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Abstract of' Thegis

A lipolytic peptide Lipid Mobilizing Factor (LMF) has
been isclated from deep frozen porcine pituitaries. The
method was based on that for the isclation of human Lipid
Mobilizing Factor but a2 number of modifications have been
made to extract the peptide from porcine glands, Porcine
L¥F resembles porcine ACTH and pLPH but is distinguishable
from both, An attempt was made to develop a radiocimmunoassay
for the peptide, A specific antiserum could not be raised in
rabbits. The only reacting antisera cross-reacted with other
pituitary hormones, notably the glycoprotein hormones. Three
different immunization schedules were used for antibody
productions An in vitro assay for lipolytic activity using
isolated rabbit fat cells was developed, initially for
identification of lipolytic fractions during the isolation
of LNP. The assay was subsequently used to investigate the
effect of porcine serum on the lipelysis induced by porcine
LMF, Pooled serum potentiated the action of LMF. Sera fronm
individual pigs were assayed to see if there was any relation
between their potentiation of lipolysis and either the growth rate
or backfat thickness of the pigs. No correlations were found
between the total lipolysis and either of these character-
istics, Dialysis of the serum samples did not produce a
significant result.
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CHAPTER 1

Intreoduction

It is only comparatively recently that adipose tissue
was recognised as being of importance in the energy
metabolism of the body (Wertheimer, 1965). This followed
the realisation of the importance of plasma free fatty acids
in energy homeostasis. Although they make up only about 5%
of the total plasma fatty acids, the plasma free fatty acids
have a rapid turnover rate (Gordon & Cherkes, 1956)., The
introduction by Dole (1956) of a new method for the estimation
of plasma free fatty acids, provided a further boost to re-
search in this area, The metabolism of adipose tissue has
since been the subject of a number of reviews (Renold &
Cahill, 1965; Rudman & Di Girolamo, 1967; Vague, 1969;
Jeanrenaud & Hepp, 1970; Bjbntorp & Ostman, 1971; Vague &
Boyer, 1974).

In this review the metabolism of the adipose tissue
will be briefly discussed. Lipolysis, the breakdown of
storage triglycerides to glycerol and free fatty acids and
their release from the fat cells, will then be dealt with in
greater detail, Emphasis will be placed on the hormonal
control of lipolysis, Finally, genetic variations in the
body composition of man and swine, which may be related to
adipose tissue metabolism, will be discussed.

Variations occur between species in their adipose
tissue metabolism (Rudman & Di Girolamo, 1967). MNost
mammalian work has been carried out in rats and the following
discussion is based on experiments with this animal, unless

otherwise stated,
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l.1 Adipose gssue Metab m
l.1l.1 Lipogenesis

Adipose tissue is the largest energy reservoir in the
body (Dole, 1965). 1Its major metabolic pathways reflect
this function, being lipolysis and lipogenesis. The latter
is the synthesis of triglycerides, which are the principal
energy store in adipose tissue, The fat cell content of
glycogen, an alternative energy store, is very low in
normally fed animals, though it does rise when a starved
animal is refed (Vaughan & Steinberg, 1965). The immediate
precursors of triglycerides are x-glycerophosphate and free
fatty acids, The former is derived from glucose or glycogen
via the glycolytic intermediates glyceraldehyde 3-phosphate
and dihydroxyacetone phosphate (Margolis & Vaughan, 1962).
The ma jor source of free fatty acids for triglyceride synthe-
gis is from the plasma., In adipose tissue, plasma tri-
glycerides, from the liver or directly from the gut, are
hydreclysed by lipoprotein lipase, and the relecased freec fatty
acids, after entering the fat cells, are re-esterified to
storage triglycerides (Robinson, 1965, 1970). Free fatty
acids can be synthesised in the adipose tissue from glucose
(Martin & Vagelos, 1965) via acetyl CoA. Of the glucose
entering a normal fat cell, approximately L2% can be re-
covered as CO,, 13% as triglyceride fatty acid, L4% as
triglyceride glycerol and 1% as glycogen (Jeanrenaud, 1961).
The oxidation to 002 of a large proportion of glucose results

from the production of NADPH used in fatty acid biosynthesis,
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Triglyceride synthesis in adipose tissue is similar to
that in liver (Vaughan & Steinberg, 1965) :
1) Fatty acid + CoA=SH 4 ATP —— Fatty acyl CoA + ALP + P=P
2) 2 Fatty acyl CoA + X=-glycerophosphate —— phosphatidic acid
+ 2 CoA=-SH
3) Phosphatidic acid —— diglyceride 4+ phosphate
L) Diglyceride 4 fatty acyl CoA —— triglyceride + CoA=8H
The availdbility of the precursors dictates the rate of
synthesises The entry of glucose, which can provide both
precursors, into the fat cell is primarily regulated by
insulin (Winegrad & Renold, 1958; Flatt, 1970). When insulin
is released, for instance after ingestion of carbohydrate,
the entry of glucose into the fat cell is enhanced, removing
the carbohydrate from the circulation and inecreasing
lipogenesis (Jeanrenaud & Renold, 1969). Insulin has a number
of other effects on adipose tissue, most of which result in
the decreasge of circulating glucose, For instance,
lipoprotein lipase is stimulated by insulin, increasing the
supply of free fatty acids available for lipogenesis in the
fat cells (Robinson & Wing, 1970). The inhibitory action
of insulin on lipolysis is discussed below,
l.1.2 Lipolysis
Lipolysis, the reverse reaction to lipogenesis, proceeds
in three steps:
Triglyceride —» Diglyceride — Monoglyceride — Glycerol
+ - -
Free fatty acid Free fatty acid Free fatty acid
Hydrolysis of the first ester bond is the rate limiting step
(Vaughan et ale., 1964; Strand et al., 1964). The enzyme
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responsible for this step is stimulated by a number of
agonists and is known as hormone sensitive or triglyceride
lipase, Mlost of the glyc=rol produced by hydrolysis of
triglyceride passes into the circulation, as adipose tissue
glyccreokinase activity is low (Robinson & Newsholme, 1967),
and little or no glycerol is phosphorylated for subsequent
re-esterification (Reshef & Shapiro, 1970). Other tissues,
which have a higher glycerokinase activity, especially the
liver, phosphorylate the glycerol,which is then either con-
verted to glucose or undergoes glycolysis. Free fatty acids,
released by lipolysis, can be re-esterified to triglyceride
in the fat cells (Vaughan & Steinberg, 1963). However,
lipolysis is normally stimulated when circulatory glucose is
low, so there will be little - glycerophosphate in the adipose
tissue available for lipogenesis. Most of the released free
fatty acids enter the circulation where they bind to albumin
(White et al.,, 1968) and are transported to other tissues,
except the brain, for the provision of energye. The brain
normally meets its entire cnergy requirement by the
oxidation of glucose (White et al,, 1968).

The rate limiting enzyme, hormone scnsitive lipase, is
activated via a cascade mechanism (Steinberg et al., 1974).
An activating hormone binds to a specific receptor and by
modification of this, stimulates adenyl cyclase to convert
ATP to cylic ANP (or cAMP) (Butcher st al., 1965; Butcher,
1966; Butcher et al., 1972), Cyclic AMP activates a protein
kinase which phosphorylates inactive hormone sensitive
lipase™'" to the active form, hormone sensitive lipase 'a’
(Huttunen et al., 1970; Huttunen & Steinberg, 1971). The

lipolytic cascade may be depicted as in Figure l.l.
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Figure 1.1 The lipolytic cascade,
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The activity of hormone sensitive lipase can be affected
in other ways., Once formed, cANP is destroyed by phosphode-
iesterase, producing AP (Butcher & Sutherland, 1968), During
stimulation of fat cell adenyl cyclase, inhibition of the
phosphodiesterase by methyl xanthines, such as caffeine or
theophylline, leads to a much greater increase in lipolysis
than with the agonist alone (Butcher gt al., 1968). Methyl
xanthines, which alone are weakly lipolytic are synergighic
with activators of adenyl cyclase,

Cerfain hormones do not stimulate triglyceride break-
down in fat cells by inereasing the cAMP pool. Growth
hormone and glucocorticoids increase lipolysis, after a
lag period of 2 hours, and also potentiate each others
lipolytic activity (Goodman, 1970; Fain, 1973). Their
actions are blocked by inhibitors of protein synthesis such
ag actinomyein D and puromycin. Growth hormone and
glucocorticoids stimulate lipolysis by induction of the
synthesis of a further protein (Fain, 1973). Thyroid
hormones éimilarly require a lag time before their action on
adipose tissue is seen (Bray and Goodman, 1965). The res-
ronse of adipose tissue to adrenaline is pofentiated by
thyroid hormones but neither of these effects of thyroid
hormones are a result of adenyl cyclase activation or of
increased protein synthesis (Goodman, 1970; Fain, 1973).
1,2 Antagonists of Lipolysis

Before a detailed examination of lipolysis stimulators,
agents which inhibit the breakdown of triglyceride will be

mentioned. Insulin is the most important of these and its
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actions on adipose tissue were reviewed by Ball (1970). In
the absence of glucose, insulin lowers the release of
glycerol and free fatty acids from adipose tissue in response
to lipolytic agents such as adrenaline and ACTH (Jungas &
Ball, 1962), Butcher et al. (1966) showed that the rise in
cANP, induced by the lipolytic hormones in fat cells, was
inhibited by the presence of insulin. The mechanism of this
effect of insulin on cAMP is not clear, It could be either
by inhibition of adenyl cyclase, or by activation of phos-
phodiesterase (Ball, 1970). Insulin is not antilipolytic
in avian adipose tissue (Langslow & Hales, 1969). In the
presence of glucose, the antilipolytic action of insulin dis-
appearse The release of free fatty acids is still low, but
this is due to increased re-esterification following
insulin stimulated éntry of glucose into the fat cell.
Glyecerol release, stimulated by adrenaline, is actually in-
creased in the presence of both insulin and glucose jin vitro
(Ball, 1970).

Prostaglandin E inhibits lipolysis by reducing the cANP
concentration in the fat cell (Butcher gt al., 1968). The
basal rate of lipolysis is also inhibited and this antagonist
probably acts via competitive inhibition of the binding of
ATP to the adenyl cyclase complex (Stock & Westermann,f1968;
Westermann & Stock, 1970).

1.3 ipolytic Agent

Factors which stimulate lipolysis, both in vivo and in

vitro, fall into two categories according to their mode of

action. Some activate adenyl cyclase in the fat cell
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membrane giving a rapid response. Others have a more delayed
effect but have a permissive role in the 'rapid' lipolytic
action of the former. Included in the first group are a
number of pituitary lipolytic peptides one of which is
Lipid Nobilizing Factor (L¥F), These will be discussed in
detail following & description of lipolytic hormones, which
have additional actions outside the adipose tissue,
le5e1 Activators of Adenyl Cyclage
le3eslel The Catechola eg and the thet ervou teme
The sympathetic nervous system plays an important part in
the regulation of lipid metabolism. This is mediated by the
catecholamines, which are potent lipolytic agentse.
Noradrenaline is released in adipose tissue by stimulation
of the sympathetic nerve endings (Himms~Hagen, 1967), While
adrenaline, released by the adrenal medulla acts via the
circulation. The sympathetic nervous system responds to
changes in activity of the body by providing the necessary
substrates for energy production, Part of this is the
provision of free fatty acids, released from the adipose
tissue, The release of noradrenaline in the adipose tissue
provides sufficient energy, in the form of free fatty acids,
for small increases in activity, whereas a larger demand for
energy is met by the release of adrenaline into the circu-
lation (Brodie et al., 1965).

Both in vivo and in vitro the catecholamines stimulate
lipolysis, although considerable inter-species differences
have been found (Himms-Hagen, 1967). Their effect is cn-

hanced in vive by their inhibition of insulin release from
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the pancreas (Robisen gt al., 1972). Insulin inhibition of
lipolysis is therefore reduced, Catecholamine stimulation
of adenyl cyclase activity and lipolysis involves the
p-adrenergic receptors (Ahlquist 1948; Himms-Hagen, 1967;
Fain, 1973)es In the human fat cell, x-adrenergic receptors
are also present, If these are specifically blocked by
phentolamine, lipolysis, stimulated by adrenaline, is enhanced.
The x-adrenergic receptors appear to have an inhibiting action
on lipolysis but their purpose is obscure (Bjdntorp &
Ostman, 1971; Robison et al., 1972).
le5ele2 Glucagon and Related Peptides. Glucagon is a
lipolytic hormone (Lefebvre, 1975), which also stimulates the
breakdown of glycogen in the liver, 1t was several times
(on a weight basis) less active, in rat fat in vitro, than
adrenaline (Himms-Hagen, 1961). Its lipolytic action in
vive can be masked by glucagon stimulation of insulin release,
which initially decreases serum free fatty acids. Following
an initial fall, a considerable incresase in serum free fatty
acids was found in man 4 hours after glucagon injection
(Lefebvre & Luyckx, 1969). Infusion of glucagon into man,
at a concentration too low to stimulate insulin release,
increased lipolysis (Marks, 1973). 1In avian adipose tissue,
glucagon is the major lipolytic hermone and stimulates
lipolysis at much lower concentrations than any other
lipolytic hormone (Langslow & Hales, 1969).

Secretin, an intestinal hormone which is identical to
glucagon in half of itis amine acid sequence, is also active

in adipose tissue (Lazarus et al., 1968). It was a more
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potent stimulator of adenyl cyclase in rat fat cell ghosts
than glucagon (Rodbell gt sl., 1970)« A number of other
intestinal ﬁeptides (Grossman, 197L) have been isolated,
some of which have an effect on lipolysise One, from ducks,
with glucagon like immunoreactivity (GLI) is antilipolytic
in thie species (Krug and ¥ialhe, 1976), whereas another,
which has a vasodilatory action (vascactive intestinal
polypeptide) can stimulate lipolysis in rat fat cells
(Frandsen & Woody, 1973). Different receptors on the fat
cell membrane are specific for secretin and glucagon, and
differ from the receptors of other lipolytic hormones such
as adrenaline or ACTH (Rodbell et al., 1970; Kuo, 1970).
The secretin receptor appears to be shared by the vasocactive
intestinal polypeptide (Bataille et al., 1974).
le3.1e3 Adrenocorticotropic Hormone and lelanocyte-

lat @, Of the pituitary lipolytic hormones,
ACTH and XMSH may be classed together (Scott & Lowry, 1974).
The latter has never been detected in human pituitaries and,
by radicimmunoassay, consists of less than 1% of the
biological ¥SH activity. As its total amino acid seguence
differs, from the first 13 residue of ACTH, only by an
adetylated n-termiral residue (Butt, 1967), it is probable
that xMSH is actually the acetylated hN-terminal fragment of
ACTH.

ACTH is lipolytic in rats in vive and in yitro (White
& Engel, 1958; Hollenberg et al., 1961), but it is more
active in rabbits, a species less sensitive than rats to

adrenaline, Human adipose tissue does not respond to ACTH
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(Rudman, 1963; Rudman &Di Girolamo, 1967). Adenyl cyclase
in the rat fat cell membrane was activated by ACTH impli-
cating the lipolytic cascade in its lipolytic action
(Butcher et al., 1968). The fat cell receptor for ACTH can
be differentiated from those for adrenaline and other
hormones (Birnbaumer & Rodbell, 1969; Rodbell et al., 1970;
Kuo, 1970). Stimulation in vitro of lipolysis by ACTH, but
not by adrenaline, had been shown to require Ca** ions for
maximal response (Lopez et al., 1959; bally & Tilbury, 1968).
Kuo (1970), found that Ca** ions were required for ACTH to
activate cAMP formation in fat cells, This indicated that
ca*? ions were needed for the stimulation of adenyl cyclase,
possibly for the binding of the ﬁormone to its receptor,
Yanagi et 2l. (1967) suggested that ACTH stimulated lipolysis
by increasing the intracellular Ca** ion content and for this
reason did uot activate lipolysis in their absence, The Ca**
requirement of ACTH induced lipolysis is not the only ionic
factor which can influence lipolysis. When the na*/k* pump
of fat cell membranes was inhibited by ouabain, lipolysis
was also inhibited, suggesting a connection between these
ions and lipolysis (Mosinger, 1970).
le3elel Pituitary Clycoprotein Hormones

Other pituitary normones have been reported to be
lipolytically active, Burns et al. (1967) found that a TSH
containing fraction of human pituitaries was the most
lipolytic on human adipose tissue, Initially further
purification could not separate the lipolytic from the
thyroidotropic activity (Storring et al., 1972). Later work
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did indicate that the activities were separable, Stevenson
& Fernie (1973) suggested that the lipolytic activity
associated with human TSH was due to a contaminant, A
similar result was reported by Weisweiler & Schwandt (13973),
who isolated and identified a lipolytic contaminant of
porcine TSH as a lipotropin.

The gonadotropins were considerably less lipolytic
(between 3 and 200 times less) than TSH, which itself was
about 200 times less potent than ACTH on rat fat cells
(Farmer et gl. 1972)« As the lipolytic effect of TSH is
probably due to contamination, it seems unlikely that the

gonadotropins have any physiological effect on lipolysise.

le3+2 Hormones with a Delayed Lipolytic Action
l.3.2.,1 Thyroid Hormones and Glucocorticoids

The actions of the thyroid hormones and the
glucocorticoids on lipid mobilization are similar, in that,
in the absence of either, the response of adipose tissue to
adenyl cyclase activators is diminished. Adrenalectomised
dogs failed to snow an increase in serum free fatty acids on
injection of adrenaline, but cortisone treatment restored the
response (Shafrir & Steinberg, 1960). Adipose tissue from
hypothyroid rats gave a diminished response to adrenaline
compared to tissue from euthyroid rats. Adipose tissue from
hyperthyrcid rats gave an exaggerated response (Debons &
Schwartz, 1961; Deykin & Vaughan, 1963).

Both thyroid hormones and glucoccorticoids require a
lag time for their effects to be detected (Fain, 1973) and
alone, neither of them are strongly lipolytiec in normal rat

adipose tissue in vitro (Debons & Schwartz,1961; Fain gt al.,
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1965). The impairment of lipolysis fellowing hypophy-
sectomy is partly due to the lack of TSH and ACTH needed to
stimulate thyroid hormone and glucocorticoid secretion.

The mechanisms of their permissive role in lipolysis
are different. The permissive effect glucocorticoids have
on adrenaline induced lipolysis in rats, was inhibited by
actinomyecin D, indicating that protein synthesis was involved
(Goodman, 1970)., When the components of hormone sensitive
lipase activation were examined, protein Kinase activity
increased on pretreaiment of adipose tissue with
glucocorticoids, It was postulated that the induction of
protein kinase by glucocorticoids was responsible for their
action on lipolysis (Lamberts ot al., 1975). The permissive
(and potentiating) effect of the thyroid hormones is not
dependent on protein synthesis, as actinomycin D did not
suppress the action of triiodothyronine on adipose tissue
(Vaughan, 1967; Goodman, 1970). Fain (1973) has suggested
that the permissive effect of the thyroid hormones on
lipolysis is secondary teo their calorigenic action on the
fat cell, Triiodothyronine either decreases the efficiency
of adipose tissue mitochondrial oxidative phosphorylation
or increases the utilization of the produced energy. However,
Fain (1973) did not postulate how such alterations could
potentiate lipolysise. Correze gt al. (1974) found that
thyroidectomy did not reduce the activation of adenyl cyclase by
adrenaline, However, protein kinase was not activated by the
cAMP so they suggested that the thyroid hormones influenced the
lipolytic cascade between cAMP and protein kinase, They post-

ulated that the presence of thyreoid hormones normally inhibited
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phosphodiesterase, but in their absence ciAMF was degraded
before it could activate the protein kinase,
le342.2, Qrowth Hormone

Growth hormone at one time appeared to have two actions
on lipolysise One of these wag a stimulation of lipolysis
which required a lag time of 2 hours and involved protein
synthesis as the uormone was inhibited by puromycin and
actinomyein D (Fain 2t al., 1965; Fain, 1973).
Glucocorticoid was requireﬁ for maximum stimulation and was
synergidiwith growth hormone. The actions of growth
hormone and glucocorticoids dirfered, in that alone the
former potentiated the lipolytic activity of theophylline,

& phesphodiesterase inhibitor, but not adrenaline (Goodman,
1969). Glucocorticoids potentiated adrenaline stimulated
lipolysis but did not affect the lipolysis induced by
theophylline (Goodman, 1970).

Growth hormone has also been reported to have a 'rapid’
lipolytic action similar to that of adrenaline, ACTH and
other agonists, which produce an immediate increase in
lipolysis by activation of hormone scensitive lipase.
Lipolysis, stimulated by bovine growth hormone, though at a
high concentration, was detected within the 2-hour lag time
required tor protein synthesis (Hamid et al., 1965; Swislocki
et al., 1971). However, Lee gt al., (1974) successfully
separated a guick acting lipolytic activity from bovine
growth hormone, leaving the parent molecule with a much
reduced lipolytic activity. TSH was suggested as a possible

3 lipolytic contaminant but as the lipolytic activity of TSH
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can be removed, it was more likely that the growth
hormone was contaminated with lipotropin or similar
lipolytic peptide. Trygstad & Foss (1968) scparated a
novel 1lipid mobilizing factor (LVF) from a human growth
hormone preparation, Somatotropic actiivity remained with
the parent molecule, which lost its lipolytic activity.
1,33 PRituitar i tic Peptides

Trygstad's 1lipid mobilizing factor (LNMF) is one of a
number of pituitary lipolytic peptides (Table 1.1) isolated
from various species by different research teams (Rudman
et al., 1970; Chrétien, 1973; Schwandt, 1574). Interest
in the pituitary as a possible source of a lipid metabolism
reégulating factor, was aroused by the impairment of fat
mobilization on hypophysectomy and by the increase in
serum free fatty acids produced, among other effects, by
injection of pituitery extracts (Astwood, 1965; Anselmino
& Hoffman, 1931). The pituitary was turther implicated as
the source of a 11polytic factor, by the appearance in urine
from fasted rats of a Fat Vobilizing Substance of low mole=-
cular weight, which depended on the presence of the
pituitary or hypothalamus (Chalmers, 1965).

The relationships between the various peptides cannot
be entirely known until their amino acid sequences have been
determined, Using the information available some may be
grouped together (Table 1,1). A major distinction is
bectween the neurcphysins, which are large cystine rich
proteins derived from the posterior pituitary and the

smaller lipolytic peptides of the anterior pituitary., The
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neurophysins bind strongly to either oxytocin or vascpressin
and it seems likely that their primary function is involved
in the storage or transport of these hormones (Rudman gt al.,
1970) « The reason for their lipolytic activity remains
to be explained.
l.543.1 The Lipotropins

The most fully characterized of the lipolytic peptides
are the lipotropins (LFPH) (Chrétien, 1973). Found in a
number of species, they consist of pLPH, YLPH and ¢MSH, and
are structurally related to ACTH, They also resemble ACTH
in biological activity, in that rabbit adipose tissue is
particularly sensitive to the lipolytiec action in vitro of
the lipotropins and Ca*’ ions are required for a maximum
response (Lis et al., 1972)., Chrétien (1973) has suggested
that p LrH is the precursor of yLPH &nd @lSH in much the same
way as proinsulin is the precursor of insulin (Steiner et al.,
1967). In sheep, the 58 amino acid residues of YLFH are
identical to residues 1-58 of pLPH, while the 16 residues of
@NSH correspond to residues L41-58 of both( and¥LPH.

Recent work has indicated that fragments of PLPH may have
a function in neurotransmissione. A peptide, met-enkephalin
(Hughes et al., 1975) which binds to opiate receptors in the
brain, has the same seqguence as residues 61-65 of (¢ LPH,
Larger fragmente of ¢ LFH, containing this sequence, bind more
strongly to the opiate receptors (Graf et al., 1976)« Whether
this occurs in the body and, if so, for what purpose remains

unknowne
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Lipotrophic peptides A and B of Schwandt (197L),
extracted from porcine pituitaries, showed a number of
similarities to LFH, Rabbit adipose tissue was the most
sensitive to peptides A and B (Weisweiler & Schwandt, 1975).
They also stimulated lipolysis from rat adipose tissue, which
was unresponsive to ovine YLPH and ¢ MSH, but did respond to
a large amount of ovine pLPH. Feptides A and B were
lipolytic in mouse and guinea pig adipose tissue.
le3e342 Lipid Mobilizing Factor

Lipid mobilizing factor (LMF) was one of the first
lipolytic peptides to be isolated from human pituitary glands
(Trygstad, 1968 a,b). Deep frozen rather than acetone dried
glands had to be usede The human peptide would not cross—
react in a radioimmunocassay for ovine pLPH (Chrétien, 1973)
indicating that immunologically there was a difference in
structure between these two, Species difference could
account for thise. LMF resembled the lipotropins in the
sensitivity of different species to its lipolytic action.
Both LMF and LPH were most active in vitro in rabbit, with a
minimum effective dose in the nancgram range. LMF resembled
P MSH and y LPH in being inactive in normal rats, where a
large dose of pLPH was required to stimulate lipolysis. 1In
rabbits, p LPH had a hypocalcaemic action in vivo (Chretien,
1973), which it shared with lipotrophic peptides A and B.
One preparation of LMF did exhibit this effect but a further
preparative step removed the hypocalcaemic activity
(Trygstad, 1966b)., In contrast, LMF and peptides A and B in
rabbits caused hyperglycaemia in vivo, which did not follow

injection with LFH., Porcine LIF was isolated by Trygstad
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et al., (1972) but was not extensively investigated. Both
porcine and human LMF were active in vitre on porcine adipose
tissue, which until recently had been considered insensitive
to any hormonal lipolytic stimulus (Rudman, 1963). FPorecine
¢LPH was active in vivo in swine (Tamasi gt al., 1969).
le343¢3 Are the Lipolytic Peptides_of Importance in the Body?

A ma jor problem with any of the pituitary lipolytic
peptides is in ascribing to them a physiological significance,
Do any of them play a major role in lipid metabolism or are
they Cfragments of other hormones produced by the preparative
procedures? A radioimmunoassay for ovine pLPH has shown a
basal concentration of 2 ng/ml for this peptide in sheep serum
(Chrétien, 1973). This is the only direct evidence for the
existence of a lipolytic peptide in the circulation. Bio=-
logical assays for lipolytic activity cannot be'uaed to
identify a peptide in the serum because they are not specific
and because the likely serum concentration of a lipolytic
peptide would be outside the range of a biological assay.
Extraction of a lipolytic peptide from serum or plasma does
not confirm its physiological role as it may still be an
artefact of the extraction procedure, Without a sensitive and
specif'ic assay for the peptides it is difficult to correlate
their concentration with the physiological state of the animal.
Changes, in serum concentrations of a peptide, which correlated
with increased or decreased lipid mobilization, would help to
confirm its physiological role,

The existence of a system regulating the lipolytic activity
of a peptide, for instance by inhibition or potentiation,

would also suggest a physiological role for the peptide,
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egpecially if the regulation varied with the state of the
animal. The lipolytic activity of ACTH in rat adipose tissue
was potentiated by the serum of certain species (Benuzzi-
Badoni et al., 1968), but no attempt was made to see if the
potentiation varied between serum from animals in different
physiological conditions., ACTH and other pituitary peptides
were inactivated by extracts of rat (though not rabbit)
adipose tissue (Rudman et 2l., 1964 a,b) probasbly by a
proteolytic reaction. Ho gt al. (1975) have extracted
another lipolytic peptide inactivating factor from adipose
tissues This was non-diffusible on dialysis and bound
strongly to albumin. Trygstad & Poss (1972) had earlier
partially purified an inhibitor of LMF from human serum, which
was agsociated with the albumin fraction. Possibly this
corresponded to the inactivating factor of Ho(1975). Adrenaline
was not aff'ected by any of these inhibitory factorse.
1.3.3.4 Inhibition of LNF

Trygstad's partial purification of a serum inhibitory
factor (Trygstad & Foss, 1972) followed the observation that
human serum could inhibit LMF induced lipolysis (Trygstad
& Foss, 1967) in vive in rabbits. Variations were found in
the inhibition caused by serum from normal patients, from
some obese patients and from children with lipodystrophy.
The last two groups have disturbed lipid metabolism. Serum
from lipodystrophic children gave about 5% inhibition of LKF
induced lipolysis while serum from some obese patients gave
nearly 100% inhibition, Normal patient's serum and serum from

a second group of obese patients gave from 20-70% inhibition.
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The extent of inhibition appeared to reflect the ability of
the patients to mobilize fat.

In swine, animals bred for several generations, using
backfat thickness and growth rate as selection criteria,
provided a suitable model for the examination of variation
in the regulation of LMF activity., The pigs were in a
control line (C-line), a high growth rate, low backfat line
(HP-1line) and a low growth rate, high backfat line (LP-line)
(Vangen, 1974a), Adipose tissue, taken at slaughter, from
the lean pigs (HP-1line) gave the greatest lipolytic response
to both porcine LNF and adrenaline., Fat pig (LP-1line)
adipose tissue showed the least response (Trygstad gt al.,
1972; standal et al., 1973). Serum, taken at slaughter,
from the lean pigs had very little inhibitory effect on the
adipokinetic activity of human LKF in rabbits, in vivo,
while serum from the fat pigs was strongly inhibitory.
Samples from pigs in the control line gave intermediate
results in the experiments, both with adipose tissue and with
serum. Apparently a correlation existed between an animal's
leanness and the inhibitory activities of its adipose tissue
and serum on LMF induced lipolysis. An estimate of a young
animal's future leanness and growth rate, obtained by exam-
ination of its serum for inhibition of IMF, would be useful
as an early selection criterion (Standal et 8l., 1973). At
present a pig is several months old before it is selected for
further breeding, The development of a system to produce an
earlier estimate of an animal's breeding potential was a

ma jor objective of this thesis,
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1.4 Aims_of Present Study end OQutline of Work

Before any investigation could be made into the
prhysiological role of LMF or the development of an assay to
help predict the growth of pigs based on serum inhibition of
LVF, a ready source of the peptide was reguired, The isolation
of LMF from deep frozen porcine pituitaries was attempted.
At first, the method of Trygstad (1968 a,b) was followed but
a homogeneous preparation could not be isolated following
this procedure, As Trygstad's method was designed for human
pituitaries, the lack of homogéeneity of the isclated pre-
paration could be due to the use of porcine glande. Mod=-
ifications were made to his method over a number of extrac-
tions. Three separate extractions are described in the
following Chapter, illustrating the development of an alterna-
tive isolation procedure. The basic modifications made were
the replacement of dialysis for desalting and the intro-
duction of an ion-exchange column on which LMF was absorbed
and then desorbed by an increase in buffer concentratione.

Verification of a physiological role for LNF would be
provided by evidence of its presence in serum, An attempt
was made to do so by radioimmunoassay. For this a specific
antiserum was required. The inoculation of rabbits with
human LMF had previously failed to stimulate the production of
anti~LKF antiserum (Norman & Turter, 1968), In fact anti-
growth hormone was raised, With LVF fractions isolated here,
three attenmpts were made to produce anti-LNF antiserum using
different immunization procedures, Initially the simplest

method was used, LMF was emulsified in an oil based adjuvant
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(Freunds Complete Adjuvant) and a series of injections
given to 3 rabbits. For the second attempt at antibody
production, LMF was conjugated to a large immunogenic
molecule (albumin) by the method used by Coodfriend et al,
(1964) for the conjugation of bradykinin to rabbit serum
albumin, The conjugate was emulsified in Freunds Complete
Adjuvant and injected at regular intervals into another three
rabbits. For the last attempt, IVF was purified by poly-
acrylamide disc gel electrophoresis, and the polyacrylamide
containing IMF sliced out., The gel was homogenized and

injected into three rabbits, where the polyacrylamide acted
as an adjuvant (Weintraub & Raymond, 1963). Serum from all
the inoculated rabbits waes assessed for binding to
1251 1abelrea 1uF,

LMF, prepared by the method described in Chapter 2 was
uged in an in vitro assay for lipolytic activity to investigate
the effect of the addition of serum on IMF induced lipolysis.
After standard conditions for the inclusion of serum were
established, sera from individual pigs were examined for any
difference in effect., The sera came from pigs in all three
lines of the animals bred by selecting for high growth rate
and low fat, or low growth rate and high fat (Vangen, 197ha).
The samples were therefore from a wide range of animals., This
enabled correlations to be investigated between an animal's
growth data and the effect of its serum on LMF induced
lipolysise If significant correlations had been found, the
assay could have been used to predict a young animal's

eventual growth and leanness.
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CHAPTER 2,
Preparation of Porcine Lipid Mobilizing Factor

2.1. Introdugtign
Trygstad (1968a) first isolated LiF from deep frozen

human pituitary glands utilizing a procedure similar to those
used for other pituitary peptides (Schally et al., 1962;
Birk & Li, (196La); Stockell Hartree,1966; Graf et al., 1969).
After precipitation of impurities from a pituitary homogenate,
by pH ad justment or organic solvents, the required protein
was isclated by gel filtration and ion-exchange chromatography.
At first Trygstad's method was followed closely, but
was then modified as the porcine LMF isolated by his method
was not homogeneous. A ma jor modification was to dispense
with dialysis, to ensure that LMF was not lost through the
dialysis membrane., Using ammonium acetate as the buffer,
enabled protein in the fractions to be recovered by freeze
drying without dialysis. When necessary, desalting was
performed by gel filtration. LVNF was finally purified by
Trygstad on a diethylaminoethyl (DEAE) cellulose anion
exchange column, on which LKF was not absorbed but eluted
in the breakthrough peak. However, any other basic peptides
in the sample, would alsoc elute in the breakthrough peak.
To eliminate this possibility chromatography on a carboxy
methyl (Ck) cellulosec cation exchanger was introduced, LKF
was absorbed onto this, to be desorbed by a change in the
ionic environment, The development of an alternative
procedure for the isolation of porcine LVF is demonstrated by

a detailed description of 3 extractions (V, VIII, XI) which
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illustrate the modifications made, £Even though these methods
enabled LMF to be isclated, further modifications could still
be introduced to improve the simplicity and ease of use of
the procedure,

LEF was at first identified by biological assays of
lipolytic activity. An in vivo assay, which measured
adipokinetic activity was soon replaced by an assay of
lipolysis in vitro. The former method proved to be wasteful
in peptide and expensive in rabbits. The latter, used also
for investigation of serum effect on LMF induced lipolysis
(chapter L), provided a much simpler method for the
estimation of the activity of a lipolytic agent. Polyacry-
lamide disc gel electrophoresis at plHB.9 became the usual
meéthod of identification of porcine LWF, A sample of porcine
LMF from Trygstad served as a standard. Electrophoresis on
sodium dodecyl sulphate polyacrylamide gels helped to
confirm that Trygstad's LMF and the isolated peptide were
similar and probably identical,

2424 Methéda
24201, ldentification of Porcipne Lipid Mobilizing Factor
2.24lele Vivo Assay of Adipokinetic Activ

To determine the adipokinetic activity, in vivo, of
LUF preparations, a method based on that of Trygstad (1967)
was used, The increase in serum free fatty acids (FFA) was
measured after injection into rabbits of a sample of the
preparation dissolved in saline,

O¢lmg or 1l,0mg of the preparations to be tested were

made up to 5ml with 0,9% (VW/V) saline and injected
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subcutaneously between the shoulder blades of male or
female New Zealand White rabbits. The rabbits, which were
fed ad libitum, were between 4 and 6 months old. Frior to
injection they had been bled of 7ml of blood from the
peripheral ear vein. 90 minutes later another 7ml of bloocd
was taken from each rabbit, After coagulation the blood was
centrifuged at 2,500g for 10 minutes, and the serum aspirated.
The serum was stored at -18°C unless agsayed immediately for
FFA content.

Serum FFA concentration was estimated using a mode-
ification of Dole's method (Dole & Meinertz, 1960;
Patterson, 1963). A stock standard solution of 1,0mM
palmitic acid in n~heptane was dispensed, in duplicate
into boiling tubes in volumes of 0, 0.25, 0,50, 1.0, 1.5
and 2,0ml, The standards were evaporated to dryness under
nitrogen in a water bath at 60°C. 2.0ml of distilled
water was added to each tube., 2.,0ml aliquots of unknown
sera were dispensed, in duplicate, toc similar beiling tubes.
10ml of an extraction mixture, consisting of isopropanol :
n-heptane : 1,0M HCl in the ratio 40:10:1, was added to
standards and unknowns, After a 15 second mix on a vortex
mixer, 4.0ml of double glass distilled water followed by
6.0ml of n-heptane were added to each tube., After a further
15 second mix the upper, n-heptane layers were transferred
to 25ml conical flasks and evaporated to dryness, under
nitrogen, on a hot plate. The residues were each dissolved
in a mixture of 2.,5ml of 95% (W/V) ethanol and O.5ml of
0.02% (W/V) ethanolic Nile Blue indicator solution which had
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been heated in a 37°C water bath, The standards and un-
knowns were titrated against 0,01M NaOH under nitrogen
using a 'Conway' micro-burette. Using a calibration curve
(Figure 2,1,) of the amount of palmitic acid in the
standards against the volume of NaOH titrated, the amount of
free fatty acid in the unknown sera could be estimated. The
difference in serum FFA concentration before and 90 minutes
after the injection of a preparation into the rabbit gave a
measure of the preparation's adipokinetic activity. As only
one rabbit was injected with each sample, this assay gave a
gualitative rather than guantitative measure of the peptides'
activities.

2e2¢le2¢ In Vitro Assa f plytic Activ

The in vitiro assay of lipolytic activity, which measures
the increase in the rate of glycerol release from isolated
rabbit fat cells, on incubation with standard or unknown
preparations, is fully described in section 4.2.2, The
agsay was used here to identify lipolytic fractions during
the isolation of LMF and to establish dose-response
relationships for some of thé purer preparations.

For identification of lipeolytically active fractions
the preparations, before or after lyophilization, were
diluted to either 0,01, 0,02 or 0.05 mg/ml in Krebs-Ringer
bicarbonate buffer and O.,lml aligquots were dispensed, in
gquadrilplicate, to the incubation vials. Lkach vial then
contained 1,0, 2,0 or 5.0 pg of unknown peptide per 1.,iml
of incubate., For the dose-response relationships, the LNF

preparations were usually dispensed at three different
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Figure 2.1 Calibration Curve for Estimation of Fres Fatty
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concentrations giving a three-point assay between 0,02 and
5.0pg of peptide in l.lml of incubate. Three different
preparations could be agsayed in one experiment. Alter-
natively one preparation could be assayed at 8 or 9
concentrationss
2e240l43 olyacrylamide c Gel Electrophores

Polyacrylamide disc gel electrophoresis was carried out
according to Davis (1964) except that the spacer and sample
gels were omitted, The samples were applied in a con-
centrated sucrose solution, A 'Shandon' electrophoresis
kit was used.

The following stock solutions were made up in distilled
water., A:28,0g of acrylamide 4 0.,735g of N,N'- methylenebis-
acrylamide (BIS) made up to 100ml. B:36,6g of tris
(hydroxymethyl) aminomethane (TRIZMA BASE) + L4E.0ml of
1,0 H C1 + 0,23ml1l of N,N,N)N'-tetramethylethylenediamine
(TEMED) made up to 100ml (pHB849)e C:6.0g of TRIZNA BASE +
28 .8g of glycine made up to 1000ml (pH8.3)s These were
stored at 4°C and brought to room temperature before use.

8 clean glass tubes, 7em X O.6cm (internal diameter),
were tightly stoprered at the lower end and positioned
vertically, 3ml of A 4 l.5ml of B + 7e5ml of distilled
water were mixed and de-aerated., O.,1lml of 14% (W/V)
ammounium persulphate in water was added to the mixture and
the tubes filled up to a 6cm mark, Distilled water was care-
fully layered on top and the acrylamide allowed to polymerize,
taking up to 30 minutes. The stock running buffer (C) was
diluted 10 times and the lower compartment of the

electrophoresis apparatus filled, A drop of 0,01% (W/V)
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bromophenol blue dye in water was added to the remaining
running buffer for the upper reservoir.

After the polyacrylamide had gelled in the tubes, the
upper agueous layer was removed and replaced by 50ul of an
approximately l.0Omg/ml solution of the peptide sample mixed
with 20pl of 80%(VW/V) sucrose. Running buffer for the
upper reservoir was layersed over the peptide-sucrose
mixture, The gel tubes were removed from their stoppers and
placed in the electrophoresis apparatus so that the lower
end of polyacrylamide was in contact with the buffer in the
bottom reservoir. Care was taken not to disturb ithe peptide
layer, The top of the gel tubes projected into the upper
reservoir, which was then filled with running buffer. The
cathode of a D,C, output power pack was connected to a plat=
inum electrode in the upper reservoir, whils the anode was
connected to similar electrode in the lower reservoir,
Electrophoresis was carried out at a constant current of
LmA per gel for approximately 1 hour, until the leading
edge of bromophenol blue dye approached the lower end of the
gels. The gels were flushed from their tubes with 10%(V/V)
acetic acid using a narrow gauge needle on a 5ml syringe,
They were stained and fixed in 1%(W/V) amido black in 10%(V/V)
acetic acid for 1 hour., The gels were destained overnight
in 10%(V/V) acetic acid,

The mobility of the protein bands (distance of protein
migration + distance of anion front migration) could be cal=-
culated because a narrow band of stained protein was

usually apparent at the position where the bromophenel blue
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dye had migrated., The protein had probably associated with
the dye. However, this did give a means of finding the
distance of anicn front migration and thence the mobilitye.
2e2slelie Elect regis o a Dodec ha te
Polyacrylamide Gels

Whereas separation on polyacrylamide disc gel electro=-
phoresis at pH8,.,9 is dependent on both the charge and the
dimension of the molecules, electrophoresis on sodium
dodecyl sulphate (SDS) polyacrylamide gel is solely dependent

on the molecular dimensions of the sample (Weber & Osborn,

1969). It is assumed that SDS anions bind to proteins
rendering them all negatively charged, Separation then
depends on the size of the molecule and their mobilities
give an indication of molecular weight, Below 10,000 mol.wt,.
the methed is not reliable for determination of molecular
weight. It was used here to compare LKF preparations with
other pituitaries hormones and Trygstad's porcine LUF,.

The following stock solutions were made up in distilled
water, Solution A was also used in electrophoresis at
PHB.9 (section 2.2.143). A : 28.0g of acrylamide + 04735g
of N,N'- methylenebisacrylamide made up to 100ml.B
1.0 litre of 0.2 Na, HPOu and C ¢ 1,0 litre of 0.2M NaHQPOh.
Solutions B and C were mixed, prior to electrophoresis to
give approximately 250ml of O.2M phosphate buffer pH7.0.
8 clean glass tubes (7cm x_O;Gcm i.d.) were stoppered at
the lower end and positioned vertically. 2.5ml of A + Lml
of 0.2 phosphate buffer pH7.0 + 3.5ml of distilled water
+ 10pl of TUMED (N, , N, N-tetramethylethylenediamine) were
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added to 0.0lg of SDS and de-aerated. O.lml of 14% (W/V)
ammonium persulphate in water was added, the gel tubes
were filled to a 6cm mark, water layered on to the surface
and the acrylamide allowed to polymerize.

The protein samples were prepared by incubating 50pul1
of & 1mg/ml solution of the sample with LOpl of 0.25% (W/V)
SDS in 0,2M phosphate buffer pH7.0, 1Opl of 80% (W/V)
sucrose in bromophenol blue (0,01%, W/V) and approximately
lpg of dithioerythritol, at 37°C for 2 hours. Running
buffer was prepared by adding 200ml of 0.2M phosphate
buffer pH7.0 to 0.5g of SDS and making up to 500ml with
water, The gels, samples and running buffer were at a final
concentration of 0,08M phosphate buffer pH7.0 with 0,1% (W/V)
8D3,

Prior to application of protein samples the gels were
pre-run at a constant current of 4mA per gel for 15 minutes.
Buff'er from the upper and lower reservoirs was then mixed
to redistribute the ions. The protein samples were layered
onto the polyacrylamide gels, the buffer replaced in the
reservoirs and electrophoresis was carriesd out at a constant i
current of 8mA per gel, until the bromophencl blue dye
approached the lower end. This was usually about 2 hours,
The gels were removed, fixed, stained and destained as
described in the previous section.

In calculating the mobility of the protein bands,
allowance had to be made for the swelling of the gels which
takes place in 10% (V/V) acetic acid.
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distance of

rotein migration length before staining
Mobllity = Jgrcth after staining - distance of dye
migration

For proteins of known molecular weight, above 10,000, the
mobility plotted against the log of molecular weight should
give a linear relationshipe.
2e2elebe rot Estima t
a) Spectrophotometrically at 280nme In the column
chromatography described in the following sections the
presence of protein in a fraction was revealed by measure-
ment of its absorbance at 280nm (Eggonm)e A Oebml aliguot
of the fraction was placed in a microcell with a path length
of 1 cm and the absorbance taken at 280nm in a spectropho-
tometer, Column buffer was used as a blank, Only proteins
or peptides containing tyrosine or tryptophan residues
absorb at this wavelength (Goodwin & Morton,1946). For a
rough estimate of protein concentration it was assumed that
a 1lmg/ml solution of protein gave &an absorbance of about
1.0 This is the average absorbance of serum proteins
(Chase and Williams, 1967).
b) By the Folin-Cioccalteu Reaction. liore accurate
estimations of protein content were made using the Folin-
Ciocalteu's phenol reagent in the method described by
Lowry gt ale. (1951).

A copper alkali solution was prepared fresh each day
as follows. 100ml of 0.2¥ NaOH + 100ml of LZ(W/V) Na, 005 +
2ml of 2%(W/V) Sodium potassium tartrate + 2ml of 1%(W/V)

Cusou.BHzo were mixed, The Folin-Ciocalteu's phencl reagent
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was diluted 1l:1 with distilled water., A standard solution
of bovine serum albumin (BsSA) was made up at a concentration
of 250pg/ml,

The BSA standard was diluted to give 0, 50, 100, 150,
200 and 250 pg/ml sclutions. Quadruplicate O.,5ml aliquots
were dispensed into 7.0ml test tubese To these and to 0.5ml
of the protein samples in quadruplicate, 2.5ml of copper
alkali sclution was added and mixed. After 10 minutes at
room temperature 0,25ml of diluted Folin-Ciocalteu's reagent
was added, After mixing, the tubes were left at rcom
temperature for 1 hour and the absorbance taken at 700nm
against water blanks. A calibration curve was drawn
(Figure 2.2,.) of protein (BSA) concentration against
absorbance and from this the protein content of unknowns

was found.

2.2:20 Isolation of porcine Lipid Mobilizing Factor
2e2e2ele Chromato h roced

For both gel filtration on Sephadex cross-linked
dextran and ion-exchange chromatography on ion-eXxchange
celluloses, the procedures described in the manufacturers'
handbooks, were followed, These are 'Gel filtration in
Theory and Practice' published by Pharmacia Fine Chemicals,
and Whatman's 'Advanced Jon-ixchange Cellulcses - Laboratory
Manual' respectively,

In both cases, protein samples were applied directly
on to the surface of the gel or cellulcse, With gel filtra-
tion, settling of the gel created dead space between the

gel surface and the upper end=-piece, If the sample was
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Figure 2.2. Calibration curve for protein estimation by

the Folin-Ciocalteu Reaction.

50 100 150 200 250
Concentration of Bovine Serum Albumin Standards (nghl)

The absorbance of protein standards and unknown samples was
taken at 700nm against water blanks after reaction with
copper alkali solution and Folin-Ciocalteu's phenolic

reagent.
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pumped onto the column with the dead space occupied by
buffer, dilution of the sample and broadening of eluted
peaks would occur., Instead, the buffer above the gel was
removed, the protein sample applied, without disturbing the
gel surface and allowed to run into the column. A layer of
buffer was then replaced., An air gap was usually present
between this buffer and the top of the tube, which was sealed
with a rubber bunge. Running buffer was introduced intc the
column through the bung, by a needle and directed on to the
side of the tube by a short piece of plastic tubing. The
sameé method was used for ion-exchange chromatography as
often the total length of the tube was not full of cellulose,
There was usually an air gap between the cellulose surface
and the rubber bunge.

Wright's columns were used throughout the preparation
of LMF and apart from the rubber bung replacing the upper
end piece their fittings were also used, Operating pressure
was maintained using & variable peristaltic pumpe.

Fractions were collected on a fraction collector, which was
adjustable for the collection time of each fraction. For
ion-exchange chromatography both step-wise and gradient elutions
were employed, In the former, the buffer was completely

changed for one of a higher concentration. In the latter,

the buffer strength was gradually increased using & gradient
maker,

The eluted buffer concentration was monitored during
ion~-exchange chromatography by measuring its conductivity.
The conductivity did not give a direct reading of molarity,
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but the buffer concentration of column eluates could be
estimated by comparison to the conductivity of standard
buffer solutions of various concentrations. The conduc=
tivity of the eluate was taken during desalting on
Sephadex G=15 to identify salt-free fractions, which were
those with the same conductivity as the buffer,

As the buffer for most columns was the volatile
ammonium acetate (NHuAc), protein could be recovered from
solution by frecze drying. Protein containing fractions
were pooled in large volume round bottom flasks, These were
frozen at -18°C. By occasionally altering their position
the solutions froze round the flasks, They were sealed into
the chamber of a pre-cycled freeze drier and the pressure
reduced to 0,1 Torr (1l3.3Pa). After 24-48 hours the
lyophilized proteins were collected from the sides of the
flasks, MNot all the ammonium acetate evaporated, but the
buf'fer could be completely removed by dissolving the
protein in distilled water and repeating the freeze drying
until the weight of lyophilized protein was constant. The
freeze dried preparations were weighed and stored at -18°%¢,
Llectrophoretic mobilities were found for all fractionse
Lipolytic activity was found for some and especially for
those with the LNF like mobility., Lipolytic dose-response
relationships were found only for the purer samples.
2424242, Preparation of crude IVF
a) re tat of Resid e The isolation of INF
differed only slightly from that described by Trygstad

(1968a), up to the isolation of residue L. He removed salts
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from residue 4 by dialysis but if, as he reported, the
molecular weight of LMF is 2,100 (Trygstad 1968b), LNF
should be lost through the dialysis membrane, To prevent
any loss of peptide, desalting was carried out by
gephadex G-15 gel filtration, which excludes proteins
above 1,500 mol.wt. After desalting, crude LMF was further
purified by a number of different procedures in attempts to
improve the method. Three of these will be described in
detail, All procedures were carried out at 4°C. The
isolation of crude LMF is illustrated in figure 2.3.

100g of deep frozen porcine pituitaries were
homogenized in 0.1M maznpoh pHB8,5 for 2 minutes in an MSE
'Atomix' mixer, The homogenate was extracted in 4LOOml of this
buffer (Lml per g of pituitary) for 4 hours. The extrac-
tion mixture was maintained at pH8.5 with 1,0M NaOH. The
homogenate was centrifuged at 20,000g for 20 minutes.
Supernatant 1 was decanted and the residue washed twice
with 100ml of O.1M Nazﬁpou pHB8 .5, The resulting super-
natants were added to supernatant 1, Residue 1 was
lyophilized,

1,08 HCl was added to supernatant 1 until pHS5.5 was
reached, After extraction for 10 minutes at this pH the
mixture was centrifuged at 20,000g for 20 minutes. Super=
natant 2 was decanted and residue 2 was lyophilized.
Filtered acetone was added dropwise to supernatant 2 until
it was 55% (V/V) saturated (1,222ml of acetone per 1,000ml
of supernatant 2), After a further centrifugation at

20,000g for 20 minutes, supernatant 3 was decanted and
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pituitaries
. Lhours in _
residue 01M  Na,HPQ, pH85
2 4
supernatant 1
10min at pH55
idue 2
oS with 10M HCl
supernatant 2
residue 3 55% acetone
supernatant 3
resigue 4 90 % acetone
supernatants4
b-15 .
sephadex
crude LMF

Figure 2,3. The preparation of crude IMP from porcine

pituitaries.
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residue 3 was lyophilized., lore acetone was added drop-
wise to supernatant 3 until 90% (V/V) saturation was
reached (3,500ml acetone per 1,000ml of supernatant 3).
Residue 4 settled out overnight. Most of supernatant 4
was decanted. Centrifugation at 20,000g for 20 minutes
collscted residue 4 together and the remaining supernatant
was decanted,
b) Desalt residue L. Approximately 10g (wet weight)
of residue L4 came from 100g of pituitaries. There was a
high prcportion of salt in the residue and this was removed
by gel filtration., Residue 4 was dissolved in 15ml of 0,0lM
ammonium acetate (NHuAc) pH5.4¢ Insoluble material was
removed by centrifugation at 35,000g for 10 minutes,
followed by filtration through Whatman grade 1 filter paper,
The sediment was washed twice with 5ml of 0,01M NHuAc PHS o4
and after further centrifugation and filtration the super-
natants were combined,

A Sephadex G-15 column (me2 x 55cm) was equilibrated
with 0,01 NH Ac pH5.4 . Because the volume of residue 4
(25m1) was ) 10¥ of the column volume, it was desalted in
separate batches of 12.5ml each., The samples were applied
in turn to the celumn and buffer was pumped through at a
flow rate of 18ml/h. 6ml fractions were collected, Salt
free protein fractions from both fractionations, identified
by low conductivity and high absorbance at 280nm, were
pooled and either lyophilized or immediately chromatographed
on ion-exchange cellulose., Fractions, with a high con=
ductivity and therefore salt rich, were pooled and

lyophilized,
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From the crude preparation, LVF was isolated in a
number of different extractions, which were labelled with
Roman numerals from I to XIII., Of these, three will be
described to illustrate the development of an alternative
isolation method. These will be extractions V, VIII and XI.
They are illustrated in figure 2.4, For the nomenclature

of the various fractions see appendix 1,

2.2.2.3. Extraction C (=) B
a) Sephadex G-50 1,0g of freeze dried crude LUF,

oeriginally from 200g of pituitaries, was dissolved in 2,0ml
of O.lM HHuAc PH7.0 and applied to a Sephadex G-50 column
(8cm2 x 60cm) equilibrated with the same buffer, The flow
rate was 20ml/h and 5ml fractions were taken, The lipolytic
activity of 1l.,0pg of material from every tenth fraction
from tubes 45 to 115 was assayed jin vitro, The following
fractions were pooled and lyophilized, 35-60, 61-70, 71-80,
81-90, 91-100, 101-120 and called sLME, sLVF, etc. The
lyophilized material was assayed for lipolytic activity and
electrophoresed on polyacrylamide gels.

b) Diet minoet Exchange Ce g€ An 8cm2 X
12,5cm column of Whatmen's microgranular DEAE ion-exchange
cellulose (DE 32) was equilibrated with 0,01NM NH) Ac PHSeli o
BLMF2 from G-50 gel filtration of crude LKF was dissolved
in 5.0ml of this buffer., pH and conductivity were checked
to ensure they remained constant, The solution was applied
to the column which was eluted with a flow rate of 60ml/h.

b5ml fractions were collected,



* INT uTBlIU0D YoTym suotreardsad ayy jusseadsa spxoq ul sucijoead *(IX % IIIA
K chﬁpum&pxmu Sodnpooodd QUoJdoJIIP ¢ A4 ANl eptuao Woag AWI Jo uotgedtitand oU] °*f*z eanidTJg

IX IoIA - A

ZANTWB L 4 WTWb

L3.

05-9 |
DE Jy U m
AN TW o4 T G 4NTW Dy Z WP [TAWP
| | | Lz WD _ H
Zews|  HWIW EARTW 4 TW LW Z€ 30
ZANP L4WP | 94WIS G AWIS Y4WIS £4WTS ZAWIS LaWTS
1 1 _ 1 i ] | | i
ZE WD
Z€ 30 0G-9

d4W7 epnJd




Lb .

Unabsorbed protein came through the column in a break-
through peak, When the absorbance at 280nm of the eluate
fell towards zero follewing this peak, the buffer was re-
placed by 0.2M NHuAc pHS5.4e ILater the column was cleaned
with a mixture of 0,01M NHhAc pPHS5.4 plus 1.0M NaCl,

Protein containing peaks were pooled and lyophilized
and called dL¥F,, dLUF,, etc.
2e24244, Extraction V crude
a) arb t on=Exc e Cellulose.s The salt free
protein peaks from both gel filtrations of residue 4 on
Sephadex G-~15 were combined (62ml) and pumped onto a
2cm2 X 17cm column of Whatman's microgranular CM ion-
exchange cellulose (CM 32). This crude LWF was derived from
167g of pituitaries. The column had been eguilibrated with
0.01M NMhAc PHS5 .4, the buffer used for G-15 desalting. The
flow rate was 30ml/h and 5ml fractions were collected, After
the absorbance at 280nm, due to the unabsorbed proteins of
the breakthrough peak, had fallen towards zero a buffer
gradient to 0,.,1M Nﬂhﬂc pH5.4 was introduced. Following the
gradient the buffer was changed to 0.5M NHhAc pHS5.4 by a
step-wise increase in concentration. Protein peaks were

pooled and lyophilized asnd called mLMF., mLMF2 etc.

1

After examination of the purity of the fractions by
electrophoresis, mLMF3 was run again on the same CM 32
column, The column was equilibrated and the sample dissolved
(2ml) in 0,05 NH) Ac pHSele A gradient to O.1M I'H Ac PHS o4
was established and the main protein peak on elution was

pooled and lyophilized (mLMFja)'
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b) Cleaning on sephadex G-50., The lyophilized protein from

rechromatography on C¥ 32 was run on a small G=50 gel
filtration column (1.8cm2 X 13.5cm) in O0.2M acetic acide.
Dissolved in 1lml of buffer the peptide solution was run on
the column at a flow rate of 60ml/h with 1ml fractions being
collected, The main peak and a trailing edge were pooled
separately, lyophilized and called gmLk{F1 and gmLMFz.

2e242e54 Extraction XI of crude LMF

a) Disthylaminoethyl Ion-Exchange Cellulose. A 2cm2 x 1Ocm
coclumn of DE 32 was eguilibrated with 0,01M NHhAc pHSLe A

solution of crude LKF, from 130g of pituitaries, had a
volume of 80ml after desalting on Sephadex G-15 in 0,01M
NHhAc PH5+4+ This solution was pumped onto the DE 32 column
at 4Oml/h with 6,7ml fractions being collected. The column
was eluted with starting buffer until the absorbance of the
eluate at 280nm fell towards zero, A step-wise change in
buffer was made to 0,5M NHhAc pH5e4e The unabsorbed protein
containing fractions of the breakthrough peak (dLmFl) were
pooled for further fractionation and the fractions of the
later peak (dLNF,) were pooled for lyophilization.

b) Carbo ethyl JTon-Exchange cellulose€. A 2cm2 X l7em
column of CM 32 was equilibrated with 0,01 NH) Ac PHeSelio
The pooled fractions of unabsorbed protein (dL&Fl) from the
DE 32 column (described above) was pumped on to the column
at 36ml/h. 3.6ml fractions were collected., The sample
volume was 100ml. The column was eluted with starting
buffer until the absorbance of the eluate fell towards zero.

A gradient of increasing buffer strength to 0.1 NHuAc pHS WL
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was applied to the columne. On completion of the gradient
a step-wise increase in running buffer concentration was
made to 0.5M NHhAc pH5.4 to clean the cellulose, Protein
peaks were pooled, lyophilized and called le‘.‘_Fa mLmFb mLhZFc
and mLMFd-
24243 Estimation of Nolecular Weight of IKF on Sephadex G-50
As the separation by gel filtration of protein mixtures
is based on the size of the protein molecules, the method can
be adapted to estimate the molecular weight of an unknown
peptide, (Andrews, 1964). A column of a suitable grade of
sephadex is first calibrated with proteins of known
molecular weight, The volume of eluate in which they are
eluted (VE) is plotted against the log of their molecular
weight and from the elution volume of the unknown sample,
its molecular weight may be estimated,
a) ecular Weight Estimat on a_Calibrated Col £
hade =h0. A 2cm2 X 90cm column of Sephadex G-50 was
equilibrated with 1,0M acetic acid, The column was
calibrated with glucagon, lysozyme and chymotrypsinogen.
1-2mg of two of these were dissolved in 1l.8ml of 1.,0M acetic
acid and applied to the column, Chymotrypsinogen can form
aggregates but at the concentration used (lmg/ml) is almost
entirely in the monomeric form (Andrews 1964). The column
wags eluted with a flow rate of 6ml/h and 3ml fractions were
taken. Cver a number of runs the elution volume (VE) of
each standard protein was determined at least twice, VE
was measured to the nearest ml by extrapolation of the

slopes of each peak, 5mg of mLVNF4d from extraction XI, was



L7
dissolved in l.8ml of buffer, applied to the column and its
elution volume found under identical conditions to the
standards. The molecular weight was estimated from
comparison to the calibration curve of VE of' the standards
against their molecular weight. LNF was recovered by

freeze dryinge.

1257 1avelled LNF on & G=50 column.

The molecular weight of a sample of LMF labelled with

b) Molecular Weight of

1251(Section 3e24241) could be estimated from a direct
comparison against proteins run on a sephadex column at the
same time, 2.0mg of bovine insulin, 2.0mg of lysozyme and
2.,0mg of carbonic anhydrase were dissolved in 0.8ml of 1.0M
acetic acids 0.2ml of 122I-labelled LKF (working label)
was added., This mixture was applied to a 2 cm2 x 87cm
column of G=50 equilibrated with 1.0 acetic acid. The flow
rate was 9ml/h and 3ml fractions were collected. The
fractions were counted for Yeradiation in a ¥ espectrometer
as well as having their absorbance at 280nm taken, The
relative position of the peak of radioactivity to the
protein peaks gave an indication cf the molecular weight of
the labelled peptide, The elution positions of insulin and
lysozyme were confirmed by running them separately under
identical conditions to those used for the main fraction-
ation. For these runs 3.0mg of the proteins were dissolved
in 0.,5ml1l of buffer and eluted as before,

The molecular weights of the standard proteins and

peptides is shown in table 2,1,
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2.3, Results
2.3.1, Identification of Forcine Lipid Mobilizing Factor
2e3elel, In Vivo Assay of Adipokinetic Activity

The increase in serum free fatty acids, in rabbits,
90 minutes after injection of O.lmg of protein from
fractions from the Sephadex G-50 gel filtration of crude IMF
is shown in table 2.2, These fractions were from extraction
I and resembled aLMFl, st.;F2 etc, of extraction V,
Fractions 1,2,3 and 6 had little or no effect on the release
of free fatty acids into the circulation. Fraction 5 had

the highest activity while L was also active,

2e5elele gn Vétrg Agsay of Lipolytic Activity

Assessment of the validity of the rabbit fat cell
in vitro assay for lipolytic activity is described in
section Le.3.2, When this assay was utilized to identify
lipolytic fractions during the isolation and purification
of 1LMF, the results are described with the relative fraction-
ation. Dose-response relationships, which can be compared to
an ACTH standard dose-response curve (figure 4.l), were in-
vestigated for a number of purified LNF fractions. These
reésults are in section 2.3.2, which describes the
purification of the fractions.
2¢3+1e3. Polyacrylamide Disc Gel Electrophoresis
KElectrophoresis at pl8.9 of a number of pituitary
hormones and peptides is shown in plate 2,1 as an example of
the method., The ovine hormones GH, PRL, LH, FSH and TSH,
showed a varying degree of purity. #SH was impure while TSH,
PRL and LH appeared to be homogeneous. GH did not show a

heavily stained band, probably because the sample applied
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Table 2,1 QMolecular Weights of Standard Prote
Protein or =

Peptide Molecular VWeight Reference

Carbonic anhydrase 29,000 Weber & Osborn(1969
Chymotrypsinogen 25,700 Weber & Osborn(1969

Lysozyme 14,300 Weber & Osborn(1969
Insulin 5,700 Carnegie(1965)
Glucagon 3,500 Andrews(1964)

These proteins were used to calibrate Sephadex G-=50

columns for the molecular weight determination of LNF.

Table 2,2

dipokinetic tivity o (f'=- actio
Increase in
Fractions serum FFA
pmol/ml
SLUF-I, 0,08
sLMF-I2 0
BLMF-15 0,31
BLMF-;M 1.82
sLMF-IS 2.45
aLMF-Ie 0.23

Oe1lmg of fractions from the G=50 filtration of crude

LMF (extraction I) were made up to 5.,0ml in 0.9%(W/V)

saline and injected subcutaneously between the shoulder

blades of rabbitse.

Blood was taken from each rabbit prior

to the injection and 90 minutes afterwards. The increase

in serum free fatty acids 90 minutes after injection was

mea Bured.




Flate 2,1, 50pg of proteins run at LmA per gel for
1 hour in 7%(W/V) gels at pH8,9, stained in amido black
in 10%(V/V) Acetic acid and destained in 10% acetic acid,

Flate 2.2, 50pg protein run at 8mA per gel for 2 hours
in 7%(w/V) gels at pH7.0 containing 0,1%(W/V) scdium
dodecyl sulphate, Stained and destained as above,
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Plate 2.l Polyacrylamide Disc Gel Klectrophoregis of
fituitary Horpmones and rfeptides
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was too small, Porcine ACTH gave a band with similar
mobility to both Trygstad's porcine LMF (T.LWF) and one of
my purer preparation, mLMFd, This band had a mobility of
0.28, Examples of electrophoresis of fractions during the
isolation of L¥F are given in the relevant sections.
Stained protein bands with a mobility of approximately 0,28
were taken to be LNF. During isclation the presence of LNF
in a fraction was indicated by such a protein band on
electrophoresis,

2e3elsle Llectrophoresis on Sodium Dodecyl Su te
Polyacrylamide Gel

The pituitary hormones and peptides, whose electro-
rhoresis was described in the previous section, were also
run on SDS polyacrylamide gels (Plate 2.,2)., The differing
purities of the ovine hormones was again illustrated in
that FSH had a large number of impurities of varying size
while LH, PRL and TSH were more homogeneous, mLMFAd had a
band with a similar mobility to Trygstad's LMF, which had a
higher mobility than porcine ACTH, mLMFd also had a more
diffuse second band with lower mobility,
2e3ele5. Erotein estimation

omparison of Abso e at 2680nm and Fo - lteu'
Method. A standard curve for Folin-Ciocalteu's method of
protein estimation was shown in figure 2.2. From this the
protein content of two solutions of LMF preparations,
mLija’ gmLMFz, from extraction VIII were founde They
contained 156 and 118pg/ml respectively. The absorbance

at 2680nm of 10 times more concentrated solutions were 1,20




52,
and 1.60 respectively, which showed that the absorbance at
280nm gave a rough estimate of protein concentration.
The protein content of samples during isolation was
routinely assayed by absorbance at 280nm but for in vitro
assays and radiocimmunoassay the concentration was

checked by Folin-Ciocalteu's method,

2e3e24 Isolation of Porcine Lipid Mobilizing Factor

2e3+241¢ Preparation of crude LKF
a) recipitat Residue L. The following results from

the precipitation of LMF came from extraction IX in which
the wet weight of the deep frozen porcine pituitaries
extracted was 100g (approximately LOO pituitary glands).
The yields of lyophilized residues 1, 2 and 3 were L.5g,
2.7g and 10.4g respectively. From the absorbance at
280nm the yield of protein in residue L was 350mge

Residues 1l=3 of this extraction were assayed for
lipolytic activity in the in vitro assay (Table 2.3).
Residue 4 had been desalted and fractionated on CH32 ion-
exchange cellulose., The fraction resembling mLhﬁF5 of
extraction VIII, described below, contained most LMF and
was called mIMF-IX,. This was included in the in vitro
assaye At a level of 1l.0pg in the incubation volume of
lelml, residues 1=3 increased the release of glycerol by
0436, Os42 and 0,36umol/g fat/hour respectively, The same
amount of mLL:F—IX3 increased lipeolysis by l.54pmol/g fat/hour,
b) Desalting of residue 4. An example of the desalting
of crude INF on Sephadex G-15 is shown in figure 2.,8a as the

first stage of extraction VIII. Half of residue 4 in
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Table 2.3, Lipolytic Activity of Fractions from
EBxtraction IX of ITUF

Glycerol

Production
Fraction rate

pmel/g fat/h
Rese 1 1,58 4 0,08'!
Reses 2 1,64 4 0,05''*
Rese 3 1.58 4 O.,0L'"’
mLMF-1X5 2,76 4 0,29''"!
Basal 1,22 4 06,07

1.0pg of the lyophilized fractions were incubated
with 1,0ml of rabbit fat cell suspension for 2 hours in
guadriplicate. The glycerol production rates were compared
to basal rate by Student's 't' test. *reto.00P,
'110,0DP)0.,001, ''0.02)FP)0.,01, (n=k).
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12,5ml1 gave a salt free peak and a second peak of 280nm
absorbing material, which corresponded to the high salt
containing fractions. On lyophilization the latter peak
weighed about 90mg per 100g of pituitaries, The yield of
salt free crude LMF, was about 350mg of protein per 100g
of pituitaries,
2e3e2424 Extraction V of crude LKF
a) Sephadex G-50. An assay of the lipolytic activity of
every tenth fraction from G-50 fractionation of 1.,0g of
crude LMF revealed that most were able to stimulate the
release of glycerol from rabbit adipocytes (Figure 2.5).
Fractions 105 and 115 were the exceptions. After
lyophilization, the peoled fractions (BLMF1_5) were found
to have approximately equivalent lipolytic activities
(Table 2.4)« By polyacrylamide disc gel electrophoresis
fractions sLMFz and BLHF3 were shown to contain peptides
with an LMF like mobility of 0.28 (Plate 2.3). The yields
of fractions 1-5 were 550, 169, 70,3, 31.9 and 53.7mg
respectively.
b) Diethylaminosthyl Ion=-ixchange Cellulosee On eluting
the column with starting buffer unabsorbed protein was
eluted in a breakthrough peak dLMFl, which had a small
subsidiary peak dALMF, (Figure 2,6), The main peak had an
L¥F like peptide band on electrophoresis (Plate 2,3)s The
subsidiary peak had more impurities (not illustrated).
The protein desorbed by an increase in buffer concentration
(dLMF‘z) was of acidic nature with a high mobility on
polyacrylamide (Plate 2.3)s The lyophilized yields of



Figure 2.5

Buffer: 0.l NH Ac pH7.0 Flow Rate 20ml/h

Fraction Volume: 5ml Column: mnam x 60cm of G=50

Sample: lg of crude LMNF Sample volume: 2.,0ml

Vertical bars represent the glycerol production rates (mean 4 SEM) when
5.0pg of fractions L5, 55, etc. were incubated in quadruplicate with

1.0ml of rabbit fat cell suspension. Basal rate is also included.
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Table 2.4 Lipolytic Activit r vhilized fractions fro
the Gel Filtration of crude Ll iXtract Vv
Glycerol
Production
Fraction rate
pmol/g fat/h
SLUF, L.70 4 0436
SLMF, 3497 4 0464
SLUF 3477 1 0426
SMFIJ LI-.OO _i Ooje
SLMF g Le20 4 0,32
Basal 0675 £ 004

5.0pg of lyophilized fractions from Sephadex G=50
gel filtration of crude LNMF from extraction V, was incubated
in guadruplicate with 1.0ml of rabbit fat cell suspension
and the glycerol production rate measured, Resultis are

reported as mean 4 SEM (n=4).



Plate 2.3
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Fractions aLHFl_s were from sephadex G-50 gel
filtration of crude LMNF; dLh:‘F1 and dLKF, were from DEAE
ion-exchange chromatography of sLMFz. Approximately 50pg
of' each sample was electrophoresed on polyacrylamide

gels at phB.9.



Figure 2,6
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Extraction V: DEAE cellulose Fractionation of SLHFz.

Buffers: I 0.,01M NH, Ac pHS.4

1y
> 80nm II 0.2M NH“AC PH5 .4
, O+ ' ; "
Flow rate: 60ml/h PFraction volume: 5ml -
» 9+ Column: 8cm2 X 12.5cm of DE32.
8. Sample: 169mg of sLMF2 sample-volume: 5.0m1l
sl
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Glycerol Production Rate (p mol/g fat/h)

3.0

59.

Basal 0.1 ’ 1.0 10.0

Dose of ALMF, (pg) on a log scale.

Figure 2.7. Lipolytic activity in vitro of AINF, from
extraction V_of crude LF

Each point represents mean 4+ S.E.M. of quadruplicate

samples, Basal and ACTH induced lipolysis are included.
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ALKF » dLLiFla and dLh.F2 were 1lo.4mg, L.5mg and 18.umg

respectively,
c) Lipolytic Activity of AINF. . dLEFl was assayed for

lipolytic activity in an 8-point dose-response curve over the
range 0,05 - 1Opg of peptide in l.lml of incubate (figure 2.7).
0.2pg of dLMF1 was reqguired before a significant release of
glycerol was founde. 5.0pg of dL&‘;F1 was more active than an
eqguivalent amount of ACTH,

A fraction similar to dLMFl was obtained by anion
exchange chromatography (on DEAE cellulose) of BLEFB.
24342430 Extraction V r iR,

a) arbo et on-kExchange Cellulose, As can be seen
from their electrophoretic mobilities on peolyacrylamide gels,
fractions were eluted from the CV cellulese column in order
of increasing basicity (Figures 2.8b and plate 2.4).
Fraction mLMF3 with a stained band on electrophoresis of
mobility 0,28 was run again on CM cellulose (figure 2,8c).
The main peak from this fractionation, mL&Fja, showed a
decrease in impurities on electrophoresis, The yield of
lyophilized material for these fractions were 258, 11,3,

1470 and 22.8mg for mLiF,, mLiF,, mIMFB, m&HFh respectively

19
and 6,5mg for mLmFsa.

b) Sephadex G-50 On running mLMF3a through a G=50 column
(figure 2,.,8d) both the main peak gmLKF, and trailing edge
gmLMF2 appeared to be homogeneous on polyacrylamide disc gel
electrophoresis (plate 2.4). The lyophilized weights of

gnLMF, and gmLMF, were 3.6mg and l.5mge

1
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mLMF mLMF 34 gnLMF *
1 2 3 A 1 2

Fractions mLﬁFl_u are from CM ion-exchange chromatography of
crude LiPF, nLnF3 was re-chromatographed on CE to give

IﬁﬂF&n and gmLHFl and gmmﬁFa are from G-50 sephadex gel
filtration of mLija. Approximately 50pg of each sample
was electrophoresed on polyacrylamide gels at pH8.9e



Pigure 2.9. Lipolytic activity, In Vitro, of gmli
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Each point is the mean 4+ SEM of guadruplicate samples,
basal lipolysis is shown in both figures,
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¢) Lipolytic activity of gmI¥F,. In two separate dose-
response experiments, gmLﬁFl was shown to stimulate lipolysis
over the range of 0,05 to 5.,0pg in l.lml of incubate
(figure 2,9 a, b)e This fraction was more active than
porcine p LPH, ACTH, a similar fraction from extraction IX
and a sample of Trygstad's porcine LMF (T.LMF).
2e3e24l4e Extraction XI of Crude LNF
a) Diethylaminoethyl Ion-Exchange Chromatogrs e The
unabsorbed protein ALMF, (figure 2,10) which eluted in the
starting buffer was subsequently fractionated on CM cellulose
without lyophilization. The remaining protein which desorbed
on increasing the buffer concentration to O.5M NH Ac pHSW.L
(dLuF,) was lyophilized and weighed 212mg. On electro-
phoresis (plate 2,5) it was shown to consist of acidic
proteins and resembled the previously isoclated dLMF2 of
extraction V (figure 2,6 & plate 2.3).
b) Car et -lLX e Chromatogra ¢ On a
cation exchanger, the unabsorbed protein from DEAE cellulose,

gave a breakthrough peak mLNFy with initial shoulder mLMFa,
both of which eluted with the starting buffer (figure 2.11),
When the buffer strength was gradually increased, two further
peaks were desorbed, mLNF, and mliF4e The latter contained

& high proportion of LMF. The electrophoretic mobilities

of these fractions are shown in plate 2.5 The yield of
lyophilized peptides were 93.5mg, 102.5mg, 8.1lmg, 7.2mg for
mLMF, , mLMF

mLMFc and mLMF. respectively.

b? a



Extraction XI: }
Figure 2,10 Crude LMF on DEAE Csllulose

Colunn: 20m2 x 1O0cm of DE32
Buffers: I) 0.01M NH Ac pHS5.L
II; 0.5M Nﬁuﬁc DHS L4
Flow Rate: LOml/h
Fraction Volume: 6.7ml
sample: about 500mg of
crude LMEF -
Sample volume: 80ml

dLMF

~280nm
1.6. f\

1.y ¥
ALMP,

3]

C.&

0.4

T II
1 i i i
10 20 30 L0

Fraction Iiumber

Crude LMF was pumped onto D E32 ion-exchange cellulose

following desalting on sephadex G-15,



Plate 2.5,

g Elect-
rode
- -
-
= =
4LMF, mLMFa mLMFb mLMF¢c mLMFd ¢

dLMFz is the protein initially absorbed when crude
I¥F was run on a DEAE cellulose column, The unabsorbed
proteins, on Cl cellulose chromatography with a buffer
gradient gave mlliFa=-d., Approximately 50yg of each sample
was electrophoresed on polyacrylamide gels at pHB8.9.
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Figure 2,11, Extraction XI: Unabso
O 4

ped Protein from
Anion Exchanger al.b

ulose

Column: 2cm2 X 17cm of CM32
Buffers: I) 0.01M NH Ac pH5.L
II) Gradient to 0.10M
NH Ac pH5.4
Flow Rate: 3cm&
Fraction Volunme: 3 oml
Sample: about 250mg of dLIF

Sample Volume: 100ml

~—— Absorbance at 280nm (£280nm)

wweeeeew Conduetivity (mmho = mS)

.
a B

Fractibn Number
Unabsorbed protein from DEAE cellulose was pumped .
directly onto ClM32 ion-exchange cellulecse and a gradient of

increasing buffer strength applied.
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Pigure 2,12, Lipolytic Activity, in vitro of mIM®d from
' Extraction XI '

11.0 —
10.0 -
9.0 4

8.00—

740 4

6.0 -

540 . - & | b

: [) ) ‘] .
Basal 0.1 1.0 10.0 ACTH
L,0 5,0ug
Dose of mLMFA (pg) on log scale.

a) mIMFd assayed at 0.25, 1.0 and 4,0 ng

b) mLMFd assayed at 0.05, 0.5 and 5.0 pg

Each point is the mean 4 SEﬁ of quadruplicate samples.
Basal and ACTH induced'lipblysis are included from both
assays.

Assays (a) and (b) were performed on separate days

with different fat cell suspensionse
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e) Lipolytic Activity of miiFde mLMFd was assayed for a
dose-response relationship in two separate assays (a & b)
between doses of 0,5 and 5.,0pg in 1.1ml of incubate
(figure 2,12), It was active above a dose of 0.,25pg but
appeared to have a maximal effective dose between 0,5 and
1e0pg @8 in both cases a higher level of peptide did not
cause a further release of glycerol, With ACTH at an equal
concentration mLiiFd was as active as the hormone at L.0ug
in assay (a) and in (b) was more active than ACTH at 5.,0pug
Cedele

Lysozyme, one of the proteins used to calbrate the G=50
column in both determinations of the molecular weight of
LiF, has an anomalous behaviour on gel filtration.

Whitaker (1963) found that lysozyme, which has a chemically
determined molecular weight of 1,300, eluted from a
Sephadex G-100 column with an apprarent molecular weight of
7,700, He suggested that the enzyme was forming weak
complexes with the gel and was being retarded by this inter-
action with the sephadex, ILysozyme was thersfore not
suitable as a standard for molecular weight determination on
& G=50 column and wag omitted from the ;alibration curves,
a) Ona Calibrated G=50 column, The graph of Vg

against log of molecular weight is shown for glucagon and
chymotrypsinogen in figure 2.,13a, line A; mLMF4 when run
under similar conditions gave an elution volume which

corresponded to a molecular weight of 20,000,



Figure 2.,13a:

Figure 2,13b:

Line A represents the calibration of a
Sephadex G=50 column with glucagon and
chymotrypsinogen and the elution volume of
LMF under identical conditions. Line B

is explained below,

The elution from a Sephadex G=50 column of a
mixture of carbonic anhydrase, lysozyme,

insulin and 125

I-labelled 1iF., The elution
volumes were plotted in 2.,13a above, (line B),
Molecular weight estimates for LWF were made

from both experiments.
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'b) By Est 125 £
y Estimation of I-labelled LNF on a G=50 columne The

elution diagram for carbonic anhydrase, insulin, lysozyme
125

and I-labelled IMF is shown in figure 2,13bs The main
peak of radioactivity fell between carbonic anhydrase and a
double peak of insulin and lysozyme, which had a VE of
90-102ml, On running these proteins separately, elution
volumes of 91lml for lysozymeé and 103ml for insulin were
found. Vg was plotted against log of molecular weight for
insulin and carbonic anhydrase (figure 2,13a, line B).

From this calibration curve the molecular weight of
1251-1abelled LMF was estimated as 14,500, It was assumed

that the bovine insulin used as standard was present as a

monomer under the elution conditionse.

2lie Discussion

Identification of IMF
The in vivo assay for adipokinetic activity was little

useds Unless rabbits were injected at least in triplicate
only a gualitative measurement of adipokinesis was possible.
18 or more rabbits would be necessary for a quantitative
measure of the adipokinetic activity of fractions in table 2,2.
Rabbits can develop resistance to human L¥F (Trygstad,
personal communication) which would cause a high turnover

of experimental animals, with each one only being injected

a few times, The relatively large amount of peptide reguired
for injection into each rabbit (O.lmg) is a further dis-
advantage of the in vivo method. In fractionations with low
yields eof LNF, 5-10% of the peptide could be used in one
assaye. The alternative method in vitro was developed to
overcome these disadvantages of measuring the biological

activity of LNF in vivo.
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In Vitro Assay of Lipolytic Activity

The assay of lipolytic activity in vitro, using rabbit
isolated adipocytes was used here mainly to establish
dose-response relationships for the more homogeneous samples
of LiF, It was originally intended to determine lipolytic
fractions during isoclation with this assay. However, LMF
containing fractions could not be distinguished by in vitro
assay after G-50 gel filtration, such as in extraction V
(figure 2.5 table 2.4). All the fractions assayed after
lyophilization were equivalent in lipolytic activitye.
Polyacrylamide disc gel electrophoresis had to be used to
determine which of these fractions contained LMF, As the
biological assay was similarly unable to determine LVF in
other fractionations, electrophoresis became the method of
choice for LVF detection, The in vitro method did show that
little lipolytic activity remained in residues 1, 2, 3
(table 2,3) compared to a purified sample of LMNF.

Purified LKF from each of the three extractions was
eguivalent in activity or more active than other pituitary
lipolytic peptides (ACTH, pLPH and T.LMF) which were
included in the same assays (figures 2.7, 2.9 and 2.,12),
Trygstad's porcine LMF (T,.LMF), which hardly stimulated
lipolysis, even at 5.0pg, could have lost some activity in
transit from Norway, when the sample was neither désiccated nor
maintained below 0°C. While isolated porcine LNMF did not have
ag low & minimum effective dose as that reported for human
L¥F (Trygstad 1968b), it was usually more active than the
other lipolytic peptides tested in the in vitro assay,

FPossibly the assay used here was not as sensitive as the
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assays used by other researchers. The incubation of a
rabbit fat cell suspension, rather than slices of adipose
tissue as used by Trygstad, may have reduced the sensitivity
of the in vitro assay. FPerhaps the receptors for LMF on rabbit
fat cells were adversely affected by incubation with
collagenase., Inconsistencies were found between fat cell
suspensions. For example, the assays for the lipolytic activity
of gnIMF, (figure 2,9a,b) were carried out one after the other,
but gave maximal glycerol production rates of 3.29 and 15.28
pmol/g fat/h. Such large differences between preparations
of suspended fat cells are further discussed in chapter UL,
olyacrylamide sc Gel Llectrophore

By polyacrylamide disc gel electrophoresis, fractions
with the same electrophoretic mobility as a standard sample
of Trygstad's porcine LNF were identified. Compared to the
other pituitary hormones electrophoresed at pH8.9
(plate 2.1),ILMF had a similar mobility to ACTH. In a later
experiment LMF had a similar mobility to a subsidiary band
of pLPH (plate 3.1)s LNF was distinguished from ACTH by
electrophoresis on 3DS polyacrylamide gels (plate 2,2) on
which the latter had a lower mobilitye. pLPH is larger than
ACTH so it would also have a lower mobility than LMF on SDS
gels., However, as LMF resembled only the minor band of (3LPH,
which is probably an impurity, it was possible that LUF was
the same peptide as this contaminant of pLPH, From its
mobility on SDS polyacrylamide gels, the molecular weight
of LNF would appear to be lower than that of ACTHE (4,600).

The 7%(W/V) polyacrylamide gels used for SDS electro=

phoresis had 2.6 cross-linker (i.e. bis acrylamide as a
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percentage of total acrylamide) which was the same per-
centage of crosslinker as the 10%(W/V) acrylamide gels
used by Weber and Osborn (1969). This enabled the same
stock acrylamide to be used for electrophoresis at pH8,.,9 and
for SDS gels, The T(W/V) gels were more flexible than
10%(W/V) gels and more easily removed from the tubes with
less likelihood of damage.

As mentioned earlier, LIMF containing fractions were
usually identified by electrophoresis on polyacrylamide
disc gels. This did have to rely on the purity of the
standard porcine LMF obtained from Dr, Trygstad, However,
the purity of the fractions were simultaneously assessed and
heterogeneous preparations of LKF could rapidly be selected
for further purifications The lipolytic activity of purer
LVUF preparations was confirmed by biological assay in vitro
before being used for antiserum production or metabolic
studies, KEventually the elution position of L¥F could be
recognised on columns of both ion=-exchange celluloses, but
electrophoresis of the fractions was still employed to
confirm the presence of LNF.

Electropnoresis on SDS polyacrylamide gels was intro=-
duced as a precaution against the erroneous identification
of a fraction as LIFes At pHE.9 electrophoresis could not
distinguish between two peptides with identical mobilities,
It was unlikely for dissimilar peptides to have the same
mobility at pH8.9 and in the presence of SDS ions., Thus the
ma jor band of mLMFd was almost certainly the same peptide
as Trygstad's porcine LNF (plates 2.1, 2.2). Other LNF
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preparations with these mobilities on the two types of gel,
were also likely to be the same as Trygstad's porcine LN¥F,
Preparation of crude LMF

In the precipitation of porcine LKF the pH of
supernatant 1 was reduced to pH5.5, not L.5 as in the
preparation of human LVF, The latter was to reduce the pH
below the isoelectric point of human growth hormone which
is pH4 .9 (Trygstad,1968a). As porcine GH has a higher pI
of 6.3 (Li & Lin, 1964) then for porcine material the pH
did not have to be lowered so far., Trygstad reported the
molecular weight of human LVMP to be in the region of 5,L00
(19568a) by gel riltration or 2,100 (1968b) by ultra-—
centrifugation and his porcine LKF did show a low molecular
weight on SDS polyacrylamide electrophoresis, Theoret-
ically a molecule of this size should be able toc pass through
a dialysis membrane so, even though Trygstad found other-
wise, dialysis was avoided in preparetion of porcine LMF.
Desalting of residue L4 was achieved by Sephadex G-15 gel fil-
tration, The salt peak from the desalting, which contained
some 280nm absorbing material, was once run on a CM cell-
ulose ion-exchange column after dialysis. No protein
eluted in the usual position for LMF, confirming that there
was none in the low melecular weight fraction from G-15 gel
filtration,
Lxtraction V

Fractionation of crude LMF on Sephadex G=50
(extraction V) was not an effective purification measure.

ILMF was not confined to one peak but was found mostly in the
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descending portion of the first, major peak. LMF containing
fractions were purified by DEAE cellulose where the acidic
protein seen on elsctrophoresis of sLiF, (plate 2,.,3) was
absorbed by the cellulose and basic peptides eluted in the
breakthrough peak, Anion exchange chromatography could not
remove the band of impurity seen in both sLNF, and dLh.F1
which had a slightly higher mobility than LKF, Extraction V
gave the purest LEF of a number of similar extractions. In
others, fractions from gel iltration contained more basic
peptides, which DEAE cellulose chromatography was unable to
remove, After extraction V, carboxy methyl cellulose which
can fractionaiefthéégxbasic proteins replaced DEAE cellulose,
CM cellulose had been used by Gilardeau and Chrétien (1970)
in the isolation of porcine pLPH. LNF did not absorb to
DEAE cellulose in 0,01M HHuAc pH5.4 but it did absorb to
Ci celluleose under the same conditions (extraction VIII).
By desalting on Sephadex G-15 in the buffer used for sube-
sequent cation exchange, it was not necessary to freeze dry
fractions and re=equilibrate them for ion-exchange. 7The
eluate from desalting was pumped directly on to the CK column.
Extraction VIII

Extraction VIII produced a preparation (mLMFB) which,
after cation exchange, had a high proportion of LNF but
also had five minor bands (Plate 2,4 figure 2,8). After
rerunning on CM cellulose and cleaning on Sephadex G=50
apparently homogeneous preparations were obtained (gmLﬁFl
and gmLMFz). No difference could be seén on e€lectrophoresis

between the main peak f'rom the G-50 column and its trailing
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edge, These were the purest preparations obtained in any
quantity., When mLMFB was re-chromatographed on CM cellulose,
the starting buffer was more concentrated than usual
(005K NH)Ac pH5.4), but LKF was still absorbed by the cation
exchanger., The buffer concentration had to be raised
slightly before the LMF desorbed., A comparison of the be-
haviour of LMF on CM cellulose ion-exchange columns, with
the fractionation of other pituitary lipolytic peptides on
the same material, is made in the general discussion
(chapter 5).
Extraction XI

The introduction of a DEAE cellulose step prior to
cation exchange on CM cellulose, removed most of the acidic
proteins (dLWF,). Some of these were not absorbed at this
first stage and formed the breakthrough peaks seen on CM
cellulose fractionation of ALMF, (figures 2,10, 2,11, plate
245)e Possibly the DEAE cellulose column had been overe-
loaded, The LNF containing peak (mLiFd) eluted from the Cu
ceéllulose column when the buffer conductivity rose to approx-
imately 5.0Ommho, This corresponded to the conductivity of
the buffer at which LMF eluted in extraction VIII. Further
purirfication of mLNFA could be made by rechromatography on
a CM cellulose column followed by sephadex gel filtration
as in extraction VIII,

A disadvantage of extraction XI was the large volume
(100ml) of the sample applied to the Ci cellulose ion=-
exchange column, The procedure would be improved by

lyophilization either beforé, or after the DLAE cellulose
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step, to reduce tgéwvolume. The freeze dried sample would
then be equilibrated with starting buffer for the next ion-
exchange fractionation on a small gel filtration columne.
With such a lyophilization step, exiraction XI would be the
method of choice for the isolation of LNF.
Molecular Veight Lstimation

With two points on each calibration curve, after the
cmission of lysozyme, only a gualitative estimate of the
molecular weight of LMF could be made, For a more accurate
determination, the gel filtration should be repeated a
number of times and more protein standards should be used,
The estimate of the molecular weight of mLK¥FA obtained from
the gel filtration (between 14,000 and 20,000) disagreed
with both Trygstad's (1968b) results and with the electro-
phoresis of mLNFA on SDS polyacrylamide gels. Trygstad
found a molecular weight of 2,100 for human LMF by ultra-
centrifugation, while on SDS gels porcine mLiMFd had a higher
mobility than porcine ACTH (plate 2.25, indicative of a
molecular weight below that of ACTH (L4,600). An impurity of
higher molecular weight was seen in the 5DS gel of mlLliFd.
FPossibly the proteins were associating together under thé
conditions of the gel filtration, causing the apparent high
molecular weight on elution., 1l.0M acetic acid as buffer
was designed to reduce any such association between protein
molecules and has been reported to successfully prevent the
formation of insulin dimers (Grant & Reid, 1968). However,

from the elution volume of mLkFd, the buffer did not prevent
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this peptide from associating with the large molecular
weight impurity or, alternatively, aggregating with itself,
Possibly the introduction of a buffer such as a phenol-
acetic acid-water mixture which has been used to prevent the
absorption of aromatic peptides onto Sephadex, (Carnegie 1965)
could reduce protein association and help to separate LVF
from the larger contaminant.

The LNF preparation used in the investigation of
molecular weight by gel filtration (mLNFA) was used because
it was available at the time in sufficient quantity to give
a detectable peak after elution from the G-50 column. The
preparation was unfortunately not further purified by the
gel filtration, as the large contaminant remained,

245, gSummary

1) A heterogeneous preparation of crude LNF was isolated
from a porcine pituitary homogenate by pH adjustment
followed by acetone saturation, LM was purified from the
crude preparation by gel filtration and ion-exchange
chromatography .

2) gephadex G-50 gel filtration followed by DEAK cellulose
ion-exchange chromatography d4id not produce a homogeneous
LMF preparation.

3) On Cl¥ cellulose ion-exchange chromatography, LUF was
initially absorbed and was desorbed by an increase in buffer
strength. A homogeneous LKF preparation was purified by
re-chromatography on CM cellulose followed by gel filtration
on Sephadex G=50,

L) A DEAE cellulose step, before fractionation on a CUM
cellulose column helped to remove acidic proteins from the

Balnple .
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5) The recomnended procedure for LWF isolation from a
crude preparation would be: crudée LNF — Diil cellulose —>
CM cellulose (once or twice) —> 3ephadex G=50 in a buffer
which prevents protein association,
6) Polyacrylamide disc gel electrophoresis was the most

useful method for identification of LiF.
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CHAFTLR 3.

The Development of a Radioimmunoassay for
Porcine Lipid Mobilizing Factor

Sel ntroductio

In recent years the use of radioimmunoassay has
markedly increased in endocrinological investigations. It
has the advantages of greater sensitivity, specificity and
ease of use over comparable biological methods. Radio-
immunoassay is one type of saturation analysis (Ekins, 1970)
and was first introduced by Yalow and Berson (1960) for the
estimation of insulin, 8Since then the method has been
extended to cover other molecular species and a number of
reviews have described the procedure, its mathematical
analysis and its applications (Greenwood, 1967; Berson &
Yalow, 196L4; Yalow & Berson, 1968; Yalow & Berson, 1970;
Kirkham & Hunter, 1971; Jaffe & Behrman, 1974; Felber, 1974).

As described by Ekins (1970), the theory of a
saturation analysis to determine the concentration of
compound P in solution is as follows. Initially radio=-
active P is added to the soclution and allowed to equilibrate
with endogenous unlabelled P Compound P is then extracted,
if necessary. A specific reagent @ is added in sufficient
amount to react with, or bind to, only a proportion of P,
leaving some unreacted (or free) P. The ratio of reacted
to unreacted radioactive P, under certain conditions, gives
a sensitive measure of the concentration of P in the original
solution. This ratio can be determined by a number of
techniques. The concentration of P in unknown samples is

determined by comparison to a set of standards.
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In developing a possible radioimmunoassay for LMF,
peptide purified as described in Chapter 2 provided the
compound (P) for labelling and for use as standard, The
ma jor problem wes the lack of a specific reagent (@), which
in a radioimmunoassay is the specific immunoglobulin
present in antiserum. To overcome this problem, 9 rabbits
were immunized with IMF, in 3 different ways, in an attempt
to produce antiserum specific for this peptide. Serum
from these rabbits was assessed for suitability for use in
a radioimmunoassay.

A method for the separation of reacted compound (P-Q)
from unreacted compound (free P) was readily available, if
Q was a rabbit immunoglobulin specific for LWF (P in this
case)s A goat antiserum was used which was specific for
rabbit immunoglobulinse. By adding it to the mixture of P and
¢ after these had reacted, the goat antiserum precipitated
all the rabbit immunoglobulins including those which had
bound compound P, The ratio of bound P to free P was
derived and subseguently the concentration of unlabelled P
in the original solution was calculateds The calculations
were performed as described by Rodbard et al. (1969).

This 'double-antibody' method (Hunter & Ganguli, 1971) was
used during the assessment of various sera samples for their
suitability for radioimmunoassay,

An earlier attempt had been made by Norman & Turter
(1968) to raise antiserum against human LMF, None of the
treated rabbits had produced serum which cross-reacted with

the peptide, However, some sera were found to bind to
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growth hormone indicating either that human LWF had a
similar immunological structure to growth hormone, or that
the preparation used as immunogen had been contaminated
with growth hormone.
This chapter describes the production and assessment

of antisera specific for LlF.

32 pethods
3e2el Production of Antiserum
3e2elel LEF in Freund's Complete Adjuvant as Immunogen

For the first attempt at the production of anti-LWF
antiserum, dLUF, was emulsified in Freund's Complete
Adjuvant (Freund, 1951, Chase, 1967) prior to injection
into rabbits. It is thought that when an immunogen is
injected as such an emulsion it is slowly released in the
immunized animal continually stimulating the immune res-
ponse, The response can be increased by the inclusion of
dead Mycobacterium butyricum in the adjuvant and the simul-
taneous injection of Bordetella pertussis vaccine,

2,0ml of Freund's Complete Adjuvant (FCA), consisting
of 1 part Arlacel As 7 parts liquid paraffin + 2 mg/ml
Mycobacterium butyricum, was placed in the rotor of an MSE
Homogeniser. 0,75mg of dLKF, was dissolved in 2,0ml of
0e9% (W/V) salines Os2ml aliguots of this were added in
turn to, and emulsified in the adjuvant. The emulsion was
complete when a drop on the surface of water did not dis-
integrates, The viscosity of the emulsion was reduced by its
dispersion in an equal volume (L4.Oml) of a 2% (V/V) solution
of Tween 80 in 0,9% (W/V) saline, forming a second

eémulsione
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25ml of bleood was taken from the peripheral ear vein of
each of three New Zealand White rabbits (R294, R296 and
R297)« After bleeding, l.2ml of the double emulsion was
injected intramuscularly into each hind leg of the rabbits,
followed by O.2ml of the B, pertussis vaccine injected
subcutaneously into each hind lege 25ml of blood was taken
from each rabbit at 2-weekly intervals. Following the bleed
at 4 weeks, the rabbits received a booster injection of dLMFl
in a double emulsion of FCA and Tween 80, 1lmg of dLMFl in
1¢5ml of 0,9% (W/V) saline was first emulsified in 1.5ml of
FCA and subseqguently in 3.0ml of 2% (V/V) Tween 80 in 0,9%
(W/V) saline. 1ml of the double emulsion followed by
O.2ml of B, pertussis vaccine were injected into each hind
leg of the rabbits as before.

The rabbits were given a second booster injection

after the bleed at 8 weeks, 1lmg of ALKMF., in l.5ml

1
049% (W/V) saline was dispersed, first in 1.5ml of FCA and
then in 3.0ml of Tween 80 in 0,9% (W/V) saline., The double
emulsion and B, pertussis vaccine were injected as before.
The rabbits were bled finally after a further 2 weeks,
3420142  LMF Co zated to Bov e e
The immunogenicity of a substance, which alone does
not stimulate the production of antibodies, can be increased
by its conjugation to a larger, more immunogenic molecule
(Lekhite & gehon, 1967). LMF was conjugated to bovine serum
albumin (BSA) by the carbodiimide method of Goodfriend
et al. (1964) (Figure 3.1)in an attempt to increase its

immunogenicity.



R-N=C=N-R' + P-COOH

carbodiimide protein

'R-N=C-NHR"
O'\
C-P
0

intermediate compound

P-COOH

protein rearrangement

P-C-0-G-P + RNH-G-NH-R
0O O | 0 R-—l\ll—(‘:l-NHR‘
' acid anhydride disubstituted 0=C O

urea
P Acylurea

PZNH.,

J hapten

O protein
protein~-napten
conjugate
Figure 3,1 Formation of a protein-hapten conjugate by the
carbodiimide reaction (from Lekhite & Sehon 1567).
The hapten is a non-immunogenic protein or reptide,
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For conjugation to BSA a preparation of L¥F from
- extraction VII was used, This preparation resembled
mLMFA (extraction XI Secte 24242.5) in purity and method
of isolation and will be referred to as mLMF-VIId, As LMF
was more scarce than peptides previously conjugated to BSA,
such as bradykinin or angiotensin (Lekhite & Sehon, 1967),
the quantities of reactants were reduced and the time of
reaction increased,

1.88mg of mL¥F=-VIIA was dissolved with 2,48mg of BSA
in 0,5ml of distilled water., 20.4mg of l=ethyl=3-(3-di-
methylaminopropyl) carbodiimide hydrochloride (ECDI) was
dissolved in 0,25ml of distilled water and added to the
protein mixture, The reaction proceeded overnight at room
temperature, The reaction mixture was then dialysed against
0.9% (W/V) saline at room temperature for 3 days during
which the external saline (500ml) was changed twice daily.
The volume of immunogen solution was l.2ml after dialysise
The dialysis tubing was washed with 0,8ml of 0.,9% (W/V)
saline and the washings added to the conjugate solution.
This was emulsified in 2ml of FCA and then in Lml of 2% (V/V)
Tween 80 in 0,9% (W/V) saline., Rabbits R180, R198 and R199,
which had previously been bled of 25ml were inoculated, with
l.2ml of the double emulsion, injected intramuscularly into
each hind lege A subcutaneous injection of 0.2ml B. pertussis
vaceine followed, 25ml of blood was taken from the rabbits
at intervals of 2 weekse

The third bleed was followed by a booster injection of
LNF=-BSA conjugate in FCA-Tween 80 double emulsion. l.52mg
of mLMF-VIIA had been conjugated to 1l.77 mg of BSA by 2L .2mg
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of ECDI in a total volume of O.4ml distilled water, The
preparation of the double emulsion and its injection were
carried out as before. A second booster injection was
performed after the eighth bleed, 1le.3mg of mLMF-VIId was
conjugated to 2.1lmg of BSA by 22.,4mg of ECDI. Emulsification
and injection were as before.
302413 LMF in Polyacrylamide as Immunogen

Polyacrylamide gel can be an effective adjuvant for
the production of antiserum against purified immunogen
(Weintraub & Raymond, 1963; Green et al., 1974)s The
immunogen is purified by electrophoresis on polyacrylamide
gel which is then homogenized and injected. The immunogen
slowly diffusés into the circulation of the immunized
animal, where it stimulates antibody productione.

A preparation of LNF from extraction X (mLMF-X3), which
was similar to mLNF; of extraction VIII (Section 2.2.2.4),
was used as immunogen., On polyacrylamide disc gel electro-
phoresis (Section 2,2,1.,3) this preparation had been found
to move between 11 and 1émm towards the anode, allowing
for the swelling of the gel in 10% acetic acide. 4 x 100p1
aliguots of a 0,8mg/ml solution of the preparation
(mLMF—XB) were electrophoresed and the gels subsequently
sliced into 2mm sections using a perspex die and scalpel
blade. The sixth, seventh and eighth sections of all 4
gels were combined in the rotor of an MSE Homogeniser,
l.5ml of FCA was added and during homogenization l.7ml of
0.,9% saline was added in 0.2ml aliguots. The first emulsion

plus homogenized polyacrylamide was suspended in 3.2ml of
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2% (v/V) Tween 80 in 0,9% (W/V) saline. 1ml of the double
emulsion was injected intramuscularly into each hind leg of
3 rabbits (R1298, R1299 and R1300) from which 25ml of blood
had previcusly been taken. 0O.2ml of B. pertussis vaccine
was injected subcutaneously into each hind lege. 25ml of
blood was taken from each rabbit at intervals of 2 weeks.

After the second of these bleeds the immunization was
repeated with homogenized polyacrylamide gel from the electro=
phoresis of 4 x 1ooﬂ1 aliquots of mL&iF-»X3 at a concentration
of 1,0mg/ml,

Later, the rabbits were immunized with mm:F--X3 which
had not been electrophoresed but was dispersed in a double
emulsion of FCA and Tween 80 in 0,9% (W/V) saline. The
rabbits were inoculated with O.13mg and 0,17mg of LMF per
rabbit after the sixth and eleventh bleed respectively.

P dent cat of Cre eact Antise
Bindigg to I-Labelled LMF

3.2.2.1 be LB t od 2
A number of LVF preparations were labelled with I-125

using a method based on that of Hunter & Greenwood (1962)
and Hunter (1973). Radiocactive iocdide, oxidised by
chloramine T, substitutes onto the aromatic ring of
tyrosine residues in the peptide, The reaction is stopped
by sodium metabisulphite and excess iodide is removed from
the labelled peptide by gel filtration.

A stock solution of 0,5 M phosphate buffer pHT7.5 in
distilled water wasg made by mixing Oe5M NaQHPou with 045M
N&|H2PO,4 until pH7.5 was reached. This was diluted when

necessary. A general assay diluent (GAD) which was used
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throughout the immunological investigation was made up as
followse To 0,15M phosphate buffered saline, which
consisted of 0,075 NaCl + 0,075M phosphate buffer pH7.5,
bovine serum albumin was added to give a concentration of
0s1% (V/V)e The following solutions were made on the day
of use, 2g of chloramine T was made up to 50ml (L%, W/V)
in 0,054 phosphate buffer pH7.5. 120mg of sodium metable
sulphite was made up to 50ml (2.4mg/ml) in 0.,05M phosphate
buffer pH7.5. 0.5g of potassium icdide was made up to 50ml
(1s0% W/V) in GAD., The peptide preparation to be labelled
was the purest available at the time and was stored in 20pl
aliquots of a lmg/ml solution in distilled water at -18°C.
The approximate activity of the iodide-125 used for labelling
was 1000p€i, though this decreased with storage time. A
correction factor, depending on the day of use, was applied
to calculate the activity of the iodide aliquot on the day
of labelling.

On the day prior to iodination, lg of Sephadex G-50
was weighed out and soaked overnight in GAD, The next day
this was poured into a Whatman's 1 cmleBCm chromatography
column and equilibrated with 25ml of GADe 1.0ml of L% BSA
in 0,15 phosphate buffered saline was run through the
column to saturate protein binding sites on the dextran
and on the tube walls. The column was eluted with GAD until
re~equilibrated.

The iodination of LMF preparations was carried out by
mixing the following in a small reaction vessel; 5pl of
lmg/ml LMF; 25pl of 0.5 phosphate buffer pH 7.5;
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10pl of 100pCi/pl Iodide-125., To these was added 25ul of
L% (W/V) chloramine T and the vessel was shaken for 20 seconds,
The reaction was stopped by the addition of 100pl of
2oimg/ml sodium metabisulphite and the mixture diluted with
200pl of 1% (W/V) potassium iodide,

The reaction mixture was applied to the G-50 column,
along with 2 x 200pl of 1,0% (W/V) KI used to wash out the
reaction vessel, The column was eluted with GAD, lml
fractions being collected, Operating pressure was maintained
by keeping the buffer reservoir at a constant height above
the column. The ¥-radiation in each fraction was measured
on a ¥ini-Assay ¥ -spectrometer, Llution continued until
activity returned to near background levels, after the
appearance of 2 peaks., This was usually after 18-20ml had .
eluted, The fraction with the highest activity in the
first (breakthrough peak) was retained and the remaining
ones discarded, The retained fraction was diluted to 10ml
with GAD and was then known as stock label, For expéri-
mental use, 1ml of this was diluted with GAD to 1l-2ng/ml of
L¥F, so that 100pl gave a reading of about 200 counts per
second (cCepes.) on a Wallac XY -spectrometer. This was the
working label, Both this and the stock label were stored
at 4°C,
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The following were calculated:

Counts _in 1 st peak x 100%

Yield of label on LEF = gopg=courts in all fractions

Concentration of LKF in 1ml fraction before dilution (pg/ml)

Amount of
2 Count in Fractio
= Total counts in 1 &t peak %ﬁg)labelled

From this the LMF content of working label was derived., The
specific activity of the labelled LNF was also calculated.

specific Activity of ““?I-Labelled LF (pCi/pg)
_ BCi of 125 used , % yield of label
LNMF used ipgﬁ on LMF
The activity of the 1251 used was calculated by
ad justing for the change in activity of 10pl of 1251 between
the day of use and an activity date named by the manufacturer,
A table of correction factors was provided for this

calculation.
125

3424242 Removal of Free I and Damaged lLabelled Peptide
from 1°°I-labelled L¥F.

Polyacrylamide disc gel electrophoresis has been used
in place of gel filtration to separatie peptide bound to I-125
from free I-125 (Hunter, 1971). Although being a more tedious
method, better separation can be obtained by electraphoreéis
and the method is frequently used in the preparation of
iodinated human follicle-stimulating hormone,
a) By Glectrophoresis of ~“°I-labelled LKF. 50pl of stock
1251-1abelled ILMF was electrophoresed on a polyacrylamide
disc gel (Section 2,2.1l.3) which was immediately sliced into

2mm sections using a perspex die and a scalpel blade, The

slices were counted for y-radiation. Labelled material from
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each peak of radioactivity was eluted from the gel slices
at L°C by soaking overnight in 1ml of GAD. Slices 11l=13
(Figure 3.,3) were combined for the first peak, while slices
21 and 25 represented the second and third peaks, The
eluted radiocactive material was diluted so that either 100ul
would give 200 C.pPeSe Or to a volume (2ml) sufficient to
establish an antiserum titration curve (Section 3.2.2.3).
Serum from the seventh bleed of R199 was titrated against
label from each peak and compared to a titration curve of
non-electrophoresed label against the same antiserunm,

1251 _1abelled LUF after

b) ther Investigat f
Electrophoresis. After electrophoresis of 50pl of stock
1251—1abelled LMF the gel was sliced as before, Alternate
2mm slices were placed in 2ml of GAD and labelled material
allowed to elute overnight at 4°C. 100pl aliquots of these
were dispensed in triplicate into polystyrene LPL tubes
either (1) alone, (ii) with O0.7ml of GAD or (iii) with O.5ml
of GAD plus 0.2ml of a 1:400 dilution of serum from the

tenth bleed of R199. These were treated as totals, blanks
and zero standards as in Section 3.2.2.3. The binding of
the antiserum to labelled material eluted from the gel slices
was found,

125¢ 1 ape

c) reparation by Electrophore )
[5) e i As e« To improve the binding of label to

antiserum in certain assays, the label was cleaned by electro-

phoresis on polyacrylamide disc gels prior to the assay,

L x 50pl aliquots of label, from gel filtration without

further dilution, were electrophoresed and the gels sliced
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into 2mm sections as before, The slices were counted for
Y=-radiation on a Wallac Y-spectrometer, All the slices from
the peak with lowest mobility were pooled and label eluted
into 25ml of GAD overnight at 4°C. After dilution with GAD,
sc that O.lml gave a count of 200 ce.pes., the label was used
in an assay as described in Section 3.2.2.4,
Jele2e3. Apsessment of Antiserum ;3 Antiserum Titration Curves

Sera from the immunized animals, were assessed for
the presence of INF binding antibodies by antiserum titration
studies (Hurn & Landon, 1971). The percentage of ~-2I-labelled
INF, binding to serial dilutions of the antisera, was
determined by a method based on that of Hunter (1973).
Antibody bound 125I-labelled LMF was separated from free
labelled hormone by precipitation with a second antiserum,
which was specific for rabbit immunoglobulins.

The antisera were serially diluted with GAD in ratios
of 1:100, 13200, 1:400, 1:800, 1:1600, 1:3200 and 1:6L00,
Oe2ml aliquots of these were mixed with 0.5ml of GAD in
polystyrene LPL tubes and as they would contain no un=-
labelled LMF, they were known as 2zero standards. Blank LP4
tubes containing 0,7ml of GAD were prepared in triplicate.

0.1nl of a solution of 42

I-labelled ILWF at the working
concentration (1-2ng/mls: about 200 c.pe.Se. on y-spectrometer)
was added to the zero standards and blanks, A similar
volume was dispensed to a further three tubes, which were

stoppered and later counted as 'totals', The tubes were

mixed and incubated at u°c for L& hours.
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Goat anti-rabbit immunoglobulin antiserum, the second
antiserum, was added to the blanks and zero standards after
the 2 day incubation. Immediately before the addition of
the second antiserum, O.,iml of a 13400 dilution of normal
rabbit serum wag added to these tubes. 0.2ml of the second
antiserum, at a 1:30 dilution and containing 0.,01M EDTA, was
then added, After mixing, the tubes were incubated at L°C
overnighte.

The next day 2ml of GAD was added to all the tubes
except the totals, The tubes were centrifuged at 2,500g
for 20 ninutes. The supernatants of the blanks and zero
standards were decanted and, after draining for 30 minutes,
any remaining liquid was aspirated. All the tubes, including
the totals, were counted on a Wallac ¥ -spectrometer for 100s.

The percentage of 1251-1abelled LVFP bound was cal=-
culated for the zero standards at each dilution of serum,

FPercentage i count in zero standard - mean count of blanks x 100
bound mean count of totals

The antiserum with the steepest negative slope, when the
percentage of 1251-1abelled LMF bound to antiserum was
plotted as ordinate against the antiserum dilution as
abscissa, was the best for use in a radioimmunoassay
(Berson & Yalow, 1964), The gradient of the antiserum
titration curve reflected the avidity of binding of anti-
serum to labelled antigen.

3e2e24h4

A standard curve consisting of increasing proportions

of unlabelled LMPF in the presence of antiserum and 1251-

labelled LWF, was set up using the serum that showed the
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highest percentage binding and steepest gradient in an antie
serum titration curve, In the same experiment increasing
amounts of other pituitary peptides were incubated with the

antiserun and 125

I-labelled 1MF, to see if they caused any
interference by cross-reaction. A Searle 'Analmatic' pipe-~
tting station was used to dispense the solutions, which were
all made up in GAD, The totals, blanks and zero standards
were in guadruplicate, whereas the standards and unknown
samples were in triplicate.

Serum prepared from the tenth bleed of R199 at a
dilution of 1:400 was used as the first antiserum. At this
dilution, 20% of l251-1&bellad LMF was bound, The antiserum
was not used at 1:200, which gave the maximum binding, in
order to reduce any possible serum proteolytic effects, The
standard curve consisted of serial dilutions of a 6.0pg/ml
solution of the purest LVF preparation available (gmLMFl)
in GAD, giving concentrations of 5.9, 23, 94, 375, 1500 and
6000ng/ml. These were diluted 1:10 and 1:5 with GAD while
being dispensed to give a twelve-=peoint standard curve ranging
from 0,59 to 1200ng/ml. A number of pituitary peptides and
glycopreteins were dispensed at the final concentrations
shown in Table 3,1. O.5ml of the unknown samples and the
standard dilutions of gmLiF,, were dispensed to LPL tubes.
Zero standards, consisting of 0.5ml1l of GAD were dispensed.
Oe2ml of the first antiserum was added to all these tubes
and thoroughly mixed, After 48 hours at hDG, Oe1lml of working
label was added to the tubes and also dispensed to blanks
(Oe7ml of GAD) and totals. The assay then proceeded as
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described for the antiserum titration curves, with a further
2 day incubation at L°C before addition of second antiserum,
followed a day later by centrifugation and counting for
¥ -radiation.

After the tubes had been counted for Y-radiation, the
proportion of labelled antigen bound to the antiserum in
the presence of unlabelled antigen was calculated as a per-
centage of the amount of labelled antigen bound in the
absence of unlabelled antigen (i.e. in the zero standard).
This was known as Y and was found for each dilution of

standard or unknown samples.

Yw=§%rf-%% x 100 where B = Count with unlabelled antigen
(i.ee in standard or unknown sample)

Bl Mean count of blanks

Bo = Mean count of zero standards
The standard curve was plotted with either Y as a per=
centage or logitY as the ordinate and with the log of the
concentration of LKF as the abscissa.

3024245, Asgegsment of Antiser ature o -Specif

Cross—Reactions.

Three of the hormones, which had cross-reacted with the
anti-LiF antiserum from R199 in the specificity test
(Section 3.2.2.4), were examined to find the electrophoretie
mobility of their cross-reacting fractions, The apparent
LMF content of slices of polyacrylamide gels, on which the
peptides had been electrophoresed, was assayed using an LMF
standard curve between 12,5 and 1600ng/ml. The totals,
blanks, zero standards and the standard curve were prepared

as described in the previous section.
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Two Osiml aliquots of 1l.0mg/ml solutions of mLVFd,
oLH, oF3H and LPH were electrophoresed on polyacrylamide
gels at pHB8.9 (section 2.2.1l.3.)s One gel with each sample
was stained in amido black and destained as normal. The
other gels were sliced into 2mm segmentis using a perspex
die and soaked overnight at 4L°C in 2ml of GAD. The resultant
solutions were included in the assay as unknown samples at
1:10 and 1:5 dilutions. The apparent LMF content of each
slice of gel was found by comparison to the standard curve.

Further investigation was made into antiserum from

1251 _1avelled

rabbit R199 by comparing -2I-labelled LH to
LKF in antiserum titration curves with the antiserum, The
procedure described in section 3.2.2.3 was used for both
labelled peptides except that serum from bleed 10 of R199
was present at dilutions of 1:100, 13200 and 1:400,

L¥F preparations were assayed for LH content in an LH
radioimmunoassay (Carr & Land, 1975) which included a small
standard curve of LH at 1.02, L,10 and 10.24 ng/ml.
Preparations of LNF from extraction XI and XII were assayed
for LH content at a concentration of 0,02 mg/ml.

3.3  Results

3e341 dentificat of Cross—React Antise
binding to I-labelled LNF

3e3e¢lel Labelling of LEF wit pdine = 12

Over a two year period IL¥F was labelled with Iodine -
125 eight times, Both G-50 and G-15 sephadex columns were
used to separate labelled peptide from free iodide. No

difference was observed in the elution volumes of the radio=
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active peaks between the two sephadex grades. The break-
through peak containing lzsI-labelled L¥F had an elution
volume of 5 or 6ml whereas free 125I eéluted in a volume of
12 or 13ml (Figure 3.2).

The yield of radicactivity bound to the peptide varied
from 35% to 75% and the specific activities from 63 to
160pCi/pge For the experiment illustrated in Figure 3.1,
the yield wss 50% and the specific activity was 71pCi/pg.
Fraction 6 on dilution to 10ml became the stock label with
a concentration of 125ng/ml. 1ml of the stock label,
diluted to 50ml gave a working label of 2.5ng/ml, O.,1ml of
which gave a count of 223 ce.p.se. on the Wallac X-spectrometer,

3434142 Removal of Free 1271 and damaged labelled peptide
from 1451-1abelled LNF

a) Electrophoresis of 1°2I-labelled LiF. The pattern

of Y- radiation in 2mm slices of the polyacrylamide gel on which

1251—1abelled L¥F had been electrophoresed is shown in

Figure 3.3. The peptide had been iodinated a week earlier,

22% of the total activity was in peak 1, 20% in peak 2 and

57% in peak 3, The antiserum titration curves of eluted

label from the individual peaks with serum from the seventh

bleed of R199, are shown in Figure 3.4. The radicactivity

eluted from peaks 2 and 3 showed negligible binding to the

antiserum, A maximum of 37% of the label from peak 1 was

bound by the antiserume, This was an increase of 17% over

the maXimum binding found when non-electrophoresed label

had been used. The gradient of the descending slope of the

antibody titration curve was greater with 125I-laballed

125

material from peak 1 than with non-electrophoresed I-

labelled L&F,
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Figure 3.3 Polyacrylamide disc gel electrophoresis of I-
labelled LMIF
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b) Further Investigation of 2°I-labelled LNF after
Llectrophoresis.

The first peak in radiocactivity coincided with the
highest percentage of eluted label binding to the antiserum
(Figure 3.5). Labelled material, eluted from the second
and third peaks, exhibited negligible binding to the anti-
serum, The maximum percentage of eluted label bound by
antiserum was L2.5%. The anti-IL¥F antiserum had only bound
22% of lzsl-labelled LMF before electrophlioresis of the
label.

The third peak, which had the hiéhest radiocactive count
and the highest mobility, was associated with the
bromophenol blue dye front, The second (middle) peak had
the same mobility as a secondary band of bromophenol blue
which separated from the leading dye front.
¢) Time Course of Damage to 125 1abellea Lu .

The preparation of 1251-1abelled LVF, which in section
(a) on electrophoresis gave peaks containing 22%, 20% and
57% of the radioactivity respectively, was again electro-
phoresed 6 days later, In this case the proportions of
radioactivity in peaks 1, 2 and 3 were 12%, 25% and 63f.
Another preparation of label was electrophoresed on the same
day as it was iodinated and gave 56%, 18% and 25% of the
radioactivity in peaks, 1, 2 and 3 respectivelye.

d) [Effect of Buffer on Electrophoresi 125, 1gbell (F .

The normal buffer (GAD) was replaced by the tris-

- glycine buffer pH8,9 used for electrophoresis (section

2e241s3) for gel filtration of the iodination reaction
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| [ 125 — o
mixture of one preparation of I=labelled LNF. OQ4l1l%
bovine serum albumin was included in the buffer., The
elution of' radicactive material from the Sephadex G-50 column

1251 attached

was not affected by this change. The yield of
to the LWF was 50% and the specific activity of the product
was 85pCi/pge The electrophoresis, immediately after gel
filtration, of label in tris-glycine buffer on polyacry-

lamide ge’ is shown in Figure 3.5. There was no difference

between this pattern of nobilities and with 1°°I-labelled
LMF in GAD buffer,

3342 Ass 1 £ tisera for Radioimmuncassa
3e3¢241 Antisera ed against LNF smulsified Freund'

No sample of sera from rabbits R294, R296 or R297 bound
more than 3% of “°7I-labelled LMF, The maximum was found
with serum bled 4 weeks after the primary immunization.
Antiserum titration curves for these sera are shown in
Figure 3.6. The serum from R294 showed the maximum binding
at a dilution of 1:800., Re-immunization did not increase
the binding of serum from subsequent bleeds to 1251-1abelled

LVE o

a) Antissrum Titration Curves and Avidity of Binding. From

the rabbits immunized with LKMF-BSA conjugate, the serum
from R199 consistently bound more 125I—labelled.IMF and had
the stecpest anticerum titration curve. Serum from the

tenth bleed of all 3 rabbits (R180, R198, R199) gave the anti-

serum titration curvés shown in Figure 3.7. At a dilution
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A serum titration curvess Sera from rabbits
R239L,, R296, R297.

gerum from rabbit.
‘2.)4'- ) . R29.;_L

--== R296

— — R297

-

% of
It

125y 1
bound. 1.6

1,24

0.8

Oo}-‘i’

[ ¥ [} T T ye T . .
1:100 1:200 1:400 1:800 - 1:1600 1:3200 1:56400 1:12,800
Serum dilution. :

Serum, preparsd from blood taken L weeks after the
rabbits were immunized with LMF in Freund's complete

adjuvant was titrated against 125I~labelled LME.



106. PFigure 3.7 Antiserum titration
curves: sera from rabbits R130,
R198, R199. Serum from rabbit
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2L .0 LMF~BSA conjugate in Freund's com-
e 125 plete adjuvant, and was re-immunized
7% of Lo after bleeds 3 and 8.
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of 13400, serum from R199 bound 22% of the label, Sera
from the other rabbits bound no more than 7% at any dilution,

The antiserum titration curves obtained with serum
from different bleeds of rabbit R199 are compared in
Figure 3.8. Though the results are not from cne experiment,
an increase in binding on re-immunization after the third
and eighth bleeds could be seen. The ninth and tenth bleeds
gave the maximum binding. Bleeds 1 and 2; L, 5, 6 and 7;
8, 9 and 10, were assayed in three separate experiments
while the third bleed was assayed alone.

The avidity of binding, an estimate of which is given
by the steepness of the descending antiserum titration
curve, increased up to bleeds 9 and 10, After the tenth
bleed a further re-immunization increased neither the
maximum binding of the serum to 125I—lahellsd LNF, nor the
avidity of its binding.

b) tandard Curve and Specificit Antiserum. The
gtandard curve of Y (as a percentage of zero standard)
against the log of the dose of LMF (x) is shown in Figure
3¢9« Below 1Ong/ml unlabelled LMF did not inhibit the
binding of the antiserum to °2I-labelled LiF.

When the logit of Y was plotted against the log of
the dose of LMF (x) a straight line could be drawn through
the points (Figure 3.10)e The logit of Y for pituitary
hormones were also plotted against the log of their dose
(x) . PGH, oPRL and pACTH did not inhibit the binding.
Trygstad's porcine LNF at 1,100ng/ml reduced the binding %o
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Figure 3.9 Standard Curve Tnhibition of anti-TME antiserum
I-labelled IMF by unlabelled L¥F.

binding te 152

Increasing concentrations of unlabell=sd LMF were
incubated with serum from bleed 10 of R199 at 1:L00 dilution
and 12I-1abelled IMF. Inhibition of binding (Y) recorded as
the amount of label bound as a percentage of the label bound

in the absence of unlabelled LMF.

10

i i 1]
100 o, 1,000 - * 10,000

Dose of unlabelled LMF (ng/ml).
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Figure 3,10 Specificity of antiserum from rabbit R19S.
+3 -
peptide or
42 glycoproteig
L IMEF
X = SH
I P —— raH
B 3
¢ === PLPH
LogityY
) Q .
S | .
Sy
Y
-2 -n.‘
Hﬁ. .
i .
Hh
-
"
...5 Y T
10 d 100 1,000

Dose of peptide or glyceprotein (ng/ml).

Increasing concentrations of pituitary ﬁeptides and
glycoproteins were incubated With serum from bleed 10 of
R199 at a dilution of 1:L00 and +27I-labelled LUF.
Inhibition of binding recorded as Logit Y . Values for

LMEF are from the data used in Figure 3.9.



110,

L8% of the zero standards but at other concentraticns was
not effective, pPLPH, oLH and oTSH showed a greater inhibition
of binding than the LMF standards, oFSH was equivalent in
inhibition to unlabelled LiF. The titration curves of the
hormones were not parallel to the LKF standard curve,
indicating that there was some difference in immunological
reaction,
c) Bature of Non-Specific Cross-Reactionse. After clectro=
phoresis of mLMFd, the slice of polyacrylamide gel which,
when eluted, gave the greatest cross-reaction with anti-LKF
anti-serum (Figure 3,11) corresponded with the heavily
stained protein band seen in plate 3,1, There was a similar
peak of cross-reacting material in the eluates of the gel
on which{bLPH had been electrophoresed, This corresponded
to the more basic (i.e. least mobile) of the two main
stained protein bands on an identical gel, LH showed a
double peak of cross-reacting material, neither of which had
exactly the same mobility as the LMF peak. On the stained
gel, a diffuse protein band covered both peaks. The stained
FPSH gel revealed the heterogeneity of the preparation. The
main (acidic) protein band did not correspond in mobility
to any of a number of irregular peaks of cross-reacting
material eluted out of the sliced gel. These peaks were more
basic in nature.

The assay detected L4 times more cross-=reacting material
in the LMF gel than in the pLPH gel, 10 times more in the
LNF gel than in the LH gel and 50 times more than in the

FSH gel.
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Electrodes

3

mLMFd NALPH FSH LH

Plate 3.1 Polyacrylamide disc gel electrophoresis at
T TR WY T L r—
Similar gels to these were sliced immediately arfter
electrophoresis at pH8.9 and after soasking overnight the
eluate assessed for inhibition of binding of 122I-labelled
LNF to serum from bleed 10 of R199 at 1:400 dilution.
(see Figure 3.11),
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The antiserum used in the previous assay and prepared
from the tenth bleed of rabbit R199, bound L times &s much
1251a1abe1led LH as 1221-1abelled LMF (Table 3.2). At
dilutions of 1:200 and 1:400 the antiserum bound over 60%
of 1291 _1abelled LH while binding less than 20% of
125I-labelled LWUF o

Preparations from extractions XI and XII, assayed by
an LH radioimmunoassay, contained little LH. The highest
concentration (Table 3,3) of LH in preparations from both
extractions was found in the acidic fraction, which was
absorbed by D& 32 cellulose (dLNF,). The fractions, which
by polyacrylamide disc gel electrophoresis contained most
L¥F (mLMFd), had a lower concentration of LHe As the protein
concentration was 20pg/m1 and the estimated LH content of
the mILVF4 was 2,1 or 1l,1lng/ml, the maximum contamination of
the latter by LH was estimated as 1:10,000,
3e34243 iF _in Polyacrylamide Gel as the

Sera from the rabbits which had been injected with
homogenized polyacrylamide gel containing LVF, did not
exhibit any binding to +°°I-labelled LNF. Re-immunization
of the animals (R1298, R1299, R1300) after L weeks also
failed to produce a response, \

After immunizing the same animals after 12 weecks with
LMF in Freund's Complete Adjuvant and 1ot in polyacrylamide
gel, & slight response was found in one rabbit., Serum from

R1300 consistently bound to 125

I-labelled LF but with a low
percentage of the available label being bound (less than
109). This serum, at a dilution of 1:400, was tested

for specificity of cross-reaction in a
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Table 3.2 The binding of “22I-labelled LH to_anti-INF

antiserum.,
Serun  |% of *22I-labelled LH |% of +27I-labelled LiF
Dilution bound by serun bound by serum
12100 8-}4 - 2.3 1.9 - 4 0.3
1:200 69.14 I X 1.2 17.6 K 0.3
1:1400 60.3 & 0,2 lLio6 K 4 % 5V §

Serum from bleed 10 of R199 was titrated, in triplicate,
against both *2°I-labelled LH and 22I-labelled LWF, as

for the antiserum titration curves, Results are presented

as mean 4 SEN and n=3.
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Table 3.3 LH content of LNF preparations.

1251-1&belled Apparent LH
- ; LMP LH bound as
Extraction rreparation | percentage of (congg?tzitigntida
zero standards nes aolutioi P
(Y)
X1 dLMF2 396 4+ 047 L«0
mL}Fe Li5¢8 4 0.8 342
mLMF4A 57.8 3 0.3 2.1
mLiFe 55-8'¢ 046 2e3
MLMFG. 76.2 _t O.B 1.1

Preparations of extractions XI and XII at ZOPg/ml
were assayed in triplicate, for LH content., Their inhibition

of binding of 125

I-labelled LH to anti~-LH antiserum is
recorded as mean 3 SEN (n=3) and from this the LH content

was found by comparison to an LH standard curve,
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small assay (Figure 3.12). A L4 point standard curve of LMF
from 0.01 to 10.0pg/ml was set up and compared to ACTH and
LPH over the same range. oLH and oFSH were included at
concentrations of O.1 to 100pg/ml, The procedure was as
described in section 3.2.2.4. LUF was eqguivalent to pLPH
in this assay (Figure 3.12) and also parallel to ACTH which
was, however, less potent, Both LH and FSH inhibited

the binding of 1251-labelled LWF to the antiserum but with
less avidity than did unlabelled LUF or 3LPHe This was
reflegted by the less steep slopes of the LH and ¥SH
titration curves, I

A further injection of IMF in Freund's Complete
Adjuvant into R1300 increased neither the maximum binding
of its serum to 1251-1abelled LWF, nor the avidity of its
binding. LH remained a potent inhibitor of the antibody-
antigen reaction,

Seli Discussion ' {
e 0 ; th Iodine -

Iodine - 125 was preferred to iodine - 131 as the
isotope for labelling of LIF because of its longer half
life and higher abundance (Hunter, 1971). Iodine =- 125
therefore retains its radicactivity longer than iodine - 131,
and in a preparation for labelling, has & higher percentage
of the iodide as the radioactive isotope. .1251 is the most
commonly used isotope at present for the labelling of
peptidea and proteins., Hunter (1971) advised that, for the
1adination of a novel peptide, a trial with5125I should be
carried out, only changing toﬂljll if any problems were

encountered,
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Figure 3.12 Specificity of serum from rabbit R1300,
100 ILMEF standard curve
pLPH
90 . FSH
LH
80 ACTH
rio e
)
60 4
50
LO -
\.\h.'_-_-n i
30 J =
20
0

i i i L] i

0.01 0.l 1.0 10.0 100,0
Dose of unlabelled peptide or glycoprotein (pg/ml).

A 1:400 dilution of Serum from R1300, which had been
injected at first with L¥F in polyacrylamide gel, then in FCA,
was tested for specificity of inhibition of binding to 1291-
labelled LMF. Inhibition of binding (Y) recorded as a

ercentage,
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The chloramine T oxidation method for the iodination
of proteins was first introduced by Hunter and Greenwood
(1962) for the labelling of human growth hormone with 1311.
The procedure, based on this method, proved to be effective
for the iodination of INF with 1“?I, though considerable
variations were found in the yield and specific activities
of different'lzsl-labelled L¥F preparations, These variations
possibly reflect differences which can occur between batches
of the radioisotope (Landon, 1968 ).

During iodination some damage inevitably occurs to the
peptide (Landon, 1968).  Irradiation, from the presence of
radicactive material, and oxidation by chloramine T, both
contribute to this damage, The iodination procedure was
designed to minimize the time the peptide was in contact
with excess radioisotope and oxidising agent., These were
removed by gel filtration, although the damaged products of
iodination eluted from the sephadex column in the breake
through peak, along with the undamaged lzsI-labelled peptide,
The damaged products of iodination bind non-specifically
to other proteins and especially to albumin (Landon, 1968),
so even though they may be small the damaged products are not
greatly retarded by Sephadex G-50. These damaged products
may be labelled with Y271 and, if they are present in the
label used for radioimmunoassay, lead to a loss of sensi-
tivity and precision in the assay (Greenwood, 1967). In an
extreme case, with a highly damaged labelled peptide, the

gradient of the standard curve would be zero,
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When maximum sensitivity and precision were required,
for example, when the specificity of antiserum was assayed,
labelled damaged peptide was removed by electrophoresise
The plot of the ¥ =radiation, detected in slices of
polyacrylamide gel following the electrophoresis of 1251-
labelled LWF (Figures 3.3 & 3.5) resembled the chromato-

1311 1abelled ACTH described by Landon (1968)

131

phoresis of
although on the latter, I-labelled ACTH remained at the
origin, The resemblance was seeén in the presence of a large
peak of high mobility closely followed by a second, smaller
peak of radiocactivity. On polyacrylamide gel electro=-
phoresis the former peak moved with the bromophencl blue

dye at the anion migration front and consisted of free

1251 ions, which were thereby removed from 125I-labelled
L¥F. The second peak of radicactivity consisted of damaged
1251—1abelled péptide bound to the albumin present in the
diluent, Albumin alsc binds to bromophéncl blue and the
correspondence of this second peak of radiocactivity with a
secondary band of blue dye confirmed that the damaged
peptides were associated with albumin, These two peaks
contained little labelled material capable of binding to
anti-LMF antiserum (Figure 3.5). The low, wide and least
mobile peak contained all the immuneologically reactive
125I-labelled material, FPresumably this was 1251-—1abelled
LiFe The increase in maximum binding and avidity of
binding of antiserum to -2I-labelled LMF (Figure 3.i)
following electrophoresis revealed the benefit of removing
free 1251 and damaged labelled peptides from the working

label before an assay,
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Damage to 1251-1abelled LVMF® did not only occur at
iodination. Immediately after iodination 56% of the radio-
activity was associated with the immunologically active peak
on electrophoresis, Another preparation of 1251-1&belled
L¥F, electrophoresed a week after iodination showed 22% of
the radicactivity in this peak and after a further week
only 18%. Thus on storing there was a progressive decrease

1251 1abellea

in the proportion of immunologically active,
LMF® in the preparation. The free 1251 and the damaged
labelled peptide peaks both increased over the same period,
The electrophoretic mobility of the peak of 271
labelled IMF did not correspond to that of unlabelled LMF
stained with amido black, The latter had a mobility of
approximately 0.28 while the former had a variable but
higher mobility of between 0,33 and 0,57, The introduction
of negatively charged iodine into the peptide molecule
was a likely cause of the higher mobility. The different
mobilities were probably due to differences in specific
activities of the preparations. However, there was the
possibility that the product of iodination was not +2°I-
labelled LKF but labelled peptide with a normally higher
mobility which migrated to its usual position on electiro=
phoresis., If this were the case, when unlabclled IMF was
@lectrophoresed, the gel sliced and the segment eluates
agsayed for inhibition of the binding of anti-ILNMF antiserum
to the labelled peptide, the greatest inhibition should also
have exhibited a higher mobility. This did not happen, and

material eluted from the normal, migratory position of IMF
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was the most potent inhibitor of the antibody-antigen
reaction (Figure 3,11). Llectrophoresis was therefore able
to separate 122I-labelled LKF from any unlabelled peptide
as well as from damaged labelled peptide and fres 1251.

The peak of radiocactivity which contained immunclogically
active l251-1abelled LMF was low and broade At first, it
was thought that the width of the peak could be due to
extraneous ions, present during electirophoresis, coming from
the buffer in which the labelled peptide had been prepared
and stored, However, the same wide peak was found on
electrophoresis of an aliquot of the labelled peptide in the
tris=glycine buffer used for electrophoresis. Fossibly the
wide peak was another result of the introduction of 1251
into the LMF molecule,
Froduction of Antiserum

The production of antisera, suitable for radioimmuno=
assay, against a specific immunogen has been called more of
an art than a science, with chance playing an important
part (Hurn & Landon, 1971). When faced with the problem
of raising antisera against a novel antigen, the recommended
course of action is to employ a simple technique, If this
fails the method can be altered until success is achieved.
Factors which can affect the production of a specific
antigen have been reviewed by Chase (1967) and Hurn &
Landon (1971)« They include immunogenicity of antigen, the
immunized species, dose of immunogen, route of administration,

use of adjuvant and timing of injections and bleedings.
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The rabbit was chosen as the animal to be immunized
with LiF., They are the most widely used species for anti-
body production and are relatively easy to handle, In a
previoué attempt to produce anti-LKF antiserum, Norman &
Turter (1968) raised an antiserum in rabbits, which cross-
reacted with growth hormone instead of IMF, The report of
at least some response to LMF was an encouragement to use
the same species,

Only three rabbits were immunized with each method of
administration, as there was not a plentiful supply of LWF.
A compromise was reached between immunizing a large number
of animals with a small dose of LMF or less rabbits with
more immunogen. In the first attempt to raise anti-IiF
antiserum, 250pg of L¥F, emulsified in Freund's Complete
Adjuvant, was 1njécted_into each rabbit. 100ug per animal
of immunogen can stimulate the immune response (Hurn &
Landon, 1971), but a larger dose of LMF than this was
administered in the attempt to produce antiserum specific
for thie peptide. The dose of LNF was increased to 3350ug
per animal in the subseguent booster 1njectibns. lione of
the rabbits so treated produced serum which bound more than
5% of 1251-1abelled INMFe. It was concluded that in its native
state LNP could not easily stimulate the procuction in

rabbits of antibodies suitable for immunoassaye.

Before a further 3 rabbits were immunized, LMF was

conjugated to bovine serum albumin (BSA) by the 'carbodiinide’
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method first described by Goodfriend et al. (1964) and
reviewed by Lekhite & Sehon (1967). A possible reaction
pathway was illustrated in Figure 3.1 In this case, LIF
was the hapten and BSA was the proteine Not all the
bonds formed are protein-hapten linkages, Other products
can be protein=-protein or hapten-hapten conjugates, but
these are not likely to interfere with the immune response
and could augment it.

The scarcity of LMF was a problem in using the con=-
Jugation reaction. Goodfriend et al. (196L4) conjugated 20mg
of bradykinin to albumin and seldom has less than 5mg of
hapten been conjugated to a carrier protein (Lekhite &
sehon, 1967). For the small amount of LMF conjugated to BSA

a lengthy reaction time was employed. The success of
coupling bradykinin to albumin had been assessed by amino
acid analysis of reactants and products. It was estimated
that 12 molecules of the hapten had been bound to 1 molecule
of albumin (Goodfriend et &al., 1964). As LLF was in short
supply, the successful completion of conjugation was gauged
by the success of the complex stimulating the production
of anti-LMF antiserum,

Agse e of Antiser

At first the conjugation of LNF to BSA did appear to
increase the immunogenicity of the 1LiF. One of the
immunized rabbits (R199) responded to the treatment and
serum, prepared from the ninth and tenth bleed of this
animal, bound over 30% of 1251-1aballed LMFe Further

injection of conjugate in FCA did not increase the binding.
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Serum from bleeds 9 and 10 of R199 also had the steepest
descending slope of the antiscrum titration curves
(Figure 3.8), which was originally thought to indicate a
high avidity of binding to +22I-labelled antigen (Berson &
Yalow, 196L4) . Although the steepness of this part of the
curve is now considered to be a poor guide to avidity and
sensitivity (Hurn & Landon,1971), the serum from these
bleeds was the most eligible, of the sera produced, for use
in a radioimmunocassay. HHowever, the finding that serum from
R199 also cross-~reacted with a number of other pituitary
hormones (Figure 3,10) indicated that it was not suitable
for a radioimmunoassay.

1251-1abelled LVF to the antiserum

For the binding of
to be inhibited by non-porecine glycoprotein hormones such as
ovine LH, TSH and FSH the antiserum must have had a wide
spectrum of cross-reaction., That porcine ppLPH should have
inhibited the binding and have been the most potent inhibitor,
was less surprising, as this peptide as well as being from
the same species, possesses similar biological properties
to LMF (Gilardeau & Chrétien, 1970). There could be
structural resemblances between LMF and p LPH, However, it
seems likely that the p LPH preparation, which was only 90%
pure (Graf, personal communication) was contaminated with
a peptide resembling LKF. The immunologically active
peptides in both LMF and 0 LPH had the same electrophoretic
mobility (Figure 3.,11) and this corresponded to the stained

peptide band of mLMFd in plate 3.1 The slower subsidiary
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band of‘sLPH had this mobility on staining and it was
possible that this either was LMF or bore a close re-
semblance to it, The main peptide band ofPLPH was not
immunologically active,
ture ~Specif osg=Reactio

The cross-reaction between the glycoprotein pituitary
hormones and lasI-laballed.LMF could be due to contamination
of the ILMF preparation, conjugated to albumin, with one or
more of the hormones. Another possibility is that LNF
has a similar antigenic determinant to the glycoprotein
hormones, which have a common X-subunit (Pierce,1971;
Maguin-Rogister et al., 1976) .

In the first case, contamination of LMNF, or even the
bovine serum albumin, with one of the more immunogenic
glycoprotein hormones could have stimulated the production
of antibodies. Antibodies produced against the common
X=gsubunit of the glycoprotein hormones would cross;react
not only with the particular hormone present in the emulsion
injected, but also with the other glycoprotein hormones.
However, for antibodies produced against a contaminant
of LMF to interfere in a radioimmuncassay for LWF, the peptide
preparation used for labelling with 1251 must also have
contained the contaminant, The preparation used as label
in the majority of assays (gmLMFl) appeared to be homo=-
geneous on electrophoresis at pH 8.9 in polyacrylamide gel
(Plate 2,4), A similar preparation (mLKFA&) to the one used
as hapten (mLMF-VIId) showed, on electrophoréesis, one main

band of LMF mobility with some contamination (Plates 2.1,
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245 and 3.1)s On electrophoresis in SDS polyacrylamide
gels, this preparation showed (Plate 2,2) a large molecular
weight contamination which could well have been a glyco-
protein hormone., Possibly this contamination stimulated the
production of antiserum and was present in sufficient
amount in the 125I-labelled peptide to cause the variety of
cross-reactions seen in Figure 3,10, The contaminant was
probably not LH, as various LMF preparations showed only
slight inhibition of the binding of anti-LH antissrum to
125I-labelled LH in an LH redioimmuncassay (Table 3.3).
The proportion of LH in the LMF preparation appeared to be
in the order of 1:10,000,

On electrophoresis, the LH crosse-reactivity with anti-
LVF antiserum appeared as a twin peak, the trough of which
corresponded to LMF's mobility (Figure 3.11). Apparently
the immunological activity of the unlabelled LH and LMF
did not occur in identical fractionss The immunological
activity of FSH which had irregular mobilities after electro=
phoresis and which did not correspond to the main protein
band was probably due to contamination of the FSH preparation.

The inhibition of the binding of anti-IMF antiserum to
125I-labelled LMF by the glycoprotein hormones could be
explained if ILNF had a similar structure to their common
subunite, In this case antibodies raised against some of the
antigenic determinants of L¥F would also bind to the X=subunit
of the glycoproteinse. This would result in the cross-

reactions seen in Figure 3.10, The cross-reaction of pLPH,
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Which had a higher potency than any of the glycoproteins,
could still be explained by assuming that LNF was the minor
band seen on electrophoresis of pLPH, This would still have
a stronger cross=-reaction with anti-LMF than the glyco=
proteins, which would only contain gimilar sections to LNF
and not the whole molecule, However, a much larger in-
hibition of the binding of anti-LH antiserum to 1251-1abelled
LH by LMF than that found might be expected if this were the
case, especially as LH was the most potent of the glyco-
proteins to inhibit the binding of 27I-labelled L¥F. Alter-
natively little inhibition was seéen in the LH radioimmuno-
assay because the anti-LH antiserum did not bind to the
antigenic determinahts which were common to thex-subunit and
to ILMFe. The anti-LH antiserum could have been specifie
for the p-subunit of LH.

A third possible reason for the production of antiserum,
which could bind to LH, by the immunization of rabbits with
L¥F-BSA conjugate could be that glycoprotein contaminants of
LKE were preferentially bound to the albumin during
conjugation, Thus the main immune responseé would produce anti=-
bodies against the glycoprotein contaminants rather than
against LMF. This would be supported by the finding that
antiserum from R199 could bind 4 times as much 1251-1abelled
LH than Y221-labelled LVFP (Table 3.2).

It was apparent that the antiserum raised against
LVF=BSA conjugate was not suitable for a radioimmunoassay of
LWF due to its cross-reaction with other pituitary hormones,.
A third method was attempted to stimulate the production of

anti-LVF antiserum,
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\F in Polyacr mide Gel a e

Purifiication of INF by polyacrylamide disc gel electro-
phoresis, before immunization of rabbits with the homogenized
gel containing the peptide, was intended to remove any
possible contamination by glycoprotein hormones. After
injection into the animal the immunogen slowly diffuses out
of the polyacrylamide gel and stimulates the immune response,
The method has been successfully used by VWeintraub &
Raymond (1963) and Green et al. (1974). Unfortunately LMF
in polyacrylamide gel was no more effective in the production
of antibodies than LMF in Freund's Complete Adjuvant.

Further immunization of the rabbits with non-electro-
phoresed LMF in Freund's Complete Adjuvant did produce
antibodies, in one rabbit (R1300), that would bind a small
amount of l251-1abelled LiiFe This serum also cross-reacted
with pLPH, ACTH and the glycoprotein horéﬁnea LH and FSH
(Figure 3.12), The slope of the titration curves with the
last two hormones were less steep than the slope of the
LWF standard curve, The titration curve of‘sLPH closely
resembled that of ILWF while ACTH gave a parallel curve
displaced from the L¥F standard curve, This indicated that
there was a similarity of cross-reaction between LNF, pLPH
and ACTHs The glycoproteins were only partially crosse
reacting and therefore a lower gradient in their curves
was found (Greenwood, 1967).

Neither increased binding or improved specificity
resulted from a further immunization of rabbit R1300 so LKF

had proved again to be & poor stimulator of antibody pro=-
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duction. There are a number of possible alterations which
would have been made to the procedure for antibody production
if time had allowed, These are mentioned in the general
discugsion (Chapter 5) which includes a section on possible
future worke.
3¢5 Summary
1) LMF was successfully labelled with +2°I on a number of
pccasionse The 1251-1abe11ed LMF was purified for some
assays by pelyacrylamide disc gel electrophoresis, which

removed free 125

I, damaged labelled peptide and unlabelled
peptide from the 1abelled antigenes

2) The immunization of 3 rabbits with LMF emulsified in
Freund's Complete Adjuvant failed to produce antiserum for
use in a radioimmunoassay,

3) The immunization of 3 rabbits with LMF conjugated to
BSA and emulsified in Freund's Complete Adjuvant produced
anti-LVF antiserum which also cross-reacted with other
pituitary peptides and glycoproteins. Due to this cross-
reaction the antiserum was not suitable for use in a radio-
immunoassay,

L) The immunization of 3 rabbits with IL¥F in homogenized
polyacrylamide gel after electrophoresis of LIF failed to
produce anti~INF antiserum, A later injection of LUF in
Freund's Complete Adjuvant did stimulate one of these

rabbits to produce antiserum which was again not suitable for

use in a radioimmunoassay due to non-specific cross-reactionse
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CHAPTER
The hiffect o er [5) F duced S

Lol Introduction

Trygstad & Foss (1967) reported that human serum could
inhibit the adipokinetic activity of human LNMF in vivo in
rabbits. Serum from one group of obese patients inhibited
LMF more than did serum from normal patients. Serum from
children with lipodystrophy had a negligible effecte.
Later they partially purified the inhibitory factor from
human serum and concluded that it was a proteolytic enzyme
associated with albumin (Trygstad & Foss, 1972).

The situation in swine was investigated (Trygstad
et al., 1972; standal et ale., 1973) using samples from
rigs which had been bred with growth rate and leanness as
selection criteria. Over ten generations of a breeding
experiment (Vangen, 1974a), 3 lines of lorwegian Landrace
pigs had evolved. The HP-line had pigs with low backfat
and high growth rate, The LF-line had animals with high
backfat and low growth rate, The control line (C-line) had
not been subjected to selection. The lines also differed
in a number of non-selected traits (Table L,1l). Serum,
taken at slaughter from these 3 lines of pigs caused
differing inhibition in vivo of the lipolytic action of
human LMF in rabbits. Serum from the HF-line was least
inhibitory while serum from the LP-line caused most in-
hibition. Subcutaneous fat pads which had also been taken
from the animals at slaughter, showed a variable release

of free fatty acids on incubation in vitro with porcine LNF,



Table Lel. Pigs have been selected over 10 generations

for high growth rate and low backfat thickness (HP-line)

or low growth rate and high backfat thickness (LP-line). The
control animals (C-line) were produced by crossing the other
two lines in the early stages of the experiment and were

then maintained with no selections A number of reports

have been published describing these animals.

References:

l. Vangen (1974a); 2, Vangen (1974b); 3. Vangen (1972);
L. Bakke & Standal (1975); 5. Standal et al (1973);

6. Bakke (1975); 7. Lund-Larsen & Bakke (1975);

8+ N. Standal, personal communicatione
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Table L.l

Differences between lines of pigs bred using eriteria
baged on growth rate and backfat thicknesgse.

Year
Trait or Biochemical of Control
Parameter lieasured pigs |RTe|HP=line ™", o Ipeiing
tested
a., Selected Traits
Rate of Growth 1967 =
Thickness of Backfat 1966 -
( mm) 1971 2 2245 2843 374
be Non-selected Traitis
Feed conversion ratio 1566 =
(FoUu./kg gain) 1971 - 3407 3e24 3430
Pre-weaning weight at |1966 =
21 daya (kg) 1971 2 509 5.6 5.14
Mortality: Number alive| 19686 -
at 6 weeks as percent |1970 5 7047 2 7548
of total born
Intramuscular fat
Ce Biochemical Parameter
FFA released in vitro
from fat pads by 1 pg A
of porcine LMF (pmol/ 1969 2 1.16| 0485 0.L0
100 mg/3hrs)
Serum FFA in rabbits 90
min, after injection
with O,lmg LiFs3ml pig |9%9 |3 BaPRi1.Be00. | 12489
serum (meg/1)
Pig serum FFA after 25 |1971 -
hr fast (meg/100ml) 1972 | & | 121608 | L7.41 | 30496
Pig serum Glucose 1971 =
after 25hr fast 1572 6 62436 | 73406 | 80409
(mg/100m1)
Pig serum Triiodo=
thyronine (nmol/Litre) 8 149 | 2430 1.15
Pig serum Growth 1973 7 23 20 1l

Hormone (ng/ml)




132,
Lipolysis was greatest with the fat of the lean HP-line
animals and least from the fat of the LP-line pigse. Fat
from the control line animals gave an intermediate release
of free fatty acids,

The objective here was to develop a method, based on
these observations, which could be used to predict the
future growth rate and leanness of an animal, Measurement
of serum inhibition of LIVF induced lipolysis would be more
convenient than an assay of induced lipolysis in excised
adipose tissue from individual animals, The serum samples
wouldy have to be taken (with the minimum of stress) from a
young animal, not at slaughter, for a prediction of future
growth to be of value, Serum from the pigs in the breeding
experiment (Vangen, 197.4a) described above provided suitable
material fo; use in establishing a method to predict the
growth of an animal,

Initially an attempt was made to gquantify the reported
proteclytic nature of the serum inhibition of LKF
(Trygstad & Foss, 1972). Incubation of LVF with the
_partially purified inhibitory factor for an hour, prior to
electrophoresgis, resulted in the stained band of LVF com=-
pletely disappearing. The reduction in precipitation of
125I-labelled LK¥F by trichlorocacetic acid following
incubation with serum was used to measure the degradation
of LiF.

To investigate the effect of serum on the biological
action of LMF, incubation in vitro was preferred to an in Vivo

methode The latter would have involved a large number of
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rabbits and a large amount of lipolytic peptide to survey a
rcasonable number of individual pigs. Rabbit adipcse
tissue was used in the in vitro assay, as Trygstad (1968b)
had reported that human LMF did not stimulate lipolysis in
fat from normal mice or rats, DBy using an isolated fat cell
suspension based on the rat fat cell suspension of Rodbell
(1964), instead of fat pad slices, the accuracy of the
results was improved in that standard errors were reduced.
The results within an assay were more consistent though
inter-assay variation was increased (Schleyer et al,, 1971).
Pooled serum collected from animals at slaughter was first
used to establish standard conditions, Then sera from a
number of animals in the HP, LP and C-lines were examined

for any variation in their effect on 1MF induced lipolysise

L e2 ge tgodg
125

L 42,1 Degradation of I-labelled LUF
A sample of Trygstad's porcine LNF was labelled with

iodine~125 as described in Section 3.,2.2.,1ls 8erum, from
each line of pigs in the breeding experiment (Standal

et al., 1972; Vangen, 1974a) was pooled according to line,
1iml of serum from 20 animals in each line was mixed.

O.1ml of IMF working label was incubated, in quad-
ruplicate, at 3700 with O.5ml of the pooled serum from each
of the 3 lines of pigs. After a trial experiment, when
incubation time varied from O to 2 hours, the serum and
labelled peptide mixtures were incubated for 4 days. To
duplicate samples, 0.5ml of 15% (W/V) trichloroacetic acid
(TCA) was added prior to the 4 day incubation 2s controls.
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L x O.iml aliquots of working label were incubated under
identical conditions.

After 4 days Oe.5ml of 15% (W/V) TCA was added to the
incubation tubes, which were mixed and, tocgether with the
controls, were centrifuged at 2,500g for 10 minutes. The
supernatants were discarded and the precipitates washed twice
with 1.,0ml of 7.57 (W/V) TCA., The remaining precipitates
were counted for 50s in a Nuclear Enterprise ¥-spectrometer.
The percentage degradation of label over the Y4 days was
calculated from the difference in precipitated y-radiation

between the incubated samples and the corresponding controlse.

Le2e2 In vitro Assay of Lipolytic Activity

The in vitro assay of lipolytic activity described here,
but also used in chapter 2, consisted of measuring the
effect of the agent under test on the rate of glycerol pro-
duction from isclated rabbit fat cells, Rabbit fat cells
were used in preference to slices of fat pads because trial
experiments with fat pads had led to inconsistent and in-
accurate results, Standard errors with fat pads were large,

Rodbell (196L4) was the first to introduce a method for
the isolation of rat fat cells, for the investigation of fat
cell metabolism, by digestion of adipose connective tissue
by collagenase, There have been few reports of the isclation
of rabbit fat cells, but Vezinhet (1973) did use them for
the investigation of growth hormone actione. The method
described here is based on Rodbell's original procedure and
on that of Langslow & Hales (1969) who isolated chicken

fat cells.



135.
Le2+241 Preparation of Buffer

The buffer used throughout the assay was Krebs Ringer
bicarbonate (KRB) buffer pH7.4 (Cohen,196L), which contained
half the prescribed caleium content (Rodbell, 19€4)., Stock
solutions at 5 times the required strength were made up in
distilled water and stored at 4°C in a cold room, where they
remained stable for months. These were, as W/V percentages,
BaCl LeSk, KCL 5.75%, CaCly, 3.05%, KgsOy «7H,0 19.1% and
KIEEQPO,4 10.55%« At working strength these were all 0,154M
except Cacl2 which was 0,055M« The concentration of the
latter was tested by titration against 0.,1M AgNOB. 5.0ml
of 0,055M CaCl,, with 2 drops of 10% KCJ;'OLL as indicator,
reacted with 5,50ml of AgNO3 before the end point, when a
brown precipitate appeared (Long et al.,1961).

A stock mixture, which was usable for a week if stored
at h°c, was made with the following proportions of stock
solutions, NaCl: 100, KCl: L, Ca Cl,: 3, mgsqh.THQOI
1, KH2P0u: l, This was diluted 5 times with distilled water,
A fresh preparation of 1.30% F.‘aHCO3 (Oel5uM) was made on the

day of use and gassed for 1 hour with COje 16,0ml of this
was diluted to 100ml with the stock mixture and gassed for
20 minutes with 95% 0, 5% CO,e When necessary bovine

serun albumin at 4,07 (W/V) was added to the buffer and
stirred under the same gas phase for 20 minutes (KRB-albumin).
Finally the buffer was equilibrated at 37°C.
Le2e242 solatio Rabbit Fat Cell

Male or female rabbits of various strains (New Zealand

White, Lop etc.,) approximately six months old, weighing
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5=L4 kg and fed ad libitum were killed by cervical dis-
location, Sufficient perirenal fat (6g) was excised as
soon as possible after death and placed in KRB buffer at
37°C. A segment of fat was chopped up on a plastic petri
dish, Plastic containers were used throughout the assay as
glass disrupts the fat cells. 1=2g of the minced fat was
weighed into a 25ml plastic capped vial which contained
5.0ml of a Ou4=1l.5mg/ml solution of collagenase in KRB~
albumin buffer, The vial was shaken vigorously at 37°C for
30-60 minutes on a metabolic shaker, occasionally being
shaken by hand. Undigested fat was removed with forceps and
the fat cell suapensinﬂ transferred to a plastic centrifuge
tube., Centrifugation at 250g for 1 minute caused the
iseolated fat cells to form a surface layer, The sediment
and infranatant were aspirated by pasteur pipette without
disturbing the fat cell layer, The cells were washed 3
times with 5,0ml of KRB-albumin buffer and finally resus-—
pended in the same buffer, The dry weight of fat cells in
iml of suspension was determined. This was the difference
between the mean dry weight of 4 x 1.,0ml aliguots of KRB=-
albumin buffer and the mean dry weight of 4 x 1.0ml aliqguots
of the fat cell suspension,
Le2e243 hsgay Conditions

In all in vitro assays the various treatments whether
standards, samples or blanks were performed in guadruplicate,
Lipolytic agents were dispensed, usually made up in KRB
buffer in O.,1lml aliguots to 25ml plastic capped vials. The
basal rate of lipolysis was found in blank vials which con=
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tained O,1ml of KRB-albumin buffer. 1.,0ml of fat cell
suspension was dispensed to each vial by a 1.,0ml automatic
pipette fitted with a plastic tip with a wide nozzle, The
fat cell suspension was constantly shaken to provide an even
dispersion of the adipocytes. To further reduce error, which
could be caused by uneven distribution of the adipocytes,
the suspension was dispensed in a specific order, The first
vials of each set of L were dispensed in order followed by
the second vial of each set in the reverse order, The third
and fourth vials of each set were dispensed in a similar
order to the first and second vials respectivelye.

The vials were gassed with 95% 0, : 5% CO,, sealed and
placed in a shaking water bath at 3700. After a 2 hour
incubation, the individual fat cell suspensions were depro=
teinized by pouring into 1.0ml of 10% W/V TCA in 7ml
centrigufle tubes. After centrifugation at 2,500g for 10
minutes the infranatants were transferred to 10ml test tubes,
Care was taken not to disturb a surface layer of fat cell
debris. The tubes were stored at L°C overnight unless the
samples were assayed for glycerol immediately, Frior to the
glycerol assay TCA was removed from the samples by extraction
with diethyl ether, 5ml of diethyl ether was mixed
thoroughly with the samples and the ether layer was then
aspirated. The samples were extracted a further 2 times
with the solvent. Residual ether evaporated on incubation
of the tubes at 40°C for 1 hour.

LeZe2.l  Glycerol Assay
The enzymatic glycerol assay, first reported by Garland

and Randle (1962) was based on the following reactions:
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GK
glycerol 4+ ATP —--—-}E X - glycerophosphate + ADP
PK
ADP + phosphoenoclpyruvate ——'>e ATF 4+ pyruvate
LDH

N 1 +
pyruvate 4+ NADH ——)E lactate + NAD

where GK = glycerol kinase, PK = pyruvate kinase and
LDH = lactate dehydrogenase, The oxidation of NADH was
followed spectrophotometrically by the reduction in its
absorbance at 340nm,.

500ml of a double strength glycerol assay medium (GAM)
was prepared in distilled water as follows., 18.4g of
triethanolamine hydrochloride, l.48g of mgsoh «7H,0 and
Oes148g of KC1l were dissolved in distilled water and the pH
adjusted to pH7.6 with 50% (W/V) KOH. 1L4.2mg of phos=-
phoenolpyruvate tricyclohexylammonium salt and 100mg of
FADH were added and the solution made up to 500ml. This was
stored at -18°C in 60ml aliguots. For an assay of L8 ether
extracted samples, 60ml of GAM was thawed, to it were added
225mg of ATP disodium salt, 300pl of 1,0mg/ml LDH, 30pl
of 10,0mg/ml PK and distilled water up to 120ml, The final
concentration of the medium wasg triethanolamine hydrochloride
0.1k Mgsou.Tﬂzo 5mM; KC1l 2mM; phosphoenolpyruvate
tricyclohexylammonium salt O.54mhi; NADH OelbmM; ATP 3mh;
LDH 2,5pg/ml and PK 2,5pg/ml, For each assay, 50ul of
1.0mg/ml of glycerol kinase (GK) was diluted to 550pl with
distilled water,

Glycerol was assayed by mixing 0.5ml of sample with
2.5ml of GAM in a lcm path length cuvette, The absorbance
at 340nm was taken and was usually between O.,L4 and 0,6

10pl of diluted GK was added and after thorough mixing left
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at room temperature for 20 minutes. The decrease in
absorbance was found. The concentration of glycerol in the

sample was calculated as follows:

Change in absorbance at 340Onm X
= Reaction volume in Cuvette

Molar Extinction Coefficient of NADH
at 340nm x Sample Volume in Cuvette

Concentration of
glycerol

ESMO X 3.0
6.22 x 0.5

J mol/ml (Molar Extinction
Coefficient of NADH
102 Litre/mol/cm)

From this the glycerol production rate or rate of lipolysis
was calculated:

Glycerol Glycerol Concentration x Dilution by
production rate = TCA x Incubation Volume

Dry weight of 1ml of fat cell x Time
of incubation suspension

Egigx 30 X 1,909 x 1,1 p mol/gfat/hour

6.,22"x70.,5x w x 2

change in absorbance at 340nm

where E}ho

W

]

dry weight of fat cells in 1ml of fat cell suspension
It is assumed that for every nole of glycerol a mole of

NADH is oxidised., The mean and standard error of the

estimate of mean value (SEM) were calculated for each treat-

ment which were tested in quadruplicate (Section L.2.2.6).

The validity of the glycerol assay was assessed by
estimating the glycerol content of various dilutions of a
glycerol standard solution (1,0md)e The whole in vitro assay
was assessed by incubation of ACTH at various concentrations

in the assay and plotting a dose-response relationshipe.
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Le2,2¢5 Opt Collagenase Concentratio

The activity of different batches of collagenase were
found to vary and optimum conditions for each new batch had
to be found (Fain et 8l., 1973).

1g of minced rabbit adipose tissue was digested at 37°C
in 5,0ml of KRB-albumin buffer, which contained collagenase
at concentrations of 0,5, 1.0, 2,0 and 3,0mg/ml., After an
hour on the metabolic shaker, the isolated fat cells were
collected by centrifuging at 250g for 1 minute and washed
3 times with 5,0ml of KRB=-albumin buffer, Lkach fat cell
preparation was suspended in 20ml of buffer and undigested
fat removed with forcepse. 1ml aliqQuots were dispensed into
vials containing O, 1l.0pg or 1l0.0pg of ACTH in KRB buffer,
After a 2 hour incubation, the glycerol production rate in
the vials was found as before, using the mean dry weights,
which had been found for 1ml of each of the fat cell
suspensionse. The concentration of collagenase, which gave
the most responsive fat cell suspension to ACTH, was used in
subsequent preparations of isolated fat cells with that
batch of collagenase.
Le24246 gtatistical Methods

The following statistical treatments were used in the
analysis of the results of the in vitro assay. DMNost cal=
culations were performed on a Sumlock Compucorp 34l

Gtatistician calculating machine.
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Mean (X) = %5 where X = an observation n = the number of
- observations
<2 _ &%)
gtandard Deviation (SD) = L
ne-1y1
Standard Error of the estimate of Mean value (SEN) ='%§

The results for glycerol production rates are presented as
means 4+ Skh,
gtudent's t Test for Independent lieans

2
(nx—‘l) S]?E + (n¥_1 )SDL ? o e
Ay + Ry e i

X = observations of treatment X Yy = observations of treatment y

n, = number of X observations ny = number of y observations
6D, = Standard deviation of X 8D, = Standard deviation of v
X = mean of x y = mean of ¥y
Linear Regression
X
sxy - B3
Coefficient of correlation (r) = 5 2 5
2 X b4
: j(zx -zl (5,2 - B
- ZXIY
The slope of the regression (m) = 1xy n x
(zx)
)}

The intercept (b) of the regression on the y axis = Z%ﬂmiﬁ

Probabilitics
The probability (P) of the 2 independent means of the

't' test being significantly different was found using a table



2,
of the distribution of 't' from Fisher & Yates (1963). The
degree of fresdom was (n, + ny‘—z).

The probability (P) of the linear regression being
significantly different from zero was found from a table of
the correlation coefficient (Fisher & Yates, 1963) where the
degree of freedom was n-1,

In presenting the results the different levels of
significance are represented as follows: P{(0.001 by '''',
0,01 P) 0,001 by ''', 0,02)F) 0,01 by '', 0.05)F)0,02 by ' and
P)0.,05 by N,S, indicating a non-significant result,

Le243 Application of the In Vitro Assay ; Investigation
pf the Serum Effect on L¥F Induced Lipolys

The in vitro assay was used initially in the isolation
of IMF and to establish the lipolytic activities of the
purer LMF preparations. These applications were described
in chapter 2, The assay was used here to investigate the
effect of porcine serun on the lipolysis induced in rabbit
adipocytes by porcine LMF,.

Le2e3.1 A Standard Procedure

At first a standard method was devised using pooled
serum, taken at slaughter, from 4 randomly chosen pigs. 1
litre of serum was collected after centrifugation of co=-
agulated blood at 6000g for 20 minutes, The serum was known
as '"normal serum' and stored at -18°C,

The basic incubation procedure was to dispense 0O.2ml
of serum or 0.2ml of KRB=albumin buffer to the 25ml plastic
capped vials prior to addition of lipolytic agent and fat

cell suspension, prepared as previously described. The
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incubation then proceeded normally except that the cale-
culation of glycerol production rate was adjusted to allow
for a total incubate volume of 1,%ml, This procedure was
used for a number of short experiments, the designs of which
are described in conjunction with the results they produced.
The LNF used in these and subsequent experiments came from
different extractions, but all the preparations were
equivalent in purity to mLMFd from extraction XI., They had
only one major band of electrophoretic mobility at pH8.Je
Le2¢3.2 Sera fr ndividual Anima

After the ecstablishment of a standard procedure, sera
from individual animals in the three lines of pigs, described
by Vangen (1974a), were assessed for effect on LMF induced
lipolysise Sera from 54 animals were assayed and as only
9 sera could be measured at once the results had to be
adjusted to allow for inter-assay variation.

15ml of blood was taken from the anterior yena cava of
60 Norwegian Landrace pigs of either sex, The pigs had
been fasted overnight for 1l4=16 hours and were between 100
and 170 days olde The animals were restrained during bleed=-
ing. After centrifugation the sera were aspirated and
stored at -18°C, 20 animals from each line vere sampled,
consisting of 5 groups of 4 siblings each, The pigs were
from the tenth generation of the selection experiment.

In each of the 6 assays carried out, 3 serum samples
were included from each of the 3 lines of pigss In a parte
icular assay, no more than one serum sample came from any

one family of pigs. The glycerol production rates when
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Oe2ml of these sera was incubated with 1.0pg of mLMFA and
140ml of fat cell suspension were found as previously
described, The basal rate of glycerol production and that
caused by ILMF alone were found for each assay.

To adjust the results of the 6 assays to allow for
inter-agsay variation, the overall mean (X) rate of lipolysis
(glycerol production rate) was calculated. The difference
between this mean and the mean for a particular assay
(Ei where 1 = the number of the assay) gave a correction
factor for that assaye.

Adjusted rate of lipolysis = experimental rate of
lipolysis + (X - Ei).

The probability of a correlation between the rate of
lipolysis (x) in the presence of pig serum, after adjustment
for inter-assay variation, and either the growth rate (y) or
backfat thickness (y) of the original animal was found by
calculation of the linear regression (section L.2.,2.6).
Le24363 sed Se from Individ Animal

The effect of serum after dialysis against KRB buffer
from individual pigs on IMF induced lipolysis was examined.
5 sera samples, from animals with full growth and fatness
data, were selected from each of the lines of pigse. 1.0ml
of these sera were placed in separate dialysis bags identified
by plastic tape fixed round a loop of dialysis tubing above
the closing knot, The tubing had been washed twice in an
excess of distilled water to remove the glycercl used in
the storage of the dry tubing., The sera were dialysed over=
night against 800ml of freshly prepared KRB buffer, The
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KRB-albumin buffer for the in vitro assay was dialysed over-
night against 1000ml of the same KRB buffer,

The resultant rates of lipolysis when the dialysed sera
were agsayed for effect on INF induced lipolysis were
examined for correlation with growth rate and backfat thicke
ness, These correlations were compared to the effect of the

same sera on lipolysis before they had been dialysed,

L3 Results
1

Le3.1  Degradation of *°°I-labelled LNF
After a L day incubation with serum, 1251-labelled LMF

exhibited less than 10% degradation (table L.2). Label
with serum from the control line of pigs showed 8.,3%
degradation. With serum from the fat, slow growing LP-line
the degradation was 8,0% while with serun from the lean,
fast growing HP-line 7.1% of the label was degraded., L% (W/V)
albumin in 0,01M phosphate buffered saline, incubated as a
control, caused the most reduction in recovery of ¥=-radiation,
with 21% of the label being degraded,

In the earlier trial, over 0-2 hours, no decrease in
precipitated radiocactivity was found, either with serum or

with albumin containing buffer,

Le3e2 Vitro Assay of Lipolytic Activ
Le3e2,1 Validation of Glycerol Assay

A 1,09mM stock solution of glycerol in distilled water
was diluted to give 0,218mk and O.436mM solutionse L4 X 0,5ml
aligquots of both of these were assayed for glycerol content
with the results shown in table 4.3, The experimentally
derived glycerol cﬁncentnationa were 0,205 4 0,002mM and
Odl32 4 0.001mM respectively.
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The glycerol content of standards was assayed before
and after addition of TCA and extraction 3 times with diethyl
ether, The 1,09mM stock glycerol standard was diluted to
0e109mM, 0.,218mM and 0,327mM. To 4 x 1lml aliquots of each,
1ml of 10% (W/V) TCA was added and thoroughly mixed., After
3 extractions with 5.0ml of diethyl ether, the samples were
assayed for glycerol content along with duplicate samples
which had received neither TCA nor ether extraction. Thg
calculation of glycercl content was adjusted to allow for
the 2 fold dilution resulting from the addition of TCA to
the extracted samples. At each glycerol concentration, the
latter had been concentrated by their treatment (Table Leli)e
The mean increase in concentration was by a factor of 1.1k,
Le342424 ACTH Dose=Response Curve

The dose-response curve resulting from the incubation
of ACTH with 1,0ml of the fat cell suspension at 0,05, 0.2,
0e5, 240 and 5,0pg per 1,.,1ml is shown in figure L.l. Above
Oe2pg per 141ml, ACTH produced a significant rise in the
rate of glycerol production. With 0.,05pg of ACTH, the
glycerol production rate did increase, but not significantly.

Typical isolated rabbit fat cells from a suspension
are shown in plate L4,.,l. (a&b), where the adipocytes are
magnified approximately 500x and stained in methylene blue.
Le3.243 Opti Collagenage Concentratio

The most responsive fat cell suspension to both 1,0 and
10,0pg of ACTH was prepared with 2.0mg/ml of collagenase
(figure 4,2). The lipolytic response of the suspensions

rose with increasing collagenase concentration up to 2.0mg/ml,
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Table 4.3 Validation of Glycerol Assay Method
cgi;géigid Glycerol Mean Glycerol
conoentration Ejuo concentration concs SEM
0.220 0.212
0.218 0,218 04206 0.205
0.214 0,206
O.4448 Q4432
0.l436 0.446 0.430 0.L32
0.‘450 0.h3h P - 0.001:
0.1146 0,430

Glycerol diluted

from 1.,09mM gave the samples assayed,

Reduction in absorbance at 3L0Onm was measured after addition
of 0,9pg of glycerokinase to 0,5ml of sample mixed with
2e5ml GAM in a 1em path length cuvette,

Table L.,4 Effect of Extraction on CGlycerol Concentratjion
Glycerol Glycerol ¥ean
Concentration Concentration Correction Corf;ction
before extraction| after extraction factor factor
( mit) (mM)
0,113 4 0,003 0.123 4 0,01 1,09
04210 4 0,003 04254 4 0,001 1.21 1.4
0.315 4 0,005 0.356 + 0.004 113

Identical glycerol standards were assayed (in quad-
ruplicate) before and after addition of an equal volume of
10% (W/V) TCA and extraction 3 times with 5 volumes of

diethyl ether.

The original concentrations of the extracted

samples were calculated by their dilution from the stock

solutione.

The correction factor =

cerocl concentrati after extract
= ‘glycerol concentration before extraction

The results are presented as mean ¢ SEM (ns=h).
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Figure 4.1 Dose-Response Curve of ACTH in Fat Cell Assay

2,0 =
1.6 -
Glycerol
Production
Rate
T2 =
pmol/g
fat/h
08 =
e
oL -
e
]
- {A.. .

Basal 0.1 10 10.0
Dose of ACTH (pg) in 1.1ml of incubate.

Each point represents mean 4+ SEM of guadruplicate

samples. Basal lipolysis is included.



Plate L,.1
Rabbit fat cells isolated by collagenase digestion
were examined under a microscope at approximately 500x

magnification and stained in methylene blue dye. Free fat
droplets could be seen in (a).
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Plate 4,1 Jsolated rabbit fat cells.

(v)
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Figure 4,2 Optimum Collagenase Concentration

11.0-
: Collagenase
10.04 ‘ Concentration
- mg/ml
9.04 k .f’ = 0.5
8 O- '/ AT — 1.0
. /' — e g— 2.0
7.0 P assness I

Glycerol Production Rate pmol/gfat/h

0 1.0 10.0
Dose ACTH pg
Rabbit Fat Cells isolated at various concentrations of
collagenase were assayed for their response to ACTH. Each

point represents the mean 4+ SEM of quadruplicate samples.
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then fell with a low rate of lipolysis in the suspension
prepared with 3,0mg/ml collagenase, This batch of
collagenase was used at a concentration of l.5mg/ml for the
subsequent isolation of rabbit adipocytes,.

Considerable difference was found between batches of
collagehase. With some batches, the incubation time, as well
‘as the enzyme concentration, had to be reduced to prevent
disruption of the fat cells. The optimum conditions, for a
number of collagenase batches, shown in Table L.5, varied
by a factor of 5.

Le3e3 A cation of the Vitro A

The effect of serum on the lipolysis induced by 2.0pg

of fractions from extraction XIII (similar to extraction VIII)
is shown in Table L.,6, Inhibition of lipolysis by serum was
found with acidic protein (mLMF—XIIIl), which was not
absorbed by a CM cellulose column (Section 2.3.2.3). Serum
had a potentiating effect on the remaining LVF fractions

and on the lipolysis induced by both pLPH and ACTH, Of the
LMF fractions, mLMF-X1113 was both the most active alone

and when potentiated by serum. This fraction resembled

mLMF3 in containing most LMF, as seen by electrophoresis.

In a subseqguent assay, the lipolytic activity of this
peptide was again potentiated by the addition of serum
(Table L4.7)e This assay also showed that serum did not
affect basal lipolysis, a result confirmed in a further

assay (included in Table L.7).
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Table 4.5 Optimum Conditions for Batcheg of Collagensasge
Collagenase Concentration Incubation
Batch Noe. mg/ml Time (min)
743411 /1 Nov 1975 1.5 50=-60
7365412/1 Oct 1976 0.5 LO=50
145313/1 Nov 1976 0oy L0=50
1515313/1 Jan 1977 063 30=L40

The best conditions were found by trial and error,
with each new batch of collagenase, for the digestion of

rabbit adipose tissue,

Table 4,6 The Effect of Serum on Induced Lipo s
i Amount | @lyeerol Production Rate (ymol/gfat/h)
(pe) Serum Absent Serum Present

mLMFXIII~1 2.0 12.3540.36 1,3840411"'

MIMFXIII-3 2.0 24.6140,72 9.4040.82'""
nLMFXIII-4L 240 1.9840,08 6.50;9.60"'
ACTH 2,0 L e5941.56 10,1840,58"'""’
(BLPH 2.0 586340417 10.5131.12'"!

None - 0.5740.06 -

Oe2ml of normal serum or 0.2ml of KRB-albumin added to

guadruplicate protein samples (in O.lml) incubated for

2 hours with 1ml of rabbit fat cell suspension.

-’-]naan_taﬁlh ’ n=LI-

]

't'-test for significant difference

between incubates with or without serum ('0.,05)P>0,02;

'110,01) P30,001) .
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Table 4.7 The Effect of Scrum on Basal Lipolysis

Glycerol Production
Amount Rate (umol/gfat/h)

(pe)

Agﬁfy Peptide
Serum Absent Serum Present

50 |mLMFPXIII-3 240 *7.8040.9L | 13.7340,28'"'"!
None - 1.29:0017 IQOOJOcllE. Se
51 None - 340740438 2,9740.19N.8,

0.2ml of normal serum or 0.2ml of KRB-albumin was added
to guadruplicate protein samples (in O.1ml) incubated for

2 hours with 1ml of rabbit fat cell suspension.

* meangSiM, naly ' 't'-test for significant difference between

incubates with or without serum ('''' 14X0.001; K.S. P20.05),

Table L.8 The Effect of Dialysed Serum on LUF Induced Lipolysig

Added to Glycerol Production
Incubates Rate (jpmol/gfat/h)
KRB albumin *1.5740.02
normal serum 2454 40,52
dialysed serum 2¢4040413N, 8,

Quadruplicate 0,2ml aliguots of serum or buffer were
added te 1ml of rabbit fat cell suspension plus O.5pg of
LMF(mLMFd) in O,1ml of KRB buffer and incubated for 2 hours,
*mean4SEM, ndi N,.S, 't' test for significant difference
between addition of normal or dialysed serum.

(N.S. P)0.05)
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b) Dialysed Se and Lxcess Alb |

The possibility that the potentiating action of serum
on LMF induced lipolysis was a result of more effective
buffering in the presence of serum was investigated., 20ml
of "normal' serum was dialysed against 1000ml of KRB buffer
at 4% overnight and the effect of 0.2ml of this on LNF
induced lipolysis was compared to the effects of the same volume
of both 'normal' serum and KRB-albumin buffer (Table L.8).
Dialysis of serum did not alter its potentiating action.

In another experiment, the effect of dialysed serum
was again compared to that of normal serum, but on ACTH,
as well as, LMF induced lipolysise. This assay also examined
the possibility that lipolysis was limited by the fatty acid-
free albumnin concentration, Addition of serum with extra
albumin and more vacant fatiy acid binding sites might be
potentiating lipolysis by removing free fatty acids from the
medium, thereby allowing more to be rcleased,

This was investigated by the addition of KRB buffer
containing 8% (W/V) albumin to the incubates, instead of
either serum or unormal buffer,

10ml of serum and 10ml of KRB buffer plus 8% (W/V)
albumin were dialysed overnight at 4°C against 800ml of
KKB buffer, 110ml of KRB-albumin buffer was dialysed
against 1000ml of the same buffer, The effects of 0.2m1_
aliquots of the dialysed serum and KRB buffer plus 8% (W/V)
albumin on the lipolysis induced by 1.0pg of L¥F and 1.0pg
of ACTH, were compared to the lipolysis in the presence of

0+2ml aliguots of normal serum and normal KRB-albumin buffer,
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The results confirmed that dialysis of serum did not
significantly affect its potentiation of LKI' induced
lipolysis (Table L4e9)e A similar situation occurred with
ACTH induced lipolysis., Lxcess albumin in an assay incubate
did not significantly increase the lipolysis stimulated by
either LMF or ACTHe In this experiment ACTH induced more
lipolysis under all conditions than did a similar amount of
LUF .
Le3e3e2 [ffect of LDIA on LMF induced Lipolysis

In two assays, fat cell suspensions were incubated with
LUF, ®LPH and ACTH in the presence of EDTA (ethylenediamine
tetra-acetic acid), which chelates both Ca** and Mg+*iﬁnsi
ca*? ions were necessary for the lipolytic activity of both
ACTH and ALPH (Lis et al., 1972; Lopez gt al., 1959).

In (a), O«2ml of O,1M EDITA, added in the place of
serum reduced the lipolysis caused by l.Opg of both LMF and
pLFH to the basal rate (Table 4,10)s The concentration of
LDTA in the incubation medium was 15mM. In (b), EDIA at a

final concentration of 0.75mk (Oe.2ml of 0,005M EDTA),
inhibited the lipolysis induced by 1l.Opg of LNMF and ACTHe.
Apparently Ca**, or possibly Mg**, ions were necessary for
the stimulation of lipolysis by LMF as well as for
stimulation by ACTH and (PLIH.
Lele3e3 jSera From Individual Animals
a) Animal Data Of the 60 pigs bled, complete data for
growth rate and backfat thickness was available for 4O
(Table L,11). Some animals were retained as breeding stock

and carcass information, including backfat thickness was not
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Table 4.9 The Lffects of Excess Albumin and Dialysed
Serum on Induced Lipolysis

Added to Incubates (0.2ml)

KRB+ KRB+ normal dialysed
Peptide L% albumin| 8% albumin serum serum
mLMFa *1,7640,08 | 1.9240,16 [ 5.0640,30 | 442140,76
(100}18) N.S. N, Se
ACTH 507640433 | 55040457 [ 766940418 | 741240,20
(1.0}15) NeSe _NQSO

quadruplicate 0.2ml aliquots of buffer plus albumin
or serum added to 1ml of rabbit fat cell suspension plus
1pg of lipolytic peptide and incubated for 2 hours, Basal
lipolysis rate was 0,8l 40,12pmol/gfat/h.
(* glycerol production rate (pmel/gfat/h); meansSEM, nsl)
N.Se "t' test for significant difference between
KRB44%(W/V) albumin and KRB48%(W/V) albumin or between

'normal' and dialysed serum (N.S. P)>0.05).



Table 4,10

Expte. Treatment No Addition 15mMEDTA

a Basal *0446.40 .03 =

l.Opg mLMEFd 6.07_1‘_0 035 0.51;0003

1.0}18 PLPH 3065_{0-36 0.14910003

b Treatment o Addition 0 ¢ 75mMEDTA
Bagal 0,84 40,12 &

1,0pg mLKFA 1.,7640,.08 047040411

1.0pg ACTH 37640433 1.0040.,13

mLMPd, PLPH or ACTH in O.iml of KRB buffer were
incubated in quadruplicate with 1ml of rabbit fat cell
suspension and 0.,2ml of EDTA which gave a final con-
centration of 15mM or 0,75mM.

*glycerol production rate (pmol/gfat/h); meaniSEM, n=l
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obtained for these animals., One pig died soon after
bleeding and no data was available for this animal. The pigs
of the three lines could be divided into their groups by
examimation of the data (Pigure L4.3). CGrowth rate (Y)
correlated to be backfat thickness (X) with a coefficient
of correlation (r) of -0,38 which, for n=48, gave
0.0 P)0,001, There was a significant correlation between
growth rate and backfat thickness in these pigs. The mean
(:SEM) growth rates were 543335, 579462 and 614340 g/day for
the IP-line, control line and HP-lines respectively. The
HP and LP lines differed significantly from the control
line (0.05F)0.,02), MNeans (4SEM) of the backfat thickness
for the three lines of pigs were Ll.54le3, 27.842.8 and
20,644 46mm in the same order, The two selected lines were
significantly different (P>0,001) from the control line in
backfat thicknesse.
b) Effect of Sera on LMF induced Lipolysise. A wide range
of glycerol production rates was found when the sera were
incubated in vitro with LNMF and fat cell suspension
(Table 4,11 Figures L. & L.5)s The overall mean glycerol
production rate was 5,74pmol/gfat/h with the means of the
6 assays varying from 2.21 to 7.66pmol/gfat/h,.

The coefficient of correlation (r) for lipolysis (X)
against growth rate (Y) was 0,18, For n=53, P)O,l
indicating that there was no significant correlation between
these parameters. Similarly lipolysis (X) was not signifi-
cantly correlated to backfat thickness (r=0,16, ns=i2,
P)0.1) .
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Figure L4.,3 Correlation of Growth Rate To Backfat
g
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Data provided by N. Standal on 60 pigs bled for the
investigation of serum effect on LMF induced Lipolysis.

There were 20 pigs from each line. Complete data was only

available for L8 animals.
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Figure 4.4 Relaticn of Growth rate to Lipolysis
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Adjusted lipolysis was found after incubation of 0.2ml
of pig's serum with 1.0pg of INF (in O.1lml) plus 1ml of fat
cell suspension (in quadruplicate). Plotted against growth
rate of the individual pigs, no signifiicant correlation was

found.
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The adjusted lipolysis was found after incubation of

O«2ml of pigs serur with 1,0pg of LIF (in 0.1m1l) plus 1ml

of fat cell suspension (in guadruplicate) plotted against

-
|

backfat thickness of the individual pigs. No significant

correlation was found.
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The means (4SEM) of the lipolysis in the presence of
serum from the 3 lines, after adjustment for inter-assay
variation, were 6.124042L, 541440432 and 6.,0240.32pmol/gfat/hour
for the LP-line, control line and HP~line respectively,

These were not significantly different.
Le3e3s4 Dialysed gera from Individual Anima

When dialysed sera were included in one assay, instead
of 'normal' sera, a change was found in the comparative
rates of lipolysis (Figure 6a&b). The correlation coefficient
for growth rate (Y) against lipolysis (X) in figure 6a was
0¢56 for dialysed sera, compared to -0,18 when the data was
taken for the results of same sera incubated before dialysise
However there was still not a significant correlation,
although for the former 0.,1) P>0.05 while for the latter P>0.l.

For backfat thickness (Y) against lipolysis (X) in the
presence of the dialysed sera r=—O.4l1 while with the same
sera before dialysis the coefficient of correlation (r)
had been 0,17. As for both of these 1>0.,1, neither was a
significant correlation.

L. D ussio

Degradation of 271-1abelled LuF

The postulation by Trygstad & Foss (1972) that serum
inhibits the lipolytic action of LMF by hydrolysis of the
peptide was not confirmed by incubation of 1251-laballad LKF
with serum for up to 4 days. A reduction in TCA precipitable
radicactivity of less than 10% was found with serum from
all three lines of pigs, whereas the radiocactivity pre-
cipitated by TCA, when L% (W/V) albumin was the only protein
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Figure L.6a: The relation of 9 pigs' growth rates to the
lipolysis produced when 0.,2ml of their serum, either
dialysed or non-dlalysed, was incubated with 1.0pg of LMF
+ 1ml of fat cell suspéension. Lach point is mean of four
samples., 7The linear regression with both types of serum

is shown.

Figure L4.6b: The relation of 9 pigs' backfat thickness to
the lipolysis produced when 0.2ml of its serum, either
dialysed or non-dialysed, was incubated with 1.0pg of LNMF +
10ml of fat cell suspension. Each'point is the mean of
four samples, The linear regression with both types of

sérum is shown.
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present, was reduced by 21%. Possibly the products of
hydrolysis of 127I-labelled LWF bind non-specifically to
other proteins, This occurs with damaged labelled hormones
(Landon, 1968)s LAF could have been degraded in all the
incubates, but less ¥ -=radiation was precipitated in those
samples with less protein capable of binding the hydrolysed
products, With only 4% (W/V) of protein in the control
(phospha te buffcered saline + albumin), less radicactivity
would be precipitated than when serum, with approximately
7% (W/V) protein, was present. This method would be
impractical for a gquantitative assessment of the proteolysis
of LNF by serum, as the final result would depend on the
amount and type of protein present. in the sample. Another
possibility was that serum did not degrade the LKF, &as
predicted by Trygstad & Foss (1972) but that its lipolytic
action was inhibited by serum by another mechanism. To
investigate this, a method to assess the action of serum on
the biological activity of LUF was required,
Vitro As t c t
The in vitro assay for lipolysis adapted by the
inclusion of serum, provided a method to measure the eff'ect
of serum on the biological activity of LiFe The assay was
shown to be responsive to increasing doses of ACTH
(figure 4,1) although the minimum effective dose at O.2jg
was slightly higher than that reported Ly Rudman (1963) of
Oelpg for the ACTH in rabbit adipose tissue., The validity
of the glycerol assay was confirmed by the accuracy in

measurement of standard glycercl (Table Le.3). Small
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differences could be expected between the calculated
glycerol concentration and the observed value due to dilution
errors, The apparent increase in glycerol concentration
following TCA treatment and ether extraction is due to
removal of a small amount of water in the ether phase
(¢arland & Randle, 1962), The concentration factor of
1,14 (Table Ll.4) agrees well with their figure of 1l.15.
As the assay results were used mainly for intra-assay
comparisons rather than to find exact activity of a pre-
paration, and all the results were treated the same, this
correction factor was not included in the calculations of
glycerol production rate,

The guantity of fat cells in a suspension was measured
by dry weight, the simplest of the available methcds, as this
wag adeqguate for intra-assay comparisons. The assays for
effect of individual sera on LMF induced lipolysis were the
only ones where comparisons were made between results of
different assays, The adjustment made to the results of
these 6 identical assays enabled the results to be directly
compared.,

The difference in collagenase activity between batches
of the enzyme means that the optimum conditions for the
collagenase incubation had to be found for each fresh batch
by trial and error (Fain et al. 1973). Highly purified
collagenase is not active, it seems that activity depends on the
presence of proteolytic enzyme contaminants (Kono, 1969). The
collagenase assessed in Figure 4,2, was used at a concentration

of l.5mg/ml not 2.,0mg/ml which produced the most responsive
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fat cell suspension. This was in case fat from other rabbits
was more easily disrupted by the higher collagenase
concentration and also to conserve the supply of the enzyme,
The activity of isolated adipocytes was reduced by excess
collagenase or a long incubation time by disruption of the
cells. On centrifugation of such a preparation a free fat
layer appeared and the fat cell layer reduced in size., The
glycerol production rate from these suspensions was always
low, though significant increaseés could be measured,

Lven under identical conditions of preparation and
incubation, fat cell suspensions varied in sensitivity.
This is illustrated by the difference between the means of
the 6 assays for effect of sera from individual pigs on LNF
lipolysis Table 4,11, Here the mean glycerol production
rates varied from 2,21 to 7.66pmol/gfat/h, Another example
of the variation is the 2.asaays of the lipolytic activity
of gmliiF, (Figure 2,9 a & b) described in Chapter 2, Here
the maximum rates of glycerol release were 3,29 and 15.28
pmol/gfat/h. The source of the rabbit fat was the only
difference between the assays in both examples, Such varia-
tion made it impossible to directly compare the results of
different assays unless an adjustment, based on the assay
means, was made as described in section L.2.,3.2, Schleyer
et ale (1971) found that by incubating sliced rat fat pads,
rather than isolated rat fat cells, in an in vitro assay for
lipolysis, inter-assay comparisons could be more easily made,
Isolated fat cells were used here in vitro, rather than
sliced fat pads, because the accuracy of the latter was found
to be much lesses The standard errors of the estimated means
(SiM) were usually ) 10% of the mean value when sliced fat

pads were used,
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Effect on

The inclusion of O.2ml of serum in an in vitro assay
with LVF fractions, PLPH and ACTH consistently potentiated
the activity of the lipolytic agent (Tables Leb, LeTy Le9)e
Induced lipolysis was only inhibited in one case, with the
acidic protein which eluted from a CM cellulose column while
LiF was absorbed (Section 2.3.2,3). Serum had no effect on
basal lipolysis (Table L4,7), indicating that any endogenous
lipolytic agents, such as catecholamines, were at too low a
concentration to activate lipolysis. Curtis-prior (1973) and
Curtis~Prior & Hanley (1973) found that rat serum stimulated
lipolysis from rat fat cells of the same animal, As
gropranolol a p-adrenergic blocking drug, inhibited this
lipolysis, catecholamines in the circulation could have
caused his findings. However, as catecholamines are inactive
in rabbit tissue (Rudman, 1963), it was unlikely that they
played a significant role in the potentiation of lipolysis,
The hormones (growth hormone, glucocorticoids and thyreoid
hormones), which usually act synergically with stimulators
of adenyl cyclase, were unlikely to be potentiating lipolysis
here, as they reqguire a lag period of over 2 hours (Fain, 1973).

The potentiation of the lipolytic.action of LMF and
other peptides by porcine serum did not agree with the
findings of Trygstad & Foss (1972) or Standal et al. (1973).
In yive in rabbits, both human and porcine L¥F had been
inhibited by serum and in vitro, human serum had inhibited

human LMF induced lipolysis from human adiposeé tissue pieces.
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FPosseibly inhibition required some factor present in the
connective tissue which was digested by incubation with
collagenase, This would explain the lack of inhibition
found when isolated fat cells were used,

Standal (personal communication) has been unable to
confirm his results with samples taken from pigs under
normal conditions and not at slaughter, Possibly the extreme
stress endured by the pigs at slaughter helped to exaggerate
the difference between lines of the inhibitory effects of
serum and adipose tissue, 7The inhibitory action of serum
on lipolysis found by Trygstad & Foss (1972) could be related
to the other antagonists of lipolysis stimulators mentioned
in the introduction (Section le¢3.3.3)e The lipolytic
peptide inactivating system of Rudman et al. (1964a,b) was
absent from rabbit adipose tissue, though present in other
organs of the animal. If Trygstad's inhibitory factor
depended on the existence of such a system, serum inhibition
of INF in vivo in raebbits, but not in vitre in rabbit fat
cells, could be explained, JIn vivo, the peptide could be
inactivated by non-adipose tissues while in vitro no inactiv-
ation takes place due to absence of the antagonist.

The potentiation of lipolysis by seérum has been reported
(Benuzzi-Badoni et al., 1968)s Rat and guinea pig serum
were found to potentiate ACTH induced lipolysis from rat
adipocytes, The effect of pig serum on rabbit adipocytes
stimulated by LMF is probably of the same origin as these
findings, even though experimental resulte in one species
can not be applied to another species (Rudman,1963).
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The possibility that serum petentiation was caused
indirectly was investigated. The potentiation was not
caused by more efficient buffering in the presence of serum.
The dialysis of serum against KRB buffer should have brought
the ionic composition of serum to resemble the KRB buffer,
As this dialysed serum still enhanced lipolysis (Table L8)
stimulated by LKF it was uplikely that the potentiation was
a result of better buffering. On the other hand, as the
inclusion in the in vitro assay of KRB+ 8% (W/V) albumin
with LMF and ACTH did not potentiate lipolysis (Table L.9),
it can be concluded that the L% (W/V) albumin in other
incubations was not at a limiting concentration, The
potentiating effect of serum on LMF induced lipolysis
would appear to be an inherent characteristic and not an
artefact of the assay conditions,

Correlation of the potentiation of LMF induced lipolysis
by individual serum, to traits of the animals might have
indicated a physiological role for such potentiation in the
regulation of lipid metabolisme. A similar method might have
been used for selection of such traits., However when 54
individual sera were examined neither growth rate nor back-
fat thickness correlated to potentiated lipolysis (Figures
Leoi, 4e5)e The animals, which were bled, showed significant
differences between the three lines in both growth rate and
backfat thickness, whiéh correlated to one another (Figure
Le3)s The breeding experiment provided a suitable nodel for

the examination of factors invelved in genetic diff'erences

between fat and lean animals,
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There is the possibility that significant correlations
would have been found under a different regime, For
instance, increasing the serum content of the incubates,
fasting the animals longer before bleeding, increasing ihe
samples per assay to reduce inter-assay variation, might all
help in producing a significant result, The stress_endured
by the animals during blecding might have influenced the
final results and a léss strﬁssful means of obtaining serum
might improve the experimental findings.

Dialysis of 9§ of the previously assayed serum samples
was designed to provide identical ionic environments in the
incubates so that any differences would be due entirely to
larger molecular weight species, The linear regression of
lipolysis (X) against growth rate (Y) for these 9 samples
happened to be negative, When the dialysed serum was
assayed the regression became positive, stecper and was
nearer significance (Figure L.,6a). The latter would be the
more expected gradient, with a high growth rate corresponding
to a high lipolysis, which was the situation found in the
larger experiment with all 54 ngn-dialysed samples. The
slope of the linear regression of backfat thickness (Y)
against lipolysis (X) changed from positive to negative
following dialysis of sera, This would correspond to serum
from animals with high backfat having a low potentiating
effect on lipolysis which differed from the findings of the
original experiment with non-dialysed serum, Lven though
the linear regressions were affected by dialysis, none of

the results proved to be significant. Fossibly by assay of
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more dialysed samples, a significant result could have been
achieved but the serum sample volumes were by then too low
for further studies to be undertaken,
Further areas for study for early selection of animals
for leannesgs and growth rate will.be dealt with in the
following general discussione

Le5  Summary

1) The degradation of 125

I-labelled LNF on incubation
with serum could not be guantified and was therefore not
suitable for the estimation of the serum inhibition of the
lipolytic activity of LiNF,.

2) An assay for lipolytic activity in vitro was developed
and used to investigate the effect of serum on LMF induced
lipolysise.

3) Serum was found to potentiate the lipolysis stimulated
in vitro by LKF. This effect was not due to different ionic
composition of serum or to serum containing extra albumin
- for the binding of released free falty acids.

L) The potentiation of IMF induced lipolysis caused by
the sera from individual pigs wﬂb not significantly correlated
to either the pigs' growth rate or backfat thickness,

5) Dialysis of sera prior to investigation of any such

correlation did not alter the non-significance of the results.
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CHAPTER 5

scu

Conclusions From Experimental Chapters

The lipid mobilizing factor, isolated from deep frozen
porcine pituitaries, stimulated the release of glycerol from
rabbit adipoeytes in vitro. On polyacrylamide disc gel
electrophoresis at pH 8.9 the LMF preparation had an
identical mobility te that of Trygstad's porcine 1LNF., These
two peptides also had a similar mobility on sodium dodecyl
sulphate polyacrylamide gel electrophoresis, though a higher
molecular weight contaminant was present in the sample
(mLMFd) « LMF alone did not stimulate the production of
specific antibodies in immunized rabbits. A non-specifiec
antiserum, which cross-reacted with other pituitary hormone,
was raised in one rabbit against an ILMF=BSA conjugate.
Immunization of rabbits with LMF after electrophoresis on
rolyaerylamide gels did not stimulate the immune response,
The lipolytic action of LNF, in vitro, was potentiated by
replacement of 15% of the incubation medium by porcine serum,
Non-dialysible material in the gserum, but not albumin, was
responsible for the potentiation of LMF induced lipolysis.
The potentiating effect of serum from individual pigs did not
correlate to either the growth rate or backfat thickness of
the respective animal, There seemed to be little hope of
using such a method for the selecction of lean, fast growing
animals,
Nature of IMF

Indications to the nature of the ILNMF isolated here, can

be gained from examination of various experimental results,
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The ability of LMF to stimulate lipolysis in rabbit
adipocytes within 2 hours, indicated that the cAMP mediated
lipolytic cascade (Figure 1.1;w;;;minvolved. The mechanism
could be similar to that of (PLPH and ACTH, both of which
required Ca** jons in the medium for their lipolytic action
to be seen (Lopez et al., 1959; Lis et al., 1972). EDTA
(at 15 and 0.,75mM), which chelates Ca** and Mg** ions,
inhibited the lipolytic action of LMF and showed that these
ions are necessary for LMF to stimulate lipolysis.

Comparison of the chromiographic isolation procedures
and electrophoresis gels of LMF with yLPH and pLPH indicated
that IMF was more basic than these lipotropins. All three porcine
reptides were absorbed on to & column of CM cellulose
equilibrated with 0,01¥ ammonium acetate, although the buffer
was at pH L.6 for the lipotropins (Chrétien,1973), and
PH 5.5 for LNF. Judging from the elution diagram (Graf
et al.,1969),¥ LPH was desorbed before the buffer gradient
reached either pH 5.5 or 0,05/, conditions under which LMF
is still absorbed by the cellulose (Figures 2.8, 2.10), The
interpretation of the elution of ALPH (Gilardeau & Chrétien,
1970) with respect to IMF is more difficult., The gradients
of buffer pH and concentration were not shown for the elution
diagram of pLPH so the conditions at which it desorbed were
harder to estimate. However pLPH was eluted before the
buffer pH and concentration rose to pH 6.7 and 0.,1¥,
conditions which would also desorb LMF (Figures 2.8, 2.,10).
Thus there is some similarity in the ionic nature of p LPH

and LMF. On electrophoresis at pH 8.9 (Plate 3.1), LMF was
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less mobile and therefore more bagic than the main peptide
band of PLPH but had the same mobility as the minor band.
Fresumably the main peptide band was pLFH, so LNF was more
basic than this peptide as well as being more basic than ¥ LPH.

The third member of the lipotropin group of peptides,
which have similar peptide sequences, p MSH, was désorbed from
a CM cellulose column under similar condition to LMF.
Lande et ale (1965) in their investigation of various peptides
from porcine pituitaries, found that a fraction (fraction D)
which resembled plSH, eluted from a CM cellulose column when
the buffer concentration rose from 0,027M to 0.,068M.
Although they used a succinate-acetic acid buffer and not
ammonium acetate, a similar rise in buffer concentration
would desorb LKF from CM cellulose. It is possible that the
isolated LKF and the minor band of peptide seen on electro-
phoresis of pLFPH are both pMSH. The high mobility of LAF
on SDS polyacrylamide electropheoresis (FPlate 2,2), which
indicates a low molecular weight, supports this theory, as
pMSH is also a small molecule, That LMF and the peptide
present in the minor stained band of LFPH on electrophoresis
are similar was confirmed by the finding that this band was
the one which inhibited the binding of 12°I-labelled INF to
anti-Li¥F antiserum (Figure 3.11). It is possible therefore,
that the LMF, isolated as described in Chapter 2, resembles
the lipotropins and may even be identical to (P MSH.

The Relat the Purification of LMF to the Production o
Antiserum

One possible reason, discussed in Chapter 3, for the

production of non-specific antiserum to ILNF, was that the
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preparation of LMF (mLMF-VIId) conjugated to bovine serum
albumin was contaminated with a glycoprotein hormone.
Electrophoresis on SDS polyacrylamide showed that a similar
LMF preparation (mLMFA) contained a high molecular weight
contamination which could have been a glycoprotein. The main
difference in purification of these two ILMF preparations was
that mLMF-VIId had been rechoromatographed on a CM32 cellulose
column. The procedure from residue L4 being G-15 ——>
DE32 ——> CM32 —>» CM32, Possibly, gel filtration could
have removed contamination of IV with a larger molecule,
However mlLMFd, eluted from a G-50 sephadex column with an
apparent molecular weight of between 14,500 and 20,000
(Figures 2,13), due either to the association between LMF and
the large contaminant or to the aggregation of LMF molecules,
Therefore, further gel filtration to separate mILMFA from
the contaminant might not work.

Possibly all the binding of 122I-labelled IMF to the
antiserum from rabbit R199 was a result of the binding of
1251—1abelled contamination of LMF to antibodies specific for
the contaminant, This would not explain why the most potent
inhibition of the binding was found te be by pLPH, Unless
it was similarly contaminated with glycoproteins,pLPH would
only inhibit a real interaction between 125I--labelled LMPF
and the antiserum. The fajt that it was P LPH which was the
most potent inhibitor of t/is antibody antigen reaction
would indicate that LUF gare closely resembled a peptide

present in the‘sLPH preparation than the glycoproteins,
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Although it was unlikely that all the precipitated
Y-radiation was due to 1251-1aballed contaminant binding to
specific antibodies, a proportion might have been precipitated
in this waye.

The results here suggested that LMF was not immunogenic
in rabbits. This confirmed Normaen and Turter's (1968) finding
that immunization of rabbits with human IMF did not produce
anti-LNF antiserum. Possibly the rabbit has a l1lipid
mobilizing factor, similar in structure to both the porcine
and human peptides, so that the rabbit's immune system could
not distinguish injected LiF from the native peptide., The
high lipolytic activity of IL¥F in rabbit tissue would support
this theory. The same does not apply to ACTH or pLFH as
these are both able to stimulate the production of anti-
bodies in rabbits. The small size of INF seen by electro-
phoresis on SDS polyacrylamide gels, and the relatively low
doses available for injection probably contributed to the
lack of response,

Some antibodies were produced against LVF when it was
conjugated to BSA but a greater response was found in the
production of anti-glycoprotein antibodies., The 70% binding .
of 1251.1avelled LH to the supposedly anti-INF antiserum
(Table 3,2) showed that more antibodies had been produced that
would react with LH than would react with L¥F. Such an anti=-

serum was not of practical use in a radioimmunassay for LMF.

Is There a Physiological Role for IVF and its Potentiation
by Serum? :

The guestion as to whether LKF has a definite role to

play in the lipid metabolism of the body remeins unanswered,
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Both the attempts to develop a radiocimmunocassay for measure-=
ment of the peptide in serum and to develop a method capable
of giving an indication of an animals potential growth were
unsuccesgsful. However, the ability of porecine serum to
potentiate LMF induced lipolysis may reflect the presence of
an LVF regulating system in serum. If such a system exists
and is shown to be specific for LMF then a ma jor advance
would be made in assigning to LMF a physiological role,

The nature of the factor in serum responsible for the
enhancement of LMF stimulated lipolysis has nqt_been fully
investigated but it is non-dialysible, 6Small molecules
including the catechoclamines, and ions are therefore not the
cause of the potentiation, The hormones, which are known
to potentiate adrenalinestimulated lipolysis, growth hormone,
thyroid hormones and glucocorticoids, all have a lag period
of over 2 hours, before their effects are seen (Fain,1973).
As the potentiation of LMF induced lipolysis occurred within
a 2 hour incubation period, these hormones were probably not
responsible, It is unlikely that other known lipolytic
agents in the serum were the cause of the observed potent-
iation as they would have stimulated lipolysis when serum
wag incubated with the fat cell suspension in the absence of
LNF o
Future Areas for Investigation

A physiologically significant role for LMF may still
be confirmed by radioimmunocassay if a specific antibody could
be produced. The animal species immunized is probably of

importance in the raising of anti-LMF antiserum. Antisera
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against insulin and parathyroid hormone could only be
produced in guinea-pigs and not in rabbits (Hurn and Landon,
1971) « Perhaps the situation is similar with LNF and
changing the species immunized might help the production of
antiserum specific for LiF.

To ensure the specificity of any antiserum raised
against LMF, the large molecular weight contaminant should
be removed prior to immunization. Gel filtration under
different conditions to minimise the aggregation of LNWF to
iteelf or contaminants might be useful (Chapter 2), If this
still failed to purify the peptide a different procedure such
as preparative electrophoresis on SDS polyacrylamide gels
could be attempted,

Full characterization of LUF must await the preparation
of a homogeneous sample of sufficient quantitye An N-
terminus analysis has been carried out on mLiFd, the pre-
paration which had a high molecular weight contamination.
Glutamic acid appeared to be the ma jor N-terminal amino acid
(Dunn MJ, personal communication). XLFH and PLPH have
glutamate as their N-terminal residue, emphasising the
similarity between LMF and the lipotropins. A second N-
terminal amino acid was evident but not enough material could
be spared for further investigation, Amino acid analysis of
I¥F and determination of its sequence would help establish
the relation of LMF to the lipolytic peptides and other
hormones. Up to 1Omg of homogeneous material would be
required for amino acid segqguence analysis and this amount of

puriried peptide has not been available.
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The relationship of LMF to other lipolytic peptides
could be investigated by examination of fat cell membrane
hormone receptors., Rat fat cell membrane preparations have
been made that bind 1251-1abelled hormones, such as glucagen
(Desbuquois & Laudat,1974) and insulin (Cuatrecasas, 1971).
These were bound by specific hormone receptors., For instance,
bound labelled glucagon could not be replaced by other
hormones but only by unlabelled glucagon. If a fat cell
membrane preparation was made, capable of binding 1251-
labelled LI'F then the specificity of the membrane receptors
could be examined, The effect of serum on the binding could
alsc be investigated. If LMF was bound specifically by the
membrane preparation, the latter could replace antiserum in
a saturation analysis (Ekins, 1970)., INF would then be
measured by a radioreceptor assay in the same way as
Lefkowitz et al. (1970) estimated ACTH, though they used
adrenal rather than fat cell membranes.

The potentiating effect of serum on LMF induced
lipolysis, could be further investigated by fractionation of
the serum, for instance on DEAE ion-exchange cellulose
(Sober & Petersen,1958). The fraction, with which the
potentiating effect was associated might give an indication
of the relation of the potentiation to other serum effects
on lipolysis (Trygstad & Foss, 1967, 1972; Benuzzi-Badoni,
1968; Curtis-Prior & Hanley, 1973). The serum effect on
lipolysis from adipose tissue of different species and on

other lipolytic agents should be investigated in vivo as well
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as in vitro. Perhaps only the lipotropins, ACTH and LNF are
potentiated and then, only with a rabbit fat cell suspension.
possibly alterations in the assay conditions could have
produced more exaggerated and significant results when the
serum potentiation was correlated to growth rate and backfat
thickness of individual pigse. Thus the inclusion of a greater
volume of serum, & change in the dose of LNF and an alteration
of incubation time might be worth attempting to produce a
significant correlation. Incubating more samples in a
single assay would help reduce inter-assay variation and
possibly increase the chance of a significant findinge.

Measurement of alternative biochemical parameters, as
selection markers for potential growth in pigs or other
animals, is worthy of investigation, In the pigs described
by Vengen (1974a), serum growth hormone concentration varied
between the lines (Lund-Larsen & Bakke, 1975). There was a
greater concentration of growth hormone in serum from animals
of the high growth, low fat (HP) line than in serum from low
growth rate and high fat (LP) animals. The growth hormone
content of serum from control line pigs was between the other
two lines, 3Jerun content of somatomedin, the growth hormone
intermediate, varied in the same way., However measurement
of serum growth hormone concentration in pigs selected only
for their backfat thickness, did not reveal such differences
(Althen & Gerrits, 1976). They found that high fat pigs
had a lower serum contént of growth hormone than controls
at both weaning and slaughter but that low fat pigs could not

be distinguished from the controls. Gerum growth hormone
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concentration could not be used to directly select for low
fat pigs but might be used to select against high fat animals.

Free fatty acid concentration in serum has alsoc been
examined in the three lines of pigs described by Vangen (1974a).
Bakke (1975) found that after a 25 hour fast, the FFA
concentration varied between the lines in serum from 140-160
day old pigs. Younger animels fasted for a shorter time
showed more variation in results and no significant differences
between the lines. A 25 hour fast is probably necessary to
reveal any differences and this may be deleterious to young
animals, Instead of starving the animals, the FWA concen=-
tration of their serum could be measured after injection of
a lipolytic agent, such as LMF, The response after a certain
period could be examined for any correlation with the animals
growth and leanness data,

If the serum content of any of the other lipolytic
peptides and hormones were shown to correlate with growth rate
or backfat thickness of domestic animals then measurement of
these would also be useful as selection criteria,

There are therefore, a number of possible directions
further research into LVF could take, Some of these depend
on the isolation of a homogeneous preparation, With such a
preparation, the relation of ILMF to other peptides could be
established, A specific antiserum for a rad;oimmunoassay
might be produced but probably in a different species to the
rabbit. The potentiation of LMF induced lipolysis could be
investigated for its mechanism and relevance to growing

animals, Biochemical parameters unconnected with LVF could
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be examined for any relation to beneficial traits both in

selected and non selected animals, Hopefully a method,

involving these techniques, might eventually be developed
to provide an early estimate of a young animals potential

growth and thereby increase the efficiency of animal
production.
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APPENDIX 1

Nomenclature of IMF preparations.

crude LMF:

dLMFl op 2°

mINF

1,2,ete,’

gmLMFl or 2°

.IJ.MF& 'b ,31’-0. :

mLWF-VIId
(and similar):

salt free fractions following gel filtration
on Sephadex G-15 of residue L,

fractions from DEAE cellulose ion-exchange
chromatography of crude LNF,

fractions of extraction VIII from CM cellulose
ion-exchange chromatography of crude LMF,.
fractions from gel filtration following CM

céllulose ion=-exchange chromatographye
fractions of extraction XI from Cl cellulose
ion-exchange following DLAL ion=-exchange
chromatography.

fractions from none of the extractions
described in detail (V, VIII or XI) but in this
case from extraction VII., The Roman numerals
show which extraction the fraction comes from,
The first and last letters or figures indicate
the most closely resembling of the preparations
described in detail, here mLMFd.
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APPENDIX 2
Material

All chemicals, which were of Analar grade, were
supplied by BDH Chemicals Ltd., Poole, Dorset, apart from
the following.

The Sigma (London) Chemical Coe Ltd., Kingston-upon=
Thames, Surrey, supplied bovine serum albumin, &CDI, porcine
ACTH (100I.,U./mg), TRIZMA BASE, glucagon, bovine insulin
(2LI,U./mg), lysozyme (25,000u/mg), chymotrypsinogen
(30u/mg) , carbonic anhydrase (2,500u/mg), dithicerythritel,
and triethanolamine hydrochloride,

The Boehringer Corporation (London) Ltd., Bilton House,
kaling, London, supplied phosphoenolpyruvate hydrochleride,
NADH, ATP disodium salt, collagenase (0O.l5W/mg), lactate
dehydrogenase (550u/mg), pyruvate kinase (200u/mg) and
glycerol kinase (85u/mg).

The ovine hormones PRL, LH, ¥SH and TSH and porcine GH
were supplied by the National Institute of Health, Bethesda,
Maryland U.S.A. (see table 3,1 for batch numbers).

Bordetella pertussis vaccine was provided by Wellcome
Reagents Ltd., Beckenham, Kent. Freunds Complete Adjuvant
was supplied by Gibco Bio=Cult Ltd., Paisley, Renfrewshire,

Sephadex of various grades was supplied by Pharmacia
(GeBs) Ltde, 75 Uxbridge Rd., London. Ion-exchange
celluloses were supplied by Whatman Biochemicals Ltd.,
Maidstone, Kent.

Oxygen, nitrogen and 95% 0,:5% CO, were supplied by
BOC Ltd., Seafield Road, Edinburgh.
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Tween 80 was supplied by Koch-Light Ltd., Colnbrook,
Buckinghamshire,

Iodide~125 was supplied by the Radiochemical Centre,
Amersham, Buckinghamshire,

Goat anti-rabbit immunoglobulin antiserum was provided
by ¥re. WeRe Carr, of the Department of Physiological Genetics,
ABRO., FKormal rabbit serum was supplied by Mr, D, McVitie
of the Moredun Institute, Ldinburgh who also provided
rabbits for experimental use., Pig serum was collected at the
slaughterhouse of the City of Edinburgh District Council
and from pigs of the Institute of Animal Genetics and
Breeding, Aas-NLH, Norway.

Porcine pituitaries were supplied by Lawson of Dyce,
Dyce, Aberdeenshire,
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Appendix 3 Equipment

The following specialised equipment was used.

LKB Instruments Ltd.,, South Croydon, Surrey supplied the
fraction collector (Ultrorac 7000), the gradient maker
(Ultrograd 11300) and the peristaltic pump (Varioperpex 12000).

A Searle Instruments, Harrow, Essex 'Analmatic'
preparation unit and centrifuge (CRU-5000) were used.

Both a FYE Scientific Instruments Ltd., Cambridge
(Unicam SPB00A) and a Ceecil Instruments Ltd., Camﬁridge
(CE272) spectrophotometer were used.

Both a Wallac DECEN-GTL (LKB Instruments Ltd,) and a
Mini-Assay (Mini Instruments Ltd., Burnham-on-Crouch, Essex)

¥- spectrometer were used,

Llectrophoresis was carried out in a Shandon kit
(Shandon Southern Instruments Ltd., Camberley, Surrey) using
a Shandon Vokam SAE2761 power packe

NSE High Speed 18 and desk-top centrifuges were both
employed (MSi Ltd., Crawley, Sussex). The frecze-drier was
supplied by Edwards High Vacuum Ltd., Crawley, Sussex,
(Model 30.P 2/797)

Polystyrene LP, tubes were supplied by Luckham Ltd,,

Burgess Hill, Sussex,
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