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Abstract

The significance of segregation of mammalian polyribosomes into
bound and free classes is a topic of research capable of lending insight
into many biochemical processes. This segregation seems to be important
in consideration of evidence for preferred synthesis of secretory.
proteins oﬁ bound polyribosomes and intracellular proteins on free
polyribosomes. The effect of induction of acute phase reactant synthesis
was examined on rat hepatic RNA metabolism and the hepatic distribution
of polyribosomes. Emphasis was placed on aj~acid glycoprotein as a
typical example of an acute bhase reactant. The effects on.polyribosome
distribution of induction of ferritin synthesis by iron administration
and metallothionein synthesis by zinc administration were also examined.
Ferritin and metallothionein were considered to be examples of intra-
cellular proteins.

Quantitation of bound and free polyribosome levels revealed that
acute inflammation resulted in a shift of polyribosomes into the bound
class as a result of increased levels of heavier aggregates of poly-
ribosomes 18 h after inflammation. Induced synthesis‘of intracellular
proteins did not induce a similar.shift of polyribosomes into the free
class.

Synthesis of al—acid glycoprotein and albumin were shown to occur .

preferentially on bound polyribosomes by immunochemical reactivity

-of nascent polypeptide chains on polyribosomes. These studies showed

that inflammation elevated aj;-acid glycoprotein polyribosomal mRNA

levels. Studies using an in vitro translation system suggested



preferential synthesis of aj-acid glycoprotein on bound polyribosomes.
Studies of orotate incorporation showed that rRNA levels increased

as early as 4 h, while mRNA levels increased about 8 h after
inflammation.

Changes in the levels of mRNA transcripts alone could not account
for all the observed changes in polyribosome distribution. Assays of
total alkaline ribonucleasé levels showed that while this enzyme may
be important to hepatic polyribosome distribution during acute
inflammation, it does not account for the changes following iron and

zinc administration.
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Introduction

Site of protein synthesis

The mammalian liver is an organ capable of modulating many

biochemical and physiological changes that mammals are required to
contend with, Biochemical mechanisms which accomplish these changes
often involve biosynthesis of intracellular proteins and proteins

which are secreted into the plasma. Control mechanisms for the. bio-

synthesis of these proteins are not fully understood at thisbéiméi':'
Proteins are synthesized on polyribosomes formed by the
aggregation of ribosomal subunits on strands of mRNA. There are two
classes of mammalian polyribosomes, bound polyribosomes which are
attached to the endoplasmic reticulum and free polyribosomes which
are found in the cytosol. Examination of the site of synthesis of
proteins (1-3), as is shown in Table 1, leads to the conclusion
that secretory proteins are synthesized primarily on bound pélyribo-
somes. Evidence for stating that intracellular proteins are synthe~
sized on free polyribosomes is not as convincing.

The significance and consequences of the segregation of poly-

ribosomes into two classes is a topic of research that is capable of
lending insight into many other biochemical processes. Secretory

proteins must pass through a membrane before they are secreted into

the sinusoids of the liver. Modifications such as partial proteolysis,
glycosylation and hydroxylation often occur before secretion. Both.-
secretion and post-translatienal modification are processes associ-

ated with membrane structures and as such localization of secretory
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Table 1

Synthesis of Proteins on Free and Bound Polyribosomes

Protein%* Synthesis of protein per mg RNA
in bound:free polyribosomes

Secretory Proteins

Serum proteins

Albumin

Albumin

Albumin*#*

o—-globulins

a-globulins
B~lactoglobulin

aj~acid glycoprotein®##*

=

=
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Intracellular Proteins

(%)}

Ferritin

Ferritin

Arginase

Myosin

Serine dehydrogenase
Serine dehydrogenase
Catalase

Catalase

Catalase

O e e e e
= e .
=N

as o0 9s (N
= e B L~ Ut

Membrane Proteins

NADP~cytochrome c-reductase 1:1
0.1

NADP-cytochrome c—-reductase 4-1,5:1

* Unless otherwise noted, examples were taken from (1) which cites
the work of several authors. Different values cited represent
differences in tissues, assay techniques or physiological states.
*% Taken from (2) where albumin mRNA was directly assayed.

*%% Taken from (3). '




protein synthesis on membrane-bound polyribosomes has a special

significance., Similarly, localization of the synthesis of intracellu-

lar proteins, which are neither secreted nor modified as secretory
proteins are, would seem to have a significance. There are many

factors which determine the distribution of ribosomal RNA between

bound and free polyribosomes as well as between ribosomal subunits

and polyribosome aggregates of various sizes. If, under a set of

conditions, the distribution of ribosomal RNA is controlled

primarily by the mRNA transcripts initiating protein synthesis, then
analyses of polyribosomes could provide some insight into mRNA
metabolism. Experiments with animals in other‘physiological states
could provide insight into the capacity of the liver to meet
requirements for protein synthesis and the mechanisms by which the
translation process is controlled. The work presented in this thesis
has attempted to more fully elucidate these aspects of the biochemistry
of the mammalian liver.

Mammalian RNA metabolism

RNA metabolism in mammalian systems involves a complex interrela-
tionship of all forms of nucleic acids as is shown in Figure 1. Species

of RNA are transcribed as precursors which are later processed in the

cell nucleus into forms that are active in the cytoplasm. Both the
transcriptional and processing events offer opportunity for regulation
of later cytoplasmic events. Transcription and processing of mRNA

are of special relevance to the topic of differential expression

of genes. Transcription of mRNA has been reviewed by Goldberger




Fig. 1.

General Scheme of Mammalian RNA Metabolism

Adapted primarily from the text of (7) and (8)

Abbreviations used are:
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termination of polypeptide synthesis

cytoplasmic RNA degradation
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(4), Stein et al. (5) and Potter (6). The topic of processing of
mRNA has been reviewed by Greenberg (7) and Revel and Groner (8).

| Primary transcripts of mRNA or pre-mRNA are generally acceﬁted
(7) to be heteronuclear RNA (hnRNA). Molecules of hnRNA may be larger
than 107 daltons while mRNA molecules are generally smaller than

. 2 x 10°® daltons. The majority of hnRNA does.not enter the cytoplasm
but rather is degraded in the nucleus. Those molecules of mRNA that
are transported into the cytoplasm are not necessarily translated

aé a matter‘of consequence; Control can be exerted over the processes
of initiation, elongation and termination of polypeptide synthesis,
as well as degradation of mRNA which will prevent entry or re—entry
into the pool of translatable mRNA,

It is known that mRNA may bind specific classes of protein.
There have been a number of functions suggested for these messenger
ribonucleoprofein particles (mBNP) which include involvement in
messenger storége, transport and initiation (9). These mRNP have
_sediﬁentation properties similar to ribosomal subunits (7) and thus
mRNP and ribosome subunits are indistinguishable under some conditions
for sedimentation analyses of polyribosome populations. It has been
suggested that binding of specific_proteins may result in an'untrans—
latable ﬁRNP, whereas dissociation of binding proteins results in
translation of the free mRNA transcript (7). Translation of rat liver
. ferritin may be controlled post—transcriptioﬁally in this manner (10).
There also is evidence to suggest that proteins associated with mRNA

transcripts may be involved in other ways in the translation process (9).
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One of the differences between eukaryotes and prokaryotes is that
eukaryotes have polyribosomes which are bound to the endoplasmic
reticulum while prokaryotes do not have this membrane structure,
Hé&ever, it should not be forgotten that there is evidénce that the
synthesis of some bacterial proteins occurs with the nascent chain
attached to the cell membrane (11). The experimental data presented

'in Table 1 suggests that segregation of polyribosomes into free and
bound classes 18 a process which may be capable of aetermining the
fate of proteins.

Many éf the features of cytoplasmic mRNA are acquired during
the:maturation process (8). The enzymic activities involved in the
proceésing events are presented in Figure 2. The primary transcripts
of mRNA contain sequences which will appear in the processed mRNA

‘separated by intervening sequences, which will be cleaved from the
molecule., A stretch of fifty to two hundred adenine residues is

added to the 3'~terminus of the primary transcript as a post-—~
‘transcriptional event. This may occur as a nuclear event prior to the
processing of hnRNA, or as a cytoplasmic event (8). It is currently
thought that at an early step of the maturation process, some internal
adenine residues are methylated at the 6 position of the nitrogenous
base. A guanine residue is also added at the 5'-terminus and then
methylated at the 7 position of the nitrogenous base, Tonnucleotides
‘adjacent to the 5'-terminal guanine are methylated at the 2' position
of ribose to form a "cap" structuré with the 5'-terminus methylated

guanine residue. The 5' cap structure has at least two functions in




Fig. 2. Maturation of messenger RNA

Adapted from (8)

Abbreviations used are:
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Symbols used are:
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phosphate

methyl group, nitrogenous base is
methylated if written on left side of
the base, sugar is methylated if written
on right

translatable transcript
leader sequence

sequences which are cleaved from hnRNA
during processing
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mRNA translation. Thé 5'—terﬁinal methylated guanine is recognized
during initiation and the cap itself protects the mRNA from 5'~
exonucleol&tic degradation (8). At a later stage of the maturation
process, intervening sequences are cleaved out of the transcript

to leave a '"leader sequence" on the 5' side of the initiation codon.
The.leader sequence has been implicated in such processes as initiation
and the binding of pfotéin to form mRNP., The processed mRNA that
results from the maturation process'is the form of mRNA which will

be transported into the cytoplasm to be translated.

Translation bf messenger RNA

Initiation of protein synthesis is essentially a two step
process as is shown in Figure 3. First, the initiation region of a
mRNA transcript binds to a complex of 408 ribosomal subunit,
initiation factor 2 and GTP. This process requires the initiation
factors usually referred to as 1, 2, 3, 4A, 4B and 4C as well as the
expenditure of energy as ATP, Binding of the 60S ribosomal subunit
is the second step of initiation and requires initiation factor 5
which also has a GTPase activity. The 80S monoribosome formed by the
aggregation of ribosomal subunits is incapable of protein synthesis
without an adequate supply of AA-tRNAs and transfer factors.

There is a growing amount of evidence that the initiation step
of protein synthesis allows for a selection and discrimination of
mRNA transcripts as is discussed by Revel and Groner (8). In a
reticulocyte lysate translation system, increasing levels of hemoglobin

mRNA decrease the ratio of synthesis of o- to B-hemoglobin. An




Fig. 3.

Initiation and Translation of messenger RNA

Adapted from (8,12 & 15)

Abbreviations used are:
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AAAA
" 408
Met-tRNA
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608
AA-tRNA

RER

initiation codon
poly(A) tract

small ribosomal subunit
methionyl-tRNA

complex of 40S, Met-tRNA, GTP and
initiation factor 2

large ribosomal subunit
amino acyl-tRNA

rough endoplasmic reticulum
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explanation invoked to explain this observation relies on the
arguﬁent that a-globin mRNA.depends on.cap recognition while B-globin

mRNA,depends on initiation factor 4B binding during the initiation

event. Other examples of apparent selection and discrimination

support models of initiation coﬁtrol.

Elongation of polypeptides requires amino acyl tRNAs, élongation
or transfer factors and fhé expenditure of energy as GTP. Elongation
factor 1, which previously had been referred to as transferase 1,
is responsible for the transfer of AA-tRNA into the acceptor site on
the ribosome. A component of the large ribosomal subunit catalyzes
thetfofmation of the peptide bond and elongation factor 2 translocates
the peptidyl-tRNA into the donor site of the ribosomes. A more detailed
discussion is presented by Wainwright (12).

As previously mentioned, polyribosomes synthesizing polypeptides
can exist in one of two states, free in the cytosol or bound to a
membrane sqch as the endoplasmic reticulum. Discussions on the nature
of the interaction between ribosomes and membrane are presented by
Rolleéton ), Shoreband Tatav(13) and McIntosh and 0'Toole (14).

These authors discuss evidence to support the existence of interactions
between components in the membrane and the leader sequence or poly(A)
tract of mRNA, specific sites on ribosomal subunits or the nascent
chain synthesized by the polyribosomes.

A modei‘that offers an explanation for the synthesis of secretory
proteins on bound polyribosomes (Table 1) has been proposed by Blobel

and Dobberstein (15) and elaborated upon by Blobel (16). These workers
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and others (15,17) have found that primary translation products of mRNA
coding for secretory proteins are largervthan the products secreted in
vivo. The "signal" hypothesis proposed by Blobel and Dobberstein, and
shown in Figure 4, proposes that there exist "sigﬁal" codons 3' to the
initiation codon for a "signal" sequence.which will interact with
membrane pfoteins prior to completion of the nascent polypeptide chain.
In this model, the "signal" peptide-membrane protein interaction brings
about the aggregation of some membrane proteins to form a tunnel
through which the nascent chain can pass into the lumen of the endo-
plasmicvreticulum. It is also proposed that the interaction between
thé nascent chain and membrane proteins is further stabilized by a
ribosome~membrane protein interaction. Blobel and Dobberstein found
that during immuﬁoglobulin synthesis, proteolysis of the "signal"
peptide occurred prior to completion and release of the polypeptide
from the ribosome and suggest that this may be an universal occurrence.
This model has been extended by Blobel beyond the insertion of secretory
proteins thfough the endoplasmic reticulum to include the insertion of
membrane proteins into the endoplasmic reticulum and mitochéndrial
membrane, and the process by which the conformation of these proteins
in these membranes is assumed (16).

A number of amino terminals of secretory proteins have been
identified from the products of in vitro translation systems utilizing
pqrified exégenous mRNA (15,17). These sequences are generally hydro-
phobic in nature, and are apparently cleaved before completion and

release of the nascent chain from the ribosomes. In addition to these




Fig. 4. The "Signal" Hypothesis of Blobel and Dobberstein

Taken from (15)

Symbols used are:
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sequences, proteins such as albumin, parathyroid hormone, trypsin,
insulin and glucagon are known to contain extra sequences which are
cleaved from the tramslation products (17,19). Although no generally
accepted nomenclature exists for precursor proteins, it has been
suggested that the designation "pre" should be adapted for precursor
proteins with a "signal region" cleaved by microsomal peptidases,
whereas "pro" should refer to protein segments cleaved by either
intraceliular (localized in Golgi and condensing vacuole membranes)
or extracellular peptidases (17). It has also been proposed that
precursor proteins be grouped into four structural.classes (17). Type
1 contains only a presegment, type 2 contains a presegment and an
amino terminal prosegment, type 3 contains a presegment and an
internal proéegment and type 4 contains a presegment and a carboxyl
terminal prosegment. Examples of these sequences are shown in Table 2.
Although the existence of presegments at amino terminals of translation
products is explained by the signal hypothesis, not all prosegments
share a common function. Prosegments seem to be intricately involved
in controlling the biological activity of proteins such as insulin,
collagen, trypsin and chymotrypsin. Functions also suggested for the
prosegments of albumin include mediation of membrane binding, masking
of binding sites, regulation of degfadation or synthesis, and
facilitation of tertiary structure formation.

The secretion of secretory proteins involves passage of the
proteins from the rough endoplasmic reticulum to the smooth endoplasmic

reticulum to the Golgi apparatus to secretory vesicles to the plasma




Table 2

Presegments

Serum Albumin(rat) Metlys Trp Val Thr PhelLeulLeu Leu Leu Phelle Ser Gly Ser Ala Phe Ser

Trypsin-(dog) ' Ala LysleuPheleuPheleuAlaleuleuleu Ala Tyr Val Ala Phe

Insulin (rat) X LeulysMet X Pheleu PheLeuleulysleuleu X Leu X X X X X- X X X
Ovomucoid (chicken) AlaMet Ala Gly Val PheVal Leu Phe Ser PheVal Leu X Gly Pheleu Pro AspAla Ala PheGly

Prosegments (1ype 2)

Albumin ArgGly Val Phe ArgArg

Parathyroid Hormone LysSerVal LysLysArg

Prosegment (type 3)

Glycophorin ArgArgleulle LysLys

Prosegment (type 4)

Glucagon Thr LysArgAsnLysAsnAsnlile Ala

N N T T T R




pre protein

Type 1) =

2) pre pro. protein
3) pre chainl ,pro, chain 2

pre | rotein , pro,
4) ' P ARH

The amino end of these segments is on the left iside of the Table while the carboxyl end of the
segments is on the right side. The precursors are classified by the scheme shown immediately above.
The code used to indicaté the amino acids is:.Ala, alanine; Arg, arginine; Asn, asparagine; Asp,
aspartate; Gly, glycine; Ile, isoleucine; Leu, leucine; Lys, lysine; Met, methionine; Phe,
phenylalanine; Pro, proline; Ser, serine; Thr, threonine; Trp, tryptophan; Tyr, tyrosine;

Val, valine; X, unidentified amino acid.

These sequences were taken from (17) and (19). See text for further explanation.
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(13,17,18). If the protein is destined to be a glycoprotein, glycosyl-
ation also occurs during this passage.

Glycosylation of proteins

Concepts of the processes involved in the syﬁthesis of glyco-
proteins have been subject of several alterations in the past few years.
Figufe 5 shows a scheme of what is believed to be involved in the
synthesis and processing of glygoproteins which are destined to be
secreted into the plésma. Vesicular étomatitis virus G protein is
shown in this scheme as a typical example of a secretory protein
which also has been well characterized (20).

The weight of current evidence suggests that the biosynthesis of
complex oligosaccharide units is initiated by the en bloc transfer of
a high molecular weight oligosaccharide from a lipid carrier to the
nascent polypeptide chain (20). For theAserum type of glycoprotein,
this transfer is to an asparagine residue in the polypeptide (21). The
attachment of carbohydrates to: the polypeptide seems to be fixed by
the amino acid sequence adjacent to the asparagine involved in the
linkage with carbohydrate. The amino acid sequence which codes for the
attachment of carbohydrate has been referred to as the "sequon" (21).
The sequon for the serum type of glycoprotein is believed to be Asn-
X-Ser(Thr) where any amino acid can occupy the intermediate position
between asparagine and serine or threonine. The lipid involved in the
transfer is dolichol diphosphate and the high molecular weight oligo-
saccharide has a high mannose content and coﬁtains glucose. Glucose

and most of the mannose are cleaved from the complex carbohydrate in an




Fig., 5. Incorportation of carbohydrate into Glycoproteins

Adapted from (20)

Abbreviations used are¥*:
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event that has been referred to as processing (20). After the glyco-
protein is processed, sugars are sequentially added to give the secreted
form of the glycoprotein.

Although the incorporation of carbohydrate into vesicular
stomatitis virus G protein represents a well characterized system,
the scheme proposed by Kornfeld et al. (20) may not be generally true
for the incorporation of carbohydrate into all glycoproteins. Jamieson
(3) has shown that initial glycosylation of rat al—acidlglycoprotein
occurs mainly as a post ribosomal event. As this author suggests,
there may exist more than one mechanism for the initial glycoslyation
of polypeptides destined.to become glycoproteins. Similarly, it should
not be assumed that later events during glycosylation are the same for
all glycoproteins.

The acute inflammatory response

In mammals, inflammation may be caused by a wide variety of
conditions including chemical inflammatory agents, neoplastic diseases,
bacterial infections and rheumatoid arthritis (22,23). Glenn et al.

(24) have suggested that the acute inflammatory response should be
divided into two reactions, the local reaction at the immediate site
of tissue damage and the systemic reaction induced by the local reaction.

Granulomatous inflammation may be caused by tuberculosis, syphylis,
parasitic worm infestation or foreign bodies‘such as talc, asbestos,
plastic beads or turpentine (25). Granulomas are tumor-like masses of
leukocytes and collagen. Granuloma formation is a rapid process begin-

ning as early as 6 hours after inflammation and reaching a peak at
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about 48 hours after inflammation. Acute inflammation in response to
the deposition of a foreign body is quite similar to.that in response
to an infectious égent. A more complete discussion of the roles of
cellular and humoral components involved in the formation of granulation
tissue is given by Ross (26).

According to thé scheme of Glenn et al. (24), thé formatiop of
granulation tissue at the site of injury is accompanied by an induction
of a systemic reaction by factors released from the site of injury. It
is believed that hormones mediate.this reaction and that prostaglandins
represent at least one class of the chemical mediators that are involved
(27-30). One aspect of the systemic rgaction of acutg inflammation is
represented by characteristic changes of some 6f the plasma proteins
(23431) as is shown in Table 3. Those proteins which increase in con-
centration during acute inflammation are referred to as acute phase
reactanté and are almost all glycoproteins. The most important acute
phase reactants in humans and rats are ay—-acid glycoprotein, op—macro-
globulin, aj-(acute phase) globulin, haptoglobulin, ceruloplasmin,
transferrin and fibrinogen (23,31). It has been established that the
liver is the site of synthesis of these acute phase reéctants (32-35),

Many of the inflammation-related changes in serum proteins have
been attributed to increased hepatic translation of acute phase reac=
tants (23,36). This is accompanied by a significant alteration in the
RNA metabolism in rat liver. Thompson and Wannemacher (37) showed that

infection with Diplococcus pneumoniae resulted in an increase of incor-

poration of orotate into hepatic RNA. Most of the newly incorporated
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Table 3

Proteins of Human Plasma Showing Altered Concentration after Trauma

Taken from (23)

Protein Concentration in Plasma
(% of preoperative values)
Fibrinogen >200
Hap;oglobulin' ) 206
Orosomucoid >200
C~reactive protein >200 i
oj—antitrypsin >200 ?‘
Slow B~globulin 173
Inter o-globulin 189
Complement C'3 122
Caeruloplasmin. 124
Easily precipitable glycoprotein 140
Thyroxine binding prealbumin 69
B-lipoprotein 77
Transferrin 78
Albumin 80
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orotate was associated with the bound ribosomal RNA fracf?on. Chandler
and Neuhaus (38) found that laparotomy resulted in increased synthesis
of RNA which could be blocked by administration of actinomycin D.
These authors also found that injury had no detectable influence on
DNA synthesis nor on the activity of RNA polymerase. Liu and Neuhaus
(39) have shown that laparotomy results in a decrease in hepatic
alkaline ribonuclease activity as well as a shift in hepatic poly-
ribosomes to higher states of aggregation. Although similarities such
as increased synthesis of acute phase: reactants have been observed
following laparotomy, infection with D. pneumoniae and acute inflam-
mation, it has not been established that these stress situations result
in alterations in RNA metabolism which reflect common biochemical
mechanisms.

In view of the alterations in concepts of RNA and protein metabo--
lism, as well as the appearance of more sophisticated techniques for
examining these phenomena, re-examination of the acute phase response
may.be fruitful and forms the subject of a part of this thesis.

Introduction to the present work

Part of the work presented in this thesis is concerned with the
éontrol of biosynthesis of a specific acute phase reactant, a1¥acid
glycoprotein, which has been isolated from rat serum (40). It has been
shown that the content of aj-acid glycoprotein associated with the
microsome fraction is approximently four-fold greater in animals suf-
fering from induced inflammation than is found in control animals (33).

This is believed to result from a greater capacity for synthesis of
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ay—acid glycoprbtein by the liver in response to inflammation (33).

Ferritin is an iron storage protein localized in many tissues
including the liver (41). Administration of a single intraperitoneal
injection of iron to rats results in an increased synthesis of hepatic
‘ferritin accompanied by an increase in translatable mRNA coding for
ferri;in (10,41). This response was not blocked by administration of
actinomycin D and cordycepin* which are known to block the synthesis
of mRNA apd processing of‘hnRNA, reépectively (10). Zahringer et al,
(10) have proposed that the induction of ferritin synthesis is accom-
plished by an iron-induced dissociation of ferritin sybunits from mRNP
coding for ferritin.

Metallothioneins are inducible cytoplasmic proteins synthesized
in response to transition metal ions in certain mammalian tissues (42)..
Administration’of a single intraperitonal injection of zinc to rats
results in an increaée in hepatic synthesis of metallothionein and mRNA
coding for metallothionein which is inhibited by actinomycin D (42).

The responses to turpentiﬁe; iron énd zinc administration
represent three different physiological states where qualitative
changes in protein synthesis are known to.occur. The synthesis of a;-
acid glycoprotein is known to occur preferentially on bound polyribo-
somes (3). Ferritin has been cited as an example of an intracellular
protein synthesized primarily on free polyribosomes (1,10,13). The site
* Cordycepin or 3'-deoxyadenosine allegedly inhibits addition of poly(A)

to hnRNA and prevents transport of newly synthesized mRNA into the
cytoplasm (10).
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of s&nfhesis of the intracellular proteiﬁ metallothiénein has not

been reported as yet. In vieﬁ ofvthe different sites of‘éynthesis of
oj-acid glycoprotein and ferritin, it was hoped that induction of
synthesis of these protéins would result in changes iﬁ distribution of
polyribosomes between the bound and free classes. Zine induction of
metallothionein synthesis was also examined under the assumption that
as an intracellular protein, metallothionein may have a bias for
synthesis on free polyribosomes.

. As previously mentioned, acute inflammation results in a shift of
the hepatic polyribosbmes to heavier aggregates. The results reported
by Liu and Neuhaus (39) provide a limited amount of information about
processes during acute inflammation as the sedimentation analyses were
performed on total polyribosomal populations. In this thesis, the
effect of inflammation on both bound and free polyribosome profiles is
reported. Those polyribosomes within the polyribosome profile which
synthesize aj-acid glycoprotein and albumin were aléo identified
utilizing antibodies prepared against these proteins. Albumin was
considered to be an example of a protein which decreases in concentra-
tion during the acute phase response and aij-glycoprotein was considered
to be an example of an acute phase reactant .in these‘experiments.

Liu and Neuhaus have suggested that the decrease in alkaline
ribonuclease activity following laparotomy had a stabilizing effect
on polyribosomes which accounted for the observed increase in bound
ribosomal RNA (39). This also represents a possible mechanism by which

alterations in the distribution of RNA between bound and free poly-
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ribosomesAmight occur fqllowing ifon and zinc administ;ation and as
such, the effects of aéute inflammation; iron administration and zinc
administration on this enzymic activity were also examined.

| As previously mentioned, stress has been shown to incfease the
hepatic incorporation of orotate into RNA. Although orotate incorpo-
-ration does not normally reflect isolated events éf RNA metabolism,
experiments of this nature are usefﬁl in providing insight into
synthetic and degradative aspects of RNA-metabolism in conjunction
with infofmation from related experiments. In this thesis, incorpo-
ration of orotate is reported into polyribosomal fractions separated
by qligo(dT)—cellulose chromatography. This method of RNA separation
avoids the problems associated with the phenol methods of RNA
isolation (43).

The observation that administration of actinomycin D blocked
1aparotomyfinduced seromucoid synthesis suggests that induced synthesis
. of the acute phase reactants involves synthesis of new mRNA transcripts
coding for these proteins (38). However, this observation does not
provide direct evidence of’mRNA involvement in the acute phase response.
In this thesié, the products synthesized by an in vitro tramslation
system in reéponse to the addition of purified mRNA fractions were
examinéd immunochemigally. The amount of material precipitated by an
antiserum in these assays should be proportional to the levels of mRNA
added to the- translation system and translated into the antigen. This
type of experiment provides a more direct measure of mRNA levels than

do  experiments utilizing actinomyéin D. Antisera prepared against

i
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albumin and aj-acid glycoprotein were utilized in these experiments

with the rationale that albumin was representative of those proteins

which decreased in concentration during the acute phase response and
aj-acid glycoprotein was representative of the acute phase reactants.
Similar experiments were performed utilizing mRNA fractions prepared

from bound and free polyribosomes in an attempt to determine the

distribution of mRNA transcripts for these proteins between bound and

free polyribosomes.

The experiments reported in this thesis were performed with the
. intent of providing insight.into the‘processes modulating acute inflam-
mation as well as into the validity of present concepts of the signif- !

icance of the division of mammalian polyribosomes into two classes.
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Experimental

Materials

Radioactive compounds

Sodium [3H]-orotate (19 Ci/mmole), sodium [1251] (1 mCi/10 ug),
Amersham Corp., Oakville, Ontario.

Chemicals for liquid scintillation counting

Aqueous counting scintillant (ACS), Amersham Corp., Oakville,
Ontario. |
Proteins

Bovine serum albumin (crystalline), Sigma Chemical Co.,
St. Louis, Mo.

Chromatography media

Sephadex G-50, DEAE—Séphadex A-50, Pharmacia, Uppsula,Sweden;
CM-cellulose, Sigma Chemical Co., St. Louis, Mo. ;01igo(dT)-cellulose,
Collaborative Research, Waltham, Mass.

Electrophoresis media

Acrylamide, ﬁ,N'—methylenebisacrylamide (bis), N,N,N',N'—tet;a—
methylethylenediamine (TEMED), ammonium persulfate, BioRad Laboratories,
Richmond, Calif.

Other chemicals were obtained as follows: Trizma Base, sodium
dodecyl sulfate (SDS), glycine (crystalline), Triton X-100, sodium
deoxycholate, glutathione (cfystalline), diethyl pyrécarbonate, agarose,
thimerosal, sucrose, Sigma Chemical Co., St. Louis,:Mo.; ampholine
carrier ampholytes, LKB Produkter AB, Stockholm-Bromma 1, Sweden;

grade A high molecular weight RNA (sodium salt), Calbiochem-Behring
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Corp., La Jolla, Calif.; Nobel agar, Difco Laboratories, Detroit, Mich.;
sodium parachloromercuribenzoate (PCMB), United States Biochemical
Corp., Cleveland, Ohio; N-2-hydroxyethyl piperazine-N-2-ethane sulfonic
acid (HEPES), heparin, Nutritional Biochemical Cofp., Cleveland, Ohio;
turpentine oil (double rectified), ethylenediaminotetraacetate (EDTA),
Fisher Scientific Co., Toronto, Ontario. Reagent grade 1 sucrose,

which was obtained from Sigma Chemical Co., Stf Louis, Mo. was used in
all experiments where contamination with ribonuclease would represent

a problem. Other chemicals were of analytical grade obtained from

local suppliers.

Physical and chemical methods

Absorbances in the ultraviolet region of the spectrum were

measured with a Gilford 2400-2 spectrophotometer. Measurements of pH
were made with a Radiometer 28b pH meter. Radioactivity was determined
with a Packard model 3003 Tri-carb liquid scintillation spectrometer.
Aqueous samples were counted in 10 ml ACS scintillation cocktail.
For measurement of total [3H]—leucine incorporation during in vitro.
trans;ation, 2 cm x 2 cm strips ef Whatman 3MM paper (containing TCA
precipitates) were added to 10 ml ACS scintillation cocktail and
counted. The red channel was set at a pulse height of 50-1000 divisions
(60% gain) to count [3H] and the green channel was set at a pulse
height of 50-1000 divisions (4.5% gain) to count [1251].

Immunoelectrophoresis was carried out on equipment supplied by

Shandon Scientific Co. Ltd., London.
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For isoelectric focusing experiments a 110 ml isoelectric focusing
column (LKB 8100-10) and a gradient mixing device obtained from LKB
Produkter AB, Stockholm-Bromma 1, Sweden were used. Temperature was
maintained at 2°C by circulating 10% ethanol from a Haake FKN Circu>
lating Bath with a Haake F4391 Line Heater through the cooling jacket.
Power was supplied from a Vokam Mk IV power supply.

Gel electrophoresis was performed in a BioRad model 155 Electro-
phoresis Cell connected to a Heathkit IP-17 Regulated HV Power Supply.
Température was maintained at 4°C as described above. Gel staining
and destaining was pérformed in a BioRad model 172A Diffusion Destainer.
Scans of gels were performed on a Gelman DCD-16 Densitometer. Gel
slicing was performed with a BioRad model 190 Gel Slicer.

Sucrose solutions for sedimentation analysis were formed with the
LKB gradient mixing device. Gradients were removed from tubes by upward
displacement at a rate of 0.6 ﬁl/min using an ISCO model 182 Density
Gradient Fractionétor.

Pgotein was. assayed as described by Lowry et al. (44), but with
modified reagents and volumes described by Miller (45). Crystalline
bovine serum albumin was used as the standard. RNA was assayed as
described by Munro and Fleck (46).

Isolation of aj-acid glycoprotein

A method based on a procedure previously described by Simkin
et al. (47) was used to isolate aj—acid glycoprotein. Serum was obtained
from rats which received a subcutaneous injection of 0.5 ml turpentine

oil per 100 g body weight into the dorsolumbar region. Turpentine
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administration resulted in an acute phase response which elevated

serum levels of aj-acid glycoprotein about four-fold. Nine volumes

0.15M sodium chloride were added to the serum and stirred rapidly with
a magnetic stirrer at room temperature. This solution was made to 0.6M
perchloric acid by slow addition of 1.8M perchloric acid, allowed to

stand 10 min and centrifuged in a Sorvall RC2-B fitted with a GSA

rotor for 20 min at 2,000 r.p.m. (650 gav). The supernatant was decanted
and neutralized in an ice bath to pH 6.5 with 2M sodium hydroxide,
dialyzed exhaustively against distilled water for 3 days and concen-
trated to 50 ml using an Amicon model 202 Ultrafiltration Cell fitted
with én UM10 62 mm Diaflo filter. Material retained by the filter was
designated PCA-soluble fraction and freeze-dried.

The PCA-soluble fraction was purified by chromatography on CM-
cellulose as described by Jamieson et al. (40). The fine particles
were first removed from the CM-cellulose by resuspension in water
followed by decanting. CM-cellulose was regenerated by washing twice

with 0.25M sodium hydroxide containing 0.25M sodium chloride and then

with distilled water until neutral. CM-cellulose was suspended in
50mM sodium acetate buffer, pH 4.9 and a 45 cm x 2.5 cm column was

prepared and equilibrated with the same buffer. A 250 mg sample of

the PCA—spluble fraction was dissolved in 5 ml 50mM acetate buffer,

pPH 4.9 and applied to the CM-cellulose column. The column was eluted
with the same buffer and 60 drop fractions were collected. Protein

was detected by monitoring the column effluent automatically at 254 nm

with a LKB 4701A Uvicord. Protein that was eluted with acetate buffer
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was pooled, dialyzed oﬁernight against 4 % water.and freeze-dried.
This fraction was designated CMC-1,

(MC-1 was subjected to isoelectric focusing on a pH 1-3 gradieht
as described by jamieson'gg_gl. (40). A dense electrode solution
containing 0.15 ml concentrated sulfuric acid, 16 ml glycerol and 4 ml
distilled water was added to the anode at the bottbm of the column.

A glycerol gradient containing ampholytes was introduced into the
column using the LKB gradient device to produce a linear glycerotl
gradient. The dense electrode solution contained 0.1 g monochloroacetic
acid, 0.1 g orthophosphoric acid, 0.1 g dichloroacetic acid, 35 ml
glycerol and 20 ml distilled water. The light gradient solution
contained 0.1 g acetic acid, 0.1 g formic acid, 0.1 g citric acid,

0.05 4 glutamic acid, 0.05 g aspartic acid, 0.30 ml ampholine carrier
ampholytes;_pH 5~8 and 60 ml distilled water. After about 50 ml of the
gradient had entered the column, flow from the gradient device was
stopped and 20-30 mg CMC-1 was dissolved in about 1 ml gradient
solution from the gradient device. This material was carefully layered
on thé gradient SOlﬁtién alveady in'the column using a Pasteur pipette
and flow of the gradient solution to the column was resumed. When the
column had filled, 10 ml light electrode solution containing 0.1M
sodium hydroxide was added to the cathode at the top of the column,
During isoelectric focusing, potential applied to the column was slowly
increased to 400 V while keeping the current below 15 mA. The polumn
was run until the curfent dropped below 1 mA. When isoelectric focusing

was complete, the valve at the bottom of the column was .closed and 30
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drob_fractions were collected from the lower exit of the;column. The
PH and absorbance at 280 nm of each sample was determined. Protein
- which focused at pH 2.95 was pooled, dialyzed against several changes
of distilled water for 3 days and freeze-dried. |

The above preparation gave single precipitin lines using aptisera
.to oyj-acid glycoprotein and'whole rat serum in double diffusion analysis
in agar gels as described by Ouchteflony (48). By this criterion,:the
preparétion waS'éonsidered to be essentially pure oj-acid glycoprotein.

Polyacrylamide gel electrophoresis

Protein samples were examined by gel electrophoresis on 7.5%
polyacrylamide gels. Prior to casting the gels, gel tubes were soaked
overnight in chromic acid, repeatedly rinsed with distilled-water and
oven-dried. Acrylamide solution A was prepared by dissolving 22.2 g
acrylamide and 0.6 g N,N'-methylenebisacrylamide in distilled water to
give 100 ml of solution, filtered through Whatman No. 1 filter paper
and stored in a dark bottle at 4°C. An ammonium persulfate solution
of 15 mg/ml and a 04376 Tris/glycine, pH 8.9 gel buffer was prepared
shortly before casting of the gels. A mixture of 10.1 parts acrylamide
solution A, 3.4 parts water and 15 parts gel buffer was deaerated
under vacuum in a side arm flask for about 15 min. Ammonium persulfate
solution‘and TEMED were added at volumes of 1.5 parts and 0,045 parts,
respectively, and about 3 ml of the mixture was added with a Pasteur
© pipette to gel tubes i2.5 cm long with an inner diameter of 5 mm. A
drop of distilled water was added to the tops of the gels to ensure

complete polymerization and the gelé were allowed to polymerize for at
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least‘3 h.

Gels were equilibrated by electrophoresis in a tank buffer of

0.188M Tris/glycine, pH 8.9 for 2 h using a current of 1 mA/gel.
Protein samples of 5-40 pg were dissélved in 10-50 uf tank buffer
containing 0.05% bromophenol blue and a few crystals of sucrose. These
solutions were carefully layered on the tops of gels in the electro-

phoresis cell so that they displaced the tank buffer. A potential of

50 V was applied to the gels for 15 min to allow the samples to enter
the gels. The potential was then increased to give a current of 2-3
mA/gel. Electrophoresis was continued until the bromophenol blue had
migratéd to the bottom of the gels. Gels were removed from the tubes
by .injecting hot water through a 18 gauge needle along the inner walls
of tubes. |

The staining procedure followed was based on a method previously
reported by Fairbanks EE;El.A(49). Gels wére first stained overnight
in a solution ééntaining 0.03% Coomassie Brilliant Blue R250, 10%

acetic acid and 25% isopropanol. Gels were then transferred to a

second stain containing 0.0025% Coomassie Brilliant Blue R250, 10%
acetic acid and 10% isopropanol and left in this stain for 4-6 h.
Gels were destained in a destaining solution containing 10% acetic

acid until the background appeared clear.

In those experiments where slices of polyacrylamide gels were
counted for radioactivity, slices of the gels were transferred to

scintillation vials and 0.5 ml 30% hydrogen peroxide added. Vials were
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tightly capped and heated at 70°C in an oven until the slices had
dissolved. A volume of 10 ml ACS scintillation cocktail was added to

the vials and radioactivity determined by scintillation counting as

- préviously described.

Immunological techniques

Antisera were prepared essentially as described by Simkin et al.

(50). Male Full Lop Albino rabbits were used for the preparation of

antisera. An emulsion of 0.75 mg antigen, 0.25 ml sterile 0.15M sodium
chloride and 0.4 ml Freund's adjuvant was injected intramuscularly,
one~half of the dose being injected into each thigh of the rabbit,
After 6 days, a second preparation containing 1.25 mg antigen with
Freund's adjuvant was injected as before. After a further 22 days, a
series of intravenous'injections was given of a suspension of a |
coprecipitate of antigen with aluminium hydroxide. Samples of 0.05 ml,
0.10 m1 and 0.25 ml were injected on alternate days. The rabbits were
bled 5 days after thé final injection., To preparerthe coprecipitate,
0.4 ml 10% potassium alum was added to a mixture of 6 mg antigen in

0.2 ml water to which 0.08 ml 1M sodium bicarbonate had been added.

Sodium bicarbonate, at a concentration of 1M, was added to neutrality
and the mixture was allowed to stand 16 h at 2°C, The precipitate was

collected by centrifugation and the pellet suspended in 0.4 ml sterile

122mM disodium phosphate-28mM monosodium phosphate-0,01¥% thimerosal,
pH 7.4,
Double diffusion analysis of test solutions and antisera was

performed as described by Ouchterlony (48). The medium used consisted
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of 1.25% Nobel agar and 0.9% sodium chloride. The plates were allowed
to develop at room temperature in a humidity cabinet. Photographs

were taken with the aid of an illumination device as described by

Hunter  (51).
Immunoelectrophoresis was performed as described by Ashton et al.

(36). Immunoelectrophoresis buffer contained 55mM sodium acetate, 48.5mM

sodium diethylbarbiturate, and 65mM hydrochloric acid, pH 8.6. The gels

consisted of 1% agarose in a 2:1 mixture of distilled water to immuno-
electrophoresis buffer. A 1 mm layer of gel was prepared on microscope
slides using equipment supplied by Shandon Scientific Co. Ltd. and
allowed to set first at room temperature for 45 min and then at 4°C
for a further 2 h. Wells were cut with the aid of a template supplied
by Shandon Scientific Co. Ltd. A potential of 80 V was applied for

90 min and then the center well was filled with antiserum and allowed
to develop in a humidity cabinent until precipitin lines appeared.
Photographs were taken with the aid of an illumination system as

described by Hunter (51).

The procedure used for collecting immune precipitates was based
on a method previously reported by Jamieson et al. (31). Samples con-
‘taining antigen were made up to a volume of 0.45 ml in 0.15M sodium

chloride, 1mM sodium azide and 4.7% Dextran T70. Volumes of 0.05 ml

antiserum to rat serum albumin or 0.15 ml antiserum to rat ai-acid
glycoprotein were added to the samples. Mixtures were incubated at
¢ 37°C for 45 min and allowed to stand at 4°C for 48 h. Precipitates

were collected by centrifuging at 12,000 r.p.m. (8,000 gav) in an

¢
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Eppendorf model 3200 microcentrifuge. Pellefs were washed with 0.3 ml
ice gold 0.15M sodium chloride, 4% Dextraﬁ T70 and then three times
with 0.3 ml1 0.15M sodium chloride. Precipitates were dissolved in 1 ml
0.1M sodium hydroxide for determination of protein éhd radioactivity
by scintillation counting.

Immunoglobulin G fractions of antisera were prepared by chromatog-
raphy on DEAE-Sephadex. Samples of 20-30 ﬁl antisera were dialyzed
overnight against 0.02M sodium phosphate buffer, pH 7.4. The antiserum
ﬁas then applied to a 2.5 cm x 40 cm column of DEAE-Séphadex previously
equilibrated with the same buffer. The immunoglobulin G fraction was
eluted from the column with 0.02M sodium phosphate buffer, pH 7.4. -
Protein was detected by monitoring the column effluent automatically
at 254 nm with a LKBA4701A Uvicord. Those fractions which absorbed
light af 254 nm were pooled, dialyzed overnight against 4 £ distilled
water and freeze-dried.

Immunoglobulin G samples were iodinated with [1251] as described
by Greenwood et al. (52), Immediately before the iodination reaction,
solutions of 8 mg/ml chloramine T, 2.4 mg/ml sodium bisulfite and
10 mg/ml potassium iodide, all in 0.05M sodium phosphatg buffer, pH 7.4,
were prepared. Protein samples of 0.5-1.5 mg in 0.3M sodium phosphate
buffer, pH 7.4 and 0.025 ml chloramine T solution were added to vials
containing sodium [1251]. This preparation was mixed and allowed to
stand for 3 min at room temperature and then 0.2 ml sodium bisulfite
solution and 0,2 ml potassium iodide solution were added. This sample

was transferred to a 20 cm x 1 cm Séphadex G-50 column and eluted
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first with 0.4 ml potassium iodide solution and then with 0.05M

sodium acetate buffer, PH 7.4. Fractions of 1 ml were collected and

the radioactive material excluded from the gel was pooled, dialyzed
against distilled water and freeze-dried.

Treatment of experimental animals

Acute inflammation and the physiological states induced by iron

and zinc administration were examined in the studies reported in this

thesis. Acute inflammation in experimental rats was induced by a

single subcutaneous injection of 0.5 ml turpentine oil per 100 g body
weight into the dorsolumbar region. Synthesis of ferritin was induced
by a single intraperitoneal injection of iron as 2.5 mg ferric ammonium
citrate in 0.9% sodium chloride per 100 g body weight. Synthesis of
metallothionein was induced by a single intraperitoneal injection of
zinc as 0.25 mg zinc sulfate in 0.9% sodium chloride per 100 g body
weight. Control animals received either subcutaneous or intraperitoneal
injections of 0.5 ml 0.9% sodium chloride. In the studies on in vivo

incorporatién of orotate, sodium [3H]—orotate was administered as an

intraperitoneal injection. Iron and zinc solutions were prepared using
sterile distilled water and oven-dried glassware. These solutions were
adjusted to pH 7.4 with 1M sodium hydroxide. Rats were lightly etherized

prior to all injections.

It is known that hormonal levels, nutritional state, age and time
of sacrifice affect the distribution of polyribosomes (14). In the
studies reported here, male Long—~Evans Hooded rats of approximately

250 g body weight were used and maintained in an enviromment of constant
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light. These rats were maintained on a diet of Purina Rat Chow and

starved 16 h prior to sacrifice to deplete hepatic glycogen stores

which could interfere with polyribosome isolation. Rats were sacrificed
between 9.00 a.m. and 11.00 a.m.

Quantitative isolation of free and bound polyribosomes

A modification of the procedure described by Ramsey and Steele

(53) was used to quantitatively isolate free and bound polyribosomes.

. Rats were sacrificed by cervical dislocation and livers perfused via
the portal vein with ice-cold 0.25M sucrose containing 1mM magnesium
chloride. Livers were excised into ice-cold poly;ibbsome buffer con-
taining 0.25M sucrose and 3mM glutathione. Polyribosome buffer contained j
50mM HEPES, -0.25M potassium chloride, 5mM magnesium chloride, pH'7.4. |
All subsequent operations were performed at 0-4°C. Samples of 4 g wet
weight liver were minced, blotted and homogenized with 3 volumes of
the same solution using eight étrokes of.a Potter-Elvehjem homogenizer
rotating at 2,000 r.p.m. This homogenate was first centrifuged for

2 min at 700 r.p.m. (700 gav) and then 12 min at 26,000 r.p.m.'(135,000

gav) in' a Beckman L5-50 Ultracentrifuge fitted with a SW 27.1 rotor.
The supernatant containing free polyribosomes was decanted and stored
at 0°C. The pellet containing bound polyribosomes was suspended in 12

ml polyribosome buffer containing 0.25M sucrose and 3mM'g1utathione by

manually rotating a loosely fitting pestle in a Potter homogenizing
" vessel. These homogenates were designated crude free polyribosomes

and crude bound polyribosomes.
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The crude bound polyribosome preparation was made to 1% in

Triton X-100 and the sample manually homogenized as before. Nuclei

were removed by centrifuging for 5 min at 3,500 r.p.m. (1,470 gav) in

a Sorvall RC2-B fitted with a SS-34 rotor. The supernatant waé decanted
and treated with 1.3 ml 13% éodium deoxycholate and homogenized manually
as before. This solution was centrifuged for 10 min at 15,000 r.p.m.

(27,000 g ) in a SS-34 fotor to remove deoxycholate-insoluble material.
av

The supernatant containing bound polyribosomes together with the crude
free polyribosomes were layered over discontinuous sucrose gradients
composed of 5 ml 1.38M sucrose layered over 5 ml 2M sucrose all in
polyribosome buffer and centrifuged for 20 h at 49,000 r.p.m. (174,000
gav) in a Beckman L5-50 Ultracentrifuge fitted with a 60Ti rotor. All
material above the 2M sucrose layer ﬁas aspirated and discarded. The
pellet and 2M sucrose layer were pooled and assayed for RNA content.

Polyribosome profiles

A modification of the procedures described by Bouma et al. (54)
and Ramsey and Steele (53) was used to isolate free and bound poly-

ribosomes for sedimentation analyses. Crude free polyfibosomes and

crude bound polyribosomes were prepared as previously described. These
preparations were centrifuged for 10 min at 10,000 r.p.m. (12,000 gav)

in a Sorvall RC2-B fitted with a SS-34 rotor to remove nuclei and

mitochondria. The supernatants were adjusted to 1% with respect to
Triton X-100 and sodium deoxycholate and manually homogenized as before.
These preparations were layered over discontinuous sucrose density

gradients composed of 2 ml 0.5M sucrose layered over 14 ml 1M sucrose
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layered over 6 ml 2.5M sucrose all in polyribosome buffer and
centrifuged for 3.5 h.at 26,000:r.p.m. (120,000 gav) in a Beckman

L5-50 Ultracentrifuge fitted with a SW 27 rotor. The polyribosomes

which appeared as an opaque band in the 2.5M sucrose layer were care-

fully aspirated with a Pasteur pipette and concentrated overnight
with concurrent dialysis against 5mM HEPES, 0.25M potassium chloride,
5mM magnesium chloride, 0.5mM EDTA, pH 7.4.

‘Sedimentation analyses of the polyribosomes were performed in
36 m1 0.5M to 1.5M sucrose .continuous linear gradients containing

polyribosome buffer and 0.5mM EDTA. Free and bound polyribosome

' samples of 30 Ajygp units in 1 ml volumes were prepared as described

above and carefully layered on the tops of these gradients and
ceﬁtrifuged for 3 h at 26,000 r.p.m. (120,000 gav) in a SW 27 rotor.
Gradients were displaced by pumping 85% sucrose into the bottom of
the tubes at a rate of 0.6 ml/min énd 7 drop fractions were collected.
A volume of 1 ml distilled water was added to each tube and the
absorbance at 260 nm determined.

All solutions used in the isolation and sedimentation analyses of

polyribosomes were sterilized by treatment with 0.05% diethyl pyrocar-

vbonate which destroyed residual ribonuclease activity. Three cycles of

heating in a boiling water bath and vigorous shaking were used to
decompose unreacted.diethyl pyrocarbonate. EDTA was included in the
sedimentatioﬁ‘analysis media as preliminary experimenté indicated that a
loss of the heavier aggregates of polyribosomes occured in its abence.

It has been shown that low concentrations of EDTA prevented the
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inactivation of an inhibitor of ribonuclease activity even in the

presence of excess magnesium (55). It may be important with regard to

this observation that EDTA is a better chelating agent for metal ioms
such as aluminium, calcium, cadmium, cobalt, copper, iron, manganese,
mercury, nickel, lead and zinc than fér magnesium. At pH 7, the
stability constants of complexes of these metals with EDTA are greater

than the stability constant of the EDTA-Mg2+ complex by factors of

102 to 1010 (56) . Complexes of magnesium and EDTA are also capable of
preventing lipid peroxidation which occurs during the isolation of
bound polyribosomes (14). Perhaps one or both of these observations
accounts for the stabilizing effect of low concentrations of EDTA on
polyribosomes observed in the results reported here as well as by
other authors (53,57,58).

The procedure used to identify those fractions within a poly-
ribosome profile which were synthesizing aj-acid glycoprotein and
albumin inyolved the use of specific antisera prepared against these

proteins. Immunoglobulin G fractions of anti-rat serum albumin and

anti-rat oj-acid glycoprotein were prepared and labeled with [12571]
as previously described. Free and bound polyribosomes were prepared
as described above and after concentration with concurrent dialysis,

10 Ajgp units of the polyribosomes were mixed with the labeled

immunoglobulin G fraction of either anti-rat serum albumin or anti-
aij-acid glycoprotein and allowed to react at 0°C for 30 min. These
preparations were layered on the continuous density gradients and

sedimentation analysis performed as described previously.
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Alkaline ribonuclease assays

For initial studies of alkaline ribonuclease activity, high

molecular weight RNA, which was used as the substrate for enzyme assays,
was prepared by a method based on that previously reported by Kirby
(55). Rats were sacrificed by cervical dislocation and the livers
excised and immediately dropped onto solid carbon dioxide. Pooled

livers were thawed and homogenized in 3 volumes distilled water in a

Waring Blender for 1 min. The homogenate was stirred at room temperature
while an equal volume of 90% phenol (W/V with water) was added and
alloﬁed to mix fof 1 h, The mixture was centrifuged for 1 h at 2,000
r.p.m., (480 gav),in a Sorvall RC2-B fitted with a SS~34 rotor. The j
cloudy aqueous layer was aspirated and saved. The phenol layer was
washed three times with distilled water, the aqueous layer being
separated by centrifuging for 45 min at 2,000 r.p.m. in the SS-34
rotor., Combined aqueous extracts were made up to 2% in potassium
acetate and the RNA was precipitated by addition of 2 volumes ethanol.

The precipitate was collected by centrifuging for 20 min at 2,000

r.p.m. in the SS-34 rotor and washed once with a 3:1 ethanol:water
mixture. The precipitate was dissolved in 25-100 ml water and ethanol
removed by extracting three times with equal volumes of ether. Ether

was removed by blowing nitrogen through the aqueous solution. This

pPreparation represented a protein-free RNA sample.
To remove polysaccharides, the above aqueous solution was mixed
with an equal volume of 2.5M dipotassium phosphate, 0.05 volume of

33% phosphoric acid and an equal volume of 2-methoxyethanol. The top
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layer which separated ﬁpon standing was collected using a separatory
funnel and then centrifuged for 1 h at 10,000 r.p.m. (12,000 gav) in
the S5-34 rbtér. A few drops of toluene were added to the supernatant
and the pféparation was exhaustivély dialyzed against distilled water
for 3 days. Contents of the dialysis bag were made up to 2% potassium
acetate and precipitated by the addition of 2 volumes ethanol. The
precipitate was collected by centrifuging for 20 min at 2,000 r.p.m,
in the S8S-34 rotor and washed three times with a 3:1 ethanol:water
mixture. The precipitate was dried in a vacuum desiccator over sodium
hydroxide, ‘

The procedure used for the determination of alkaline ribonuclease
activity was a modification of the procedure previously reported by
Liu and Neuhaus (39). Male Long-Evans Hooded rats were sacrificed by
cervical dislocation and livers perfused via the portal vein with ice-
cold 0.15M sodium chloride and excised into ice-cold 0.15M sodium
chloride. All subsequent operations other than freeze—théwing were
performed at 0-4°C. Samples of 2 g wet weigﬁt liver were trimmed, minced,
blotted and homogenized with 2 volumes 0.44M sucrose and stored at
-20°c, Hbmogenates were subjected to several freeée—thaw cycles at
-20°C and 37°C to inactivate hepatic ribonuclease inhibitor. Homogenates
were diluted with 9 volumes distilled water and added to tubes contain-
ing 0.2 ml1 0.03M barbiturate buffer, pH 7.8 and 0.1 ml 1.7mM PCMB;

PCMB was added to inactivate hepatic ribonuclease inhibitor. Either
0.2 ml 1% high molecular weight RNA or 0.2 ml water was added to the

tubes which were immediately mixed and placed in a 37°C water bat

e
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After 30 min of incubation, tubes were removed from the 37°C bath,

placed on ice and 0.5 ml 1M hydrochloric acid, 767 ethanol added to

stop thg reaction and precipitate undigested RNA. The mixture was
allowed to sit for 30 min at 4°C and insoluble material removed by
céntrifuging for 5 min at 12,000 r.p.m. (8,000 gav) in an Eppendorf
model 3200 centrifuge. The supernatant was diluted with distilled

water and the absorbance at 260 nm determined. Tissue blanks, to

which no exogenous substrate was added, were subtracted from samples.

Isolation -of mRNA

Polyribosomes were isolated by a magnesium precipitation technique
reported previously by Palmiter (60). Buffers were prepared from a
stock buffer containing 0.25M Tris, 0.25M sodium chlofide and 0,05M
magnesium chloride, pH 7.5. Medium A contained 1 ﬁg/ml heparin, 2%
Triton X-100 and 10% stock buffer. Medium B was prepared using 4
volumes medium A and 1 volume 1M magnesium chloride. Medium C contained Poes
0.2M sucrose and 10% stock buffer. All solutions were sterilized with

diethyl pyrocarbonate as previously described. Male Long—~Evans Hooded

rats were sacrificed by cervical dislocation, livers were perfused via
the portal vein with ice-cold 0.15M sodium chloride and excised into
ice-cold medium A. Finely minced liver samples were mixed with 9 volumes

medium A and homogenized in a Potter-Elvehjem homogenizer with several

strokes of a loosely fitting pestle followed by 10-20 strokes of a
tightly fitting pestle rotating at 2,000 r.p.m. This homogenate was
centrifuged for 5 min at 15,000 r.p.m. (27,000 gav) in a Sorvall RC2-B

fitted with a SS-34 rotor. The Supernatant was decanted and an equal
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volume of medium B added. The preparation was incubated for 90 min

at 0°C, 1ayéred over 0.25 volumes of medium C and centrifuged for 10

min at 27,000 8,y 25 before. Tﬁe supernatant and the upper portion
of the medium C layer were aspirated and discarded. The walls of the
tubes were washed with sterilized distilled water and the water
aspirated. The tubes were inverted for a few minutes and the walls

wiped dry with cottom swabs. The pellet was dissolved in 10mM Tris,

0.5M potassium chloride, 0.1% SDS, pH 7.5.

Poly(A)-containing RNA was isolated by oligo(dT)jcellulose
chroﬁatography as described by Aviv and Leder (61). Application
buffer contained 10mM Tris, 0.5M potassium chloridé, PH 7.5; elution
buffer A contained 10mM Tris, 0.1M potassium chloride, pH 7.5 and
elution buffer B contained 10mM Tris, pH 7.5. All solutions were
sterilized with diethyl pyrocarbonate as previously described. 0ligo(dT)-
cellulose was washed extensively with application buffer and a column
prepared in a 10 ml steriie syringe., Polyribosomal RNA prepared by the

magnesium precipitation technique or free and bound polyribosomes

prepared by the procedure used for the isolation of polyribosomes for
éedimehtétion analyses, was fractionated into poly(A)-containing and

poly(A)-lacking RNA. RNA samples of 50 Azgp units/gm dry weight oligo

(dT)-cellulose in application buffer were applied to the column and
washed with 10 bed volumes application buffer at a flow rate of 1 ml/min
and then with 10 bed volumes elution buffer A. Poly(A)-containing RNA
was eluted from the column with elution buffer B. Poly(A)-containing

RNA samples were made to 2% in sterile potassium acetate and precipi=




45—

tated overnight at 4°C by the addition of 2 volumes ethanol. The

precipitates were collected by centrifuging for 5 min at 12,000 r.p.m.

(8,000 gav) in an Eppendorf model 3200 centrifuge, washed three times
with a 3:1 ethanol:water mixture, dissolved in sterile distilled water,
freeze-dried and stored at ~20°C. The 0ligo(dT)-cellulose was regen-—

erated for repeated use by elution with 5 volumes 0.1M potassium

hydroxide, then 20 volumes distilled water and 10 volumes ethanol,

0ligo(dT)-cellulose was dried in a vacuum desiccator over sodium
hydroxide and stored at -20°C.

In vitro translations

In vitro translation expgriments were performed using materials
supplied by New England Nuclear Corp. in a Reticulocyte Lysate Trans-
lation Kit. A premix was prepared of [3H]—1eucine, translation cocktail,
IM potassium acetate and stock magnesium acetate in volume ratios of
34:8:8:1, respectively. Preparétions of poly(A)~-containing RNA dissolved
in 5 uf water provided by New England Nuclear Corp. were added to 25 134

of the premix, vortexed and centrifuged for 1 min at 12,000 r.p.m.

(8,000 gav) in an Eppendorf model 3200 centrifuge. A volume of 20 ug
of reticulocyte lysate was added to the tubes which were vortexed and
centrifuged as above and then placed immediately in a 37°C water béth.

At appropriate times of incubation, aliquots were withdrawn for TCA

precipitation. At the end of the incubation period, the tubes were
placed on ice,diluted with distilled water and subjected to electro-

phoretic analyses or immunoprecipitation as previously described.
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TCA precipitation was performed by spotting 5 1% aliquots on
2 em x 2 cm squares of Whatman 3MM paper which were immersed in a
beaker of 10% TCA. The TCA was boiled-for 10 min and ice added to the
TCA. The TCA was decanted and the papers were washed twice with
distilled water, ethanol and acetone; air-dried and the radioactivity

determined as previously described.




A
Results

Immunochemical analyses of purity

Several experiments reported in this thesis utilized antisera
prepared against rat serum albumin and rat aj;-acid glycoprotein. The
purity of the antisera used in these experiments is important in the
interpretation of the results obtained from these experiments and as
such the preparations were analyzed to determine if.they were mono-
specific. The results of double diffusion analeié of the preparation

.of aj-acid glycoprotein used to prepare antiserum énd the anti-aj-
acid-glycoprotein are shown in Figures 6a and 6b, respectively;
Figure 6¢ shoﬁs the results of immunoelectrophoresis using this
antiserum. The results of double diffusion analysis and immuno-
electrophoresis of anti-rat serum albumin previously prepared in
this 1aboratory are shown in Figures 7a and 7b,'respeétively.

As previously mentioned, aj-acid glycoprotein prepared for
immunization of rabbits was considered to be essentially pure by
virtue of the presence of single precipitin'lines formed against
anti-oj-acid glycoprotein and anti-whole rat serum. Anti-oj-acid
glycoprotein and anti-rat serum albumin formed single precipitin
lines against théir respective antigens and rat serum in double
diffusion analysis and immﬁnoelectrophoresis experiments and as such
were considered to be monospecific.

Quantitative analyses of bound and free polyribosomes

It has been reported that acute inflammation (33), iron admin-

istration (10,41) and zinc administration (42) result in changes

§
{
i




Fig. 6. Immunochemical Analyses of aj-acid glycoprotein and Anti-
al—écid glycoprotein

(a) Double diffusion analysis of oj-acid glycoprotein

top well oj—acid glycoprotein
 bottom right well anti-oj-acid glycoprotein
bottom left well anti-whole rat serum

(b) Double diffusion analysis of anti~aj-acid glycoprotein

top well anti-oj-acid glycoprotein
bottom right well whole rat serum
bottom left well oj—acid glycoprotein

(¢) Immunoelectrophoretie analysis of anti-aj-acid
glycoprotein
well whole rat serum

trough anti-oj—acid glycoprotein
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(a)

(c)




Fig. 7. Immunochemical Analyses of Anti-Rat Serum Albumin

(a)

(b)

Double diffusion analysis of anti-rat serum albumin

top well anti-rat serum albumin
bottom right well rat serum albumin
bottom left well whole rat serum

Immunoelectrophoretic analysis of anti-rat serum albumin
well whole rat serum

trough anti-rat serum albumin
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in protein synthesis in rat liver. As previously mentioned, acute
inflammation induces increased synthesis of secretory proteins, such
as aj-acid glycoprotein, which are synthesiged primarily on bound
polyribosomes. Iron administration induces the synthesis of ferritin
which is an intracellular protein believed to be synthesized primarily
on free polyribosomes. Zinc administration induces the synthesis of
metallothionein, which is-an intracellular protein.

An explanation of the segregation of the synthesis of secretory
and intracellular proteins into bound and free polyribosomes has been
proposed by Blobel and Dobberstein in their "signal™ hypothesis (15).

A simplistic interpretation of this model could lead to the prediction
that qualitative changes in the levels of synthesis of secretory
proteins or intracellular proteins would lead to a redistribution of
polyribosoﬁeé between the bound and free states. This prediction relies
primarily on the assumptions that bound and free polyribosomes share
common precursor pools of ribosomal subunits, tRNAs, elongation factors
and termination factors and that the only significant difference in

the precursors to the polyribosome complexes is in the mRNA transcripts
which will be associated with the polyribosomes. Increases in the levels
of synthesis of éecretory proteins made primarily on bound polyribosomes
should bring about a shift of polyribosomes into the bound class.
Increases in the levels of synthesis of proteins made primarily .on

free polyribosomes should bring about a shift of pquribosomes into the
free class. Inherent in this interpretation is the assumption that the

level of synthesis of proteins is dependent upon the levels of mRNA
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transcripts coding for the protein being synthesized.
In order to determine if this interpretation represents a realistic

view of the segregation of polyribosomes and protéin synthesis, levels

of bound and free polyribosomes were assayed at various times after
induction of experimental inflammation, iron administration and zinc

administration. The results of the experiments with inflammation, iron

administration and zinc administration are shown in Tables 4,5 and 6,

respectively, and presented graphically in Figures 8,9 and 10,respect-
ively. The results of the assays on animals which were grouped
together within an individual experiment are indicated as such by

letter groupings in these tables.

i
!
1
{
i
{

The results shown in Table 4 and Figure 8 indicate that inflam—
mation results in a significant shift of the polyribosomes into the
bound class. This shift is reproducible and maximal about 16 h after
inflammation. The change in the ratio of bound to free polyribosomes
seems to be preceded by an overall increase in the amount of RNA

recovered as polyribosomes as is shown by the increase in both bound

and free polyribosomes prior to 16 h after inflammation.

It is difficult to assess the consequences of iron administration
on the distribution of polyribosomes between the bound and free classes

from the data presented in Table 5 and Figure 9. An increase was not

observed in the amount of RNA recovered as free polyribosomes relative
to the amount of bound polyribosomes. An apparent loss of free poly-
ribosomes at early times after treatment occurs, but there seems to be

a large variation in the distribution of polyribosomes at later times
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Table 4

Effect of Inflammation on Polyribosome Populations in Rat Liver

Experiment Time* Total liver "RNA recovered as Bound/Free
RNA content** polyribosomes** polyribosome
Bound Free ratio
A 0 NA 1,97 1.80 1.09
0 NA 2,15 2,13 1.01
16 NA 2.89 1.62 1.78
B 0 NA 2,73 2.09 1,31
16 NA 3.84 1.49 2,58
c 0 5.79 2.25 1.91 1.18
16 4,44 2,91 1.44 2,02
D 0 6.52 2,42 2,18 1.11
4 6.34 2,50 2,07 1.21
E 0 6.53 3.15 2,64 1.19
8 6.27 3.42 2.78 1,23
24 7.05 4.02 2.26 1.78
40 8.01 3.34 2.16 1.55
F 0 6.36 2.54 2,13 1.19
12 6.78 3.34 2.66 1.27

* Time in h after subcutaneous injection of turpentine oil.
** Expressed as mg RNA/g liver.
NA - Not assayed.




Fig. 8.

Effect of Inflammation on Polyribosome Pool Sizes

Pooi sizes are expressed as percentages of the control
values for the individual experiment.
(a) Free polyribosomes

(b) Bound polyribosomes
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Table 5

Effect of Iron Administration on Polyribosome Populations in Rat

Liver
Experiment Time* Total liver RNA recovered as Bound/Free
RNA content**  polyribosomes#* polyribosome
Bound Free ratio

A 0 5.79 2,25 1.91 1.18
14 5.05 2.24 2,12 1.05

B 0 7.87 2.74 2,58 1.06
10 7.71 2,84 2,71 1.05
20 8.05 2,58 2,40 1.08 |

C 0 10.78 3.56 3.88 0.92
2 9.28 3.07 3.54 0.84
4 9.82 3.64 3.26 1.12
4 10.06 3.99 3.22 1.24

D 0 8.41 2,98 2,63 1.13
5 8.15 2.98 2,59 1.15
16 8.92 3.42 2,58 1.33
24 7.85 3.17 2.06 1.54

E -0 NA 1.75 2,12 0.83
24 NA 1.94 2,22 0.87
48 NA 1.91 2,13 0.90
72 NA 2,15 1.96 1.10

* Time in h after intraperitoneal injection of ironm.
** Expressed as mg RNA/g liver.
NA - Not assayed.
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Fig. 9.

Effect of Iron Administration on Polyribosome Pool Sizes
Pool sizes are expressed as percentages of the control

values for the individual experiments.

(a) Free polyribosomes

(b) Bound polyribosomes
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Table 6

Effect of Zinc Administration on Polyribosome Populations in Rat

Liver
Experiment Time* Total liver RNA recovered as Bound/free
RNA content*#* polyribosomes** polyribosome
Bound Free ratio
A 0 7.10 2,53 2.35 1.08
0 6.98 2,56 2.43 1.03
14 6.92 3.48 2.80 1.24
18 6.63 3.07 2,64 1.16
B 0 7.41 2.40 2,84 0.97
18 7.14 2.65 2,41 1,10
24 7.07 2,68 2.46 1.09
c 0 NA 3.58 3.30 1.08
4 NA 3.59 3.10 1.09

* Time in h after intraperitoneal injection of zinc.
*%* Expressed as mg RNA/g liver. :
NA - Not assayed.




 Fig. 10. Effect of Zinc Administration on Polyribosome Pool Sizes
Pool sizes are expressed as percentages of the control
values for the individual experiments.
(a) Free polyribosomes

(b) Bound polyribosomes
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after iron administration.

Zinc administration results in an increase in the amount of RNA

recovered as polyribosomes as is shown in Table 6 and Figure 10.
It would appear that the bound polyribosome pool enlarges to a greater
extent after treatment fhan does the free polyribosome pool.

It may also be significant that inflammation, iron administration

and zinc administration all result in a decrease in the hepatic free

polyribosome content 4 h after treatment.

Tﬁe three physiological states studied in this thesis all resulted
in detectablebchanges in hepatic bound and free polyribosome levels.
The mechanisms by which these changes occur are nof evident from the
results presented here. Intefpretation of these results should not
neglect the fact that, unlike acute inflammation, induction of qualit-
ative changes in hepatic protein synthesis by iron and zinc adminis-
tration invoives a direct challenge of the liver with the stimulating
factor rather than mediation of the response by endogenous factors

such as hormones. This may account for the apparent lack of reproduc-

ibility in the alterations in the polyribosome levels after iron
administration.

Sedimentation analyses of bound and free polyribosomes

As previously mentioned, inflammation has been reported to induce
a shift of polyribosomes into heavier aggregates (39). In view of the
significant difference between the bound to free polyribosome ratio in
a 16 h inflamed animal as compared to a control animal, bound and Ffree

polyribosomes were isolated as previously described and subjected to
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sedimentation analyses. The results of sedimentation analyses of bound

‘polyribosomes from control and 16 h inflamed animals are shown in

Figures 1la and 11b, respectively. The free polyribosome profiles from
control and 16 h inflamed animals are shdwn in Figures 12a and 12b,
respectively.

The location of monoribosomes within these polyribosome profiles

were estimated as described by Griffith (62). A value of Z; for the

rotor and gradient was calculated from the formula

Zo = Z1ro ~ Zy1; (1]

rs - r]

Where 2Z)

minimum Z W/V of sucrose solution (16.1%)

Z> = maximum % W/V of sucrose solution (43.22%)

r1 = meniscus of gradient, i.e. minimum radial distance
from centrifugal axis (8.0 cm)

r2 = bottom of tuBe, i.e. maximum radial distance from

centrifugal axis (16.1 cm)

Zy = solute concentration corresponding to extrapolation

of a linear gradient to zero radius

A value for the Time Integral change (AI) for.the sedimentation

conditions used in these experiments is calculdated from the formula

AT = 'SZO,W‘*"zt [2]

2 (0.10472 x r.p.m.)2 = 7.413 x 106 sec™2

Where w

t 3.5 h = 12,600 sec

$20,w = 80 x 10713 sec (or 80S)

AT = 0.74723




Fig. 11, Effect of Inflammation on Bound Polyribosome Profiles

The position of monoribosomes in these profiles is indicated

by an arrow.
(a) Bound polyribosome profile from a control animal

(b) Bound polyribosome profile from a 16 h inflamed animal
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Fig. 12. Effect of Inflammation on Free Polyribosome Profiles
The position of monoribosomes in these profiles is indicated
by an arrow.
(a) Free polyribosome profile from a control animal

(®) Free polyribosome profile from a 16 h inflamed animal
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Assuming a particle density of 1.50 g/cc for polyribosomes and using

the Zy value calculated with formula [1], the Time Inte'gral for a 16%

W/V sucrose solution (I(16%)) is tabulated (62) as 1.2037. The Time
Integral for a 80S monoribosome under these conditions should be 1.9509,
which is the sum of the Time Integral change (AI) and I(16%). This
corresponds to a sucrose concentration of 21% W/V (62). The position

of the 80S monoribosome in the polyribosome profiles is indicated in

Figures 11-16 assuming that it does band at 21% W/V sucrose within the
linear gradient. | |

It was also of interest to know which polyribosome aggregates
within the poiyribosome profiles were involved in the synthesis of the
acute phase reactant aj-acid glycoprotein. With this in mind, poly-
ribosome preparations were reacted with [1251]—immunoglobulin G fraction
prepared from antiserum to ai—acid glycoprotein as previously described.
The same procedure was used with [1251]—immunoglobulin G fraction of
anti~rat serum albumin to identify those polyribosome aggregates with

nascent chains of albumin and provide a basis of comparison for the

experiments with anti-aj;-acid glycoprotein,
The results of sedimentation analees of polyribosome preparations
reacted with [1251]—immunoglobulin G fractions of either anti-oj-acid

glycoprotein or anti-rat serum albumin are shown in Figures 13-16.

The polyribosome profiles presented in Figures 1la and 11b indicate
that a marked increase in the heavier aggregates of bound polyribosomes
is induced by inflammation. The polyribosome profile of bound poly-

ribosomes prepared from control animals is quite striking in that the




Fig. 13. Immunological Localization of Bound Polyribosome Aggregates
Synthesizing aj—acid glycoprotein

(a) Bound polyribosomes prepared from control animals
and reacted with [12%I]-immunoglobulin G fraction
of anti-aj~acid glycoprotein prior to sedimentation.

(b) Bound polyribosomes prepared from 16 h inflamed
animals and reacted with [1251]—immunoglobulin G
fraction of anti-o;-acid glycoprotein prior to

sedimentation,

The position of monoribosomes in these polyribosome profiles

is indicated by an arrow.
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Fig. 14. Immunological Localization of Free Polyribosome Aggregates
Synthesizing aj;-acid glycoprotein
Free polyribosomes were prepared from control animals and
reacted with [1251]—immunoglobulin G fraction of anti-
oj—acid glycoprotein prior to sedimentation.
The position of monoribosomes in these polyribosome profiles

is indicated by an arrow.
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 Fig. 15. TImmunochemical Localization of Bound Polyribosome Aggregates
. Synthesizing Albumin
Bound polyribosomes were prepared from control animals
and reacted with [1251]—immunoglobulin G fraction of anti-
rat serum albumin prior to sedimentation.
The position of monoribosomes in these polyribosome profiles

is indicated by an arrow.
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Fig. 16.

Immunochemical Localization of Free Polyribosome Aggregates
Synthesizing Albumin

Free polyribosomes were prepared from 16 h inflamed animals
and reacted with [1251]—immunoglobulin G fraction of anti-
rat serum albumin prior to sedimentation.

The position of monoribosomes in these polyribosome profiles

is indicated by an arrow.
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preparation seems to be composed almost entirely of material sedimenting

either as mono~ or di-ribosomes.

There does not seem to be a sizable difference betweeen the free
polyribosome profiles prepared from control and 16 h inflamed animals
as is shown in Figures 12a and 12b. However, there does seem to be a
slight shift of the profile to heavier aggregates of polyribosomes in

the 16 h inflamed rat as compared to the -control rat.

It is noteworthy that peaks of radioactivity in the polyribosome
profiles shown in Figures 13-16 do not align with peaks of material
which absorb light at 260 nm. The profiles reported here show a
significant degree of binding of [1251]—immunoglobulin G to material
within the polyribosome profile, however, the nature of the complexes
formed by this binding has not been identified. The observation that
very little radioactivity appears at the bottom of the profiles would
seem to rule out the possibility of formation of large amounts of
insoluble immune complexes under the conditions utilized in this study.

Examination of Figures 14 and 16 seems to indicate that a significant

amount of nonspecific binding of [1251]—immunoglobulin to material in
the polyribosome preparation does not occur. In consideration of

these observations, the peaks of radioactivity in fractions 15-50 of

the profiles would seem to be attributable primarily to the formation
of soluble immune coﬁplexes fetween immunoglpbﬁlin G and the nascent
chains of al—aéid glycoprotein and albuﬁin. THe nonalignment of radio-
activity: and Argo peaks is probably accounted for by an increase in

sedimentation coefficients of polyribosome aggregates upon binding of
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immunoglobulin G.

Examination of the results shown in Figures 13a and 13b indicates

that anti-aj-acid glycoprotéin:-binds to most of the bound polyribosome
~aggregates. However, there does seem to be a greater degree of binding
to material which sediments as smaller aggregates of polyribosomes., A
close examination of the two profiles also suggests that inflammation

results in an increased binding of immunoglobulin, especially to

material which sediments as smaller aggregates, This binding is
difficult to éssess quantitatively due to the large amount of unreacted
immunoglobulin which remains at the top of the profile,

Comparison of Figures 13a, 13b and 14 indicates that a greater
degree of binding of the immunoglobulin G fraction of anti~-oaj-acid
glycoprotein occurs to bound polyribosomes as compared to free poly-
ribosomes. This observation suggests that aj-acid glycoprotein is
synthesized primariiy on bound polyribosomes; which is a conclusion
drawn from an independent study from thié laboratory (3).

The results .shown in Figure 15 suggest - that the lighter aggre-

gates of bound polyribosomes also contain nascent chains of albumin.

Comparison of the profiles shown in Figures 15 and 16 leads to the
conclusion that the synthesis of albumin occurs primarily on bound

polyribosomes, which agrees with the results of reports summarized

\
in Table 1.

Acute inflammation induced by subcutaneous turpentine injection
results in an increase in heavier aggregates of polyribosomes. This

effect is seen primérily in the pool of bound polyribosomes. Acute
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inflammation also seems to result in an increased content of the acute

phase reactant al—écid glycoprotein associated with the bound poly—~

ribosomes although this increase is not seen in the heavier aggregates
of polyribosomes resulting from this stress situation. From the results

presented here, it is difficult to assess whether the stress~related

shift of polyribosomes to heavier states of aggregation is related

specifically to the metabolism of acute phase reactants such as oj—acid

glycoprotein, or, generally to other biochemical and ultrastructural
changes which occur during inflammation.

Alkaline ribonuclease activity

Liu and Neuhaus (39) have reported similar effects of laparotomy
to the effects of inflammation reported here on the polyriBosome pools.
The study of Liu and Neuhaus also reported a décrease in rat liver
alkaline ribonuclease activity which paralleled the stress-related
increase in heavier aggregates of hepatic polyribosomes. The proportion
of polyribosomes recovered as heavier aggregates was maximal at 18 h
after injury. This time also exhibited the minimum alkaline ribonuclease

activity., Liu and Neuhaus argued that as stress-related RNA synthesis

occurs prior to and not during the formation of heavier aggregates of
polyribosomes, increased aggregation 18 h after injury is attributable

to increased stability of polyribosomes rather than elevated RNA

levels alone. These authors suggested that the increased stability of
polyribosomes following laparotomy resulted from decreased alkaline
ribonuclease activity.

The increase in the bound to free polyribosome ratio reported in
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this thesis seems to result from an increase in bound polyribosomes

recovered as heavier aggregates. In order to determine if changes in

alkaline ribonuclease activity could account for the changes in

bound to free polyribosome ratios reported here, alkaline ribonuclease
activity was assayed in rats suffering from acute inflammation, iron
administration and zinc administration as is shown in Table 7.

Rats suffering from inflammation for 18 h had a lower activity

of alkaline ribonuclease than control rats. Iron administration did
not ﬁarkedly change alkaline ribonuclease activity although the ratio
of béund to free polyribosomes was relatively constant in those animals
tested., There was a significant increase in rat liver alkaline ribo-
nuclease activity at early times after administration of zinc.,

A decrease in the level of alkaline ribonuclease activity was
observed af a time after inflammation which showed a reproducible
increase in the amount of bound polyribosomes. It may also be note-
worthy that'basal.levels of alkaline ribonuclease activity varied as

did basal levels of bound and free polyribosome pool sizes in rats

sacrificed on different days. Both of these observations give credence
to the suggestion that the size of the bound polyribosome pool is

related to decreases in alkaline ribonuclease activity.

At a time 72 h after administration of iron to rats, ‘there was
a slight increase in the level of alkaline ribonuclease activity,
increases in both the bound and free polyribosome pool sizes and an
increase in the ratio of bound to free polyribosomes. The activity of

alkaline ribonuclease increased roughly 50% by 4 h after administration
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Table 7

Effects of Inflammation, Iron Administration and Zinc Administration

on Rat Liver Alkaline Ribonuclease S

Time after treatment

Total alkaline ribonuclease

(h) activity*
Inflammation

0 0.056

18 0.036
Iron Administration

0 0.048

24 0.043

48 0.046

72 0.058
Zinc Administration

0 0.062

2 0.073

4 0.097

18 0.058

* Samples for the iron administration experiment were taken from rats
used in experiment E described in Table 5. Other values represent the
All assays were performed in triplicate
within $10%. Units of enzyme activity are

mean of three liver samples.
and the reproducibility was

AAjgo/min/mg protein.
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of zinc while very little change was observed in either the sizé of the
polyribosome pools or the bound to free polyribosome ratio. These
observations argue against the suggestion that alkaline ribonuclease
activity is involved in determining polyribosome pool sizes.

- It would appear that, if the physiological states resulting from
acute inflammation, iron administration and zinc administration share
éommon factors important in determining the distribution of polyribo-
somes between the two classes, alkaline ribonuclease is not one 6f
these factors.

Effect of inflammation on mRNA metabolism

Chandler and Neuhaus (38) reported experiments using phenol methods
of extraction of RNA which suggested that laparotomy resulted in
stimulated synthesis of both rRNA and mRNA which is maximal about 8 h
after injury. These authors also reported that administration of
actinomycin D, prior fo but not after 8 h following laparotomy, blocked
stimulation of RNA synthesis and seromucoid synthesis. It may be
inferred, therefore, that injury stimulates the synthesis of hepatic
RNA specific for the increase in synthesis of serum glycoproteins.
However, these studies should be interpreted with caution as the effects
of actinomycin D are complex and subject to other explanations.

It was of interest to know the effect of acute inflamﬁation induced
by subcutaneous injection of turpentine on the transcription process
and hepatic RNA levels. Although hepatic RNA metabolism during acute
inflammation may closely resemble that following laparotomy, this

similarity has not been previously established. In consideration of
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the effects of acute inflammation on hepatic polyribosome pools‘
reported in this thesis, as well as the major role mRNA plays in the
formation of pdlyribosome complexes, studies were also performed
which were aimed at correlating qualitative differences in mRNA le¥els
with the segregation of polyribosomes into bound and free clésses.

The rates of synthesis of hepatic RNA fractions were examined
during acute inflammation induced by subcutaneous turpentine admin-
istration. Rats received an intraperitoneal injection of 40 uCi [3H]~
orotate 3 h prior to sacrifice as preliminary studies indicated that
this represented sufficient time for orotate to become evenly distrib-—
uted in hepatic RNA, Poiyribosomes were isolated by magnesium precip-~
itation and chromatographed on oligo(dT)-cellulose. Recovery of the
tritium iabel in various RNA fractions was determined by liquid
scintillation counting. The results from this experiment are presented
in Table 8. During affinity chromatography, rRNA and tRNA was eluted
from the oligo(dT)-cellulose column in the application buffer. Poly-
ribosomal RNA, which was not eluted in the application buffer aﬁd
did not contain a lengthy poly(A) tract, was eluted in elution buffer
A. Poly(A)-containing RNA, which represented a mRNA enriched fraction,
was eluted in elution buffer B.

Magnesium precipitated RNA fractions, prepared from 4 h and 8 h
inflamed rat livers, showed higher specific radioactivity than did
the magnesium precipitated RNA fraction of control rat liver. This
observation suggests that acute inflammation results in an elevated

rate of RNA synthesis at early times after turpentine injection. It




Table 8

Effect of Inflammation on [3H]-orotate Incorporation into Rat Liver RNA

RNA fraction#* Control 4 h inflamed 8 h inflamed

Total liver homogenate .
Radioactivity 522 524 684

Magnesium precipitated '
Specific radioactivity 0.451 0.646 0.557
Radioactivity 45.3 ' 50.9 45,2 c )
Argqg units 100 79 81 ' - 2
Eluted in application buffer . :
Specific radioactivity 0.438 0.541 0.573 /
Radioactivity 36.3 (80) 37.9 (74) 39.4 (87) |
Asgo units : 82 (82) 70 (89) 69 (85) nNE
Eluted in elution buffer A : '
Specific radioactivity 0 0 0.25
Radioactivity 0 0 0 (0) 1.1 (2.4)
Aogo units 1.8 (1.8) 1.1 (1.4) 4,1  (5.1)
Eluted in elution buffer B
Specific radioactivity 2.14 2.08 1.31
Radioactivity o 4,8 (1D 3.2 (6) ' 4,6 (10)
Aogo units 2.2 (2.2) 1.5 ° (1.9) 3.5 (4.3)

* The RNA fractions were prepared as described in text. Total liver homogenate represents
perfused liver samples homogenized in buffer A. Other fractions represent partially purified
RNA samples., The amount and specific radioactivity of tritium in the fractions are in units
of nCi and nCi/Asgg unit,respectively. Recovery: of material eluted from oligo(dT)-cellulose
is also shown in parentheses as percentages of the applied material.
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also may be significant that total liver homogenate prepared from 8 h

inflamed rat liver contained a higher level of radioactivity than the

other samples, as this may reflect ab alteration in the uptake of
orotate into hepatocytes.
Of the 4-h inflamed rat liver RNA fractions prepared by affinity

chromatography, only that fraction eluted in application buffer had a

higher spécific activity than the corresponding fraction from control

rat liver. The other fractions contained less material than control
fractions. The major RNA component of the material eluted in application
buffér is rRNA, If the 4 h inflamed rat liver showed an elevated rate
of transcription,lthen the above observations suggest that newly
synthesized RNA appeared in the rRNA fraction and not in thé mRNA
fraction. /

Of the 8 h inflamed rat liver RNA fractions prepared by affinity
chromatography, the fractions eluted with application buffer and
elution buffer A had higher specific activity and contained a higher

proportion of the polyribosomal RNA than did the corresponding control

fractions. The poly(A)-containing RNA fraction of 8 h inflamed rat
liver contained more material absorbing light at 260 nm than the
control poly(A)-containing RNA fraction, however, both fractions

exhibited similar levels of incorporation of [?H]—orotate. One explan-

ation that could be offered for these observations is that while
inflammation-related increases in RNA synthesis in the 8 h inflamed
animal resulted primarily in increased rRNA content, elevation of mRNA

levels in this animal resulted from decreased degradation of mRNA,
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This interpretation is consistent with the relatively low specific

radioactivity and elevated levels of material absorbing light at

260 nm in the poly(A)-containing RNA fraction. It is also conceivable
that a decrease in endonucleolytic degradation without an alteration
in the exonucleolytic degradation of mRNA would result in an increase
in poly(A)-lacking mRNA. This material would appear in the fraction

eluted from oligo(dT)-celluldse with elution buffer A,

While the above explanations represent plausible interpretations
of the results presented here, it should not be neglected that other
factors, such as RNA degradation prior to and during affinity chrom-
atography, may account in part for the observations made .despite
efforts made to control these factors. It should also be noted that
the incorporation of [3H]-orotate into RNA may. also be affected by
aspects of RNA metabolism, such as alterations in pool sizes, not
discussed here.

Purified fractions of rat liver mRNA were used in in vitro

‘translation assays in an attempt to determine what relationship, :if

any, mRNA transcripts had to the increase in the bound to free poly-

ribosome ratio induced by acute inflammation., Two controls and two

experimental animals suffering from inflammation for 16 h were

sacrificed and the hepatic poly(A)-containing RNA isolated as before.
Experimental animals inflamed for 16 h were used in this experiment

with the rationale that, if levels of mRNA transcripts are related to
bound and free polyribosome pool sizes, then specific changes in mRNA

levels should be observed when the alteration in bound to free
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polyribosome ratio is maximum. For acute inflammation, this has been

shown in the-results presented in this thesis to occur 16 h after

subcutaneous injection of turpentine.

Material recovered from 5 g liver samples as poly(A)-containing
RNA was divided into two equal parts and assayed in an in vitro
translation system as previously described. Water and mRNA supplied

with the translation kit served as controls for the assays. A stock

solution of 32.5mM magnesium acetate was used in the preparation of
the ?rémix for the translation assay. TCA precipitation was performed
with 5 p sambles removed from the incubation mixture after 15 min,
30 min and 60 min of incubation. The results of this experiment are
shown in Table 9.

The largest amount of incofporation of.[3H]—1eucine into TCA
precipitates occurs at about 30 min of incubation in the in vitro
translation system. It was also. observed that a substantial amount
of [3H]-leucine was incorporated in this assay system in the absence

of exogenous mRNA as is shown by the results of the sample labeled

"water", This probably reflects translation of mRNA for hemoglobin
which is endogenous to reticulocyte lysate systems (8). The addition ,g;

of mRNA supplied with the translation kit stimulated the incorporation

of [3H]-leucine into TCA precipitates. The addition of poly(A)-

containing mRNA isolated from rat liver slightly inhibited the
incorporation of [3H]—1eucine into TCA precipitates. This may be due
to addition of material with the poly(A)-containing RNA which decreases

the efficiency of translation, or, may reflect the efficiency that
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Table 9

Time Course of Incorporation of [3H]—1eucine into TCA Precipitates

of in vitro Translation Products

Sample* _ [3H]-leucine incorporated into TCA

precipitates at 15-60 min of incubation#**

15 min 30 min 60 min
Control A/ 1,674 1,865 1,810
Control B 1,490 2,335 1,939
Experimental A 1,285 1,803 1,936 § 
Experimental B 1,852 2,306 1,996
Water © NA NA 2,528
mRNA NA NA 18, 774

* Poly(A)~containing samples from control and experimental rat liver
RNA were divided into two equal parts, A and B, and each part was
assayed in duplicate. Results shown are the average of the duplicate
samples. Samples labeled "water" and "mRNA" indicate the material from
the translation kit which was added to some assay mixtures as controls.,
** Units are counts per min. Reproducibility was within +10%.

NA - Not assayed,
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these mRNA preparations were translated under these conditions.

It is difficult to comment on the levels of rat liver mRNA using
the data presented in Table 9. However, these results indicate that
efficient translation of mRNA can occur in this system as is shown by
the sample labeled "mRNA" which was supplied with the translation
system. The addition of exogenous mRNA prepared from rat liver, though,
does not stimulate translation above that seen without the additdion
of exogenous mRNA, This may be due to the preparation of the mRNA
tranécripts which were added, or may reflect the ability‘of the
incubation'mixture to translate these mRNA transcripts from rat liver.

An experiment was performed with the intent of identifying some
of the factors responsible for the low translational activity resulting
in the data presented in Table 9. This experiment was also aimed at
determining the distribution between bound and free polyribosomes of
mRNA transcripts coding for aj-acid glycoprotein and albumin at a time
after acute inflammation which best reflects changes in protein synthesis
which are induced by stress. Animals inflamed for 16 h prior to sacrifice
were used in this éxperiment as results reported in this thesis have
shown that the largest change in polyribosome pool sizes occurs at
this time after turpentine injection.

Bound and free polyribosomes were isolated using the method
described for the preparation of polyribosomes for sedimentation
analyses. Polyribosomes were dialyzed against application buffer and
poly(A)~containing RNA was prepared by oligo(dT)-cellulose chromatography.

Aliqubts of the purified. poly(A)-containing RNA were assayed in the
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in vitro translation system with water serving as the control. Sample
sizes were estimated using E%éo = 200 for high molecular weight RNA,
A stock solution of 8mM magnesium acetate was used in the preparation
of the premix and the translation mixture was incubated for 30 min.
TCA precipitation was performed with 5 uf samples and immunoprecip-
itation with 7.5 uf samples. Samples of 20 ug CMC-1 were added to the
tubes to act as a carrier for the immunoprecipitation of aj-acid
glycoprotein. The results of TCA- and immuno-precipitation are shown
in Table 10.

Polyacrylamide gel electrophoresis was performed on the products
of in vitro translation in order to determine if there were signif-
icant qualitative differences in the products synthesized in response
to the addition of different poly(A)-containing RNA samples. The
results of electrophoresis of the translation products of samples B
and C from bound polyribosomes, described in Table 10, are compared
to the "water" control in Figure 17. Similarly, translation products
of samples B and C from free polyribosomes are compared to the "water"
control in Figure 18.

Examination of the results presented in Table 10 indicates
that larger amounts of [3H]-leucine were incorporated into TCA precip-
ritates than in the experiment presented in Table 9, This may be explained
by the lower magnesium concentration used in this experiment, or, may
reflect differences in the poly(A)—containing RNA samples. The increase
in translational activity is accounted for primarily by an increase

in the translation of endogenous mRNA as is shown by the results of the
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Table 10

Differential Incorporation of [3H]-leucine into TCA and Immuno-

Precipitated Products of in vitro Translation

Sample#* Radioactivity incorporated into material
precipitated by*#*
Anti-oj-acid Anti-rat serum

TCA glycoprotein albumin
- Bound

A (1) 5,520 1,146 433

B (2 4,576 1,278 426

c (5 4,991 1,178 806

D (5) 5,569 1,075 446

Free

A (0.8) 7,445 1,509 3,705

B (1.6) 7,131 - 976 2,409

c (& 7,979 948 593

D (&) 5,088 622 447

Water 6,160 912 363

* Numbers enclosed in parentheseés re
in units of ug RNA. Individual sam

code,

*% Units were counts per minute.
triplicate and immunoprecipitatio

within +10%.

present an estimate of sample size
ples are distinguished by a letter

TICA precipitation was performed in
n in duplicate. Reproducibility was




Fig. 17. Polyacrylamide Gel Electrophoresis of in vitro Translation
Products of Bound Polyribosomal mRNA
The ‘samples used here are described in Table 10.
(a) Products of bound polyribosomal mRNA sample B.
(b) Products of bound polyribosomal mRNA sample C.
(c) Products of in vitro translation system not supplemented

with exogenous mRNA,
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Fig; 18. Polyacrylamide Gel Electrophoresis of in vitro Translation
Products of Free Polyribosomal mRNA
The samples used here are described in Table 10.
(é) Products of free polyribosomal mRNA sample B.
(b) Products of free polyribosomal mRNA sample C.
(c) Products of in vitro translation system not supplemented

with exogenous mRNA.
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the "water" sample. This observation wduld seem to rule out the
possibility that differences in poly(A)-containing RNA samples alone
account for this increased translational activity.

Immunoprecipitates, formed by the products of in vitro translation
reacting with anti-oaj-acid glycoprotein and anti-rat serum albumin,
contained high levels of background radioactivity which was not
associated with polypeptide immunologically similar to either oy-
acid glycoprotein or rat serum albumin. The reticulocyte lysate was
prepared from rabbit tissue and should not contain material which
would react with antisera prepared in rabbits. It would seem that
some of the radioactivity associated with the immunoprecipitates,
particularly in that sample which did not contain exogenous mRNA,
must be accounted for by non-specific adsorption of material to immune
complexes. However, if it can be assumed that a relatively constant
amount of non-specific preéipitation of radioactive material occurs in
these samples, then perhaps some conclusions may be drawn from these
results.

it was observed that a gfeater amount of radiocactive material
was incorporated iﬁto material precipitated by anti-aj-acid glyco-
protein from those samples translated from bound polyribosomal mRNA
than from samples translated from free polyribosomal mRNA despite the
fact that bound polyribosome poly(A)-containing RNA generally stimul-
ated lower incorporation of [3H]-leucine into TCA precipitatés. There
also was a greater amount of radioactive material incorporated into

anti-rat serum albumin immunoprecipitates in those sanples translated
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from free polyribosomal mRNA than from bound polyribosomal mRNA,

Larger immune precipitates formed by anti-oj-acid glycoprotein due to

the ﬁresence of carrier CMC-1 may account for generally higher levels
of radioactivity in anti-oj-acid glycoprotein immunoprecipitates than

anti-rat serum albumin immunoprecipitates,

The electrophoretic patterns shown in Figures 17 and 18 do not

reveal any striking differences between the translation products
synthesized in response to different poly(A)-containing RNA preparations.
All gels show a large peak of radioactivity which remained at the

cathode end of the gelsAduring electrophoresis, This material would
represent high molecular weight aggregates, material insoluble in

tank buffer and material which has an isoelectric point near 8.9. All
gels show sizable peaks of radioactivity around slice number 8. This
material probably represents hemoglobin synthesized from mRNA transcripts |
endogenous to the reticulocyte lysate. The gels also contain some
radioactivity at the anode end of the gels. This could be polypeptide

with a very low isoelectric point. It could also be material with a

low molecular weight and as such not appreciably hindered in migration
by the siéving properties of polyacrylamide. This material may represent

polypeptide released from ribosomal complexes prior to completion of

translation of mRNA transcripts. Although the size of the peak at the
ahode end of the gels may be artefactual, it may also reflect trans-

lational activity of the reticulocyte lysate system during incubation.
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Results presented here suggest that acute inflammation results
in increased rRNA synthesis prior to 4 h after turpentine injection.
Elevation in mRNA levels apparently occurs between 4 h and 8 h after
inflammation and éeems to result from decreased RNA degradation. If the
results of in vitro translation assays presented here are aécepted’
as being representative of in vivo mRNA levels, then it would appear
that mRNA transcripts coding for aj-acid glycoprotein are localized
primarily on bound polyribosomes while mRNA transcripts coding for
albuﬁin are localized on free polyribosomes in livers of 16 h-inflamed
rats.

Results of in vitro translation assays presented here have
identified endogenous translational activity of reticulocyte lysate
as a problem associated with meaningful assessment of in vivo levels
of rat liver mRNA. Further studies of incubation conditions and
preparation: of mRNA fractions would be necessary to obtain suitable
translational activity in this in vitro translation system. It is
possible that other in vitro translatioﬁ-systems may be more suitable
for assays of this type. It is also evident that immunologicai
identification of translation products of these systems present problems

which would have to be overcome.
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Discussion

The distribution of RNA between the two classes of mammalian

polyribosomes is not staﬁic. The distribution of RNA in polyribosome
aggregates of different sizes is also subject to variation. Studies
of these variations in RNA metabolism provide one avenue through which

a better understanding of the homeostatic mechanisms of mammalian

A .
i

systems can be obtained.

There have been several reports on alterations of hepatic RNA
levels in polyribosomes under different physiological states. Increases
have been observed in the hepatic bound and free polyribosome pools
following laparotomy and during liver regeneration following partial
hepatectomy (63). Infection with D. pneumoniae has been reported to
stimulaﬁe an increased uptake of orotate into bound polyribosomal rRNA
above that observed into free polyribosomal TRNA (37). Conditions
inducing adaptive synthesis of rat liver fatty acid synthetase may
result in a shift of polyribosomes into the free pool, which may be

blocked by acute inflammation, although quantitation of polyribosomes

under conditions inducing the synthesis of fatty acid synthetase may
yield ambiguous results (64). Conditions resulting in hepatocyte cell

injury, such as administration of carbon tetrachloride or ethionine,

have been shown to result in degranulation of the rough endoplasmic
reticulum (65,66,67), All of these physiological states are also
accompanied by changes in hepatic translational activity.

The mechanisms, whibyzare'believed to accomplish these changes

in hepatic polyribosome content, vary with the physiological state,

8
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Although ultrastructural changes during cell injury are not fully

characterized, it is evident that the process of polyribosome

disaggregation in ethionine-treated rats does not disrupt the mRNA-
endoplasmic reticulum interaction (65). It seems that the ﬁain effects
"of ethionine administration are probably attributable to replacement
of methionine by ethionine and avsubsequent disruption of nucleotide

biosynthesis (67). In contrast to hepatocyte cell injury, conditions

which stimulate increases in hepatic capacity for protein synthesis

are believed to be mediated by different mechanisms. It has been
suggested that elevation in the translation of proteins synthesized
preferentially on bound or free polyribosomes results in increased
levels of the class of polyribosomes synthesizing these proteins (37,
63,64). Other authors have suggested that the stress-induced redistri-
bution of polyribosomes between bound and free classes is accounted for
by a decrease in alkaline ribonuclease activity (39). It was of
interest to study the induction of increased synthesis of secretory

and intracellular proteins to determine if common mechanisms responsible

for redistribution of polyribosome were shared by these different

physiological states.

It is important to bear in mind during interpretation of biochem-

ical data on hepatocyte protein synthesis that; despite morphological
similarities, all hepatocytes in the liver may not perform identical
biochemical roles. It has been reported that plasma albumin is found
in 15% (68), fibrinogen in 1% (68), prothrombrin in 30% (69)_apd

haptoglobin in 2.4% (70) of the hepatocyte population. Stimulation
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by injury increases the number of cells producing haptoglobin to 11.2%
(70) of the hepatocyte population while stimulation of prothrombrin
and fibribogen synthesis reportedly shows that all parenchymal cells
are capable of producing these proteins (69,71). These observations
were obtained from fluorescent antibody staining techniques and may
be subject to alternative interpretations. In this context, the
apparent reproducibility of experiments on hepatic translation which
seem to be independent of the size of liver sample used, is also
important to interpretation of data.

Work presented in this thesis has shown that acute inflammation
resulted in an elevation of the bound to free polyribosome ratio
which was maximal at about 16 h after turpentine injection (Table 4,
Figure 8). Iron may have elevated the bound to free polyribosome
ratio (Table 5, Figure 9) while zinc adminstration-resulted in an
overall increase of both bound and free polyribosomeé (Table 6,
Figure 10). Although the results obtained for iron and zinc admin-
istration may not have been as reproducible as those obtained for
acute inflammation, it is evident that conditions which stimulate
the synthesis of intracellular proteins do not necessarily induce a
shift of polyribosomes into the free class. Tt may be noteworthy that
all three physiological‘states resulted in decreases in free poly-
ribosomes 4_h after treatment. This is an observation which is more
dramatic, ‘and perhaps more significént, after iron administration.
This observation may also reflect a common biochemical mechanism

involved in the distribution of polyribosomes between the bound and
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free classes during the three physiological states tested.

The changes that are reported here are important in relation to
other bibchemical changes that are known to occur during the physio-
~ logical statesvtested.86ress has been reported to result in elevation
of seromucoid mRNA tranécripts between 4 h and 8 h after laparotomy
(38), whereas 5 h after'zincvadministration, metallothionein mRNA
transcripts are increased (72). Synthesis of the acute phase reactant
- aj—acid glycoprotein is maximal 24 h after acute inflammation (73),
while ferritin synthesis is maximal 5 h after iron administration (74)
and metallothionein synthesis is maximal 6 h after zinc administration
(75). Hepatic tissue bound aj-acid glycoprotein levels are maximal
12 h after acute inflammation (73), ferritin levels 12 h after iron
administratibn (76) and'metalldthionein levels 18-25 h after zinc
»administratidn (77,78,79) . The alterations in hepatic polyribosome
pools reported here muét bé synchronized with these events in order
.to efficiently respond to acute inflammation, iron administration and
zinc administration.

It would seem that the Shlft of polyrlbosomes into the bound
class durlng acute inflammation does not depend just on qualltatlve
changes in the levels of hepatic mRNA transcripts. Sequestration of
polyribosomes into the bound class apparently occurs about 8 h after
the synthesis of mRNAvtranscripts fot acute phase reactants. This
shift of pol&ribosomes also seems to occur prior to the increased
hepatic synthesis of acute phase reactants such as al—acid élyco~

protein. It would seem that this shift in pdlyribosomes;during acute
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inflammation reflects the events that segregate transcription of acute

phase reactant mRNA transcripts and translation of these transcripts.

Maximum hepatic tissue bound levels of the acute phase reactant oj-
acid glycoprotein are observed prior to the maximum synthesis of this
glycoprotein during acute inflammation. However, hepatic tissue bound
content and synthesis of albumin, a protein which does not contain

covalently-linked carbohydrate, decrease concurrently in similar

experiments (73). It may be that increased levels of bound polyribosomes
reflect increases in post-translational events, such as partial
proteolysis of precursors and glycosylation of glycoproteins, which
occur prior to secretion of glycoproteins. If this suggestion is true,
then the apparent paradox presented by elevatéd tissue bound levels of
op—acid glycoprotein prior to the maximum synthesis of this glycoprotein
may be accounted for by an increase in glycosylation and processing of
glycoproteins about 16 h after acute inflammation.

| It seemed that alteration in polyribosome pool sizes following

iron and zinc administration were not dependent solely on levels of

activity of mRNA transcripts responsible for induced synthesis of
ferritin or metallothionein. There appeared to be a loss of polyrib-
osomes during those times after iron administration that untranslatable

mRNP coding for ferritin is being integrated into the pool of

translatable mRNA. While this loss, particularly of free polyribosomes,
may have reflected other biochemical processes, it is also possible
that elevated iron levels were involved. It is difficult to explain how

increased translation of an intracellular protein would have resulted
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in decreased polyribosoﬁe content.‘It is pdssible that iron plays a
role in disrupting'polyribosome integrity. This is conistent with the
observation that 12 h after iron administration, when hepatic ferritin
levels ‘would have been maximal, polyribosome pool sizes were near
control values or slightly elevated. Increases in metallothionein mRNA
translation or translation of these transcripts around 5 h after zinc
administration seemed to have had little effect on polyribosome pool
sizes. Howeﬁer, there did seem to be an increase iﬁ polyribosome pools,
particularly the bﬁund class, around that time after zinc administration
when metallothionein, and thus hepatic zinc binding capacity, are
known to be elevated. While the results of quantitation of bound and
free polyribosome levels following iron and zinc administration have
not identified roles for mRNA coding for ferritin and metallothionéiﬁ
in the distribution of polyribosomes, these results have raised the
possibility that transifion metals can play a role in disruption of
polyribosome integrity. While the results éresented here do not_lead
to this conclusion alone, the observation that low levels of EDTA,
which has a high stability éonstant for complexes formed with both
iron and zinc, results in greater polyribosome stability, gives
credence to the suggestion.

While the significance of -the alterations in polyribosome pool
sizes reported here is not clear, this is due, in part, to a relative
'ignoranée of'élteratioﬁs in other aspects of RNA metabolism during the
physiological states tested. Howevef, there is reason to believe that

during acute inflammation changes occur in the sedimentation propetties
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of polyribosomes. Liu and Neuhaus (39) have reported that laparotomy

results in a shift of polyribosomes to heavier aggregates which is

maximal 18 h after operation. However, Zweig and Grisham (63) reported
that no change in the shapes of polyribosome profiles occurs following
laparotomy. In view of this discrepancy, the effect of stress induced

by subcutaneous injection of turpentine was examined on the sediment-

ation properties of bound and free polyribosomes. Results from these

polyribosome profiles should more clearly identify changes in poly-
ribosome pools during acute inflammation.

The results presented in this thesis indicate that acute inflam-
mation induced by subcutaneous injection of turpentine results in
shifts of bound and free polyribosomes to heavier states of aggre-
gation (Figures 11 & 12). Although thié effect is slight in the free
polyribosome pPreparations, it is quite marked in the bound polyrib-
Osome preparations. An increase in the proportion of heavier aggregates
of polyribosomes would seem to account for the increased bound poly-

ribosome pool size during acute inflammation. As previously mentioned,

the bound polyribosomes from control animals are unique in that they
are composed almost entirely of lighter aggregates of polyribosomes,
it is also difficult to arguerthe artefactual nature of this observ-

ation in view of the consistency with which the pattern was observed

and the fact that bound polyribosomes from inflamed animals, which
were prepared under identical circumstances, contained a high pro-

portion of heavier aggregates of polyribosomes.
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There are several explanations that could be offered to explain -’

the results of sedimentation analysis of bound polyribosomes prepared

from control animals. Although it has been reported that short—-term
fasts do not alter the bound to free polyribosome ratio (57), there is
evidence to suggest that sbme“disaggregation of pplyribosomes into
lighter aggregates does occur during starvation (58,80). This disag-

gregation has a greater effect on bound than free polyribosomes (58).

Starvation also results in a loss of sdme of the albumin mRNA transcripts
from the bound polyrib§some fraction, most of which appears as mRNP

free in the cytoplasm (58). Although starvation of animals prior to
preparation of polyriﬁosomes reduces heavier aggregates of bound
polyribosomes, the reports on this‘effect do not account entirely for

the almost total absence of heavier aggregates of bound polyribosomes
from control animals. It is also difficult to find a simple explan-
ation for the inflammation-induced increase of heavier aggregates of
bound polyribosomes while‘working under the assumption that the

translational efficiency of hepatocytes is incapacitated by starvation.

The media used in the preparation andvsedimentation analysis of bound
and free polyribosomes is that shown by Ramsey and Steele (53) to
quantitatively separate polyribosomes into bound and free classes

with the "loosely bound*" polyribosomes being recovered in the free

state of polyribosomes. These authors have provided evidencé that

loosely bound polyribosomes are identical to free polyribosomes and

* Loosely bound'polyribosomes are defined_as those polyribosomes
released from membranes by treatment with high concentrations of
potassium chloride alone (13).
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not bound polyribosomes on the basis of protein content of ribosomal
subunits, sedimentation properties and in vitro translation activity.
Media used by other authors result in variable recoveries of loosely
bound polyribosomes in the bound polyribosome preparations (1). It is
possible that the omission of the loosely bound polyribosomes accounts,
in part, for the loss of the heavier aggreéates of polyribosomes
previoﬁély observed in bound polyribosome profiles from this strain
of rat. It 'is possible that elevated levels of alkaline ribonuclease
activity accounts for the low proportion of larger-sized polyribosomes,
as has been suggested for rat kidney polyribosome preparations (81),
Ciosely related to the study mentioned above was a study under-
taken to immunologically identify those polyribosome aggregates
synthesizing al—acid‘glycoprotgin and albumin. Bound éolyribosomes
prepared from inflamed animals showed a greater tendency to bind anti-
ay—acid glycoprotein than did bound polyribosomes from control animals
(Figures 13a & 13b). It was also observed that bound polyribosomes
bound more anti-uj-acid glycoprotein than did free polyribosomes
(Figures 13a,13b & 14). These observations imply preferential synthesis
of aj-acid glycoprotein on bound polyribosomes and’elevated levels of
mRNA transcripts coding for aj-acid glycoprotein during inflammation.
This is consistent with resﬁlts previously reported in.this laboratory
(3,33). It was also observed that bound.polyribosomes bound more anti-
rat serum albumin than free polyribosomes (Figures 15 & 16) which is

indicative of preferential synthesis of this protein by bound poly-

ribosomes. This is an observation made by numerous other authors (Table 1.
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Acute inflammation, iron administration and zinc administration

all resulted in alterations in bound and free polyribosome pool sizes.,

The: increase of bound polyribosomes during acute inflammation seemed
to result from a marked increase in heavier aggregates of bound poly-
ribosomes which did not seem to be related to changes in levels of

mRNA transcripts alone. Liu and Neuhaus have suggested that increases

in heavier aggregates of polyribosomes result from decreased ribonuclease

activity (39). This enzymic activity was examined in order to determine
if alkaline ribonuclease activity represented a common factor important
in determining the distribution of polyribosomes following acute
inflammation, iron administration and zinc administration (Table 7).
Acute inflammation resulted in a significant decrease in alkaline
ribonuclease activity 18 h after treatment as well as a marked increase
in the ratiO'oﬁ bound to free polyribosomes. At 4 h after zinc admin-
istration, there was a sizable increase in alkaline ribonuclease
activity which was accompanied by a slight decrease in free polyribosome

pool size. By 18 h after zinc administration, there was a slight

decrease in alkaline ribonuclease activity which was accompanied by a

sizable increase in both bound and free polyribosomes. Iron admin-

istration was shown to exhibit little change in alkaline ribonuclease

activity in animals which exhibited a shift of polyribosomes into the

bound pool. From these results, it is not evident that total alkaline
ribonuclease activity can account for the changes in the distribution
of polyribosomes following iron and zinc administration.

Although there does not appear to be a correlation between total

alkéline ribonuclease activity and all the chahges observed in the
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distribution of bound and free polyribosomes, the significance of this

major degradative enzyme in hepatic RNA metabolism should not be

neglected. There is evidence to suggest that this endonuclease has an
extrahepatic origin in thé pancreas and is taken up by endocytosis in
the liver (82). If this is the case, this enzymic activity may
represent one of the vehicles by which hepatic RNA metabolism is

modulated by extrahepétic factors during physiological states such

as acute inflammation. The importance of the endogenous hepatic
ribonuclease inhibitor should also be considered. Total hepatic
alkaline ribonuclease activity was reported in this thesis, but these
assays may not be indicative of in vivo levels of active alkaline
ribonuclease if changes occur in endogenous ribonuclease during the
physiological states tested. Hepatic ievels of iron and zinc may
influence endogenous ribbnucléase inhibitor as is suggested by the
observation that low levels of EDTA, which chelates iron and zinc,
results in elevated inhibition of ribonuclease activity.by the endo-~

genous ribonutlease inhibitor (55)..

Changes in polyribosome pools could occur in two ways., Either the
metabolism of pre-existing BNA could be altered in the physiological
state tested, or, an alteration in the rates of synthesis of RNA may

be involved. Incorporation of orotate into RNA fractions was examined

during acute inflammation to provide evidence for one of the possibil~ "
ities. Work presented in this thesis suggests that acute inflammation
results in increased synthesis of rRNA as early as 4 h after turpentine

injection (Table 8), There also seems to be an increase in mRNA by 8 h
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after acute inflammation although this may involve decreased degrad-

ation of the poly(A)-containing RNA fraction. Similar conclusions

were drawn by Chandler and Neuhaus for stress induced by laparotomy
with the exception that increased mRNA levels were attributed solely
to enhanced' synthesis (38). It may be significant that Chandler and

Neuhaus studied total cytoplasmic RNA fractions using a phenol method

of RNA isolation, whereas the results reported here involved use of

affinity chromatography'fo study polyribosomal RNA fractions.

Studies attempting to quantitaté mRNA levels in an in vitro
translation system were largely inconclusive (Tables 9 & 10). Tﬁis
was due, in part, to a high endogenous translational activity of the
system used, although this alone does not account for the lack of
qualitative differences in the samples (Figures 17 & 18). However,
if the results are taken at face value, they generally agree with the
observation that bound polyribosomes contéin higher levels of mRNA
.transcripts coding for aj-acid glycoprotein than do free polyribosomes,

The observation in these studies that higher levels of mRNA transcripts

coding for albumin are found in free polyribosomes is not substantiated
by the studies immundchemically identifying polyribosomes synthesizing
albumin. This may reflect uncertainties due to non-specific adsorption

of in vitro translation products onto immunoprecipitates.

From the work presented in this thesis, it appears that, during
the three physiological states tested, changes occur in RNA metabolism
that affect the distribution of RNA in polyribosomes. It seems that

changes in the levels of mRNA transcripts alone cannot account for
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these changes., Although total alkaline ribonutlease activity does not

seem to account for all the changes observed, the importance of degrad-

ation of RNA cannot be neglected. Acute inflammation results in a shift
of polyribosomes to the bound class, which are primarily responsible
for the syntheéis of a14acid glycoprotein and albumin, and seems to
result from increased bound polyribosome aggregates. Acute inflammation

results in ihcreased levels of rRNA and mRNA, such as those transcripts

coding for the acute phase reactant aj-acid glycoprotein, and this may
involve both synthetic and degradative aspects of RNA metabolism.,

As previously mentioned, the aim of some of the work presented in
this thesis was an experimental examination of some aspects of the
"signal" hypothesis of Biobel and Dobberstein (15).and as such, some
of the work presented here is discussed in the context of this model.

A central feature of the "signal" hypothesis is the statement
that all polypeptide synthesis is initiated in the/free polyribosome
state. Extrapolation of this premise would lead to the conclusion

that quantitétive increases in the synthesis of polypeptides should

result in an overall increase in the amount of free polyribosomes,
A common feature to the distribution of polyribosomes in the
three physiological states tested is the reduction of the free poly-

" ribosome pool 4 h after treatment. Zweig and Grisham have reported a

similar loss of free polyribosome aggregates at early times after
laparotomy and partial hepatectomy (63). This decrease in free poly-
ribosomes occurs at a time at which initiation of polypeptide synthesis

should be elevated, and, argues against the premise that initiation
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of protein synthesis occurs solely on free polyribosomes. This is
consistent with a report that initiation of polypeptide synthesis can

occur in the membrane-bound state (65).

By itself, the observed decrease in the free polyribosome pool
at 4 h after treatment does not necessarily disagree with the "signal"
hypotﬁesis. The decrease iﬁ the pool size is not necessarily related
- specifically to initiation Qf hepatic mRNA transcripts known to be .

elevated following acute inflammation, iron administration and zinc

administration. Another explanation that could be offered is an

- alteration during the physiological states tested, of precursor pools
involved in translation. Starvation of animals prior to sacrifice may

be an important factor involved in depletion of pool sizes. These
decreases in free polyribosome pool.sizes may reflect problems inherent
in the assumﬁtion that the only biochemical consequences of these
treatments are the elevation of synthesis of ferritin and metallothionein
following iron and zinc administration and the elevation of acute phase

‘reactant synthesis during inflammation. Some of the biochemical effects

of increased hepatic iron and zinc may account for the alterations in
the bound to free polyribosome ratios after zinc and iron administration.
Another feature of the "signal" hypothesis is the statement that

bound polyribosomes synthesize secretory proteins while free poly-

ribosomes synthesize primarily intracellular proteins. The authors of
this model allow for the translation of some mRNA transcripts for
secretory proteins in the free polyribosome pool due to initiation of

polypeptide synthésis in the free state, or, a lack of binding sites on
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the endoplasﬁic reticulum. The model does not allow for the synthesis
of intracellular proteins on bound polyribosomes.

The induction of increased synthesis of intracellular proteins
-did not induce a shift of polyribosomes into the free state .as might
be expected from a simple interpretation of the "signal" hypothesis.
This is in agreement, though, with reports of the synthesis of intra-
cellular proteins on both bound and free polyribosomes (Table 1).

In contrast to the results obtained from iron and zinc admin-
istration, acute inflammation resulted in a shift of polyribosomes to
the bound states as predictedAby the "signal" hypothesis. This is
accompanied by an ipcreased translational capacity of bound poly-
ribosomes, which have been shown to be the primary site of synthesis of
the acute phase reactant aj-acid glycoprotein. The shift of polyribosomes,
though, does not seem to involve only changes in levels of mRNA tran-
scripts. Also, it is likely that other factors gpverning peptide chain
initiation, elongation, termination and release; rate of reading of.
mRNA; spacing of ribosomes; availability of tRNA, amino acids, enzymes
and energy supply, are also important.

The results presented in this thesis are generally consistent
with those presented by other authors. Acute inflammation results in
hepafic RNA metabolism changes, which account, in part, for other
biochemical changes which occur during this physiological state. It
appears that.experimental results concerned with the synthesis of

secretory proteins are easier to interpret in the context of the
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"signal" hypothesis than those concerned with the synthesis of intra-
cellular proteins. This may be due to experimental difficulties arising
from the different methodologies used to separate bound and free poly-
ribosomes. The significance of the loosely bound polyribosomes has not
been resolved, although there is reason to believe that these poly-
ribosomes represent free polyribosomes artefactually associated with
the microsome fraction (53). It may be significant that the mRNA
transcripts for the intracellular prbtein histone have been localized
exclusively on free and loosely bound polyribosomes (83).

It is evident from the results presented here that a simplistic
view of the processes involved in the synthesis of secretory and
intracellular proteins is not adequate in explaining biochemical and
ultrastructural differences induced by different physiological states.
However, it i1s hoped that the information obtained from these studies
provides some insight into these processes and the direction that

further studies on the control of acute phase reactant synthesis
should take. There remains a great deal to be learned about the
metabolism of intracellular proteins such as ferritin and metallo~

thionein, and secretory proteins such as aj~acid glycoprotein,
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Suggestions for further studies

The results presented here suggest possible studies, related to

this work, that go beyond the scope of this thesis.

The significance and consequences of ‘the appearance of mono-
and di-ribosomes in tﬁe bound polyribosome profile of control rats
may be:a topic of study which could provide insight into the biochem-

istry of the translation process.

If alkaline ribonuclease does have an extrahepatié origin, then
there has been no explanation offered to date for the elevated
activity of this enzyme during inflammation. Studies could be under—
taken to explain this observation. Studies could also be performed
aimed at determining the effect, if any, of transition metals on
hepatic degradation of RNA.

Studies utilizing an in vitro translation system met with
little success, although some of the problems associated with this
type of éxperiment ﬁere identified. Two types of studies, related to

those studies reported here, could be performed. Measurement of mRNA

N

transcripts for acute phase reactants during acute inflammation could
provide insight above that of previous reports. Sequence analysis of

the in vitro translation products of an acute phase reactant, such as

g1-acid glycoprotein,:would be meaningful in the context of present

studies of wquers in the field of polypeptide precursors.
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