
I declare that this

myself and that the work

Declaration

thesis has been composed by

it contains is my own.



i i

Contents

vi

vii

Page

Contents i

Abstract of Thesis

Abbreviations

Acknowledgements ix

Chapter 1 Introduction 1

1.1 Adipose Tissue Metabolism 2

1.1.1 Lipogenesis 2

1.1.2 Lipolysis 3

1.2 Antagonists of Lipolysis 6

1.3 Lipolytic Agents 7

1.3*1 Activators of AdenylCyclase 8

1.3.1.1 The Catecholamines and the 8
Sympathetic Lervous System

1.3.1.2 Glucagon and Related Peptides 9

1.3.1.3 Adrenocorticotropic Hormone and 10
Melanocyte Stimulating Hormone

1.3.1.4 Pituitary Glycoprotein Hormones 11

1.3.2 Hormones with a Delayed Lipolytic 12
Action

1.3.2.1 Thyroid Hormones and
Glucocorticoids 12

1.3.2.2 Growth Hormone 14

1.3.3 Pituitary Lipolytic Peptides 15

1.3.3.1 The Lipotropins 18

1.3.3.2 Lipid Mobilizing Factor 19

1.3.3.3 Are the Lipolytic Peptides of 20
Importance in the Body?

1.3.3.4 Inhibition of LMF 21

1.4 Aims of Present Study and Outline 23
of Work



ii.

page

Chapter 2 Preparation of I orcine Lipid 25
Mobilizing Factor

2.1 Introduction 25

2.2 Methods 26

2.2.1 Identification of Porcine 26
Lipid Mobilizing Factor

2.2.1.1 in Vivo Assay of Adipokinetic 26
Activity

2.2.1.2 In Vitro Assay of Lipolytic 28
Activity

2.2.1.5 Polyacrylamiae Lisc Gel Electro- 50
phoresis

2.2»1.Z| Electrophoresis on Sodium Dodecyl 52
Sulphate Polyacrylamiae Gels

2.2.1.5 Protein Estimation 3U

2.2.2 Isolation of Forcine Lipid 55
Mobilizing Factor

2.2.2.1 Chromatographic Procedures 55

2.2.2.2 Preparation of crude LMF 58

2.2.2.5 Extraction V of crude LMF U2

2.2.2.h Extraction VIII of crude LMF

2.2.2.5 Extraction XI of crude LMF Ii5

2.2.5 Estimation of Molecular Weight I46
of LMF on Sephadex G-50

2.5 Results U8

2.5.1 Identification of Porcine Lipid h-8
Mobilizing Factor

2.5.2 Isolation of Porcine Lipid 52
Mlobi li zing Factor

2.5«5 Estimation of Molecular V.eight of 69
Porcine LMF on Sephadex G-50

2.h Discussion 71

2.5 Summary 79



ill.

page

Chapter 3 The Development of a Radio- 81
Immunoassay for Porcine Lipid
Lobilizinm Factor

3*1 Introduction 81

3*2 Methods 83

3.2.1 Production of Antiserum 83

3.2.1.1 LLP in Preund's Complete 63
Adjuvant as Immunogen

3.2.1.2 LLP Conjugated to Bovine 84
Serum Albumin as Immunogen

3.2.1.3 LLP in Polyacrylamide as 87
Immunogen

3.2.2 Identification of Cross-Reacting 88
antiserum by Binding to
12ijI-labelled LLP

3.2.2.1 Labelling of LLP with 88
Iodine-125

3.2.2.2 Removal of Free and 91
Labelled Peptide from

I—labelled LLP

3.2.2.3 Assessment of Antiserum: Anti- 93
serum Titration Curves

3.2.2.i+ Assessment of Antiserum: 96
Standard Curve and Specificity
of Antiserum

3.2.2.5 Assessment of Antiserum: Nature 97
of Non-Specific Cross-Reactions

3.3» Results 98

3.3.1 Identification of Cross-Reacting 96
Antiserum by Binding to
labelied LLF

3.3.2 Assessment of Antisera for 104
Radioimmunoassay

3.4 Discussion 116

3.5 Summary 129



iv •

Page

Chapter 4 The mit'ect of Serum on liv.F 130
Induced Lipolysis

4.1 Introduction 130

4.2 Methods 133

4.2.1 Degradation of ^^1-labelled LMF 133

4.2.2 In Vitro Assay of Lipolytic 134
Activity

4.2.2.1 Preparation of Buffer 135

4.2.2.2 Isolation of Babbit Fat Cells 135

4.2.2.3 Assay Conditions 136

4.2.2.4 Glycerol Assay 137

4.2.2.5 Optimum Collagenase Con- 140
centration

4.2.2.6 Statistical Methods 140

4.2.3 Application of In Vitro Assay: 142
Investigation of the Serum mffect
on LMF Induced Lipolysis

4.2.3.1 A Standard procedure 142

4.2.3.2 Sera from Individual Animals 143

4.2.3.3 Dialysed Serum from Individual 144
Animals

4.3 Results 145

4.3.1 Degradation of 1"^I-labelled LMP 145

4.3.2 In Vitro Assay of Lipolytic 145
Activity

4.3.3 Application of the In Vitro Assay 152

4.4 Discussion 164

4.5 Summary 173

Chapter 5 Discussion 174



Page

Appendix 1 Nomenclature of IMF preparations 183

Appendix 2 Materials

Appendix 3 Equipment 188

References 189



vi.

Abstract of Thesis

A lipolytic peptide Lipid Mobilizing Factor (MP) has

been isolated from deep frozen porcine pituitaries. The

method was based on that for the isolation of human Lipid

Mobilizing Factor but a number of modifications have been

made to extract the peptide from porcine glands. Porcine

LMF resembles porcine ACTH and pLFH but is distinguishable
from both. An attempt was made to develop a radioimmunoassay

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

production. An In vitro assay for lipolytic activity using

isolated rabbit fat cells was developed, initially for

identification of lipolytic fractions during the isolation

of MP. The assay was subsequently used to investigate the

effect of porcine serum on the lipolysis induced by porcine

LMF. Pooled serum potentiated the action of MP. Sera from

individual pigs were assayed to see if there was any relation

between their potentiation of lipolysis and either the growth rate

or backfat tnicxness 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

Introduction

It is only comparatively recently that adipose tissue

was recognised as being of importance in the energy

metabolism of the body (Wertheimer, 1963)# This followed

the realisation of the importance of plasma free fatty acids

in energy homeostasis. Although they make up only about

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 & rtepp, 1970; Bj'intorp & '6stman, 1971; Vague &

Boyer, 197U).

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 aealt 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). Most

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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1.1 Adipose Tissue f, etabollsm

1.1*1 Li-oogenesis

Adipose tissue is the largest energy reservoir in the

body (Dole, 1965)* Its 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, 1969). The immediate

precursors of triglycerides are cx~ 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 major source of free fatty acids for triglyceride synthe¬

sis is from the plasma. In adipose tissue, plasma tri¬

glycerides, from the liver or directly from the gut, are

hydrolysed by lipoprotein lipase, and the released free 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 U2% can be re¬

covered as COg# 13$ as triglyceride fatty acid, kk% as
triglyceride glycerol and 1$ as glycogen (Jeanrenaud, 1961).

The oxidation to C02 of a large proportion of glucose results
from the production of KADPH used in fatty acid biosynthesis.



Triglyceride synthesis in adipose tissue is similar to

that in liver (Vaughan & Steinberg, 1963):

1) Fatty acid + CuA-SH + aTP ► Fatty acyl GoA 4 A]0 4 I—P

2) 2 Fatty ac,yl CoA 4 P(-gly cerophospha te »• phosphatidic acid

+ 2 CoA-SH

3) Phosphatidic acid > diglyceride + phosphate

It) Diglyceride + fatty acyl Coa > triglyceride + CoA-SH

The availability of the precursors dictates the rate of

synthesis. The entry of glucose, which can provide both

precursors, into the fat cell is primarily regulated by

insulin (Winegrad & Renold, 1956; Flatt, 1970)• Whan insulin

is released, for instance after ingestion of carbohydrate,

the entry of glucose into the fat ceil is enhanced, removing

the carbohydrate from the circulation and increasing

lipogenesis (Jeanrenaud & Renold, 1969)• Insulin has a number

of other effects on adipose tissue, most of which result in

the decrease 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 & V»ing, 1970). The inhibitory action

of insulin on lipolysis is discussed below.

1.1.2 Lipolysis

Lipolysis, the reverse reaction to lipogenesis, proceeds

in three steps:

Triglyceride —» Diglyceride —» iVonoglyceride —y Glycerol

4 4 4

Free fatty acid Free fatty acid Free fatty acid

Hydrolysis of the first ester bond is the rate limiting step

(Vaughan et al., 1961; Strand et al., 1964). The enzyme



responsible for this step is stimulated by a number of

agonists axid is known as hormone sensitive or triglyceride

lipase, Post of the glycerol produced by hydrolysis of

triglyceride passes into the circulation, as adipose tissue

glyc-rokinase activity is low (Robinson & I\ewsholme, 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,

lipoid sis is normally stimulated when circulatory glucose is

low, so there will be little cx-glycerophosphate in the adipose

tissue available for lipogenesis. Most of the released free

fatty acids enter the circulation where they bind to albumin

(White £t <al., 1968) and are transported to other tissues,

except the brain, for the provision of energy. The brain

normally meets its entire energy requirement by the

oxidation of glucose (White _et aJL,, 1968) •
The rate limiting enzyme, hormone sensitive lipase, is

activated via a cascade mechanism (Steinberg et al,, 197h)•

An activating hormone binds to a specific receptor and by

modification of this, stimulates adenyl cyclase to convert

ATP to cylic AMP (or cAMP) (Butcher et al,. 1965; Butcher,

1966; Butcher e_t aJL,, 1972), Cyclic AMP activates a protein

kinase which phosphorylates inactive hormone sensitive

lipase"b"to the active form, hormone sensitive lipase's"
(Huttunen et al.. 1970; Huttunen & Steinberg, 1971), The

lipolytic cascade may be depicted as in Figure 1,1,
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Figure 1.1 The lipolytic cascade,
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adenyl adenyl
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A scheme representing the hormonal
activation of lipolysis in adipose
tissue (From Steinberg e_t al. 1971+) .
TG = triglyceride, DG = diglyceride,
MG = monoglyceride, FFA = free

fatty acid.

hormone
sensitive
lipase a

TG DG+FFA

l
Mg+ FFA
i

gl ycerol+FFA



The activity of hormone sensitive lipase can be affected

in other ways. Once formed, cAFP is destroyed by phosphod¬

iesterase, producing AMP (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 et al., 1968)• Methyl

xanthines, which alone are weakly lipolytic are synergistic

with activators of adenyl cyclase.

Certain hormones do not stimulate triglyceride break¬

down in fat cells by increasing 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; Pain, 1973)* Their

actions are blocked by inhibitors of protein synthesis such

as actinomycin D arid puromycin. Growth hormone and

glucocorticoids stimulate lipolysis by induction of the

synthesis of a further protein (Pain, 1973)- Thyroid

hormones similarly require a lag time before their action on

adipose tissue is seen (Bray and Goodman, 1963). The res¬

ponse of adipose tissue to adrenaline is potentiated 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; Pain, 1973)•

1*2 Antagonists of Livo lysis

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 e£ al. (1966) showed that the rise in

cALP, 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¬

appears. The release of free fatty acids is still low, but

this is due to increased re-esterification following

insulin stimulated entry of glucose into the fat cell.

Glycerol release, stimulated by adrenaline, is actually in¬

creased in the presence of both insulin and glucose in vitro

(Ball, 1970).

Prostaglandin E inhibits lipolysis by reducing the cAMP

concentration in the fat cell (Butcher et 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 & ¥Vestermann,1968j
Westermann & Stock, 1970)•

1.3 Lipolytic Agents

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 Mobilizing Factor (IHF), These will be discussed in

detail following a description of lipolytic hormones, which

have additional actions outside the adipose tissue.

1.3«1 Activators of Aaerovl Cyclase

1#3»1«1 The Catecholamines and the Sympathetic I ervous System.

The sympathetic nervous system plays an important part in

the regulation of lipid metabolism. This is mediated by the

catecholamines, which are potent lipolytic agents.

Noradrenaline is released in adipose tissue by stimulation

of the sympathetic nerve endings (Himms-Hagen, 1967)9 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 cemand for

energy is met by the release of adrenaline into the circu¬

lation (Brodie et al., 1963).

Both in vivo aiad in vitro the catecholamines stimulate

lipolysis, although considerable inter-species differences

have been found (Himms-Hagen, 1967). Their effect is en¬

hanced in vivo by their inhibition of insulin release from



the pancreas (Rohison ef ajL., 1972). Insulin inhibition of

lipolysis is therefore reduced. Catecholamine stimulation

of adenyl cyclase activity and lipolysis involves the

p-adrenergic receptors (Ahlquist 19^b; Himms-Hagen, 19&7;

Pain, 1973). In the human fat cell, c«-adrenergic receptors

are also present. If these are specifically blocked by

phentolamine, lipolysis, stimulated by adrenaline, is enhanced.

The ex-adrenergic receptors appear to have an inhioiting action

on lipolysis but their purpose is obscure (Bjftntorp &

5stman, 1971; Robison et al., 1972).

1.3.1.2 glucagon and Related Peptides. Glucagon is a

lipolytic hormone (Lefebvre, 1975)» which also stimulates the

breakdown of glycogen in the liver. It was several times

(on a weight basis) less active, in rat fat in vitro, than

adrenaline (Himme-Hagen, 1961). Its lipolytic action in

vivo can be masked by glucagon stimulation of insulin release,

which initially decreases serum free fatty acids. Following

an initial fall, a considerable increase in serum free fatty

acids was found in man h hours after glucagon infection

(Lefebvre & Luyckx, 1969). Infusion of glucagon into man,

at a concentration too low to stimulate insulin release,

increased lipolysis (Marks, 1973). In avian adipose tissue,

glucagon is the major lipolytic hormone 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 its amino acid sequence, is also active

in adipose tissue (Lazarus et al.. 1966). It was a more
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potent stimulator of adenyl cyclase in rat fat cell ghosts

than glucagon (Rodbell £t ajL., 1970) • A number of other

intestinal peptides (Grossman, 197^) have been isolated,

some of which have an effect on lipolysis. One, from ducks,

with glucagon like immunoreactivity (GLI) is antilipolytic

in this species (Krug and Mialhe, 1976), whereas another,

which has a vasodilatory action (vasoactive intestinal

polypeptide) can stimulate lipolysis in rat fat cells

(Prandsen & 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 he shared by the vasoactive

intestinal polypeptide (Bataille et al,, 197h)•

1.3.1.3 Adrenocorticotropic Hormone and ? elanocyte-

dtlmulatlng Hormone. Of the pituitary lipolytic hormones,

ACTH and KM3H may be classed together (Scott & Lowry, 197U).

The latter has never been detected in human pitultaries and,

by radioimmunoassay, consists of less than 1% of the

biological ! 311 activity. As its total amino acid sequence

differs, from the first 13 residue of ACTh, only by an

afietylated n-terminal residue (butt, 1967), it is probable

that ocWSH is actually the acetyls ted h-terminal fragment of

ACTH.

ACTm is lipolytic in rats in vivo and in vitro (White

& Engel, 1938; Bollenberg 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; Rudraan & Di Girolamo, 1967). Adenyl cyclase

ill the rat fat cell membrane was activated by ACTH impli¬

cating the lipolytic cascade in its lipolytic action

(Butcher £t al.. 1968). The fat cell receptor for ACTH can

be differentiated from those for adrenaline and other

hormones (Birnbaumer & Rodbell, 1969; Rodbell et aJL., 1970;

Kuo, 1970). Stimulation in vitro of lipolysis by ACTH, but

not by adrenaline, had been shown to require Cat+ ions for

maximal response (Lopez £t al.. 1959; Bally & Tilbury, 1968).
Kuo (1970), found that Ca4 + ions were required for ACTH to

activate cAMP formation in fat cells. This indicated that

Ca44 ions were needed for the stimulation of adenyl cyclase,

possibly for the binding of the hormone to its receptor,

fanagi et al, (1967) suggested that ACTn stimulated lipolysis

by increasing the intracellular Ca44 ion content and for this

reason did not activate lipolysis in their absence. The Ca44

requirement of AUTH induced lipolysis is not the only ionic

factor which can influence lipolysis. When the jNa4/K4 pump

of fat cell membranes was inhibited by ouabain, lipolysis

was also inhibited, suggesting a connection between these

ions and lipolysis (Mosinger, 1970)•

1.3*1.4 Pituitary Glycoprotein Hormones

Other pituitary normones have been reported to be

lipolytically active. Burns et a_l. (1967) found that a TOH

containing fraction of human pituitaries was xhe 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

& Pernie (1973) suggested that the lipolytic activity

associated with human TSh was clue to a contaminant. A

similar result was reported by Weisweilsr & Schwandt (1973),

who isolated and identified a lipolytic contaminant of

porcine TSJti as a lipotropin.

The gonadotropins were considerably lass lipolytic

(between 3 and 200 times less) than TSh, which itself was

about 200 times less potent than <CTh on rat fat cells

(Parmer £t al. 1972)• As the lipolytic effect of TSH is

probably due to contamination, it seems unlikely that the

gonadotropins have any physiological effect on lipolysis.

1.3.2 Hormones with a belayed Lipolytic nction

1.3.2.1 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, i960). Adipose tissue from

hypothyroid rats gave a diminished response to adrenaline

compared to tissue from euthyroid rats. Adipose tissue from

hyperthyroid rats gave an exaggerated response (Debons &

Schwartz, 1961; Deykin & Vaughan, 1963).
both thyroid hormones and glucocorticoids require a

lag time for their effects to be detected (Pain, 1973) and

alone, neither of them are strongly lipolytic in normal rat

adipose tissue in vitro (Debons & Schwartz,1961; Pain et al..
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1965). The impairment of lipolysis following 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

actinomycin D, indicating that protein synthesis was involved

(Goodman, 1970) • when the components of hormone sensitive

lipase activation were examined, protein kinase activity

increased on pretreatment of adipose tissue with

glucocorticoids. It was postulated that the induction of

protein kinase by glucocorticoids was responsible for their

action on lipolysis (Lamberts .et 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). Pain (ly73) has suggested

that the permissive effect of the thyroid hormones on

lipolysis is secondary to their calorigeuic 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,

Pain (1973) did not postulate how such alterations could

potentiate lipolysis. Correze et 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 cAIv1? and protein kinase. They post¬

ulated that the presence of thyroid hormones normally inhibited
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phosphodiesterase, but in their absence chMI was degraded

before it could activate the protein kinase#

1.3.2.2. Growth Hormone

Growth hormone at one time appeared to have two actions

on lipolysis. One of these was a stimulation of lipolysis

which required a lag time of 2 hours and involved protein

synthesis as -,he normone was inhibited by puromycin and

actinomycin D (Fain et al.. 1965} Fain, 1. 75) •
Glucocorticoid was required for maximum stimulation and was

synergish'witn growth hormone. The actions of growth

hormone and glucocorticoids dirfered, in that alone the

form r potentiated the lipolytic activity of theophylline,

a phosphodiesterase inhibitor, but not adrenaline (Goodman,

1969). Glucocorticoids potentiated adrenaline stimulated

lipolysis but did not affect the lipolysis induced by

theophylline (Goodmaii, 1970) •

Growth hormone lias also been reported to have a •rapid1

lipolytic action similar to that of adrenaline, hCTH and

other agonists, which produce an immediate increase in

iipolysis by activation of hormone sensitive lipase.

Lipolysis, stimulated by bovine growth hormone, though at a

high concentration, was detected within the 2-honr lag time

required for protein synthesis (Hamid et al,, 1965} Swislocki

ejt al., 1971). However, Leg et al.. (197k) successfully

separated a quick acting lipolytic activity from bovine

growth hormone, leaving the parent molecule with a much

reduced lipolytic activity. T3K was suggested as a possible

lipolytic contaminant but as the lipolytic activity of TSH
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can be removed, it mas more likely that the growth

hormone was contaminated with lipotropin or similar

lipolytic peptide. Trygstad & Poss (1968) separated a

novel lipid mobilizing factor (LMF) from a human growth

hormone preparation. Somatotropic activity remained w>ith

the parent molecule, which lost its lipolytic activity.

1«3.3 Pituitary Lipolytic Peptides

Trygstad's lipid mobilizing factor (LMF) is one of a

number of pituitary lipolytic peptides (Table 1.1) isolated

from various species by different research teams (Rudman
et al., 1970; Chretien, 1973; Schwandt, 197h). Interest

in the pituitary as a possible source of a lipid metabolism

regulating 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

infection of pituitary extracts (Astwood, 1965; Anselmino

& hoffman, 1931). The pituitary was further implicated as

the source of a lipolytic factor, by the appearance in urine

from fasted rats of a Fat Mobilizing 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

between the neurophysins, which are large cystine rich

proteins derived from the posterior pituitary and the

smaller lipolytic peptides of the anterior pituitary. The



fable1.1.Li.oi.yticr.e.tiasthathavebeeuextractedfromvit.->1taryelands,
a)Lipolyticpextidespossiblyrelatedto/*CTH,&3HorKGB peptide

SpeciesofOrigin
V.olecularieight

Reference

pLPh jrL;ti

ovine,porcine,bovine ovine,porcine,bovine
9-11,000 b-7,000

j reviewedbyChre'tien(1973)

PeptideA peptideB

porcine porcine

3,700 11,LOO

| reviewedbySchwandt(197L;

IMF

human porcine

9,LOOor2,100
TryLetad(19b8a,b) TrygstadetajL.(197*0

peptideL

ovine

5,LOO

Birk&Li(I96bb)

peptideI

porcine

5,000

Astwoodetal.(1961)



b)Neurophysinsandothercystinerichpeptides Peptide

Speciesoforigin
MolecularWeight

Reference

neurophysinI,II

bovine

19-21,000

Rollenberg&hope(1968)

neurophysin

human

10,000

Fossjataj..(1973)

neurohypophysealpeptide
bovine

3,500

Preddie&Saffran(1985)

neurohypophysealpeptide
porcine

9,900

Wuu&Saffran(1969)

fractionL

porcine

-

Rudmanetal.(1961;

peptideII

porcine

10-20,000

nstwoode_taJL.(1961)

7D6

porcine

8,900

Kudnanetal.(1970)

7D7

porcine

5,500

Rudn.anartal.(1970)

fettstoffwechselhormon
porcine

—

Schieyeretal.(1974)

c)Otherpituitarylipolyticpeptides Peptide

SpeciesofOrigin

Reference

Isolatedhy

'new'lipolyticpeptide 'lipotropin' adiposin lipidmobilizer

human

ovine,porcine,bovine porcinebovine porcine

Grafetal.(1974) Chretien(1973)Schwandt(1974) Chretien(1973)Schwandt(1974) Schwandt(1974)

Grafe_tal. Ryshka&Khokhlov Leites&Bavtyan Seifter&ijaeder
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neurophysins bind strongly to either oxytocin or vasopressin

and it seems likely that their primary function is involved

in the storage or transport of these hormones (Rudman e_t al..

1970). The reason for their lipolytic activity remains

to be explained.

1.3.3.1 The Lirotroijins

The most fully characterized of the lipolytic peptides

are the llpotropins (LPH) (Chretien, 1973). Found in a

number of species, they consist of p>LPH, tfLPH and and
are structurally related to ACTH. They also resemble ACTH

in biological activity, in that rabbit adipose tissue is

particularly sensitive to the lipolytic action in vitro of

the lipotropins and Ca++ ions are required for a maximum

response (Lis et al,, 1972). Chretien (1973) has suggested

that p Li H is the precursor of JLFH and (ii. 3h in much the same

way as proinsulin is the precursor of insulin (steiner et al..

1967). In sheep, the 38 amino acid residues of #LPH are

identical to residues 1-38 of (*LIH, while the 16 residues of

correspond to residues 61-38 of both p and^LPH.
Recent work has indicated that fragments of (*LPH may have

a function in neurotransmission. A peptide, met-enkephalin

(Hughes et al., 1973) which binds to opiate receptors in the

brain, has the same sequence as residues 61-63 of (*LPH.

Larger fragments ofpLPH, 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

unknown.
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Lipotrophic peptides A and B of Schwandt (197L),

extracted from porcine pituitaries, showed a number of

similarities to LPH. 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 JfLPH and MSH, but did respond to

a large amount of ovine pLFH. peptides A and B were

lipolytic in mouse and guinea pig adipose tissue.

1.3.3.2 Lipid Mobilizing Factor

Lipid mobilizing factor (IMP) 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 used. The human peptide would not cross-

react in a radioimmunoassay for ovine pLPH (Chretien, 1973)
indicating that immunologically there was a difference in

structure between these two. Species difference could

account for this. LKF 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 nanogram range. L14F resembled

p MSH and LPH in being inactive in normal rats, where a

large dose of pLPH was required to stimulate lipolysis. In

rabbits, pLPH had a hypocalcaemic action in vivo (Chretien,

1973)t which it shared with lipotrophic peptides A and B.

One preparation of LMP did exhibit this effect but a further

preparative step removed the hypocalcaemic activity

(Trygstad, 19fc6b). In contrast, LMP and peptides A and B in

rabbits caused hyperglycaemia in vivo, which did not follow

injection with LPH. Porcine LMP was isolated by Trygstad
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et al. (1972) but was not extensively investigated. Both

porcine and human LMF were active jLn vitro on porcine adipose

tissue, which until recently had been considered insensitive

to any hormonal lipolytic stimulus (Rudman, 1963)• Porcine

pLPH was active in vivo in swine (Tamasi £t al,, 1969),
1.3,3,3 nre the Lipolytic Peptides of Importance in the Body?

A major 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 fragments 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

(Chretien, 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 used 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

specific 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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especially 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 e^t 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 al.. 1961+ a,b) probably by a

proteolytic reaction. Ko et al. (1975) have extracted

another lipolytic peptide inactivating factor from adipose

tissue. This was non-diffusible on dialysis and bound

strongly to albumin. Trygstad & Foss (1972) had earlier

partially purified an inhibitor of LMF from human serum, which

was associated with the albumin fraction. Possibly this

corresponded to the inactivating factor of Ho(1975). Adrenaline

was not affected by any of these inhibitory factors.

1.3*3JU Inhibition of LMF

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 vivo 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 lipodyatrophic children gave about % inhibition of LMF

induced lipolysis while serum from some obese patients gave

nearly 100% inhibition. Lormal 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-line) and a low growth rate, high backfat line (LP-line)

(Vangen, 197Ua). Adipose tissue, taken at slaughter, from

the lean pigs (HP-line) gave the greatest lipolytic response

to both porcine LMF and adrenaline. Fat pig (LP-line)

adipose tissue showed the least response (Trygstad sit al..

1972; Standal est al., 1973)* Serum, taken at slaughter,

from the lean pigs had very little inhibitory effect on the

adipokinetic activity of human LK!F in rabbits, ^n 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 LMF, would be useful

as an early selection criterion (Standal et al., 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

major objective of this thesis.
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l.ii Aims of l resent study and Outline of v\ crk

Before any investigation could be made into the

physiological role of LMF or the development of an assay to

help predict the growth of pigs based on serum inhibition of

LMF, a ready source of the peptide was required. The isolation

of LbF from deep frozen porcine pituitaries was attempted.

At first, the method of Trygstad (1966 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 homogeneity of the isolated pre¬

paration could be due to the use of porcine glands. 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 des orbed by an increase in buffer concentration.

Verification of a physiological role for LMF 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-LMF antiserum (Horman & Turter, 1968)• In fact anti-

growth hormone was raised. With LMF fractions isolated here,

three attempts were made to produce anti-LMF 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 Goodfriend et al.

(I96h) 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, LMF was purified by poly-

acrylamide disc gel electrophoresis, and the polyacrylamide

containing LMF 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 was assessed for binding to

125I-labelled LMF.

LMF, prepared by the method described in Chapter 2 was

used in an in, vitro assay for lipolytic activity to investigate

the effect of the addition of serum on LMF 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, 197Ua)•
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

lipolysis. 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. Introduction

Trygstad (1968a) first isolated LMF from deep frozen

human pituitary glands utilizing a procedure similar to those

used for other pituitary peptides (Schally et al., 1962;

Birk & Li, (196ha); Stockell Hartree, 1966; Graf et al., 1969).
After precipitation of impurities from a pituitary hcmogenate,

by pH adjustment or organic solvents, the required protein

was isolated 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 major 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. LMF was finally purified by

Trygstad on a diethylaminoethyl (DBAE) cellulose anion

exchange column, on which LMF was not absorbed but eluted

in the breakthrough peak. However, any other basic peptides

in the sample, would also elute in the breakthrough peak.

To eliminate this possibility chromatography on a carboxy

methyl (CM) cellulose cation exchanger was introduced. LMF

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 LMF 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 isolated, further modifications could still

be introduced to improve the simplicity and ease of use of

the procedure.

LMF 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 k), provided a much simpler method for the

estimation of the activity of a lipolytic agent. Polyacry-

lamide disc gel electrophoresis at pH8.9 became the usual

method of identification of porcine LMF. 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.

2.2. Methods

2.2.1. Identification of Porcine Lie-id Mobilizing Factor

2.2.1.1. I^_Vivo Assay of Adiuokinetlc activity
To determine the adipokinetic activity, Lri vivo, of

LMF 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 l.Omg of the preparations to be tested were

made up to 5ml with 0.9% 0</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 h and 6 months old. Prior to

injection they had been bled of 7ml of blood from the

peripheral ear vein. 90 minutes later another 7ml of blood

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°G unless assayed immediately for

PPA content.

Serum FFA concentration was estimated using a mod¬

ification of Dole's method (Dole & Meinertz, 1960j

Patterson, 1963)• A stock standard solution of l.OmM

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, to similar boiling tubes.

10ml of an extraction mixture, consisting of isopropanol :

n-heptane : 1.0IS HOI in the ratio ii0:10:l, was added to

standards and unknowns. After a 15 second mix on a vortex

mixer, h.Oml 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 95/2 (W/V) ethanol and 0.5ml of

0.02?£ (W/V) ethanolic Nile Blue indicator solution which had
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been heatecl in a 37°C water bath. The standards and un¬

knowns were titrated against O.OIM 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 WaOK 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 infection 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

Qualitative rather than quantitative measure of the peptides'

activities.

2.2.1.2. In Vitro Assay of lipolytic activity

vitro 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 i*.2.2. The

assay was used here to identify lipolytic fractions during

the isolation of LMF and to establish dose-response

relationships for some of the purer preparations.

For identification of lipolytically 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 0.1ml aliquots were dispensed, in

quadriplicate, to the incubation vials, kach vial then

contained 1.0, 2.0 or 5.0 pg of unknown peptide per 1,1ml

of incubate. For the dose-response relationships, the LMF

preparations were usually dispensed at three different
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Figure 2.1 Calibration Curve for Estimation of Free Fatty
Acid. Concentration

Samples and standards extracted into isopropanol:

n-hsptane: l.QM HC1 (40:10:1), evaporated to dryness and

dissolved in 95% ethanol. Titrated against 0.01M NaOH using

Q^Q2^(W/y) ethannlic Nile Blue as indicator.
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concentrations giving a three-point assay between 0.02 and

5.0pg of peptide in 1.1ml of incubate. Three different

preparations could be assayed in one experiment. Alter¬

natively one preparation could be assayed at 8 or 9

concentra tions•

2.2,1.3. i olyacr.vlamide Disc Gel Electrophoresis

Polyacrylamide disc gel electrophoresis was carried out

according to Davis (1966) 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:26.0g of acrylamide + 0.735g of N,N'- methylenebis-

acrylamide (BIO) made up to 100ml. B:36.6g of tris

(hydroxymethyl) aminomethane (TRIZMA BASE) + hS.Oml of

1.01 H CI + 0,23ml of K,N,N',N'-1etramethylethylenediamine

(TEMED) made up to 100ml (pH8.9). C:6.0g of TKIZMA BASE +

28,8g of glycine made up to 1000ml (pH8,3)• These were

stored at h°G and brought to room temperature before use.

8 clean glass tubes, 7cm x 0.6cm (internal diameter),
were tightly stoppered at the lower end and positioned

vertically. 3ml of A + 1.5ml of B + 7.3®1 of distilled

water were mixed and de-aerated. 0.1ml of lk% (W/V)

ammonium 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^ (V./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 aqueous layer was removed and replaced by 50jal of an

approximately l.Omg/ml solution of the peptide sample mixed

with 20jul of 80^(W/V) sucrose. Running buffer for the

upper reservoir was layered 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 the 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, while the anode was

connected to similar electrode in the lower reservoir.

Electrophoresis was carried out at a constant current of

hmA 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 10f,(V/V) acetic acid.

The mobility of the protein bands (distance of protein

migration t distance of anion front migration) could be cal¬

culated because a narrow band of stained protein was

usually apparent at the position where the bromophenol 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 anion front migration and thence the mobility.

2.2,l.h. Bleetroniioresis on Sodium Dodecyl Sulphate

Polyacrylamide G-els

Y^hereas 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) polyacrylamlde 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 method is not reliable for determination of molecular

weight. It was used here to compare LfcF preparations with

other pituitaries hormones and Trygstad's porcine LLF.

The following stock solutions were made up in distilled

water. Solution A was also used in electrophoresis at

pH8.9 (section 2.2.1.3), A ; 28.Og of acrylamide + 0.735g

of N,Nf- methylenebisacrylamide made up to 100ml.B :

1.0 litre of 0.2M Na2 HPG^ and G : 1.0 litre of 0.2M KaHgPO^.
Solutions B and C were mixed, prior to electrophoresis to

give approximately 250ml of 0.2M phosphate buffer pH7»0.

8 clean glass tubes (7cm x 0.6cm l.d.) were stoppered at

the lower end and positioned vertically. 2.5ml of A + Uml

of 0.2M phosphate buffer pH7.0 + 3.5ml of distilled water

+ lOjal of T j£k. J£D (E, K, h) K-tetramethylethylenediamine) were
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added to O.Olg of SDS and de-aerated. 0.1ml of lh$ (Vv/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 50pl
of a lmg/ml solution of the sample with bOpl of 0.25$ (W/V)
SDS in 0.2K phosphate buffer pH7.0, lOpl of 80$ (VvA)
sucrose in bromophenol blue (0.01$, W/V) and approximately

lpg of dithioerythritol, at 37°G 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$ (V./V)
SDS.

Prior to application of protein samples the gels were

pre-run at a constant current of hmA per gel for 15 minutes.

Buffer 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 carried out at a constant

current of 8mA per gel, until the bromophenol 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

t; h.1u _ protein migration lea th before staining
* * length 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 relationship,

2,2,1,3, protein estimation

a) Spectrophotometrlcally at 2bQnm, 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 2c0nm (E280nm)« A aliquot

of the fraction was placed in a microcell with a path length

of 1 cm and the absorbance taken at 280m in a spectropho¬

tometer, Column buffer was used as a blank. Only proteins

or peptides containing tyrosine or tryptophan residues

absorb at this wavelength (Ooodwin & Lorton,19h6) • For a

rough estimate of protein concentration it was assumed that

a lmg/ml solution of protein gave an absorbance of about

1,0, This is the average absorbance of serum proteins

(Chase and Y.illiams, 19t>7) »

b) ij.v the Folin-Ciocaiteu Reaction, Lore accurate

estimations of protein consent were made using the Folin-

Ciocalteu's phenol reagent in the method described by

Lowry et, al, (1991) •
a copper alkali solution was prepared fresh each day

as follows, 100ml of 0,2M I\aOK + 100ml of k%("/V) ha^CG^ +
2ml of 2%(Yv/V) Sodium potassium tartrate + 2ml of 1>(*./V)

CuSO^.SHgO were mixed. The Folin-Ciocalteu's phenol reagent
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was diluted 1:1 with distilled water, A staxidard solution

of bovine serum albumin (BSA) 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 solutions, quadruplicate 0,5ml aliquots

were dispensed into 7.0ml test tubes. To these and to 0,5ml

of the protein samples in quadruplicate, 2,5ml of copper

alkali solution was added and mixed. After 10 minutes at

room temperature 0,25ml of diluted Folin-Ciocalteu's reagent

was aaded. After mixing, the tubes were left at room

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,

2,2,2, Isolation of porcine Lipid Mobilizing Factor

2,2,2,1, (Jhromatokraphic Irocedures

For both gel filtration on Sephadex cross-linked

dextran and ion-exchange chromatography on ion-exchange

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 Ion-mxchange Celluloses - Laboratory

Manual' respectively.

In both cases, protein samples were applied directly

on to the surface of the gel or cellulose. 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.

—r— ——r— — —-1— —r-— —
50 100 150 200 250

Concentration of Bovine serum Albumin Standards (jag/ml)

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 bung. Ruining buffer was introduced into 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

same 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 bung.

Wright*s columns were used throughout the preparation

of LkF and apart from the rubber bung replacing the upper

end piece their fittings were also used. Operating pressure

was maintained using a variable peristaltic pump.

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 6 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 (NH^Ac), protein could be recovered from
solution by freeze 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 (13.3Pa). After 2h-h8 hours the

lyophilized proteins were collected from the sides of the

flasks, hot all the ammonium acetate evaporated, but the

buffer 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°C.
klectrophoretic mobilities were found for all fractions.

Lipolytic activity was found for some and especially for

those with the LMF like mobility. Lipolytic dose-response

relationships were found only for the purer samples.

2,2.2.2. Preparation of crude II'F

a) Precipitation of Residue h. The isolation of LMF

differed only slightly from that described by Trygstad

(1968a), up to the isolation of residue h. He removed salts
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from residue 1+ by dialysis but if, as he reported, the

molecular weight of LMF is 2,100 (Trygstad 1968b), LMF

should be lost through the dialysis membrane. To prevent

any loss of peptide, desalting was carried out by

Sephadex 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,

lOOg of deep frozen porcine pituitaries were

homogenized in 0.1M Na2HP0^ pH8.5 for 2 minutes in an MSE
fAtomix' mixer. The homogenate was extracted in 400ml of this

buffer (4ml per g of pituitary) for 4 hours. The extrac¬

tion mixture was maintained at pH8,5 with 1.0M KaOH, The

homogenate was centrifuged at 20,000g for 20 minutes.

Supernatant 1 was decanted and the residue washed twice

with 100ml of 0.1M Ra^HKV pH8,5, The resulting super-
natants were added to supernatant 1, Residue 1 was

lyophilized,

1.0M HC1 was added to supernatant 1 until pH5.5 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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Figure 2*3» The -preparation of crude LMF from "porcine

-pituitaries*
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residue 3 was lyophilized. More 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 b settled out overnight. Most of supernatant b

was decanted. Centrifugation at 20,000g for 20 minutes

collected residue b together and the remaining supernatant

was decanted,

b) Desalting of residue b. Approximately lOg (wet weight)

of residue b came from lOOg of pituitaries. There was a

high proportion of salt in the residue and this was removed

by gel filtration. Residue 1+ was dissolved in 15ml of 0.01M

ammonium acetate (NH^Ac) pH5.U. Insoluble material was
removed by centrifugation at 35,OOOg for 10 minutes,

followed by filtration through Vvhatman grade 1 filter paper.

The sediment was washed twice with 5ml of 0.01M NH^Ac pH5.b
and after further centrifugation and filtration the super¬

natant s were combined.

2
A Sephadex G-15 column (bcm x 53cm) was equilibrated

with 0.01M NH^Ac pH5.b. Because the volume of residue b
(25ml) was > 10? of the column volume, it was desalted in

separate batches of 12.5ml each. The samples were applied

in turn to the column 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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Prom the crude preparation, LMF 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,h, For the nomenclature

of the various fractions see appendix 1,

2,2,2,3, extraction V of crude LMF

a) Sephadex G-60 l,Og of freeze dried crude LMF,

originally from 200g of pituitaries, was dissolved in 2,0ml

of 0,15,1 KH^Ac pH7»0 and applied to a Sephadex G-50 column
2

(8cm x 60cm) equilibrated with the same buffer. The flow

rate was 20ml/h and 5ml fractions were taken. The lipolytic

activity of l.Opg of material from every tenth fraction

from tubes L5 to 113 was assayed in vitro. The following

fractions were pooled and lyophilized, 33-60, 61-70, 71-80,

81-90, 91-100, 101-120 and called sLMK, sLMFg etc. The
lyophilized material was assayed for lipolytic activity and

electrophoresed on polyacrylamide gels.

b) Diethvlaminoethyl Ion-mxchange Cellulose An 8cm x

12.5cm column of Whatman's microgranular DLAL ion-exchange

cellulose (DL 32) was equilibrated with 0.01M NH^Ac pH5»U*
sLtiFg from G-50 gel filtration of crude LMF 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.

5ml fractions were collected.
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Figure2.1+.ThepurificationofLMFfromcrudeLMFby3differentprocedures(ExtractionsV, VIII&XI),FractionsinLoxdsrepresentthepreparationswhichcontainLMF.
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Unabsorbed protein came through the column in a break¬

through peak. When the absorbance at 280nm of the eluate

fell towards zero following this peak, the buffer was re¬

placed by 0.2M KH^Ac pH5.4. Later the column was cleaned
with a mixture of O.Olfc NH^Ac pH5.4 plus l.OM NaCl.

protein containing peaks were pooled and lyophilized

and called dLMF-^, dLMFg, etc.
2.2.2.4. Extraction VIII of crude li, F

a) Carboxy Iv.ethyl Ion-Lxchange Cellulose. The salt free

protein peaks from both gel filtrations of residue 4 on

Sephadex 0—15 were combined (62ml) and pumped onto a
2

2cm x 17cm column of Whatman's microgranular CM ion-

exchange cellulose (CM 32)• This crude LiF was derived from

l67g of pituitaries. The column had been equilibrated with

0.01M NH^Ae pH5.4, the buffer used for G-15 desalting. The
flow rate was 30ml/h and 3ml 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 NH^Ae pH5«4 was introduced. Following the
gradient the buffer was changed to 0.5M KH^Ac pH5«4 by a
step-wise increase in concentration. Protein peaks were

pooled and lyophilized and called mLMF-^, mLMFg etc.
After examination of the purity of the fractions by

electrophoresis, mLMF^ was run again on the same CM 32
column. The column was equilibrated and the sample dissolved

(2ml) in 0.05M NH^Ac pH5.4» A gradient to 0.1M KH^Ac pH5.4
was established and the main protein peak on elution was

pooled and lyophilized (mLMF-^).
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b) Cleaning on sephadex G-30. The lyophilized protein from

re chromatography on CK 32 was run on a small G-50 gel
2

filtration column (1.8em x 13.3cm) in 0.2M acetic acid.

Dissolved in 1ml 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 gmlAF-^ and gmLMFg.
2.2.2.5. Extraction XI of crude L;..F

a) Pi e thy la rninoethyl Ion-Exchange Cellulose. A 2cm^ x 10cm

column of Dk 32 was equilibrated with 0.01M KH^Ac pH5»h. A
solution of crude LfciF, from I30g of pituitaries, had a

volume of 80ml after desalting on sephadex G-15 in 0,0IK

Mi .A c pH5»h« This solution was pumped onto the Dm 32 column

at UOml/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 HH^Ac pH5*h» The unabsorbed protein
containing fractions of the breakthrough peak (dlifiF^) were
pooled for further fractionation and the fractions of the

later peak (dLK'F^) were pooled for lyophilization.
b) Carboxy I.ethyl Ion-mxchan&e cellulose. A 2cm x 17cm

column of Cfc 32 was equilibrated with 0.011 NH^Ac pH.5»h«
The pooled fractions of unabsorbed protein (dIi4F1) from the
Dm 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 0.1M NH^Ac pH5»h
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was applied to the column. On completion of the gradient

a step-wise increase in running buffer concentration was

made to 0.5M NH^Ac pH%4 to clean the cellulose. Protein
peaks were pooled, lyophilized and called mLMFa mLMF^ mLMFc
and mLMF^ •
2.2,3. -estimation of Molecular Weight of LMF on Senhadex 0-50

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, 196U) • 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 (V-) is plotted against the log of their molecularJ2*

weight and from the elution volume of the unknown sample,

its molecular weight may be estimated,

a) Molecular :,oi,-.-ht estimation on a Calibrated Column of
2

Geohadex G-50. A 2cm x 90cm column of Sephadex G-50 was

equilibrated with l.OM acetic acid. The column was

calibrated with glucagon, lysozyme and chymotrypsinogen.

l-2mg of two of these were dissolved in 1.8ml of l.OM 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 196h). The column

was eluted with a flow rate of 6ml/h and 3m1 fractions were

taken, ever a number of runs the elution volume (V&) of
each standard protein was determined at least twice.

was measured to the nearest ml by extrapolation of the

slopes of each peak. 5mg of aLMFd from extraction XI, was



k7.

dissolved in 1,8ml 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 V\ of the standards

against their molecular weight, LLF was recovered by

freeze drying,

b) molecular ,.ei;-ht of labelled Li..F on a G-50 column.

The molecular weight of a sample of LMF labelled with
IOC

I(section 3.2.2.1) 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,Omg of carbonic anhydrase were dissolved in 0.8ml of 1.0M

acetic acid. 0.2ml of 1:^I-labelled LlvF (working label)
2

was added. This mixture was applied to a 2 cm x 87cm

column of G-50 equilibrated with 1.0M acetic acid. The flow

rate was 9ml/h and 3ml fractions were collected. The

fractions were counted for £-radiation in a ^-spectrometer

as well as having their absorbance at 280nm taken. The

relative position of the peak of radioactivity to the

protein peaks gave an indication of 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 0.3ml 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 iorcine Lipid Mobilizing Factor

2.3.1.1. In Vivo Assay of .^dlpokinetic 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-30 gel filtration of crude LMF

is shown in table 2.2. These fractions were from extraction

I and resembled eLMF,, sLhF^ 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 3 had

the highest activity while 4 was also active.

2.3.1.2. In Vitro Assay of Lipolytic Activity

Assessment of the validity of the rabbit fat cell

in vitro assay for lipolytic activity is described in

section 4.3.2. When this assay was utilized to identify

lipolytic fractions during the isolation and purification

of LI F, the results are described with the relative fraction¬

ation. Dose-response relationships, which can be compared to

an ACTH standard dose-response curve (figure 4.1), were in¬

vestigated for a number of purified LMF fractions. These

results are in section 2.3.2. which describes the

purification of the fractions.

2.3.1.3. Polyacrylamide Disc Gel ulectrophoresis

Electrophoresis at pH8.9 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. FSH 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 Molecular ..eights of Standard Iroteins

Protein or

Peptide
Molecular Weight Reference

Carbonic anhydrase 29,000 Weber & Osborn(1969)
Chymotrypsinogen 25,700 Weber & Osborn(1969)
lysozyme lh,300 Weber & Osborn(l969)
Insulin 5,700 Carnegie(1965)
Glucagon 3,500 Andrews(196h)

These proteins were used to calibrate Sephadex G-50

columns for the molecular weight determination of LMF.

Table 2.2 Adinokinetic Activity of sLMF-I Fractions

Fractions
Increase in
serum FFA

pmol/ml

sLMF-I1 0.08

SLMF-I2 0

sLMF-I^ 0.31

SLL.F-I^ 1.82

sLMF-I^ 2.1*5

BLMF-I6 0.23

O.lmg 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 rabbits. 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

measured.



Plate 2.1. 50pg of proteins run at hmA per gel for
1 hour in 7%(fi/V) gels at pH8.9» stained in amido black

in 10;,(V/V) Acetic acid and destained in lOyl acetic acid,

Hate 2.2. protein run at 8mA per gel for 2 hours

in 7>'(v./V) gels at pH7»0 containing O.i; (,./V) sodium

doaeeyl sulphate. Stained and destained as above.
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Plate 2.1. rol.yacr'.vlarlde Disc Gel Electrophoresis of
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was too small. Porcine AGTH gave a band with similar

mobility to both Trygstad's porcine LMF (T.LMF) and one of

my purer preparation, mLMFd, This band had a mobility of

0,28, Examples of electrophoresis of fractions during the

isolation of LMF are given in the relevant sections.

Stained protein bands with a mobility of approximately 0,28

were taken to be LMF, During isolation the presence of LMF

in a fraction was indicated by such a protein band on

electrophoresis,

2.3.1.L, Electrophoresis on Sodium Dodecyl Sulphate

Polyacr.vlamjde Gel

The pituitary hormones and peptides, whose electro¬

phoresis 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 T8H were more homogeneous, mLMFd 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,

2,3,1,5, protein estimation

Comparison of Absorbance at 280nm and Folin-Giocalteu1s

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,

mLMF^a gmLMFg, from extraction VIII were found. They
contained 156 and ll8pg/ml respectively. The absorbance
at 260nm of 10 times more concentrated solutions were 1.20
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and 1.60 respectively, which showed that the absorbance at

260nm 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 radioimmunoassay the concentration was

checked by Folin-Ciocalteu's method.

2.3.2. Isolation of Porcine Lipid Mobilizing Factor

2.3.2.1, Preparation of crude LMF

a) Precipitation of Residue U, 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 lOOg (approximately UOO pituitary glands).

The yields of lyophilized residues 1, 2 and 3 were 4.5g»

2.7g and lO.ijg respectively. From the absorbance at

280nm the yield of protein in residue 2+ was 350mg.

Residues 1-3 of this extraction were assayed for

lipolytic activity in the in vitro assay (Table 2.3).

Residue k had been desalted and fractionated on CM32 ion-

exchange cellulose. The fraction resembling mLMF^ of
extraction VIII, described below, contained most LMF and

was called mLMF-IX^. This was included in the in vitro
assay. At a level of l.OjLig in the incubation volume of

1.1ml, residues 1-3 increased the release of glycerol by

0.36, O.i+2 and 0.36|omol/g fat/hour respectively. The same

amount of mLMF-IX^ increased lipolysis by 1.5Upaol/g fat/hour.
b) Desalting of residue 4. An example of the desalting

of crude LMF on Sephadex G-13 is shown in figure 2.8a as the

first stage of extraction VIII. Half of residue ij. in
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Table 2.3, Lipolytic activity of Fractions from
Extraction IX of LPF

Fraction

Glycerol
production

rate

pmol/g fat/h

Res* 1 1.58 jt 0.08"
Res. 2 1.68 J; 0.05' *'
Res. 3 1.58 j. 0.08"'

mLMF-IX-j 2.76 £ 0.29""
Basal 1.22 J; 0.07

l.Ojzg of the lyophilized fractions were incubated
with 1.0ml of rabbit fat cell suspension for 2 hours in

quadriplicate. The glycerol production rates were compared

to basal rate by Student's 't* test. ""0.001>P,

"'0.01>P>0.001, "0.02>p>0.01t (n=8).
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12.5ml 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 lOOg of pituitaries. The yield of

salt free crude LMF, was about 350mg of protein per lOOg

of pituitaries.

2.3.2.2. extraction V of crude UP

a) sephadex G-50. An assay of the lipolytic activity of

every tenth fraction from G-50 fractionation of l.Og 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 pooled fractions (sLl F^_^) were found
to have approximately equivalent lipolytic activities

(Table 2.4)• By polyacrylamide disc gel electrophoresis

fractions sLMFg and sLMF^ 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) Diethylaminoethyl Ion-oxchange Cellulose. On eluting

the column with starting buffer unabsorbed protein was

eluted in a breakthrough peak dLt.F^, which had a small
subsidiary peak dLMFla (Figure 2.6). The main peak had an
LMF like peptide band on electrophoresis (Plate 2.3). The

subsidiary peak had more impurities (not illustrated)•

The protein desorbed by an increase in buffer concentration

(dLfc^) was of acidic nature with a high mobility on

polyacrylamide (Plate 2.3)• The lyophilized yields of
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Table 2,k Lipolytic ctivity of L./or. hilized fractions from

the Gel Filtration of crude U.F in extraction V

Fraction

Glycerol
Production

rate

j^moVg fat/h

slmf1 1+.70 ± 0.36
SLMFg 3.97 ± 0.6h
SLMF, 3.77 jt 0.26

3LMF^ U.00 ± 0.36

SLMF^ h.20 ± 0.32
Basal 0.75 ±J).0k

5»0]ag of lyophilized fractions from yephadex G-30

gel filtration of crude LfcF from extraction V, was incubated

in quadruplicate with 1.0ml of rabbit fat cell suspension

and the glycerol production rate measured. Results are

reported as mean ± SjiK (n=!0 •
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Plat© 2.3 Electrophoresis Gels of fractions from
extraction V of Crude U. F

n van -xv Jf*

m *

7-:-

sLMF sLMF SLMF sLMF SLMF
<234 5 dLMF^ dLMF2

Elect¬
rode

4

Fractioiis bIIiF^c wez'e from sephadex G-50 gel
filtration of crude LMF; dLMF^ and clLfcFg were from DEAE
ion-exchange chromatography of sLfc'F^. Approximately 30pg
of each sample was electrophoresed on polyacrylamide

gels at ph6.9.
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Figure 2.6 Extraction V: DSAE cellulose Fractionation of sLMF_. . _ _____ —>

Buffers: I 0.01M KH^Ac pH5.U
II 0.2M NH^Ac pH5.U
III 0.02M KH^Ac pH5.U + 1.0M Na CI

Flow rate: 60ml/h Fraction volume: 5nil "

2
Column: 8cm x 12.5cm of DE32.

Sample: l69rag of sLMFg sample volume; 5.0ml

dLMF

II

dLMFr

30

Fraction Number
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Dose of dLMF-^ (pg) on a log scale.
Figure 2«,7«. Lipolytic activity in vitro of aLIP., from

extraction V of crude LMF

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

samples. Basal and ACTS induced lipolysis are included.

0 5.0pi
of
ACTH
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dLMF-^, dLMF^a and dLMFg were 16,ling, l|,5nig and I8,i|mg
respectively,

c) LiPol-vtic Activity of dLivF-^. dLKF^ was assayed for
lipolytic activity in an 8-point dose-]?esponse curve over the

range 0.03 - lO^ig of peptide in 1,1ml of incubate (figure 2,7).
0.2ug of dLMF, was required before a significant release of

glycerol was found, 3»0pg of dLtF^ was more active than an
equivalent amount of ACTH.

A fraction similar to dLf."F1 was obtained by anion
exchange chromatography (on DEAL cellulose) of sLUF^,
2.3,2,3. Extraction VIII of crude LLP.

a) Carboxy 1. ethyl Ion-mxchange Cellulose. As can be seen

from their electrophoretic mobilities on polyacrylamide gels,

fractions were eluted from the Cfc cellulose column in order

of increasing basicity (Figures 2.8b and plate 2,i|).

Fraction mLMP., with a stained band on electrophoresis of
3

mobility 0.28 was run again on CM cellulose (figure 2.8c)•

The main peak from this fractionation, mLI. P^a, showed a
decrease in impurities on electrophoresis. The yield of

lyophilized material for these fractions were 238, 11.3,

lh.70 and 22.8mg for mli.F^, mLMFg, mLiAF^, mLMF^ respectively
and 6.3mg for mLMF^a.
b) sephadex G-30 On running mlMF^a through a 0-30 column
(figure 2.8d) both the main peak gmLMF-^ and trailing edge
gmLMFg appeared to be homogeneous on polyacrylamide disc gel
electrophoresis (plate 2J4). The lyophilized weights of

gmLWF^ and gmLMF^ were 3.8mg and 1.5mg.



Figure2.8extractionVIII:crudeDflFafterdesaltingonG-15(a)wasfractionated onCion-exchangecellulose(b)withabufferconcentrationgradient.TheLMF containingfraction,mLKF^,wasrerunonCKion-exchangecellulose(c)withamore concentratedinitialbufferandfinallywasgelfiltratedonSephadexG-50(d).
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Plate 2.1; Electrophoresis a:els of fractions from
--.xtractiiii v:il >f crude I.

Elect¬
rode

+

Fractions are from Gil ion-exchange chromatography of

crude LliF, mLMF^ re-chromatographed on Gk to give
aUuMF^a and gmliiF^ and gmUtePg are from G-9Q sephaaex gel
filtration of mUkiP^a. Approximately 90 fig of each sample
was electrophoresed on polyacrylamide gels at ph8.9.
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Figure 2.9. Lipolytic activity. In Vitro, of
frota Extraction VIII. corn-oared to other Peptides

Basal O.Op 0.5 5.0
Dose of peptide (p.g) on a log scale.

Each point is the mean _+ SEM of quadruplicate samples,
basal lipolysis is shown in both figures.

k.O
Glycerol
Production
Rate

3-° -

gfat/
hour)

18.G,

16. Q.

Hi .0-

Glycerol
Pro- 12.a
duction
Rate .io#o
(umol/
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c) Lipolytic activity of gmLH^. In two separate dose-
response experiments, gmlifiF, was shown to stimulate lipolysis

over the range of 0.05 to 5«0\ig in 1.1ml of incubate

(figure 2.9 a, b) . This fraction was more active than

porcine f> LPH, ACTH, a similar fraction from extraction IX

and a sample of Trygstad*s porcine LMF (T.LMF).

2.3.2.L. extraction XI of Crude Lfr.F

a) Dlethylamlnoethyl Ion-Exchange Chromatography. The

unabsorbed protein dLKF^ (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 0.5M NH^Ac pH5«4
(dLiv.Fg) was lyophilized and weighed 212mg. On electro¬
phoresis (plate 2.5) it was shown to consist of acidic

proteins and resembled the previously isolated dLMFg of
extraction V (figure 2.6 & plate 2.3).

b) Carboxy Methyl Ion-i-xchange Chromatography. On a

cation exchanger, the unabsorbed protein from DLAL cellulose,

gave a breakthrough peak mLMF-^ with initial shoulder mLi FQ,
both of which eluted with the starting buffer (figure 2.11).

When the buffer strength was gradually increased, two further

peaks were desorbed, mLKFc and mliF^. The latter contained
a 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, S.lmg, 7*2mg for

mLMFa, mLMF^, aaLMFc and mLMF^ respectively.
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Extraction XI;
Figure 2,10 Crude Li? on DEAR Cellulose

2
Coltimn: 2cm x 10cm of DE32
Buffers: I) 0.01M NH.Ae pH5.U

II) 0.5M EH, Aa pH5.U
Flow Rate: Ij-Oml/h
Fraction Volume: 6».7flil
Sample: about 500mg of

crude LMF
Sample volume: 80ml

Crude LMF was pumped onto D S32 ion-exchange cellulose

following desalting on sephadex G-15,
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Plate 2.3. Pol.vacr.ylamlde Gel electro chore; sis of fractions

ffrqin mxl,ractipn pf Qyude ^P.

elect¬
rode

dLMFo is the protein initially absorbed when crude

LfrtF was run on a DhAiL cellulose column. The unabsorted

proteins, on CM cellulose chromatography with a buffer

gradient gave mLMFa-d. Approximately 30^ag of each sample
was electrophoresed on polyacrylamide gels at pK6.9*
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Figure 2.11. Extraction XI; Unabsorbed Protein from
Anion Exchanger on CM Cellulose

Column: 2cm^ x 17cm of CM32
■Buffers: I) 0.Q1M NEE, Ac pH5.4

II) Gradient to 0.10M
NH, A a pHS.U

Flow Rate: 36ml/h
Fraction Volume: 3.6ml
Sample: about 250mg of dLMF-,
Sample Volume: 100ml
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Figure 2.12. Lipolytic Activity, in vitro of mLMFd from
Extraction XI

11.0

10.0

9.0-

8.0 _

7.0-
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2.0-
arta

1.0.
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~! —

—j—— — —r—

0.1 l.o 10.0

Dose of inLMFd. (jag) on log scale.
k

AGTH
.0 5.0ug

a) mLMFd assayed at 0.25, 1.0 and 4.0 jig

b) mLMFd assayed at 0.05, 0.5 and 5.0 jag

Each point is the mean _+ SEM of quadruplicate samples.

Basal and ACTH induced lipolysis are included from both

assays,

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

with different fat cell suspensions.
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c) frjyolytjc ^ct^vjty of mtf.Fd. mLMFd was assayed for a

dose-response relationship in two separate assays (a & to)
between doses of 0.5 and 5.0pg in 1.1ml of incubate

(figure 2.12). It was active above a dose of 0,25fig "but

appeared to have a maximal effective dose between 0.5 and

1 .Opg as in both cases a higher level of peptide did not
cause a further release of glycerol, ftith ACTH at an equal

concentration mLMFd was as active as the hormone at h.Opg

in assay (a) and in (b) was more active than ACTK at 5.0pg

2.3.3. ,pf frolocqlqr ,■ oif>ht of jtpy.q^e Lj ,ftfl
qephadex Q-50

Lysozyme, one of the proteins used to calibrate the G-50

column in both determinations of the molecular weight of

LMF, has an anomalous behaviour on gel filtration.

Whitaker (1963) found that lysozyme, which has a chemically

determined molecular weight of lh,300, eluted from a

Sephadex G-100 column with an apparent molecular weight of

7,700. He suggested that the enzyme was forming ?/eak

complexes with the gel and was being retarded by this inter¬

action with the sephadex. Lysozyme was therefore not

suitable as a standard for molecular weight determination on

a G-50 column and was omitted from the calibration curves,

a) On a Calibrated G-50 column. The graph of V£
against log of molecular weight is shown for glucagon and

chymotrypsinogen in figure 2.13a, line A. mLMPd when run

under eimilar conditions gave an elution volume which

corresponded to a molecular weight of 20,000.



Figure 2.13as 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.

Figure 2.13b: The elution from a sephadex G-50 column of a

mixture of carbonic anhydrase, lysozyme,

insulin and labelled LMF. The elution

volumes were plotted in 2.13a above, (line B).

Molecular weight estimates for IMF were made

from both experiments.
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Figure 2.13. Molecular Weight Determination on Seohade^.,
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t>) By estimation of lc^3>labelled ht.F on a G-5Q column, The

elution diagram for carbonic anhydrase, insulin, lysozyme
12 5

and I-labelled LI/'F is shown in figure 2,13b. The main

peak of radioactivity fell between carbonic anhydrase and a

double peak of insulin and lysozyme, which had a of

90-102ml. On running these proteins separately, elution

volumes of 91ml for lysozyme 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
12 5

I-labelled LMF was estimated as Hi,300, It was assumed

that the bovine insulin used as standard was present as a

monomer under the elution conditions,

• 2,h. Discussion

Identification of IIF

The in vivo assay for adipokinetic activity was little

used. Unless rabbits were injected at least in triplicate

only a qualitative 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 li/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 required

for injection into each rabbit (0,lmg) is a further dis¬

advantage of the in vivo method. In fractionations with low

yields of LMF, 5-10?? of the peptide could be used in one

assay. The alternative method in vitro was developed to

overcome these disadvantages of measuring the biological

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

The assay of lipolytic activity jja vitro, using rabbit

isolated adipocytes was used here mainly to establish

dose-response relationships for the more homogeneous samples

of LMF» It was originally intended to determine lipolytic

fractions during isolation 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.L). All the fractions assayed after

lyophilization were equivalent in lipolytic activity.

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 LMF in

other fractionations, electrophoresis became the method of

choice for LMF detection. The i_n vitro method did show that

little lipolytic activity remained in residues 1, 2, 3

(table 2.3) compared to a purified sample of LMF.

Purified LMF from each of the three extractions was

equivalent in activity or more active than other pituitary

lipolytic peptides (ACTH, pLPii 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 desiccated nor

maintained below 0°C. While isolated porcine LMF did not have

as low a minimum effective dose as that reported for human

LMF (Trygstad 1968b), it was usually more active than the

other lipolytic peptides tested in the in vitro assay.

Possibly the assay used here was not as sensitive as the



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. Perhaps 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 gmLMF^ (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 4.

Polyacrylamide Disc Gel electromoresis

By polyacrylamide disc gel electrophoresis, fractions

with the same electrophoretic mobility as a standard sample

of Trygstad's porcine LMF were identified. Compared to the

otner pituitary hormones eiectrophoresed at pH8.9

(plate 2.1), LMF had a similar mobility to nCTH. In a later

experiment LMF had a similar mobility to a subsidiary band

of (iLIH (plate 3.1). LMF was distinguished from ACTH by
electrophoresis on CDS polyacrylamide ^.els (plate 2.2) on

which the latter had a lower mobility. pLPH is larger than

nCTH so it would also have a lower mobility than LMF on SDS

gels, however, as LIF resembled only the minor band of p LFH,
which is probably an impurity, it was possible that LMF was

the same peptide as tnis contaminant of p>LPH. From its
mobility on CDS polyacrylamide gels, the molecular weight

of L¥F would appear to be lower than that of ACTH (i},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/o(w/Y) acrylamide gels

used by Weber and Osborn (1969). This enabled the same

stock acrylamide to be used for electropnorosis at pH8.9 add

for SDS gels. The ?}o(w/V) gels were more flexible than

10>j(V»/V) gels ana more easily removed from the tubes with

less likelihood of damage.

As mentioned earlier, LMF 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 LMF could rapidly be selected

for further purification. The lipolytic activity of purer

LMF preparations was confirmed by biological assa^ in vitro

before being used for antiserum production or metabolic

studies, eventually the elution position of LMF could be

recognised on columns of both ion-exchange celluloses, but

electrophoresis of the fractions was still employed to

confirm the presence of LMF.

Electrophoresis on SDS polyacrylamide gels was intro¬

duced as a precaution against the erroneous identification

of a fraction as LMF. At pH8.9 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

major band of mLMFd was almost certainly the same peptide

as Trygstad's porcine LMF (plates 2.1, 2.2). Other LMF
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preparations with these mobilities on the two types of gel,

we re also likely to be the same as Trygstad*s porcine LFF.

I reparation of crude U P

In the precipitation of porcine LMF the pH of

supernatant 1 was reduced to pH5«5> not 6.5 as in the

preparation of human LMF. The latter was to reduce the pH

below the isoelectric point of human growth hormone which

is pHh.9 (Trygstad, 1968a) . as porcine OH has a higoer pi

of 6.3 (Li & Liu, 1966) then for porcine material the pH

did not have to be lowered so far. Trygstad reported the

molecular weight of human LMP to be in the region of 5*600

(1968a) by gel filtration or 2,100 (1968b) by ultra-

centrifugation and his porcine LMF did show a low molecular

weight on CDS polyacrylamide electrophoresis. Theoret-

ically a molecule of this size should be able to pass through

a dialysis membrane so, even though Trygstad found other¬

wise, dialysis was avoided in preparation of porcine LMF.

Desalting of residue 6 was achieved by Sephadex 0-15 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, ho protein

eluted in the usual position for LMF, confirming that there

was none in the low molecular weight fraction from G-15 gel

filtration.

extraction V

Fractionation of crude LMF on Sephadex G-50

(extraction V) was not an effective purification measure.

LMF was not confined to one peak but was found mostly in the
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descending portion of the first, major peak. LMP containing

fractions were purified by DEAE cellulose where the acidic

protein seen on electrophoresis of sLMF^ (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 aLMFg and dLMF^
which had a slightly higher mobility than LMF. Extraction V

gave the purest LMF of a number of similar extractions. In

others, fractions from gel filtration contained more basic

peptides, which Deal cellulose chromatography was unable to

remove. After extraction V, carboxy methyl cellulose which

can fractionarte^fcir^se basic proteins replaced BLAJS cellulose.

CM cellulose had been used by Gilardeau and Chre'tien (1970)

in the isolation of porcine (iLI-H. LMF did not absorb to
DeAe cellulose in 0.011, HH^Ac pH5»h but it did absorb to
CM cellulose under the same conditions (extraction VIII).

By desalting on sephadex G-13 in the buffer used for sub¬

sequent cation exchange, it was not necessary to freeze dry

fractions and re-equilibrate them for ion-exchange. The

eluate from desalting was pumped directly on to the CM column.

extraction VIII

Extraction VIII produced a preparation (mLMF^) which,
after cation exchange, had a high proportion of LNF but

also had five minor bands (Plate 2.h figure 2.8)• After

rerunning on CM cellulose and cleaning on Sephadex G-30

apparently homogeneous preparations were obtained (gjnLMF.^
and gmLMFg) • JNo difference could be seen on electrophoresis
between the main peak from the G-30 column and its trailing
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edge. These wfcre the purest preparations obtained in any

quantity. Vl/hen mLMF^ was re-chromatographed on CM cellulose,
the starting buffer was more concentrated than usual

(Q.05M Eh.. Ac pH5.^), but LMF 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 (cLLMF^) • Some of these were not absorbed at this
first stage and formed the breakthrough peaks seen on CM

cellulose fractionation of dLMF^ (figures 2.10, 2.11, plate
2.5). Possibly the BEam cellulose column had been over¬

loaded. The Lik.F containing peak (mLMFd) eluted from the CM

cellulose column when the buffer conductivity rose to approx¬

imately 5»Ommho. This corresponded to the conductivity of

the buffer at which LMF eluted in extraction VIII. Further

purification of mLMFd 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 CM cellulose ion-

exchange column. The procedure would be improved by

lyophilization either before, or after the D-uaE cellulose



step, to reduce the volume. The freeze dried sample would

then be equilibrated with starting buffer for the next ion-

exchange fractionation on a small gel filtration column,

Vnith such a lyophilization step, extraction XI would be the

method of choice for the isolation of LMF.

Molecular eight -estimation

With two points on each calibration curve, after the

omission of lysozyme, only a qualitative 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 sta-dards should be used.

The estimate of the molecular weight of mLMFd obtained from

the gel filtration (between li+,000 and 20,000) disagreed

with both Trygstad's (1968b) results and with the electro¬

phoresis of mLMFd on SDS polyacrylamide ^els. Trygstad
found a molecular weight of 2,100 for human IMP by ultra-

centrifu^ation, while on CDS gels porcine mLi Fd had a higher

mobility than porcine ACTH (plate 2,2), indicative of a

molecular weight below that of ACTH (h,600). An impurity of

higher molecular weight was seen in the CDS gel of mLi Fd,

Possibly the proteins were associating together under the

conditions of the gel filtration, causing the apparent high

molecular weight on elution, 1,0M 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 aimers (Grant & Reid, 1968). However,

from the elution volume of mLMFd, 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 196b)
could reduce protein association and help to separate LAP

from the larger contaminant.

The LAP preparation used in the investigation of

molecular weight by gel filtration (mLMFd) was used because

it was available at the time in sufficient quantity to give

a detectable peak after elution from the G-bO column. The

preparation was unfortunately not further purified by the

gel filtration, as the large contaminant remained.

2.b. Summary

1) A heterogeneous preparation of crude LMF was isolated

from a porcine pituitary homogenate by pH adjustment

followed by acetone saturation. LMF was purified from the

crude preparation by gel filtration and ion-exchange

chroma tography•

2) Sephadex G-bO gel filtration followed by DEAL cellulose

ion-exchange chromatography did not produce a homogeneous

LAP preparation.

3) On CI., cellulose ion-exchange chromatography, LMF was

initially absorbed and was desorbed by an increase in buffer

strength. A homogeneous LMF preparation was purified by

re-chromatography on CM cellulose followed by gel filtration

on Sephadex G-bO.

4) A DEAL cellulose step, before fractionation on a CM.

cellulose column helped to remove acidic proteins from the

sample.
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The recommended proceuure for LfcB1 isolation from a

crude preparation would be: crude LMF ► cellulose *

CM cellulose (once or twice) >■ 3ephauex G-^0 in a buffer

which prevents protein association.

6) Polyacrylamide uisc gel electrophoresis was the most

useful method for identification of I2«iF.

\
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CHAPT.R 3.

The Development of a Radioimmunoassay for
Porcine hi Did ; obilizing - actor

3.1 Introduction

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 (iiikins, 1970)
and was first introduced by Yalow and Berson (i960) for the

estimation of insulin. Since 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, 196h; Yalow & Berson, 1968; Yalow & Berson, 1970;

Kirkham & Hunter, 1971; Jaffe & Behrman, 197U; Felber, 197h) .
As described by kkins (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 solution and allowed to equilibrate

with endogenous unlabelled P. Compound P is then extracted,

if necessary. A specific reagent fc*. 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

major problem was the lack of a specific reagent (Qs) , which

in a radioimmunoassay is the specific immunoglobulin

present in antiserum. To overcome this problem, 9 rabbits

were immunized with LMF, 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-0

from unreacted compound (free F) was readily available, if

Q was a rabbit immunoglobulin specific for LMF (p in this

case), A goat antiserum was used which was specific for

rabbit immunoglobulins. By adding it to the mixture of P and

Q 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 subsequently the concentration of unlabelled P

in the original solution was calculated. The calculations

were performed as described by Rodbard et ajL. (1989) •

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



83*

growth hormone indicating either that human LMF 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 LMF.

3*2 Methods

3*2.1 Production of Antiserum

3.2.1.1 Li,F in Freund's Complete Adjuvant as Immunogen

For the first attempt at the production of anti-LMF

antiserum, dLMF^ 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 dLMF^ was dissolved in 2.0ml of
0.9% (VV/V) saline. 0.2ml aliquots 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¬

integrate. The viscosity of the emulsion was reduced by its

dispersion in an equal volume (i+.Oml) of a 2% (V/V) solution

of Tween 80 in 0.9% (W/V) saline, forming a second

emulsion.
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25ml of blood was taken from the peripheral ear vein of

each of three New Zealand White rabbits (R294, R296 and

R297)• After bleeding, 1.2ml of the double emulsion was

injected intramuscularly into each hind leg of the rabbits,

followed by 0.2ml of the B. pertussis vaccine injected

subcutaneously into each hind leg. 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 dLfF^
in a double emulsion of FCA and Tween 80. lmg of dLMF^ in
1 .5ml of 0.9$ (W/V) saline was first emulsified in 1 .5ml of

FCA and subsequently in 3.0ml of 2$ (V/V) Tween 80 in 0.9$

(W/V) saline. 1ml of the double emulsion followed by

0.2ml 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, lmg of dLKF^ in 1.5ml
0.9$ (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.

3.2.1.2 LLF Conjugated to Bovine serum ..lbumin as ImmunoKen

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 & Oehon, 1987)• 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.
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R-N=C = N-R' + P-COOH
carbodiimiae protein

R- N=C-NHR'
I

0

%C-P
II

0
intermediate compound

acid anhydride disubstituted 0 = C 0
urea i

P Acylurea

p-nh2
I hapten

h

p- n-c-p + P-COOH
I!

q protein
protein-hapten
conjugate

Figure 3.1 Formation of a protein-hapten conjugate by the
carbodiimide reaction [from Lekhite & Sehon 1987).

The hapten is a non-immunogenic protein or peptide.
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For conjugation to B3A a preparation of WF from

extraction VII was used. This preparation resembled

mLMFd (extraction XI sect. 2.2.2.5) in purity and method

of isolation and will be referred to as mLkF-VIId. As IMF

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 mLMF-VIId was dissolved with 2.1+8mg of BSA

in 0,5ml of distilled water. 20.hmg of l-ethyl-3-(3-di-

methylaminopropyl) carbodiiraide hydrochloride (kCDl) 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% 0«/V) saline at room temperature for 3 days during

which the external saline (500ml) was changed twice daily.

The volume of irnmunogen solution was 1.2ml after dialysis.

The dialysis tubing was washed with 0.8ml of 0.9% (Vv/V)

saline and the washings added to the conjugate solution.

This was emulsified in 2ml of FGA and then in i+ml of 2% (V/V)

Tween 80 in 0.9% (A/V) saline. Rabbits R180, R198 and R199,

which had previously been bled of 25ml were inoculated, with

1.2ml of the double emulsion, injected intramuscularly into

each hind leg. A subcutaneous injection of 0.2ml B. pertussis

vaccine followed, 25ml of blood was taken from the rabbits

at intervals of 2 weeks.

The third bleed was followed by a booster injection of

LKF-BSA conjugate in FCA-Tween 80 double emulsion. 1.52mg

of mL&F-VIId had been conjugated to 1.77 mg of BSA by 21+.2mg
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of FCDI in a total volume of O.hml 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. 1.3mg of mLMF-VIId was

conjugated to 2.1mg of BSA by 22.hmg of BCDI. Emulsification

and injection were as before.

3.2.1.3 Lr-.,h' in Polyacr.ylarnide as Immunogen

Polyacrylamide gel can be an effective adjuvant for

the production of antiserum against purified immunogen

(Vveintraub & Raymond, 1963; Green et al., 197U) • The

immunogen is purified by electrophoresis on polyacrylamide

gel which is then homogenized and injected. The immunogen

slowly diffuses into the circulation of the immunized

animal, where it stimulates antibody production.

A preparation of LNiF from extraction X (mli/iF-X^)» which
was -similar to mLMF^ of extraction VIII (Section 2.2.2.h),
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 16mm towards the anode, allowing

for the swelling of the gel in 10% acetic acid, h x IOQjlL

aliquots of a 0.8mg/ml solution of the preparation

(mLMF-X*) 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 k

gels were combined in the rotor of an MSE Homogeniser.

1.5ml of FGA was added and during homogenization 1.7ml of

0.9% saline was added in 0.2ml aliquots. The first emulsion

plus homogenized polyacrylamide was suspended in 3.2ml of
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2% (vA) Tween 80 in 0.% (WA) 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 previously been taken. 0.2ml of B. pertussis vaccine

was injected subcutaneously into each hind leg. 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 k x lOOyH aliquots of mLivF-X^ at a concentration
of 1.0mg/ml.

Later, the rabbits were immunized with mLLF-X^ which
had not been electrophoresed but was dispersed in a double

emulsion of FCA and Tween 80 in 0.9/S 0»A) saline. The

rabbits were inoculated with 0.13mg and 0.17mg of LMF per

rabbit after the sixth and eleventh bleed respectively.

3.2.2 Identification of Cross-Reacting antiserum by
Binding to l^bi-Labelled LhF

3.2.2.1 Labelling of LKF with Iodine-125

A number of LKF preparations were labelled with 1-125

using a method based on that of Hunter & Greenwood (1962)
and Hunter (1973). Radioactive iodide, 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 pH7.5 in

distilled water was made by mixing 0.5M Ha2HP0^ with 0.5fc
HaHgPO^ until pH7.3 was reached. This was diluted when
necessary. A general assay diluent (GAD) which was vised
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throughout the immunological investigation was made up as

follows. To 0.151. phosphate buffered saline, which

consisted of 0.0751 MaCl + 0.075M phosphate buffer pH7.5»

bovine serum albumin was added to give a concentration of

0.1$, (u/V) . The following solutions were made on the day

of use. 2g of chloramine T was made up to 50ml (h?°, Vi/V)

in 0.05M phosphate buffer pH7.5* 120mg of sodium metabi-

sulphite was made up to 50ml (2.i+mg/ml) in 0.051. phosphate

buffer pH7.5« 0.5g of potassium iodide was made up to 50ml

(1.0$ VV/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 lOOOpCi, thuugh 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
2

this was poured into a V»hatman*s 1 cm xl5cm chromatography

column and equilibrated with 25ml of GAD. 1 .0ml of BSA

in 0.151' 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-equilibra ted•

The iodination of LfcP preparations was carried out by

mixing the following in a small reaction vessel; 5pl of

lmg/ml Ll.P; 25pl of 0.5& phosphate buffer pH 7*5J
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10pi of lOOpCi/pl Iodide-125. To these was added 25pl of

(W/V) chloramine T and the vessel was shaken for 20 seconds.

The reaction was stopped by the addition of lOOpl of

2J+mg/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 1.0JS (W/V) KI used to wash out the

reaction vessel. The column was eluted with GAD, 1ml

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 l ini-Assay ^-spectrorueter. elation continued until

activity returned to near background levels, after the

appearance of 2 peaks. This was usually after l8-20ml 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 experi¬

mental use, 1ml of this was diluted with GAD to l-2ng/ml of

LIvF, so that lOOpl gave a reading of about 200 counts per

second (c.p.s.) on a Wallac ^-spectrometer. This was the

working label. Both this and the stock label were stored

at U°C.



91.

The following were calculated:

lie Id of label on LMF = q. * 100%Total counts in all fractions '

Concentration of LMF in 1ml fraction before dilution (pg/ml)
„ . . . .

„ Amount of
= Count in Fraction u,p labellea
Total counts in 1 st peak (pg)

Prom this the LMF content of working label was derived. The

specific activity of the labelled LIP was also calculated.

Specific Activity of ^"A-La be lied LMF (pCi/pg)
_ uCi of used % .yield of label
~

LI* P used (pg) on LI P
126

The activity of the yl used was calculated by
126

adjusting for the change in activity of 1 Opl of T between

the day of use and an activity date named by the manufacturer.

A table of correction factors was provided for this

calculation.

3.2.2.2 Removal of Free ai(^ pamayed abelled rentide
from 125I-labelled LNP.

polyacrylamide disc gel electrophoresis has been used

in place of gel filtration to separate peptide bound to 1-125

from free 1-125 (Hunter, 1971). Although being a more tedious

method, better separation can be obtained by electrophoresis

and the method is frequently used in the preparation of

iodinated human follicle-stimulating hormone.

a) By electrophoresis of "^^I-labelled LKF. 50pl of stock
125

I-labelled LMF was electrophoresed on a polyacrylamide

disc gel (Section 2.2.1.3) which was immediately sliced into

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

slices were counted for ^-radiation. Labelled material from
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each peak of radioactivity was eluted from the gel slices

at h°C by soaking overnight in 1ml of GAD. Slices 11-13

(Figure 3.3) were combined for the first peak, while slices

21 and 25 represented the second and third peaks. The

eluted radioactive material was diluted so that either 1 OOjil

would give 200 c.p.s. 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 antiserum.

b) Further Investigation of 12"*I-labelled II F after

Electrophoresis. After electrophoresis of 50pl of stock
125

I-labelled L&F the gel was sliced as before. Alternate

2mm slices were placed in 2ml of GAD and labelled material

allowed to elute overnight at i4°C. 1 OOpl aliquots of these
were dispensed in triplicate into polystyrene LPh tubes

either (i) alone, (ii) with 0.7ml of GAD or (iii) with 0.5ml

of GAD plus 0.2ml of a ljhOO 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.

c) i reparation by Electrophoresis of 12**I-labelled LkF

for use in an Assay. 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.

h x 50yil 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 VVallac ^-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,

so that 0.1ml gave a count of 200 c.p.s., the label was used

in an assay as described in Section 3.2.2.14.

3.2.2.3. assessment of .antiserum ; antiserum Titration Curves

Sera from the immunized animals, were assessed for

the presence of IIP binding antibodies by antiserum titration

studies (Hurn & Landon, 1971). The percentage of label led

LLP, binding to serial dilutions of the antisera, was

determined by a method based on that of Hunter (1973).
125

Antibody bound I-labelled LLP was separated from free

labelled hormone by precipitation with a second antiserum,

wi.ich was specific for rabbit immunoglobulins.

The antisera were serially diluted with GAD in ratios

of 1:100, 1:200, 1:400, 1:800, 1:1600, 1:3200 and 1:6400.

0.2ml aliquots of these were mixed with 0.5ml of GAD in

polystyrene LI4 tubes and as they would contain no un-

labelled LLP, they were known as zero standards. Blank LP4

tubes containing 0.7ml of GAD were prepared in triplicate.
125

0.1ml of a solution of 1-labelled LLP at the working

concentration (l-2ng/ml: about 200 c.p.s. on ^-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 4°G for 48 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, 0.1ml of a lsUOO dilution of normal

rabbit serum was 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 h0C
overnight.

The next day 2ml of GAD was added to all the tubes

except the totals. The tubes were centrifuged at 2,500g

for 20 minutes. 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.
125

The percentage of I-labelled LMF bound was cal¬

culated for the zero standards at each dilution of serum.

Percentage
_ count in zero standard - mean count of blanks 10Q

bound ~ mean count of totals

The antiserum with the steepest negative slope, when the
125

percentage of ^I-labelled MP bound to antiserum was

plotted as ordinate against the antiserum dilution as

abscissa, was the best for use in a radioimmunoassay

(Berson & Yalow,196h)• The gradient of the antiserum

titration curve reflected the avidity of binding of anti¬

serum to labelled antigen.

3.2.2.i+ Assessment of Antiserum : standard Curve and
Specificity of Antiserum

A standard curve consisting of increasing proportions
125

of unlabelled LMF in the presence of antiserum and I-

labelled LMF, was set up using the serum that showed the
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highest percentage binding and steepest gradient in an anti¬

serum titration curve. In the same experiment increasing

amounts of other pituitary peptides were incubated with the
125

antiserum and ^1-labelled IMF, 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 quadruplicate, whereas the standards and unknown

samples were in triplicate.

. Serum prepared from the tenth bleed of R199 at a

dilution of l;i|00 was used as the first antiserum. At this

dilution, 20^ of 12^I-labellad 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 6.0jug/ml
solution of the purest Li F preparation available (gmLMF^)
in GAD, giving concentrations of 5.9» 23, Skt 375, 1500 and

6000ng/ml. These were diluted 1:10 and 1:5 with GAD while

being dispensed to give a twelve-point standard curve ranging

from 0.59 to 1200ng/ml. A number of pituitary peptides and

glycoproteins were dispensed at the final concentrations

shown in Table 3.1. 0.5ml of the unknown samples and the

standard dilutions of gmLJ F^, were dispensed to LPU tubes.
Zero standards, consisting of 0.5ml of GAD were dispensed.

0.2ml of the first antiserum was added to all these tubes

and thoroughly mixed. After U8 hours at U°G, 0,1ml of working

label was added to the tubes and also dispensed to blanks

(0.7ml of GaD) and totals. The assay then proceeded as



Table3.1ConcentrationsofriptidesandKlyconrotelnsusedinspecificitytest. Peptideor glycoprotein
Species

Sourceof
peptideorglycoprotein

Concentration (ng/ml)

LPH

porcine

Dr.L.Graf

1000

166

83

U2

21

ACTH

porcine

Sigma

1000

200

100

50

25

GH

porcine

+HIH-GH-P3U8

1220

lkk

122

60

30

FRL

ovine

KIH-P-39

1190

238

119

60

30

LH

ovine

HIH-LH-S17

1025

203

103

50

25

FSH

ovine

NIH-FSH-S9

1000

200

100

50

25

TSH

ovine

HIH-TSH-S6

1080

216

108

51

25

LMF

porcine

Dr.0.Trygstad

1100

220

110

5k

27

Thepeptidesandglycoproteins,attheconcentrationsshown,wereassayedas 125

unknownsamplesfortheirinhibitionofthebindingofI-labelledLfc'.Ftoanti-L&F antiserum.Serumfrombleed10ofR199atadilutionof1:U00wasused. +NationalInstituteofHealthbatchnumber.



97.

described for the antiserum titration curves, with a further

2 day incubation at 1+°C before addition of second antiserum,

followed a day later by centrifugation and counting for

2C -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.

B — B1 —

Y= g
_ gj" x 100 where B = Count with unlabelled antigen~

(i.e. in standard or unknown sample)
B1 = Mean count of blanks

Bo = Mean count of zero standards

The standard curve was plotted with either Y as a per¬

centage or logitYas the ordinate and with the log of the

concentration of LMF as the abscissa.

3.2.2.3, Assessment of Antiserum : Kature of Non-specific
Cro ss-Reactions.

Three of the hormones, which had cross-reacted with the

anti-LMF antiserum from R199 in the specificity test

(section 3.2.2.it), were examined to find the electrophoretic

mobility of their cross-reacting fractions. The apparent

IMF content of slices of polyacrylarnide gels, on which the

peptides had been electrophoresed, was assayed using an LMF

standard curve between 12.5 and l600ng/ml. The totals,

blanks, zero standards and the standard curve were prepared

as described in the previous section.
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Two 0.1ml aliquots of l.Omg/ml solutions of mLMFd,

oLH, oFSH and LPH were electrophoresed on polyacrylarnide

gels at pH8.9 (section 2.2.1.3.)• One gel with each sample

was stained in amido black and destained as normal. The

other gels were sliced into 2mm segments using a perspex

die and soaked overnight at h°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 LMP content of each

slice of gel was found by comparison to the standard curve.

Further investigation was made into antiserum from

rabbit R199 by comparing "^I-labelled LH to "^I-labelled
LMF 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, 1:200 and l:h00.

LMF preparations were assayed for LH content in an LH

radioimmunoassay (Carr & Land, 1975) which included a small

standard curve of LH at 1.02, h.10 and 10.2L ng/ml.

Preparations of LMF from extraction XI and XII were assayed

for LH content at a concentration of 0.02 mg/ml.

3.3 Results

3.3.1 Identification of Cross-Reacting Antiserum by
binding to -lOl-Labelled

3.3.1.1 Labelling of li'F with Iodine - 125

Over a two year period IMF 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-
125

through peak containing I-labelled IMF had an elution
125

volume of 5 or 6ml whereas free J1 eluted in a volume of

12 or 13ml (Figure 3.2),

The yield of radioactivity bound to the peptide varied

from 35%> to 75% and the specific activities from 63 to

l60pCi/pg, For the experiment illustrated in Figure 3*2,
the yield m, s 30% 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 30ml gave a working label of 2.3ng/ml, 0,1ml of

which gave a count of 223 c.p,s, on the Wallac spectrometer,

3.3.1.2 Removal of Free and damaged labelled peptide
from l25i-iabelled LKF

a) By electrophoresis of ^^I-labelled Li-F. The pattern

of Y- radiation in 2mm slices of the polyacrylamide gel on which
125

I-labelled 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

37% 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.^. The radioactivity

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 antiserum. 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
125

antibody titration curve was greater with I-labelled
125

material from peak 1 than with non-electrophoresed I-

labelled Lf.:F.
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Figure 3*2 Separation of iodination reaction mixture by
gel filtration

1 ml fractions collected from the gel filtration of an

iodination reaction mixture on a G~50 Sephadex column
2

(lcm. x 15cm) were counted for ^-radiation.
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Figure 3*k Antiserum titration curves: electrophoresed label.
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labelled material from peak (l) and peak (2) of electrophoresed
125x_labelled LMF (Figure 3»3). Non-electrophoresed label
was included (0).
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b) Further Investigation of labelled LiF after
■Electrophoresis.

The first peak in radioactivity 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 i|2.5%. The anti-LkF antiserum had only bound

22% of ^""^I-labelled LfclF before electrophoresis of the

label.

The third peak, which had the highest radioactive 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.

c) Time Course of Damage to lc"^I-labelled Li. F.
125

The preparation of I-labelled LI.F, 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 tnis case the proportions of

radioactivity in peaks 1, 2 and 3 were 12%, 25% and 63%.

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 respectively,

a) nffect of Buffer on nlectronhoresis of ^^I-label led LtF.

The normal buffer (GAD) was replaced by the tris-
- glycine buffer pH8.9 used for electrophoresis (section

2.2.1.3) for gel filtration of the iodination reaction
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Figure 3.5 Polyacrylamide gel after electrophoresis of
•^I-labelled LMF: binding of eluted labelled
material to antiserum.

The Eradiation in 2mm slices of polyacrylamide gel after
electrophoresis of -^1—labelled LMF is shown by the line
graph. The fo binding of labelled material eluted from
alternate slices to a 1:8-00 dilution of oleed 10 of B.199 is

represented by the vertical bars.

1,000

800 -

-radia¬
tion
(cps)

600 -

1+00

200 -1

Length of gel (mm)

fa of
labelled
materia

Boun_20
to

anti¬
serum.



104.

mixture of one preparation of "*1-labelled LMF. 0.1%

bovine serum albumin was included in the buffer. The

elution of radioactive material from the Sephadex G-50 column
125

was not affected by this change. The yield of I attached

to the Liv P was 50% and the specific activity of the product

was dbjiGi/pg. 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
125

between this pattern of obilities and with I-labelled

LMF in GAD buffer.

3.3.2 /assessment of Antisera for Radioimmunoassay

3«3.2.1 an-tisera Raised against LLP emulsified in /reuna*s
Complete adjuvant.

No sample of sera from rabbits R294, R296 or R297 bound
^ 125

more than 3% of I-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

125
the binding of serum from subsequent bleeds to I-labelled

LMF.

3.3.2.2 Conjugated to Jovine Serum albumin and emulsified
in ■■'reund's Complete Adjuvant

a) Anti s rut; Titration Curves and Avidity of binding. From

the rabbits immunized with LMF-BSA conjugate, the serum

from R199 consistently bound more ^^1-labelled. LMF and had

the steepest antiserum titration curve. Serum from the

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

serum titration curves shown in Figure 3*7. At a dilution



105®

Figure 3„6 Antiserum titration curves: Sera irom raooios
F29U. R29b, R297»

Serum from rabbit.

1:100 1:200 1:1+00 1:800 - 1:1600 1:3200 1:61+00 1:12,800
Serum dilution.

Serum, prepared from blood taken 1+ weeks after the

rabbits were immunized with LMF in Freund's complete

adjuvant was titrated against 12^I-labelled LMF.
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curves: sera from rabbits R18Q,
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ized with LMF-BSA conjugate
in Freund's complete ad- .pe;
juvant, titrated against J~~ I-
labelled LMF.
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Figure 3.8 Antiserum titration curves:
sera from different bleeds of rabbit R199

Sera, from bleeds 1-10 of rabbit
Rl'99, titrated against 125j_iabelled
LMF. R199 had been immunized with
LMF-BSA conjugate in Freund's com¬
plete adjuvant, and was re-immunised
after bleeds 3 and 8.
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of 1:L00, 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 one experiment,

an increase in binding on re-immunization after the tnird

and eighth bleeds could be seen. The ninth and tenth bleeds

gave the maximum binding. Bleeds 1 and 2; b, 5# 6 and 7j

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

125
maximum binding of the serum to I-labelled LMF, nor the

avidity of its binding.

b) Standard Curve and Specificity of Antiserum. The

standard curve of Y (as a percexitage of zero standard)

against the log of the dose of LMF (x) is shown in Figure

3.9. Below lOng/ml unlabelled LMF did not inhibit the

binding of the antiserum to ^"^I-labelled LMF.

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)• 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 LMF at l,100ng/ml reduced the binding to
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Figure 3»9 Standard Curve Inhibition of anti-LMF antiserum
128

"binding to I-labelled. LMF "by unlabelled LMF.

Increasing concentrations of unlabelled LMF were

incubated with serum from bleed 10 of R199 at 1:400 dilution

and ^^I-labelled LMF. Inhibition of binding (Y) recorded as

the amount of label bound as a percentage of the label bound

Dose of unlabelled LMF (ng/ml).
i
Ii
1 'i

| ~
j
]
I

1
\
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Figure 3.10 Specificity of antiserum from rabbit R199.

+3 ,

+2

Logit

i

^
10 100 1,000
Dose of peptide or glycoprotein (ng/ml) «.

Increasing concentrations of pituitary peptides and

glycoproteins were incubated with serum from "bleed 10 of

R199 at a dilution of l:i+00 and 125I-labelled LMF.

Inhibition of binding recorded as Legit Y . Values for

LMF are from the data used in Figure 3.9.-



110.

k&fo of the zero standards but at other concentrations was

not effective. p>LFH, oLH and oTSH showed a greater inhibition
of binding than the LIv.F standards. oFSH was equivalent in

inhibition to in.labelled LMF. The titration curves of the

hormones were not parallel to the LL.F standai'd curve,

indicating that there was some difference in immunological

reaction.

c) nature of uun-Speeii'ic Cross-geactions. After electro¬

phoresis of mLi.„Fd, the slice of polyacrylamide gel which,

when eluted, gave the greatest cross-reaction with anti-Lfc.F

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 aluates of the gel

on which jbLFH 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

FSH 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 h times more cross-reacting material

in the L&'F gel than in the pLPH gel, 10 times more in the
JJ..F gel than in the LH gel and 30 times more than in the

FSH gel.



Figure3«11lOOjjgofLMF,^LFH,FSHandLHwereelectrophoresedatpH8.9»thepolyacrylamide gelsslicedandthesegmentssoakedovernightin2mlofGAD.Theeluatefromeach
125

slicewasassayedforapparentLKFcontentinaradioimmunoassayusing^I-labelled I14F,serumfrombleed10ofR199at1jl+OOdilutionandan12.Fstandardcurve.The apparentLMFcontentwasrecordedasitsconcentrationinthesliceeluates.Note thescaleontheordinatevariesbetweendiagrams.
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m

mLMFd fiLPH FSH LH

Electrodes

Plate 3.1 Pol.yacr.vlair.ide disc pel electrophoresis at
of i-e^de? apft glyppprytejpg cross-

reacting with anti-LMP antiserum.

Similar gels to these were sliced immediately after

electrophoresis at pH8.9 and after soaking overnight the
125

eluate assessed for inhibition of binding of ■'i-labelled

UtiF to serum from bleed 10 of R199 at l:i|00 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 4 times as much

125I-labelled LH as "^I-labelled Li.F (Table 3.2). At

dilutions of 1:200 and 1:400 the antiserum bound over 60%

of "^^I-labelled LH while binding less than 20% of

125I-labelled LMP.

Preparations from extractions XI and XII, assayed by

an LK radioimmunoassay, contained little LH. The hi^est

concentration (Table 3.3) of LH in preparations from both

extractions was found in the acidic fraction, which was

absorbed by Dm 32 cellulose (dLteFg). The fractions, which
by polyacrylamide disc gel electrophoresis contained most

Lf.F (mLMFd) , had a lower concentration of LH. as the protein

concentration was 20p.g/ml and the estimated LH content of
the mLt'Fd was 2.1 or l.lng/ml, the maximum contamination of

the latter by LH was estimated as 1:10,000.

3.3.2.3 Li. F in P olya cr.ylamic.e pel as the Immunol en

Sera from the rabbits which had been injected with

homogenized polyacrylamide gel containing Li-;P, did not
125

exhibit any binding to I-labelled L1F. Re-immunization

of the animals (R1298, R1299, R1300) after 6 weeks also

failed to produce a response.

After immunizing the same animals after 12 weeks with

LMF in Freund's Complete Adjuvant and _.ot in polyacrylamide

gel, a slight response was found in one rabbit. Serum from

R1300 consistently bound to 12^I-labelled LLF but with a low

percentage of the available label being bound (less than

10', ) • 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 ^^I-labelled LH to anti-LLP
antiserum.

Serum
Dilution

% of l25I-labelled LH
bound by serum

% of 12i?I-labelled LI,IP
bound by serum

1:100

1:200

1:1*00

8J+ + 2.3

69.1* _+ 1.2

60.3 + 0.2

1.9 Jr 0.3

17.6 ± 0.3

llj .6 J; 1.1

Serum 1'rom bleed 10 of R199 was titrated, in triplicate,

against both 125I-labelled LH and 125I-labelled LMP, as

for the antiserum titration curves. Results are presented

as mean j- SEM and n=3.
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Table 3.3 LH content of Li. croi arations.

extraction
LfcF

Preparation

125I-labelled
LH bound as

percentage of
zero standards

(Y)

Apparent LH
concentration
(ng/ml) of peptide

solution

XI dLKF2 39.6 j; 0.7 l+.O
mLf.'Pa 61+.9 j, 1.6 1.7
mLMFb 56.7 ± 0.6 2.0
mLMFc U5.8 ± 0.8 3.2
mLMFd 57.6 jr 0.3 2.1

XII dLMF2
mLkFa
mLi.'Fc
mLMFd

1+1.2 ± 0.5
62.7 jt 0-7
55.6 j; 0.6
76.2 jr 0.8

3.7
1.8
2.3
1.1

Preparations of extractions XI and XII at 20jig/ml
were assayed in triplicate, for LH content. Their inhibition

of binding of lfii^l-labelled LH to anti-LH antiserum is

recorded as mean ^ 3E& (n=3) and from this the LH content

was found by comparison to an LH standard curve.



116,

small assay (Fig«r*$ 3»12) • A U point standard curve of LMF

from 0.01 to 10.0pg/ml was set up and compared to nCTH and
LPH over the same range. oLH and oFSH were included at

concentrations of 0.1 to lOOpg/ml. The procedure was as

described in section 3.2.2.U. LMF was equivalent to pLPH
in this assay (Figure 3«12) ana also parallel to ACTi which

was, however, less potent. Both LH and FSH inhibited
125

the binding of I-labelled LMP to the antiserum but with

less avidity than did unlabelled LMF or pLPK. This was

reflected b^pthe less steep slopes of the LH and FSH
titration curves.

A further injection of LMF in Freund's Complete

Adjuvant into R1300 increased neither the maximum binding
125

of its serum to I-labelled LMF, nor the avidity of its

binding. LH remained a potent inhibitor of the antibody-

antigen reaction.

3.L Discussion v
I HI II ■ - " II ■ ^

Labelling of LMP with Iodine - 125

Iodine - 123 was preferred to iodine - 131 as the

isotope for labelling of LLP because of its longer half

life and higher abundance (Hunter, 1971)* Iodine - 125

therefore retains its radioactivity longer than iodine - 131»
■4

and in a preparation for labelling, has a higher percentage
125

of the iodide as the radioactive isotope. "1 is the most

commonly used isotope at present for the labelling of

peptides and proteins. Hunter (1971) advised that, for the
125

iodination of a novel peptide, a trial with. I should be
131

carried out, only changing to I if any problems were

encountered.
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Figure 3.12 Specificity of serum from rabbit R1300.

3 J— 3 ! —

0.01 0.1 l.o 10.0 100.0
Dose of unlabelled peptide or glycoprotein (jig/ml) .

A 1 :i|00 dilution of Serum from R1300, which had been
injected at first with LMF in polyacrylamide gel, then in FGA,
was tested for specificity of inhibition of binding to
labelled LMF. Inhibition of binding (y) recorded as a
percentage.
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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 1^1I.
The procedure, based on tnis method, proved to be effective

125
for the iodination of LkF with ^1, though considerable

variations were found in the yield and specific activities
126

of different I-labelled LMF 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

radioactive 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 break-
125

through peak, along with the undamaged ^I-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
126

may be labelled with I 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 electrophoresis.

The plot of the S -radiation, detected in slices of
125

polyacrylamide gel following the electrophoresis of I-

labelled LI-.F (Figures 3.3 & 3.5) resembled the chromato-

phoresis of ^^I-labelled ACTH described by Landon (1968)

although on the latter, ^"^I-labelled ACTH remained at the

origin. The resemblance was seen in the presence of a large

peak of high mobility closely followed by a second, smaller

peak of radioactivity. On polyacrylamide gel electro¬

phoresis the former peak moved with the bromophenol blue

dye at the anion migration front and consisted of free
125 125

I ions, which were thereby removed from I-labelled

LfttF. The second peak of radioactivity consisted of damaged
125
-^I-labelled peptide bound to the albumin present in the

diluent. Albumin also binds to bromophenol blue and the

correspondence of this second peak of radioactivity 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 immunologically reactive

1^I-labelled material, presumably this was "^^I-labelled
HP. The increase in maximum binding and avidity of

binding of antiserum to ^^I-labelled IAF (Figure 3.U)

following electrophoresis revealed the benefit of removing
125

free -'I and damaged labelled peptides from the working

label before an assay.
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125
Damage to ^I-labelled LMF did not only occur at

iodination. Immediately after iodination 56% of the radio¬

activity was associated with the immunologically active peak
125

on electrophoresis. Another preparation of I-labelled

LMF, electrophoresed a week after iodination showed 22% of

the radioactivity in this peak and after a further week

only 16%. Thus on storing there was a progressive decrease
125

in the proportion of immunologically active, I-labelled
125

LMF in the preparation. The free •'I and the damaged

labelled peptide peaks both increased over the same period.
125

The electrojhoretic mobility of the peak of I-

labelled IAtF did not correspond to that of unlabelled LMF

stained with amido black. The latter had a mobility of

approximately 0.26 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
125

possibility that the product of iodination was not I-

labelled LMF but labelled peptide with a normally higher

mobility which migrated to its usual position on electro¬

phoresis. If this were the case, when unlabclled LMF was

electrophoresed, the gel sliced and the segment eluates

assayed for inhibition of the binding of anti-LMF 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.H) • .electrophoresis was therefore able
12 R

to separate -^-labelled LMF from any unlabelled peptide
125

as well as from damaged labelled peptide and free I.

The peak of radioactivity which contained immunologically
125

active ""^-labelled Lt-F was low and broad. At first, it

was thought that the width of the peak could be due to

extraneous ions, present during electrophoresis, 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. Possibly the
125

wide peak was another result of the introduction of I

into the LMF molecule.

j-roduction 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)• Ahen 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 LfeF. They are the most widely used species for anti¬

body production and are relatively easy to handle. In a

previous attempt to produce anti-LMF antiserum, Norman &

Turter (1968) raised an antiserum in rabbits, which cross-

reacted with growth hormone instead of LMF. The report of

at least some response to LKF was an encouragement to use

the same species.

Only three rabbits v/ere immunized with each method of

administration, as there was not a plentiful supply of LLP.

A compromise was reached between immunizing a large number

of animals with a small dose of LLP or less rabbits with

more immunogen. In the first attempt to raise anti-Ii,F

antiserum, 230jag of L? F, emulsified in Freund's Complete
Adjuvant, was injected into each rabbit. lOOjug per animal
of immunogen can stimulate the immune response (Hurn &

Landon, 1971) » hut a larger dose of Li»;F than this was

admiinistered in the attempt to produce antiserum specific

for this peptide. The dose of lAF was increased to 330pg

per animal in the subsequent booster injections. Hone of

the rabbits so treated produced serum which bound more than

3/o of ^^I-labelled LfciF. It was concluded that in its native

state IIP could not easily stimulate the procuction in

rabbits of antibodies suitable for immunoassay.

1. ^ Conjugated to Bovine Serum Albumin as an Immunogen

Before a further 3 rabbits were immunized, Lk'F was

conjugated to bovine serum albumin (B3A) by the *carbodii ide'
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method first described by Goodfriend et al. (19&+) and

reviewed by Lekhite & Sehon (1967). A possible reaction

pathway was illustrated in Figure 3.1. In this case, LMF

was the hapten and BSA was the protein. 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 IMF was a problem in using the con¬

jugation reaction. Goodfriend et al. (196I4) 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.. 196h) • As LLP was in short

supply, the successful completion of conjugation was gauged

by the- success of the complex stimulating the production

of anti-LMF antiserum.

Assessment of antiserum

At first the conjugation of LMF to BSA did appear to

increase the immunogenicity of the LMF. 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 1^I-labelled LMF. 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 antiserum titration curves

(Figure 3.8)» which was originally thought to indicate a

high avidity of binding to '^"'i-labelled antigen (Berson &

Yalow,1964)• 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 radioimmunoassay. However, 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.

For the binding of "^^I-labelled LMF to the antiserum

to be inhibited by non-porcine glycoprotein hormones such as

ovine LH, TSH and FSH the antiserum must have had a wide

spectrum of cross-reaction. That porcine p>LPH 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 & Chretien, 1970)• There could be

structural resemblances between LMF andpLPH. However, it
seems likely that thepLPH preparation, which was only 90$
pure (Graf, personal communication) was contaminated with

a peptide resembling LMF. The immunologically active

peptides in both LMF and (*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 fbLPH 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.

Mature of Mon-Speciflc Gross-Reactions

The cross-reaction between the glycoprotein pituitary
125

hormones and I-labelled LMF could be due to contamination

of the LMF preparation, conjugated to albumin, with one or

more of the hormones. Another possibility is that LMF

has a similar antigenic determinant to the glycoprotein

hormones, which have a common cK-subunit (Pierce, 1971;

Maguin-Rogister et aJL., 1976) •
In the first case, contamination of LMF, 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

c<-subu.nit 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 radioimmunoassay for LMF, the peptide
125

preparation used for labelling with I must also have

contained the contaminant. The preparation used as label

in the majority of assays (gmLMF^) appeared to be homo¬
geneous on electrophoresis at pH 8.9 in polyacrylamide gel

(Plate 2»L) . A similar preparation (mLMFd) to the one used

as hapten (mLMF-VIId) showed, on electrophoresis, one main

band of LMF mobility with some contamination (Plates 2.1,



126.

2.5 and 3*1)• On electrophoresis in 8DS 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
125

amount in the ^I-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 antiserum to
125

I-labelled Lh in an LH radioimmunoassay (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 cross-reactivity with anti-

LMF 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 fractions. 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-LMF antiserum to
125

I-labelled LMF by the glycoprotein hormones could be

explained if LMF had a similar structure to their common

subunit. In this case antibodies raised against some of the

antigenic determinants of LMF would also bind to the c<-subunit

of the glycoproteins. This would result in the cross-

reactions seen in Figure 3»10. The cross-reaction of p>LFH,
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which had a higher potency than any of the glycoproteins,

could still he explained by assuming that LMF was the minor

band seen on electrophoresis of p>LPH. This would still have
a stronger cross-reaction with anti-LMF than the glyco¬

proteins, which would only contain similar sections to LMF

and not the whole molecule. However, a much larger in-
12 5

hibition of the binding of anti-LH antiserum to ^I-labelled

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 '1"2^I-labelled LMF. Alter¬

natively little inhibition was seen in the LH radioimmuno¬

assay because the anti-LH antiserum did not bind to the

antigenic determinants which were common to theoc-subunit and

to LMF. The anti-LH antiserum could have been specific

for the (i>-subunit of LH.

A third possible reason for the production of antiserum,

which could bind to LH, by the immunization of rabbits with

LMF-BSA conjugate could be that glycoprotein contaminants of

LMF were preferentially bound to the albumin during

conjugation. Thus the main immune response would produce anti¬

bodies against the glycoprotein contaminants rather than

against LMF. This would be supported by the finding that
125

antiserum from R199 could bind L times as much vI-labelled

LH than 125I-labelled LMF (Table 3.2).

It was apparent that the antiserum raised against

LMF-BSA conjugate was not suitable for a radioimmunoassay of

LMF due to its cross-reaction with other pituitary hormones.

A third method was attempted to stimulate the production of

anti-LMF antiserum.
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LLP In Polyacrylamide Gel as Immunolen

Purification of UP 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 metnod has been successfully used by beintraub &

Raymond (1963) and Green et al. (197U). Unfortunately IMP

in polyacrylamide gel was no more effective in the production

of antibodies than LLP in Freund's Complete Adjuvant.

Further immunization of the rabbits with non-electro-

phoresed LMF in Preund's Complete Adjuvant did produce

antibodies, in one rabbit (R130Q) , that would bind a small
125

amount of I-la belled LMF. This serum al3o cross-reacted

with pLPH, ACTH and the glycoprotein hormones 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

IMF standard curve. The titration curve of ^LPH closely
resembled that of LMF while aCTH gave a parallel curve

displaced from the IMF standard curve. This indicated that

there was a similarity of cross-reaction between LIv.F, pLPH
and ACTH. The glycoproteins were only partially cross-

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 LMF

had proved again to be a 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

discussion (Chapter 5) which includes a section on possible

future work.

3.5 Summary

1) LMF was successfully labelled with on a number of
125

occasions. The ^I-labelled LMF was purified for some

assays by polyacrylamide disc gel electrophoresis, which
125

removed free -/l, damaged labelled peptide and unlabelled
A

peptide from the labelled antigen.

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-Lf. F 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.

k) The immunization of 3 rabbits with LMF in homogenized

polyacrylamide gel after electrophoresis of LMF failed to

produce anti-IMF antiserum. A later injection of LMF 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-reactions.
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CHAPTER h

The effect of Serum on LMF Induced Linolysis

l+.l Introduction

Trygstad & Poss (1967) reported that human serum could

inhibit the adipokinetic activity of human HIP 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 effect.

Later they partially purified the inhibitory factor from

human serum and concluded that it was a proteolytic enzyme

associated with albumin (Trygstad & Poss, 1972) ,
The situation in swine was investigated (Trygstad

et al.. 1972; Standal e_t aJL., 1973) using samples from

pigs which had been bred with growth rate and leanness as

selection criteria. Over ten generations of a breeding

experiment (Vangen, 197ha), 3 lines of Norwegian Landrace

pigs had evolved. The HP-line had pigs with low backfat

and high growth rate. The LP-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 U.l). 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 HP-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 LMF.



Table L.l. 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 selection. A number of reports

have been published describing these animals.

References:

1. Vangen (197La); 2. Vangen (1974L); 3. Vangen (1972);
L. Bakke & standal (1975); 5. Standal ejt al (1973);
6. Bakke (1975); 7. Lund-Larsen & Bakke (1975);
8. K. Standal, personal communication.
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Table 4.1

Dii'ferei.ces between lines of r.-igs bred using criteria
based on growth rate and backfat thickness#

Trait or Biochemical
Parameter Measured

Year
of
pigs
tested

Ref . HP-line
Control
line

LP-line

a. Selected Traits

Rate of Growth

(g/day)
1967 -
1971

1 513 504 urn

Thickness of Backfat
(mm)

1966 -
1971

2 22,5 28.3 37.4

b. Non-selected Traits

Peed conversion ratio
(F.U./kg gain)

1966 -
1971

1 3.07 3.24 3.30

Pre-weaning weight at
21 days (kg)

1966 -
1971

2 5.9 5.6 5.4

Mortality: Number alive
at 6 weeks as percent
of total born

1966 -
1970 3 70.7 - 75.8

Intramuscular fat
content {%) 1971 4 1.21 1.01 1.47

c. Biochemical Parameter

PPA released in vitro
from fat pads by 1 jag
of porcine IMP (pmol/
100 mg/3hrs)

1969 5 1.16 0.83 0.40

Serum FFA in rabbits 90
min. after injection
with O.lmg LMF+3ml pig
serum (meq/l)

1969 5 5.03 3.35 1.29

Pig serum FFA after 25
hr fast (meq/lOOml)

1971 -
1972

6 121.08 47.41 30.96

Pig serum Glucose
after 25hr fast
(mg/lOOml)

1971 -
1972

6 62.36 73.06 80.09

Pig serum Triiodo¬
thyronine (nmol/Litre)

8 1.49 2.30 1.15

Pig serum Growth
Hormone (ng/ml) 1973 7 23 20 14
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Lipolysis was greatest with the fat of the lean HP-line

animals and least from the fat of the LP-line pigs. Pat

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 LMF induced lipolysis would be more

convenient than an assay of induced lipolysis in excised

adipose tissue from individual animals. The serum samples

wouldf 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^a) described above provided suitable
\

material for use in establishing a method to predict the

growth of an animal.

Initially an attempt was made to quantify the reported

proteolytic nature of the serum inhibition of IMF

(Trygstad & Poss, 1972). Incubation of LMF with the

partially purified inhibitory factor for an hour, prior to

electrophoresis, resulted in the stained band of LMF com¬

pletely disappearing. The reduction in precipitation of
12 5

I-labelled LMF by trichloroacetic acid following

incubation with serum was used to measure the degradation

of LMF,

To investigate the effect of serum on the biological

action of LMF, incubation iri vitro was preferred to an .in vivo

method. The latter would have involved a large number of
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rabbits and a large amount of lipolytic peptide to survey a

reasonable number of individual pigs. Rabbit adipose

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. By using an isolated fat cell

suspension based on the rat fat cell suspension of Rodbell

(196i4), 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 BP induced lipolysis.

k»2 Methods

U.2.1 Degradation of 125I-labelled Li.F

A sample of Trygstad's porcine LMF was labelled with

iodine-125 as described in Section 3.2.2.1. Serum, from

each line of pigs in the breeding experiment (standal

et al., 1972; Vangen, 1972+a) was pooled according to line.

1ml of serum from 20 animals in each line was mixed.

0.1ml of LMF working label was incubated, in quad¬

ruplicate, at 37°C with 0.3ml of the pooled serum from each

of the 3 lines of pigs. After a trial experiment, when

incubation time varied from 0 to 2 hours, the serum and

labelled peptide mixtures were incubated for U days. To

duplicate samples, 0.5ml of 15% (W/V) trichloroacetic acid

(TCA) was added prior to the k day incubation as controls.
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b x 0,1ml aliquots of working label were incubated under

identical conditions.

After k days 0,5ml of 15% (V*/V) TGA was added to the

incubation tubes, which were mixed and, together with the

controls, were centrifuged at 2,500g for 10 minutes. The

supernatants were discarded and the precipitates washed twice

with 1.0ml of 7,5^ (Vv/V) TGA. The remaining precipitates

were counted for 50s in a Nuclear Enterprise ^-spectrometer.

The percentage degradation of label over the U days was

calculated from the difference in precipitated ^-radiation

between the incubated samples and the corresponding controls.

h.2.2 In vitro Assay of Lipolytic Activitygggg*--J-_.. r,y,|| m unm i mi ii ■ n ■ mmmn in i >m«i i

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 isolated 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 (1961+) 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 isolation

of rabbit fat cells, but Vezinhet (1973) did use them for

the investigation of growth hormone action. The method

described here is based on Rodbell's original procedure and

on that of Langslow & Hales (1969) who isolated chicken

fat cells.



k,2.2.1 Preparation of buffer

The buffer used throughout the assay was Krebs Ringer

bicarbonate (KRB) buffer pH7.b (Cohen, 196b) , which contained

half the prescribed calcium content (Rodbell, 196b) • Stock

solutions at 5 times the required strength were made up in

distilled water and stored at b°C in a cold room, where they

remained stable for months. These were, as Y./V percentages,

RaCl b.5%, KC1 5.75%, CaCl2 3.05%, MgSO^ .7H20 19.1% and
KHgPO^ 10,55%. At working strength these were all 0.15bM
except CaCl2 which was 0.055M. The concentration of the
latter was tested by titration against 0,1k AgRO^. 5.0ml
of 0.055M CaCl2, with 2 drops of 10% ACrO^ as indicator,
reacted with 5,50ml of AgRO^. 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 b°C, was made with the following proportions of stock

solutions. NaCl: 100, KC1: b, Ca Cl2: 3, MgSO^HgOj
1, KHgPO^: 1. .This was diluted 5 times with distilled water.
A fresh preparation of 1.30% RaHCG^ (0»15bM) was made on the
day of use and gassed for 1 hour with C02« 16.0ml of this

was diluted to 100ml with the stock mixture and gassed for

20 minutes with 95%' 02: 5% 002. Vvhen necessary bovine
serum albumin at 6-.Of (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.
b.2.2.2 Isolation of Rabbit Fat oells

Male or female rabbits of various strains (Rew Zealand

White, Lop etc.) approximately six months old, weighing
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3-k 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. l-2g of the minced fat was

weighed into a 25ml plastic capped vial which contained

3.0ml of a 0.i+-1.5mg/ml solution of collagenase in KRB—

albumin buffer. The vial was shaken vigorously at 37°G for

30-60 minutes on a metabolic shaker, occasionally being

shaken by hand. Undigested fat was removed with forceps and

the fat cell suspension transferred to a plastic centrifuge

tube. Gentrif\igation at 250g for 1 minute caused the

isolated 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 3.0ml of KRB-albumin buffer and finally resus-

pended in the same buffer. The dry weight of fat cells in

1ml of suspension was determined. This was the difference

between the mean dry weight of x 1.0ml aliquots of KRB-

albumin buffer and the mean dry weight of U x 1.0ml aliquots

of the fat cell suspension.

h.2.2.3. Assay Conditions

In all in vitro assays the various treatments whether

standards, samples or blanks were performed in quadruplicate.

Lipolytic agents were dispensed, usually made up in KRB

buffer in 0.1ml aliquots to 25ml plastic capped vials. The

basal rate of lipolysis was found in blank vials which con-
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tained 0.1ml 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 k 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 respectively.

The vials were gassed with 95% 02 : 5% CO^, sealed and
placed in a shaking water bath at 37°C. After a 2 hour

incubation, the individual fat cell suspensions were depro-

teinized by pouring into 1 .Oml of 10% v,/V TCA in 7ml

centriju^e tubes. After centrifugation at 2,i>00g 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 i|°C overnight unless the

samples were assayed for glycerol immediately. Prior to the

glycerol assay TGA 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 i40°C for 1 hour.

k.2.2,k Glycerol Assay

The enzymatic glycerol assay, first reported by Garland

and Randle (1962) was based on the following reactions:
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glycerol + ATP ^ > o< - glycerophosphate + ADP
PK

ADP + phosphoenolpyruvate ^ 1,1 ->■ ATP + pyruvate
LDH

pyruvate + NADH > 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

ahsorbance at 3^-Onm,

300ml of a double strength glycerol assay medium (GAM)
was prepared in distilled water as follows, I8.1fg of

triethanolamine hydrochloride, l,H8g of MgSO^ and
0,lh8g of KC1 were dissolved in distilled water and the pH

adjusted to pH7.6 with 30% (W/V) KOH, IhU.^mg of phos¬

phoenolpyruvate tricyclohexylammonium salt and lOOmg of

KADH were added and the solution made up to 300ml, This was

stored at -16°C in 60ml aliquots, For an assay of L8 ether

extracted samples, 60ml of GAM was thawed, to it were added

223mg of ATP disodium salt, 300pl of l.Omg/ml LDH, 30^1
of 10,0mg/ml PK and distilled water up to 120ml, The final

concentration of the medium was: triethanolamine hydrochloride

0.1M; MgS0^,7H20 3mM; KG1 2mM; phosphoenolpyruvate
tricyclohexylammonium salt 0,5hmM; NADH O.lhmMj ATP 3mM}

LDH 2,3pg/ml and PK 2.3jig/ml, For each assay, 30)il of

l,0mg/ml of glycerol kinase (GK) was diluted to 530jil with
distilled water.

Glycerol was assayed by mixing 0,3ml of sample with

2,3ml of GAM in a 1cm path length cuvette. The absorbance

at 3^0nm was taken and was usually between 0,h 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:

o + ^v, Change in absoroance at 3h0nm xConcentration of
= Reaction volume in Cuvette

glycerol
Molar extinction Coefficient of KADH
at 3hOnm x Sample Volume in Cuvette

£3hO x 3#0
p mol/ml (Molar extinction6.22 x 0.5 ' Coefficient of MDH

at 3h0nm = 6.22 x
10-^ Litre/mol/cm)

Prom this the glycerol production rate or rate of lipolysis

was calculated:

i Glycerol Concentration x Dilution by™
„„tA = TGA X Incubation Volumeproduction rate ■ —

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

_ *>K>x j.o x IlW x 1,1 Eiol/ fat/hour
6.22 x 0.5 x w x 2 r

where = change in absorbance at 3h0nm

w = dry weight of fat cells in 1ml of fat cell suspension

It is assumed that for every mole of glycerol a mole of

liaDH 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 h.2.2.6).

The validity of the glycerol assay was assessed by

estimating the glycerol content of various dilutions of a

glycerol standard solution (1,0ml-.). The whole in vitro assay

was assessed by incubation of ACTH at various concentrations

in the assay and plotting a dose-response relationship.
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4.2.2.5 Optimum Collagenase Concentration

The activity of different batches of collagenase were

found to vary and optimum conditions for each new batch had

to be found (Pain ejt al., 1973) •
1 g of minced rabbit adipose tissue was digested at 37°G

in 5.0ml of KSB-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, kach fat cell

preparation was suspended in 20ml of buffer and undigested

fat removed with forceps. 1 ml aliquots were dispensed into

vials containing 0, l.Opg or lO.Oyig 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

suspensions. 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.

4.2.2.6 Statistical Methods

The following statistical treatments were used in the

analysis of the results of the in vitro assay. Most cal¬

culations were performed on a Sumlock Compucorp 344

Statistician calculating machine.
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Mean (x) = — where x = an observation n = the number of
observations

Standard Deviation (SD) =

- £<*)
n

n - 1

Standard Error of the estimate of J.;ean value (SEf/) =
SD

The results for glycerol production rates are presented as

means ^ SE&.

Student's t lest fur Independent iv eans

x - y

t ind =
(y-1) SD/ + (yllsp/

n„ + n -2 n

1 1
+

nyx y

where

x = observations of treatment x y = observations of treatment y

nx = number of x observations
uD = Standard deviation of x

Jv

x = mean of x

Linear Regression

Coefficient of correlation (r) =

n = number of y observations
U

SD = Standard deviation of y
y

£ = mean of y

Ixy
£xSy
n

y(Zx2, isjii, (x/ . isni)
The slope of thu regression (m) = n

I 2 (I*)
"2

x -
n

The intercept (b) of the regression on the y axis
i.y £x
„-m——n n

Probabilities

The probability (p) of the 2 independent means of the

't' test being significantly different was found using a table
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of the distribution of ' t' from Fisher & Yates (1963). The

degree of freedom was (n + n -2).
ji. «y

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<p,001 by

0.01>P>0.001 by 0.02>P>0.01 by *', 0.03>P>0.02 by • and
P>0.03 by F.S. indicating a non-significant result#

b #2,3 A-p-pli cation of the In Vitro Assay ; Investi^-a tion
of the serum effect on LiF Induced Lipolvsis

The in vitro assay was used initially in the isolation

of IJ/.P 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 serum on the lipolysis induced in rabbit

adipocytes by porcine LMF.

h.2.3.1 A Standard Procedure

At first a staiidard method was devised using pooled

serum, taken at slaughter, from h 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* axid stored at -16°G.
The basic incubation procedure was to dispense 0.2ml

of serum or 0.2ml of KRB-albumin buffer to the 23ml 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 cal¬

culation of glycerol production rate was adjusted to allow

for a total incubate volume of 1.3ml. This procedure was

used for a number of short experiments, the designs of which

are described in conjunction with the results they produced.

The Iif.P used in these and subsequent experiments came from

different extractions, but all the preparations were

equivalent in purity to mlmlPd from extraction XI. They had

only one major band of electrophoretic mobility at pH8.9«

U.2.3.2 Sera from Individual animals

After the establishment of a standard procedure, sera

from individual animals in the three lines of pigs, described

by Vangen (I97^a), were assessed for effect on LMF induced

lipolysis. Sera from 5h 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.

13ml of blood was taken from the anterior vena cava of

60 Norwegian Landrace pigs of either sex. The pigs had

been fasted overnight for 1U-16 hours and were between 100

and 170 days old. The animals were restrained during bleed¬

ing. After centrifugation the sera were aspirated and

stored at -16°G. 20 animals from each line were sampled,

consisting of 3 groups of U 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 pigs. In a part¬

icular assay, no more than one serum sample came from any

one family of pigs. The glycerol production rates when
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0.2ml of these sera was incubated with 1 .Opg of mLMFd and
1.0ml of fat cell suspension were found as previously

described. The basal rate of glycerol production and that

caused by LKF alone were found for each assay.

To adjust the results of the 6 assays to allow for

inter-assay 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

(xA where i = the number of the assay) gave a correction
factor for that assay.

Adjusted rate of lipolysis = experimental rate of

lipolysis + (x - x.^ •

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 k.2.2.6)•

U.2.3.3 Dialysecl g-..rum from Individual animals

The effect of serum after dialysis against KRB buffer

from individual pigs on LMF induced lipolysis was examined.

3 sera samples, from animals with full growth and fatness

data, were selected from each of the lines of pigs. 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 glycerol 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 assayed for effect on IMF induced lipolysis were

examined for correlation with growth rate and backfat thick¬

ness. These correlations were compared to the effect of the

same sera on lipolysis before they had been dialysed.

i+.3 Results

U.3.1 Degradation of 125I-labelled LhlF

126
After a h day incubation with serum, I-labelled Il'P

exhibited less than 10% degradation (table h.2) . Label

with serum from the control line of pigs showed 8.3?S

degradation. With serum from the fat, slow growing LP-line

the degradation was 8*0% while with serum from the lean,

fast growing HP-line 7•!% of the label was degraded. k% (Vv/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 radioactivity was found, either with serum or

with albumin containing buffer,

^•3.2 In V^tro Assay of Lipolytic Activity
h*3«2.1 Validation of Glycerol Assay

A 1.09mM stock solution of glycerol in distilled water

was diluted to give 0,218fflL and O.L36mM solutions, h x 0.5ml

aliquots of both of these were assayed for glycerol content

with the results shown in table h*3* The experimentally

derived glycerol concentrations were 0.205 £ 0.002mM and

0.U32 jt 0.001 mid respectively.



Tablek»2TheProteolyticactionofSerumonI-labelledLLP. Sample

IncubationTime (daysat37C)
Countsper50sec lean(n=h)
%lossof Radioactivity

0.1mloflabel

hdays

32,000+709

0.5mlof0.01M PhosphateBufferedSaline pH7.5+U%Albumin

0 h

25,862j229 20,329^121

21%

0.5mlofpooledserum PromHP-linepigs

0 h

26,918+337 25,018+61

7.1%

0.5mlofpooledserum Promcontrollinepigs
0

27,395^398 25,108^202

8.3%

0.5mlofpooledserum PromLP-linepigs

0

27,363^119 25,178jt2hh

8.0%

DegradationoflabelledLiFbyserumfrom3linesofpigswasestimatedby% lossofradioactivityafterprecipitationofproteinbytrichloroceticacid.
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The glycerol content of standards was assayed before

and after addition of TGA and extraction 3 times with diethyl

ether. The 1,09mV stock glycerol standard was diluted to

0,109ml', 0.218mM and 0,327ml!, To k x 1ml aliquots of each,

1ml of 1C>% (W/V) TGA 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 TGA nor ether extraction. The

calculation of glycerol 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 I4J4) •

The mean increase in concentration was by a factor of l.lU.

U.3.2.2, ACTH Dose-Response Curve

The dose-response curve resulting from the incubation

of ACTH with 1.0ml of the fat cell suspension at 0.03, 0.2,

0.5, 2.0 and 5.0)ig per 1.1ml is shown in figure h.l. Above

0.2pg per 1.1ml, ACTH produced a significant rise in the

rate of glycerol production. With 0.05pg of AGTH, the
glycerol production rate did increase, but not significantly.

Typical isolated rabbit fat cells from a suspension

are shown in plate U.l. (a&b), where the adipocytes are

magnified approximately 500x and stained in methylene blue.

14.3.2.3 Optimum Collagenase Concentration

The most responsive fat cell suspension to both 1 .0 and

1O.Opg of AGTH was prepared with 2.0mg/ml of collagenase
(figure U.2). The lipolytic response of the suspensions

rose with increasing collagenase concentration up to 2.0mg/ml,
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Table 1+.3 Validation of Glycerol Assay Method

Calculated
Glycerol

concentration
(mM)

E3k0
Glycerol

concentration
(mM)

Mean Glycerol
conc. j; SEM

(mM)

0.220 0.212
0.218 0.218 0.206 0.205

0.210 0.203 Jr 0.002
0.211+ 0.206

0.1+36
0.1+1+8
0,1+1+6
0.1+50
0.1+1+6

0.1+32
0.1+30
0.1+3U
0.1+30

0.1+32
j; 0.001

Glycerol diluted from 1 .Q9mM gave the samples assayed#
Reduction in absorbance at 31+Onm was measured after addition
of 0.9pg of glycerokinase to 0.5ml of sample mixed with
2.5ml GAM in a 1cm path length cuvette.

Table 2+.1+ iffact of Extraction on Glycerol Concentration

Glycerol
Concentration

before extraction
(mM)

Glycerol
Concentration

after extraction

(mM)

Correction
factor

Mean
Correction
factor

0.113 ± 0.003 0.1,23 °*°1 1.09

0.210 j, 0.003 0.251+ ± 0.001 1.21 1 .11+

0.315 ± 0.005 0.356 ± 0.001+ 1.13

Identical glycerol standards were assayed (in quad¬
ruplicate) before and after addition of an equal volume of
10% (V./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
solution. The correction factor =

glycerol concentration after extraction
=

glycerol concentration before extraction

The results are presented as mean j; SilM (n»l+).
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Figure k.l Dose-Response Curve of AGTH in Fat Cell Assay

2.0

1 .6 -I

Glycerol
Production
Rate

1 .2
pmol/g
fat/h

0.8

O.k

4ay
y
y

Basal 0.1 1 .0
Dose of AGTH (jag) in 1.1ml of incubate,

1 0.0

Each point represents mean _+ SEM of quadruplicate

samples. Basal lipolysis is included.



Plate U.l

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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Figure U.2 Optimum Collagenase Concentration

11.On

o l!o 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 _+ SSM of quadruplicate samples.
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then fell with a low rate of lipolysls in the suspension

prepared with 3.0mg/ml collagenase. This batch of

collagenase was used at a concentration of 1.3mg/ml for the

subsequent isolation of rabbit adipocytes.

Considerable difference was found between batches of
%

collagenase. 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 h.5, varied

by a factor of 5.

h.3.3 application of the In Vitro nssa.y

h.3.3.1 Investigation of oerum effect on Induced Lipol-vsis

a) uorum effect on various LrP prepare tiuns and on da sal
Lipolysls

The effect of serum on the lipolysis induced by 2.0pg
of fractions from extraction XIII (similar to extraction VIII)

is shown in Table h.6. Inhibition of lipolysis by serum was

found with acidic protein (mLMF-XIII-^) , which was not
absorbed by a CM cellulose column (Section 2.3.2.3). Serum

had a potentiating effect on the remaining IMF fractions

and on the lipolysis induced by both p,LPH and ACTH. Of the
IMF fractions, mLMF-XIII^ was both the most active alone
and when potentiated by serum. This fraction resembled

mLMF^ in containing most LMF, as seen by electrophoresis.
In a subsequent assay, the lipolytic activity of this

peptide was again potentiated by the addition of serum

(Table h.7). This assay also showed that serum did not

affect basal lipolysis, a result confirmed in a further

assay (included in Table h.7).



153.

Table 4.5 Optimum Conditions for Batches of Collagenase

Collagenase Concentration Incubation
Batch No. mg/ml Time (min)

7U3U11/1 Nov 1975 1 .5 50-60
7365412/1 Oct 1976 0.5 40-50
146 5313/1 Nov 1976 0.4 40-50
1515313/1 Jan 1977 0.3 30-40

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 ^iTect ul' jorum on Induced Aipol.v sis

Peptide
nmount

()Jg)
Glycerol Production Rate (pmol/gfat/h)

Serum Absent Serum Present

mLL'.FXIIl-l 0•CM +o.35+0.36 1.38JO.11'
mLf/PXlll-3 O.CM 2.61+0.72 9.40^.82' "
mLMFXI 11—If O.CM 1.98+0.08 6.50jp.60'•'
ACTH 2.0 4.59+1.56 10.16^0.56"'
ph H 2.0 3.83^0.17 10.51.il.121 ''
None - 0.57+0.06 -

0,2ml of normal cerum or 0.2ml of KR3-albumin added to

quadruplicate protein samples (in 0.1ml) incubated for

2 hours with 1ml of rabbit fat cell suspension.

''mean±ShL, n=4 ' * t'-test for significant difference

between incubates with or without serum (*0.05)P?0.02;
'1 '0.01>P>0.001).
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Table 4.7 r;he effect of ...ruin on Basal Lipolysis

Assay
No. Peptide

Amount

()ig)

Glycerol Production
Rate (jimol/gfat/h)

Serum absent Serum Present

50 mLMPXIII-3
None

o•
i

CM +7.80jp.94
1.29^0.17

13.73_i0.28'' * *
l.OOjO.llH.S.

51 None - 3.07jp.38 2.97jfc0.19h.S.

0.2ml of normal serum or 0.2ml of KRB-albumin was added

to quadruplicate protein samples (in 0.1ml) incubated for

2 hours with 1 ml of rabbit fat cell suspension.

+
meanjr&e>L, n=J+ ' 't'-test for Significant difference between

incubates with or without serum J'<0.001; i,.S. P>0.05).

Table 4.8 The effect of blalysed .. --rui.. un L, Inauced .uinolysis

Added to
Incubates

Glycerol Production
Rate (pmol/gfat/h)

KRB albumin
normal serum

dialyeed serum

+1.57jO.02
2.54+0.52
2.h0jp.l3N.S.

Quadruplicate 0.2ml aliquots of serum or buffer y/ere

added to 1ml of rabbit fat cell suspension plus 0.5pg of

LI'F(mLKPd) in 0.1ml of KRB buffer and incubated for 2 hours.

+meanj;3EM, n=4 N.S. *tf test for significant difference

between addition of normal or aialysed serum.

(N.S. P>0.05)
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b) Dialysed serum and --xcsss Albumin

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 'normal1 serum was dialysed against 1000ml of KRB buffer

at h°C overnight and the effect of 0.2ml of this on LMF

induced lipolysis was compared to the effects of the sane volume

of both 'normal' serum and KRB-albumin buffer (Table h.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 lipolysis. This assay also examined

the possibility that lipoid sis was limited ty the fatty acid-

free albumin concentration. Addition of serum with extra

albumin and more vacant fatty acid binding sites might be

potentiating lipolysis by removing free fatty acids from the

medium, thereby allowing more to be released.

Thi3 was investigated by the addition of KRB buffer

containing 8% (w/V) albumin to the incubates, instead of

either serum or normal buffer.

1 0ml of serum and 1 0ml of KRB buffer plus 8% (W/V)

albumin were dialysed overnight at h°G against 800ml of

KRB buffer. 110ml of KRB-albumin buffer was dialysed

against 1000ml of the same buffer. The effects of 0.2ml

aliquots of the dialysed serum and KRB buffer plus 8% (W/V)
albumin on the lipolysis induced by 1 .Opg of LMF and l.Opg
of ACTH, were compared to the lipolysis in the presence of

0.2ml aliquots 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 LVF induced

lipolysis (Table 4.9). A similar situation occurred with

-riCTH induced lipolysis. excess albumin in an assay incubate

did not significantly increase the lipolysis stimulated by

either LMF or AGTH. In this experiment ACTH induced more

lipolysis under all conditions than did a similar amount of

L£aF .

4.3.3.2 affect of nlhA on LA.-/ inauced Lino lysis

In two assays, fat cell suspensions were incubated with

LMF, (J>LFK and ACTH in the presence of JLETa (ethylenediamine
tetra-acetic acid), which chelates both Ga*l"f and Mg4 ' ions.
Ca44 ions were necessary for the lipolytic activity of both

ACTh and (3LPH (Lis £t ajL., 1972; Lopez et al., 1959)*
In (a), 0.2ml of 0.1M LDTA, added in the place of

serum reduced the lipolysis caused by l.Opg of both LMF and

f>L!H to the basal rate (Table 4.10). The concentration of
mlffA in the incubation medium was 15mM• In (b), LDTA at a

final concentration of 0.75raM (0.2ml of 0.0051: nDTA) ,
inhibited the lipolysis induced by l.Opg of LMF and ACTh.

Apparently Ca4 + , or possibly Mg"r+, ions were necessary for

the stimulation of lipolysis by LMF as well as for

stimulation by ACTH and (VLTH.
4.3.3.3 Sera From Individual animals

a) animal Data Of the 60 pigs bled, complete data for

growth rate and backfat thickness was available for 4b

(Table 4.11). Some animals were retained as breeding stock

and carcass information, including backfat thickness was not
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Table 4.9 The ^fleets ui' ...xcess albumin ax,d Dial.ysed
Serum on Induced Llnolysis

Added to Incubates (0.2ml)

Peptide KRB+
k% albumin

K.RB +
Sy' albumin

normal
serum

dialysed
serum

mLIuFd
(l.Opg)
ACTH

(l.Opg)

+1.76^0.08

3.76.^0.35

1.92jh0.l6
M.S.

3.50^0.57
M.S.

5.06jp.30

7.69jp.l8

4.21*0.76
M.S.

7.12^0.20
M.S.

Quadruplicate 0.2ml aliquots of buffer plus albumin

or serum added to 1ml of rabbit fat cell suspension plus

1 pg of lipolytic peptide and incubated for 2 hours. Basal
lipolysis rate was 0.8i|jk0.12pmol/gfat/h.
(+ glycerol production rate (pmol/gfat/h) ; meanj^SBM, n=h)
N.S. *t' test for significant difference between

KRB4hf(W/V) albumin and KRB+8f(VV/V) albumin or between

'normal' and dialysed serum (M.S. P>0.05)•
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Table 1+.10 effect of —,T-* on Induced Li:..ol.ysis

hxpt. Treatment No Addition 15mMEET,A

a Ba sal

l.Qpg mLI-.Fd
l.Opg pLPH

+0 .^6 40.03
6.07^0.33
3«65J0.36

0.51±0.03
0.1+9^0.03

b Treatment No Addition 0.75mM£NTA

Ba sal

l.Ojjg mlAiFd
l.Opg AGTH

0.81+^0.12
1.76±0.08
3.7650.33

mm

0.70j.0.11
i.oojo.13

mLMFd, (bLPH or ACTH in 0.1ml of KBB buffer were

incubated in quadruplicate with 1ml of rabbit fat cell

suspension and 0.2ml of mDTA which gave a final con¬

centration of 13mM or 0.73mM.

"•"glycerol production rate (pmoil/gffe't/h) i meanjO^L, n=l+



Tableh.ll Serumfrom3bpigswasassayedforeffectonLMFinducedlipolysis.6assayswhich
eachhad3serumsamplesfromthe3linesofpigswerecarriedout.0.2mlofeachserum sample,inquadruplicate,wasincubatedfor2hourswith1mlofrabbitfatcellsuspension plus1.OpgofmLkFdin0.1mlofbuffer.Theobservedglycerolproductionratewasadjusted toallowforinter-assayvariation. AdjustedLipolysis(glycerolproductionrate)=ObservedLipolysis+(OverallIvlean-AssayMean) Theoverallmeanofthe3bincubateswas5.7bjp.30pmol/gfat/h(meanjhSEM). ThegrowthrateandbackfatthicknesswereprovidedbyDrN.3tandaloftheInstitute

ofAnimalGeneticsandBreeding,AgriculturalUniversityofNorway,Aas-NLH,Norway.



Animal Number

Growth

Backfat

Observed

Adjusted

AssayNean
Correction Factor

Line

Rate

Thickness

Lipolysis

Lipolysis

jhSLI.

(g/day)

(mm)

(ymol/gfat/h)
(praol/gfat/h)
(yanol/gi'at/h)

0702

HP

536

18.7

6.38

6.57

1508

C

588

26.3

6.16

3.93

0207

LP

532

37.b

6.53

6.32

9302

G

565

25.0

6.08

5.87

3.95jP*36

-0.21

0303

LP

523

62.6

6.11

5.90.

1206

HP

676

26.0

6.37

6.16

0803

LP

558

66.3

6.69

6.28

1706

HP

590

-

7.50

7.29

li|03

G

688

28.6

5.93

5.72

9602

G

512

26.0

5.37

6.19

0707

HP

653

27.3

6.86

7.69

0906

LP

572

62.6

5.66

6.28

1703

HP

586

17.0

1.35

2.17

6.92JP.51

+0.82

2305

LP

686

36.0

6.55

5.37

1601

G

632

27.0

5.85

6.67

0208

LP

526

63.0

6.36

5.16

0605

G

660

—

6.87

5.69

2709

HP

582

22.3

5.63

6.65

2306

LP

598

37.0

10.06

8.61

1611

G

631

—

7.10

5.67

2708

HP

596

19.0

5.23

3.60

0602

G

552

28.3

6.23

6.60

7.37_±0.57

-1.63

0106

HP

630

25.0

7.85

6.22

0202

LP

526

-

7.70

6.07

0711

HP

586

-

8.88

7.25

0309

LP

567

66.0

8.56

6.91

960b

C

596

36.0

6.78

3.15



Animal Number

Line

Growth Rate

Backfat Thickness

Observed Lipolysis

adjusted Lipolysis

Assayean
Correction Factor

(g/day)

(mm)

(nol/gfat/h)
(piol/gfat/h)
()mpol/gfa't/h)

1701

HP

630

26,0

8.50

7.88

0901

LP

326

66.6

8.61

7.99

9316

C

528

25.6

3.56

2.96

0313

LP

578

63.0

5.67

5.25

190k

G

580

26*6

3.06

2.62

6.36^0.67

-0.62

0103

HP

666

20.3

7.30

6.68

IkOk

C

700

31.0

8.16

7.56

1210

HP

653

21.3

6.66

5.82

2310

LP

353

-

5.72

5.10

0610

G

585

6.08

6.16

0206

LP

526

-

8.06-

6.1k

1206

HP'

600

26.3

7.73

5.81

0802

LP

689

-

7.81

5.89

7.6b+0.26

-1.92

9k08

G

569

27.3

6.60

6.68

0708

HP

630

23.0

7.09

5.17

0902

LP

578

69.0

8.60

6.68

1302

G

632

23.3

7.21

5.29

2707

HP

625

11.3

7.86

5.92

0903

LP

2.81

6.36

0609

C

618

30.6

1.56

5.07

0108

HP

657

-

2.38

5.91

9610

G

578

32 .6

1.55

5.08

2.21*0.16

+3.53

2701

HP

600

2.23

5.76

0806

LP

517

39.0

1.79

5.32

1207

HP

561

17.6

2.63

6.16

230k

LP

606

32.3

2.66

6.39

9312

C

565

27.6

2.15

5.68

Table6.11DatafromIndividualPigsandtheInfectol'their3eruinonLLP InducedLi-polysis
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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

examination of the data (Figure b .3) • Growth rate (Y)
correlated to be backfat thickness (X) with a coefficient

of correlation (r) of -0.38 which, for n=b3, gave

0.01^F>0.001. There was a significant correlation between

growth rate and backfat thickness in these pigs. The mean

(+S1M) growth rates were 5b3+35> 579j,62 and 6lbji+0 g/day for
the LP-line, control line and HP-lines respectively. The

HP and LP lines differed significantly from the control

line (0.03>p>0.02). leans (a£&KM) of the backfat thickness
for the three lines of pigs were bl.3jb«3» 27»8j2,8 and

20.6jb*8mm in the same order. The two selected lines were

significantly different (p>0.001) from the control line in

backfat thickness.

b) nffect of Gsra on LI.F induced Lino lysis. A wide range

of glycerol production rates was founa when the sera were

incubated in vitro with LI,IF and fat cell suspension

(Table b.ll Figures b.b & b.3)» The overall mean glycerol

production rate was 5.7b}imol/gfat/h with the means of the
6 assays varying from 2.21 to 7»66piol/gfat/h.

The coefficient of correlation (r) for lipolysis (X)

against growth rate (Y) was 0.18. For n=33» 1^0.1

indicating that there was no significant correlation between

these parameters. Similarly lipolysis (X) was not signifi¬

cantly correlated to backfat thickness (r=0.l6, n=i+2,

P>0.1) .



Figure h»3

161»

Correlation of Growth Rate To Backfat
Thickness of Pigs
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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 h8 animals.
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Figure 4.4 Relation of Growth rate to Lipolysis
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Adjusted lipolysis was found after incubation of 0.2ml

of pig's serum with l.Opg of LMF (in 0,1ml) plus 1 ml of fat

cell suspension (in quadruplicate). Plotted against growth

rate of the individual pigs, no significant correlation was

found.
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Figure h.5 Relation of Backfat Thickness to Linolysis

•f LP Line
x HP Line

o Control Line

The adjusted lipolysis was found after incubation of

0.2ml of pigs serum with l.Opg of LMF (in 0.1ml) plus 1 ml

of fat cell suspension (in quadruplicate) plotted against

backfat thickness of the individual pigs. No significant

correlation was found.
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The means (^3LM) of the lipolysis in the presence of
serum from the 3 lines, after adjustment for inter-assay

variation, were 6,12^.24, 5*14.±0,32 and 6.02^0.32pmol/gfat/hour
for the LP-line, control line and HP-line respectively.

These were not significantly different,

4,3*3«4 Dial.vsed Sera from Individual Animals

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

0,36 for dialysed sera, compared to -0,18 when the data was

taken for the results of same sera incubated before dialysis.

However there was still not a significant correlation,

although for the former 0,1) P>0,05 while for the latter Pj>0,l,
For backfat thickness (Y) against lipolysis (X) in the

presence of the dialysed sera r=-0,41 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,

4,4 Discussion

Degradation of 12^I-Labelled LMF

The postulation by Trygstad A Foss (1972) that serum

inhibits the lipolytic action of LMF by hydrolysis of the
125

peptide was not confirmed by incubation of ^I-labelled LMF

with serum for up to 4 days. A reduction in TCA precipitable

radioactivity of less than 10% was found with serum from

all three lines of pigs, whereas the radioactivity pre¬

cipitated by TGA, when 4% (W/V) albumin was the only protein
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Figure U«6a: The relation of 9 pigs' growth rates to the

lipolysis produced when 0.2ml of their serum, either

dialysed or non-dialysed, was incubated with 1.Opg of LMF

+ 1ml of fat cell suspension, Each point is mean of four

samples. The linear regression with both types of serum

is shown.

Figure l+.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 .Ojug of LMF +

1.0ml of fat cell suspension. Each point is the mean of

four samples. The linear regression with both types of

serum is shown.
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;igure I4.6 Dialysis of serum and. Effect on relation of
Linolysis to Animal Data
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present, was reduced by 21^. Possibly the products of

hydrolysis of "^'"^l--labelled LfctP bind non-spec if ically to

other proteins. This occurs with damaged labelled hormones

(Landon, 1966). Liv P 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. v»ith only U/- (V./Y) of protein in the control

(phosphate buffered saline + albumin) , less radioactivity

would be precipitated than when serum, with approximately

7'% (W/V) protein, was present. This method would be

impractical for a quantitative assessment of the proteolysis

of LMF 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 LLP, as

predicted by Trygstad & Poss (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 LkF was required.

In Vitro Assay of Lipolytic Activity

The ijQ vitro assay for lipolysis adapted by the

inclusion of serum, provided a method to measure the effect

of serum on the biological activity of LLP. The assay was

shown to be responsive to increasing doses of ACTH

(figure h.l) although the minimum effective dose at 0.2pg
was slightly higher than that reported by Rudman (1963) of

O.lpg for the ACTH in rabbit adipose tissue. The validity
of the glycerol assay was confirmed by the accuracy in

measurement of standard glycerol (Table h.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 TGA treatment and ether extraction is due to

removal of a small amount of water in the ether phase

(Garland & Handle, 1962). The concentration factor of

l.lh (Table h.h) agrees well with their figure of 1.15.

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 quantity of fat ceils in a suspension was measured

by dry weight, the simplest of the available methods, as this

was adequate for intra-assay comparisons. The assays for

effect of individual sera on IA'F 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 ei; al. 1973) • Highly purified

collagenase is riot active, it seems that activity depends on the

presence of proteolytic enzyme contaminants (Kono, 1969). The

collagenase assessed in Figure h.2, was used at a concentration

of 1.5mg/ml not 2.0mg/ml which produced the ost responsive
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1'at cell suspension. This was in case fat from other rabbits

was more easily disrupted by the higher eollagenase

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 increases could be measured.

mven 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 Ii.F

llpolysis Table h.ll. Here the mean glycerol production

rates varied from 2.21 to 7«66prcol/gfat/h. Another example

of the variation is the 2 assays of the lipolytic activity

of gmUviBj, (Figure 2.9 a & b) described in Chapter 2. Here

the maximum rates of glycerol release were 3*29 and 13.28

pmoi/fc>faVfr* 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 h.2.3«2. Schleyer

et al. (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 jln vitro. rather than

sliced fat pads, because the accuracy of the latter was found

to be much less. The standard errors of the estimated means

(BBK) were usually > 10,o of the mean value when sliced fat

pads were used.
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Investigation of ..erum mffect on Li'/P Induced Lipolysis

The inclusion of 0.2ml of serum in an in vitro assay

with LI,IP fractions, p>LPH and ACTH consistently potentiated
the activity of the lipolytic agent (Tables 4.6, 4.7, 4.9).
Induced lipolysis was only inhibited in one case, with the

acidic protein which eluted from a CM cellulose column while

LMF was absorbed (Section 2,3.2.3). Serum had no effect on

basal lipolysis (Table 4.7), indicating that any endogenous

lipolytic agents, such as catechols lines, 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

propranolol a p>-adrenergic blocking drug, inhibited tnis

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 thyroid

hormones), which usually act synergically with stimulators

of adenyl cyclase, were unlikely to be potentiating lipolysis

here, as they require a lag period of over 2 hours (Pain, 1973).

The potentiation of the lipolytic.action of LMF and

other peptides by porcine serum did not agree with the

findings of Trygstad & Pos3 (1972) or standal jet al, (1973).
In vivo in rabbits, both human and porcine LMF had been

inhibited by serum and In vitro. human serum had inhibited

human LMF induced lipolysis from human adipose tissue pieces.
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Possibly 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. The inhibitory action of serum

on lipolysis found by Trygstad & Poss (1972) could be related

to the other antagonists of lipolysis stimulators mentioned

in the introduction (Section 1,3,3.3), The lipolytic

peptide inactivating system of Rudman et al. (19bha,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 IAIP in vivo in rabbits, but not in vitro in rabbit fat

ceils, could be explained. In 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 serum has been reported

(Benuzzi-Badoni e_t _al„ 1968) • Rat and guinea pig serum

were found to potentiate ACTB 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 results in one species

can not be applied to another species (Rudman,1963)•
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The possibility that serum potentiation was caused

indirectly was investigated. The potentiation was not

caused by more efficient buffering in the presence of serum.

The dialysis of serum against Kfi£ buffer should have brought

the ionic composition of serum to resemble the KRB buffer.

As this dialysea serum still enhanced lipolysis (Table U»8)

stimulated by LMF it was unlikely that the potentiation was

a result of better buffering. On the other hand, as the

inclusion in the in vitro assay of KRB+ 8; (V./V) albumin

with LMP and ACTH did not potentiate lipolysis (Table h.9)»
it can be concluded that the k% (V»/V) albumin in other

incubations was not at a limiting concentration. The

potentiating effect of serum on L1F induced lipolysis

would appear to be an inherent characteristic axid not an

artefact of the assay conditions.

Correlation of the potentiation of LIvF induced lipolysis

by individual serum, to traits of the animals might have

indicated a physiological role for such potentiation in the

regulation of lipid metabolism. A similar method might have

been used for selection of such traits. However when bU

individual sera were examined neither growth rate nor back-

fat thickness correlated to potentiated lipolysis (Figures

h»k, h.b) • The animals, which were bled, showed significant

differences between the three lines in both growth rate and
*

backfat thickness, which correlated to one another (Figure

h.3)• The breeding experiment provided a suitable model for

the examination of factors involved in genetic differences

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 the

samples per assay to reduce inter-assay variation, might all

help in producing a significant result. The stress endured

by the animals during bleeding might have influenced the

final results and a less stressful 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. Y*h®n the dialysed serum was

assayed the regression became positive, steeper and was

nearer significance (Figure U.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 n^n-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, uven though

the linear regressions were affected by dialysis, none of

the results proved to be significant. Possibly 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 leanness and growth rate will.be dealt with in the

following general discussion.

4.3 summary

125
1) The degradation of I-labelled LMF on incuoation

with serum could not be quantified and was tnerefore not

suitable for the estimation of the serum inhibition of the

lipolytic activity of LMF.

2) An assay for lipolytic activity in vitro was developed

and used to investigate the effect of serum on Lfc.F induced

lipolysis.

3) Serum was found to potentiate the lipolysis stimulated

in vitro by LfcF. This effect was not due to different ionic

composition of serum or to serum containing extra albumin

for the binding of released free fatty acids.

4) The,potentiation of L&F induced lipolysis caused by

the sera from individual pigs w£b not significantly correlated

to either the pigs' growth rate or backfat thickness.

3) 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

Discussion

Conclusions Prom Experimental Charters

The lipid mobilizing factor, isolated from deep frozen

porcine pituitaries, stimulated the release of glycerol from

rabbit adipocytes in vitro. On polyacrylamide disc gel

electrophoresis at pH 8.9 the LMF preparation had an

identical mobility to that of Trygstad's porcine LMF. 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-specific

antiserum, which cross-reacted with other pituitary hormone,

was raised in one rabbit against an IAfF-BSA conjugate.

Immunization of rabbits with LMF after electro-horesis on

polyacrylamide gels did not stimulate the immune response.

The lipolytic action of LMF, in vitro, was potentiated by

replacement of 15$ of the incubation medium by porcine serum.

Kon-dial,ysible material in the|serum, but not albumin, was

responsible for the potentiation of LKF 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 selection of lean, fast growing

animals.

Mature of LMF

Indications to the nature of the LMF 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) wsm involved. The mechanism

could be similar to that of pLFH and ACTH, both of which
required Ca++ ions in the medium for their lipolytic action

to be seen (Lopez et al.. 1959; Lis ejb al., 1972). -DTA

(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 chromatographic isolation procedures

and electrophoresis gels of LMF with jfLPH and pLPH indicated

that LMF was more basic than these lipotropins. All three porcine

peptides were absorbed on to a column of CM cellulose

equilibrated with 0.01M ammonium acetate, although the buffer

was at pH h.6 for the lipotropins (Chretien,1973)» and

pH 5.5 for LMF. Judging from the elution diagram (Graf

et al..1969).J LPH was desorbed before the buffer gradient

reached either pH 5.5 or 0.05M, conditions under which LMF

is still absorbed by the cellulose (Figures 2.8, 2.10). The

interpretation of the elution c^f p>LPH (Gilardeau & Chretien,
1970) with respect to LMF 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 0.1M,

conditions which would also desorb UtfF (Figures 2.8, 2.10).

Thus there is some similarity in the ionic nature of pLPH
and LMF. On electrophoresis at pH 8.9 (Plate 3.1) , LMF was
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less mobile and therefore more basic than the main peptide

band of pLPH but had the same mobility as the minor band.

Presumably the main peptide band was (iLPH, so LMF 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, (VjfSH, was desorbed from
a Ck cellulose column under similar condition to LEF.

Lande et al, (1965) in their investigation of various peptides

from porcine pituitaries, found that a fraction (fraction D)
which resembled p>hSH, eluted from a CM cellulose column when
the buffer concentration rose from 0.027k to 0.068L5.

Although they used a succinate-acetic acid buffer and not

ammonium acetate, a similar rise in buffer concentration

would desorb LMF from CM cellulose. It is possible that the

isolated LI*.F and the minor band of peptide seen on electro¬

phoresis of p>LFH are both pM3H. The high mobility of LMF
on SDb polyacrylamide electrophoresis (Plate 2.2), which

indicates a low molecular weight, supports this theory, as

fvXfiil is also a small molecule. That LMF and the peptide
present in the minor stained band of LPK on electrophoresis

are similar was confirmed by the finding that this band was

12 R
the one which inhibited the binding of I-labelled LMF to

anti-LMF 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 tofU.SH.

The Relation of the Purification of LAP to the Production of
Antiserum

One possible reason, discussed in Chapter 3» for the

production of non-specific antiserum to LMF, was that the
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preparation of LMF (mLEF-VIId) conjugated to bovine serum

albumin was contaminated with a glycoprotein hormone.

Electrophoresis on SDS polyacrylamide showed that a similar

LMF preparation (mLMFd) contained a high molecular weight

contamination which could have been a glycoprotein. The main

difference in purification of these two LMF preparations was

that mLKF-VIId had been rechoromatographed on a CM32 cellulose

column. The procedure from residue k being G-15 >

DE32 *■ CM32 > CM32. Possibly, gel filtration could

have removed contamination of LMF with a larger molecule.

However mlHSFd, eluted from a G-50 sephadex column with an

apparent molecular weight of between lh,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 mLMFd from

the contaminant might not work.

Possibly all the binding of 125I-labelled LMF to the

antiserum from rabbit R199 was a result of the binding of
125

I-labelled contamination of LMF to antibodies specific for

the contaminant. This would not explain why the most potent

inhibition of the binding was found to be byp>LPH. Unless
it was similarly contaminated with glycoproteins,p»LPH would

125
only inhibit a real interaction between ^I-labelled LMF

and the antiserum. The f t that it was^LPH which was the
most potent inhibitor of is antibody antigen reaction

would indicate that LMF more closely resembled a peptide

present in the pLPH preparation than the glycoproteins.
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Although it was unlikely that all the precipitated
125

^-radiation was due to ^I-labelled contaminant binding to

specific antibodies, a proportion might have been precipitated

in this way.

The results here suggested that Lf.F was not immunogenic

in rabbits. This confirmed Korman and Turter's (1968) finding

that immunization of rabbits with human LMF did not produce

anti-LMF antiserum. Possibly the rabbit has a lipid

mobilizing factor, similar in structure to both the porcine

and human peptides, so that the rabbit's immune system could

not distinguish injected LMF from the native peptide. The

high lipolytic activity of Li/IF in rabbit tissue would support

this theory. The same does i.ot apply to ACTH or tbLPH as

these are both able to stimulate the production of anti¬

bodies in rabbits. The small size of L?,'F seen by electro¬

phoresis on 3D3 polyacrylamide gels, and the relatively low

doses available for injection probably contributed to the

lack of response.

Some antibodies were produced against LJ. F when it was

conjugated to BSA but a greater response was found in the

production of anti-glycoprotein antibodies. The 70^ binding
12 5

of I-labelled LH to the supposedly anti-LIF antiserum

(Table 3.2) showed that more antibodies had been produced that

would react with LH than would react with LhF. Such an anti¬

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

Is There a Physiological Role for U " and its Iotentiation
by Serum? " — ■ — "

The question as to whether IMF has a definite role to

play in the lipid metabolism of the body remains unanswered.
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Both the attempts to develop a radioimmunoassay for measure¬

ment of the peptide in serum and to develop a method capable

of giving an indication of an animals potential growth were

unsuccessful. However, the ability of porcine serum to

potentiate LMF induced lipolysis may reflect the presence of

an LMF regulating system in serum. If such a system exists

and is shown to be specific for LKF then a major 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 not been fully

investigated but it is non-dialysible. Small molecules

including the catecholamines, and ions are therefore not the

cause of the potentiation. The hormones, which are known

to potentiate adrenaline stimulated 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

was incubated with the fat cell suspension in the absence of

LMF.

Future Areas for Investigation

A physiologically significant role for LMF may still

be confirmed by radioimmunoassay 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 (BBltt and Landon,

1971)• Perhaps the situation is similar with LLP and

changing the species immunized might help the production of

antiserum specific for LLF.

To ensure the specificity of any antiserum raised

against LLP, the large molecular weight contaminant should

be removed prior to immunization. Gel filtration under

different conditions to minimise the aggregation of LLF to

itself or contaminants might be useful (Chapter 2) . If this

still failed to purify the peptide a different procedure such

as preparative electrophoresis on CDS polyacrylamide gels

could be attempted.

Pull characterization of LLP must await the preparation

of a homogeneous sample of sufficient quantity. An K-

terminus analysis has been carried out on mLLFd, the pre¬

paration which had a high molecular weight contamination.

Glutamic acid appeared to be the major K-terminal amino acid

(Dunn LJ, personal communication) • tfUPU and fiLPH have

glutamate as their h-terminal residue, emphasising the

similarity between LLP 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

LLF and determination of its sequence would help establish

the relation of LMF to the lipolytic peptides and other

hormones. Up to lOmg of homogeneous material would be

required for amino acid sequence analysis and this amount of

purified peptide has not been available.



181.

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
125

been made that bind I-labelied hormones, such as glucagon

(Desbuquois & Laudat, 197h) 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
125

membrane preparation was made, capable of binding I-

labelled LLP then the specificity of the membrane receptors

could be examined. The effect of serum on the binding could

also be investigated. If LMF was bound specifically by the

membrane preparation, the latter could replace antiserum in

a saturation analysis (Skins, 1970) • LMF would then be

measured by a radioreceptor assay in the same way as

Lefkowitz et_ a_l. (1970) estimated AGTH, 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 iS vitro. Perhaps only the lipotropins, ACTH and LKP 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 pigs. Thus the inclusion of a greater

volume of serum, a change in the dose of LLP 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 finding.

Measurement of alternative biochemical parameters, as

selection markers for potential growth in pigs or otner

animals, is worthy of investigation. In the pigs described

by Vangen (197ha), 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. Serum 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, 1978)• They found that high fat pigs

had a lower serum content of growth hormone than controls

at both weaning and slaughter but that low fat pigs could not

be distinguished from the controls. Serum 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 also been

examined in the three lines of pigs described by Vangen (197Ua).

Bakke (1975) found that after a 25 hour fast, the FFA

concentration varied between the lines in serum from lhO-160

day old pigs. Younger animals 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 FPA 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 D/F could take. Some of these depend

on the isolation of a homogeneous preparation. With such a

preparation, the relation of LMF to other peptides could be

established. A specific antiserum for a radioimmunoassay

might be produced but probably in a different species to the

rabbit. The potentiation of Ll<F induced lipolysis could be

investigated for its mechanism and relevance to growing

animals. Biochemical parameters unconnected with IMF 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 LMF preparations,

crude LMF: salt free fractions following gel filtration

on Sephadex Q-15 of residue i+.

dLMF,
ojt 2' fractions from DEAE cellulose ion-exchange

chromatography of crude LMF#

mlivIP, 0 , : fractions of extraction VIII from CM cellulose*^9 pduC*

ion-exchange chromatography of crude LMF#

gmLMF-^ or 2' fractions from gel filtration following CM

cellulose ion-exchange chromatography#

«LMFa,b,etc#: fractions of extraction XI from CL cellulose

ion-exchange following DEAX ion-exchange

chromatography#

mLMF-VIId fractions from none of the extractions
(and similar):

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 mLi Pd#
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APPiii.NL) IX 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 Co. Ltd., Kingston-upon-

Thames, Surrey, supplied bovine serum albumin, mCDI, porcine

ACTH (1001.Li./mg) , TRIZMA BASE, glucagon, bovine insulin

(2i+I.U./mg), lysozyme (25,000u/mg) » chymotrypsinogen

(30u/mg) , carbonic anhydrase (2,300u/mg) , dithioerythritol,

and triethanolamine hydrochloride.

The Boehringer Corporation (London) Ltd., Bilton House,

mating, London, supplied phosphoenolpyruvate hydrochloride,

LADH, ATP disodium salt, collagenase (O.lbVmg), lactate

dehydrogenase (550\i/mg) , pyruvate kinase (BOOo/mg) ana

glycerol kinase (85^/mg).

The ovine hormones PRL, LH, FSH and TSH and porcine GH

were supplied by the Lational 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

(G.B.) Ltd., 75 Uxbridge Rd., London. Ion-exchange

celluloses were supplied by Vvhatman Biochemicals Ltd.,

Maidstone, Kent.

Oxygen, nitrogen and 95/c 02:5% C02 were supplied by
BOC Ltd., Seafield Road, Edinburgh.
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Tween 80 was supplied by Koch-Light Ltd., Colribrook,

Buckinghamshire.

Iodide-125 was supplied by the Radiochemical Centre,

Amersham, Buckinghamshire,

Goat anti-rabbit immunoglobulin antiserum was provided

by Mr. W.R. Carr, of the Department of Physiological Genetics,

ABRO. formal rabbit serum was supplied by Mr. D. McVitie

of the Moredun Institute, Edinburgh 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, Korway.

Porcine pituitaries were supplied by Lawson of Dyce,

Dyce, Aberdeenshire.
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Appendix ? Lgujpmeflt

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, Lssex 'Analmatic*

preparation unit and centrifuge (CRU-3000) were used.

Both a PYii Scientific Instruments Ltd., Cambridge

(Unicam SP800A) and a Cecil Instruments Ltd., Cambridge

(CS272) spectrophotometer were used.

Both a Wallac DLCLM-GTL (LKB Instruments Ltd.) and a

Mini-Assay (Mini Instruments Ltd., Burnham-on-Croueh, Lssex)

spectrometer were used.

Jilectrophoresis was carried out in a Shandon kit

(Shandon Southern Instruments Ltd., Camberley, Surrey) using

a Shandon Vokam SAn276l power pack.

LSB High Speed 18 and desk-top centrifuges were both

employed (V:SB Ltd., Crawley, Sussex). The freeze-drier was

supplied by ndwards High Vacuum Ltd., Crawley, Sussex,

(Model 30.P 2/797).

Polystyrene LPh tubes were supplied by Luckham Ltd.,

Burgess Hill, Sussex.
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