channels at pulse height settings
of 10-1000 divisions (60% gain) and 100-1000
divisions (4.5% gain); respectively. Efficiences%

. . 4a
ag determined with standard 3H=hexadecane and 1 C=

hexadecane, were 37% and 33% for 3y and 14C,

respectively, in the red channel and 0.05% and 53%

for 3H and 14C5 respectively, in the green channel.
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When 14c was counted alone a pulse height setting

of 10-1000 divisions (4.5% gain) was used giving an
efficiency of 85%. Quenching was tested for using

the machine automatic external standard or with 3Hm
and 14C«labelled n-hexadecane as internal standards,

With few exceptions, the standard deviation of the

net count rate was not greater than + 5%.

Ultrafiltration

The procedure used was based on that of Sober
et al. (175). Samples were reduced to small volumes
by ultrafiltration through dialysis tubing immersed
in an appropriate dialysis medium in an evacuated

chamber.

Dowex ion-exchange resins

Dowex 50 and Dowex 2 were washed successively
with organic solvents as follows: acetone-water
(1:1, v/v), acetone, petroleum ether (40°-60°) -
acetone and acetone-=water (176). Dowex 50 was con-
verted to hydrogen form by washing successively with
2N-NaOH, water, 2N-HCl and water. The procedure
was repeated. Dowex 2 was first converted to
hydroxyl form by washing with 6N-NaOH and was then

washed with water. It was converted to the formate
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form by washing successively with 2N-HCl, water and
2M-sodium formate until the effluent gave a negative
test for chloride (177) and was finally washed with

water.

Chemical analyses

Protein. Protein was determined by the method of
Lowry et al. (178), but with modified reagents and
volumes as described by Miller (179). Crystalline

bovine serum albumin was used as standard.

Protein-bound hexose., For direct determination of

total protein-bound hexose the method of Winzler
(150) was used scaled down to a total volume of
4,75ml. An equimolar mixture of galactose and man-
nose was used as standard; extinctions were read at

540m ¥,

Qualitative and guantitative analyses for sugars.

Proteins were analyzed for sialic acid, hexose and
hexosamine using a method based on that described
by Simkin et al. (180).

For qualitative and quantitative analyses of
sialic acid a solution containing l=2mg glyvcoprotein

in 2.0ml 0,05N~HZSO4 was heated in a glass stoppered
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tube at 90° for 60 minutes. The hydrolysate was
applied to a 7.0cm % 1.0cm column of Dowex 2
(formate form). The tube was washed with 4 x 0.5ml
water, the washings being applied to the column;
and then the column was eluted with a further

2 x 2,5m1 water. The eluate was discarded. The
sialic acid was eluted with 15ml 0.3N formic acid:
the eluate was collected in a pear shaped flask.
Formic acid was removed from the eluate by evapora-
tion in vacuo at 35° to one-third the original
volume., The solution was diluted to the original
volume with water and again reduced to one-third
the original volume, The process was repeated.
Finally, the eluate was evaporated to dryness

in vacuo at 35°. The residue obtained is referred
to as the sialic acid fraction.

For qualitative and dquantitative analyses of
hexose and hexosamine, glycoproteins were first
hydrolyzed with Dowex 50 and HCL (181). Dowex 50
(5" form) was washed with five volumes 0,46N HCL
and then suspended in an equal volume of 0.46N HC1,
The glycoprotein (l-2mg protein) dissolved in 0.25ml
water was mixed with 0.6ml of the Dowex 50, 0.46N
HCl1 resin suspension and placed in a l4cm x lcm

bomb tube. The tubes were sealed and heated in an
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oven at 100° for 30-36h. The tubes were positioned
at an angle of 45° and rotated through 180° about
twenty times during hydrolysis to mix the contents
(180). For fractionation of hydrolysates an arrange-
ment was made such that the filtrate from a small
funnel fitted with a glass wool plug could pass
through a 7.0cm x 0.5cm column of Dowex 50 (5% form)
and the effluent from the latter could pass directly
through a similar column of Dowex 2 (formate form).
The hydrolysis mixture was transferred to the small
funnel and the bomb tube washed with 5 x 0.5ml water
and the washings transferred to the funnel. The
filtrates were allowed to pass successively through
the Dowex 50 and Dowex 2 columns. The resin in the
funnel was then washed with a total of 12.5ml water
applied in 1l-2ml volumes, each wash being allowed to
flow through both columns before the next wash was
applied. The effluent from the Dowex 2 column was
collected and evaporated to dryness in vacuo at 35°,
The residue is referred to as the neutral sugar
fraction. When the flow of liguid through the

Dowex 50 column had stopped the column was clipped
off and 1.0ml water applied to the top of the column.
The resin in the funnel containing the glass wool

plug was then washed successively with 0.25ml1 2N HC1,
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2 x 0.,25ml water and 0.25ml 2N HCl1l and the eluate
allowed to pass into the water on the top of the
Dowex 50 column. When all the washings had passed
through the funnel the clip on the Dowex 50 column
was removed and the liquid allowed to pass through
the column; the eluate was discarded. The Dowex 50
column was then eluted with 3ml 2N HC1 (182) to
elute hexosamine:; the eluate was collected and
evaporated to dryness in vacuo at 35°, The residue
is referred to as the hexosamine fraction. In some
experiments a uronic acid fraction was prepared
after elution of the neutral sugar fraction from
the Dowex 2 column., This was accomplished by pas-
sing 8ml 1.2N formic acid through the column (180).
The eluate was evaporated to dryness as directed
for the preparation of the sialic acid fraction.
For gualitative analysis the neutral sugar,
sialic acid, hexosamine and uronic acid fractions
were examined by paper chromatography. Downward
development at room temperature was employed for all
chromatographic procedures, Whatman No 1 was used
for examination of the sialic acid and hexosamine
fractions, whereas Whatman 3MM was used for exami-
nation of the neutral sugar fraction. Butan-l-ol:

acetic acid: water (4:1:5 v/v) was employed as



57

solvent in all cases. In addition, butan-l-ol:
pyridine: water (6:4:3 v/v) was employed for exami-
nation of the sialic acid fraction and butan-1l-o0l:
ethanol: water (10:1:2 v/v) was employed for exami-
nation of the neutral sugar fraction. Sialic acid
was detected by spraying with the periodate~thio-
barbituric acid system of Warren (183). Hexoses
were detected by spraying with aniline phthalate
reagent (184). Hexosamines were detected by spray-
ing with Ehrlichs reagent as described by Partridge
(185) and uronic acids were detected by spraving
with benzidine-trichloroacetic acid-HC1 (186).

For guantitative analysis of sialic acid the
periodate~thiobarbituric acid method of Aminoff
(187) was employed. N=Acetylneuraminic acid was
used as standard and the method was scaled down to
a maximum of 25ug N-acetylneuraminic acid. Hexose
was determined by the orcinol method of Winzler (150)
with an equimclar mixture of galactose and mannose
as standard: the method was scaled down to a total
volume of 4.75ml. Hexosamine was determined by the
method of Rondle and Morgan (188) with glucosamine
HCl as standard: the method was scaled down to a
total volume of 5.0ml.

In the above guantitative and qualitative
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experiments, two kinds of control were included.

In the case of hydrolysis with Dowex 50 and HCl

for the preparation of neutral sugar and hexosamine
fractions, the assay solution for hydrolysis was
replaced with 0.25ml of water or 0.25ml of a solu-
tion containing 2mg bovine serum albumin, 50ug
each of galactose and mannose and 50ug or 100ug of
glucosamine HCl. In the case of hydrolysis with
0,.05N HZSO4 for the preparation of a sialic acid
fraction a blank containing sulphuric acid alone

and a solution containing 2mg bovine serum albumin

and 50ug N-acetylneuraminic acid were prepared.

Determination of ribonucleic acid. Ribonucleic

acid was recovered from liver subcellular fractions
according to the method of Munroé and Fleck (189).

To 3ml of subcellular fraction of liver was added
1.5ml ice cold 0.6N-perchloric acid. After 10
minutes in ice the precipitate was collected by
centrifuging at 1000 r.p.m., for 5 minutes. The
supernatent was discarded and the sediment washed

by resuspension followed by centrifuging with iced
0.2N=perchloric acid. To the residue was added

2.4ml 0.3N-potassium hydroxide and incubation allowed

to take place at 37° for 60 minutes. After incubation,
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1.5ml1 l.2N-perchloric acid was added to precipitate
the protein and deoxyribonucleic acid. After 10
minutes in ice the precipitate was separated by
centrifugation and washed twice with 3ml 0.2N-
perchloric acid. The original supernatent was
combined with the washings and made to 25ml with
water. The amount of ribonucleic acid was deter-
mined by the orcinol method (190) using ribonucleic

acid as standard.

Assay for glucose-6=-phosphatase activity. The method

of Hubscher and West (191) was used to assay sub-
cellular fractions for glucose-6-phosphatase activity.
Sodium fluoride was added to samples of subcellular
fractions to inhibit acid phosphatase, while ethy-
lenediaminetetraacetic acid (EDTA) was added to in-
hibit alkaline phosphatases. Incubation mixtures
(1.0ml total volume) contained 40mM-maleic acid-36mM-
NaOH, pH 6.5, 4mM-NaF, 4mM-EDTA, 30mM-glucose=6-
phosphate and enzyme in the form of a suspension of

a subfraction of liver containing l-3mg protein.
Incubation was allowed to proceed for 15 minutes at

37°

and the reaction was terminated by the addition
of 5% (w/v) trichloroacetic acid. After centrifuging

at 2° samples of supernatant were assayed for
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phosphate by a scaled-down modification of the method

of Allen (192).

Electrophoretic methods

Cellogel. Cellogel electrophoresis was performed
with 20cm x 5cm strips or 1l2cm x 3.5cm x 0.3cm blocks
of gelatinized cellulose acetate by the procedure

and with apparatus described by Kohn (193). The
buffer contained 8,.3mM diethylbarbituric acid and

41 .6mM sodium diethvlbarbiturate, pH 8.6. For ana-
lytical electrophoresis on Cellogel strips; 3=5u1

of rat serum or a 5% solution of protein were applied
per centimeter width; and a potential of 140 volts
was applied for 5.5h at room temperature. Strips
were stained for protein by immersing in a solution
containing 0.5% naphthalene black (194) in water-
methyl alcohol-acetic acid (5:4:1 by volume) for 5
minutes. Strips were decolorized by washing in
water-methyl alcohol-acetic acid (50:35:7 by volume)
and were stored in wash solution. Strips were
stained for carbohydrate by the periodic acid Schiff
technigque (193). For preparative electrophoresis on
Cellogel strips 1l-1.5mg protein were applied per
centimeter width and electrophoresis was for 4.5h.

Protein was detected by staining narrow strips cut
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from each edge of the strip. The section containing
the protein to be isolated was removed, cut into
small pieces, and eluted by shaking with 3 x 1lml
water over about 5-6h. Solid material was removed
by centrifuging at 2000 r.p.m. for 5 minutes: the
supernatant was dialyzed against water and freeze-=
dried. When Cellogel blocks were used for prepara-
tive electrophoresis 10-12mg protein were applied
per centimeter width and electrophoresis was for
1.5h at 4°, Protein was recovered as described

above.

Starch gel. For starch gel electrophoresis the

horizontal procedure of Smithies (194) was followed.
The gels were formed from a mixture of llg of
starch-hydrolyzed and 100ml of a buffer containing
76mM Tris-5mM citric acid, pH 29.0. The gels were
allowed to form in troughs measuring 18.5cm x

5.0cm x 0.6cm. Samples (0.5-1.0mg protein) were
applied on Whatman 3MM filter paper inserted into

a slit in the gel located 5em from the cathode.

The buffer in the electrode and bridge compartments
of the tank contained 300mM boric acid-50mM sodium
hydroxide, pH 8.2, Whatman 3MM filter paper was

used as a bridge between the electrode compartments
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and the gel. A potential of 170 volts was applied
for 5h at 2°, Gels were stained for protein with

naphthalene black (194).

Polvacxrylamide gel, Electrophoresis on polyacryla-

mide gels was pexrformed in two ways. For use as an
analytical technigque disc electrophoresis was per-
formed by a modification of the method of Ornstein
(195) and Davis (196). The separating gel was formed
by mixing equal volumes of solutions A and B: a
suitable volume of the mixture was then added to an
equal volume of solution C before use. Solution A
contained 1.5M-tris, 0.24N-HC1l and 0.12ml cyanogum
41 catalyst (b-dimethylaminoprepionitrile) per lOOml;
pPH 8.9: solution B contained 28g acrylamide and
0.735g N,N' methylenebisacrylamide per 100ml and
solution C contained 0.l4g ammonium persulphate per
100ml. The gel columns measured 6.0cm x 0.5cm and
contained a final buffer concentration of 0.375M
tris, 0,06N HCl, pH 8.9, and a final acrylamide con-
centration of 7%. The electrode compartments of the
tank contained 0.38M glycine, 0.05M tris; pH 8.2,
Solutions of protein (10-50ug) dissolved in 25ul

10% sucrose containing 5% bromophenol blue were

layered on top of the gel columns under a 0.5cm
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column of tank buffer. A current of 4ma per gel
column was applied for 1l-2h until the bromophenol
blue had migrated to the bottom of the gel. Gels
were stained for protein with naphthalene black as
described by Smithies (194) and for carbohydrate

by the periodic acid Schiff method described by
Clarke (197). For determination of molecular
weights dodecyl sulphate-polyacrylamide gel electro-
phoresis was performed according to the method of

Weber and Osborne (198).

Isoelectric focusing

Isoelectric focusing was performed by the
method of Vesterberg and Svensson (199). Experi-
ments were performed with pH 4-6, pH 4-5 ampholine
carrier ampholytes or with a pH 1l-3 gradient system.
A 110ml isoelectric focusing column (LKB 8100-10)
and a gradient mixing device (LKB 8121) obtained
from LKB Producter AB, Stockholm-Bromma-l, Sweden
was used in all experiments. The following method
was used with ampholine carrier.ampholytese A
dense electrode solution containing 0.2ml concentrat-
ed sulphuric acid, l2g sucrose and 14ml distilled
water was added to the anode at the bottom of the

column. A sucrose gradient containing the carrier
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ampholytes was slowly introduced into the colunmn
using the LKB gradient device. The dense gradient
solution contained 28g sucrose, 1.9ml ampholine
carrier ampholytes and 42ml water. The lightgrad-
ient solution contained 0.6ml ampholine carrier
ampholytes in 60ml water. The final concentration
of carrier ampholytes in the gradient was 1% (w/v).
After about 50ml of the gradient had entered the
column; the sample (10-20mg protein), dissolved in
1ml water was added to the light gradient solution,
When the column had f£illed the light electrode
solution consisting of 10ml NaOH (1% w/v) was added
to the cathode at the top of the column. About 3h
were required to f£ill the column. All procedures
were performed at 2° with water at 2° circulating
through the cooling jacket of the column. When
isoelectric focusing was completed the valve at the
bottom of the column was closed and the colunmn
emptied by the lower exit at a flow rate of about
1-2ml/min. Fractions of 1lml were collected by hand.
The pH and extinction at 280mp of each sample was
determined., Appropriate fractions were pooled and
concentrated to about 5ml by ultrafiltration with
concurrent dialysis against water as described by

Sober et al. (175). Samples were finally freeze



dried. When isoelectric focusing in pH 4-5 grad-
ients was required, pH 4-6 ampholytes were first
focused alone and the pH 4-5 region of the gradient
recovered for subseguent use.

For isoelectric focusing in pH 1-3 gradients
a method based on the modification of Pettersson
(200) was used (Vesterberg, personal communication).
The method used was as described above, but with the
following changes. The dense electrode solution
contained 0.15ml concentrated sulphuric acid; léml
glycerol and 4ml water. The dense gradient solution
contained 0.lg monochlorocacetic acid, 0.lg ortho-
phosphoric acid, 0.lg dichloroacetic acid; 35ml
glycerol and 20ml water., The light gradient solu-
tion contained 0.lg acetic acid, 0.lg formic acid,
0.05g glutamic acid, 0.05g aspartic acid, 0.30ml
ampholine carrier ampholytes, pH 5-8; and 60ml water.

For isoelectric focusing in pH 4-5 and pH 4-6
gradients a potential of 400 volts was applied for
72h; during isoelectric focusing the current dropped
from 8ma to lma. For isoelectric focusing in pH 1-3
gradients the potential was slowly increased from
150V to 400V and isoelectric focusing was carried
out for 120-144h; the current slowly dropped from

15ma to 1ma.
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Preparation of serum

Inflammation was induced in rats by sub-
cutaneous injection of 0.5ml of oil of turpentine
per 100g body weight into the dorsolumbar region
(201). Rats used as controls received injections
of sterile 0.15ml M NaCl. After injection, rats
were lightly anesthetized with ether, and blood was
collected from individual animals be severing the
juglar veins 5-96h after injection of turpentine
or NaCl. Blood was collected for 2 minutes and
allowed to stand for a further 45 minutes at room
temperature to clot. Serum was prepared by centri-
fuging at 2500 r.p.m. for 10 minutes and was stored

at =20° until reguired for use.

Fractionation of serum bv stepwise elution from

columns of DEAE-cellulose,

Seven protein fractions were prepared from
serum by stepwise elution from columns of DEAE-
cellulose by elution with buffers of decreasing pH
and increasing molarity. Before use the exchanger
was washed twice with 0.5M NaOH containing 0.54
NaCl and then with water until neutral, and suspend-
ed in 0.02M sodium phosphate buffer, pH 8.0.

Columns containing a bed of exchanger, 30cm x 1l.5cm,
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were prepared using columns of constant-bore tubing
provided by Pharmacia (Canada) Ltd. Columns were
packed and run under a hydrostatic pressure of 30cm:
phosphate buffer; pH 8.0, was allowed to pass through
the columns for 30h at 2° before use. All subseqguent
procedures were carried out at 2°,

For each experiment 3ml rat serum was dialyzed
against three changes of 1 liter 0.02M phosphate
buffer, pH 8,0; over a total period of 48h., When
serum was isolated from a rat which had been in-
jected with radiocactive compounds (see later);
10mM L-leucine and 10mM D-glucosamine-HCl were in-
cluded in the initial dialysis solution. Serum was
removed from the dialysis sac which was washed with
small volumes of buffer. The serum and washings
were pooled and made to 4.5ml with 0.02M sodium
phosphate buffer, pH 8.0. Samples were removed for
determination of radioactivity; protein; and protein-
bound hexose and hexosamine. ”£’4ml sample was
applied to a column of DEAE-cellulose and the col-
umn was eluted with 0.02M sodium phosphate buffer,

PH 8e0; and then with a series of 0.02M sodium
phosphate buffers containing 30mM NaCl (pH 7.6),
45mM NaCl (pH 7,0); 70mM NacCl (pH 6.6), 100mM NaCl

(pH 6.0), 150mM NaCl (pH 5.5), and 300mM NaCl
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(pH 5.0): 120-140ml of each buffer were passed
through the column except for those containing

30mM NaCl (pH 7.6) and 150mM NaCl (pH 5.5), when
80ml were passed through. The flow rate was 15ml/h
and fractions of 3.0ml were collected. The protein
content of fractions was determined by measurement
of extinction at 280m i Fractions eluting with
each buffer were pooled and concentrated to about
10ml by ultrafiltration with concurrent dialysis
against water (175). Samples were finally freeze-

dried.

Isolation of @lnacid glycoprotein, azumacroglobulin

and albkbumin from rat serum.

a q-acid glyvcoprotein. Fraction 5, the fraction

which eluted from the DEAE-cellulose column with
0.02M sodium phosphate buffer containing 100mM NacCl
(pH 6.0) was used as starting material for the iso-
lation of acute phase proteins since this fraction
contained a large part of the increase in total
protein-bound carbohydrate found in rat serum as a
result of induced inflammation (see Results section).
For preparation of large guantities of fraction

5 a scaled up modification of the method previously
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described was used, Serum; (30«35m1); obtained
from rats suffering from induced inflammation for
48h, was dialyzed against three changes of 2 liters
of 0,02M sodium phosphate; pH 8,0; over a total
period of 48h. Columns containing a bed of DEAE~
cellulose exchanger, 45cmX2.5cm, were prepared.
Serum was applied to the column and eluted with
0.02M sodium phosphate buffer; pH 8.0, and then
with a series of buffers as described above except
that the sodium phosphate buffer containing 150mM
Nacl (pH 5.5) was omitted and 350-400ml of each
buffer was passed through the column. Fraction 5
was recovered and concentrated to about 10ml by
ultrafiltration with concurrent dialysis against
water, and finally freeze-~dried. Fraction 5 was
further fractionated by stepwise elution from
columns of CM-=cellulose, CM-cellulose was first
regenerated by washing twice with 0.25M NaOH
containing 0.25M NaCl and then with water until
neutral. The exchanger was suspended in 0.05M
sodium acetate buffer; pPH 4.9, for 24h and columns
packed and run as described for DEAE-cellulose but
with 0,05M sodium acetate buffer, pH 4.9, Fraction
5 (250-300mg) was dissolved in 5ml 0.05M sodium

acetate bufférﬂ pH 4.9, and applied to the CM-
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cellulose column. The column was eluted with 300ml
0,05M sodium acetate buffer, pH 4.9, and then with
300ml 0.40M sodium acetate buffer, pH 5.1. The
flow rate was 10ml/h and fractions of 3.0ml were
collected. Protein was detected by measurement of
extinction at 280mY. Appropriate fractions were
pooled, concentrated to about 1Oml by ultrafiltra-
tion with concurrent dialysis against water and
freeze-~dried.,

Fraction 5A, which eluted from the CM-cellulose
column with 0.05M sodium acetate, pH 499; was sub-
jected to isoelectric focusing in pH 1-3 gradients

to prepare an o.,-acid glycoprotein (see Results

1
section).
Fraction 5B, which eluted from the CM-cellu-
lose column with 0.4M sodium acetate, pH 5.1, was
used as the starting material for the isolation of

albumin and -macroglobulin (see below).

)

o ,-macroglobulin and albumin. Fraction 5B was

subjected to preparative electrophoresis on Cellogel

blocks as previously described. The @bwmaCKOw
globulin fraction was eluted from Cellogel blocks
as previously described, dialyzed against water and

freeze-~dried. The fraction (10-15mg protein)
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dissolved in 1-2ml 0.02M phosphate buffer, pH 750;
was applied to a 90cm x 1.5cm column of Sephadex
G-200 previously equilibrated with the same buffer.
The column was eluted with buffer at a flow rate

of 4ml/h and fractions of 2ml were collected. A
peak of Ezso—positive material eluted near the void
volume. This material was recovered, concentrated
by uvltrafiltration and subjected to isoelectric
focusing in pH 4-6 or pH 4-5 gradients to prepare
an aécmacroglobulin@ Albumin was also eluted from
the Cellogel block and was further purified by
isoelectric focusing in pH 4-6 gradients. A narrow
fraction was collected from the main peak, dialyzed
against water and freeze-dried. Albumin prepared
in this way was found to be immunologically homo-

geneous.,

Gel filtration on Sepharose

Gel filtration on Sepharose 4B was employed
to obtain information on the molecular weight of
the azamacroglobulina A sample of @Z-macroglobuw
lin (5mg protein) was dissolved in 1lml 0.02M sodium
phosphate buffer, pH 7.0, and applied to a 45cm x
2.5cm column of Sepharose 4B eguilibrated with the

same buffer. Elution was by upward flow at a flow
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rate of 8ml/h: fractions of 1lml were collected and
protein was detected by measurement of extinction
at 280m 1. The elution volumes of 5mg samples of
human o -globulins (M.Wt., 160,000): horse apo-
ferritin (M.Wt., 480,000): bovine thyroglobulin
(M°Wte; 670;000) and blue dextran (mean M.Wt.,
2,000,000) were determined before and after gel
filtration of azmmacroglobulin on Sepharose 4B,
The molecular weight of the @2~macroglobulin was
estimated by referring to a graph plotting log

molecular weight of marker proteins against their

elution volumes as described by Andrews (202).

Preparation of DANSalabelled@@lnacid glycoprotein

u?mmacroglobulin and albumin

DANS~labelled proteins were prepared by a
method based on that described by Fothergill (203).
Proteins (5-10mg) were dissolved in 0.4ml 0,.15M
NaCl, 0.75m1l of a buffer containing 0.43M NaHCO,

and 0.056M Na,CO pH 9.0, were then added. A

2773
solution of lmg dansyl chloride in 25ul acetone was
added over 15 minutes. The mixture was stirred at

2° for 6h. Insoluble material was removed by

centrifuging and the supernatant applied to a 25cm x

2cm column of Sephadex G-25 egquilibrated with a
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buffer containing 0.15M NaCl, 7mM Na,HPO, and 2.5mM

NaH,PO pH 7.1, The column was eluted with the

2774
same buffer. The DANS=labelled proteins emerged
rapidly from the column whereas the free dansyl
was retarded. The DANS-labelled proteins were

dialyzed against water and freeze-dried.

Isotope dilution technique

Rat serum albumin labelled with L-leucine=l4C
was isolated by the method of Campbell et al. (204)
from the serum of a rat killed 90 minutes after
intraperitoneal injection of 25uCi L-leucine-l4ce
The crude material was purified by electrophoresis
on Cellogel blocks. Samples of 0.40ml of a solution
of 14Calabelled albumin (0.5mg protein) were added
to 0,2-0.4ml rat serum and allowed to stand at 2°
for lh., Albumin was recovered from serum by the
method of Campbell et al. (204) followed by pre-
parative electrophoresis on Cellogel strips. The
content of rat albumin in serum was calculated

from the decrease in specific radioactivity of the

recovered material.
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Immunological methods

Preparation of antisera. Antisera were prepared by

a modification of the method described by Simkin
et al. (180). For preparation of antisera to o 4=
acid glycoprotein, azamacroglobulin and albumin, an
emulsion of 0.75mg protein, 0.25ml 0.15M NaCl and
0.4ml Freund's complete adjuvent was prepared.
Rabbits were given intramuscular injections of the
emulsion, one half of the dose being injected into
each thigh. After six days; a second injection of
emulsion containing 1.25mg antigen with Freund's
adjuvent was injected intramuscularly. After a
further 22 days, a series of injections was given
of a suspension of coprecipitate of antigen with
Al(OH)Be This was prepared by adding 0.4ml 10%
(w/v) al,(80,),, K,S0,.
antigen in 0.2ml water to which 0.08ml M NaHCO

24H20 to a mixture of 3.0mg

was
3

added and the mixture stood at 2° for 16h, After
centrifuging, the sediment was resuspended in

O.4ml lZZmM—NaZHPO4—28mM—NaH2 4
PH 7.4. Samples of 0,05, 0.10, 0.25 and 0.40ml of

PO ,~0.01% thiomersal,
this suspension were injected intravenously on
alternate days. The rabbits were bled five days
after the final injection. For preparation of anti-

sera against proteins by further immunization of a
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previously used rabbit only one injection of emulsion
in Freund's adjuvent containing 2.5mg antigen was
given, and samples of 0.10, 0.25 and 0.40ml of alum
suspension were administered. Rabbits were bled as
described above. For preparation of antisera to

rat and human serum the same procedure as described
above was used except that Freund’'s emulsions were
made with 2531 and 5041 of serum. Alum precipitates

were made using 200Ul of serunm.

Double diffusion analvsis. The procedure used was

based on the technique of Ouchterlony (205) as
described by Simkin et al. (180). The medium used
contained 1.25% (w/v) Nobel agar, 0.15M NaCl and
0,01% thiomersal. Diffusion was allowed to proceed

at room temperature.

Immunoelectrophoresis. Immunoelectrophoresis was

carried out on 3 in., x 1 in, glass slides together with
equipment supplied by Shandon Scientific Co., Ltd,

The buffer added to the buffer compartments contained
49mM sodium diethylbarbiturate-55mM sodium acetate
65mM HCl, pH 8.6. The gel used consisted of 1%

(w/v) Ionagar No. 2 in buffer at one-third of the

concentration of that used in the buffer compartments.
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A potential of 60V was applied for 30-100 minutes

at room temperature.

Quantitative precipitin technigue. The quantitative

precipitin technigqgue was a modification of the
method described by Simkin and Jamieson (206). For
preparation of guantitative precipitin curves
mixtures were prepared (total volume 0.45ml) con-
taining up to 100ug albumin and az-macroglobulin
or 40ug cxlwacid glycoprotein or the corresponding
DANS derivatives, 0.15M NaCl, lmM-sodium azide and
4,7% Dextran T70: 0.05ml antiserum to o ,-macroglo-

2
bulin and albumin or 0.15ml antiserum to o.-acid

1
glycoprotein were then added to solutions containing
their corresponding antigens. Mixtures were in-
cubated at 37° for 45 minutes and then allowed to
stand for 48h at 2°. The precipitates which formed
were collected by centrifuging at 2000g for 10
minutes at 2° and washed with 0.3ml 0.15M NaCl
contaihing 4% Dextran T70 and then with 3 x 0.3ml
0.15M NaCl. Precipitates were dissolved in 1ml
0.1N NaOH and suitable volumes removed for deter-
mination of protein, fluoreéence and radioactivity.
When the technigque was applied to serum from control

and experimental rats, 0.05-0.35ml wvolumes of 80-120=fold
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dilutions of serum were reacted with antisera as
described above. In some experiments DANS labelled
proteins were added to serum samples prior to
addition of antiserum to test for guantitative pre-
cipitation of antigens.

For isolation of specific proteins from Lubrol
extracts of subcellular fractions of liver, Lubrol
extracts were concentrated six-fold by ultrafiltration
with concurrent dialysis against 0.15M NaCl-1%
Lubrol containing 10mM of appropriate unlabelled
Precursor. Prior to precipitation with antisera to
specific rat proteins, precipitation with a heter-
ologous immune system was carried out to remove
any nonspecific radiocactivity. To Lubrol extracts
(3ml) were added 500Ug human albumin and 1.2ml
antiserum to human serum and the extracts incubated
as described above. The precipitates were removed
by centrifuging at 2000 r.p.m. for 5 minutes. To
the supernatants were added 360ug human glycoprotein
fréction VI and the supernatants were incubated as
previously described. After centrifuging the pre-
cipitation process was repeated on the supernatants.
All precipitates were washed with 3.0ml 0.15M NacCl
and were dissolved in 0.l1N NaOH for determination of

protein and radioactivity. Suitable volumes of the
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final supernatants were precipitated with antisera

to specific rat proteins as described above.

Radioautography

The procedure used was based on that of
Morgan et al. (207). Gels were washed at room
temperature for two days with 0.15M NaCl; two days
with tap water and two days with distilled water:
the wash liguids were continuously changed. The
gels were dried at 25° and numbered with marking

l47PmC1 (208) and then placed on

ink containing
Ilford X-ray £ilm, for 3-8 weeks before develop-
ment. Gels were later stained for protein with

Nigrosin (209).

Incorporation studies in vivo

When experiments involved incorporation of
labelled compounds into serum proteins isolated by
stepwise elution from columns of DEAE-cellulose,
rats received intraperitoneal injections of 0.4ml
of an isotope mixture 90 minutes before sacrifice.
The mixture contained 150uCi L»leucinec495m3ﬁ
(1000mCi/mM) and 5uCi D«glucosamineml~l4c hydro-
chloride (3.1mCi/mM) dissolved in 0.4ml 0.15M NaCl.
Blood was collected and serum prepared as previously

described.
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For studies on the site of synthesis of albu-
min and alwacid glyvcoprotein rats were lightly
anaesthetized with ether and given an intravenous
injection into the femoral vein of 25yCi L-leucine=-
14C (10mCi/mM) or 1OuCi Dmglucosaminealwl4c
hydrochloride (3.1mCi/mM). After 12-15 minutes
animals were killed by a blow on the head, a
sample of blood was collected and appropriate
tissue removed and transferred to iced 0.25M
sucrose prior to subcellular fractionation (see
below).

When experiments involved incorporation of
labelled compounds into microsome material or rough
and smooth subfractions of microsome material rats
were lightly anaesthetized with ether and given an
intravenous injection into the femoral vein of an
isotope mixture at 5, 10, 15, 30 and 60 minutes
prior to sacrifice. The mixture contained 150ucCi

L=leucine»4,5m3H (1000mCi/mM) and 15uCi D-gluco-

samine-1-%c (55mCi/mM), dissolved in 0.15ml of
0.15M NaCl. Rats were killed 1 minute before the
times chosen for sacrifice; blood was collected
over a 1 minute period and livers rapidly excised
and transferred to iced 0.25M sucrose or 0.5M

sucrose in Solution A prior to subcellular fraction-

ation (see below).
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Subcellular fractionation

A Sorvall model SS1 centrifuge located in
a cold room at 4° was used for the preparation of
nuclear and mitochondrial fractions of rat liver.
A Spinco model L-1 ultracentrifuge with a No. 50
angle head was used for all other subcellular
fractionations except for the preparation of the
Golgi fraction of liver when a Beckman model
ultracentrifuge and a SW 25.2 swing out head was

used.

Preparation of liver homogenates, Liver was first

minced and freed of connective tissue by forcing
through a stainless steel tissue mincer with holes
of lmm diameter (210). A Potter-Elvehijem type
homogenizer with a polytetrafluorethylene pestle
operated by a GT21 laboratory stirrer and GT21

motor controller was used to homogenize tissues,
Unless otherwise stated; liver mince was homogenized
with 5 vol. of 0.25M sucrose for 30 seconds: the
pestle was rotated at 2000 r.p.m. and about seven=
teen up and down strokes of the pestle were com=

prleted over 20 seconds.
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Prepvaration of subcellular fractions of liver,

Nuclear, mitochondrial, microsomal and cell sap
fractions were prepared from liver by fractionation
according to scheme (1) below (211). For prepara-
tion of rough and smooth membrane subfractions of
liver microsomal material the method of Dallner

(56) was used as indicated in scheme (2).

Golgi fractiomn. Golgi fractions were prepared

according to the method described by Schachter

et al. (129). Liver was minced and homogenized as
described above except that liver mince was
homogenized with 4 vol. of 0.5M sucrose in medium
A (0.1M tris-HCl, pH 7.6, =0,01M MgCl®-1% dextran)
per g wet weight of tissue with five up and down
strokes of the Potter homogenizer. The homogenate
was filtered through surgical gauze and 8ml of the
filtered homogenate were layered over a discontin-
uous sucrose density gradient consisting of 20ml
1.7M sucrose in medium A, 16ml 1.3M sucrose in
medium A and 16ml 0.7M sucrose in medium A. The tube
was centrifuged at 24,000 rev/min (70,000 gav) in a
Spinco SW 25.2 rotor for 45 minutes., The Golgi
enriched fraction at the interface between the 0,7M

and 1,3M sucrose layers was collected, diluted four-



Scheme (1)

Liver homogenate

82

(5g liver mince + 25ml 0.25M Sucrose)

S

centrifuged at 2000 r.p.m.
(750gav) for 10 min.

i o

Sediment

Resuspend in 20ml 0.25M sucrose
and centrifuged at 2000 r.p.m.
(750gav ). Supernatant discarded,
washing procedure repeated
twice and washings discarded

Nuclear fraction

Supernatant
centrifuged at 12,200

repeme(logooogav) fOI‘
10 min.

3
Sediment

Resuspended in 15ml 0.25M sucrose
and centrifuged at 12,220 r.p.m.
(10,000g4y) Supernatant discarded,
washing procedure repeated twice
and washings discarded

Mitochondrial fraction

t

Supernatant

éml volumes centri-
fuged at 40,000 r.p.m.
(105,000g,,) for

90 min.

i
Sediment

Microsome fraction

1
Supernatant

Cell sap fraction
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Scheme (2)

Liver homogenate

%
(5g liver mince + 15ml 0,25M sucrose)

centrifuged at 12,200 r.p.m.
(10,000g, ) for 20 min.

g !
Sediment (discarded) Supernatant

0.015 vol. M CsCl added to super-
natant: 3.5ml layered on 2.25ml
1.3M sucrose 15mM CsCl and
centrifuged at 40,000 r.p.m.
(105,000g__) for 150 min.

| ' !

Sediment Supernatant
Rough membrane Material at and above interface
subfraction aspirated and 0,01 vol, M MgCl

added. EBgual vol. 0.25M 2

sucrose added and centrifuged
at 40,000 r.p.m. (lOS,OOOgaV)
for 150 min.

] !

Sediment Supernatant
Smooth membrane Cell sap fraction
subfraction

A microsome fraction corresponding to the material
fractionated was prepared by centrifuging a sample
of lO,,OOOga supernatant at 40,000 r.p.m.
(105,0009_°Y for 150 min,
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fold with 0.25M sucrose and centrifuged at 40,000
r.p.m. (lOSFOOOgaV) to obtain a pellet of Golgi

enriched fraction.

Preparation of spleen and kidney fractions. Ho-

mogenates were prepared in 0.25M sucrose as des-
cribed above for liver. A large granule fraction
was prepared for each tissue by centrifuging at
12,200 r.p.m. (l0,000gav) and microsome and cell
sap fractions prepared from the supernatants

according to scheme (1).

Bxtraction of subcellular fractions. Subcellular

fractions were ncormally dispersed in extractant

by homogenization. After extraction, insoluble
material was removed by centrifuging for 120 minutes
at 40;000 TePaMo, (lOS,OOOgav) in a Spinco model L
ultracentrifuge.

Subcellular fractions were extracted with 1%
Lubrol at 2°, Iml extractant being used per 7-10mg
protein (206). For the extraction of spleen and
kidney in toteo, 0.7g minced tissue was homogenized
with 6ml 1% Lubrol. Lubrol extracts were concen-
trated six-fold by ultrafiltration with concurrent

dialysis against 1% Lubrol: the appropriate
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unlabelled precursor (10mM) was added to the
Lubrol used for the first 6h of dialysis. When
sodium deoxycholate was used as extractant a 2.5%
solution in 0.25M sucrose was used at 207 Iml

extractant was employved per 14-20mg protein.

Isolation of protein for the measurement

of radiocactivity

In order to determine whether administered
doses of L=leucine=3H or qulucosamine»l4c given
to rats represented proper pulse labels, serum
and liver protein were isolated from samples at
various times after administration of isotope
according to the method of Simkin and Work (210)
and analyzed for radioactivity. After labelling
with L-leucine=3Hv protein was precipitated from
serum and liver samples by addition of an equal
volume of iced 10% (w/v) trichloroacetic acid
containing 1lOmM L-leucine. Precipitates were
collected by centrifuging and dissolved in warm
N WNaOH containing 20mM unlabelled L-leucine.
Protein was reprecipitated with 20% trichloro-
acetic acid and washed at room temperature with the
following reagents: once with 5% (w/v) trichloro-

acetic: once with 5% trichloroacetic acid at 90°
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for 15 minutes: once with 5% trichloroacetic acid:
twice with acetone: twice with ethanol:ether

(3:1 v/v) at 60° for 1 minute; and finally twice
with ether. After labelling with D-glucosamine-
l4cg an equal volume of iced 10% trichlorocacetic
acid was added to iced serum and liver samples con-
taining about 5mg/ml protein and 20mM D-glucosamine.
Precipitates were collected by centrifuging and
washed at room temperature with volumes of the
following reagents such that the protein concentra-
tion was maintained at about 5mg/ml; once with 5%
trichloroacetic acid: once with acetone 0.1M NacCl
(4:1, v/v) (212}); twice with ethanol:ether:chloro-
form (2:2:1, by volume) for 15 minutes, the first
wash being at 50°; and twice with ether. All

samples were dried in air and dissolved in 0,1N

NaOH for determination of protein and radioactivity.

Preparation of sections for examination in

the electron microscope.

Livers were cut into cubes measuring 0.5cm x
O0.5ecm x O0.5¢cm and placed in a solution containing
0.4% acrolein and 4% gluteraldehyde in 0.1M cacody-
late buffer, pH 7.4 for 2h at room temperature and

then washed with four changes of 0.1M cacodylate
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buffer over lh. Cubes measuring lmm x lmm x lmm
were removed from the outer surface of the larger
cubes and placed in 1.0% osmic acid in 0.1lM cacody-
late buffer, pH 7.4 at 0° for 2h and were then washed
with 0.1M cacodylate pH 7.4 over lh. The sections
were allowed to stand for 12h in 0.5% uranyl acetate
and then placed in the following solutions: dis-
tilled water for 15 minutes: 50% ethyl alcohol for
15 minutes; 70% ethyl alcohol for 15 minutes: 90%
ethyl alcohol for 15 minutes and finally absolute
ethyl alcohol for 60 minutes. The cubes were placed
in gelatin capsules containing 5 drops unpolymerized
cross-linked methacrylate solution and allowed to
stand for 3 days, the plastic solution being changed
daily. Polymerization was performed at 48-50° for
12h and sections were prepared with an LKB ultrotome,
post-stained with lead citrate, and examined with an
AEI EMGB electron microscope. The sections and
electron micrographs were kindly prepared by Dr. L.
VanCasaele in the Botany Department, University of

Manitoba.
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RESULTS

Effect of inflammation on protein-bound hexose

and hexosamine of rat serum proteins,

Serum, isolated from groups of rats 5=96 h
after administration of turpentine (experimental
animals) or 0.15 M NaCl (control animals), was
analyzed for protein-bound hexose and hexosamine.
There was an increase in the content of protein-
bound hexose (Fig. 5 ) and hexosamine (Fig. 6 ) of
serum from experimental animals reaching a maximum
at 48 h after injection. There was little change
in the content of protein-bound hexose and hexo-
samine in serum from control animals.

In order to isolate those proteins which con-
tribute to the elevated content of protein-bound
hexose and hexosamine found in the serum of
experimental animals, samples of serum from indi-
vidual animals were fractionated on columns of DEAE-
cellulose. A typical elution profile of serum
isolated from an animal 48 h after administration
of turpentine is shown in Fig 7. Serum isolated

from control animals gave similar elution patterns
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Effect of turpentine - induced inflammation
on total protein -bound hexose of rat serum; = A-,
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bar represents results from four to eight animals.
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Fig. 7

Stepwise elution chromatography on a 30cm x
l.5cm column of DEAE-cellulose of serum isolated
from a rat 48 h after injection of turpentine. The
column was eluted with 0.02M sodium phosphate
buffers of decreasing pH and increasing concentra-
tions of NaCl. Arrows indicate the positions at
which the buffers were applied. The fractions
were pooled as indicated.
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to that shown in PFig.7 except that there was a
decrease in the amount of Ezsoupositive material
eluting in fractions 1,4 and 5. PFraction 5 was
further fractionated by preparative electrophoresis
on Cellogel strips into two subfractions, 5a and 5b,
fraction 5a contained serum albumin and 5b contain-
ed the carbohydrate staining proteins present in
fraction 5 (see below).

Protein fractions obtained after fractionation
of serum from control and experimental animals on
DEAE=cellulose were analyzed for protein-=bound
hexose (Table 2) and protein-bound hexosamine
(Table 3). Most of the increase in protein-bound
hexose (78-86%) and protein-bound hexosamine
(77—85%)3 found in the serum of experimental animals
killed 24-~72 h after injection of turpentine, was
associated with proteins present in fractions 1,4
and 5b (Tables 2 and 3). The protein-=bound hexose
and hexosamine contents of fractions isolated from
the serum of rats killed at 5,8 and 12 h after in-
jection of turpentine were not significantly dif-
ferent from those of control fractions. There was
only a slight increase over control values in the
protein=~bound hexose and hexosamine contents of

fractions 1,4 and 5b prepared from the serum of rats



Tabla 2

Distribution of protein-bound Hexose in fractiorbof rat serum from control and experimental animals*

Total protein-bound Hexose ‘ mg Hexose /fraction
-Controls Experimental Increase Experimental Increase Experimental Increase
_ 24 Hr. %+ 48 Hr. %+ 72 Hr. %+

Fraction No. (19) (5) (5) (5)

1 0.72 + 0.05 1.03 + 0.06 22.0 1.09 + 0.07 18.0 0.99 + 0.06 15.0

2 0.45 + 0.03 0.46 + 0.04 1.0 0.61 + 0.05 7.0 0.56 + 0.03 6.0

3 0.38 + 0.03 0.45 + 0.03 5,0 0.40 + 0.03 1.0 0.45 + 0.03 4.0

4 0.68 + 0.04 1.02 + 0.05 25.0 1.25 + 0.07 26.0 1.23 + 0. 07 30.0

5a. - - - -

5b. 1.20 + 0.06  1.75 + 0.03 39.0  2.10 + 0.04 41.0 1.80 + 0.07 33.0

6 ©0.89 +0.06 0.99 + 0.08 7.0 1.00 + 0.07 5.0 1.08 + 0. 06 10. 9

7 0.41 + 0.03 0.42 + 0.03 - 0.44 + 0.03 - 0.45 + 0.03 -
Total Hexose 4,73 6.12 6.89 6.56

* Results are given as the content of protein-bound hexose in 3, 0ml undiluted serum and are expressed as means +
standard error of the mean; numbers in parentheses represent the number of experiments performed.

+ Increase in protein-bound hexose per fraction expressed as a percentage of the increase in total protein-bound
hexose of serum; values are given to the nearest whole number. : ’

€6



Table 3

Distribution of protein-bound Hexosamine in fractions of rat serum from control and experimental animals*

Total protein-bound Hexosamine mg Hexosamine /fraction
Controls Experimental Increase Experimental Increase Experimental Increase
24 Hr. %+ 48 Hr. %+ 72 Hr. Jo+
Fraction No. (9 & L (4) . . 4
1 0.83 + 0.06 1.09 +0.08 18.0 1.25 + 0.06 18.0 1.15+ 0.08 18.0
2 0.45 + 0,03 0.49 + 0.04 3.0 0.56 + 0.02 5.0 0.54 + 0.04 5.0
3 0.27 + 0.02 0.40 +0.02 8.0 0.31 + 0.01 2.0 0.40 + 0.02 7.0
4 0.78 + 0.05 1.12 + 0.06 23.0 1.38 + 0,07 26. 0 1.26 + 0.08 27.0
5a. - - -
5b 1,03 + 0.08 1.67 + 0.09 42.0 1.98 + 0.08 41.0 1.58 + 0.09 32.0
6 0.99 + 0.06 1.03 + 0.07 3.0 1.09 + 0.06 4.0 1.11 + 0.10 7.0
7 0.34 + 0.02 0.39 + 0.04 3.0 0.42 + 0.03 3.0 0.39. + 0.04 3.0
Total Hexosamine 4,69 6.19 6. 99 6.43

* Results are given as the content of protein-bound hexosamine in 3. 0ml andxluted serum and are expressed as means *
standard error of the mean numbers in parentheses represent the number of experiments performed.

+ Increase in protein-bound hexosamine per fraction expressed as a percentage of the increase in total protein-bound
hexosamine of serum; values are given to the nearest whole number.

76
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killed 96 h after injection of turpentine. There
was little change in the content of protein-=bound
hexose and hexosamine of fractions prepared from
serum from control animals at different times after
injection of sodium chloride. Therefore, the results
in Tables 2 and 3 for analyses of fractions from
control animals represent mean values from rats
killed at 5=96 h after injection of sodium chloride.
In all experiments not less than 90% of protein,
protein=bound hexose, and protein-bound hexosamine

applied to columns of DEAE-cellulose were recovered.

Electrophoretic analysis of serum fractions

Electrophoresis on Cellogel strips (Fig. 8
of fractions prepared by chromatography of serum on
DEAE-cellulose showed that all fractions were
heterogeneous, except fraction 5a which contained
electrophoretically homogeneous serum albumin.
Fraction 1 contained 7Y~ and B-=globulins and frac-
tions 2 and 3 contained g-globulins together with
some o=globulins of slower electrophoretic mobili-
ties. Fractions 4; 5b, 6 and 7 contained mainly
a=globulins. In some experiments a trace of ma-
terial corresponding in electrophoretic mobility to

serum albumin was detected in fractions 4 and 6.



Electrophoresis on Cellogel strips at pH 8.6, of normal rat
serum and fractions obtained from rat serum by chromatography on
DEAE-cellulose and preparative electrophoresis on Cellogel strips.
The arrow shows the point of application of samples.

albumin

$ aq-globulins
} ap-globulins
} g -globulins

v -globulins
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Fractions 2 and 3 stained weakly for carb@hydrate;
but all other fractions stained strongly for carbo-
hydrate except for fraction 5a which did not stain
for carbohydrate. There was no obvious difference
in electrophoretic patterns of fractions obtained
from control serum when compared with corresponding
fractions obtained from the serum of experimental

animals,

Isolation of(xlmacid glycoprotein, azmmacroglobulin

and albumin from rat serum

Since fraction 5 contains those proteins re-
sponsible for the increase in total protein-bound
carbohydrate of serum (about 40% of the increase in
total protein-bound carbohydrate of serum was lo-
cated in this fraction; see e.g. Tables 2 and 3),
this fraction was used as the starting material for
the isolation of specific acute phase globulins for
use in subsequent studies on the biosynthesis of
glycoproteins that respond markedly to inflammation.
For preparative purposes, fraction 5 was isolated by
a scaled-up version of the fractionation procedure
previously described in which serum was eluted from

columns of DEAE-cellulose. In this way about
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30-35ml volumes of serum were fractionated vielding
250-300mg fraction 5. In order to isolate specific
carbohydrate-~containing proteins present in fraction
5 a stepwise elution procedure from columns of CM-
cellulose was then employed. Two fractions were
obtained (Fig. 9 ). Fraction 5A, which eluted with
the 0.05M acetate buffer, pH 4,9; contained carbo-
hydrate staining proteins with electrophoretic mo-
bilities just less than that of serum albumin

(Fig. 10). Fraction 5B, which eluted with the 0.40 M
acetate buffer, pH 5.1, contained serum albumin to-
gether with the second band of carbohydrate-staining
proteins (Fig.10 ). Fraction S5A was further frac-
tionated by the technique of isoelectric focusing in
PH 1-3 gradients using a modification of the method
of Petterson(200)., A sharp peak of E,gg-Positive
material was obtained at an isoelectric point of

pPH 2.95 (Fig. 11). This fraction was collected and
is referred to as the aleacid glycoprotein. The
alnacid glycoprotein moved as a single band when
examined by electrophoresis on Cellogel strips at

pH 8.6 (Fig. 10), stained strongly for carbohydrate
and corresponded to the carbohydrate-staining band
of greatest electrophoretic mobility present in

fraction 5A (Fig. 10). Fraction 5B was fractionated
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Fig. 9

Stepwise elution chromatography of 100mg of
fraction 5 on a‘45cm % 2.5cm column of CM-cellulose.
The column was eluted initially with 0.05M acetate
buffer, pH 4.9. The arrow indicates the position at
which a 0.40M acetate buffer, pH 5.1 was applied.
The fractions were pooled as indicated.
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Electrophoresis on Cellogel strips at pH 8.6
of: S, serum from rats 48 h after injection of
turpentine; 5, fraction 5; 5A fraction SAgﬁdl=AGP9
0,=MG,
azamacroglobu.line Bottom, Cellogel strips stained

qlmacid glycoprotein; 5B, fraction 5B

for carbohydrate: top, Cellogel strips stained for
protein.The arrows show the points of application of
samples. ”
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Fig. 11

Fractionation of 15mg of fraction 5A by
isoelectric focusing in a pH 1-3 gradient: solid
line, optical density; broken line, pH. The
fraction was pooled as indicated.
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by preparative electrophoresis on Cellogel blocks

at pH 8.6. Two fractions were prepared, one con-
taining serum albumin; and the other containing the
carbohydrate~containing proteins present in fraction
5B. The carbohydrate-containing fraction was
applied to a column of Sephadex G=200 and eluted
with 0.02 M phosphate buffer, pH 7.0. A large

peak of E280»positive material eluted near the wveoid
volume of the column (Fig. 12). This material,
called fraction SBl was collected and further frac-
tionated by isoelectric focusing in pH 4-6 gradients
(Fig. 13). The material eluted as a series of three
overlapping peaks; the major peak corresponding to
an isoelectric point of pH 4.6. A narrow fraction
was collected from the major peak (Fig. 13) and is
referred to as the ocz-—macroglobuline In some ex-
periments isoelectric focusing was repeated on

PH 4-5 gradients to remove small amounts of contam-
inating proteins. The az—macroglobulin moved as a
single band when examined by electrophoresis on
Cellogel strips at pH 8.6 (Fig. 10); stained strongly
for carbohydrate (Fig. 10); and corresponded in
electrophoretic mobility to the main carbohydrate
staining band present in fraction 5B (Fig. 10).

Since serum albumin was required in subsequent
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Fig. 12

Gel filtration of the carbohydrate staining
band of fraction 5B on a 90cm x 1.5¢cm column of
Sephadex G-200. The column was eluted with 0.02M
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as indicated.
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Fractionation of 20mg of fraction 5B by
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The fraction was pooled as indicated.
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biosynthetic studies (see later) this protein was
routinely recovered following preparative electro-
phoresis on Cellogel blocks at pH 8.6 (see above)
and was further fractionated by isolectric focusing
in pH 4-6 gradients (Fig. 14). The crude material
gave a sharp peak at pH 4.6 which proved to be homo-
geneous on subsequent examination by electrophoresis

on starch and polyacrylamide gels.

Electrophoretic analysis of alnacid glycoprotein and

u2=macroglobulin on starch and polyacrylamide gels

Examination of the ulmacid glycoprotein by
electrophoresis on starch gel using the discontinuous
buffer system of Smithies(194) gave only one band
that stained for protein (Fig. 15). The ¢,-acid
glycoprotein had an electrophoretic mobility slightly
greater than that of serum albumin and corresponded
in electrophoretic mobility to the main protein
staining band present in fraction 5A (Fig. 15).
Fraction 5A contained some minor components of slower
electrophoretic mobilities than the &l=acid glyco=
protein. Disc electrophoresis of the @laacid gly=
coprotein on polyacrylamide gels at pH 8.9 gave

similar results to those found on starch gels. One
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Fractionation of 25mg of crude albumin
obtained by preparative electrophoresis on
cellogel blocks by isoelectric focusing in a
PH 4-6 gradient; solid line, optical density,
broken line, pH. The fraction was pooled as

indicated.,
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a1—AGP 5 5A 5B GQ—MG
Fig. 15
Electrophoresis on starch gels of: g ,-AGP,

ai~acid glycoprotein; 5, fraction 5¢ SA}fraction
5A; 5B, fraction 5B: 0,=MG, 0 ,=macroglobulin.
The arrow shows the point of application of the

samples.
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band was obtained from the dlwacid glyvcoprotein
which stained for protein and for carbohydrate and
which corresponded in electrophoretic mobility to a
band given by fraction 5A (Fig. 16), Fraction 5A
contained some minor components of slower electro-
phoretic mobilities than the @laacid glycoprotein.
The uz—macroglobulin was examined in a similar
manner to the al-acid glycoprotein described above.
Electrophoresis of the az-macroglobulin on staxch
gel gave one band that stained for protein (Fig., 15)
and which had an electrophoretic mobility similar to
that of a strongly staining macroglobulin present in
fractions 5 and 5B (Fig. 15): the ¢ ,-macroglobulin
also gave one band that stained for protein and car-
bohydrate when examined by disc electrophoresis on
polyacrylamide gels (Fig. 16). However, an ad-
ditional band of lower electrophoretic mobility was
occasionally observed with the dzamacroglobulin
when examined by disc electrophoresis, but this band

did not readily stain for carbohydrate.

Immunological analysis of alwacid glycoprotein

and O,~macroglobulin

The i&iaacid glycoprotein was examined by

double diffusion analysis and immunoelectrophoresis
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*4=AGP 5A ®y-MG

Fig, 16

Electrophoresis on polyacrylamide gels of:
@lEAGPﬂ .dlwacid glycoprotein: 5A, fraction 5As
a2~MGy azamacroglobulin; top, gels stained for
protein; bottom, gels stained for carbohydrate.
In the above photographs electrophoresis was run
for 90 minutes in the case of those gels stained
for protein, but 120 minutes in the case of
those gels stained for carbohydrate.
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employing antiserum to dl-acid glycoprotein and
fraction 5A. Only one precipitin line was obtained
on double diffusion analysis of alaacid glycoprotein
with both antisera, a reaction of immunological
identity being observed with lines obtained from
rat serum, fraction 5 and fraction 5A (Fig. 17).
The al~acid glycoprotein gave one precipitin arc
in a region of high electrophoretic mobility when
examined by immunoelectrophoresis (Fig. 18). The
electrophoretic mobility of the &laacid glycopro=
tein was slightly less than that of rat serum albu-
min which formed a precipitin arc just ahead of

the ulaacid glycoprotein when allowed to react
with antiserum to rat serum albumin (Fig. 18).

The <x2=macroglobulin was also examined im-
munologically in a similar manner to the alwacid
glycoprotein except that antisera to dz-macro-
globulin and fraction 5 were emploved. In most
cases only one major precipitin line was obtained
on double diffusion analysis of dzumacroglobulin
with both antisera, a reaction of immunological
identity being obsexrved with lines obtained from
rat serum, fraction 5 and fraction 5B (Fig. 19).
However, a faint additional line was frequently ob-

served which may be due to a minor contaminating
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A-AL'B A-°$1-AGP A-I5
1 & 1

Immunoelectrophoresis of ALB, rat serum
albumin (2mg/ml): o 1~AGP, o ;-acid glycoprotein
(3mg/ml); 5, fraction 5 (3mg/ml) and o ,~MG,
w&«macroglobulin (3mg/ml). The antisera used
were A-Alb, anti-rat serum albumin; A-q 1 =AGP,
anti=- &lwacid glycqprotein; A=5 anti-fraction 5
and A- OLZEMGganti—-a2=-macroglobulin° All protein
solutions were in 0.15M=NaCl. The arrow shows

the point of application of samples.




Double diffusion analysis with antiserum

to d2~macroglobulin (central reserxvoir) of

a,=MG, a,-macroglobulin (5mg/ml); 5, fraction 5
(7.5mg/ml); 5B, fraction 5B (7.5mg/ml): SN, normal
rat serum, and SE, serum from a rat suffering from
inflammation for 48h (diluted 1:2, v/v). Diffusion
was at room temperature for 30h., All protein
solutions were in 0,15M-NacCl.
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protein or some degradation product of the ¢ 2=
macroglobulin. Although the minor component
mentioned above gave a precipitin line on double
diffusion analysis in agar gels only one precipitin
arc was obtained from the a2=macroglobulin when
examined by immunoelectrophoresis (Fig. 18) employ-
ing antiserum to Obz—ma.croglobulin° The precipitin
arc formed by the dzamacroglobulin corresponded to
a distinct precipitin arc formed on reaction of
fraction 5 with antiserum to fraction 5 following
immunoelectrophoresis (Fig. 18)., The precipitin
arc corresponding to serum albumin was also clearly
observed on reaction of fraction 5 with antiserum
to fraction 5 following immunoelectrophoresis

(Fig. 18); however the precipitin arc corresponding
to (ﬁwacid glycoprotein was not distinct on re-
action of fraction 5 with antiserum to fraction 5
probably because it formed very close to the pre-

cipitin arc formed by serum albumin.

Chemical analyses and physical properties of o l=acid

glycoprotein and uzumacroglobulin

As previously mentioned in the introduction

the chemical analyses and examination of the physical
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properties of alwacid glycoprotein and « 2=Macro=
globulin were performed by Mr. A. D. Friesen who
presented this work for the degree of Master of
Science. However, since some information on the
composition and properties of the two proteins in
question is important for an understanding of sub-
seguent biosynthetic studies presented in this
thesis, and also in order to maintain the continuity
of this presentation, a brief summary of the results
obtained is presented in this section,

The ¢=acid glycoprotein and <>¥.‘=’2-=-rruac*:3:oc_';1olou-==

&4
lin were analyzed qualitatively and quantitatively
for neutral sugars, hexosamines and sialic acids.
Paper chromatography of sugar fractions from the
almacid glycoprotein and sznmacroglobulin showed
the presence of galactose, mannose, glucosamine
and N-acetylneuraminic acid. Fucose, uronic acid
and galactosamine were not detected in either gly-
coprotein. Results for the guantitative analyses
of sugars in the dl»acid glycoprotein and azamac~
roglobulin, together with data on molecular weights,

sedimentation coefficients and iscelectric points

are presented in Table 4,
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Carbohydrate composition and physical properties of

*
CLlwacid glycoprotein and Clzwmacroglobulin

Gj~acid glycoprotein

Hexose

dz-macroglobulin

993 i

4,0 +
2.6 +

15,9
800,000
4.60
0.698

19.0

‘Results for carbohydrate analyses expressed as g. carbohy-

drate per 100g glycoprotein (dry wt.): results are expressed
as means i standard error of the mean with the number of

14.4 +
Hexosamine 9.5 +
Sialic acid i0.2 +
Total carbohydrate 34,1
Molecular weight 43,000
Isoelectric pointh 2.95
Partial Specific volume 0.685
5203W 3.30
analyses performed given in parenthesis.
+
presence of sodium dodecyl sulphate (198).
¥ Determined from elution volume on Sepharose 4B.
¥

Determined by electrophoresis on polyacrylamide gels in

Determined from elution profile on isoelectric focusing.
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Determination of the contents of aléacid glycoprotein,

o zmmacroglobulin and albumin in rat serum

In order to determine if the alwacid glyco-
protein and u2~macroglobulin isolated in the
present work were acute phase reactants increasing
in content in serum as a result of induced inflam-
mation, a gquantitative precipitin technique was
applied to serum samples from control rats and rats
suffering from inflammation for 5+96 h. Quantitative
precipitin curves for o 1aacid glycoprotein and o o=
macroglobulin when titrated with their corresponding
antisera are shown in Figs. 20, and 21, respectively.
The contents of these two proteins in serum from
control and experimental animals was therefore de-~
termined by titrating serum samples with antiserum
in a region of antibody excess. The amount of each
protein in serum samples was calculated from the
amount of protein recovered in the precipitates
using the quantitative precipitin curves in Figs. 20
and 21 as standard curves. The results obtained for
the contents of o l»acid glycoprotein and G ,=~macro-
globulin in serum from control and experimental
animals are shown in Figs. 22 and 23, respectively.

Both proteins increased significantly in content in
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Fig, 20

Quantitative precipitin curve for Gy=

acid glycoprotein. Each bar represents results
from 4-8 experiments.
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Fig. 22

The effect of turpéntine induced inflamma-
tion on the content of Cxl=acid glycoprotein of
rat serum. -O-; results from experimental
animals, -O-; results from control animals.

Each bar represents results from 4-8 separate
serum samples. '
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Fig. 23

The effect of turpentine induced inflamma-
tion on the content of dzaﬁacroglobulin of rat
serum. ~O-; results from experimental animals,
-0=-: results from control animals. Each bar
represents results from 4-8 separate serum
samples.
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serum from experimental animals reaching a maximum
at 48-72 h after injection of inflammatory agent
indicating that both are clearly acute phase re-
actants.

Previous workers have indicated that serum
albumin is not an acute phase globulin (213—215)@
Since it was the intention to use this protein as a
reference protein in subsequent biosynthetic studies
(see below), the content of albumin in serum from
control and experimental animals was determined in
order to confirm that albumin does not change in
content in serum as a result of inflammation. Two
methods were used to determine the content of al-
bumin in rat serum. In the first method the guanti-
tative precipitin technigue described above was
applied to serum samples from control and experi-
mental animals employing antiserum to rat serum
albumin., PFig. 24 shows a guantitative precipitin
curve obtained when albumin was titrated with its
corresponding antiserum and Table 5 shows the re-
sults obtained for the content of albumin in serum
from control and experimental rats. Alsce shown in
Table 5 are results obtained using the second method

in which an isotope dilution technigue was employed

to determine the content of albumin in serum from
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The effect of inflammation on the content

*
of albumin in rat serum
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Time h Content of albumin in rat serum
mg albumin/ml
1
controls™ 39.5 + 2,9(5) 38.9 + 1.7(8)
5 36.0 + 2.5(4) 38.3 + 2.0(4)
36.0 + 2.0(3) 39.2 + 1.7(4)
12 37.9 + 1.9(6) 37.3 + 2.8(5)
24 34,2 + 1,0(3) -34.0 + 1.5(5)
48 33.5 + 1.5(4) 34.5 + 1.9(5)
72 33.0 + 2.5(4) 35.0 + 3.0(4)
96 36.0 + 0.9(4) 36.2 + 2.0(4)
*

Results are expressed as mean values plus or minus

standard errors of the mean with the number of

experiments performed in brackets

animals 5-96h after injection of NacCl

technique

Controls represent results from serum from control

Results obtained using quantitative precipitin

Results obtained using isotope dilution technique
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control and experimental animals. The content of
albumin in serum remained fairly constant in rats
suffering from inflammation for 5-12 h although
there was a slight decrease in the content of albu-
min in serum of experimental rats at 48-96 h after
injection of turpentine. Thus the content of albu-
min in serum does not appear to change significantly
in response to inflammation indicating that it is
probably not an acute phase reactant.

In order to determine whether complete pre-
cipitation of antigens was obtained using the guan-
titative precipitin technique the procedure was
applied to dansyl labelled proteins. The amount of
each antigen precipitated was determined by measur%
ing the amount of fluoresence in the precipitated
material. The quantitative precipitin curves ob-
tained using dansyl labelled antigens were indis-
tinguishable from curves obtained using unlabelled
antigens (c.f. Figs.20,21,24), Measurement of
fluoresence in the precipitates indicated that not
less than 90% of the three antigens were recovered;
negligible fluoresence was present in the supers=
natants following precipitation with antiserum. 1In
order to determine whether quantitative precipita-

tion of antigens was obtained with serum samples,
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small amounts of fluorescent antigens were added to
several serum samples prior to addition of the
three antisera used in the present studies. Fluo-
resence was again measured in the precipitates
which indicated that not less than 90% of albumin,
ulmacid glycoprotein andcxzemacroglobulin were
recovered by application of the guantitative pre-

cipitin technique to serum samples.

Studies on the effect of inflammation on the incor-

4
poration of L=1eucinea3H and D=glucosamine=l°c into

rat serum proteins in vive

The results of analyses of serum samples from
control and experimental animals for protein-bound
hexose and hexosamine (Figs. 5 and 6) indicate that
there is an increase in content of carbohydrate-
containing proteins of serum as a result of inflam-
mation. The carbohvdrate~containing proteins which
respond to inflammation appear in large part in
fractions 1, 4 and 5b upon fractionation of serum
on DEAE-cellulose coupled with preparative electro=
phoresis on Cellogel strips (Tables 2 and 3). Two
carbohydrate-containing proteins were subseguently

isolated from fraction 5 as starting material and
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were shown to be acute phase globulins (Figs. 22
and 23). One explanation for the increase in con-
tent of acute phase glycoproteins such as the S
acid glycoprotein and azwmacroglobulin in experie-
mental animals is that there may be an increase in
the rate of synthesis of certain carbohydrate=
containing proteins as a result of experimentally
induced inflammation. The increase in content of
acute phase proteins in serum from experimental
animals could also arise from a decreased rate of
catabolism of such proteins. At present, however,
the only accurate method for measuring synthesis
rates of plasma proteins is the 14C=carbonate
method (213,216), a procedure which is technically
difficult to perform and cannot easily be applied
to several proteins concurrently. An alternative
method of obtaining information on the rates of
synthesis of plasma proteins is to use another
protein synthesized by liver parenchymal cells as a
reference protein for the incorporation of labelled
compounds., In this way errors due to differences
in intracellular pool sizes of amino acid, cor-
responding to the amino acid used as labelled pre=
cursor, between individual animals can be largely

overcome. Servum albumin has been used as a reference
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protein in studies on acute phase reactants by

other workers, mainly because it was not apparently
affected by experimental inflammation (213-215).
Also, the present work has shown that the content of
albumin in serum did not change significantly at
5-12 h after exposure to inflammatory agent, although
there was a slight reduction in content at longer
times after administration of inflammatory agent
(Table 5)., In order to determine if there was any
change in the incorporation of labelled precursors into
rat serum albumin as a result of inflammation control
and experimental animals were given injections of L-
1eucine=3H and killed after 90 minutes incorporation.
Albumin was isolated from serum using two methods.

In the first method the specific radioactivity of
serum albumin was calculated from the specific
radiocactivity of precipitates recovered by applica-
tion of the guantitative precipitin technique to
serum samples. In the second method albumin was
recovered by precipitation of serum samples with
ethanolic trichlorocacetic acid followed by prepara-
tive electrophoresis on Cellogel strips and the
specific radiocactivity determined. Table 6 gives

the results for the specific radioactivities of

albumin isolated from serum from control and



129

Table 6

Bffect of inflammation on the incorporation

. 3. . , , %
of L=leucine-"H into rat serum albumin

Time h Specific radiocactivity of albumin

from rat serum muCi/mg

1 2
Controls 6.3 + 0.3(5) 6.2 + 0.4(12)
5 6.5 + 0.3(4) 6.8 + 0.5(4)

6.7 + 0.6(3) 6.1 + 0.4(4)

12 .5+ 0.4(6) 6.5 + 0.6(6)
24 .3 + 0,2(3) 6.3 + 0.5(8)
48 .5 + 0.2(4) 6.2 & 0.4(6)
72 .0 + 0.3(4) 6.3 + 0.7(6)
96 .0+ 0.4(4) 6.4 + 0.5(6)

%

+

Results are expressed as mean values plus or minus
standard errors of the mean with the number of
experiments performed in parenthesis

Controls represent resulits from serum from control
animals 5-96h after injection of NaCl

For measurement of specific radioactivity, albumin
was isolated from serum by the guantitative
precipitin technique

For measurement of specific radioactivity, albumin
was isolated from serum by precipitation with
ethanolic trichloroacetic acid followed by
preparative electrophoresis on Cellogel blocks
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experimental animals by application of the above
procedures. It can be seen from Table 6 that there
is little change in specific radioactivities of
serum albumin, particularly at 5-12 h following in-
flammation, but there may have been a slight de-
crease in specific radiocactivities at longer times
of exposure to inflammatory agent.

Since the above results for specific radio-
activities of albumin and results presented earlier
for the contents of albumin in serum from control
and experimental animals indicate that albumin does
not change significantly as a result of inflammation,
particularly at short times of exposure to inflam-
matory agent, this protein was employed as a ref-
erence protein or internal standard for measurement
of the incorporation of Laleucine~3H into other

Serum proteins,

Control animals and animals suffering from
inflammation for 5, 8 and 12 h were used in studies
desioned to provide information on changes in thé
rates of synthesis of serum proteins as a result of
inflammation., Short times of exposure to turpentine
were chosen since there was no large increase in
protein-bound carbohydrate (Tables 2 and 3) or ¢ .-

1
acid glycoprotein (Fig.22 ) and o ,-macroglobulin
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(Fig. 23 ) of serum from experimental animals 5-12 h
after administration of turpentine. The pool sizes
of proteins in the serum of these animals should,
therefore, be similar to controls. A mixture of
L=1eucinem3H and D=glucosamine-l4c was administered
to rats and incorporation allowed to proceed for 90
minutes and serum prepared. L%Leucine=3H was used
as a precursor for polypeptide éynthesis; and D-
glucosaminenl4c was used as a precursor for the syn-
thesis of the carbohydrate chains of serum glyco-
proteins. Glucosamine was used in these studies
since it is incorporated only into N-acetylgluco-
samine and sialic acid residues of glycoproteins,
but not into amino acids (116). Two types of exper-
iment were performed. In the first type, serum
samples were fractionated on DEAE-cellulose using
the stepwise elution technique previously described
(see Experimental, also Fig. 7 ). Table 7 gives

the specific radiocactivities of the fractions so
obtained. In the case of labelling with L-leucine-
3H specific radiocactivities of fractions are ex-
pressed in terms of a specific radiocactivity of

1.0 muCi/mg for serum albumin isolated from the same
serum sample. The serum albumin has, therefore,

been used as a reference protein in calculating the



Table 7

Effect of inflammation on the incorporation of L-leucine 3H and D-glucosamine - 14G into fraction of rat serum*

Specific radioactivities m u C SH/mg proteint
Experimental Experimental Experimental
. 5 Hr (4) _ 8 Hr (4) _ 12 Hr (4) ‘
C?fé)mls Ratio %ﬁ'—ml Ratio z%r%;rol Ratio %gfa ol
1 0.74 + 0.07 0.73 +0.06 0. 99 0.97 + 0.10 1.31 1.80 + 0.14 2.44
2 0.69 + 0.07 0.75 + 0.06 1.09 L.10 + 0.08 1.59 1.20 + 0.10 1. 74
3 0.87 + 0.07 0.95 + 0.09 1.09 1.27 +0.11 1.46 1.50 + 0.10 1.73
4 1.16 + 0.11 2.00 + 0.07 1.72 2.65 + 0.17 - 2.29 3.50 +70.21 3.02
5a 1.00 1.00 1.00 L. 00 1.00 1. 00 1.00
5h 1.20 + 0.10 2.40 + 0.19 2.00 2.40 + 0.10 2.00 3.35 + 0.19 2.80
6 1.09 + 0.08 1.08 + 0.06 0.99 1.25 + 0.11 1.14 1.41 + 0.11 1.29
i 2.01 +0.12 2.15 + 0.15 1.07 2.10 + 0.14 1.04 2.71 + 0.21 1.35
Specific radioactivities m u C 14C /mg protein
Experimental ' Experimental Experimental
5 Hr (4) 8 Hr (4) 12 Hr (4)
Controls Ratio Exp. Ratio Exp. Ratio Exp.
(10) control control control
1 1.40 4 0.12 1.43 +0.05 1.02 L.95 + 0.15 1.39 1.99 + 0.17 1.42
2 1.21 +0.11 1.61 +0.15 1.33 1.65 + 0.06 1.36 1.55 + 0.14 1.28
3 1.08 + 0.07 1.36 + 0.13 1.26 1.47 + 0,11 1.36 1.37 + 0.11 1.27
4 1.45 + 0.13 2.80 + 0.22 1.938 2.95 + 0.20 2.04 2.90 + 0.08 2.00
da - - - - - - -
5b 1.72 + 0.13 3.33 + 0.25 1.94 3.65 + 0.27 2.12 2.95 + 0.25 1.72
6 - 1.43 + 0.11 1.88 + 0.15 1.31 2.10 + 0.19 1.47 1.80 + 0.11 1.26
1 1.98 + 0,16 2.20 +0.20 1.11 2.30 +0.20 1.16 2.02 + 0,09 1.02

* Results are expressed as mean specific radioactivities + standard error of the mean with the number of experiments
performed in parenthesis.

+ Specific radioactivities of SH are expressed in terms of tke ratio of the specific radioactivity of a given fraction to
the specific radioactivity of fraction 5a (serum albuwmnin) isolated from the same serum sample.

CET
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results in Table 7 for labelling with LmleucinemSHe
Since serum albumin contains little or no gluco-
samine a similar calculation could not be performed
with D=glucosamine—l4ce The results in Table 7 are
also expressed in terms of a ratio of specific
radioactivities of fractions from experimental
animals to specific radicactivities of corresponding
fractions from contrels. Therefore, this ratio
represents'a change in the amount of labelled com-
pound incorporated into protein fractions isolated
from serum from experimental animals when compared
to the amount of the same labelled compound incorp-
oration into corresponding fractions from control
animals for the same period of incorporation. An
increase in this ratio probably indicates that there
is an increase in the amount of these proteins
synthesized and perhaps also in the rate of synthesis
of proteins present in the fraction in question,

The ratio was increased in most fractions following
labelling with 3H and 1469 but the ratio was great-
est in fractions 1, 4 and 5b at 8=12 h after admin-
istration of turpentine. The increase in protein-
bound carbohydrate found in fractions 1, 4 and 5b
isolated from the serum of experimental animals

(Tables 2 and 3) is, therefore, most likely explained
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by an increase in the production of the carbohy-
drate-containing proteins present in these fractions
probably as a result of an increase in their rates
of synthesis.

In the second type of experiment the above
procedure was applied to al»acid glycoprotein,
o 2=macroglobulin and albumin isolated from serum
samples by application of the guantitative precipitin
technique previously described. In this way infor-
mation was obtained on the incorporation of pre-
cursors of glycoprotein biosynthesis into specific
proteins which are known to be acute phase globulins
present in serum of control and experimental animals.
In the case of labelling with L=leucinew3Hg albumin
was again employed as a reference protein as des-
cribed above. The results shown in Tabie 8 indicate
that there is an increase in the ratio of specific
radioactivities of both proteins isolated from
serum of experimental animals when compared to
specific radioactivities of proteins isolated from
serum of control animals. This suggests that the
increased content of the two acute phase globulins
in guestion in serum from experimental animals is
probably due to an increased production or rate of

synthesis of the proteins under examination.
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Table 8

Effect of Inflammation on the incorrporation of L—leucine-3H and

. *
D-glucosamine—l4c into aj—acid glycoprotein and Q,-macroglobulin

2

Specific radiocactivities, muCi/mg protein+

Frotein
Incorporation of 3H
al—acid glycoprotein
az—macroglobulin
Incorpdration of 14C

Ol—acid glycoprotein

az—macroglobulin‘

Bxptl. _Bxptl. Exptl. Sxuptl. Exptl. cxptl.
Controls(5) 5h(4) Coatrol 8h(3) Control 12h(4) Control

2.05+0.14 3.154+0.10 1.55 3.50+0.10 1.71 4.15 4+ 0.15 2,02

1.33+0.04 1.40 +0.05 1.05 1.8140.08 1.35 2,43 +0.19 1.83

5.90 +0.20 11.0+0,90 1.85 11.8+1.05 2.00 12.2+1.10 2.10

1.12£0,04 1.2940,10 1.15 1.32+0.06 1.18 1.9020.14 1.70

Results are expressed as mean specific radioactivities plus or minus standard errors of
the mean with the number of experiments performed in parenthesis.

2
Specific radiocactivities of “H are expressed in terms of the ratio of the specific

radioactivity of Q,-acid glycoprotein or az—macroglobulin to the specific radiocactivity
of serum albumin iSolated from the same sefum sample.
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Studies on the effect of inflammation on the

biosynthesis of @leacid glycoprotein and

and albumin jn _viveo

The previous results indicated that the in-
crease in content of ulwacid glycoprotein and Oy
macroglobulin in serum from experimental animals
may be due to an increased synthesis or rate of
synthesis of the two proteins in question. Albu-
min was apparently not affected as a result of in-
duced inflammation. The work presented hereafter
describes some aspects of the biosynthesis of albu-
min and ulmacid glycoprotein in control and experi-
mental animals with the object of obtaining some in-
formation on the mechanism of response of an acute
phase glycoprotein to induced inflammation and, at
the same time, studying the synthesis of albumin
which is not an acute phase globulin. The alaacid
glycoprotein was chosen for all subsequent studies
instead of the azamacroglobulin for three main
reasons: 1l. the alaacié glycoprotein has a higher
carbohydrate content than the o Zamacroglobulin
(Table 4) and is probably making a greater contribu-
tion to the increase in total protein-bound carbohy-

drate of serum as a result of inflammation: 2. the
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alaacid glycoprotein increases about six-fold in
content in serum from experimental animals whereas
the uzamacroglobulin increases only three-fold
(Figs. 22,23): 3. the a,~acid glycoprotein closely
resembles human alaacid glycoprotein (orosomucoid)
in its carbohydrate content, molecular weight and
isoelectric point (see Introduction). As previously
mentioned orosomucoid has been implicated in the
inflammatory response in humans and as a consequence
has been studied in some detail by other workers

(e.g. 162) (see Introduction).

. . . . 3
Time course of incorporation of L-leucine-"H and

Daglucosamine=l4c into albumin and aleacid

glycoprotein in serum

Subsequent biosynthetic studies on albumin and
alnacid glycoprotein will be meaningful only if
incorporation studies are performed at relatively
short times of exposure of animals to labelled
compounds. Therefore, the time course of incorpora-
tion of labelled precursors of protein and glycopro=
tein biosynthesis into albumin and a1=acid glyco-
protein was studied in oxrder to determine the time
required for the appearance of labelled proteins in

serum,
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In these experiments, experimental animals
suffering from inflammation for 12 h were chosen
since it was at this time after induction of in-
flammation that the highest specific radiocactivity
of a ;-acid glycoprotein was observed (Table 8).
Also, the time chosen corresponded to a time prior
to the appearance of a significant increase in oq=
acid glycoprotein in serum from experimental animals
(Pig. 22),.

Rats were given injections of Leleucine—BH
and Daglucosamine~l4cg killed at various times
thereafter, and albumin and cxlaacid glycoprotein
isolated from serum by application of the guanti-
tative precipitin technigue previously described.
Fig. 25 shows that little label from L~leucine=3H
appeared in albumin isolated from serum for about
15 minutes after injection: thereafter there was a
rapid rise in specific radioactivitv. There was
little difference between the time course of in-
corporation of Lwleucine—3H into albumin isolated
from control and experimental animals. A similar
lag period was observed in the appearance of label
from Lmleucine»SH (Fig. 26) and D=glucosamine~l4c
(Fig. 27) into serum a,-acid glycoprotein; however,

there was a more rapid increase in specific
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Fig. 25 : : . -

Time course of incorporation of radio-
activity from L«leucine—3H-into serum albumin
from experimental animals {(-4-) and control
animals (-e-)., Each point represents the mean
of three to six experiments: animals were
killed one minute before the times indicated
and blood was collected for 1 minute.
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Time course of incorporation of radio-
activity from L~leucine=3H into serum laacid
glycoproteih from experimental animals (=a=)
and control animals (=e-). Each point repre-
sents the mean of three to six experiments:
animals were killed one minute before the
times indicated and blood was collected for
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Time course of incorporation of radio-
activity from D=g1ucosamine=14C into serum dla
acid glycoprotein from experimental animals
(-a=) and control animals (-e=). Each point
represents the mean of three to six experiments:
animals were killed one minute before the times
indicated and blood was collected for 1 minute.
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radiocactivity of both labelled compounds in O 1~
acid glycoprotein isolated from the serum of

experimental animals.

Immunodiffusion studies on the biosynthesis of albumin

and u1aacid glycoprotein: determination of the

celliular and subcellular site of synthesis

In studies designed to determine the cellular
and subcelilular site of synthesis of al=acid glyco-
protein and also to confirm results reported by
other workers that components of the liver microsome
fraction are the site of synthesis of serum albumin
(111-113),tissues were removed from animals killed at
12-15 minutes after intravenous injection of L=
leucine—l4c or D—glucosamine—l4ca As previously
indicated negligible label from radioactive leucine
or glucosamine as precursors is incorporated into
o] lwacid glycoprotein or albumin of serum at these
short time intervals after injection (e.g. Figs. 25=-
27). Thus, the presence in intracellular structures
of labelled material capable of reaction with anti-
sera to the two proteins under examination should

provide information on the site of synthesis of

these proteins. The tissues investigated on the
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basis of previous work (e.g. 94,99,103,217) were
liver, the site of synthesis of many serum proteins;
spleen, which can synthesize some serum proteins: and
as a control kidney, which has little or no capacity
for the synthesis of serum proteins.

Livers vere fractionated into nuclear, mito-
chondrial and microsome fractions and the fractions
extracted with the nonionic detergent Lubrol-W,.
Spleen and kidney were normally extracted with
Lubrol-W in toto. Lubrol-W is known to dissolve
lipoprotein membranes and has previously been shown
to solubilize most or all of the nascent serum pro=
teins normally associated with particulate fractions
following subcellular fractionation of animal tissues
(206). Unless otherwise stated Lubrol extracts were
concentrated about six-fold and the concentrated
extracts together with the soluble cell sap fraction
from the fractionation of liver examined by double
diffusion analysis in agar gels emploving antiserum
to albumin or o

1
with antisera the gels were washed, dried and a

~acid glycoprotein. After reaction

radioautograph prepared in order to detect radio-
activity. With amino acid as precursor, extracts of
microsome material gave a precipitin line that was

strongly labelled on reaction with antiserum to



a lsacid glvcoprotein (Fig. 28). A precipitin line
which formed on reaction of Lubrol extracts of the
nuclear fraction with antiserum to o luacid glyco-
protein also showed faint labelling. With gluco-
samine as precursor, only extracts of microsome
material gave a precipitin line that was labelled
on reaction withantiserum to <Xl~acid glycoprotein
(Fig. 29). In most cases lines formed by Lubrol
extracts of microsome material gave reactions of
immunological identity with lines formed by serum
and alnacid glycoprotein., With amino acid as pre-
cursor extracts of microsome material were the main
source of precipitin lines that were labelled
following reaction with antiserum to serum albumin
(Figs. 30 and 31). Occasionally, however, a pre-
cipitin line formed by extracts of the nuclear
fraction was faintly labelled, possibly because of
slight contamination of the nuclear fraction by
components of the microsome fraction. Since albumin
does not contain glucosamine, precipitin lines
formed by reacting extracts of the microsome frac-
tion with antiserum to serum albumin, following
labelling with glucosamine, were not radioactive.
In most cases immunological correspondence was

demonstrated between lines given by extracts of the
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Fig. 28

Results of double diffusion analysis with
antiserum of dlmacid glycoprotein in the lover
wells of Lubrol extracts of M, microsome, Mt,
mitochondria, N, nuclear fractions of rat liver,
K, kidney and Sp, spleen; also reacted were CS,
liver cell sap, S, serum isolated from the
animal at death (diluted 1:4 with 0,15M NacCl)
and dl~AGPg dlwacid glycoprotein (Smg/ml)el4
Labelling was for 13 minutes with L-leucine-" C
and immunodiffusion was for 30h. Top photograph:
precipitin bands stained for protein: bottom
photograph: autoradiograph.
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K cs N Mt M  o4-AGP S Sp

Fig. 29

Results of double diffusion analysis with
antiserum to o ,-acid glycoprotein in the lower
wells of Lubrol extracts of M, microsome, Mt,
mitochondria, N, nuclear fractions of rat liver,
K, kidney and Sp, spleen; also reacted were CS,
liver cell sap, S, serum isolated from the
animal at death (diluted 1:4 with 0.,15M NacCl)
and (glnAGPﬂ @;lmacid glycoprotein (5mg/ml).
Labelling was for 13 minutes with D=glucosamine-
14C and immunodiffusion was for 30h. Top photo-
graph: precipitin bands stained for proteing
bottom photograph: autoradiograph.
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ALB K Sp S

Fig. 30

Results of double diffusion with antiserum
to albumin in the lower wells of Lubrol extracts
of K, kidney and Sp, spleen: also reacted were
ALB, albumin (2mg/ml) and S, serum isolated from
the animal at death (diluted 1:20 with 0.15M NacCl).
Labelling was for 13 minutes with L»leucine=14C
and immunodiffusion was for 30h. Top photograph:
precipitin bands stained for protein: bottom

photograph: autoradiograph.




ALB CS N Mt ALB M S

Pig., 31

Results of double diffusion with antiserum
to albumin in the lower wells of Lubrol extracts
of M, microsome, Mt, mitochondria, and N, nuclear
fractions of rat liver: also reacted were cs,
liver cell sap, S, serum isolated from the animal
at death (diluted 1:20 with 0.15M NaCl) and ALB,
albumin (2mg/ml). Labelling was for 13 minutes
with L=1eucine=140 and immunodiffusion was for
30h. Top photograph: precipitin bands stained
for protein; bottom photograph: autoradiograph.




microsome fraction and those formed by serum and
albumin on reaction with antiserum to albumin. In
all experiments, lines given by serum isolated from
the animals at death were not radiocactive (Figs. 28-
31); confirming the delay in labelling of a 1-acid
glycoprotein and albumin in serum found in studies
on the time course of incorporation of labelled
amino acid and glucosamine into the two proteins
under examination. The results obtained from
control animals and experimental animals at 12-48 h
following induction of inflammation did not differ
significantly when extracts of liver fractions were
examined by double diffusion analyvsis as described
above. In most experiments involving immunodiffusion
studies employing antiserum to <xlmacid glycoprotein
and albumin only one precipitin line was obtained
from the microsome fraction, serum and the corres-
ponding antigens, further demonstrating the homo-
geneity of the two proteins under study.

In order to show that labelling of precipitin
lines was not due to non-specific absorption or
precipitation of labelled material, Lubrol extracts
of microsome material from experiments involving in-
corporation of L»leucine=l4c and D=glucosamine=l4c

were reacted with anti-human serum either directly



Results of double diffusion analysis with
antiserum to human albumin in the lower wells
of M;, Lubrol extract of rat liver microsome
material isolated from a rat 13 minutes after

injection of L«leucine=l4C: M; +ALB, mixture of

equal volumes of Ml and human albumin (4mg/ml):
ALB, human albumin (2mg/ml): M,, Lubrol extract
of rat liver microsome material isolated from

a rat 13 minutes after injection of D=gluco-
samine~l4C; M2-+ALBy mixture of equal volumes

of M, and human albumin (4mg/ml), Immuno-
diffusion was for 30h. Top photograph: develop-
ing precipitin lines°c bottom photograph: auto-
radiograph,




Results of double diffusion analysis with
antiserum to human glycoprotein fraction VT in
the lower wells of M,, Lubrol extract of rat
liver microsome material isolated from a rat
13 minutes after injection of Laleucinealéc;

M, +VI, mixture of equal volumes of M, and human
fraction VI (émg/ml); VI, human glycoprotein
fraction VI (3mg/ml): M,, Lubrol extract of rat
liver microsome material isolated from a rat 13

minutes after injection of Dwglucosamineml4c;

M, +VI, mixture of equal volumes of M, and human
glycoprotein fraction VI (6mg/ml). Immuno-
diffusion was for 30h. Top photograph: develop-
ing precipitin lines: bottom photograph: auto-=
radiograph.
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or as mixtures with human fraction VI or human
albumin. Precipitin lines were not formed on re-
action of the extracts in the absence of human
fraction VI or human albumin and lines formed by

the mixtures were not radioactive (Figs. 32 and 33).

Determination of the contents of o laacid glyco-

protein and albumin in liver microsome material

from control and experimental rats

Results reported above clearly indicate that
the microsome fraction of liver is the subcellular
site of synthesis of cxlnacid glycoprotein and al-
bumin in control and experimental animals, However,
since there is an increase in the content of @l~
acid glycoprotein in the serum of experimental
animals which may result from a greater production
or rate of synthesis of this protein, changes might
be expected in the content of o 1—acid glycoprotein
in microsome fractions from livers from experimental
animals. On the other hand little change in content
of serum albumin in microsome material from experi-
mental animals would be expected since this protein
does not apparently respond to induced inflammation.,

Microsome fractions were prepared from livers

from control and experimental animals at various
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times following administration of inflammatory
agent, extracted with Lubrol and the contents of

o 1~acid glycoprotein and albumin in the extracts
determined by application of the quantitative pre-=
cipitin technique previously described employing
antiserum to albumin or ‘al=acid glycoprotein.

Fig. 34 shows that there was about a five-fold

~ increase in content of alwacid glycoprotein in
microsome material of livers isolated from experi-
mental animals at 8-=12 h following induction of in-
flammation. Although there was no significant
change in the content of albumin in liver microsome
fractions from experimental and control animals
(Table 9) at short times of exposure to inflammatory
agent there was a slight decrease in the content of

albumin at longer times of exposure (Table 9).

When the precipitin technique js applied to

extracts of particulate material, in this case
Lubrol extracts of liver microsome fractions; the
extracts must first be precipitated with a heter-
ologous immune system to reduce the possibility of
non-specific precipitation when antiserum to ¢ 1~
acid glycoprotein and albumin are subsequently added

to the system. In the present work two heterologous

immune systems were employed. Lubrol extracts were,
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Table ©

Effect of turpentine-induced inflammation

on the content of albumin in microsome

. . =
fractions from rat livers

Time after administration Content of albumin in
of turpentine h microsome fractions
ng/g wet weicht liver

Controls” 398 + 12(10)
5 385 + 15(6)
8 357 + 13(4)
12 379 + 11(10)
24 310 + 10(4)
48 350 + 14(3)

Results are expressed as mean values + standard
errors of the mean with the number of experiments
performed in parenthesis

Controls represent results from control animals
5~48h after injection of NaCl
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therefore; incubated twice with the system, human
albumin-anti-human serum and twice with the system;
human glycoprotein fraction VI-anti-human serum.

The precipitates were discarded and the supernatants
further incubated in order to check that there was
no additional precipitation of material. Extracts
were then divided into two parts for precipitation
with antiserum to rat albumin and antiserum to o 1=
acid glycoprotein.

There are three possible sources of error
using the above procedure. PFirstly, there may be
incomplete release of @l—acid glycoprotein and al-
bumin from microsome material by the extraction Pro-
cedure employed; this would tend to give low re-
coveries of o laacid glycoprotein and albumin from
extracts of the microsome fraction. In order to
determine if there was incomplete release of o q-
acid glycoprotein and albumin from microsome
material on extraction with Lubrol, microsome
fractions prepared from the same sample of liver
were extracted directly with 2.5% deoxycholate and
Lubrol; in other cases the Lubrol insoluble residues
were then extracted with 2.5% deoxycholate‘ko The
%# Deoxycholate is believed to result in complete

solubilization of lipoprotein membranes (204},
with subsequent release of most or all nascent

proteins present within the intravesicular space
of the endoplasmic reticulum and Golgi complex.
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deoxycholate extracts were precipitated with anti-
sera as described above and were also examined by
double diffusion analysis in agar gels employving
antiserum to rat serum albumin and al~acid glvco-
protein. Lubrol extracts of microsome material con-—
tained about 95% of the albumin and al-acid glyco-
protein found in the corresponding deoxycholate
extracts when assayed with the gquantitative pre-
cipitin technique. Deoxycholate extracts of Lubrol
insoluble residues contained only a trace of albumin
and almacid glycoprotein. The results from immuno-
diffusion studies confirmed the above observations.
The Lubrol and deoxycholate extracts gave precipitin
lines on reaction with antiserum to albumin and to
(ﬁ-acid glycoprotein, but no lines were observed on
reaction of deoxycholate extracts of Lubrol-insoluble
residues.

The second source of error in applying the
precipitin technique to extracts of microsome ma-
terial can arise if there is precipitation of rat
proteins with the heterologous immune system used in
the present work: this would alseo tend to give low
recoveries of albumin and aleacid glycoprotein from
extracts of the microsome fraction. In order to

determine if precipitation of rat proteins was
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occuring with the heterologous immune system,
albumin and ulwacid glycoprotein were prepared

from the serum of a rat following labelling with
Lmvaline=l4c for 90 minutes. The labelled albumin
and o lwacid glycoprotein were then reacted with
dansyl chloride to prepare the corresponding DANS
derivatives. The DANS labelled albumin and o 1~
acid glycoprotein were then employed in an experi-
ment designed to determine whether there were any
losses in recovery of albumin and <X1=acid glyco-
protein from Lubrol extracts of microsoma@*material
by application of the precipitin technique. Samples
of DANS albumin and @leacid glycoprotein were added
to separate microsome pellets prior to homogeniza=~
tion with Lubrol. After centrifuging, the Lubrol
extracts were precipitated with the heterologous
immune systems followed by the rat immune systems

as previously described. Immune precipitates ob-
tained at all stages in the precipitation procedure
and the Lubrol extracts remaining after precipitation
with antiserum to rat albumin or <llmacid glycoprotein
were assayed for fluoresence and radioactivity in
order to determine at what stages losses of material
had occured. Table 10 shows the results obtained in

a typical experiment where it can be seen that about



TABLE IO

4
Determination of the recovery of DANS and l‘c in rat albumin and @lwacid glycoprotein
recovered from Lubrol extract of microsome material by application of the guantitative

3
precipitin technique (see text for details).

rat albumin rat o y~acid glycoprotein
added to microsome added to microsome
material + material +
Antiserum recovery DANS % | recovery 14'C % | recovery DANS % | recovery 14C %

Human albumin (1) 7 6 1 2
Human VI (1) 8 6 4 1
Human albumin (2) 3 2 1 2
Human VI (2) 2 0 5 5
Rat albumin 76 79 3 2
Rat ulwacid glycoprotein 1 2 81 76
Residual Lubrol extract # 3 5 5 7
T 14

2.85 optical density units DANS albumin containing 6,550 d.p.m. C (1.05mg albumin)
added to Lubrol extract of microsome material prior to precipitation with heteroclogous
immune systems and anti-rat systems,

14

* 3,10 optical density units DANS ¢ -acid glycoprotein containing 7,450 d.p.m. C
(0.905mg ©0q-acid glycoprotein) added to Lubrol extract microsome material prior to
precipitation with heterologous immune systems and anti-rat systems.

64T

¥ Lubrol extract remaining after precipitation with all antisera.

s

The precipitation was scaled-up three-fold employing 9ml Lubrol extract (see Experimental).
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75-80% of the dansyl label and radiocactivity were
recovered in precipitates obtained from Lubrol
extracts following addition of antiserum to rat
albumin and @lwacid glycoprotein. Therefore, in
calculating the results for the contents of o 1~
acid glvcoprotein (FPig. 34) and albumin (Table 9)
in Lubrol extracts of liver microsome fractions it
was assumed that there was a 20% loss of albumin
and @lmacid glycoprotein when the guantitative
precipitin techniqgue was applied to extracts of
microsome material.,

Another source of error in experiments de-
signed to determine the guantities of serum proteins
in extracts of liver microsome material is the pos-
sibility of contamination of subcellular fractions
by residual serum proteins present in liver,
Therefore, in some experiments livers were perfused
with physiclogical saline prior to subcellular
fractionation. There was little difference between
the contents of albumin and <Xlwacid glycoprotein in
Lubrol extracts prepared from perfused livers from
control and experimental animals when compared with
corresponding values from livers which had not been
perfused prior to fractionation. However double

diffusion analysis of cell sap and Lubrel extracts



of nuclear and mitochondrial fractions isolated
from perfused livers indicated that there was a
decrease in material capable of reacting with anti-
serum to albumin and al-acid glycoprotein in cell
sap and to a lesser extent in the nuclear fraction,
thus suggesting that any residual serum proteins
are more likely to be found in cell sap and nuclear
material rather than extracts of microsome or
mitochondrial fractions. Therefore, it was assumed
that residual serum protein did not make a signifi-=
cant contribution to the contents of albumin and
awlmacid glycoprotein found in Lubrol extracts of

microsome material.

Ultrastructural studies on livers from

control and experimental rats

As indicated above liver microsome material
isolated from rats suffering from inflammation for
8-48 h contained increased amounts of ¢ 1-acid gly=-
coprotein, but not of albumin. If this result
represents a general response of acute phase globu-
lins to induced inflammation then increased amounts
of other acute phase globulins, such as o o~macro-
globulin and haptoglobin, might be expected to occur

as a result of inflammation thus leading to a
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considerable increase in content of acute phase
globulins in liver microsome material. Therefore,
livers from control and experimental rats were
examined under the electron microscope in order to
determine if there were any changes in the appear-
ance of the endoplasmic reticulum and Golgi appa-
ratus in livers from experimental animals as a
result of the increased content of o l=acid glyco-
protein and possibly other acute phase globulins
associated with microsome fractions prepared from
livers from experimental animals,

Typical electron micrographs of livers from
normal and experimental animals are shown in Figs.
35=36 . The greatest changes in the appearance of
cytoplasmic components was observed in livers from
rats suffering from inflammation for 12 h, the time
after induction of inflammation when the content of
o lnacid glycoprotein, and possibly other acute
phase globulins, in liver microsome material is at
its greatest (Fig. 34). The changes ocbserved were
characterized by a general decrease in the amount
of rough endoplasmic reticulum with an increase in
the amount of smooth endoplasmic reticulum and,
perhaps, also of Golgi complex. The rough endo-

plasmic reticulum was much less organized in livers
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x20,000

Fig. 35
Electron micrograph of liver cell from
normal rat. N, nucleus, M, mitochondria,

RER, rough endoplasmic reticulum, SER, smooth
endoplasmic reticulum, G, Golgi apparatus.




[
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Fig. 36

Electron micrograph of liver cell from an
experimental rat 1l2Zh after administration of turpentine.
N, nucleus; M, mitochondria; RER, rough endoplasmic
reticulum; SER, smooth endoplasmic reticulum, G,
Golgi apparatus.
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from experimental animals and all three types of
membranous components anpeared to be dilated

(Fig. 36 ). There was little obvious change in
the appearance of the cell nucleus or other compo-
nents of the cytoplasm. As previously mentioned
(see Introduction), serum proteins, destined for
secretion from the cell; are believed to be syn-
thesized on ribosomes attached to the rough endo-
plasmic reticulum and are then chanelled out of the
cell by passage through the intracisternal space of
the rough and smooth endoplasmic reticulum and are
found in the Golgi complex prior to their appearance
in serum. Thus the dilation of the endoplasmic ret-
iculum and Golgi complex observed in the electron
micrographs of liver cells from experimental animals
may be associated with the increased capacity of
livers from experimental rats for storage of acute

phase globulins.

Studies on the secretion of albumin and © lnacid

glycoprotein in control and experimental animals

The studies described above indicate that
there is an increased production and, perhaps,
rate of synthesis of al—acid glycoprotein, but not

albumin as a result of induced inflammation.
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Experiments were, therefore, designed to examine
the pathway of secretion of <xl~acid glycoprotein
and albumin in livers from control and experimental
animals in order to determine if there was an in-
crease in the rate of secretion of acute phase

globulins as a result of inflammation.

In experiments in which secretion of o l~a¢id
glycoprotein and albumin from liver was examined,
experimental animals suffering from inflammation
for 12 h were employed. This time period following
inflammation was chosen since it was thought that
changes in the secretion patterns of cxlwacid glyco=
protein and albumin would be more noticeable because
the content of ul»acid glycoprotein in microsome
material is highest at 12 h following administration
of inflammatory agent.

As previously mentioned serum proteins are
believed to be synthesized on ribosomes associated
with the rough endoplasmic reticulum of liver. The
polypeptide chain appears first in the intracisternal
space of the rough endoplasmic reticulum and the
pathway of secretion of the protein from the cell is
by way of smooth endoplasmic reticulum and then the
Golgi complex. The latter complex is believed +o

concentrate material prior to secretion from the cell.
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It is believed that the carbohydrate groups of serum
glycoproteins are added to polypeptide chains during
secretion from the cell by sequential addition of
sugars by specific transferases located in the mem-
branes of the endoplasmic reticulum and Golgi complex
(e.9.129) In order to trace the pathway of secretion
of G l=acid glycoprotein and albumin from liver cells,
control and experimental rats were given injections
of L—leucineﬂBH and D—glucosamine=l4c; killed at
various times thereafter and fractions prepared from
liver containing mainly rough endoplasmic reticulun,
smooth endoplasmic reticulum and Golgi complex.
Figs.37 and 38 show that both types of labelled
compounds are rapidly taken up from the plasma and
appear in liver protein, over 90% of the L-leucine-
3H and Duglucosamine=l4c cleared from the serum
within the first few minutes following injection.

A pulse injection label of both labelled compounds

has, therefore, effectively been given.

Lubrol extracts of microsome subfractions
were prepared and 0,-acid glycoprotein and albumin
recovered by application of the quantitative pre-=
cipitin technique and their specific radioactivities
determined. Figs. 39 and 40 show the results

3

obtained for the specific radiocactivity of “H in
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Fig. 37

Time course of incorporation of radioactivity
from L-leucine—3H into total liver protein (-A-),
Disappearance of free Luleucine-3H from serum is
represented by solid circles (-e-)}. Animals received
an intravenous injection of 50ucCi L—leucine=3H/lOOg
body weight. Each point represents the mean of three
to five experiments. In order to construct the above
figure it was assumed that serum represented 3.5%

and liver 4% of body weight.,
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Time course of incorporation of radiocactivity
from Dnglucosamine=l4cbinto total liver protein
(-A-). Disappearance of free D=glucosamine-iéc
from serum 1is represented by solid circles (-e-).
Animals received an intravenous injection of
5uCi D=glucosamine/100g body weight. Each point
represents the mean of three to five experiments.
In order to construct the above figure it was
assumed that serum represented 3.5% and liver 4%

of body weilght.



560 ' =10
. 4006p Y
m . * * ° .
=
re)
=
O
E 360¢ e 6
Cd
e
3 £
@ =
e
@ 200 =4 @
€ o
o)
g c
o -
2]
. 100 = 2 <
£ P
- £
£ >
[ gt
) b
o =
o <<
LT I
£ Q. -~
3 o)
a O ’
< E . | =
— 500p : : B L
w ¢3 2z
el
[o] ?_\ o
= E P
& .9
> " ' € o
2 1400 : 4 & o
© . re
©
o )
5 o
G 260 el & O
v &
o
o 2]
=
o . .
o 200 = &
o
(%3]
100 92

Time after Injection of L-Leucine~H (min)

Fig. 38

Speci ivites of albumin isclated from
rough membra tion of microscoms/ material—0-
smooth membr ction of microsome maLr3$a?~ﬂi
Golgi comple serum -~s- followina Lnuraverous
injection of Lw-leﬂci“ﬂeijc Topg rats suffering from
inflammation for 12h: bott control rats.

"a

m}..'CEl mg Protein



50@» aé@ o2 0
) &
&
(%} yy ]
=
4
o ‘
S 400k 4 16
.
o
B
Gl
2
3
&i
100 <12 £
o R >
3
g 4]
.8 °
Pl “ £
> 200 & =
.é [ o
Q
c o
£ o
I
£ 100 14«
> o
e (&)
2 > c
Qg S
9 2 2
> S ? p
o O o
> <
- . m
oo g E
© el
L =500~ - 9420 .0 =
b}-() > )
NEEN hadiESN
c £ s €
> o
=400 LI
E _ O
= 5
B el
g s8]
S o
S 300 P o,
3 b=
Q
o e
[ . Q.
G 200} 8 @
(]
jo X
o
100 s
/ -
/ e W,_@._:;.__...-{Zv‘}’ 1 )
5 10 15 30 60

4Thne after Injection of L-Leucine-*H (min)

Fig. 40

Specific radioacti

isolated from rough membrane subfra

material «C-, sng noman
material mmw; Golgi cono
intravenous injection of
suffering from inflammat

"ats,

vities of ¢

b
Lo
lex w&ve and.ser
- . 3
Leleucine-~"H.,.
ion for 12h: bo

t

d glycoprotein
 microsome

I T omicrosone

m «p« following

Top, rats

tom, control



albumin and o laacid glycoprotein, respectively, in
microsome subfractions prepared from livers from
control and experimental animals as a function of
time after administration of L~leucine~3H; Fig. 41
shows results obtained in similar experiments fol-~
lowing labelling with D-glucosamine. Also shown on
the graphs (Figs. 39-41) are specific radioactivities
of albumin and o l~acid glycoprotein isolated by
application of the quantitative precipitin technique
to serum collected from the animals at death. 1In
the case of labelling of albumin or <Xl-acid glyco-=
protein with L~leucine~3H there was negligible
change in the secretion patterns of both proteins in
experimental animals when compared to controls,
maximum labelling occuring in albumin and (Xl=acid
glycoprotein at 5 to 10 minutes in rough microsomes,
about 15 minutes in smooth microsomes and 30 minutes
in Golgi fractions. Release of albumin and Cllaacid
glycoprotein into blood occured after a lag period
of about 15 minutes. Thereafter, there was a fairly
linear increase in the specific radioactivity of
albumin and « 1«aeid glycoprotein in blood with a
concurrent decrease in the specific radioactivity of
albumin and o lwacid glycoprotein in the Golgi

fraction.
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In the case of labelling with D-glucosamine-
14C there was no one fraction which contained al“
acid glycoprotein of greatly increased specific
radiocactivity. The maximum labelling of o l»acid
glycoprotein occured after about 30 minutes in all
fractions from both control and experimental animals,
However; the specific radioactivity of o« ,—acid
glycoprotein isolated from experimental animals
after 30 minutes labelling was about twice that
observed in controls. As was found after labelling
of o laacid glycoprotein with L=leucine—3H in the
above experiments and as was previously reported
there was a lag period of about 15 minutes before
the appearance of label from Daglucosamine=14C in
alcacid glycoprotein in serum, thereafter, there
was a rapid rise in specific radicactivity cor-
responding with a decline in the specific radio-
activity of o lmacid glycoprotein in the liver
subfractions.

In accord with results reported earlier there
was a more rapid increase in specific radioactivity
of both Laleucine=3H and Dmglucosaminewléc in <ll»
acid glycoprotein isolated from serum from experi-

mental animals when compared with controls: more-

over, there was negligible change in the specific
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radioactivity of L«leucinew3H in albumin isolated
from serum from control and experimental animals.
In the above experiments precipitation of
albumin and o l=acid glycoprotein from Lubrol
extracts of microsome subfractions with their cor-
responding antisera was preceded by precipitation
with the heterologous immune systems previously
described. When Lubrol extracts are prepared from
microsome fractions following administration of
labelled precursors any non-specific protein which
is capable of precipitation with immune precipitates
will be labelled and will cause miscalculations in
the determination of the specific radiocactivity of
rat proteins. In order to test for non-specific
precipitation of radiocactivity from Lubrol extracts
isolated following administration of L«leucine=3H
and D—glucosamine~l4c the precipitates obtained
following precipitation with the heterologous immune
systems were collected for measurement of radio-
activity. The results shown in Table ll; indicate
that significant radioactivity was removed in the
first and second precipitates obtained by the addi-
tion of the human albumin-anti~human serum system
and human fraction VI - anti-human serun system;

respectively. However, subsequent precipitates



TABLE II

Incorporation of Lnleucinem3H and D»glucosaminesl4

C into material precipitated from

Lubrol extracts of microsome fractions and subcellular fractions of microsome

material isolated from rat livers.%

Cell Rat Rat Human Human Human Human
fraction albumin ‘HmAGP albumin VI albumin VI
(1) (1) (2) {2)
2
3H 14C 3H 14C 3H 14C 3H 14C 3H l4c 3y l4c
Total
Microsomes # 275 - 360 29 34 0.6 34 4 4,1 - 6.1 2,0
+ 20,625 - 9,500 700 3,000 160 1,050 95 500 - 110 25
Rough
Membranes * 280 = 388 20 21 0.5 33 2,5 2,9 = 4,3 1.0
+ 22,500 - 10,599 680 2,500 125 1,300 20 450 - 145 20
Smooth
Membranes % 200 - 250 24 35 0.3 30 3.0 1.0 = 5.2 0,6
+18,040 - 7,500 600 2,250 215 1,710 120 320 - 150 15
Golgi
Apparatus F 270 - 200 26 17 0.4 14 3.5 1.5 = 4.2 0,7
+15,900 - 6,000 450 2,750 220 1,250 75 280 - 130 19

o ~AGP (@lwacid glycoprotein), Human VI (Human glycoprotein fraction VI).

and (2) refer to the first and second human preprecipitates.

The numbers (1)

Results are expressed in two ways: the top row of figures corresponding to each sub-
cellular fraction expresses results as specific radioactivities muCi/mg protein i.e.
indicated by * ¢ the bottom row of figures expresses results in terms of total radio-
activity i.e. disintegrations per minute i.e. indicated by +.

OLT
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obtained by the addition of the heterologous
immune systems contained little radiocactivity.
Although the first precipitates obtained with the
heterologous immune systems contained significant
radioactivity (10-15%), the second precipitates
represented only about 4% of the radioactivity

recovered in the subsequent rat immune precipitates.

Characterization of liver subcellular fractions

Although the subcellular fractionation Pro-
cedures employed in the present studies were well
documented procedures applied to rat liver (see
methods section) some characterization studies
were performed to check that subcellular fraction-
ation was satisfactory. Assays for glucose-6-phos—
phatase and ratios of RNA/protein were determined
to check the purity of nuclear, mitochondrial and
microsome fractions. The results of RNA/protein
ratios and assays for glucose~6-phosphatase activity
are shown in Table 12, The RNA/protein ratios in-
dicate that satisfactory separation of rough and
smooth microsomes was obtained by the fractionation
procedure used. In addition, the Golgi complex
appeared to be isolated without significant con-

tamination by rough microsomes. The assays for
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Characterization of subcellular fractions

of rat liver cells.

Cell fraction RNA/protein Glucose—6=phosphotase*
ratio

Total microsomes 0.20 6.10

Rough microsomes 0.30 6.40

Smooth microsomes 0.08 2,50

Golgi apparatus 0.09 1.70

Nuclear fraction - 0.45
Mitochondrial - 0,35

fraction

" pmoles Pi/20 min per mg protein
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glucose-6-phosphatase indicate that nuclear and
mitochondrial fractions were devoid of significant
glucose-6-phosphatase activity while the rough
microsomes contained more enzyme activity than
either the smooth microsomes or the Golgi complex.
The results of RNA/protein ratios and glucose=6=
phosphatase activity are similar to those reported
by Glaumann et al. (111) for the characterization

of subcellular fractions of liver.
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DISCUSSION

Effect of inflammation on serum and serum protein

fractions

There was an increase in protein-bound carbo-
hydrate of rat serum reaching a maximum at 48-72h
after administration of turpentine. A similar re-
sponse has been reported in rats and other species for
total protein-bound carbohydrate of serum and for
specific proteins or protein fractions isolated Ffrom
serum (163,214,218-220)., Most of the increase in
protein~bound carbohydrate of serum resulting from an
inflammatory condition was located in fractions 1,4
and 5b upon fractionation of serum by chromatography
on DEAE-cellulose coupled with preparative electro-
phoresis on cellogel strips. The fractions eluted
from the DEAE-cellulose column were examined immuno-
logically by Dr., J.C. Jamieson using immunoelectro-
phoresis and double diffusion analysis, Although
these latter studies are not reported in the results
section of this thesis they are worthy of discussion
since they were performed in order to determine
which fractions contained glycoproteins which are
known to be acute phase reactants and also to detere

mine if any new proteins were present in serum from



experimental animals. It was found that the acute
phase reactant fibrinogen (213,216,219) was present
in fraction 1 and may have made a contribution to the
increased content of protein-bound carbohydrate found
in fraction 1 when isolated from the serum of experi-
mental animals. Fibrinogen, however, is probably
present in fraction 1 in relatively low concentration
since this protein is largely removed during the
clotting process. Haptoglobin, an acute phase
reactant which increases markedly as a result of
inflammation (218,221-223), was detected mainly in
fraction 4 and probably makes a significant contri-
bution to the increase in protein bound carbohydrate
found in this fraction when isolated from the serum
of experimental animals. Proteins found in the
perchloric acid soluble and seromucoid fractions

were detected mainly in fractions 4 and 5b, and to

a lesser extent in fractions 5a, 6 and 7. Since
fraction 5a is serum albumin and fractions 6 and 7

do not contribute significantly to the increase in
protein-bound carbohydrate found in the serum of
experimental animals studies on the effects of in-
flammation on the perchloric acid soluble and sero-

mucoid fractions of serum may therefore give mis-
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leading results, since not all the proteins present
in these fractions appear to be acute phase re~
actants. Immunological studies on serum and serum
fractions from control and experimental animals did
not reveal the presence of any new proteins in serum
from experimental animals which were not present in
serum from control animals. Weimer et al. (219 have
reported a similar result in rats suffering from
adjuvant=-induced arthritis when serum was examined
at times after inflammation similar to those employed
in these studies. However, a new protein was
detected by Weimer et al.(219) at longer time periods
of exposure to inflammatory agent. Also, in an
earlier study, Weimer and Benjamin(163) detected a
new protein in rat serum as early as 8h after ad-
ministration of turpentine. Several other workers
have described an a2=(acute phase) globulin that
can be detected in fetal, neonatal, pregnant and
tumor-bearing rats, but which cannot be detected in
normal adult rats (163,224-226). Therefore, it is
possible that a new protein is present in serum from
experimental animals in the present studies, but
this protein may have escaped detection by the im=

munological procedures employed. Failure to detect
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@ new protein may be explained by a low content of
such a protein in serum from experimental animals
used for the production of antiserum,

The fraction with the greatest increase in
protein-bound carbohydrate, when isolated from the
serum of experimental animals, was fraction 5b which

contained mainly o and (xzmglobulins and was

1=
responsible for about 40% of the increase in protein-
bound carbohydrate found in the serum of experimental
animals at 24-72h following inflammation. This
fraction was therefore used as the starting material
for the isolation of homogeneous acute phase globu-

lins for use in studies on the biosynthesis of sexrum

proteins that respond to inflammation.

Isolation and characterization of 0 ;-acid glycoprotein

and g ,-macroglobulin. Aan al»acid glycoprotein and

an a,-macroglobulin were isolated from fraction 5

by a combination of ion~exchange chromatography, gel

filtration and isoelectric focusing. The latter

technique was also employed to pPrepare serum albumin

which is not believed to be an acute phase globulin.
The alaacid glycoprotein appeared to be homo-

geneous when examined immunologically and by electro~

phoresis on starch and polyacrylamide gels. The



o l=acid glycoprotein contained 34% carbohydrate, had
a molecular weight of 43,000, an isoelectric point
of 2.95 and a sedimentation coefficient (SZO,W) of
3.3. Kawasaki gt al.(227) have reported the isola-
tion of an O l=acid glycoprotein from rat serum
which resembles that isolated in the present studies.
The total carbohydrate (34%) and composition of
carbohydrate of the o l«acid glycoprotein isolated
by Kawasaki et al.(227) was almost identical to

that found in the ul=acid glycoprotein isolated in
the present studies, although Kawasaki et al.(227)
suggested the presence of a trace of fucose in their
protein and reported a slightly higher hexose content
(15.3%), but a lower hexosamine content (8.3%).
However, the greatest difference between the two
proteins appears to be with their molecular weights.
Kawasaki et al.(227) reported a molecular weight of
35,000 for their o lwacid glycoprotein, considerably
lower than the molecular weight of the « l—acid
glycoprotein isolated in the present study (43,000}
the isoelectric point of the protein isolated by
Kawasaki et al.(227) was not reported. An o ,-acid
glycoprotein was also isolated from rat serum by

Zito et al.(228), but this protein was not character-

ized electrophoretically or immunologically. However,
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although the protein isolated by Zito et §;6(228);
had a similar molecular weight (45,000) and sedi-
mentation coefficient (SZOQW) 3.15 to thevd (-acid
glycoprotein isolated in the present work, its car-
bohydrate content was considerably lower (25%) sug-
gesting that it may not be the same protein.

Gordon and Louis(229) have also reported the isola-
tion of O luacuté phase globulins f£rom rat serum.
However, the proteins isolated by these authors had
higher isoelectric points (4.4-4.8) and lower carbo-
hydrate contents (approx. 14%) and are; therefore,
clearly different from the al»acid glycoprotein
isolated in the present work.

The ¢ j=acid glycoprotein that has been studied
in most detail in recent years is that isolated from
human serum. Human @lwacid glycoprotein is a well
characterized glycoprotein which is known to be an
acute phase protein present in human serunm (e.g.i61).
Although the carbohydrate content of human <Xl—acid
glycoprotein is a little hicgher than the rat protein
(Winzler(230) reports 40% carbohydrates Yamashina
(231) reports 41.3% carbohydrate) and the molecular
weight a little lower (Kawasaki et al.(227) reports
33,000; Bezkorovainy(232) reports 41,600 although

Winzler's group(233) reports 44,100) it appears that



the two proteins are not too dissimilar both having
a relatively high carbohydrate content, a low molec-~
ular weight and a low isoelectric point. Therefore,
it is not unreasonable to assume that both proteins
may function in a similar manner during the inflam-
matory process, thus making a study of the biosyn-
thesis and structure of the rat al—acid glycoprotein
isolated in the present work of particular importance,
The ay=macroglobulin was examined in a similar
manner to the almacid glycoprotein described above.
The <b~macroglobulin had a molecular weight of about
800,000, a sedimentation coefficient (Szoyw) of 198,
an isoelectric point of 4.6 and a carbohydrate content
of 15.9%., Although the ay=macroglobulin appeared to
be fairly pure when examined immunologically and by
electrophoresis on starch and polyacrylamide gels,
it was not apparently homogeneous since a faint pre-~
cipitin line, in addition to the main pPrecipitin
line, was usually observed on double diffusion
analysis in agar gels and a faint second band of
protein was often observed on disc electrophoresis.
It is possible, however, that the contaminating
material may be a degradation product of the & 5=
macroglobulin since a similar protein isolated from

human serum is known to be easily degraded during
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isolation (234). Although the isolation of 0=
macroglobulins from rat serum is reported in the
literature (235,236), little information is available
concerning physical properties and carbohydrate
contents of such proteins. However, similar Pro-
teins have been isolated from human serum and
characterized (e.g. 230,234,237), Although the
molecular weights and sedimentation coefficients of
human o,-macroglobulin (M.Wt., 850,000: Szoawg 19s)
are similar to those found for the .z-macroglobulin
isolated in the present work, the carbohydrate
content reported for the human protein (i.e. 7.8 -

9.8% carbohydrate) is somewhat lower than that found

for rat o,-macroglobulin (15.9% carbohydrate),

Determination of the contents of o,=-acid glycoprotein,

w=macroglobulin and albumin in serum from normal and

experimental rats. The l~acid glycoprotein and

%-macroglobulin isolated in the present work have
been recovered in a fairly pure form and have been
well characterized with respect to physical proper-
ties and carbohydrate composition. These proteins
would be suitable for study of structure and bio-

synthesis of proteins that respond to inflammation.,

These studies would be meaningful only if the proteins
b
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in question are first shown to be acute phase glo-
bulins increasing significantly in content as a
result of inflammation. Therefore the contents of
o l~acid glycoprotein, <X2=macroglobulin and albumin
in serum was measured using the quantitative pre-
cipitin technique. The content of albumin in serum
was also determined using an isotope dilution tech-
nigque. The content of Cxl=acid glycoprotein in
normal rat serum was found to be 2,36 + 0.08mg/ml
(mean of 10 values + standard error of the mean).
This result is similar to values reported by John
and Miller(238) for the content of an ¢,-acid gly-
coprotein isolated from rat serum by further
fractionation of the seromucoid fraction. The
content of al»acid glycoprotein in normal rat
serum, however, is about twice that reported by

Gordon and Koj(239) and Weimer et al. (219) for two

al—globulins isolated from rat serum., There was
about a six-fold increase in the content of o l=acid
glycoprotein in the serum of rats suffering from
induced inflammation when compared with controls
reaching a maximum at 48-72h after administration

of inflammatory agent. A similar increase in the

content of an ulmacid glycoprotein was reported by

John and Miller(238) in serum from rats exposed to



whole body irradiation. Darcy(240) reported a
seven-fold increase in content of an o laglobulin
in rat serum as a result of turpentine induced

inflammation,

The content of (xz—macroglobulin in rat serum
was found to be 3.31 + 0.15mg/ml (mean of 6 values +
standard error of the mean). This value is approxi-
mately twice that reported by others for the content
of o,-globulins in rat serum(219), The O,=Macro=-
globulin increased about four-fold in content as a
result of inflammation reaching a maximum at 48h
after administration of inflammatory agent. Both
al«acid glycoprotein and azwmacroglobulin studied
in the present work are clearly acute phase globulins
contributing to the increase in content of protein-
bound carbohydrate in serum as a result of inflamma-
tion. However, the contribution made by the a,-acid
glycoprotein to the increase in protein-bound carbo-
hydrate is probably greater than that of the &Za
macroglobulin in view of the higher carbohydrate
content of the al=acid glycoprotein (see Table 4).

The content of albumin in serum, determined
either by the quantitative precipitin technique or
an isotope dilution technique was found to be appProx-

imately 39mg/ml serum isolated from normal rats.
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This value generally agrees with that reported by
Peters(241) and Howe(242); however, it is higher

than that reported by other workers (214,219,243). The
content of albumin in serum from experimental animals
did not change appreciably at short times (4-12h)

of exposure to inflammatory agent. However, there
was a slight decrease in content of albumin in

serum from experimental animals at 24-72h after ad-
ministration of inflammatory agent. This observation
is in agreement with results reported by Neuhaus

et al. (214 ) and by Koj (213). The latter author has
suggested that the reduction in content of albumin

in serum at 24-72h following inflammation may be due
to a redistribution of albumin between plasma and

other body fluids,

Studies on the incorporation of L=leucine=3H and

D»glucosamine=l4c into serum proteins in control

and experimental animals

The increase in protein-bound carbohydrate
found in serum from experimental animals may be
explained by an increase in the rate of synthesis of
certain serum glycoproteins, or by a decrease in
their rates of catabolisnm. Therefore, an attempt

was made to detect changes in synthesis rates of
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proteins in experimental animals. The procedure
used involved measuring the specific radiocactivities
of 3Hcleucine and l4C=~glucosamine in o l«acid glyco=
protein, azmmacroglobulin and DEAE-cellulose frac-
tions isolated from serum from control and experi-
mental rats. In order to minimize errors due to
differences in pool sizes of amino acids between
individual animals serum albumin was used as a ref-
erence protein or internal standard in these studies.
The illustration that the content of albumin did not
change significantly in serum isolated from experi-
mental animals as compared to control animals sug-
gested that this protein was ideal as a reference
protein for the incorporation of labelled compounds
into other serum proteins. Use of albumin as a
reference protein was further supported by the fact
that there was little change in the specific radio-
activity of albumin in control and experimental
animals following incorporation of leucine, especially
at short times of exposure to inflammatory agent.
Since serum albumin is synthesized by the liver (95,
96 ), the use of this protein as a reference protein
will be valid only for those proteins synthesized by

this organ. With the exception of 7v=-globulins, all



serum proteins, including several acute phase re-
actants are synthesized by the liver. The results
obtained in the labelling studies for fraction 1

will therefore be subject to error since this fraction
contains <vy-globulins. In addition, results obtained
following labelling with glucosamine are not corrected
for differences in pool sizes between individual
animals, hence some fluctuation would be expected

from these studies.

In order to determine if there was an increase
in the synthesis rates of certain glycoproteins in
response to inflammation, serum samples obtained from
control and experimental rats which had been injected
with Lnleucine=3H and D=g1ucosamine~l4c 90 minutes
Prior to sacrifice were examined for the incorpora-
tion of these labelled precursors into fractions 1-7
obtained by chromatography of serum on DEAE-cellulose
and into al»acid glycoprotein and %—macroglobulina
The results presented for incorporation of labelled
brecursors into serum fractions; <xl=acid glycoprotein
and qzmmacroglobulin from control and experimental
animals suggest that the increased content of protein-
bound carbohydrate in the serum of experimental
animals is likely to result from an increase in the

rate of synthesis of glycoproteins such as the specific
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glycoproteins under discussion in this thesis. This
conclusion is in agreement with results obtained by
other workers using more accurate methods to study
the rates of synthesis of acute phase reactants
under in vivo (213,216,244) and in vitro (239)
conditions. A similar result has been reported by
Nauhaus et al. (214) for the incorporation of D-gly-
cine—l4c into the seromucoid fraction of serum iso-
lated from rats following sham operations. It is
unlikely that decreased catabolism of serum glyco-
Proteins is the main explanation for the increased
content of protein-bound carbohydrate in serum from
experimental animals, since one would not expect an
increase in the amount of labelled precursors incor-
porated into serum glycoproteins from experimental
animals. Moreover, preliminary studies by Robinson
(245) suggest that there may be an increased rate of
catabolism of serum glycoproteins as a result of in-
flammation. The exact mechanisms which result in the
increased rate of synthesis of serum glycoproteins
in response to inflammation is not known. However,
it may be assumed that the initial response to inflan-
mation is the release of some active substance from
the site of inflammation as suggested by Koj (213).

The active substance must operate at the site of
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synthesis of the acute phase reactants resulting in
an increase in their synthesis rates. Therefore, it
is important to study the biosynthesis of specific
acute phase globulins at their cellular and subcellu-
lar sites of synthesis in the organ responsible for
their manufacture. However, before detailed studies
can be undertaken, the cellular and subecellular sites
Of synthesis of the proteins under examination in the
pPresent work must be located. Unfortunately, for
technical reasons (see also Results) it was found
that it was impractical to perform biosynthetic
studies on all three proteins isolated in the present
work i.e. « l=acid glycoprotein, aznmacroglobulin
and albumin. Therefore, all subsequent studies were
restricted to the al-acid glycoprotein, an acute
phase globulin which contains a large amount of car-
bohydrate and which increases significantly in
content in serum, as a result of inflammation and
serum albumin, which is not an acute phase globulin
and, therefore, represents a protein which does not

apparently change as a result of induced inflammation.
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Imnunodiffusion studies on the biosynthesis of

albumin and @lsacid glycoprotein following incorp-

oration of Laleucine~3H and Daglucosamine—l4C:

determination of cellular and subcellular site of

synthesis.

In order to determine the cellular and subcellu-
lar site of synthesis of <Xl-acid glycoprotein and
albumin, immunodiffusion studies were performed in
which Lubrol extracts of various organs and subcellu-
lar fractions prepared from these organs were reacted
with antiserum to dlaacid glycoprotein or albumin
and the immunodiffusion plates were subsequently dried
and radioautographs prepared to determine which pre-
cipitin lines were radioactive. Lubrol extracts
prepared from the microsome fraction of rat liver
gave precipitin lines with antiserum to « l—acid gly=
coprotein that were labelled following administration
of 14:C,"unanu’.no acid or glucosamine as precursor. Simi-
lar Lubrol extracts gave precipitin lines with anti-
serum to albumin that were labelled after administra-
tion of amino acid as precursor, but not when gluco-
samine was used as precursor. This latter observation
probably suggests that albumin does not contain

carbohydrate at any time while passing through the



endoplasmic reticulum as was once suggested by
Schachter et al. (129). Precipitin lines formed by
extracts of the nuclear fraction were slightly
radioactive in some experiments, but not in others.
This labelling probably arose from slight contamina-
tion of the nuclear fraction by microsomal material,
Precipitin lines formed by mitochondrial and cell sap
fractions from liver and lines formed by extracts of
spleen and kidney contained no radioactivity. These
results indicate that the microsome fraction of liver
is the main or sole site of synthesis of both poly-
peptide and carbohydrate moieties of al=acid glyco-
protein. These results are in agreement with studies
on the site of synthesis of the polypeptide chain and
carbohydrate groups of an acidic glycoprotein fraction
studied by Simkin and Jamieson (206) in the liver of
the guinea pig. The results are also in agreement
with those of other workers studying more heterogenous
serum protein fractions (97,98,170,246-248),

Although differences occured in relative con-
centrations between albumin or alwacid glycoprotein
present in tissue extracts and serum, the precipitin
lines given by the tissue extracts formed reactions
of immunological identity with precipitin lines formed

by serum suggesting that proteins present in the
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extracts were similar or identical to those present
in serum. Experiments with heterologous human immune
systems indicated that labelling of precipitin lines
and immune precipitates represents the occurrence of
biosynthesis of alaacid glycoprotein and albumin
rather than the non-specific binding of radioactive
material to precipitin lines. The main procedure
used to extract microsomal material involved treat-
ment with Lubrol. Addition of 2.5% sodium deoxycho-
late which is believed to result in complete solubal-
ization of serum proteins from microsomal material
{204)to the residue remaining after extraction of
microsome material with Lubrol released little
further material that reacted with antisera to o 1=
acid glycoprotein and albumin. These results suggest
that Lubrol is a satisfactory extractant for solu-

balization of microsomal bound serum proteins.

Determination of the contents of albumin and o l=acid

glycoprotein in rat liver microsomes isolated from

normal and experimental animals

The content of albumin in the microsome fraction
isolated from livers from control rats was 0.39 +0,012
ng/g wet weight liver (mean of 10 values * standard

error of the mean). This value is similar +to that
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reported by Peters (241) and Morgan and Peters (249),
It is, however, considerably lower than that reported
by Glaumann and Ericsson (0.9 mg/g wet weight liver)
(111) and Marsh and Drabkin (0.59 mg/g wet weight
liver) (96 ) in liver slices. These discrepancies
could possibly be explained by the use of different
procedures to determine the content of albumin in

the fractions in question. The content of albumin

in microsome fractions of livers isolated from ex-
perimental rats did not change appreciably up to 12h
after the administration of turpentine. At 24-72h a
slight reduction was apparent. These results gen-
erally agree with the observation that the content

of albumin in serum was reduced at approximately the
same time period of 24-=72h after administration of
turpentine. The four to five=fold increase in
content of almacid glycoprotein in microsomes of
livers isolated from 8-12h experimental rats compared
to livers isolated from control rats was also

similar to the increase subsequently observed in
serum at 24-72h after induction of inflammation.

This observation suggests the existence a precursor
product type of relationship between increased micro-
somal almacid glycoprotein and increased serum 0. -

1
acid glycoprotein as a result of inflammation.
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Ultrastructural studies on livers from control and

experimental rats

The observed increase in the content of o 1
acid glycoprotein in the microsome fraction of livers
isolated from experimental rats led to the examina-
tion of liver cells under the electron microscope.
The alwacid glycoprotein is probably only one of
several glycoproteins (e.qg. haptoglobin, O ,=macro-
globulin) that respond by an increase in their
content in serum when inflammation occurs. Therefore,
it was thought that it would be of interest to compare
the appearance of liver cells from normal and experi-
mental animals. A surprising difference was found
between normal and experimental liver cells in that
there appeared to be a great proliferation of endo-
plasmic reticulum in experimental liver cells, with
less rough endoplasmic reticulum and more smooth
endoplasmic reticulum and Golgi apparatus. These
observations appear to be similar to those of Claude
(250) who examined regenerating livers. The apparent
increase in endoplasmic reticulum in experimental
liver cells is almost certain to be a reflection of
increased hepatic protein synthesis leading to an
increased capacity for storage of proteins by the

liver cell, In studies on the effect of growth
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hormone and tri-iodothyronine on protein synthesis,
Tata (251,252) has shown that in response to in-
creased hepatic synthesis of proteins induced by
hormones there is an increase in the production of
ribosomes, with more ribosomes being membrane-bound.
In addition, an increased rate of synthesis or
proliferation of phospholipids into microsomal
membranes was detected. Although it remains to be
seen whether changes in liver structure that occur
as a result of inflammation represents a hormonally
controlled process or not it is nevertheless clear
from the present work that increased hepatic pro-
duction of glycoproteins as a result of inflammation
is accompanied by significant changes in the cyto-

plasmic components of the liver cell,

Studies on the secretion of albumin and o ]uacid

glycoprotein in normal rats and rats suffering from

inflammation

Examination of the content of o l-acid glyco-~
protein and albumin in serum and liver microsomes
isolated from normal rats and rats suffering from
inflammation suggested that there was an increased
production and perhaps increased rate of secretion

of the ¢ l»acid glycoprotein, but not albumin, in



201

response to inflammation. In order to obtain some
information about the pathway of secretion of al«
acid glycoprotein and albumin in response to inflam-
mation, rats suffering from inflammation for 12h were
injected with Lnleucine=3H and D~glucosaminea14C and
sacrificed at 5,10,15,30 and 60 minutes after admin-
istration of isotope. Lubrol extracts of subcellular
fractions of liver microsome material were prepared
and the specific radioactivities of o l»acid glyvco-
protein and albumin determined. The pathway of
secretion of albumin did not appear to differ in
normal rats and rats suffering from inflammation.
Maximum labelling of albumin first occurred in the
rough membrane subfraction of microsome material.
This suggests that the albumin molecules are syn=
thesized on the ribosomes associated with the rough
endoplasmic reticulum. This has been previously
suggested by the demonstration that isolated rough
membrane subfractions of microsome material (204 ,253)
and also isolated ribosomes (254~256) can effect the
incorporation of labelled amino acid into rat serum
albumin. The curve for the smooth membrane sub-
fraction of microsome material rises more slowly to
its maximum, than that of the rough membrane sub-

fraction. These observations suggest that the
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labelled albumin which appears in the rough

membrane subfraction after 5-10 minutes subse-
quently appears in components of the smooth

membrane subfraction. Also, since no labelled
albumin was detected outside the cell for 15-20
minutes albumin was apparently not secreted directly
into serum from the rough endoplasmic reticulum.

The steeply rising portions of the curves for the
rough and smooth membrane subfractions (Fig. 39)

are about 4-5 minutes apart, implving that the
average albumin molecule spends about 5 minutes in
the rough endoplasmic reticulum. The results of
these studies are very similar to those described by
Peters (112,113) and also by Glaumann and Ericsson
(111), The Golgi fraction exhibited a higher specific
radioactivity than the smooth membrane subfraction

at the times examined. Generally, the curve for the
smooth membrane subfraction and the Golgi fraction
paralled one another initially. However, the specific
radioactivity of albumin in the Golgi apparatus was
higher in some cases than that in the smooth membrane
subfraction. Similar results were obtained by

Peters (113) and Glaumann and Ericsson (111), with
the exception that the specific radioactivity of

albumin in the Golgi fraction was also considerably
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higher at 20-30 minutes than that in the smooth
membrane subfraction. Similar results may have

been obtained in the present studies if experiments
had been carried out at 20 minutes after administra-
tion of labelled compounds. The early appearance

of labelled albumin in the Golgi fraction as compared
to the smooth membrane subfraction is difficult to
explain. As suggested by Peters (113) the early
appearance of labelled albumin in the Golgi-rich
fraction when compared with the albumin in the rough
and smooth membrane subfractions is not in accord
with a simple precursor, product relationship (257).
One reason could be the presence of previously

formed albumin in some components of the rough and
smooth endoplasmic reticulum which is temporarily
inactive insofar as secretion is concerned. This
albumin would not have incorporated the radioactive
tracer and would depress the measured specific
radioactivity per ug albumin present in the fractions.,
In addition there éould be differences in the contents
of albumin in the three fractions thus creating a
differential pool size effect. Another source of
unlabelled albumin in the rough and smooth membrane
subfractions might be attributed to albumin taken up

from the serum by pinocvtosis (258) into vesicles
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which cosediment with the fractions. The early
appearance of labelled albumin in the Golgi fraction
may be explained by contamination of the Golgi
fraction with components of rough and smooth endo-
plasmic reticulum. However, the absence of RNA and
the low glucose-6-phosphatase activity found in the
Golgi fraction does not favor such an explanation.
In addition, both Peters (113) and Glaumann and
Ericsson (111) who have done more exhaustive enzy-
matic purity checks on Golgi fractions, have pre-
sented the same results as in this study. Judging
from the curves obtained, the pathway of secretion
of albumin follows the seguence: rough surface endo-
plasmic reticulum———smooth surface endoplasmic
reticulum——— Golgi apparatus—— blood. These
results are in agreement with the sequence originally
proposed by Bruni and Porter for albumin (259) and
confirmed by Peters (113) and Glaumann and Ericsson
(111). There was no real apparent difference for
the pathway of secretion of albumin in subcellular
fractions obtained from livers of control rats and
rats suffering from inflammation for 12h. These
results support the previous findings that there is
little difference in the content of albumin in serum

and microsome fractions obtained from control rats
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and rats suffering from inflammation for 12h.

Eylar ( 40) and Schachter et al. (129) have suggested
that addition of carbohydrate components is obliga-
tory during secretion of proteins and that albumin
may carry carbohydrate groups at some time during
secretion and subsequently lose them. However,
analysis of albumin, isolated from the subcellular
fractions, for the presence of 14C (after injection
of Dwglucosamine-l4c into rats) failed to indicate
that at any time during the biosynthesis of albumin
were any carbohydrate groups present. As previously
discussed a similar conclusion was arrived at on
examination of autoradiographs following double
diffusion analysis on studies on the site of synthesis
of albumin. Lo and Marsh (260) were also unable to
find any labelling of plasma albumin by the Golgi
apparatus, when incubated with labelled UDP-N-
acetyl-~glucosamine,

Investigation into the incorporation of L=
leucineu3H into al—acid glycoprotein present in
subcellular fractions of microsome material from
control rats indicated that labelling of the poly-
peptide chain of uleacid glycoprotein first occurs
in the reugh surface endoplasmic reticulum

followed by the smooth surface endoplasmic reticulum
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and the Golgi apparatus. The steeply rising

portions of the curves for cxlaacid glycoprotein in
the rough and smooth membrane subfractions are about
5 minutes apart, implying that the average polypep-
tide chain of the al—acid glycoprotein spends about
5 minutes in the rough surface endoplasmic reticulum.
This appears to be approximately the same time as

was found with the albumin molecule discussed above.
Somewhat similar results to those described above
were obtained in studies on the pathway of secretion
of O l=acid glycoprotein in subfractions of microsome
material from rats suffering from inflammation.

There was, however, a slightly higher specific radio-
activity of @laacid glycoprotein isolated from
rough and smooth membrane subfractions, but not in
the Golgi fraction of experimental rats. However,
this difference in specific radioactivity is not
significant enough to suggest that there might be a
slightly greater synthesis of the polypeptide chain
of almacid glycoprotein in livers of experimental
rats in response to inflammation. Moreover, the
results are difficult to interpret since the pool
size of dlmacid glycoprotein in microsome material
at 12h following inflammation is significantly higher

than that in control animals,
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In the case of labelling with D-glucosamine-
l4C there was no one subcellular fraction obtained
from livers of control rats which contained <11=acid
glycoprotein of greatly increased specific radio-
activity with the possible exception of the Golgi
fraction isolated 15 minutes after administration of
isotope. The maximum labelling of @luacid glyco=
protein occured after 30 minutes in all fractions
from both control and experimental animals. How-
ever, the specific radiocactivity of @lmacid glyco-
protein isolated from subcellular fractions of
livers of experimental animals; 30 minutes after
administration of isotope was about twice that
observed in controls. This suggests that there is
an increased rate of attachment of carbohydrate to
brecursor molecules of &l-acid glycoprotein in
response to inflammation. It is more apparent from
the examination of the specific radioactivity of
14C in cxlmacid glycoprotein isolated from serum
samples from control and experimental rats that
there is an increased attachment of carbohydrate
groups to o l—acid glycoprotein in response to in-
flammation. For example, comparison of the amount

of labelled glucosamine incorporated into O _-acid

1

glycoprotein in serum of normal and experimental rats
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after 30 minutes, indicates that about 7 times more

radioactivity is present in o _~acid glycoprotein in

1
serum of experimental rats. The difference in
specific radicactivity of 140 in Cxlaacid glycoprotein
isolated from serum and subcellular fractions of
livers of control and experimental rats is noticeably
greater than the difference in specific radio-
activity of 3H in &l—acid glycoprotein isolated from
the same samples., This might tend to suggest that
the attachment of carbohydrate groups to polypeptide
chains of alaacid glycoprotein is more important
than polypeptide synthesis and may represent an
important rate limiting step in the biosynthesis of
molecules of the type under study especially in
response to inflammation.

The time required for the appearance of « 1~
acid glycoprotein in serum of normal rats was about
20 minutes. Lo and Marsh (260} also found a
characteristic lag of 20 minutes before appreciable
label appeared in serum lipoproteins. The
appearance of albumin in serum of normal and experi-
mental rats was also first noticeable at about 20
minutes, a result in accordance with Peters (113).

Peters (113), in comparing the secretion times of

albumin and the glycoprotein transferrin, found that
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secretion of transferrin reguired 80 minutes before
appreciable transferrin appeared in serum. This is
considerably longer than the time required for the
secretion of ulwacid glycoprotein into serum found
in the present study. Transferrin molecules,
however, appear to have a high affinity for membranes
(261,262), which might result in a slower rate of
secretion of the transferrin molecule. Redman and
Cherian (126) and Morgan and Peters (263) have also
discussed other reasons for the long period of time
required for the secretion of transferrin into serum.
It was suggested that different proteins (e.g.
albumin and transferrin) might be secreted via path-
ways or channels which are anatomically distinct
from each other, with the molecules of transferrin
moving at a slower rate, Anatomical segregation of
pathways could mean that synthesis of two proteins
takes place in different liver cells. However, it
has been shown that under conditions of increased
transferrin synthesis, 70% or more of the liver cells
react strongly with fluorescent anti-transferrin
serum, presumably because of transferrin synthesis
within them (264). It would seem unlikely that the
quantitatively greater synthesis of albumin was con-

fined to 30% of cells not containing demonstrable
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transferrin, Therefore; it is probable; that both
albumin and transferrin are synthesized within the
same cell and share the same pool of amino acids

and tRNA molecules. Similarily, it is probable that
albumin and o lmacid glycoprotein are synthesized in
the same liver cells, especially since these two
proteins are synthesized and secreted into serum at
similar rates,

The pathway of secretion of dl»acid glyco-
protein in normal and experimental rat livers as
judged from the results of incorporation of L-leucine-
3H into polypeptide appears to be rough endoplasnic
reticulum—-— smooth endoplasmic reticulum—— Golgi
apparatus——>blood. This is in agreement with the
secretion pathway suggested for plasma proteins by
radioautography (265,266) immunological examination
of an acidic glycoprotein fraction (2086) and data
from other studies (123-126), Examination of the

incorporation of D—glucosamine—l4C into 0O _-acid

1
glycoprotein did not reveal the pathway of secretion
since the specific radioactivity of the various
fractions reached their maximum at the same time

(30 minutes) after injection of isotope into the rat.

This probably indicates that glucosamine is being

added to the incomplete precursor o,-acid glycoprotein
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molecules as they pass from the rough to smooth
surface endoplasmic reticulum then to the Golgi
apparatus. Since there is some conversion of
glucosamine to sialic acids in rats and rabbits
(116,117), it is probable that some of the e
found in almacid glyvcoprotein isolated from the
Golgi apparatus resides in molecules of sialic

acid being attached at the terminal positions of

the al=acid glycoprotein molecule.

Possible mechanisms for the increased production

of ujmacid glycoprotein in response to inflammation.

The biochemical mechanism(s) responsible for
the increased production or synthesis of dlmacid
glycoprotein or other acute phase glycoproteins in
response to inflammation is generally unknown at the
present time. However, increasing evidence is
accumulating to indicate that certain hormones are
capable of controlling the synthesis of hepatic
enzymes and also plasma proteins synthesized by liver,
Studies on the effect of hormones on the synthesis
and regulation of hepatic tyrosine o-ketoglutarate
transaminase (66, 267) have led to several hypotheses
on the mechanism of hormonal regqulation of this

enzyme. An interesting hypothesis has been suggested



by Tompkins (267) (Fig. 42) with regard to enzyme
induction by steroid hormones in hepatoma cells
grown in culture (HTC cells). Steroids induce
tyrosine transaminase synthesis in these cells very
rapidly. The enzyme level rises from a basal level
for some hours and then reaches a plateau at a new
level, When the hormone is removed, the enzyme
activity falls back to a basal level. Actinomycin
administered at the same time as the hormone
abolishes the induction effect but given at the
plateau level causes superinduction of the enzyme.
These facts are explained by suggesting that message
for the enzyme is made at a constant rate and is
inactivated and destroyed by a repressor substance
(Fig. 44). The repressor is synthesized at a
constant rate on a message with shorter half-life
than that of the message for the enzyme. Addition
of the hormone interferes with the repressor action
so that less message is destroyved, more accumulates
and consequently more enzyme is synthesized.
Addition of actinomycin at the same time as the
hormone abolishes the hormone effect but does not
inhibit the basal production of the enzyme. Hence,
further synthesis of the enzyme (superinduction) is

seen in the presence of actinomycin. This hypothesis
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REGULATION OF PROTEIN SYNTHESIS

TAT Gene Regulatory Gene

Inactive R

Fig. 42
Scheme for Regulation of Tyrosine Aminotrans—

ferase Synthesis in HTC Cells,

This model depicts two genes which are con-
cerned with TAT biosynthesis and its control. The
structural gene is shown acting as a template for
the synthesis of a stable messenger RNA which in
turn codes for the enzyme. The regulatory gene is
shown acting as a template for a labile substance,
R, which interferes with both the appearance of
messenger RNA and with its translation. The steroid
inducer, S, is shown antagonizing the action of R.
Actinomycin D, depicted as "AMD", blocks the pro=-
duction of both R and TAT messenger. However,
since the messenger is stable, its concentration
does not immediately fall, whereas that of R
decreases rapidly after the inhibition of RNA

synthesis.



differs considerably from the Jacocb-Monod hypothesis,
placing control more at the translational rather
than the transcriptional stage in protein synthesis.
A second hypothesis for the biosynthesis and
regulation of tyrosine 0 =ketoglutarate transaminase
has been proposed by Kenny et al. (66) and is shown
in Fig. 43. These workers have studied the effect
of the hormones hydrocortisone, insulin and glucagon
on the biosynthesis of the enzyme. Hydrocortisone
is shown to increase the rate of production of
message allowing enzyme synthesis to occur. Similar
to the findings of Tompkins (267) hvdrocortisone
induces the enzyme as long as the hormone is admin-
istered, then enzyme activity falls to the basal
level when the hormone is removed. Insulin and
glucagon, however, elevate the synthesis of the
enzyme for only 2-3h, then the synthesis rate falls
to the basal level. Kenny has suggested that these
polypeptide hormones might be responsible for the
passage of pre-existing mRNA into the cytoplasm.
Thus, enzyme synthesis would be elevated guickly
but would continue only as long as the excess mRNA
persits and the induction could not be reinitiated
until the pool is reformed at a constant low rate

of RNA synthesis. An alternative suggestion has
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Suggested mechanisms of hormonal induction of
tyrosine o-ketoglutarate transaminase (66).
Hydrocortisone increases the production of mRNA for
enzyme synthesis. Insulin and glucagon are
postulated to act by increasing the rate of trans-
mission of mRNA from nucleus to cytoplasm or to
activate an inactive polysome pool precoded for
enzyme synthesis.
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come from the work of Pitot and his coworkers (268).
These workers postulate that there exists a cyto-
plasmic pool of inactive or partially active polysomes
encoded for the enzyme which is being induced. The
effect of the hormone is to activate the polysomes
so that the enzyme is synthesized. This postulation
also assumes that an inactive pool of mRNA becomes
activated to induce enzyme synthesis. There are
also other supporting data that suggests that
ribosomes are susceptible to hormonal control.
Tyrosine o ~ketoglutarate transaminase induction by

hydrocortisone in vivo is accompanied by a large

Pramie ol

burst in RNA synthesis (269,270) which virtually
encompasses all types of hepatic RNA; including rRNA
(271,272). Also, treatment of rats with insulin,
growth hormones, corticosteroids, thyroxine,
testerone and oestrogens is followed by enhanced
activity of the ribosomes for the incorporation of
amino acids in a cell free system (273). Martin and
Wool (274) have shown that insulin affects the large
ribosomal subunit, and, possibly the binding of tRNA
molecules to it., Barden and Korner (275) have found
a change in the small subunit of liver ribosomes as
a result of hypophysectomy. As previously mentioned

actinomycin blocks induction of transaminase by
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insulin and glucagon. Furthermore, there is some
evidence that the passage of RNA from nucleus +to
cytoplasm is also blocked by this antibiotic (276).
Thus, Kenny favours the idea of a nuclear pool over
a "polysome pool". However, both hypotheses are

open to further experimentation.

There are a few lines of evidence from past
studies on the biosynthesis of glycoproteins that
similar mechanisms for the increased production of
glycoproteins occur as that described for hepatic
enzymes. For example, hormones are also thought to
affect the synthesis of serum proteins. It has been
shown that, in vivo, the synthesis of o »=globulin
occurs only in the presence of the adrenal glands
(277). On the other hand, high blood concentration
of ul-acid glycoprotein with enhanced rate of in-
corporation of L—leucineul4c into @lmacid glvco-
protein(164,165,167,239) has been observed in adrenal-
ectomized rats. It has been possible to demonstrate
an absolute requirement for the steroid hormone
cortisol, for the synthesis of the azu(acute phase)
globulin to occur (166,277). However, in addition
to cortisol for the synthesis of o, =globulin to

2

occur, the rat must be injured. Therefore, some



218

substance, as yet unknown, must be bresent for the
synthesis of this particular serum protein., Increased
plasma concentrations of haptoglobin have been found
to occur after repeated injections of testosterone,
parathyroid hormone and cortisone (278). The effect
of insulin on the rate of synthesis of certain
plasma proteins has been investigated by Neuhaus
(243)., In these experiments incorporation of L=
leucine~l4C into seromucoid and albumin was measured
in rats rendered diabetic by means of alloxan. The
response to injury was found to be less in these
experimental animals than in normal animals. John
and Miller (249) have studied the effects of hormones
on the regulation of acute phase plasma protein
synthesis in the perfused liver. These workers
found that addition of a combination of insulin,
cortisol, growth hormone and an amino acid mixture
resulted in increased synthesis of fibrinogen,
haptoglobin, u2~(acute phase)globulin and dlwacid
glycoprotein. It was found that increased synthesis
of these four proteins was critically dependent

upon the presence of cortisocl. Studies involving
the use of known inhibitors of protein synthesis, to
prevent incorporation of labelled amino acids into

jlycoprotein have also sucgested some possible
gLycorx ag
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mechanisms by which the synthesis of glycoproteins
can be controlled. For example, Neuhaus et al.
(214) has suggested that the increased rate of
synthesis of the seromucoid fraction of serum of
rats is a result of induced transcriptional processes,
probably resulting from increased messanger RNA
production. These workers found, however, that
increased incorporation of D=glycine=14C into the
seromucoid fraction of actinomycin D-~treated but
uninjured rats took place 4h after the injection of
actinomycin D. Such a mechanism appears similar to
the "super-induction" of tyrosine transaminase by
actinomycin found by Tompkins (267). Inhibition of
incorporation of D=g1ycine»l4c into seromucoid after
treatment with puromycin also suggests that the
translational level of protein synthesis is affected.
The mechanism of the increased production or
synthesis of al=acid glycoprotein in response to
inflammation in the present work may be somewhat
similar to the schemes postulated from the data of
Tompkins {(267) (Fig. 44 ) and Kenny (66 ) (Fig. 43 )
for the induction of synthesis of tyrosine O -keto-
glutarate transaminase. As suggested by some
workers (163,213,216) there may be the release of some

factor from the site of tissue damage that is
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responsible either directly or indirectly for the
increased production or synthesis of acute phase
reactants. For example, this factor may be re-
leased from the damaged cells, circulate in the
blood, and then act on the liver %o cause an increase
in protein synthesis itself or in turn stimulate

the release of hormones capable of increasing the
production of proteins. In the present study it
would appear that the liver responds to inflammation
as early as 4h after subcutaneous injection of
turpentine. Thus, a relatively short time is re-
quired before sufficient messanger substance or
substances pass from the site of injury to the liver
to alter the rates of synthesis of alwacid glyco-
protein. Gordon and Koj (239) have observed a simi-
lar time period (i.e. 5h) for the onset of in-
creased synthesis of al—globulins and transferrin
in perfusion studies on livers isolated from rats

at various times after subcutaneous injections of
talc.

It is tempting to suggest that steroid
hormones may be involved in the stimulation of the
synthesis of acute phase globulins since several
workers performing studies in wvivo and in vitro,

have illustrated the need for the presence of
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corticosteroids for induction of hepatic enzymes
(e.g. tyrosine d-ketoglutarate transaminase and
tryptophan pyrrolase) (280-283) or the increased
synthesis of acute phase reactants (166,277). Also,
because actinomycin D blocks the induction of the
hepatic enzymes (66, 267) and has been reported to
block the acute phase response to injury in rats (214)
it has been suggested (214,283) that cortisol acts
somehow by enhancing transcription of DNA to produce
more functional messanger RNA for the synthesis of
the specific proteins in question. In the present
study the increase in specific radioactivity of

o l~acid glycoprotein in serum from experimental
rats compared to normal rats after administration of
L—leucine~3H suggests that there is some mechanism
operating which speeds up the production or synthesis
of the polypeptide chain. Thus the hypothetical
substance responsible for stimulating the synthesis
of ulmacid glycoprotein could be a steroid hormone
and the mechanism behind the increased production of
the polypeptide chain of ulaacid glycoprotein in
response to inflammation may be taking place at the
transcriptional level with an increase in the rate
of production of messanger RNA resulting in an

increased production of polypeptide chains of o lnacid
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glycoprotein. Such a hormone could also act according
to the scheme put forward by Tompkins (Fig. 42 ) for
the induction of tyrosine O-ketoglutarate transa-
minase in hepatoma cells. Sarcione (284) has pro-
posed that there is a derepression of the genetic
information coding for the g 2~(acute phase) globulin
when injury occurs in the rat. This derepression
allows production of the specific messanger RNA and
thus az-(acute phase) globulin synthesis. However,
increased synthesis of messanger RNA by a hormone
could only affect those proteins where the turnover
of messanger RNA is rapid or those proteins (e.q.

a Za(acute phase) globulin) which were not previously
synthesized by the cell. Thus, transcriptional
stimulation is probably not the only mechanism for

the increased production of O .-acid glycoprotein

1
in response to inflammation. In the present study
the electron micrographs indicate a tremendous
proliferation of membranous material in experimental
rat liver cells compared to control rat liver cells.
This would tend to suggest that increased transla-
tional activity may also be responsible for an
increased production of O 1=acid glycoprotein. Thus,

there may be some mechanism operating at the ribo-

somal level which provides a greater number of
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membrane bound polysomes for the purpose of increased
production of polypeptide chains of alaacid glyco-
protein. Such a mechanism could involve hormonal
control of protein synthesis on cytoplasmic ribo-
somes (Fig. 45). Tata (251,252) has indicated that
hormones increase the rate of incorporation of
labelled phospholipids into membranous components,
This effect may be a consequence of a specific action
of the hormone or it may reflect a direct assembly

of the whole protein synthesizing unit. Whatever

the reason for the increased membrane proliferation
it is almost certain that the membranous components
play a vital role in the biosynthesis of almacid
glycoprotein and other acute phase reactants. For
example, studies by Tetas et al. (127) and Caccam

et al. (120) have shown that glucosamine and mannose
are involved with a lipid intermediate prior to
attachment to the polypeptide chain of trichloroacetic
acid precipitable protein. Since nucleotide sugars
are known to be added to the polypeptide chain while
it is being sequestered through the endoplasmic
reticulum it is possible that lipids in the membranes
act as carriers of the sugars to the enzyme reaction
site for attachment to polypeptide as has been

described for bacterial cell wall synthesis (285,286).



In addition, Mookerjea (287) has shown that there
is an impairment of incorporation of radioactive
glucosamine into the trichloroacetic-acid-insoluble
fraction of rat plasma during early choline deficiency.
It also appears that the synthesis of specific proteins
that are to be complexed with carbohydrate in the
smooth endoplasmic reticulum and Golgi apparatus
are affected in choline deficiency and that there
is little defect of ribosomal polypeptide synthesis.
Thus choline deficiency could conceivably result in
an impairment of membrane regeneration and as a
consequence impair the stimulation of sugar trans-
ferases responsible for the attachment of sugars to
polypeptide chain.

In evaluating the possible sites for regulation
of the synthesis of glycoproteins, it is important
to appreciate that attachment of the carbohydrate
is mainly a postribosomal event and is not under
direct genetic control. Roseman and coworkers (137)
have isolated and purified a series of monosaccharide
glycosyltransferases each of which transfers one
type of sugar residue from a sugar nucleotide either
to the functional group of the side chain of a
peptide=bonded amino acid residue or to a monosaccha-

ride unit already present. In the pPresent studies
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the greatiy observed incorporation of D-glucosamine-
14C into ulaacid glyceoprotein isolated from livers
from experimental rats compared to normal rats

would tend to suggest that the attachment of the
carbohydrate groups may well be the main limiting
factor in the production of almacid glycoprotein,

In turn, a reason for the increased rate of attachment
of carbohydrate groups would be the availability of
various glycosyltransferases responsible for the
attachment of individual sugars. If this were the
case, then certain hormones may increase the rate of
synthesis of (amacid glycoprotein by stimulating

the production of enzymes, possibly according to

the scheme put forward by Tompkins (Fig. 42). The
increased availability of these enzymes would also
allow for the glycosylation of the increased amount
of ﬁmacid glycoprotein present in the endoplasnic
reticulum. A study on the rate of synthesis of
purified glycosyltransferases in liver of control

rats and rats suffering from inflammation would

provide an answer to such a question.

A scheme postulating the various possible
mechanisms behind the increased rate of production
of aleacid glycoprotein in response to inflammation

is shown in Fig. 44, This scheme is an intregation
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of the postulation of Kenny et al. (66) and
Tompkins et al. (267) for hormonal induction of
tyrosine a-ketoglutarate transaminase, the
postulation of Schachter et al. (129) for the role
of glucosaminyltransferases in attachment of car-
bohydrate to glycoprotein, the limited evidence
existing on the biosynthesis of acute phase react-
ants in response to injury, and evidence presented
in this thesis for the biosynthesis of alaacid

glycoprotein in response to inflammation
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Proposals for future work on the biosynthesis of

alaacid glycoprotein in response to inflammation

In the scheme put forward in Fig.44, illus-
trating the possible mechanisms for the increased
production of alnacid glycoprotein in response to
inflammation, most of the control levels have been
suggested on the basis of studies on hormonal in-
duction of hepatic enzymes, supplemented by some
additional information on the biosynthesis of acute
Phase reactants and evidence presented in this thesis.
However, there is very little known about the actual
controls involved in the increased production of
o l-acid glycoprotein or other acute phase reactants
in response to inflammation.

The isolation and characterization of a
homogeneous @l»acid glycoprotein reported in this
study will now allow for a detailed study of the
factors controlling the biosynthesis of this protein
in response to inflammation. Thus, further in viveo
studies employing the effect of various hormones on
the biosvnthesis of alwacid glycoprotein, coupled
with data obtained from studies on protein synthe-
sizing inhibitors should help to pinpoint the

important control positions that influence the
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biosynthesis of acute phase reactants such as the
al~acid glycoprotein. Furthermore, in vitro studies
using cell free systems, liver cell suspensions
liver slice systems, isolated liver perfusion
technique should help to confirm the in vivo studies.
As well, the use of these in vitro systems would
help to avoid confusion in interpretation of in vivo
results because of metabolic breakdown of hormenes
administered in vivo.

The present study seems to indicate that there
is an increase in the rate of attachment of sugar
molecules (i.e. glucosamine and probably sialic acid)
to the polypeptide chain of alaacid glycoprotein.
Therefore, it is possible that the attachment of
sugars to polypeptide may be a controlling factor
in the regulation of the biosynthesis of alwacid
glycoprotein. This suggestion thus provides an
interesting approach to a study on the glycosaminyl
transferases responsible for the attachment of
sugar molecules to the polypeptide chain of almacid
glycoprotein. Therefore, an important study lies in
the effect of inflammation on the activities, contents
and biosynthesis of the enzymes themselves to de-

termine if there is an increased production of the

transferases as a result of inflammation which might
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result in increased attachment of sugars to poly-
peptide chains,

Studies on the biosynthesis of carbohydrate
prosthetic groups of (xlmacid glycoprotein should
also be studied in a cell free system which is
capable of incorporating labelled sugars into o 4=
acid glycoprotein. It is possible to study the
effect on the biosynthesis of carbohydrate prosthetic
groups in a cell-free system is that the pool size
of the labelled precursor used can be reduced re-
sulting in the preparation of material of higher
specific activity than could otherwise be obtained
by studies in wivo.

The nature of the hypothetical substance X
(see Fig. 46) is not known. An increase in rates of
synthesis of acute phase plasma proteins has been
reported when livers isolated from normal rats were
perfused with blood from acutely injured rats (173,
288); however, subsequent studies have not confirmed
these observations (220,239). Further studies of
this nature are required in order to locate the
hypothetical substance that causes the increase in
synthesis of acute phase reactants. Studies are
required to isolate and characterize such a substance,

Such an accomplishment is difficult, but would be a
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major advance in determining the mechanism behind
the acute phase response to injury.

Finally, little is known about the function
of serum glycoproteins. It may be possible by
studying the catabolism of al—acid glycoprotein,
to reveal the function of this protein which might
shed some light on the reasons behind the increased
content of this protein in serum found as a result

of inflammation.
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SUMMARY

Studies have been carried out to determine
the effect of turpentine-induced inflammation on
the biosynthesis of rat serum proteins. The effect
of inflammation on rat serum proteins has been
studied at short time periods of exposure to inflam-
matory agent (5-96h). There was an increase in
protein-bound hexose and hexosamine of serum reaching
a maximum at 48h after administration of turpentine.
Eight fractions were prepared from serum by a
combination of chromatography on DEAE-~cellulose and
preparative electrophoresis on strips of gelatinized
cellulose acetate. Most of the increase in protein-
bound carbohydrate (77-86%) found in serum from
experimental animals was located in three fractions
following the fractionation procedure: immunological
studies revealed the presence of fibrinogen and
haptoglobin in two of these fractions. There was
no evidence for the presence of a new protein in
serum at short times of exposure to inflammatory
agent. Proteins present in the perchloric acid
soluble and seromucoid fractions of serum were
found in five fractions, only two of which contributed

to the increase in protein-bound carbohydrate of serum
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found as a result of inflammation.

Rat serum albumin, an ao l»acid glycoprotein
and an mzumacroglobulin were isolated from serum
from rats suffering from inflammation for 48h by a
combination of ion-exchange chromatography,
Sephadex gel filtration and isoelectric focusing.
Immunological characterization of the proteins in-
dicated that albumin and o l«acid glvcoprotein were

homogeneous proteins while the a,-macroglobulin

2
possibly contained a minor contaminant. The carbo-
hydrate compositions and some physical properties

of the alwacid glycoprotein and o >
were determined. The o l~acid glycoprotein contained

~macroglobulin

34% carbohydrate, had an isoelectric point of 2.95
and a molecular weight of 43,000. The o ,~macro-
globulin contained 16% carbohydrate, had an iso-
electric point of 4.60 and a molecular weight of
about 800,000,

A quantitative precipitin technique has been
employed to determine the contents of ai=acid
glycoprotein, u2amacroglobulin and albumin in serum
from control rats and rats suffering from induced
inflammation for 5-96h. There was an increase in

the content of « l»acid glycoprotein and o ,-macro-

2
globulin in serum from experimental animals reaching



a maximum at 48-~72h after administration of inflam-
matory agent indicating that both proteins are
acute phase globulins., There was only a siight
change in the content of albumin in serum from
experimental animals when compared with controls.
Studies involving incorporation of L-leucine-
3 . 14
H and D-glucosamine-=" C as precursors of glyco-
protein biosynthesis into heterogeneous serum
l—acid glvcoprotein and @2»

macroglobulin indicated that the most likely explana-

fractions and into ¢

tion for the increase in protein-bound carbohydrate
in serum fractions and for the increase in content
of

-acid glycoprotein and o _-macroglobulin in

%1 2
serum from experimental animals was an increase in
the rates of synthesis of these proteins.

The cellular and subcellular site of synthesis
of albumin and (ll—acid glycoprotein was investigated
by studies in vivo up to 15 minutes after the in-
jection of labelled precursors into rats. Subcellular
fractions isolated from liver, spleen and kidney were
extracted with Lubrol-W., Extracts were reacted with
antisera by double diffusion analysis and gels were
subsequently subjected to radiocautography. With
amino acid as precursor, only extracts of the micro-

some fraction of liver formed lines to antiserum +to
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albumin and to antiserum to @l=acid glycoprotein.
Most precipitin lines formed by Lubrol extracts of
liver microsomes interacted with lines given by rat

serum or Ul~acid glycoprotein or albumin, reactions

of identity being apparent in most cases.

*

A quantitative precipitin technigque was

employed to determine the content of ¢ 1

protein and albumin in microsomes isolated from

—~acid glyco=-

livers from control rats and rats suffering Ffrom
inflammation for 5-48h. There was an increase in
the content of (xl=acid glycoprotein in microsomes
isolated from livers from experimental rats reaching
a maximum at 12h after administration of inflammatory
agent. There was only a slight change in the content
of albumin in microsomes isolated from livers from
experimental animals when compared with controls,

Incorporation studies with L«leucine~3H and

. 14

D-glucosamine-"""C to determine the pathway of

secretion of albumin and o .-acid glycoprotein in

1
components of microsome material indicated there was
little difference in the rates of secretion of these
proteins in normal and 12h experimental rats. The

pathway of secretion for both proteins proved to be

rough endoplasmic reticulum-———smooth endoplasmic

reticulum——Golgi complex———serum. There was an



236

increase in specific radioactivity of 3H in o laacid
glycoprotein in serum of experimental rats compared
to normal rats. Thus, there may be some mechanism
operating at the transcriptional or translational
level of protein synthesis in response to inflamma-
tion to effect an increase in the production of the
polypeptide chain of al~acid glycoprotein. There
was a two=-fold increase in specific radiocactivity
of 14C in ul=acid glycoprotein isolated from the
Golgi complex of livers from experimental rats com-—
pared to control rétse There was a seven-fold
. . s . - 14, . .
increase in specific radiocactivity of C in o lmac1d
glycoprotein in serum from experimental rats
compared to control rats. This suggests that there
is an increased incorporation of sugars into o 1=
acid glycoprotein in response to inflammation. Thus,
the rate of incorporation of carbohydrate into in-
complete molecules of ul—acid glycoprotein as they
are sequestered through the rough to smocoth endo-
plasmic reticulum to the Golgi complex may be a
regulating factor in the biosynthesis of <xl~acid
glycoprotein and possibly other acute phase reactants.
Since there was an increase in microsomal

al~acid glycoprotein in livers from experimental rats

and there was no apparent change in the rate of
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secretion of this protein, liver must be accoma-
dating increased amount oOfF &lnacid glvcoprotein
and perhaps other acute phase globulins as a result
of inflammation. An electron microscope study
revealed changes in the membranous components of
the cytoplasm in livers from experimental rats
which may be related to an increased capacity for
storage of acute phase globulins,

The results are discussed in terms of the
current views on the biosynthesis of glycoproteins
and the effect of hormones on the regulation of

hepatic enzymes and acute phase globulins.
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APPENDIX

During termination of the studies on the
pathway of secretion of albumin and al“acid glyco-
protein, a report appeared in the literature
criticizing the use of antiserum to precipitate
homologous radioactive protein from tissue extracts
for purposes of calculating specific radioactivities.
Judah and Nicholls (289) have suggested that the
antigen precipitated is not of radiochemical purity,
thus leading to large errors in the calculation of
the specific radioactivities of proteins. It has
been shown that a good proportion of the radioactivity
precipitated is associated with nonspecific bound
proteins or free amino acids associated with the
precipitate. Consequently, proteins (e.g. serum
albumin) have been purified to radiochemical purity
by ion-exchange chromatography (289), However, the
work presented in the above studies did not include
a preliminary series of preprecipitations with, for
éxamplea a heterologous immune system (e.g. human or
chicken albumin) as used in the present study and
by other workers (95,113). Therefore, one would
expect nonspecific radioactivity to be associated
with homologous precipitates obtained without prior

preprecipitation of the extracts to remove “free"
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radioactivity. Nevertheless, an experiment was
carried out to ensure that the radioactivity of the
albumin and al»acid glycoprotein precipitates
isolated in the present work was in actual fact due
to radiochemically pure antigens. After preprecipi-
tation of tissue extracts, antiserum to albumin or
alwacid glycoprotein was added and the precipitates
so obtained were dissociated by dissolving in 0,5M-
glycine buffer, pH 1.5. The antigen released from
the precipitate was recovered by gel filtration on
Sephadex G=-200. The radiocactivity of the recovered
antigen was then compared to that of the precipitate
before dissociation in glycine buffer. Not less than
90% of the specific radicactivity was found to be
associated with the antigen. In addition, the total
number of counts was the same after separation of
the antigen on Sephadex G-200 as compared to the
total counts in the precipitate before dissociation
in glycine buffer. Therefore, on the basis of these
preliminary experiments it was concluded that the
antigens precipitated in the studies on the pathway
of secretion of albumin and alcacid glycoprotein
were of radiochemical purity and that the specific

radioactivities calculated were valid.
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