
        

University of Bath

PHD

The identification and estimation of apolipoproteins C in human plasma.

Al-Ibrahim, Batool Hussain

Award date:
1985

Awarding institution:
University of Bath

Link to publication

Alternative formats
If you require this document in an alternative format, please contact:
openaccess@bath.ac.uk

Copyright of this thesis rests with the author. Access is subject to the above licence, if given. If no licence is specified above,
original content in this thesis is licensed under the terms of the Creative Commons Attribution-NonCommercial 4.0
International (CC BY-NC-ND 4.0) Licence (https://creativecommons.org/licenses/by-nc-nd/4.0/). Any third-party copyright
material present remains the property of its respective owner(s) and is licensed under its existing terms.

Take down policy
If you consider content within Bath's Research Portal to be in breach of UK law, please contact: openaccess@bath.ac.uk with the details.
Your claim will be investigated and, where appropriate, the item will be removed from public view as soon as possible.

Download date: 24. May. 2023

https://researchportal.bath.ac.uk/en/studentTheses/da09bbb5-e35c-469b-b03b-6346e7256f49


The Identification and Estimation 
of Apolipoproteins C in Human 

Plasma

Submitted by 
Batool Hussain AL-Ibrahim 
for the degree of Ph.D. 

of the University of Bath 
1985

Attention is drawn to the fact that copyright of 
this thesis rests with its author. This copy of the 
thesis has been supplied on condition that anyone who 
consults it is understood to recognise that its copy
right rests with its author, and that no quotation from 
the thesis and no information derived from it may be 
published without the prior written consent of the 
author.

'This thesis may be made available for consultation within the University 
Library and may be photocopied or lent to other libraries for the 
purposes of consultation'.



ProQuest Number: U362700

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest U362700

Published by ProQuest LLC(2015). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



For My Mother

For Her

Support and Encouragement



Acknowledgements

I wish to thank my supervisor Dr. R. V. Brunt for 
his advice, assistance and encouragement during the 
course of this work.

I thank Dr. David Hough and Dr. A. Jehanli for 
their invaluable assistance and advice.

I would like also to thank the Kuwait Health 
Ministry and Kuwait Civil Committee for sponsoring 
this work, and Dr. J. Reckless of Bath Royal United 
Hospital for the supply of blood samples.

Finally my thanks to Mrs. V. E. Edwards for the 
typing of this manuscript.



Table of Contents Page

Abstract.
Chapter One Introduction.

1.1. Lipid Constituents of Human Plasma.
1.1.1. Free Fatty Acids.
1.1.2. Triglycerides.
1.1.3. Lipoproteins.

1.2. Characteristics of Plasma Lipoproteins.
1.2.1. Triglyceride-Rich Lipoproteins.

1.2.1.1. Chylomicrons.
1.2.1.1.1. Apolipoproteins of Chylomicrons.

1.2.1.2. Very Low Density Lipoproteins.
1.2.1.2.1. Apolipoprotein C.

1.2.2. Cholesterol-Rich Lipoproteins.
1.2.2.1. Low Density Lipoproteins.
1.2. 2. 2. High Density Lipoproteins.

1.3. Metabolism of Lipoproteins and its Related 
Disorders.

1.3.1. Disorders in Lipoprotein Metabolism.

1

1

2

2

3
6
6

7
7

9
13
13
16
19

20

1.3.1.1. Type I. 21

1.3.1.2. Type II. 21

1.3.1.3. Type III. 22

1.3.1.4. Type IV. 22

1.3.1.5. Type V. 23

.2. Biosynthesis, Assembly and Secretion. 27

1.3.2.1. Chy1oraicrons. 28
1.3.2.2. Very -Low Density Lipoproteins. 30



1.3.3. Biodégradation and Catabolism. 34 34
1.3.3.1. Chylomicrons. 34
1.3.3.2. Very Low Density Lipoproteins. 37

1.4. Metabolism of Lipoproteins in Diabetes. 44

Aim of Investigation. 47
Chapter Two. Materials and Methods.

2.1. Very Low Density Lipoprotein (VLDL) Preparation. 48
2.2. Delipidation of VLDL.

2.2.1. Tetramethyl Urea (TMU) Treatment. 48
2.2.2. Acetone Treatment. 49
2.2.3. Acetone : Ethanol Treatment. 49

2.3. Protein Estimation. 50
2.3.1. Lowry Method. 50
2.3.2. Coomassie Brilliant Blue Method. 51

2.4. Urea Polyacrylamide Gel Electrophoresis 51
Curea/PAGE)

2.5. Isoelectrofocusing. (lEF). 53
2.6. Separation of Antigen (Apoproteins C-II, 55

C-III^,and C-III^) .
2.7. Preparation of Antibodies to Apo C-III^, 55

and Apo C-III2 '
2.8. Visualization of Apo C on lEF. 56

2.8.1. Analino Naphthalene Sulfonate Method. 56
2.8.2. Water Method. 57

2.9. Detection and Characterization of Antibodies. 57
2.9.1. Enzyme Linked Immunosorbent Assay (ELISA). 57
2.9.2. Ouchterlony Method. 58
2.9.3. Crossed Immunoelectrophoresis. 59



64
65

2.9.4. Double Crossed Immunoelctrophoresis. 60
2.9.5. Immunofixation Electrophoresis and 61

Isoelectrofocusing.
2.10. Preparation of Immunoglobulin G(IgCj. 62
2.11. SDS-Polyacrylanide Gel Electrophoresis 63

(SDS/PAGE) for IgG.
2.12. Precipitation of Antigen-Antibody Complex. 64

2.12.1. (NH^)^ SO^ Precipitation.
2.12.2. 9 7o Na2S0^ Precipitation.
2.12.3. Protein A-Sepharose CL-4B Precipitation. 66

2.13. Protein Printing from Urea/PAGE Gels. 66
2.14. Immunoblotting from lEF Gels. 68
2.15. Apoprotein C Estimation by Competitive 69

Enzyme Linked Immunosorbent Assay (CELIA).
2.15.1. Coating the Cuvettes with a Standard 69

Antigen.
2.15.2. Equilibration of Unknown Antigen with 69

Antibody.
2.15.3. Reaction of Bound Antigen with Excess 70

Antibody.
2.15.4. Reaction of Anti-Antibody with Bound 70

Antigen-Antibody Complex.
2.15.5. Detection of Bound Antigen-Antibody- 70

Anti Antibody Complex.
2.16. Apoprotein C Estimation in Normal and 70

Diabetic Subjects by lEF.



Chapter Three. Results.

3.1. Comparison of Lowry and Coomassie Brilliant 72
Blue Protein Estimation Methods.

3.2. Separation of Apo C by Urea Polyacrylamide 73
Gel Electrophoresis.

3.3. Characterization of Apo C on Isoelectrofocusing. 78
3.4. Purification of Apo C Antigens from Human VLDL. 87

3.4.1. Visualization and Separation of Apo C 96 
on lEF.

3.5. Production of Antibodies. 100
3.6. Detection and Characterization of the Antibodies. 100

3.6.1. Enzyme-Linked Immunosorbent Assay (ELISA). 100
3.6.2. Specificity of the Antibodies. 105

3.6 .2.1. Double Diffusion in Two Directions 105 
(Ouchterlony Method).

3.6 .2.2. Crossed Immunoelctrophoresis.
3.6 .2.3. Double Crossed Immunoelctrophoresis.
3.6 .2.4. Immunofixation Electrophoresis and 106 

Isoelectrofocusing.
3.7. Characterization of Immunoglobulin G . 108
3.8. Precipitation of Antibody-Antigen Complex. 109

3.8.1. Ammonium Sulphate Precipitation. 109
3.8.2. Sodium Sulphate Precipitation. 112
3.8.3. Protein A-Sepharose CL-4B Precipitation. 114

3.9. Protein Printing from Urea/PAGE and from lEF. 118
3.9.1. Protein Printing from Urea/PAGE. 118
3.9.2. Protein Printing from IFF. 118



3.10. Immunoblotting from lEF. 120
3.11. Apoprotein C Estimation by Competitive 123

Enzyme Linked Immunosorbent Assay (CELIA).
3.12. lEF Estimation of Apoprotein C in the Acetone- 132

Dlipidated VLDL of Some Normal and Diabetic 
Subjects.

Chapter Four. Discussion.

4.1. The Effect of Delipidation on VLDL. 143
4.2. Urea Polyacrylamide Gel Electrophoresis of 144

VLDL.
4.3. Isoelectrofocusing of VLDL. 145
4.4. Visualization od Apo C on lEF. 147

4.4.1. ANS Method. 147
4.4.2. Water Method. 148

4.5. Characterization of the Antibodies. 149
4.5.1. Enzyme Linked Immunosorbent Assay (ELISA). 149
4.5.2. Other Immunological Mehtods. 150

4.6. Characterization of Immunoglobulin G(IgG). 150
4.7. Precipitation of Antibody-Antigen Complex. 151
4.8. Protein A-Sepharose CL-4B Precipitation. 152
4.9. Protein Printing from Urea/PAGE. 153
4.10. Protein Printing from lEF.
4.11. Immunoblotting from lEF.
4.12. Apoprotein C Estimation by Competitive 

Enzyme Linked Immunosorbent Assay.
4.13. lEF Estimation of Apo C in Diabetic and Normal 159 

Subjects.



Further Work. 162
References. 163



Abstract

Apolipoprotein C species were separated in tubes, 
from human VLDL, by urea polyacrylamide gel electropho
resis. They were separately cut out and the gel slices 
containing them were used as antigens in rabbits. The 
resulting immunoglobulin G were tested for specificity.
An apo C-III specific antibody was obtained. It was 
used to develop a competitive enzyme linked immunoassay 
( CELIA ) for apo C-III content of acetone-delipi-
dated human VLDL. Its effectiveness was compared with 
values of apo C content obtained from isoelectricfocus- 
ing (lEF) of the samples with content being estimated 
by densitometric measurements. A reasonable correla
tion (r = 0.67) of CELIA value for apo C-III with lEF- 
densitometric value was obtained. The assay showed no 
correlation with apo C-II values and thus may be useful 
for measuring the apo C-III isoforms.

In addition the total apo C content and the distr- 
bution of apo C-II, apo C-III^, apo C-III^, and apo 
C-III2 were measured by lEF densitmetry, for a small 
group of diabetics. These values were not different 
from those found for a group of non-diabetic controls. 
This method may be extended to allow measurement of apo 
E isoforms in the future.



Chapter One. 
Introduction.
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1.1. Lipid Constituents of Human Plasma

Lipids are water-insoluble molecules that can be 
extracted from tissues by non polar solvents e.g. chloro
form, ether or benzene.

Lipids have several biological functions. They 
serve: a. as structural components of membranes, b. as 
storage and transport forms, c. as a protective coating 
on the surface of organisms, and d. as cell-surface com
ponents concerned in cell recognition, species specificity 
and tissue immunity.

The major lipids found in mammalian species are free 
fatty acids, glycerides (mono-, di- and triglycerides) 
cholesterol,cholesteryl esters and phospholipids. Lipids 
are made acqueous soluble by combining with proteins or 
forming 1ipid-protein complexes such as lipoproteins.

1.1.1. Free Fatty Acids

The most common saturated fatty acids are palmitic 
and stearic acids, and unsaturated fatty acid is oleic 
acid. Mammals can synthesize saturated and monounsatur
ated fatty acids from other precursors but are unable to 
synthesize certain polyunsaturated fatty acids. These 
fatty acids,required in the mammalian diet,are called 
essential fatty acids.

Free fatty acids bound to albumin are present in low 
concentration in plasma (10-15 mg / 100 ml). They are 
released into the plasma from adipose tissue by the
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hydrolysis of stored triglycerides.
Liver is the major site for the 'de novo' synthesis 

of fatty acids. It has been reported (Bortz, 1967; and 
Guynn et aZ, 1972) that fat feeding inhibits hepatic fatty acid 

synthesis whereas a fat-free diet stimulates the synthesis 
of hepatic fatty acids. Goh and Heimberg ,1979 have 
established that when fatty acids are delivered to the 
liver there is an increase in both hepatic VLDL-triglyc
eride secretion and in 3-hydroxy-3-methylglutaryl CoA 
reductase (HMG-CoA reductase, EC 1.1.1.34) activity.

1.1.2. Triglycerides

Triglycerides (both dietary and endogenous) are 
transported in blood as lipoproteins. The fatty acid 
composition of triglycerides is influenced by dietary fat

1.1.3. Lipoproteins

Lipoproteins are apolipoprotein^1ipid complexes 
held together by noncovalent bonds. The lipid moieties 
are arranged such that the polar head groups (phospho
lipids and cholesterol) shield an intramolecular hydro- 
phobic region (triglycerides and cholesteryl esters) from 
solvent.

The major lipoproteins of plasma have a common 
structure. They are spherical particles with an apolar 
core of triglyceride and cholesterol ester surrounded 
by a monomo1ecular surface coat of apoproteins, phos-
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pholipids and cholesterol (Katagiri et al , 1981).
The lipoproteins are generally divided into four 

categories: chylomicrons, very low density lipoproteins 
(VLDL), low density lipoproteins (LDL), and high density 
lipoproteins (HDD. The classification of these lipo
protein classes is based on the initial techniques empl
oyed for their isolation from plasma, i.e. ultracentri
fugal flotation (Gofman et aZ, 1949). This remains the 
most widely used method. It takes advantage of the low 
hydrated density of plasma lipoproteins. Another method 
is based on the electrophoretic mobility (Lees and Hatch, 
1963) on agarose. They are separated as those at the 
origin (chylomicron), or migrating into the pre beta 
(VLDL), beta (LDL), or alpha (HDD zones (Table 1).

The primary function of the lipoproteins is to trans
port endogenous and exogenous lipids to the tissues. In 
addition, the protein component of lipoproteins, the apo- 
1ipoproteins,have roles in lipid metabolism as activators 
of enzymes involved in lipolysis and interconversion of 
lipoproteins. They were classified by Alaupovic et aZ, 
1972 as apoprotein A (apo A), apoprotein B (apo B), 
apoprotein C (apo C), apoprotein D (apo D), and apopro
tein E (apo E) (Table 2).

1.2. Characteristics of Plasma Lipoproteins

Plasma lipoproteins can be divided into triglyceride 
rich lipoproteins or cholesterol rich lipoproteins.
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Table 1.

Major Classes of Human Plasma Lipoprotein Composition

Chylomicron VLDL LDL DDL

Density, g / ml < 0 . 9 5 0.94-1.006 1.006-1.063 1.063-1.21

Flotation rate, >  400 20-400 0-20 (Sediment)

Particle size, nm. 75-1000 30-50 20-22 7.5-10

Prote in,
7o of dry weight

1-2 10 25 45-55

Tr iglycer ides,
7o of dry weight

80-95 55-65 10 3

Phospholipids 
lo of dry weight

3-6 15-20 22 30

Free Cholesterol 
4 of dry weight

1-3 10 8 3

Esterified Cholesterol 
4 of dry weight

2-4 5 37 15

(from Lehninger, 1977).
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Table 2.

Apoprotein Composition of Human Plasma Lipoproteins

Apoproteins VLDL IDL LDL IIDL

mol /o cif total pirote in

Apo A-I 45

Apo A-II 22

Apo B 2 13 75
Apo C-I 8 26 17

Apo C-II 20 9 2

Apo C-III 60 41 22 7

Apo D - 5

Apo E 9 13 3 1

(Gotto, 1983).
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1.2.1. Trig1yceride-Rich Lipoproteins

1.2.1.1. Chy1omicrons( 4 0 0 - 1 0 ^ )

Chylomicrons are formed in the intestine during 
lipid absorption. They have a core of triglyceride 
surrounded by an outer monolayer of phosphatidylcholine, 
cholesterol, and apolipoproteins.

Newly secreted human chylomicrons are more difficult 
to obtain than other lipoproteins. Human chylomicrons 
have been isolated from plasma of normal (Green et aZ, 
1980) and hypertriglyceridemic subjects (Hazzard and 
Bierman, 1976).

Chylomicrons vary in size from 750-6,0008 with a 
mean diameter of 1200 8 (Fraser, 1970). The major 
lipid is triglyceride which comprises 86-92 %, cholest
eryl ester 0.8- 1.4 7o, free cholesterol 0.8-1.6 7», phos
pholipids 6-8 7», and protein 1-1.5 7» of the mass (Green 
et aZ, 1979). Chylomicron phospholipids are mainly 
lecithin 70-100 7» with smaller amounts of sphingomyelin 
and phosphatidyl ethanol amine.

The composition of chylomicron varies depending - 
upon the site of isolation. Chylomicrons isolated from 
intestinal mucosa have greater amount of free fatty 
acids, free cholesterol and protein and less phospholipid 
than lymph chylomicrons (Alaupovic ataZ, 1968;Kostner and 
Holasek, 1972; and Schaefer et aZ, 1978). Chylomicrons, 
isolated from either thoracic duct lymph or from plasma, 
contain apo B-48 with molecular weight of 264,000 and
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a distinct amino acid composition.

1.2.1.1.1. Apolipoproteins of Chylomicrons

Kostner and Holasek, 1972 studies on thoracic duct 
chylomicrons revealed chylomicrons to contain apo C 
(60 7o of the chylomicron protein). Apo B (22 4) and 
apo A (about 12 %). Apo A-I and apo A-II were present 
in equal amounts.

Once the chylomicrons are in contact with other 
plasma lipoproteins in vivo or in vitro , rapid transfer 
of proteins occurs and then considerable alteration in 
composition occurs (Kostner and Holasek, 1972; Glickman 
and Kirsch, 1973; Schonfeld and Alpers, 1978; and Wu 
and Windmueller, 1978). Chylomicrons (S^>400) isolated 
from lipemic plasma contain apo E with only traces of 
apo A-I and apo A-IV. Apo C and apo B are also present 
in significant amounts. Green et aZ, 1979 have reported 
that when chylomicrons were incubated with either plasma 
or a lipoprotein fraction, there was less apo A-I and 
apo A-IV and more apo E when HDL was present in the 
incubation mixture.

1.2.1.2. Very Low Density Lipoprotein (S^ 20-400, VLDL)

Very low density lipoproteins (VLDL) are triglyceride- 
rich macromolecules which float in the ultracentrifuge 
in a density 1.006 g / ml. VLDL contains 7-10 7» of the
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ch(') 1 ('s te r(') 1 content of the whole plasnia and one-half of 
the fasting, triglyceride level. VL!)h contains 8-1? 4 pro
tein. The lipid is mainly triglyceride. The proportions 
of triglyceride, cholesterol ester and phospholipid show 
sex differences. They run as a discrete band on electro
phoresis. They show pre- /b , i.e.r<2"Mobility on paper, 
cellulose acetate and agarose.

VLDL are heterogenous in size, chemical compositon 
and origin (Trezzi et aZ,1983). When VLDL were subfrac
tionated into selected density intervals, a number of 
components have been described. The densest has a high
er protein and phospholipid content. The lightest com
ponent is rich in triglyceride and is largest in diameter.

In cholesterol-fed dogs and in human Type III hyper
lipoproteinemia, two lipoproteins in the d < 1.006g/ml 
fraction are found, these are pre ̂ -VLDL and -VLDL 
(cholesterol -rich VLDL). -VLDL consists of two fractions, 
one fraction F-I is of intestinal origin (chylomicron rem
nants) and the other fraction F-II is of hepatic Origin. 
These two fractions together with /5 -VLDL promote choles
teryl ester synthesis in macrophages. They may be of 
importance in atherogenesis (Menahem et aZ,1982).

Gianturco et aZ,1978 and 1980 have reported that 
normal VLDL (pre^-VLDL) does not promote cholesteryl est
er synthesis and does not suppress 3-hydroxy-3-methylglu- 
taryl CoA reductase (HMG-CoA reductase) activity in normal 
fibroblasts even at high levels.

Trezzi et aZ,1983 have reported that only VLDL^ sub
fraction (S^ 20-60) was able to suppress HMG-CoA reduct
ase activity in cultured normal fibroblasts.
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VLDL contains several apoproteins including apo R, 
apoE and apo C. Composition of these in VLDL can be 
seen in Table 2.

1.2.1.2.1. Apolipoprotein C

40-60 7o of plasma apo C is present in VLDL and 
only 5-10% in HDL (Buckberg at aZ, 1983). Apo C com
position was elucidated by Brown at aZ, 1969 using gel 
filtration and ion-exchange chromatography. Apo C 
comprises three low molecular weight polypeptides, all 
showing polymorphism. They are numbered according to 
their mobility on Urea polyacrylamide gel electrophor
esis. Apo C-I is the slowest (less negative), apo C-II 
is intermediate, and apo C-III is the fatsest migrating 
band (most negative).

Polz et aZ,1980 have reported that in normolipidemic
subjects about 50 % of apo C-II and apo C-III is found in 
mDL, with most of the remainder in VLDL y whereas about 85% of apo 
C-I in such individuals is in HDL. With increasing serum triglyceride

level, the percentage of apo C-I in triglyceride-rich lipo 

proteins increased and that in HDL fell progressively 
(Kashyapgt aZ, 1977 ; Schonfeld et aZ, 1979 ;and Erika et aZ, 

1980).
Apo C-I has C-terminal serine (R-ser) and N-term- 

inal threonine. It has an <=< - helical structure with 
a molecular weight of 7,000. It exists in three poly
morphic forms: apo C-I-1, apo C-I-2, and apo C-I-3. It 

does not contain sialic acid and the chemical basis of
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its polymorphism is unknown.

Apo C-II was identified by Brown et aZ, 1969 , 1970 a, 
1970b; Shore and Shore, 1970; and Albers and Scanu,
1971. It has glutamic acid (R-glu) as C-terminal and 
N-terminal threonine. It is found in both plasma VLDL 
and HDL (Morrisettet aZ, 1975). Various reports sugg
ested that approximately 5-12 7» of VLDL protein is apo 
C-II (Kane et aZ, 1975 ; and Miller and Schonfeld, 1975).

It exists in two polymorphic forms . The r e a s o n  

f o r  i t s  p o l y m o r p h i s m  is u n k n o w n  . The primary structure 

of human apo C-II is composed of a single polypeptide 
chain containing 78 amino acids (Jackson et aZ, 1977), 
Tajima et aly 1982 have established that apo C-II has a 
highly disordered structure and it self-associates in 
aqueous solution. In this disordered state apo C-II is 
highly stable. Helical conformation was induced in 
SDS, trifluoroethanol, and phosphatidylcholine vesicles 
The same investigators estimated a molecular weight of 
7,900 (by analytical centrifugation).

It activates the lipoprotein lipase found in post 
heparin plasma (Gunsen et aZ, 1971 ;and Havel et aZ,. 1973), 
in milk (Havel et aZ, 1970; 1973 ; and Brown and Baginsky, 
1972), in human adipose tissue (Ekman and Nilsson-Ehle, 
1975), in pig adipose tissue (Bensadoun et a l y  1974), 
and in rat adipose tissue (La Rosa et a l y  1970).

This activation depends on the C-terminal end 
residues 55-78 (Kinnunen et a l y  1977 ; Muslineret a l y  1977 ; 

Catapano et a l y  1979; Vainio et a l y  1983; and Holdsworth
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et aly 1984). The lipid binding region has been locali
zed in residues 43-51 (Morrisett et aly 1977 ) . Vainio 
et a l y  1983 have localized the phospholipid binding 
region to residues 43-78. By contrast. Sparrow and 
Gotto, 1978; and Holdsworth et a l y  1984 have argued that 
the N-terminal residues 1-49 are primarily responsible 
for lipid binding.

Fitzharris et a l y  1981 have argued that apo C-II 
activates LPL by facilitating the formation of an 
enzyme-triglyceride complex.

Holdsworth et a l y  1984 indicated the presence of 
a single residue of arginine at position 49. Chemical 
modification of apo C-II with either 1 ,2-cyclohexane- 
dione or 2 ,3-butanedione results in a loss of this 
arginine residue. At the same time the modified apo 
C-II loses the ability to activate bovine milk LPL. 
Removal of the modifying group restores free arginine 
and also restores 70 % of the activating abilities of 
apo C-II. Thus it is argued that arginine-49 is sit
uated at or near the domain involved in LPL activation.

In preparations of porcine VLDL, only the native 
lipoprotein would activate LPL. Delipidated VLDL and 
isolated polypeptides were ineffective. By contrast, 
isolated human apo C-II maintained its activating abil
ity after delipidation (Knipping et aZ, 1984). Chromato- 
focusing of delipidated porcine VLDL showed three poly
morphic isoforms of apo C-II which had similar amino 
acid composition. They all reacted identically with 
anti apo C-II despite showing various isoelectric points
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between pH 4.8 and 4.4. All these isoforms enhanced 

LPL activity but to a lesser degree than that shown by 
native porcine serum.

Apo C-III was shown by Brown et aZ,. 1969 to have 
alanine as C-terminal (R - ala) and serine as N-terminal 
amino acid. It has a molecular weight of 10,000. Law 
et aly 1984 have suggested that apo C-III gene is present 
on chromosone 11.

In rats, apo C-III is synthesized by hepatocytes, 
sialylated in the Golgi apparatus and secreted into the 
circulation as a glycoprotein, (Nestruck and Ruben- 
stein, 1976). Its three isoforms differ in the number 
of sialic acid residues: apo C-III^, apo C-III^, and 
apo C-III^ (Brown et a l y  1970 a; Vaith at a l y  1978 ; and 
Schaefer et a l y  1978). It contains 79 amino acid 
residues with adjacent pairs of acidic and basic amino 
acids.

Apo C-III has been reported to activate LPL (La 
Rosa et a l y  1970; and Havel et a l y  1970 ). However, other 
workers have reported that apo C-III inhibits LPL acti
vity (Brown and Baginsky, 1972; Bensadoun et a l y  1974; and 
Ekman and Nilsson-Ehle, 1975). It also inhibits cell
ular uptake of apo E-containing chylomicron remnants 
(Shelburne et aZ,1980; and Windier at a l y  1980).

Apo C transfer between lipoprotein particles occurs 
without selective enrichment of any subfraction (Keith 
et a l y  1983). Apo C-II, apo C-III^, and apo C-III^ are 
catabolized as a group. After heparin infusion in man rapid
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triglyceride hydrolysis occur^and apo Cs are transferred 
from triglyceride-rich particles to HDL. In hyper
lipemia over 90 % of apo C mass is lost from triglyceride 
rich particles and was not recoverable in HDL. In 
normal subjects this loss was less than 15%. Thus apo 
C metabolism may be disturbed in severely hypertrigly- 
ceridemic subjects and the lack of conservation of these 
proteins within HDL may exacerbate the degree of hyper- 
1ipoprote inemia.

Apo E (arginine-rich polypeptide) is a further con
stituent of VLDL protein. It has a molecular weight of 
cri 39,000 (Utermann et aZ,1975 ). Phillips et aly 1983 
have demonstrated that about 10-20 % of serum apo E is 
in the VLDL fraction. Apo E is rich in arginine and 
glutamic acid and has a particularly highc<-helical 
content. Its isoforms apo E-I, apo E-2, apo E-3,
and apo E-4 differ in isoelectric points (Utermann et aZ, 
1975; and Pagnan et aZ,1977).

It is present in increased concentration in the 
abnormal VLDL (rich in cholesterol) found in broad/b- 
lipoprotein disease, hypothyroidism, and in cholesterol 
fed animals.

1.2.2. Cholesterol-Rich Lipoproteins

1.2.2.1. Low Density Lipoproteins( 0 - 2 0 ,  LDL)

Low density lipoprotein is the lipoprotein class
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which is ioslated in the density range 1 . 006-1.Ü63 g/ml . 
It possess -mobility on electrophoresis. At a
concentration of about 300-400 mg/ml , it is the most 
abundant of the lipoproteins in human plasma.

Lipid comprises 76 - 78 % of LDL. The main lipid 
is cholesterol and cholesteryl ester, with lesser 
amounts of phospholipid and a small triglyceride content. 
60 - 70 7o of the cholesterol content of whole plasma is 
found in LDL. Lindgren et aZ,1972 gave the following 
lipid composition in LDL: cholesteryl ester 46 4, chol
esterol 14 4, triglyceride 14 X, and phospholipid 25 4.
The carbohydrate content of LDL is at least 3 X. Sialic 
acid with glucosamine and several monosaccharides are 
found in the terminal positions of polysaccharide chains.

LDL is composed of more than one species which can 
be distinguished by physical methods. LDL^ or IDL 
(S^ 12 - 20) is normally lower in concentration than LDL^ 
(S^ 0 -20 ),these subclasses are isolated in the density 
ranges 1.006 - 1.019 g/ml and 1.019 - 1.063 g/ml respect
ively. LDL^ has a composition lying between that of 
VLDL and LDL^» it is richer in triglyceride and has a 
lower apoprotein content than LDL2 • The abundant com
ponent, LDL^, is the main transport form of cholesterol 
and cholesteryl esters in plasma.

The major protein of LDL is apo B. Most of LDL apo 
B is probably derived from the catabolism of VLDL (Eis- 
enberg at aZ, 1973 ; Sigurdson at aZ, 1975 ) . Although apo B 
is abundant, it presents analytical difficulties because
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of its extreme insolubility in aqueous buffers. The 
need to use solubilizing agents such as SDS or alkali, 
or to modify it by succiny1 ation or méthylation, gives a 
risk of forming artefacts. The C - terminal amino acid 
was identified by Shore as serine in 1957 and N - termin
al as glutamine. Shore and Shore believe that there is 
uncertainty about the end groups of apo B as insufficient 
amounts of N -glutamine and R - serine are present if the 
molecular weight is taken to be 30,000. The molecular 
weight remains uncertain.

Apo B is heterogenous, the presence of two non-ide
ntical components has been suggested (Kane et uZ,1980 ; and 
Krishnaiah et aZ,1980). Both by gel filtration and 
and by immunodiffusion two bands can be separa
ted which differ in their amino acid composition.
Kane et aZ,1980 have designated the higher and the lower 
molecular forms of apo B as apo B-lOO and apo B-48 res
pectively. Some 42 7o of the amino acids of apo B are 
non polar, the conformation is probably largely -hel
ical with some pleated sheets and random coil structure.

Smaller amount of apo A, apo C and apo E occur at 
least in some regions of the LDL density range. The 
presence of apo D has also been reported.

In cultured normal cells, LDL bind to a specific 

cell surface receptor,are internalized by endocytosis, 
and degraded in the lysosomes. After specific LDL 
degradation, cellular cholesterol estérification 

is enhanced and the synthesis of both the LDL receptor
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and of ilMG-CoA reductase are suppressed. This limits 
both further cellular uptake of LDL and 'de novo' bio
synthesis of cholesterol (Brown et aZ,1973, 1974; and 
Goldstein and Brown, 1977). Goldstein and Brown,1977 
have found that both apo B and apo E when present in LDL 
interact with the LDL receptor. Degradation of acetyl- 
LDL and native LDL and inhibition of their cellular up
take by the lysomotropic agents chloroquine and NH^Cl 
were reported (Van Berkel gtuZ,1982),while Basuet aZ, 1979 
have reported that dextran sulphate changes the nature 
of LDL, facilitating its incorporation into macrophages.

1.2.2.2. High Density Lipoproteins (HDD

Despite its relatively low concentration in human 
plasma, HDL is of fundamental importance in the mobil
ization of cholesterol from the tissues. HDL secretion 
has been descibed in cultured hepatocytes and by perfused 
liver (Noel and Rubinstein, 1974 ; Hamilton et aZ, 1976 ; 
and Bell-Quint and Forte, 1981). HDL floats in the 
ultracentrifuge in the density range 1.063 - 1 .21 g/ml 
and has ^- mobility on electrophoresis.

In terms of density, HDL is heterogenous, HDL^ has 
a density range of 1.063 - 1.125 g/ml is larger in dia
meter and has a higher proportion of lipid than HDLg 
(d 1.125-1.21 g/ml) . Some sera contain a minor compo - 
nent (HDL^) which has a density lying below the range 
by which HDL is defined, and is isolated with LDL.



-  17 -

It shares with IIDL̂  and IIDL^ ^  - mobility on electro
phoresis .
The lipid content of HDL is about 50 %. Its compos
ition is: phospholipid 55 %, cholesterol 9 4, cholesteryl 
ester 28 7o, and triglyceride 8 %. The ratio of esterif- 
ied to free cholesterol is higher in HDL than in LDL.
HDL contains 1 - 2 X of carbohydrate.

Shore and Shore, 1968; and Scanu et aZ,1972 showed 
that more than one species of protein was present in apo 
HDL. Two major components are demonstratable in Urea/ 
PAGE. They differ in molecular weight and are anti- 
genetically distinct. These are known as apo A-I 
and apo A-II. Apo C are also present (up to 5-10 X 
of total protein (Buckberget aZ, 1983)). There is also 
traces of both apo B and apo D.

Apo A-I is the most abundant of the HDL peptides 
amounting to about 70 X. The C-terminal amino acid is 
glutamine ( R - g l n - I ) .  At least three polymorphic 
forms of the peptide are known differing in their amide 
content. The molecular weight of apo A-I has been 
reported as 15,000. It is functionally important as 
an activator of lecithin : cholesterol acyl transferase 
enzyme (LCAT,EC 2.3.1.43). Thus HDL and apo A-I 

play an essential role in removal of excess cholesterol 
from cells and tissues (Glomset and Norum, 1973).
Apo E in HDL may participate in the transport of choles
terol from extrahepatic tissues to the liver (Van't 
Hooft and Havel, 1932>. Apo E in HDL also acts as
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a reservoir of apo E since it can be transferred to 
chylomicrons and VLDL (Vigne and Havel, 1981; Blum,
1982; and Phillips et aZ,1983). Estérification of free 
cholesterol by LCAT occurs preferentially in HDL, per
haps due to the high content of the activating peptide, 
and HDL^ is a better substrate than HDL^.

The genes for apo A-I and apo C-III are localized on 
chromosome 11 with a distance between them less than 3 Kb 
apart (Law et aZ,1984). Two patients with apo A-I and 
apo C-III deficiency were reported by Forte at aZ, 1984.
A single gene mutation was responsible for the defect 
in the synthesis of both apo A-I and apo C-III. The 
latter deficiency may result in an accelerated catabol
ism of triglyceride-rich lipoproteins. This would 
allow an increased rate of LDL formation. In addition 
apo C-III absence might favour the rapid uptake of apo 
E-containing remnants by liver and peripheral cells.
Both these abnormalities would predispose the patients 
to accumulate excess cellular and arterial cholesterol.
In the absence of HDL,excess tissue cholesterol could 
not be removed and so excess tissue and arterial cholesterol 
would accumulate. This leads to premature atherosclerosis 
In such patients, HDL were spherical and contained 
cholesteryl ester core, so LCAT must remain functional 
in the absence of apo A-I. The transformation of HDL 

discs to the spherical form may be delayed in these 
patients. This was noticed after post prandial lipemia.

Apo A-II also has glutamine as C-terminal (R-gln-II).
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Apo A-II has a potent lipid-binding ability. Its major 
role may be as a structural apoprotein. It has been 
suggested by John et aZ,1981 that apo A-Il might be an 
activator of hepatic triglyceride lipase. Apo A-II is 
a dimer of two identical chains linked by a single di
sulphide bridge and with an approximate combined mole
cular weight of 15,000-17,000.

1.3. Metabolism of Lipoproteins and its Related
Disorders

In the past few years, great advances have been made 
in the understanding of lipoprotein metabolism and of 
the causation of hyper 1ipidemia. These advances have 
been due in part to the study of patients with sometimes 
rare defects in lipoprotein metabolism. Follow-up in
vestigations into the specific metabolic defects in these 
patients have revealed qualitative abnormalities in the 
structure and function of apoproteins, the lipolytic 
system, and cell-surface receptors for lipoproteins.
It has been possible to give a clearer picture of the 
complex system of normal plasma lipid transport and of 
the abnormalities that can occur within it. The basic 
pathways of lipoprotein metabolism is illustrated in 
Figs. 1.3. 3.1. and 1.3.3.2.
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1.3.1. Disorders in Lipoprotein Metabolism

Disorders in lipoprotein metabolism give rise to 
excessive accumulation of one or more of the plasma 
lipoproteins. This results in accumulation 
of triglycerides or cholesterol or both. Elevated 
plasma concentration of certain lipoprotein produces 
overt symptoms such as xanthoma, lipaemia retinalis, 
and acute abdominal pains. In addition some are ass
ociated with an increased risk of atherosclerotic 
disease.

Abnormal accumulation of lipoprotein can result 
from excessive endogenous production, defective removal 
from plasma, or both. These disorders may be either 
primary or secondary to other diseases. The primary 
disorder is divided into familial or sporadic. Fami
lial arises from a genetic disorder. It is present in
a number of members of a family.

Sporadic is neither genetic nor secondary.

Primary and secondary disorders are characterized by 
similar symptoms. However, unlike primary, secondary 
hyperlipoproteinemia can be corrected by treating the 
causative disease or by withdrawing an offensive med
ication .

The disorders of hyperlipoproteinemia are class
ified into five types based on the specific paper 
electrophoretic patterns of the various lipoproteins 
(Bull WHO, 1970).
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1.3.1.1. Type I

This type is characterized by very slow clearing 
of chylomicrons from the circulation, leading to abnorm
ally raised levels of chylomicrons. The condition is 
due to a deficiency of LPL (Kraussef aZ, 1974). Pre 
fb -lipoproteins may be raised, but there is a decrease 
in ck - and - lipoproteins. The condition is fat in
duced and may be corrected by reducing the quantity of 
fat in the diet. High-carbohydrate diets lead to rai
sed levels of pre /i -lipoproteins due to hepatic syn
thesis .

1.3.1.2. Type II

This is characterized by hyperbeta Iipoproteinemia. 
In type II a this is associated with increased plasma total 
cholesterol. In type II b there may be also a tend
ency for the pre/3 -lipoproteins to be elevated.
Lipid deposition in the tissue (e.g. xanthomas, ather
omas) is common. The disease appears to be associa
ted with reduced rates of clearance of Ih -lipoprotein 
(LDL) from the circulation. It is associated with an 
increased incidence of atherosclerosis. Reduction of 
dietary cholesterol and saturated fats may be useful 
in treatment.
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1.3.1.3. Type III

This is characterized by an increase in both f) - and 
pre P>- lipoproteins.

These appear as a broad ^-band on electro
phoresis. The plasma shows hypercholesterolemia and 
hypertriglyceridemia (Fredrickson and Levy, 1972). 
Xanthomas and athersclerosis of both peripheral and 
coronary arteries are present (Eisenberg, 1973). The 
disease is probably caused by a deficiency in remnant 
metabolism by the liver. Type III VLDL are reported to 
contain more apo E and cholesteryl ester but less tri
glyceride compared to normal VLDL (Patsch, 1976; and 
Gianturco et aZ,1978). Treatment recommended is weight 
reduction coupled with low carbohydrate diets contain
ing unsaturated fats and little cholesterol.

1.3.1.4. Type IV

pre
This is characterized by hyperbetalipoproteinemia 

with associated high levels of endogenously produced 
triglycerides. Cholesterol levels rise in proportion 
to the hypertriglyceridemia, and glucose intolerance 
is frequently present. Both ^  - and -lipoproteins 
are subnormal in quantity. This lipoprotein pattern 
is also commonly associated with secondary conditions 
such as coronary heart disease, maturity onset diabetes, 
and obesity. Treatment of primary type IV hyperlipo-



- 23 -

proteinemia is by weight reduction, replacement of 
much of the carbohydrate in the diet with unsaturated 
fat, low cholesterol and with hypolipidemic agents.

1 .3.1 .5. Type V

This is characterized by both elevated chylomicrons 
and pre ̂ -lipoproteins, causing both hypertriglyceridemia 
and hypercholesterolemia. Concentrations of ^  - and 
jh - lipoproteins are low. Xanthomas are frequently 
present, but the incidence of atherosclerosis is app
arently not striking. Glucose tolerance is abnormal 
and the condition is frequently associated with obesity 
and diabetes. The reason for the condition is familial, 
and treatment has consisted of weight reduction followed 
by a diet not too high in either carbohydrate or fat.

Hospattankar et aZ,1984 suggested that structural 
abnormalities in apo C-II would produce a reduction in 
effective lipolysis of triglyceride and this could lead 
to the development of Type V. In this pattern there 
appeared to be a far greater loss (90-95 X in severe 
Type V of apo C) from the triglyceride-rich particles 
than could be recovered within HDL. 80 X of apo C was 
recovered in HDL in normal subjects (Nestel &t aZ,
1982). Type V may be due to several different defects 
(increased synthesis of VLDL, slow or defective clear
ance of VLDL and chylomicrons). An aberrant form of 
apo E may be important in the pathogenesis of some
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Type V (Chisel li, 19S2J.
Hypertriglyceridemia is a feature of a number of 

these conditions. In hypertriglyceridemia, augmentd 
production of VLDL and / or production of an abnormal 
hypertriglyceridemic VLDL (HTG VLDL) may occur (Fisher 
et a Z, 1980; Gianturco et aZ,1982; and Grundy et a Z,
1979).

HTG VLDL may be (a) the consequence of increased 
production of triglyceride in the presence of normal 
apo R secretion as suggested in carbohydrate-induced 
hypertriglyceridemia (Janus et aZ,1980), (b) secondary 
to an increased production of both triglyceride and apo 
B as proposed in familial hypertriglyceridemia (Chait 
et aZ, 1980), or (c) due to overproduction of apo B- 
VLDL alone as reported in familial combined hyperlipo
proteinemia (Janus et aZ,1980; and Chait et aZ,1980).

VLDL fron hypertriglyceridemic subjects may be 
catabolized by pathways other than the normal metabolic 
sequence of VLDL. . HTG VLDL but not normal VLDL will 
(1) suppress HMG-CoA reductase activity in cultured 
human fibroblasts and endothelial cells, (2) produce 
triglyceride accumulation in macrophages, (3) be bound, 
internalized, and degraded via the LDL receptor pathway 
by cultured human fibroblasts and by human mononuclear 
cells (Poyser and Nestel, 1979 ; and Gianturco et aZ,
1982).
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Characteristic of the pathophysiology of endogen
ous HTG VLDL is (a) over production of apo D, and (b) 
preferential catabolism of HTG VLDL without prior con
version to IDL/LDL (Eaton et aZ,1983).

Abnormalities, related to the degree of hyper - 
triglyceridemia, were found in all major lipoproteins 
VLDL, LDL, and HDL, and these abnormalities tended to 
revert to normal when plasma triglycerides were reduced.
HTG VLDL is depleted in both apoproteins and triglycer
ides and is enriched in cholesteryl esters and free 
cholesterol. HTG LDL has a high content of apoprotein, 
and low free cholesterol and cholesteryl ester content.

HTG HDL ir triglyceride and apoprotein rich and 
cholesteryl ester poor. All these effects could be 
explained by a decreased lipase activity. Other ob
servations cannot be related directly to the lipase 
system but may be related to an abnormality in a lipid 
transfer protein (Eisenberg et aZ, 1984).

Innerarity and Mahley, 1978; and Gianturco et al,

1982, 1983, have reported that HTG VLDL bind to 
LDL receptors via apo E . The functional abnormality 
in HTG VLDL is present throughout the VLDL spectrum so 
that even the largest 100-400 (VLDL^) from these subjects 
have the ability to suppress HMG-CoA reductase activity
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in cultured normal human fibroblasts (Gianturco p-t at, 
1978, 1980a) and endothelial cells (Gianturco et al, 

1980b). By comparison in normal subjects only the 
smallest 20 - 60 VLDL (VLDL^) have any ability to 
suppress HMG-CoA reductase (Gianturco et aZ, 1980 b).
HTG VLDL, like LDL, do not suppress the enzyme in mutant 
receptor negative cells. This suggests that the sup
pression of HMG-CoA reductase activity by HTG-VLDL in 
normal fibroblasts is mediated by the LDL cell surface 
receptor (Gianturco et al, 1978 ; 1980 a; and Brown et al, 
1981). It has also been observed that EDTA abolishes 
the degradation of HTG-VLDL^ (Brown et al, 1981), and 
that the modification of the arginyl residues of HTG 
VLDL with 1,2-cyclohexanedione abolished the ability 
of the VLDL to suppress reductase activity in normal 
fibroblasts. Removal of the adduct with hydroylamine 
restored the enzyme suppressive ability of these VLDL.

Schonfeld et al, 1979 reported that whereas the apo 
C-ll/apo C-III^ ratio may be similar in both VLDL and 
HDL in normal subjects, it is lower in HDL than in VLDL 
in hypertriglyceridemia subjects. They also reported 
that the ratio of total apo C/apo C-III^ or the relative 
percentage of apo C-II, apo C-III^ and apo C-III2 were 
not significantly different between normal and hyper
triglyceridemia subjects. Other workers observed that 
the apo C-II/apo C-III ratio was lower in HTG VLDL 
(Carlson and Ballantyne, 1976; Catapano, 1980; and 

Maruszewicz et aZ,1980). The reduced post heparin



lipolytic activity (PllLA) in hypertriglyceridemia plasma 

was shown not to be due to reduced apo C-II or adipose 
tissue LPL deficiency. It was argued to be due to 
elevated concentration of apo C-III (Miller et aZ,1983).

It has been reported by Kashyap et aZ,1977 that the 
apo C-II content of VLDL protein is much lower in hyper
triglyceridemia. This might be due to an insufficient 
transfer from HDL. Similar findings were reported by 
Breckenridge et aZ,1978; Cox et aZ,1978; and Yamamura 
et at, 1979 .

In obese hypertriglyceridemia patients there is 
an increase in the rate of mobilization of free fatty 
acids and a decrease in the ability to esterify free 
fatty acids into adipose tissue fat depots. This may 
increase the level of plasma free fatty acids and hence 
stimulate hepatic triglyceride synthesis (Havel, 1961; 
Larsson et aZ,1975; Carlson and Walldius, 1976; and Arner 
et al, 1982). Low levels of HTG VLDL but not normal 
VLDL decrease the viability of cultured vascular endo
thelial cells (Gianturco et al, 1980 c) . They also pro
duce massive triglyceride accumulation in macrophages 
(Gianturco et aZ,1980 b, 1982). These in vitro eftects 

represent potentially atherogenic consequences in vivo 

due to abnormal cellular uptake (Gianturco et aZ,1980b).

1.3.2. Biosynthesis, Assembly, and Secretion

Chylomicrons transport triglycerides and other fat-



soluble substances after a fat diet from the intestine. 

VLÜL, on the other hand, transport endogenous lipids, 

synthesized by the liver. Fat feeding inhibits liep- 

atic fatty acid synthesis whereas a fat-free diet 

stimulates the synthesis of hepatic fatty acids (Bortz, 
1967; and by Guynn 1972).

1.3.2.1. Chylomicrons

Absorption of dietary fats occur mainly in the 

upper small intestine, it is practically completed 

before reaching the ileum. Tytgatet aZ, 1971, found by 

both morphological and biochemical techniques that the 
major site of chylomicron synthesis in man is the jejunal 
mucosa. (see Fig. I.3.2.I.).

The major stages of intestinal absorption of fat 
are as follows: intraluminal digestion, entry of the 

digested fat into the mucosal cell, synthesis of tri

glyceride within the mucosal cell, and finally release 

of triglyceride as chylomicrons from the intestinal 

cell into lymphatic channels.
Dietary triglycerides are partially emulsified 

in the stomach, being mixed with phospholipds and form

ing droplets that are hydrolyzed in the presence of 

bile salts. Once inside the mucosal cell, the free 

fatty acids and the 2-monoglycerides are resynthesized 

into triglyceride in the smooth endoplasmic reticulum.
The majority of chylomicron phospholipids originate from
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endoplasmic reticulum; G, Golgi apparatus;
N, nuculus

(From Harper et al , 1977 ).
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existing pools of mucosal phospholipids. Synthesis 
of apo B and of other lymph chylomicron apoproteins 
almost certainly occurs in the ribosomes of rough endo
plasmic reticulum and is incorporated into chylomicrons 
in the smooth endoplasmic reticulum. This is the main 
site of synthesis of triglycerides, phospholipids and 
cholesterol. Chylomicron synthesis is then completed 
while in the smooth endoplasmic reticulum.

The Golgi membrane envelopes the prechylomicron 
and then fuses with the plasma membrane at the lateral 
cell surface and discharges the chylomicron. The enz
ymes responsible for the fusion process, i.e. phospho- 
lipase A, phospholipase B, and triglyceride lipase, are 
located within the Golgi membrane. Once released from 
the cells into the lacteals, chylomicrons are collected 
into the lymphatic channels and enter the systemic cir
culation via the thoracic duct.

1.3.2.2. Very Low Density Lipoproteins

The liver and intestine share certain common features 
in the synthesis and secretion of VLDL. (see Fig. 1.3.2.2.)

It is now accepted that VLDL from either intestine 
or from liver undergo the same steps in their synthsis 
as do chylomicrons. Their apoproteins are synthesized 
in the rough endoplasmic reticulum and become associated 
with lipid en route to the Golgi apparatus. There they 
may undergo terminal glycosylation and are then packaged



- 31 -

N

Bile
C an a l icu lus

S D

E
Lumen of Sinusoid

Fig. 1.3.2.2. The Formation and Secretion of
VLDL by Hepatic Cell.
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(From Harper et al , 1977 ).
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into secretory vesicles. These are released from the 
distal portion of the Golgi apparatus. They then move 
to the plasma membrane and fuse with it (Glaur.iann et aZ, 
1975; Farquhar and Pa lade,1981 ) . Finally, from the 
intestine, VLDL will be released into lacteals, collected 
into the lymphatic channels and enter the systemic cir
culation via the thoracic duct. VLDL from liver will 
be secreted by hepatic parenchymal cells into the space 
of Disse and then into hepatic sinusoids (Stein and 
Stein, 1967; Jones et aZ,1976; and Janero and Lane,
1983).

A high carbohydrate diet has been shown to increase 
hepatic VLDL-triglyceride production (Melish et aZ,1977)

The effect of insulin is controversial. Jhile 
Farquhar et a Z, 1966; Leaven et aZ, 1967 ; and Topping and 
Mayes, 1972 have suggested that insulin may stimulate 
secretion of hepatic VLDL-triglyceride, Rayford et aZ,
1979 have suggested that it may inhibit secretion . 
Heimberg et aZ,1966 have suggested that insulin may 
have no effect on secretion of VLDL-triglyceride.

Glucose stimulated both triglyceride synthesis 
and VLDL-triglyceride secretion in rat hepatocytes.
This stimulatory effect of glucose on triglyceride syn
thesis was likely to be due to increased provision of 
substrate for glycerol and fatty acid synthesis. Ins
ulin inhibited VLDL-triglyceride secretion and favoured 
the accumulation of triglyceride within the cells.
This effect of insulin was present at both low and high
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concentrations of glucose (Heimberg et oZ, 1966;
Ontko, 1972; Reynen et aZ,1979; Durrington et aZ,1982; 
and Pullinger and Gibbsons, 1985).
Siuta-Mangano et aZ,1982 have reported that active 
synthesis of VLDL apoprotein is required for hepatic 
glycerolipid secretion. Thus apo R synthesis is nec
essary for the secretion of VLDL lipid components.

Newly synthesized triglyceride and cholesterol 
enter the plasma as nascent VLDL particles. They may 
contain only the single apo B (Windmuel1er at aZ, 1973). 
Herbert et aZ,1982 showed that in humans, genetic de
letion of apo B synthesis abolished VLDL secretion.

Hepatic lymph contains newly secreted lipoproteins 
They are slow migrating pre^ -VLDL, with a density

1.006 g/ml (Tso et aZ,1983). No difference in the 
mean diameter of hepatic lymph and of plasma VLDLs has 
been found.

Hepatic lymph VLDL has significantly more phosph
olipids, a higher cholesterol/cholesteryl ester ratio, 
and a marked reduction in triglyceride content. Both 
plasma and hepatic lymph VLDLs have apo E and apo B 
as the major apoproteins. Hepatic lymph VLDL has sig
nificantly less apo C. Apo B is predominantly low 
molecular weight apo B (apo B-48). Plasma VLDL has an 
equal proportion of both low and high molecular weight
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apo B I apo i'i-48 and apo B-10Ü respectively) (Kane et al, 

1980; and Krishnaiah et zZ.lPBO).
Nascent VLDL acquires apo C from HDL following secr

etion of these VLDLs into plasma (Havel et al,1973). With 
increasing serum triglyceride level, there is increased 
apo C transfer from HDL to triglyceride-rich lipoprot
eins (Kashyap et aZ,1977; Schonfeld et aZ,1979; and Polz 
et al, 1980).

Apo C-III freely exchanges between lymph and plasma 
compartments. Although apo C-Il is transferred into 
lymph from plasma, there is also a contribution from the 
intestine (40-50 7o of apo C-II is not derived from plasma) 

(Fidge and Kimpton, 1983).

1.3.3. Biodégradation and Catabolism

1.3.3.1. Chylomicrons

Chylomicron triglycerides are rapidly cleared from 
the circulation, having a half-life of less than 1 hr. 
Chylomicron catabolism proceeds in at least two phases. 
(Fig. 1.3.3.1.). The first involves the hydrolysis of 
triglycerides catalyzed by lipoprotein lipase in the 
capillary endothelium of extrahepatic tissues. In the 
second, the triglyceride-poor chylomicrons are removed 
from the circulation by the hepatic receptors.

Rapid changes occur in the surface components of 
newly synthesized chylomicrons both in vitro and
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in vivo once they are in contact with other plasma lipo
proteins. Here transfer of proteins occur (Kostner and 
ilolasek, 1972; Glickman and Kirsch, 1973; Glickman and 
Green, 1977; Schonfeld and Alpers, 1978; and Wu and Wind- 
mueller, 1978). The clearance of most chylomicron tri
glyceride in extrahepatic tissues close to the capillary 
endothelium by LPL was reported by Olivecrona and Belf- 
rage, 1965; and Higgins and Fielding, 1975.

Chylomicrons lose considerable amounts of apo C 
and apo A-IV together with phospholipids to HDL particles 
and receive cholesterol , (?nd apo E during LPL action 
(Havel et aZ, 197 3 ; Mjos et aZ, 1975 ; Tall et aZ, 19 79 ; Stein 
and Stein, 1980; and Lakshmanan et aZ,1981)

Chylomicron remnants resulting from lipolysis do not 
appear to be converted to LDL (Fallon et aZ,1979). They 
are rich in cholesteryl ester and are called slow- fh 
VLDL (VLDL-I) and are preferentially taken up and 
catabolized by the liver (Bergman et aZ, 1971; Mjoset aZ, 
1975; Faergeman and Havel, 1975; and Deckelbaum et aZ,
1979). This rapid uptake is mediated by an apo E rec
eptor (Carella and Cooper, 1975; and Shelburne et aZ,
1980). The presence of apo E receptor in both paran- 
chymal and non paranchymal cells has been reported (Van 
Berkel et aZ,1981;1983). It is highly temperature-depen
dent and its interaction with remnants is optimally 
exerted at physiological temperature (Van Berkelet aZ, 
1981; 1983).

Human apo C-III has been shown to exert a pronoun-
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ced inhibition on apo E-mediated hepatic clearance of 
chylomicron remnants from plasma (Shelburne at al, 1980).

Chylomicrons, containing apo R-48 and low apo E 
and apo C contents, are readily recognised by both iso
lated paranchymal and non paranchymal cells in the per
fused rat liver system (Windier et aZ,1980; hui et <aZ,
1981; and Van Berkel et aZ,1983). It has been suggested 
that apo B-48 may be responsible for this high affinity 
interaction of chylomicron remnants (Windier et aZ,1980b). 
Other workers suggested that chylomicron surface lipid 
was responsible (Borensztajn et aZ ,1980 ; Pattnaik and 
Zilversmit, 1980; and Nilsson et aZ,19Sl).

Windier et <aZ, 1980 have observed that liver takes 
up triglyceride-rich lipoprotein remnants independent 
of origin, size of precursor, or of core composition.
No core components are required for the recognition of 
a particle by the liver.

It has been shown the remnant cholesteryl 
esters are hydrolyzed in the liver and produce a decr
ease in cholesterol synthesis(Nervi et aZ,1975). Tri
glyceride fatty acids are metabolized and incorporated 
mainly into phospholipids.

1.3.3.2. Very Low Density Lipoproteins

VLDL catabolism also involves two steps (Eie.l3. 3.2) 
In the first st^p 99% triglycer ides and more than 85 % of 
cholesterol and phospholipids are removed in extrahepatic
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tissues. In the second step the resultant VLDL rer.innnt 
containing all the original apo h, is either taken up by 
liver and further catabolyzed (Stein et aZ,lQ74) or may 
be converted to LDL.

Hydrolysis of VLDL-trig1yceride (like chylomicron) 
occurs on the lumenal surface of the capillary endo
thelium cells of the extrahepatic tissues (Delcher et aZ, 
1965; Borensztajn and Robinson, 1970; and Fielding and 
Havel, 1977). LPL is synthensized in the paranchymal 
cells of adipose tissue from where it is secreted and 
transported to the endothelial surface (Ni 1sson-Fhle 
et al y 1976).

Any defect in the hydrolysis of lipoprotein trigl
yceride due either to a decrease in LPL activity, or to 
an abnormality in the interaction of this enzyme with its 
substrate would result in the accumulation of plasma tri
glyceride .

Apo C-II activates LPL (La Rosa et czZ, 1970 ; Breck- 
enridge et aZ, 1978 ; Have 1 et uZ, 1970; and Stocks and
Carlson, 1980). It may form a complex with LPL on the 
surface of the endothelium and thereby facilitate the 
hydrolysis of triglycerides (Miller and Smith, 1973).
A variant VLDL which has an apoC-lI content of less than 
10 7o of that in VLDL from hypertriglyceridemic controls, 
was poorly recognised as a substrate. This leads to 
their accumulation in plasma (Reckless et aZ, 1982).

The inhibition of LPL activity by apo C-III could 
be explained by binding to the substrate and the preven
tion of enzyme-substrate interaction. It has been sug
gested that a decreasing ratio of apo C-II to apo C-III^
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might be part of the pathogenesis of the hypertriglyc
eridemia (Carlson and Ballantyne, 1976).

LPL hydrolysis of VLDL causes most of the apo C , 
free cholesterol and phospholipids to transfer to HDL 
(Higgins and Fielding, 1975). As the hydrolysis pro
ceeds, apo C-II and apo C-III molecules desorb simul
taneously from the surface. The apo C transfer between 
lipoprotein particles occur as a group without selective 
enrichment of any subfraction (Krebs et aZ,1983).

Simultaneously with VLDL-triglyceride hydrolysis, 
HDL-cholesterol estérification occurs by the action of 
lecithin : cholesterol acyl transferase (LCAT, EC 2.3.
1.43) This is followed by the delivery of the choles- 
eryl ester to VLDL remnants via the cholesteryl ester 
transfer protein (Albers et aZ, 1981). Thus the initial 
products of VLDL catabolism include spherical particles 
that contain apo C-II, apo C-II1, apo E, cholesterol, 
cholesteryl esters and phospholipids (Tam et aZ, 1981). 
These VLDL remnants are called intermediate density 
lipoproteins (TDD. They are further modified in plasma 
to yield LDL.

Noel et aly 1983 have suggested that hepatic removal 
of both chylomicron and VLDL remnants is mediated by the 
same receptor, but the affinity of VLDL remnants for the 
hepatic removal process is substantially lower. This 
is possibly due to structural differences between the 
two remnant particles. Pittman et aZ, 1982 have suggested 
that the form of apo B possibly determines whether tri
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glyceride-rich lipoprotein remnants are rapidly cleared 
by the liver or whether they enter a slower catabolic 
pathway involving LDL formation. Ultimately they are 
taken up by hepatic and peripheral cells. It was demon
strated that apo B-48 is cleared from plasma faster than 
apo B-100. Apo B-lOO preferentially enters LDL (Elovson 
et aly 1981, and Sparks and Marsh, 1981).

Wang-Iverson et a l y  1985 have reported that normal 
human VLDL obtained from fasting individuals can be taken 
up and degraded by human monocyte-derived macrophages 
via two distinct saturable processes. These are the 
LDL (apo B,E) receptor and the apo E receptor. Van 
Berkel aZ, 1982 reported liver uptake of lipoprotein 
remnants through an acetyl-LDL (Scavenger) receptor. 
Mahley et aly 1981; and Harkes and Van Berkel, 1982 
have reported the liver uptake of lipoprotein remnants 
through LDL (apo B,E) receptor.

The initial interaction of triglyceride-rich lipo
protein remnants with liver is facilitated by apo E, but 
the later processes of hepatic uptake and degradation 
are favoured by particle enrichment with apo B-48. Thus 
a hepatic binding site for apo B-48 was suggested but 
has not been established (Sparks et a l y 1983). Hui 
et a l y  1984 have argued tha apo B-48 does not play a 
direct role in mediating the interaction of lipoproteins 
with receptors on fibroblasts or liver membranes, but 
uptake of apo B-48-containing lipoproteins (chylomicron, 

-VLDL) occured through the apo E.
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It was shown by Innerarity et aly 1983; and Weisgra- 
ber et a l y 1983 that a special domain containing 
residues 139 - 146 of the apo E polypeptide chain was 
important for binding to apo B, E receptor.
Mutants of apo E-2, having amino acid mutations in that 
region 139 - 146, were defective in receptor binding and 
led to hypertriglyceridemia (Schneider et a l y  1981; Weis- 
graber gf aZ,1982; and Ballet aZ, 1982; 1983).

All apo C species inhibit apo E-mediated uptake 
of remnants by the liver (Shelburne et a l y  1980; and
Windier et a l y  1980 a ; 1980 c). Apo was the most
potent and consistent inhibitor of remnant uptake by 
liver (Quarfordt et a l y  1982 b) . A decrease in apo C 
content of plasma triglyceride-rich lipoproteins is 
correlated with enhanced hepatic uptake of both normal 
and artificial triglyceride emulsions in fasted and 
carbohydrate-fed rats (Quarfordt & t  a l y  1982 a).

Ittmann and Cooper, 1982; and Jones et a l y 1984 
observed an initial association of both plasma VLDL and 
lymph chylomicron remnants with paranchymal cell plasma 
membrane in close proximity to c1athin-coated endocy- 
totic pits. Subsequently the particles pass to endo- 
cytotic vesicles beneath the plasma membrane and are 
finally degraded by lysosomes. These workers suggested 
that non paranchymal cells (Kupffer and endothelial)

had no significant role in internalization and subsqucnt 
degradation of triglyceride-rich lipoproteins.

Van Zuiden et a l y 1983 reported that remnant lipo-
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proteins have a dual effect on hepatic HMG-CoA reductase 
activity. The cholesterol in these liposomes suppressed 
hepatic reductase activity while the triglyceride content 
stimulated reductase activity. They do this in part 
because they stimulate hepatic VLDL secretion. There
fore, the net response of hepatic reductase to a parti
cular dietary lipoprotein will depend on the relative 
amount of cholesterol and triglyceride present in the 
particles. Gianturco et aly 1978 have reported that 
VLDL free of IDL from normal subjects do not suppress 
HMG-CoA reductase activity in cultured normal human 
fibroblasts even though they contained both apo B and 
apo E .

Loss of apo C and aquisition of apo E seem to be
necessary not only for the uptake of remnants by the liver
liver but also for inhibition of hepatic lipogenesis.

After LPL lipolysis of other lymph chylo
microns or VLDL in the absence of HDL, the resulting 
remnants do not suppress hepatocyte lipogenesis. In the 
presence of HDL, however, the remnants are rendered sup
pressive. The requirement for HDL appears to be related 
to the removal of apo C from the non suppressive remn
ants (Lakshinanan at a l y  1983).

Kraemer et a l y 1983 demonstrated the ability of thio- 
glycolate- stimulated mouse macrophages to accumulate 

triglyceride and cholesterol esters via apo E receptors. 
This provides a possible mechanism for the development of 
atherosclerosis in normolipidemic individuals. Wang-
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Iverson et aly 1985 reported that in situations where 
circulating apo E-containing remnant levels become 
markedly elevated, the macrophage clearance mechanism 
may become impaired. This might result in the form
ation of foam cells frequently associated with athero
sclerosis. A moderate low fat diet prevents the occurr
ence of apo E-enriched particles within the VLDL-density 
range in apparently healthy subjects (Weisweiler et a l y

1984).

1.4. Metabolism of Lipoproteins in Diabetes

There is an association between diabetes and ather
osclerotic conditions. Albrink et aly 1963 first drew 
attention to the fact that these diabetics with vascular 
complications had more pronounced hypertriglyceridemia 
than those without overt vascular disease. Triglyceride, 
Cholesterol and pre ^-lipoprotein levels were highest in 
treated, normotensive diabetics who had evidence of 
vascular disease (Santen et a l y 1972). Even diabetics 
without vascular involvement had higher lipid levels than 
did control subjects.

It is also necessary to account for the fact that 
not all untreated diabetics are hyper 1ipidaemic.
The wide range of hyper 1ipidaemic levels observed 
do not seem to correlate closely with the severity of 
diabetes (as judged by either blood glucose levels or 
by insulin requirements).



-  45 -

Hyper 1 ipldcniia in diabetics coula arise from excessive 
input of endogenous triglyceride into plasma, or from 
impaired clearance of endogenous and/or dietary fat. 
Conceivably both processes are involved.

Plasma free fatty acid is the major source of the 
fatty acids of plasma endogenous triglyceride, and free 
fatty acid concentration is an important determinant of 
the rate of hepatic triglyceride secretion. One fac
tor in the mechanism of diabetic hyper1ipideraia may be 
the increased free fatty acid turnover, regularly present 
in uncontrolled diabetes (Lewis et aZ, 1972). This 
level decreases with diabetic control. The most pro
nounced increase in fatty acid turnover is seen in some 
insulin-deficient, lean diabetics, in whom very gross 
lipaemia may occur (Lewis ef aZ, 1972 ).

Hyper 1ipidemia occurs both in lean and obese dia
betics (Lewis et aly 1972) though there is a statistically 
significant positive correlation between weight and 
triglyceride concentration (Gordon, 1960; Sailer et aly 

1966; Bagdade et a l y  1969; Bierman et a l y  1972).
In obese patients endogenous hypertriglyceridemia 

may occur due to an antagonistic mechanism to insulin.
This action is sensed by the pancreas which attempts 
to compensate by increasing insulin secretion. Weight 
reduction by drugs will lead to a decline in both tri
glyceride and insulin but it will not affect basal 
glucose or insulin level in these patients (Bierman 
et aZ,1972).

Insulin deficiency associated with severe diabetes
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leads to a reduced LPL activity resulting in lipemia.
It is found that LPL activity in both adipose tissue 
and plasnia is low. The enzyme deficiency is reversed 
with appropriate insulin repletion (Bagdade et aly 1967).

In moderate diabetes, the insulin deficiency is more 
subtle. These patients have mild fasting hypergly
cemia. Post heparin lipolytic activity (PHLA) is low 
despite normal serum levels of LPL. The infusion of a 
large dose of heparin in these patients leads to drop 
in PHLA. This suggests tha-t the degree of depletion 
is related to degree of insulin deficiency-

In insulin deficiency, hepatic fatty acid synthesis 
is decreased (Renold et aly 1955) both in slices and in 
the perfused liver. After triglyceride is hydrolyzed 
by LPL, the fatty acids enter parenchymal cells and are 
re-ester ified to triglyceride. The latter step is 
dependent on availability of insulin and is defective 
in diabetes (Ostman, 1965).

In the diabetic animal, two opposing effects in
fluence hepatic secretion of VLDL-triglyceride : one is
the direct role of insulin deficiency upon the liver in
restricting VLDL synthesis and secretion; the other is
the increase in free fatty acid production and plasma
concentration tending to enhance VLDL-triglyceride sec
retion. Hepatic uptake of plasma free fatty acid is 
dependent on its concentration (Morris, 1963) and is 
not impaired in diabetes (Woodside and Heimberg, 1972).

It is probably in the diabetic patients best int
erests to limit saturated fat intake, and with it that
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of cholesterol , and to supplement the diet instead 
v;ith polyunsaturated fat (Cole and Gamer in i - Dava 1 os , 
1970).

Aim of Investigation

The aim of this investigation was (a) to establish 
an immunological method for the measurement of apo C,
(b) to compare the apo C levels in diabetic and normal 
VLDLs.



Chapter Two. 
Materials and Methods.
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2.1. Very Low Density Lipoprotein (VLDL) Preparation

Blood was collected from patients into tubes contain
ing the disodium salt of ethylene diamine tetra acetic 
acid (EDTA Na^ salt, AR grade, Fisons) to give a final 
concentration of 1.5 mg EDTA / ml blood. Plasma was sep
arated by centrifugation at 1,000 rpm for 15 min at 4°C 
in a bench centrifuge (BTL). Plasma was overlayered 
with 0.171 M NaCl (AR grade, Fisons) containing 0.15% 
EDTA, pH 7.4 density 1.01 g /ml (solution A) and the 
chylomicron and VLDL fraction was separated by ultra
centrifugation in a Beckman ultracentrifuge using 50 Ti 
rotor at 35,000 rpm ( = 100,000 g) for 16 hr at 4°C. The 
VLDL was separated, resuspended in solution A to give a 
final volume of 13 ml and ultracentrifuged for 6 h r . The 
top milky layer (VLDL) was taken off and stored in a 
freezer at -20°C.

2.2. Delipidation of VLDL

The VLDL was treated with one of the following 
methods :

2.2.1. Tetra methyl Urea (TMU) Treatment

The method was carried out according to Kane (1973). 
VLDL was incubated with an equal volume of TMU (1,1,3,3,- 
Tetra methyl Urea, Sigma), vortexed and incubated for 
15 min in a water bath at 30°C. The treatment was
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followed by centrifugation for 5 min in a microcentrifuge 
(Anderman) at room temperature (r.t.). The supernatant 
containing apoproteins C, A, and E was retained.

2.2.2. Acetone Treatment

This method was carried out according to that des
cribed by Holmquist and Carlson (1977). VLDL was treated 
with ice-cold acetone (LR grade, Charles Tennant) (1 volume 
VLDL:1.2 volumes acetone), vortexed and stored on ice for 
15 min. The solution was then centrifuged at 1,000 rpm 
for 15 min at 4°C. The supernatant was retained.

For apoprotein C analysis by competitive enzyme- 
linked immunosorbent assay (CELIA) or isoelectrofocusing 
(lEF), the supernatant was concentrated in a rotary evap
orator for 15 min, shell frozen in liquid nitrogen and 
lyophilized in a freeze-drier (Edwards, Modulyo) over
night. The resultant delipidated VLDL powder was dis
solved in 750 pi 10 mM Tris-Hcl pH 8.6 and stored in a 
freezer at -20°C.

2.2.3. Acetone : Ethanol Treatment

The method was carried out according to that desc
ribed by Warnick et al (1979). The VLDL was treated at 
-15*̂ C with an equivolume mixture of acetone (LR grade, Charles 
Tennant) and ethanol (LR grade, James Burroughs) at a 
ratio of sample to solvent of 1:5. Incubation at -15°C
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was carried out for 4 h r . The solution was centrifuged 
at 1,000 rpm for 15 min at 4°C. The precipitate was then 
extracted again for 2 hr at -15°C in a fresh mixture of 
acetone and ethanol. After a further centrifugation the 
precipitate was treated with 5 ml diethyl ether (LR grade. 
May and Baker) at -15°C for 1 h r . After a final centri
fugation the precipitate was dried under a stream of nitro
gen and stored in the freezer at -20°C.

Before isoelectrofocusing the acetone-ethanol powder 
was dissolved in 8 M analar Urea, (BDH), 10 mM DL-Dithio- 
threitol (Sigma), 10 mM Tris (2-amino-2-(hydroxymethyl) 
propane -1,3-diol (AR grade, BDH)) - HCl pH 8.6 (solution B)

2.3. Protein Estimation

2.3.1. Lowry Method

The method is based on that described by Lowry et al 
(1951). 1 mg /ml defatted bovine serum albumin (BSA) was 
used as a standard protein and diluted to give a range of 
10 pg - 40 pg protein. 1 ml of Mixture I (1.25 g sodium 
lauryl sulfate (LR grade. Sigma), 25ml 2 %  Na2C0^ (LR 
grade, Fisons) in 0.1 M NaOH (LR grade, Fisons), 0.25ml 
1 7o CuSO^ (LR grade, Fisons), 0.2 5ml 2 %  Na K tartarate 
(LR grade, Fisons)) was added to the standards, blank and 
sample, vortexed and stood at room temperature for 10 min. 
100 pi Folin's reagent (Folin and Ciocalteu's Phenol 
Reagent (BDH), diluted 1:1 with water) was added to each 

solution, vortexed and stood at room temperature for 30
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min. The optical density at 653 nm was measured against 
a sample buffer blank in a Corning Colorimeter 253.

2.3.2. Coomassie Brilliant Blue Method

The method is based on Bio-Rad Protein Assay (Bio- 
Rad Laboratories, 1979). 1 mg / ml defatted BSA was used
as a standard and diluted to give a range of 10 pg - 40pg 
protein. 3 ml of the Coomassie Brilliant Blue G-250 
reagent (0.01 g Coomassie Brilliant Blue G-250 (Sigma) in 
5 ml 95% ethanol (LR grade, James Burroughs) and 10 ml 
Orthophosphoric acid (LR grade, Fisons) were made up to 
100 ml with water and filtered twice before use) was 
added to the solutions, vortexed gently to avoid foam 
and left at room temperature for up to 1 hr. The optical 
density (O.D.) was measured at 595 nm against the sample 
buffer blank in a Corning Colorimeter 253.

2.4. Urea Polyacrylamide Gel Electrophoresis (Urea/PAGE)

The method is based on Kane (1973). The lower gel 
was prepared by dissolving 6.4 g analar Urea (BDH) in 
1.25ml filtered lower gel monomer solution (40% Acrylamide 
(AR grade, Fisons), 1.1% NN'-Methylene Bisacrylamide 
(LR grade, BDH)), 2.5 ml lower gel buffer (2 M Tris-Hcl 
pH 9.1 : 242.28 g Tris (AR grade, BDH), 3.0 ml TMED (NNN'N- 
Tetramethyl ethylene diamine, LR grade, BDH)/I), 5 ml 
freshly prepared Persulfate solution (0.168 % Potassium
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Persulfate (BDH) and 1.25ml double distilled water.
The mixture was poured into glass gel tubes (internal 
diameter (I.D.) = 0.5 cm, length (L) = 10 cm) to a height 
of 8 cm and allowed to set at room temperature for 1 hr.

For the upper gel, 1.3 g analar urea was dissolved 
in 0.5ml filtered upper gel monomer solution (13.3% 
Acrylamide and 1.1% NN'-Methylene Bisacrylamide), 0.5ml 
upper gel buffer (0.24 M Tr is-Phosphate pH 6. 7 : 29.8 g 
analar Tris, 1.3ml TMED/1), 0.5ml Potassium Persulfate 
solution, and 0.5 ml double distilled water. This mixture 
was poured on top of the lower gel to a height of 1 cm 
and stood at room temperature for 1 hr.

15 pg - 20 pg delipidated VLDL was mixed with 10 pi
Bromophenol blue solution (1 mg Bromophenol blue (BDH)/3ml 
double distilled water) and applied to the gels. Using 
lower tank buffer (0.12 M Tris-HCl pH 8.07 : 14.537 g Tris/1) 
and upper tank buffer (0.0425M Tris-HCl, 0.0465 M Glycine 
pH 8.91 : 5.1 g/1 Tris and 3.5 g /1 Glycine ( AR grade, Fisons)), 
electrophoresis was carried out at room temperature at
2.5 m A/gel through the upper gel and increased to 5 m A/gel 
when the blue tracking dye entered the lower gel.

With the help of a syringe filled with water, the
needle flat side was placed to the inside edge of the 
glass tube. As the syringe was pushed in the needle was 
twisted round the inside edge of the tube. It was then 
possible to squeeze the gel out of the tube with a teat 
into a fixer solution ( 100 ml Methanol (AR grade, James



- 53 -

Burroughs), 20ml Glacial Acetic acid (LR grade. May and 
Baker) and 100 ml double distilled water)) in a boiling 
tube for 30 min at room temperature. The fixer was dis
carded and a filtered stain solution (0.5g Coomassie 
Brilliant Blue R (Sigma) in 454 ml of 50 % methanol and 
46ml glacial acetic acid) was added to the tube and placed 
in a water bath for 20 min until boiling, then switched 
off. The tubes were left in the water bath for another 
10 min. The stain was removed and a destain (100 ml 
methanol, 150 ml glacial acetic acid and 1750 ml double 
distilled water) was added and the tube placed in a warm 
water bath for 30 min. The destain was removed and re
placed. It took 3 - 4  days for the gels to destain 
properly. Scanning of the stained gels was carried 
out at 560 nm in a Unicam S.P. 1800 spectrophotometer 
using a gel scanning attachment.

2.5. Isoelectrofocusing (lEF)

The method is based on Warnick et al (1979).
9.6 g Analar urea was dissolved in 10 ml solution G 
(14.25 g Acrylamide, 0.75 g NN'-Methylene Bisacrylamide,
25 g Sucrose (Fisons, S.L.R.) made up to 100 ml with 
double distilled water), 1 ml ampholine pH 4-6 (Bio Lyte 
Bio-Rad Laboratories) and 4 ml double distilled water.
The mixture was degassed by applying a vacuum and 5 ml 
solution H (0.002 7o Riboflavin (Sigma) and 0.006 7» Pota
ssium Persulfate) and 40 pi TMED were added. The mixture
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was then poured into glass gel tubes (I.D. =0.5 cm,
L = 12 cm) to a height of 10 cm and left at room tempera
ture for 1 hr. The gels were prefocussed at 100 v (max. 
current) for 1 hr regardless of the number of gels 
using a lower tank buffer (0.01M H^PO^) and an upper tank 
buffer (0.02M NaOH ( LR grade, Fisons)). Later, the 
samples containing 15% sucrose were applied to the gels, 
overlaid with 20 pi of a protecting buffer (0.05 g Sucrose 
in 25 pi amph. pH 4 -6 and 475 pi double distilled water) 
and isoelectrofocusing was carried out at 5 00v (max.
current) overnight at room temperature in a tank with a
circulating water cooling system.

The gels were removed (see Section 2.4), fixed in
12.5 % trichloroacetic acid (TCA) (GPR grade, BDH) for 
1 hr at 4°G, stained (0.1 g Coomassie Brilliant Blue R,
3.6 g 5-Sulfosalicylic acid (AR grade, BDH), 12 g tri
chloroacetic acid, 30 ml methanol and 74.4 ml double dis
tilled water) for 3 hr at r.t. and destained ( 50 ml Ethyl- 
acetate (BDH), 25 ml glacial acetic acid, 35 ml ethanol 
(LR grade, James Burroughs) and 390 ml double distilled 
water) for 4-5 days with 3 changes a day.

One of the gels run without sample was cut into 
0.5cm slices. Each slice was soaked in 1 ml double
distilled water for 1 hr at 4°C and the pH of each slice
was measured using a pH meter (Radiometer Copenhagen).
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2.6. Separation of Antigen (apoproteins C-II, 
C-III^, C-III^)

TMU-de1ipidated VLDL (see Section 2.2.1) was electro- 
phoresed on Urea/PAGE (see Section 2.4). One of the gels 
was fixed, stained and destained (see Section 2.4). By 
measuring the (relative distance) of apo C-II,apo C-III^ 
and apo C-III2 bands on the stained gel it was possible 
to locate the position of these apoproteins (C-II, C-III^, 
and C-III2 ) and to cut the unstained gels for these apo
proteins accurately.

Gel slices containing either apo C-II, C-III^ or 
C-IIl2ftom different samples were each pooled, homogenized 
with a glass rod and a sample of each of the apo C-II, 
C-III^, and C-III2 homogenates tested for homogenity 
on either Urea/PAGE or lEF. The remainder of each of 
the homogenates was frozen in a liquid nitrogen then 
lyophilized in a freeze drier (Edwards Modulyo) for 
24 hr. Each of the apoprotein C powders were stored 
separately in a freezer at -20°G.

2.7. Preparation of Antibodies to apo C-III^ and apo 

C-III2

0.049 g freeze-dried apo G-III^ acrylamide gel powder 
was suspended in 2 ml complete Freund's adjuvant (Miles 
Laboratories) 0.5ml of that was injected in each hind 
limb of two rabbits.
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0.072g freeze-dried apo C-III^ acrylamide gel 
powder was suspended in 2 ml complete Freund's adjuvant 
and 0.5ml of it was injected in the hind limbs of another 
two rabbits.
Details of boosting and bleeding are as follows:

Immunization Injection (day) Bleed (day and volume) 
Primary \

1st boost 30 42(20ml), 44(20 ml), 49(20 ml).
2nd boost 68 76(20ml), 78(20ml), 81(20ml).
3rd boost 88 95(10ml), 97(10ml), 99(10-15ml).
4th boost 111 118(15ml), 125(20 ml).

The four rabbits were bled out on day 125, the blood was 
left to clot and the sera separated by centrifugation at 
1 ,000 rpm for 15 rain at 4°C in a bench centrifuge.

2.8. Visualization of Apo C on lEF

2.8.1. Analino Naphthalene Sulfonate Method

TMU-or acetone-delipidated VLDL was run on lEF gel 
Later the gel was soaked in a solution of 0.003 7» ANS 
(1-Analino-8-Naphthalene Sulfonic acid. Sigma) in 0.1 M 
sodium phosphate buffer pH 8.6 (0.1M Na2HP0^ and 0.1 M 
NaHPO^*H2O) for 4 hr at room temperature.

Bands could be detected under U.V. lamp. Sometimes 
it was necessary to expose the gels to fumes of conc. 
HCl for 1 hr. When soaked in 3N HCl the apoC bands 
were then visible under U.V. lamp. Each of the apo C
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bands: apo apo C-II, apo C-III^ and apo C-III^
were cut out and run on lEF separately to confirm their 
identity.

2.8.2. Water Method

After lEF of proteins from TMU-or acetone-delipidated 
VLDL, the gel was soaked in several changes of double 
distilled water at room temperature. After 1 hr only 
apo C-III^ was apparent.

The gel was left soaking overnight at room tempera
ture. When the gel was scanned at 300 nm, apo C-II and 
apo C-III2 were detected. Apo C-III^, apo C-II, apo C-III^ 
and apo C-III2 were cut out separately and examined for 
identity by lEF.

2.9. Detection and Characterization of the Antibodies

2.9.1. Enzyme Linked Immunosorbent Assay (ELISA)

The method is based on that described by Engval and 
Perlmann (1972). Gilford eia cuvettes were coated with 
0.25ml of 1 pg/ml delipidated VLDL using 0 . 1 M Na2C0^
(LR grade, Fisons) pH 9.6 buffer as diluent. For anti
gen-free control the sample buffer was diluted with 

0.1 M Na2C02 pH 9.6 buffer. The cuvettes were covered 
and incubated at 37°C for 3 h r . Later their contents 
were drained and washed three times with 0 . 9 X NaCl
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containing 0.05 7» Tween-20 ( Polyoxyethylene sorbitan 

monolaurate (Sigma))(Sa 1ine-Tween).
Serial dilutions 10  ̂- 10  ̂ of anti C-III^ serum 

and normal rabbit serum as control were prepared using 
Saline-Tween as diluent. 0.25ml of each dilution was 
applied to the appropriate cuvettes, covered and incubated 
at 37°C for 2 hr. The cuvettes were washed as above with 
Saline-Tween.

0.25 ml Anti rabbit goat IgC alkaline phosphatase 
conjugate, diluted 1:1000 with Saline-Tween, was applied 
to all the cuvettes, covered and incubated at 4°C over
night. The cuvettes were washed as above.

1 mg/ml p-nitropheny1 phosphate (Calbiochem) was 
freshly prepared using 0.05M ^^200^ buffer pH 9.8 con
taining 1 mM MgCl2 (LR grade, Fisons) and 0.25 ml of it 
applied to all the cuvettes. These were incubated at 
room temperature until an absorbance reading of 2 in a 
Gilford eia reader at 405 nm was achieved by the cuvette 
giving the greatest reaction. The reaction was then 
stopped by applying 0.05ml I M  NaOH (LR grade, Fisons) 
and the absorbance was measured against a blank (prepared 
from 0.25 ml substrate and 0.05 ml 1 M NaOH only).

2.9.2. Ouchterlony Method

The method is adopted from that described by Hudson 
and Hay (Practical Immunology). 1 g agarose (agarose 
25, BDH) was dissolved in 50 ml double distilled water 
in a boiling water bath, then heated directly over a
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Bunsen flame. 50 ml of 0.072 M barbitone buffer pH 8.2 
(12 g Na salt of 5'5 Diethyl barbituric acid (Sigma),
4.40 g 5'5 Diethyl barbituric acid (Sigma) made up to 
1 litre. 0.15 g NaN^ (Fisons)) was added to the agarose. 
This 1 7o agarose was stored at 4°C.

The 1 7o agarose gel was melted in a boiling water 
bath and 3-5 ml was poured onto a clean, dry slide 
( 8 .1 cm X 2 . 5 cm X 1.1 mm) using a levelled surface.
The slide was left to set in a wet petri dish at room 
temperature. Wells were punched in the agarose gel slide, 
A gel slice of apo C-III^ or apo C-III^ was placed in the 
central well and different dilutions of antiserum plus 
neat antiserum were placed into the surrounding wells.
The gel slide was then incubated at 4°C in a wet petri 
dish.

2.9.3. Crossed Immunoelectrophoresis

This method is also adopted from Hudson and Hay 
(Practical Immunology). A 1 7» agarose gel slide was 
prepared (see Section 2.9.2). A well and a trough were 
cut into the gel. Using a Pasteur pipette the gel plug 
was removed from the well and TMU-delipidated VLDL (see 
Section 2.2.1) was applied into the well. The agarose 
gel slide was placed on LKB electrophoresis system and 
electrophoresis was carried out for 1 hr at 8mA (160v) 
using a 0.15 M Phosphate Buffered Saline pH 7.2 (PBS)
(8 g Sodium Chloride (AR grade. Fusons), 0.2 g Potassium 
Chloride (Fisons), 1.15 g Disodium Hydrogen Orthophosphate



- 60 -

(AR grade, BDH), 0.2 g Potassium Dihydrogen Orthophos
phate (LR grade, Fisons)) as a conductor buffer.

After electrophoresis the gel plug was removed 
from the trough and the antiserum was applied into it 
and incubated at 4°C overnight in a wet petri dish. A 
coated duplicate agarose gel slide (see Section 2.9.2) 
with only TMU-de1ipidated VLDL added was electrophoresed 
as above. Both were fixed in 10 X glacial acetic acid 
for 30 min, washed several times with double distilled 
water, then soaked overnight at 4°C in double distilled 
water. Later, the slides were left uncovered at 37°C 
to dry overnight, then stained (1.25 g Coomassie Brilliant 
Blue R-250, 50 ml glacial acetic acid, and 185 ml double 
distilled water) for 5 min and destained (50 ml glacial 
acetic acid and 185ml double distilled water).

2.9.4. Double Crossed Immunoelectrophoresis

This method is adopted from Dolphin et al (1978). 
TMU-delipidated VLDL (see Section 2.2.1) was electroph
oresed on Urea/PAGE (see Section 2.4) in a glass gel 
tube (I.D. = 1.5 mm, L. = 12 cm) . The Polyacrylamide 
gel was removed and cut into two halves longitudinally. 
One half was stained and destained (see Section 2.4.) 
and the other half was soaked in 1 litre 0.072M 
sodium barbital buffer pH 8.6 (see Section 2.9.2) for 30 
min to remove urea and equilibrate the gel for second 
dimension electrophoresis.
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The half acrylamide gel was then placed on a glass 
plate (8.1 cm X 8.1 cm X 1 mm ) 1.5 cm from the top edge. 
1.8 ml of 1.5% agarose in 0.07 M Veronal buffer pH 8.6 
(42.5 g Sodium chloride, 1 . 875 g sodium salt of 5 ' 5 
Diethyl barbituric acid, 2 . 875 g 5'5 Diethyl barbituric 
acid / 1) was poured on the area above the acrylamide 
gel on the plate.

450 pi anti C-III^ serum was added to 11.4ml 0.15 M PBS 
pH 7.2 at 50°C then mixed with 6 ml 1.5% agarose gel in 
0.07 M veronal buffer pH 8.6. Then 6.8 ml of this anti
body-containing agarose gel was poured on the rest of the 
glass plate on the area below the acrylamide gel.

Electrophoresis was carried out in a LKB Ultra- 
phorelectrophoresis system (with cooling) overnight at 
8 mA / plate using 0.072 M barbitone buffer pH 8.2 (see 
Section 2.9.2) as a conductor buffer. After electro
phoresis the acrylamide gel half was removed from the 
plate, stained and destained (see Section 2.4). The 
plate was soaked in 0.9% NaCl overnight to remove the 
soluble antigen-antibody complex, then in double dist
illed water for 30 min. It was then dried and stained 
with Coomassie Brilliant Blue R-250 (see Section 2.4) 
and destained in methanol-water-acetic acid (45:45:10)/

2.9.5. Immunofixation Electrophoresis and Isoelec
trofocusing

The method is based on Johnson et aZ(1982). TMU- 
del ipidated VLDL was electrophoresed on either Urea / PAGE
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(see Section 2.4) or lEF (see Section 2.5). 25 % and 50 %
anti serum in PBS and neat antiserum were rubbed
by a glass rod on three separate gels of Urea / PAGE or 
lEF. The gels were incubated in a wet petri dish for
1.5 hr at 4^C. Later, the gels were rinsed and soaked 
in diluted saline stock (90 g NaCl (AR grade, Fisons)
0.20 g NaN^ (Fisons) /I, diluted 10 times before use) 
for three days with several changes, after that they 
were rinsed and soaked in double distilled water for 
1 h r , then stained with Coomassie Brilliant Blue (0.5% 
Coomassie Brilliant Blue R-250 in destaining solution) 
for 2-3 hr and destained in destaining solution (100 ml 
glacial acetic acid, 450 ml methanol and 450 ml double 
distilled water) for 4 - 6  days.

2.10. Preparation of Immunoglobulin G (IgG)

This method is based on that described by Wright 
and Hunter (1982). 1 ml of either anti C-III^ serum
or normal rabbit serum was adjusted to 18 % Na^SO^ 
(Anhydrous, BDH) by adding 0.18 g anhydrous solid Na2S0^ 
slowly to the antiserum contained in a bijou tube with 
stirring. It was then left stiiring for a further 1 hr 
at room temperature. The tube contents were mixed with 
1 ml of 18% Na2S0^ in a 0.1 M NaHGO^ (LR grade, Fisons), 
and transferred into a 10 ml conical centrifuge tube and 
spun at 5,000 rpm for 20 min at room temperature in a bench 
centrifuge. The supernatant was discarded, the precip-
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itate resuspended in 5 ml 18 % Na^SO^ in 0.1 M NaHCO^ 
and recentrifuged as above. The supernatant was dis
carded and the precipitate dissolved in 1 ml 0.15 M PBS 
pH 7.2 and dialyzed overnight at 4°C against 2 1 PBS 
with two changes. The dialysate (IgG) was collected 
and stored at 4 ° C .

2.11. SDS-Polyacrylamide Gel Electrophoresis 
(SDS/PAGE) for IgG

The method is that of Hames and Rickwood (Gel Elec
trophoresis of Proteins: A Practical Approach). 5 % 
final acrylamide concentration in resolving gel was pre
pared from 5 ml filtered solution I (30 % acrylamide and 
0.8% NN '-methylene bisacryl amide ) , 3.75 ml resolving 
gel buffer ( 3 M Tris-HGl pH 8.8 ) , 0.3 ml 10% SDS solution 
(w/v) , 1.5ml 1.5% amnonium persulfate (w/v) CAR grade, BDH) ;
19.45 ml double distilled water and 0.015 ml TMED. The 
mixture was poured in glass gel tubes (l.D. =0.5 cm,
L = 12 cm) to a height of 9 cm and left at room temperature 
for 2 h r .

2.5% stacking gel was prepared from 2.5ml solution 1,
5 ml stacking gel buffer (0.5 M Tris-HGl pH 6.8), 0.2 ml 
10% SDS solution, 1 ml 1.5% ammonium persulfate, 11.3ml 
double distilled water and 0.015 ml TMED. The mixture 
was poured on top of the resolving gel to a height of 
1 cm and left at room temperature for 1.5 h r .

100 pi (50 pg) anti C-111^ IgG, normal rabbit IgG
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and the markers (Human IgG, Human Fab% and defatted 
BSA) were separately heated with 33 pi sample buffer 
(0.0625 M Tris-HGl pH 6.8 containing 10% sucrose, 2 %  SDS, 
and 0.02% Bromophenol Blue (BDH)) for 3 min in a boiling 
water bath. 100 ml of reservoir buffer stock solution 
(0.25 M Tris, 1.92 M Glycine, 1 % SDS, pH 8.3) was made up 
to 1 litre with double distilled water and used as lower 
and upper tank buffer. Electrophoresis was carried out 
at 2 mA / 9 cm gel (90 v) for 2 hr for the sacking gel and 
at 3 mA / 9 cm gel ( 140 v ) for 2. 5 hr for the resolving gel. 
The gels were then removed (see Section 2.4) stained 
overnight with Coomassie Brilliant Blue (0.1% Goomassie 
Brilliant Blue R-250 in double distilled water: methanol 
: glacial acetic acid (5:5:2) and destained (30 % metanol 
and 10% glacial acetic acid) for 3 - 4  days.

2.12. Precipitation of Antigen-Antibody Complex

2.12.1. (NH^)^ SO^ Precipitation

20 pg acetone-delipidated VLDL was mixed with 40 ug 
of either anti-G-111^ IgG or normal rabbit IgG in sep
arate Eppendorf tubes. The tubes were vortexed and 
incubated at 37°C for 1 h r , then at 4°C overnight with 
shaking. The tubes were adjusted to 50 % (NH^)  ̂ SO^, 
vortexed and incubated at 4°C for 6 hr with shaking.

To enhance the precipitation 5 pg normal rabbit IgG 
was added to each tube as a carrier protein. Later,
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the tubes were centrifuged in a microcentrifuge at room 
temperature for 5 min. The supernatants were retained 
and the precipitates were dissolved in 10 mM Tris-HCl 
pH 8.6. The supernatants and the dissolved precipitates 
were dialyzed against 5 1 10 mM Tris-HCl pH 8.6 overnight 
at 4°C. The dialysates were removed, their protein 
content estimated and electrophoresis carried out.

2.12.2. 9 %  Na^SO^ Precipitation

40 pg acetone-delipidated VLDL was mixed with 400 pg 
of either C-III^ IgG or normal rabbit IgG and left 
shaking at 4°C overnight. Later, their volumes were 
adjusted by adding PBS and each tube was mixed with the 
same volume of 18 % Na^SO^ in PBS solution and left 
shaking overnight at 4°G (final Na^SO^concentration in 
the tubes is 9%). The tubes were centrifuged in a 
microcentrifuge for 5 min at room temperature. The 
supernatants were retained and the precipitates were 
dissolved separately in PBS. Both the supernatants 
with the dissolved precipitates were dialysed against 
2 1 0.15M PBS pH 7.2 at 4^C overnight with two changes. 
Protein estimation and isoelectrofocusing were carried 
out on the dialysates.
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2.12.3. Protein A-Sepharose CL-4B Precipitation

The Pharmacia protein A method was used (Protein 
A-Sepharose CL-4B, Pharmacia). 20 pg acetone-de1ipidated 
VLDL was mixed with 200 pg of either anti C-III^ IgG or 
normal rabbit IgG, in Eppendorf tubes, vortexed and left 
shaking at 4°C overnight. The volume of the two tubes 
was adjusted with PBS and 10 pi Protein A-Sepharose 
GL-4B was added to each tube, vortexed and incubated at 
4°G overnight with shaking. The tubes were centrifuged 
in a microcentrifuge for 5 min at room temperature.
The supernatants were retained and the precipitates were 
suspended in 0.1 M Glycine-HCl buffer pH 3. Protein 
estimation and isoelectrophoresis were carried out 
for both supernatants and precipitates.

2.13. Protein Printing from Urea / PAGE Gels

The method is that described by Johnson at aZ(1982). 
Acetone-delipidated VLDL was electrophoresed on Urea/PAGE 
(see Section 2.4). The gel was cut longitudinally 
into two halves. One half was fixed, stained and de- 
stained(see Section 2.4). The other half was soaked 
together with a nitrocellulose sheet (3 cm X 12 cm)
(0.2 pm Schleicher and Schull) in 0.15 M PBS pH 7.2 for 
30 min. The sheet was transferred onto a clean glass 
plate and the gel half was placed with its flat surface 

on the sheet. Another glass plate was placed on the
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gel and a weight of 1 kg was placed on top of the second 
glass plate for 1 . 5 hr at room temperature. The weight 
was later removed and the gel was fixed, stained and 
destained (see Section 2.4).

The sheet was later either stained with amido black 
10 B (0.1 g amido black 10 B (naphthol blue black), 45 ml 
methanol, 10 ml glacial acetic acid and 45 ml double dis
tilled water) for 10 min then destained (90 ml methanol,
2 ml glacial acetic acid and 8 ml double distilled water) 
for 15 min with several changes at room temperature, or 
was washed with PBS for 30 min with several changes, then 
incubated in 1 % casein (BDH) in PBS for 3 hr at 37°C.
The sheet was later incubated with either 1 mg / ml anti 
C-111^ IgG or normal rabbit IgG (diluted with 1 % casein 
in PBS) overnight at room temperature with shaking.
Later it was removed and washed as above with 1 % casein 
in PBS.

A 1 / 250 dilution of anti-rabbit-goat IgG peroxidase 
conjugate (Sigma) was prepared using 1 %  casein in PBS 
as diluent,applied to the sheet and incubated at 4°C for 
6 hr. The sheet was washed as above and incubated in 
the dark room at room temperature overnight with a sub
strate prepared from 20 ml 0.3% chloronaphthol (4-chloro- 
1-naphthol (Sigma)) in methanol, 50 pi 20% (LR grade
Fisons) and 79. 95 ml 50 mM Tris-HCl pH 7.4 containing 

0.9% NaCl.
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2.14. Immunoblotting from lEF Gels

This method is based on that described by Towbin et al 

(1979) and the Bio-Rad method (Bio-Rad Immunoblotting 
Leaflet). Isoelectrofocusing was carried out on acetone- 
delipidated VLDL (see Section 2.5) and the gel was cut 
longitudinally into two halves. One half was fixed, 
stained and destained (see Section 2.5).

The other gel half was soaked together with a nitro
cellulose sheet, two scour pads and a plastic plate (Bio- 
Rad) in the transfer buffer (20 mM Tris-HCl pH 8.3 con
taining 192 mM Glycine and 20 % methanol) for 20 min at 
room temperature. One scour pad was placed on one of 
the inside sides of the plastic plate, then the nitro
cellulose sheet was placed on the scour pad and the gel 
half was placed with its flat surface on the nitrocell
ulose sheet. The second pad was placed on the gel 
and the plate was closed and put into the immunoblotting 
tank (Bio-Rad, Trans-Blot Gell) filled with the transfer 
buffer. The sheet was placed facing the anode side 
and the gel facing the cathode. Electrophoresis was 
carried out at 60 v (220 mA) for 4 hr at room temperature.

Later, the gel half was removed, fixed, stained 
and destained (see Section 2.13.). The sheet was either 
stained and destained or treated with either 1 mg /ml 
anti G-111^ IgG or normal rabbit IgG as described (see 
Section 2.12).
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2.15. Apoprotein C Estimation by Competitive
Enzyme Linked Immunosorbent Assay (CELIA)

2.15.1. Coating tne Cuvettes with a Standard Antigen

An acetone-delipidated VLDL bulk preparation from 
several patients was prepared and used as a standard.
It was diluted to 1 pg / ml with 0.1 M Na^CO^ pH 9.6, and 
0.25 ml added to cuvettes which were then covered and 
incubated at 37°C for 3 h r .

The cuvettes were drained and washed 6 times for 
30 min with 0.15 M PBS pH 7.2 containing 0.05% Tween-20 
(PBS-Tween). 0.5ml 1 % casein in PBS-Tween was then 
applied to the cuvettes. They were covered and incubated 
at 37 °C for 1 h r . Their contents were later drained 
off and the cuvettes were washed as above.

2.15.2. Equilibration of Unknown Antigen with Antibody

Different dilutions of competing antigen were prepared 
using PBS-Tween as diluent and were incubated in glass 
tubes at 37°C for 2 hr with an equal volume of 1/ 250 
anti C-111^ IgG (diluted with PBS-Tween). A control 
(antigen-free) prepared from sample buffer was also 
treated with an equal volume of 1/ 250 anti G-lll^lgG.
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2.15.3. Reaction of Bound Antigen with Excess Antibody

0.25ml of each dilution of competing antigen-anti- 
body mixture was applied to the appropriate cuvettes 
covered and incubated as in Section 2.15.1.

2.15.4. Reaction of Anti-Antibody with Bound
Antigen-Antibody Complex

0.25ml Anti rabbit goat IgG alkaline phosphatase 
conjugate, diluted 1:1000 with PBS-Tween, was applied to 
all the cuvettes. They were covered and incubated at 4°G 
overnight. Later the cuvettes were drained and washed 
with PBS-Tween as above (see Section 2.15.1)

2.15.5. Detection of Bound Antigen-Antibody-Anti 
Antibody Complex

0.25ml of 1 mg/ml substrate (see Section 2.9.1) 
was added to the cuvettes and incubated for 3 hr at room 
temperature. The reaction was stopped by applying 
0.05ml 1 M NaOH to the cuvettes. The absorbance was 
measured in the Gilford reader at 405 nm against a blank 
(see Section 2.9.1).

2.16. Apoprotein C Estimation in Normal and Diabetic 
Subjects by lEF

VLDLs were prepared from both diabetic and normal
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subjects (see Section 2.1). They were delipidated 
with acetone : ethanol (see Section 2.2.3) and dissolved 
in 8 M Urea, 10 mM Di thiothreitol ( DTT ) and 10 mM Tris- 
HCl pH 8.6 solution to give a protein concentration of 
1 mg / m l . Isoelectrofocusing ( see Section 2.5) was 
carried out on these samples. Their apoprotein C 
content was estimated by densitometer (ISCO UA-5 
Absorbance / Fluorescence Monitor) using a 580 nm 
filter. An integrator (LDC/ Milton Roy C 1-10) was 
used to estimate the areas of Apo C.



Chapter Three. 
Results.
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3.1. Comparison of Lowry and Coomassie Brilliant 
Blue Protein Estimation Methods

A comparison of the Lowry and Coomassie blue methods 
for estimating protein was made using 1 mg/ml defatted 
BSA as a standard. The results are shown in Fig.
3.1.a. In the Coomassie brilliant blue method the 
standard curve was lower than that of Lowry mtheod, but, 
based on their slopes, there was no significant differ
ence between the two methods (P 0.05).

However when either VLDL or delipidated VLDL was 
estimated by the two methods, the protein concentration 
obtained by the Coomassie blue method was always less 
than half that obtained by the Lowry method. In addit
ion, SDS is required with either VLDL or delipidated 
VLDL samples to ensure solution. With the Coomassie 
blue method 0.1 % SDS added to the reagent inhibited 
all colour development with either albumin or VLDL.
On the other hand, SDS (4.7%) already present in the 
Lowry reagent (see Section 2.3.1), did not interfere 
with the absorbance.

Thus despite the advantages of Coomassie blue 
method (the absorbance of the dye-protein complex is 
relatively stable and its development does not require 
critical timing) it was decided that the Lowry method 
be performed for VLDL protein estimation.
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Fig. 3.1.a. Comparison of Lowry (O -   o) and
Coomassie Brilliant Blue ( ° ---- □ )
Protein Estimation Methods.

The points are duplicate.
a. Correlation Coefficient (r)= 0.996, P 0.05.
b. Correlation Coefficient =0.994, P <C 0.05.
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3.2. Separation of Apo C by Urea Polyacrylamide 
Gel Electrophoresis

To achieve the best separation of apo C isoforms 
experiments where alterations in the concentration of the 
acrylamide in the urea polyacrylamide gel were carried 
out. In this Urea/PAGE method of apo Cs appeared as 
three bands along the gel: apo C-II, apo C-III^ and apo 
C-III2 where apo C-III^ was the most electro negative 
followed by apo C-III^ then apo C-II.

After staining, the gels were scanned and the rel
ative distance migrated by each apo C was calculated.

Table 3.2.a. shows the effect of varying the acryl
amide concentration on apo C migration. Thus the lower 
the acrylamide concentration the further apo C will 
migrate. The minimum concentration of separating gel 
which gives a maximum distance between the different 
apo C together with adequate band resolution was 3 %.
Lower concentrations gave poor resolution and diffic
ulty in both handling and polymerization.

The amount of apo C protein added also affected the 
value of the different apo C bands (Table 3.2.b).

The higher the sample size the slower the migration.
Different volumes containing an equal concentr

ation of protein did not affect the migration (Table
3.2.C).

Delipidation of VLDL with either TMU or acetone 
gave no significant difference in the values of 
each of apo C (P >  0.05). There was no significant
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Table 3.2.a.

The Effect of Acrylamide Concentration on the 
Values of Apo G's in Urea/PAGE

Acrylamide 
Concentrat ion 

in the 
Separating Gel

Go
of
Ge 1 s

Apo C-II 
(less 

negative)

Apo C-III^ 
(Intermed- 

iate )

Apo C-III^ 
(most 

negative)

67o 7 0.364- 0.01 0.447-0.02 0.477 - 0.02
4.5% 7 0.509-0.008 0.586-0.009 0.638^0.01
3.9% 7 0.527-0.007 0.606-0.007 0.663-0.007

3% 7 0.587-0.006 0.675-0.007 0.736^0.008

Values are mean - S.D.
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Table 3 . 2 . b .

The Effect of Apo VLDL Protein Applied on Values 
of Apo C in Urea/PAGE.

VLDL-TMU 
Protein 
Concentration 
(Sample number)

Apo C-11'®^ Apo C-IIl|^) Apo C-lll^^)

1 5 pg (n = 14) 
30 pg (n = 15)

0.457 i 0.02 
0.438 -0.01

0.525 - 0.04 
0.487- 0.01

0.571 - 0.05 
0.520 - 0.01

Values are mean - S.D.
(a) P <0.01
(b), (c) P <  0.001
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Table 3 . 2.c .

The Effect of Different Sample Volumes (with a Fixed 
Protein Concentration) on Values of Apo C sin 
Urea/PAGE.

Sample volume 
(number of gels)

Apo C-II Apo C-III^ Apo C-III^

25 pi (n=4) 0.542-0.03 0.629-0.01 0.698-0.01

50 pi (n = 4) 0.536-0.01 0.619-0.009 0.681-0.02

100 pi (n = 4) 0.532-0.01 0.625-0.01 0.692-0.01

Each of sample contained 15 pg total protein.
Values are mean - S.D.
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difference between the two delipidation methods in the 
proportion of the different apo C s . (Table 3.2.d.)

The advantage of acetone delipidation is that it 
gives an apo C fraction free of most other apolipoprot- 
eins (apo A and apo E) and also a clearer background.

Fig.3.2.a. shows gels with either TMU-delipidated 
VLDL or acetone-delipidated VLDL. The gels where 

TMU-delipidated VLDL was applied show three apo C bands 
and a weak band, probably apo E, near the top.

An unknown band also appeared in the upper gel.
The gels where acetone-delipidated VLDL was applied 
show the three apo C and a band, probably apo C-I, 
near the interface between the resolving and the stack
ing gels.

Fig.3.2.b. compares densitometer scans of TMU-del- 
ipidated VLDL and acetone-delipidated VLDL on polyacryl
amide gels.

3.3. Characterization of Apo C on Isoelectrofocusing

Isoelectrofocusing is a technique giving a very 
high resolution of proteins. The separation of apo C 
species from either TMU-or acetone-delipidated VLDL was 
examined by lEF.

Fig.3.3.a. shows the effects of different propor
tions of pH 4-6 and pH 3-10 ampholines on the separation 
of apo C from acetone-delipidated VLDL. Fig.3.3.b. 
shows the same for TMU-delipidated VLDL. Four species 
of apo C: apo C-III^, apo C-II, apo C-III^ and apo C-III2
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Table 3.2.d.

Comparison of Delipidation Method on the Values 
and the Relative Percentages of Apo C s  in Urea/PAGl

Type of 
Delipidation

i 'î o .
of

Gels
Apo C-II Apo C-IIIj Apo C-III^

(a) TMU- 
De1ipidation 24

R^ Values 0.505^0.07 0.590^0.06 0.655^0.06

Percentage of 
Area

7,9 %- 4 42% - 4 29% - 3

(b ) Acetone - 
Delipidation 15

R^ Values 0.486-0.03 0.568-0.03 0.622^0.03

Percentage of 
Area

27.5% - 4 42% - 2 30% - 4

Values are mean - S.D.
P C  0*05 for the value of each of apo C 
P ^ 0 . 0 5  for the percentage of each apo C.
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6 M  Urea and 3 % polyacrylamide in Urea/PAGE were used. 
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are easily distinguished. The position of these bands 
varies with the pH gradient set up.

This method of analysis revealed the presence of 
other bands such as apo A and apo E isoforms in both 
types of extract. Apo A and apo E isoforms were pre
sent in reduced proportion in the acetone-delipidated 
sample.

From these results it was decided to use ampholine 
pH 4-6 only in future lEF experiments since it gave good 
separation of apo C s .

Fig.3,3.c. shows typical gels obtained with ampho
line pH 4-6 alone. Four apo C bands: apo 
apo C-II, apo C-IIIj and apo C-III2 are well separated.

In addition a low concentration of an apoprotein 
denoted apo C-II' was found to separate in both gels 
between apo C-III^ and apo C-III^* Its concentration 
appeared to be higher in the TMU-delipidated VLDL. In 
the gel where TMU-delipidated VLDL was applied, an un
known band was developed below apo C-III2 *

Fig.3.3.c. also shows a darker background on the 
TMU-delipidated VLDL gel. This is due to the presence 
of higher concentrations of unresolved other apoproteins 
such as apo A and apo E.

Table 3.3.a. shows the effect of TMU-or acetone- 
delipidation on pi values for apo C-III^, apo C-II, 
apo C-III^, and apo C-III2 . The differences are not 
significant although they tend to be slightly higher in 
the acetone-delipidated VLDL

The effect of VLDL preparation temperature on lEF
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Table 3.3.a.

The Effect of Delipidation Conditions on 

pi Values of Apo Cs in lEF.

Type of 
Delipidation

Apo C-I11o Apo C-II Apo C-III^ Aix) C-III^

TMU- 
Delipidation 4.672-0.09 4.586-0.1 4.486-0.1 4.289ÏQ.1

Acetone - 
Delipidation 4.697-0.Ud 4.bl4-U.09 4.517-0.09

.

4.3144.1

Values are mean - S.D. 
n = 9.

P >  0.05 for comparison of pi of TMU-and acetone 
delipidation for each of apo C species.
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separation of apo Cs was examined. A mixture of sera 
was divided into two parts, one was used to prepare 
VLDL at 4°C and the other to prepare VLDL at 18°C. The 
two VLDL preparations were then delipidated with TMU 
and examined on lEF. The densitometric scans (Fig.
3.3.d .) show that the 4°C VLDL preparation contains 
higher concentrations of apo Cs together with some other 
apoproteins such as apo A and apo E. VLDL prpeared at 
18°C was essentially free of other apoproteins.

In Table 3.3.b. it can be seen that there is no 
significant difference in either pi values or rela
tive proportions of the apo C bands prepared at the 
different temperatures.

3.4. Purification of Apo C Antigens from Human VLDL

As mentioned in methods (Section 2.6.), the compon
ents of TMU-delipidated VLDL were separated electropho- 
retically by Urea/PAGE. Staining and destaining of one of 
the gels in the electrophoresis tank allowed values 
to be calculated for each of the apo C-II, apo C-III^, 
and apo C-III2 bands. By using the following formula: 
(Distance of apo C on the unstained gel=

Total Length of the unstained gel X value of 
apo C obtained from the stained gel) 

accurate location of apo C-II, apo C-III^, and apo C-III2 
on unstained gels was achieved. The gels were then 
sliced. Pure preparations of each of apo C were achieved
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Fig. 3.3.d. The Effect of VLDL Preparation Temperature 
on Apolipoprotein content.

Densitometer scans of IFF gels of TMU-delipidated VLDL 
prepared at either 4°C (1) or at 18°C (2).
5 M Urea and ampholine pH 4-6 only were used.
O.D. at 580 nm.
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Table 3.3.b .

The Effect of VLDL Preparation Temperature on pi 
Values and Relative Percentages of Apo C s in IEE

Temperature of 
VLDL 

Preparation
Apo C-IIl  ̂ 0 Apo C-II Apo C-IIIj Apo C-lll^

4°C:
pi Values 4.762-0.08 4.687-0.06 4.594-0.07 4.456^0.05

Relative
Percentages 10.4%-3 27.2%-4 38. 77.i4 23.7X-5

18°C:
d I Values 4.775-0.07 4.694-0.06 4.6-0.07 4.462-0.05

Relative
Percentages 8.5%-2 28.7X^3 39.8X^5 22.9X-5

Values are mean - S.D. 
n = 4.
P 0.05 for comparison of pi values of each of apo C 
between VLDL prepared at 4°C and VLDL prepared at 18°C.
P 0.05 for comparison of relative percentage of each of 
apo C between VLDL prepared at 4°C and VLDL prepared
at 18 C .
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by pooling the slices of each apo C from unstained gels, 
homogenizing the gel slices in a close fitting glass 
homogenizer, and then freeze drying the homogenates.
Each of apo C samples were examined for purity by Urea/ 
PAGE.

It can be seen from Fig.3.4.a. that the apo C-II, 
apo C-III^, and apo C-III^ appeared pure with only one 
band for each. values for these peaks were calcul
ated and are shown in Table 3.4.a.

Subsequently, the high resolution lEF method was 
applied to these antigens. It can be seen from Fig.
3.4.b. and Fig.3.4.c. that more than one band was detec
ted in each antigen. pi values for these peaks com
pared with those from TMU-delipidated VLDL are shown in 
Table 3.4.b.

It appears that the apo C-II homogenate is contam
inated with apo C-III^, apo C-III^ and apo C-II'. All 
were present in much lower concentration than apo C-II. 
The apo C-III^ freeze-dried powder is contaminated with 
a small amount of apo C-III2 . The apo C-III2 freeze- 
dried powder showed a slight contamination with apo 
C-III^. Fortunately for the subsequent work carried 
out with antibodies raised against the apo C-III^ or 
apo C-III2 preparation, no contamination with apo C-II 
occured.

These contaminants might be due to alteration during 
frozen storage. The antigens were stored at -20°C in the freezer 
for a long period, if such storage leads to desialylation then apo 
C-III2 might be contaminated with apo Clli^ isoform. However it is
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Tai)ie j.4.a

Values Cor the Apo C Antigens on Urea /PAGE

Sample Apo C-II Apo C-IIT^ Apo C-III^

Apo C-II homogenate 0.536

Apo C-III^
freeze-dried powder

0.619

Apo C-III^ 
freeze-dried powder

0.691

TMU-delipidated VLDL 
(control)

0.536 0.627 0.684
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Fig. 3.4.b. IFF of Apo C Antigens.
Apo C-II homogenate (1), Apo C-III^ powder (2), Apo C-IIL^ 
powder (3), and TMU-delipidated VLDL as control (4&5).

6M Urea lEF gels with ampholine pH 4-6 only were used.
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Fig. 3.4.C. Dens 1tometric Scans of IFF of Apo C 
Antigens.

Apo C-II homogenate (1), apo C-III^ powder (2), apo 
C-III2 powder (3), and TXU-delipidated VLDL as control (4) 
6 M  Urea and ampholine pH 4-6 only were used.
O.D. at 580 n m .
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Table 3.4.b.

pi Values for the Apo C Antigens on lEF

Sample Apo C- 
111 0

Apo C- 
11

Apo C- 
111^

Apo C- 
11 '

Apo C- 

III2

Apo C-11 
homogenate

4.36 4.3 4.26 4.23

Apo C-111^ 4.27 4.2

Freeze-dried powder

Apo C-III2 
Freeze-dried powder

4.27 4.2

TMU-de 1ipidated 

VLDL (control) 4.33 4.29 4.26 4.22 4.19
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difficult to see how the apo C-111^antigen could become 
contaminated with apo C-lll^. Equally dénaturation is 
unlikely to lead to the apo C-11 fraction becoming cont
aminated with apo C-111^ and apo C-111^.

It seems most likely that these contaminants were 
present in the antigens obtained by the Urea/PAGE separa
tion. They were not observed because urea/PAGE did not 
resolve apo C-Il from apo C-111^.

3.4.1. Visualization and Separation of Apo C on lEF

Attempts were carried out to separate the different 
apo C isoforms from lEF gels. However, using values 
from a stained gel to localize bands on unstained gels 
was not successful. This was due to variation in pH 
gradient achieved along individual lEF gels.

In an attempt to overcome this problem, the method 
of Hartman and Udenfriend, 1969 using 1-analino-8-naph- 
thalene sulfonate (ANS) to stain the gels was employed.

This method involved extracting and soaking the 
gels in 0.003 % ANS in phosphate buffer solution pH 6.8 
and exposing the gels to concentrated HCl fumes. Bands 
of apo C were visible eventually and they were cut out, 
extracted with water and run in lEF.

Fig.3.4.1.a. and Fig.3.4.1.b. show the results 
compared to a control delipidated VLDL. It is clear 
that no coincidence of the extracted bands with normal
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Fig.3.4.1.a. Separation of Apo C by ANS Method.
Acetone-dclipidated VLDL as control (1), apo
(2), apo (3), apo C-II (4), and apo C-lIf^ (5)
6 M  Urea lEF gels with ampholine pil 4-6 only were used
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Fig. 3.4.1.D. Separation of Apo C by ANS Method.
TMU-de1ipidated VLDL as control (1). The rest of 

details as in F ip.3.4.1.a.
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apo C bands was found. It is likely that this method 
led to degradation of the apoproteins.

Another method of Hungen et al , 1983 using dis
tilled water to visualize the apo C bands was also 
attempted.

An unstained lEF gel of acetone-delipidated VLDL 
was extracted with water, then left soaking in water 
with continuous changes. After 35 min one band (prob
ably apo E isoform) was apparent, after 45 min another 
four more bands (probably apo E or apo A isoforms) were 
apparent. Only after 60 min treatment was apo C-III^ 
apparent.

The gel was left soaking in water overnight at room 
temperature but no more bands appeared. The gel was 
therefore scanned at 300 nm and both apo C-III2 and apo 
C-II were detected on the scan. By calculating the 
values of these apo C-II and apo C-III2 along the scan, 
it was possible to predict their position along the 
gel. These bands were cut from the gels together with 
apo C-III^ and apo C-III^.

All four apo C slices were then run in lEF. After 
staining and destaining, only apo C-III and apo C-III2 
slices appeared as a single band. Since it failed to 
separate all apo C this method could not be adopted for 
the preparation of pure apo C species.
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3.5. Production of Antibodies

Freeze-dried acrylamide gel slices containing either 
apo C-III^ or apo C-III2 were suspended in Freund’s adj
uvant and injected into separate pairs of rabbits.

In the primary injection approximately 55 pg apo 
C-III^and 43 pg apo C-III2 were used.

In subsequent boost inoculations approximately 
33 pg apo C-III^ and 28 pg apo C-III2 were used. The 
details of injections and bleeding procedures are desc
ribed in Methods (Section 2.7).

3.6. Detection and Characterization of the Antibodies

3.6.1. Enzyme-Linked Immunosorbent Assay (ELISA)

ELISA is a sensitive method for the detection of 
antibody-antigen complex.

From the first bleed, two anti C-III^ sera from rab
bits 1 A and 1 B, and two anti C-III2 sera from rabbits 
2 A and 2 B were tested against 1 pg/ml antigen.

-2 -5Fig.3.6.1.a. shows the serial dilutions (10 - 10 )
of each antisera reacting with cuvette bound crude anti
gen (1 pg/ml) prepared as TMU-de1ipidated VLDL. Clearly 
they vary in their intensity of reactions but each anti
sera can be seen to react with the antigen and suggests 
the formation of antibody-antigen complex. Anti C-III2

serum from rabbit 2 A gave the strongest reaction and
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Fig. 3.6.1.a. Detection of Antibody-Antigen Complex Formation. 
Serial dilutions of 10  ̂- 10  ̂of anti C-III2 serum of rabbit 2A

), anti C-11%2 serum of rabbit 2B ( O O), anti
C-III^ serum of rabbit lA (o o), anti C-III^ serum of rab
bit IB (A A ), and normal rabbit serum (□ -□ ), were
tested against 1 pg/ml TMU-delipidated VLDL. 
The points are mean values of duplicate.
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anti C-III^ serum from rabbit 1 A was the weakest.
This preliminary observation shows that the antibody 
against antigen was developing in the rabbits.

Subsequent boost injections into the four rabbits 
led to an increase in the production of antibody.

After each boost injection bleedings were carried out 
and tested on ELISA to check the progress of antibody 
production.

“ 2Fig.3.6.1.b. shows the reaction of a 10 dilution 
of each antisera (anti C-III^ 1 A serum, anti C-III^ 1 B 
serum, anti C-III2 2 A serum and anti C-III2 2 B serum) 
against 1 pg/ml antigen TMU-delipidated VLDL. It is 
clear that rabbits varied in their response to individ
ual antigens. In general, however, antisera began to
decline after the third boost and so the rabbits were 
bled out completely at this stage.

The antiserum from each rabbit was kept separately 
except those against apo C-III^ from rabbits 1 A and 1 B. 
These were mixed together to produce a single anti C-III^ 
bulk serum. Fig.3.6.I.e. shows the reaction of differ
ent dilutions of anti C-III^ bulk serum, of anti C-III2 
bulk serum from rabbit 2 A and of anti C-III2 bulk serum 
from rabbit 2 B against 1 pg/ml antigen TMU-delipidated 
VLDL. It is clear that the bulk anti C-III^ serum 
reacts more strongly with the antigen than the individ
ual anti C-III2 sera bulks. From this observation, 
it was decided to use the anti C-III^ serum bulk in 
further immunological tests.
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3.6.2. Specificity of the Antibodies

It was hoped to use the antibody to estimate apo 
C-III levels. Since the antigen source (VLDL or deli 
pidated VLDL) was heterogeneous, it was necessary to 
establish if the antibody was monospecific. To test 
this, a number of immunological procedures were exam
ined .

3.6.2.1. Double Diffusion in Two Directions
(Ouchterlony Method)

Antigens were either apo C-III^, apo C-III^, 20 pg 
human VLDL, or 20 pg TMU-delipidated VLDL. They were 
used in the centre well. Surrounding wells contained 
neat, 10 ^ , 10 ^ , 10 ^ , and 10  ̂ dilutions of anti 
C-III^ or anti C-III2 serum.

After 3 days incubation at 4°C, no precipitin 
lines were detected. It is possible in the case of 
gel slices that the apo C-III^ or apo C-III2 had failed 
to diffuse out of the acrylamide gel into the agarose. 
However, in the case of VLDL or of delipidated VLDL it 
would be more likely that the antigen had diffused into 
the agarose but had failed to form an insoluble antibody 
-antigen complex.
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3.6.2.2. Crossed Immunoelectrophoresis

In this method either VLDL or TMU-delipidated 
VLDL were applied to the well and electrophoresed. Anti 
C-IIl2serum was then allowed to diffuse out from the 
trough into the agarose.

As in Ouchterlony method no precipitin lines were 
detected and so it must be assumed that once again any 
antibody-antigen complexes formed were soluble.

3.6.2.3. Double Crossed Immunoelectrophoresis

In this method the 3 apo C bands: apo C-II, apo 
C-III^, and apo C-III2 were mobilized from Urea poly
acrylamide gel into antibody-containing agarose plate 
by electrophoresis.

Once again no precipitin lines were detected on 
the plate. In this case the failure could not be due 
to a failure in migration of the apo C species into the 
plate since a control agarose antibody-free plate after 
staining and destaining it showed the presence of the 
3 apo C bands (Fig.3.6.2.3 ) . Therefore the failure 
seems due to the failure to form insoluble antigen- 
antibody complex.

3.6.2.4. Immunofixation Electrophoresis and 
Isoelectrofocusing

Both Urea/PAGE or lEF of TMU-delipidated VLDL
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showed the presence of apo Cs on staining with Coomassie 
blue. Similar gels when whole anti C-III^ serum was 
rubbed onto them failed to show bands. Again this 
suggests that any antigen-antibody complex formed must 
be soluble.

Summary :

Thus, although ELISA suggested the presence of 
antibody to VLDL antigen, its specificity could not be 
established since all the methods tried failed to detect 
insoluble antibody-antigen complex.

3.7. Characterization of Immunoglobulin G

Before modifying the method of Wright and Hunter, 
1982 , for IgG preparation, the yield was 5 - 1 0  7» 

(normal IgG concentration in serum is 8-16 mg/ml).
The modification as mentioned in Methods (Section 

2.9) involved stirring the serum (after it was brought 
up to 18 % Na^SO^ saturation) for 1.5 hr rather than 
30 min. The serum was then washed with 1 ml then 5 ml

18 % Na2S0^ in 0.1 M NaHCO^ and the resultant precipi
tate was dissolved in PBS and dialyzed against PBS.
In the original method the serum was left stirring for 
30 min, then washed twice with 5 ml 18 % Na^SO^ in 0.1 M 
NaHCOg and the resultant precipitate was dissolved and 
dialyzed against 0.1 M NaHCO^-



- 109 -

This modification of the general method gave a high 
yield of ^  80 % of expected value (8-9.5 mg/ml IgG from 
each 1 ml serum used).

IgG separated from normal rabbit serum or anti
serum was run on SDS/PAGE (Fig. 3.7.a .). Treating IgG 
with /i -mercaptoethanol led to the dénaturation and 
breakdown of IgG (Fig. 3.7.a .). Thus the use of 
mercaptoethanol on SDS/PAGE for IgG analysis was 
avoided.

Human IgG, Human Fab and defatted bovine serum 
albumin were used as markers in SDS/PAGE and as stand
ards to estimate the molecular weight of IgG which was 
approximately 145,000. This purified anti C-III^ IgG 
retained its immunological activity when tested by ELISA 
(Fig. 3.7.b).

3.8. Precipitation of Antibody-Antigen Complex

From previous experiments it appeared that the 
antibody-antigen complex was soluble. In an attempt to 
precipitate it, a number of standard methods were ex
amined .

3.8.1. Ammonium Sulphate Precipitation

Anti C-III^ IgG or normal rabbit IgG were reacted 
with the antigen acetone- delipidated VLDL overnight at 
4°C, subsequently the two complexes were treated with
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Fig. 3.7.a. SDS/PAGE for Anti C-III  ̂ IgG.
Anti C-III^ IgG with /!>-mercaptoethanol (1), anti C-III^ IgG (2) 
human IgG (3), human Fab  ̂ (4), and defatted BSA (5).
Molecular weights as following: peak a = 101,000 and peak b = 
68,000 in (1); peak a = 145,000 and peak b = 75,000 in (2); peak 
a = 160,000 in (3); peak a = 50,000 in (4); and peak a = 67,000 
in (5).
2.5% polyacrylamide in stacking gel and 5% in resolvipg gel. 
0.1). at 580 nm.
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saturated (NH^)2S0^ to give a final concentration of 

50% (NH^L,SO^.
Both supernatants and precipitates were dialyzed 

against 10 mM Tris-HCl and examined on Urea/PAGE.
Fig.3.8.1. shows the Urea/PAGE pattern of super

natants and precipitates of immune complexes of acetone 
delipidated VLDL and either anti C-III^ IgG or normal 
IgG. All apo C isoforms remained present in the 
supernatants of both anti C-III^ IgG/antigen, and of 
normal IgG/antigen. In the precipitate from anti C- 
III^ IgG/antigen interaction with (NH^)2S0^, only apo 
C-III^ and apo C-III2 could be found. Thus, since no 
apo C-III was found in the normal IgG/antigen precipi
tate, the anti C-III^ IgG is specific for apo C-III^ 
and apo C-III^*

A control containing only buffer and acetone-del- 
ipidated VLDL precipitated with 50% (NH^)2S0^ was car
ried out. Approximately 40 % apo C was precipitated. 
This suggests that not all the apo C precipitated was 
due to antibody-antigen complex formation.

3.8.2. Sodium Sulphate Precipitation

Because of some non specific apo C precipitation 
by 50 % ammonium sulphate occurred, alternative methods 
of precipitating the anti C-III^ IgG/antigen complex 
were examined. Thus a similar experiment to that des
cribed in Section 3.8.1 above was carried out replacing 

ammonium sulphate with a final concentration of 9 %
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Fig. 3.8.1. 'Phe. Effect of Anmonium Sulphate on Antibody/Antigen 
Complex.

Densitanetrie scans of Urea/PAGE gels of acetone-delipidated VLDL (1), 
anti C-III^ IgG (2), normal rabbit IgG (3), BSA (4), supernatant of 
anti C-IIIj IgG/Ag (5), supernatant of normal rabbit IgG/Ag (6), pre
cipitate of anti C-III^ IgG/Ag (7), and precipitate of normal rabbit 
IgG/Ag (8).
Ag = antigen.
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sodium sulphate as antibody-antigen complex precipitant. 
The proteins of supernatants and of precipitates were ex
amined with lEF.

From Fig.3.8.2. the supernatants of both anti C- 
III^ IgG/antigen and normal IgG/antigen did not contain 
any detectable apo C isoforms. Although apo C isoforms 
were lost from the supernatants, none could be detected 
in the precipitates. It may be that a greater concen
tration of sodium sulphate would have been more effect
ive in precipitating the antibody-antigen complex.

3.8.3. Protein A-Sepharose CL-4B Precipitation

By using protein A bound to Sepharose it was hoped 
to remove IgG from solution and thereby test the speci
ficity of the anti C-III^ IgG. The supernatants from 
the reaction of either anti C-III^ IgG/antigen or normal 
IgG/antigen with protein A-Sepharose were examined on 
lEF and the densitometric scans of the results are shown 
(Fig. 3.8.3.2. and Fig. 3.8.3.2.a.).

It can be seen that the supernatants from the 
proein A-Sepharose treated with anti C-III^ IgG/antigen 
(scan 2) and normal IgG/antigen (scan 3) both contained 
reduced amounts of the apo C isoforms. Thus protein A- 
Sepharose binding was not absolutely specific. In add
ition however the anti C-III^ IgG/antigen reaction shows 
a considerably reduced proportion of apo C-III isoforms. 
This would suggest that antibody was specific for apo C-III
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Fig. 3.8.2. The effect of Sodium Sulphate on Antibody- 
Antigen Complex.

Densitometric scans of lEF gels of supernatant of anti C-IIl^ IgG/Ag
(1), supernatant of nomal rabbit IgG/Ag (2), supernatant of PBS/Ag (3),
precipitate of anti G-III2 IgG/Ag (4), precipitate of normal rabbit
IgG/Ag (5), precipitate of PBS/Ag (6), acetone-deI ipidated VLDL (7), 
anti G-III2 IgG (8), and normal rabbit IgG (9).
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Fig. 3.8.3.2. Effect of Protein A-Sepharose CL-4B
on Antibody/Antigen Complex.

Densitometrie scans of lEF gels of acetone-delipidated 
VLDL (1), supernatant of anti C-III^ IgG/Ag (2) and 
supernatant of normal IgG/Ag (3).
Ag = antigen (acetone-delipidated VLDL).
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Fig.3.8.3.2.a . Effect of Protein A-Sepharose CL-48
on Anti C-III^ IgG/Antigen Complex. 

Gels show acetone-delipidated VLDL as control (8), 
protein A-sepharose CL-4B (7), anti C-III^ IgG (6), 
normal rabbit IgG (5), supernatant of anti C-III^ 
IgG/Ag (4), supernatant of normal rabbit IgG/Ag (3), 
precipitate of anti C-TIl^ IgG/Ag 12), and precipi
tate of normal rabbit IgG/Ag (1).
Oil Urea ILF gels with ampholine pH 4-6 only were used 
Ag=antigen.
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Precipitates of either anti IgG/antigen or
of normal IgG/antigen showed no apo C present. This may 
be due to the failure to release the apo C from the Ab/Ag 
complex attached to protein A.

3.9. Protein printing from Urea/PAGE and lEF

3.9.1. Protein Printing from Urea/PAGE

All apo C bands could be transferred from Urea/
PAGE gels to nitrocellulose sheet by pressing them to
gether with a heavy weight. Unfortunately in the time 
necessary to achieve the transfer of a high proportion 
of the apo C isoforms some side-ways diffusion of the 
bands occurred (Fig.3.9.1). After transferring the apo C 
isoforms, the nitrocellulose sheet was incubated with 
either 1 mg/ml normal IgG or 1 mg/ml anti C-III^ IgG.

Fig.3.9.1 shows that all apo C bands: apo C-II, 
apo C-III^, and apo C-III2 appeared to react with the 
anti C-III^ IgG but not at all with normal IgG. However, 
since in Urea/PAGE apo C-III^ closely coincides with 
apo C-II it may well be that the antibody was specific 
for apo C-III reacting with all three isoforms.

3.9.2. Protein Printing From lEF

It was decided to use lEF gels rather than Urea/
PAGE gels for protein printing since lEF resolves the 
four apo C bands. Before settling for immunoblotting 
of apo C from lEF gels, it was decided to try the tran
sfer of these apo C from lEF by pressure according to
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/’ig. 3.9. Protein I'rintin,; of Apo C from Urea / iWGE G-ls 
The nitrocellulose sheet was incubated with either 
1 mg/ml normal rabbit IgG (1) or anti C-III ̂ Is:G (2). 
v-ne of Coomassie blue stained Urea/Pa^e gels used in 
printing is shown k j j .
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method of Reinhart and Malamud, 1982 .
The procedure was a failure probably due to pre

cipitation of the apoproteins at their isoelectric points

3.10. Immunoblotting From lEF

Electrophoresis was used to transfer lEF separated 
proteins to nitrocellulose sheet. After blotting the 
sheets were incubated with either 0.5 mg/ml or 1 mg/ml 
anti C-III2 IgG or with 1 mg/ml normal IgG. As can be 
seen from sheet 2 in Fig.3.10.a. all four apo Cs to
gether with other apoproteins (probably apo A and apo E) 
were transferred to the sheet. Sheets 3 and 4 show that 
anti C-11%2 IgG gave a reaction with all apo C-III iso
forms but did not react with apo C-II. No reaction 
was detected with normal IgG. This suggests the anti 
C-III2 IgG is specific for all apo C-III isoforms.

By using dithiothreitol (D.T.T.) in the delipidated 
VLDL it was possible to separate apo A and apo E isof
orms on lEF.

A comparison of the reactions of I mg/ml anti C-III^ 
IgG with TMU-delipidated and D.T.T. treated-TMU-deIipi
dated samples was made. It can be seen from Fig.3.10.b. 
that whereas in the TMU-extracted apoproteins only apo 
C-III isoforms react with the antibody, in D.T.T. trea- 
ted-TMU-extracts weak cross reactivity with apoproteins 
running in the region where apo A and apo E are found 
was detected. No reactivity of any apoproteins with 
normal IgG was detected.
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Fig. 3.10.2. l:anmnobl ott ing of Apo C from IFF Gels.

The sheets were either incubated with 0 . 5 mg/ml anti 

C-III2 IgG (3), 1 mg/ml anti C-IIL^ IgG (4), or 1 mg/ml 

normal rabbit IgG (5). One sheet was stained with 

amido black i 2 ) and a s ia ined IFF ’.el I I ) are shown 

for coiapa r i son .
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Flg.j.lü.b. The Effect of Antibody on Other 
Apoproteins (Apo A & Apo E).

The sheets blotted with TMU-delipidated VLDL Sample 1 
were incubated with either 1 mg/ml anti C-III, IgG or 
normal raboit IgG ll & b respectively). The sheets 
blotted with T'UJ-de 1 ipidated VLDL Sample II were incub 
ated witli either 1 mg/ml anti C-III^ Ii;G or normal 
rabbit IgG (2 h b respectively . The sheets blotted 
with TMU-dc 1 ij^idated VIJ)L Sample I with D.T.T. were 
incuiuited witli eitlier anti ')-lII^ I.;G or normal rabbit
[gG (3 & 7 respectivelV). he sh(’ots blotted with
TMU-de 1 i n i d a t'' d VLDL Sample IT with D.T.T. were incub 
ated with either anti C-III^ or normal rabbit IgG 
; 4 a ; respectively.
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3.11. Apoprotein C Estimation by Competitive Enzyme 
Linked Immunosorbent Assav. (CELIA)

Since the antibody reacted essentially with apo C-III 
isoforms, it was decided to use it in a CELIA method 
to estimate apo C-III firstly in VLDL and then hopefully 
in serum.

In this method, cuvettes were coated with a fixed 
concentration of a standard antigen. The various con
centrations of the free unknown antigen are reacted 
with a fixed concentration of free antibody and the 
resulting mixture applied to the coated cuvettes.
Any unreacted antibody should then be available to react 
with the coated antigen. The combined bound antigen/ 
antibody complex is then reacted with goat anti rabbit 
IgG complexed with phosphatase. Colourimetrie estim
ation with a phosphatase substrate of this gives a mea
sure of the unreacted antibody and hence an inverse mea
sure of the unknown antigen.

Fig. 3.11.a. shows a typical standard curve obtain
ed using standard acetone-delipidated VLDL antigen as 
coated antigen (Ipg/ml). Various concentrations of 
the same antigen as a competing antigen are competed 
with 1/500 dilution of free antibody and the unreacted 
antibody estimated bound standard antigen.

Using a standard curve, prepared at the same time, 
it was possible with this assay to obtain an estimate 
of the apo C-III content of acetone-delipidated VLDL 
from diabetic subjects.
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The results from this CELIA were compared with 
estimates of concentration obtained by measuring the 
areas of C-III apoproteins from I EE gels by densitometer.

The specificity of the CELIA was examined by testing 
for correlations between apo C-III and apo C-II contents 
obtained by lEF against the estimate obtained by CELIA.

Fig.3.II.b. shows the correlation for total apo C
as measured by lEF and by CELIA. The correlation co
efficient for the straight line fit is r = 0.61 
(p-<C0.05). The relationship for apo C-II measured by 
lEF and obtained from CELIA is shown in Fig.3.II.c.
Here the correlation to a straight line appears insig
nificant ( r = 0.38, p ^  0.05). This would suggest that 
the antibody is not reacting with apo C-II.

Fig.3.II.d. shows a weak correlation of 0.45
(p = 0.05) between apo C-III^ by lEF and CELIA.

In Fig.3.II.e. a correlation of 0.57 (p ^  0.05). 
for apo C III2 measurement by lEF and CELIA is apparent.

The correlation coefficient for apo C-III^ by lEF 
and CELIA was highest at r = 0.67, (p <  0.05) (Fig.
3.II.f.). This suggests that CELIA measurements was 
most likely to represent apo C-III^ content.

Finally, there was a correlation coefficient of 
0.67 between total apo C-III measurement by lEF and by 
CELIA (Fig.3.11.g.).

Although these correlations are encouraging, more 
examples would have to be examined to get an estimate 
of the precision of the antibody method. Furthermore, 
the correlation with total apo C at a similar level to
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Fig. 3.11.b. Correlation Between Total Apo C Species 
Measured by IFF and by CELIA, 

mg /ml = mg total apo C species / ml delipidated VLDL 
prote in.
Number of subjects (n) = 22.
Correlation Coefficient (r) = 0.61, P 0.05.
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Fii;. 3 . 1 1 . C .  Correlation Between Apo C-II Measured 
by IFF and by CIlLIA.

rtg /ml = mg apo C-II / ml delipidated VLDL protein. 
Number of subjects (n) = 21.
Correlation Coefficient (r) = 0.383, P > 0.05.
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Fig. 3.11.d. Correlation Between Apo C-III^ Measured 
by IFF and by CELIA, 

mg/ml = mg apo C-III^ / ml delipidated VLDL protein. 

Number of subjects (n) = 21.
Correlation Coefficient (r) = Ü.45, P - 0.05.



- 129 -

Y
0.28

0 .2 4

0.20

o
E

 ̂ 0 .16  <
LU
ü

0.12

0 .08

0 .04 o
o o

0.02 0 .04  0.06 0.08

Apo CIII^ Content (mg/mO
1.0 '

Fig. 3.11.e. Correlation Between Apo C-III2 Measured 
by IFF and by CELTA. 

mg / ml = mg apo C-III^ / ml delipidated VLDL protein. 
Number of subjects (n) = 21.
Correlation Coefficient (r) = 0.573, F <  0.05.
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Measured by IFF and CELIA. 

mg/ml= mg apo C-III^ / ml delipidated VLDL protein. 

Number of subjects (n) = 21.
Correlation Coefficient (r) = 0.67, P <( 0.05.
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Fig. 3.11.g. Correlation Between Total Apo C-III
Isoforms Measured by lEF and by CFLIA. 

mg /ml= mg total apo C -III isoforms / ml delipidated 
VLDL protein.

Number of subjects (n) = 22.
Correlation Coefficient (r) = 0.67, P <  0.03.
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that found with total apo C-III does not promise a high 
degree of discrimination for the method.

3.12. lEF Estimation of Apoprotein C in the Acetone- 
Delipidated VLDL of Some Normal and Diabetic 
Subjects

Samples of acetone-delipidated VLDL from normal and 
diabetic subjects were separated on lEF. The relative 
proportions of the different apo Cs were then estimated 
by densitometry.

Fig.3.12.a. shows a scan with identification of 
apoproteins of a typical acetone-delipidated VLDL. Fig.
3.12.b. shows some atypical patterns of apo C distribu
tion. Some show variations in proportions of apo Cs. 
Others contain a high content of other proteins which 
werenot washed away during preparation. It has been 
suggested that this could represent an especially hydro- 
phobic interaction of lipoproteins with other proteins.

Table 3.12.a. shows a comparison of the proportions 
of apolipoproteins in normal and diabetic subjects. It 
is apparent that there is a considerable similarity between 
normal and diabetic subjects in the mean proportions.
This is despite considerable variation in each subgroup.

Figs. 3.12.c./d and e show the inverse correlation 
between other proteins and apo C-II, total apo C-III 
and total apo C proportions respectively. It can be 
seen that these are quite strong. Similar comparisons
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Fi%. 3.12.a. Densitometer Scan of Acetone : Ethanol-
Delipidated VLDL lEF Gel.

5 M  urea, ampholine pH 4-6 only and 5 % polyacrylamide 
were used.
O.D. at 580 nm.
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Densitometric Scans of Acetone:EthanolÔ •
Delipidated VLDL lEF Gels from Diabetic
Subjects.

5 M  Urea and ampholine pH 4-6 only were used.
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Table 3 .12.a .

Comparison of Apo1ipoprotein Proport ions
in Delipidated VLDL from Normal and Diabetic
Subjects.

Other Apoprote Total
c/3wCJ proteins ins A and apo C Relative Percentage of Apo C .
<D
X) Percen- E isofor Percen C-III o C-II C-III j C-III^
CO ta%e. ms Perc

entage .
tage.

20 N 39il3 30^4 31^12 12^3 19-5 40-9 29-8

19 D 41-16 31^8 28-11 12-3 20-4 42-9 26-9

N = Normal Subjects.
D = Diabetic Subjects. 
P >0.05.



- 136 -

60

50

oQ.<
30

20

10

Y = 1 3 . 4 3 . 0 . 19X

Y = 1 0 .1 2 -0 .1 1 X

Norm al (N )

▲ D ia b e tic  (D )

10 ^  30 40  50  60  70  )

Other Proteins %

Fig. 3 . 1 2 . C .  Correlation Between Other Proteins
and Apo C-II. 

Normals (n 20) : r = -0.812
Diabetics (n = 19) : r = -0.75 
n = number of subjects, 
r = Correlation Coefficient.

P <  Ü.05. 
P <  0.05.



- 137 -

«
EL-o
o«

Ü
oa<
«
o

Y = 5 0 . 4 6 - 0 . 6 4 X

Y= 4 4 . 8 0 - 0 . 5 3 X

60

A  Normal (N)

50
A D iabe t ic  (D)

A ^
30

20

10

10 30 4020 50 60

Other Proteins %

Fi%. 3.12.d. Correlation Between Other Proteins

Normals in 
diabetics (n

and Total Apo C-III.
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n = number of subjects, 

r = Correlation Coefficient.
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Fig. 3.12.e. Correlation Between Other Proteins

and Total Apo C Species.

Normals (n = 20) : r = -0.94

Diabetics (n = 19) : r = -0.898

n = number of subjects, 

r = Correlation Coefficient.

P-C 0.05. 

P < 0 . 0 5 .
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for other apo E and apo A isoforms do not produce any 
significant correlations for either normals or diabet
ics (Tables 3.12.b. and 3.12.c .). Fig. 3.12.f . shows 
a relatively strong correlation between other proteins 
and the proportion of apo A and apo E isoforms in diab
etics. There was no such correlation in normals.



- 140 -

Table 3.12.b .

Correlation Between Individual Apo C and Other 
Proteins in Normal and Diabetic Subjects.

Normal Subjects Diabetic Subjects.
Ratios

Slope Correlation
Coefficient Slope Correlation

Coefficient

C-III / others o -0.09 -0.87 -0.09 -0.78

C-III^ / others -0.26 -0.81 -0.27 -0.85

C-III2 / others -0.29 -0.80 -0.17 -0.67

Total C-III / 
others

-0.64 -0.94 -0.33 -0.90

C - I I / others -0.19 -0.81 -0.11 -0.75

Apo C / others -0.84 -0.94 -0.62 -0.90
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Table 3.12.C.

Correlation Between Individual Apo C and Apo A and Apo E 

Isoforms in Normal and Diabetic Subjects.

Ratios
Normal Subjects. .

Slope. Correlation
Coefficient

Diabetic Subjects.

Slope. Correlation
Coefficient

C-III^ / A,E

C-III^ / A,E

:-IIl2 / A,E

Total C - I I I / A,E.

C - I I / A,E.

Apo C /A,E.

0.11

0.22

0.05

0.38

0.02

0.41

0.37

0.23

0.05

0.19

0.03

0.16

0.09

0.12

0.55

0.10

0.6

0.41

0.52

0.22

0.45

0.34

0.42
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Fig. 3.12.f. Correlation Between Other Proteins
and Apo A and Apo E Isoforms.

Normals (n = 20) : r = -0.477 P = 0.05.
Diabetics (n = 19) : r = -0.774 P <  0.05. 

n = number of subjects, 
r = Correlation Coefficient.



Chapter Four. 
Discuss ion.
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4.1. The Effect of Delipidation on VLDL

Delipidation of the lipoproteins unmasks the apo
proteins. Holmquist and Carlson, 1977 have reported 
the ability of dioxane, trimethylphosphate, isopropanol, 
acetone, tetramethylurea, dimethyIformamide, acetonit- 
rile, methylsulfoxide and formamide to solubilize hum
an serum VLDL apoproteins.

All the solvents, with the exception of isopropa
nol, solubilized only small amounts of cholesterol and 
phospholipids. Isopropanol solubilized all phospho
lipids and much cholesterol. No cholesterylester or 
triglycerides were extracted.

None of the solvents solubilized apo B. But the 
solvents showed selective properties in extracting the 
apoproteins. Acetone extracted the apoproteins C-I, 
C-II, and C-III but not apo E. Isopropanol extracted 
more apoproteins C and apoprotein E than TMU. Dimethyl- 
formamide, acetone and acetonitrile solubilized almost 
the same amount of proteins as TMU.

Combination of two solvents can be useful in pre
paring desired apoproteins without having to use gel 
filtration. This is especially true when the volume 
of the VLDL sample is small. Thus by using acetone 
in a first extraction step, the apoproteins C-I, C-II 
and C-III are obtained. Further extraction of the 
lipid residue with TMU or isopropanol yields the apo 
E isoforms. These workers claim that double extrac
tions allow recoveries of soluble apoproteins of
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better tnan 80%.
In the work reported here, TMU delipidation of

VLDL yielded apo C-I, apo C-II, apo C-III^ and apo C-III2
and apo E. By contrast, acetone-delipidated VLDL con
tained the same apo Cs with only small amounts of apo E 
and apo A (Fig. 3.2.a. and Fig. 3.2.b.). These latter 
apoproteins were not apparent on urea/PAGE but only seen 
on lEF.

4.2. Urea Polyacrylamide Gel Electrophoresis of VLDL

A resolution of apo C-II, apo C-III^ and apo C-III2 
from delipidated VLDL on Urea/PAGE was achieved. Apo 
C-II is the slowest and less negatively charged (acidic), 
while apo C-III2 is the fastest and most negatively 
charged (acidic). Apo C-I appeared in the uppermost 
part of the resolving gel close to the interface with 
the stacking gel (Fig. 3.2.a.).

Samples containing as little as 10 pg of protein 
resolved into the three apo C s . Large volumes as much 
as 400 pi of sample were found to give a satisfactory 
resolution of apo C. Increasing the length of the 
upper gel appears to improve resolution of bands when 
large volumes of sample was applied.

Varying the concentration of polyacrylamide in the 
resolving gel resulted in a variation in the values 
of the apo C bands (Table 3.2.a .). 3 % polyacrylamide
in the lower gel was found to give good resolution
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of the apo C bands (Fig 3.2.a.).
Delipidation with either TMU or acetone did not 

affect either the values for the apo C bands or their 
relative percentages (Table 3.2.d .).

Whatever delipidation procedure, polyacrylamide 
concentration or protein concentration was used Urea/ 
PAGE was not effective in separating apo C-III^ from 
apo C-II.

4.3. Isoelectrofocusing of VLDL

lEF (electrophoresis in a pH gradient) causes proteins 
to migrate to their isoelectric point (pi). At this 
point a protein possesses no net overall charge and it 
will concentrate at this point. As an equilibrium 
technique the effects of diffusion are overcome, and 
this is a method giving very high resolution.

Whatever combinations of ampholine were used, five 
apo C bands were detected when acetone-de1ipidated VLDL 
were examined. In order of increasing negativity these 
were apo C-III^, apo C-II, apo C-III^, apo C-II' and 
apo C-III^* An extra band (more negative than apo 
C-III2 ) was found when TMU-delipidated VLDL was applied.

The optimum condition for separation of apo Cs was 
found to be using the ampholine range of pH 4-6. This 
condition did not separate apo E or apo A isoforms.

Acetone-delipidation gave rise only to the five apo 
C bands with hardly any apo A or apo E apparent.
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Acetone-ethanol delipidation gave rise to more apo E 
and apo A than TMU-de1ipidation especially when D.T.T. 
was used (this reagent breaks disulphide bridges be
tween the apo E isoforms and between apo E and apo A . )

Apo C-I was not found in this pH range 4-6 (Fig.3.3.c) 
in agreement with Catapano et aZ, 1978; and Marcel et aZ, 
1979. The latter workers found the pi for apo C-I to 
be 6.5.

Kashyap et aZ, 1977 have reported that delipidation 
with ethanol-ether significantly decreased the apo C-II 
content of VLDL, but Catapano et aZ, 1978 did not find 
this .

Apo C-II' was not present in every delipidated VLDL 
sample and when it was present it was of a minor con
centration « 1  7o of total apo C). Catapano et aZ, 1978 
(using TMU-delipidated VLDL and pH range 4-6) reported 
a band between apo C-III^ and apo C-III2 and they desig
nated it as apo C-IV with a pi of 4.61. They also re
ported another band which migrated faster than apo C-III2 
and they referred to it as apo C-V with a pi of 4.44.
It was unlikely that apo C-IV and apo C-V were artefacts 
induced by carbamylation in urea since they were still 
present in lEF performed in the presence of 0.1% Triton 
instead of 8 M urea. They were not isoforms of apo 
C-III since neuraminidase treatment did not alter their 
proportion. They were present in minor amount (0.5- 
2 %) and were not always present in VLDL samples.

Apo C-II' was reported by Havel et aZ, 19 79 with a pi
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of 4.69. It had threonine as N-terminal amino acid.
It is believed to activate LPL, and constituted less 
than 2 7o of apo VLDL. Kashyap et aZ, 1981 separated 
TMU-de1ipidated VLDL apoproteins on lEF gels made up 
of ampholine as pH 3.5-5 : pH 4-6 ; pH 5-8 in a ratio of 
4 : 1 : 1 .  They reported the presence of a band between 
apo C-III^ and apo C-III2 (apo C-II') and another band 
which had a pi lower than that of apo C-III2 ( <  1 7> 
of total apo C-II and apo C-III ).

4.4. Visualization of Apo C on lEF

4.4.1. ANS Method

The method was claimed by Hartman and Udenfriend, 
1969 to be a simple and rapid method for staining pro
teins within minutes, often at neutral pH, with mini
mal dénaturation. Since it was rapid there was little 
loss of resolution by diffusion. They also suggested 
that the sensitivity could be enhanced by exposing the 
gel to increasingly stringent conditions (such as con
centrated HCl) until adequate sensitivity was produced.

It was found that the method, when applied to apo
proteins C in lEF gels, was not rapid and that degrad
ation of apo Cs occurred due to the effect of HCl (Fig.
3.4.1.a. and Fig. 3.4.l.b)
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4.4.2. Water Method

This method was claimed by Hi-ingen et aZ, 1983 to be 
fast, sensitive, quantitative and selective for prot
eins. The white bands, which appear after soaking the 
unfixed lEF gels in distilled water, are possibly due 
to precipitation of the proteins when urea diffuses 
out of the gels. Also they reported that it is a sen
sitive procedure, approaching the sensitivity of Coo- 
massie brilliant blue staining. They reported they could 
easily visualize 1 pg of protein on the relatively large 
preparative gels (5mm diameter).

When this method was applied to visualize apo C 
bands on lEF gel, only apo C-III^ was visible after 
1 hr. Leaving the gel overnight did not improve this. 
When the gel was scanned at 300 nm, both apo C-III^ and 
apo C-II were detected. The gel was cut into slices 
and examined by lEF. It was found that apo C-II was 
not pure. The pi values found with individual apo C 
did not differ from those of control gel. Thus the 
method works but requires such a long time that diffu
sion causes contamination of the bands. This can be 
overcome by applying large amounts of protein on the 
gel to speed up the visualization of apo C bands. This 
method has the advantage over the ANS method in 
that it is simple, economical and that no denaturing 
occurs.
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4.5. Characterization of the Antibodies

Boulard and Lecroisey, 1981 reported that an in
creased immune response can be induced in rabbits by 
the injection of a protein either fixed or stained and 
trapped in a polyacrylamide gel. Here the method is 
the only one used for apo C antibody production.

Other investigators raised antibodies to different 
apo C species using individual apo Cs separated by column 
chromatography (Herbert et aZ, 1973; Kashyap et aZ, 1977; 
Dolphin et uZ, 1978; Homquist, 1980; Mao et aZ, 1980; 
Bukberg et aZ, 1983; and Gesquiere et aZ, 1985). Such 
methods require large amounts of apo Cs since the pept
ides are only poorly recovered.

4.5.1. Enzyme Linked Immunosorbent Assay (ELISA)

ELISA is a sensitive method for the qualitative 
determination of antibody-antigen complexes. Here 
ELISA showed that an immune response was developed 
against both apo C-III^ and apo C-III2 in the rabbits 
(Fig.3.6.1.a.). This test also showed that the anti
body production was achieved by injecting the rabbits 
with protein trapped in polyacrylamide gel.

Since anti-C III^ serum was the strongest antiserum 
it was decided to bulk this antiserum from two rabbits 
and use it for further immunological work.
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4.5.2. Other Immunological Methods

The attempt to examine the specificity of the 
antibody by Ouchterlony, by crossed immunoelectrophor- 
esis, by double crossed immunoelectrophoresis, and by 
immunofixation all failed. This was probably due to 
the failure to form insoluble antibody-antigen com
plexes .

Previously a number of workers (Brown at aZ, 1970; 
Herbert at aZ, 1973 ; Dolphin at aZ, 1978 ; Mao at aZ, 1980; 
and Ronan at aZ, 1982) had shown precipitin lines with 
antibodies raised against various apo C species. All 
of these workers used immunizing antigen separated by 
column chromatography rather than by urea/PAGE, but it 
is difficult to see why this could be a cause for the 
difference.

4.6. Characterization of Immunoglobulin G(IgG)

Because sodium sulphate or ammonium sulphate will 
precipitate other components of serum it was necessary 
to partially purify the antiserum IgG before furher 
examining antibody specificity.

Separation of IgG by sodium sulphate precipitation 
is very quick, economical, avoids using column chroma
tography, and gives a high yield. The examination of 
purified IgG on SDS/PAGE gave a peak of molecular weight 
^  150,000 (Fig.3.7.a. ) .
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Dissociation of native proteins into their const
ituent polypeptide chains can hinder subsequent ident
ification. Not only may an individual protein yield 
multiple polypeptide bands, but each electrophoretic 
band may comprise polypeptides derived from more than one prot
ein. The use of SDS/PAGE in absence of -mercapto- 
ethanol minimizes the polypeptide dissociation, while 
maintaining a high degree of resolution, to yield more 
discrete bands upon electrophoresis. Thus for the 
analysis of purified IgG on SDS/PAGE, -mercaptoeth-
anol was avoided.

The separated IgG from the anti C-III^ serum was 
examined on ELISA (Fig. 3.7.b .). The IgG retained its 
immune response to antigen.

4.7. Precipitation of Antibody-Antigen Complex

Using ammonium sulphate to precipitate anti C-III^ 
IgG/antigen complex was not completely successful.
The precipitate from normal IgG contained no apo C spe
cies. The one from anti C-III^ IgG contained both apo 
C-IIIj and apo C-III2 . This strongly suggests that the 
antibody was specific for apo C-III. However, only 40%  
of the apo C applied was precipitated.

Sodium sulphate precipitation gave equivocal res
ults. Thus apo Cs were found precipitated simply from 
buffer antigen controls. • Apo C-III species app
eared to be more extensively precipitated by the anti



- 152 -

C-III^ IgG than with normal IgG. However, both IgGs 
appeared to precipitate all apo Cs to same extent.
This is probably due to the general protein precipita
tion properties of ammonium sulphate and sodium sulph
ate. Thus the free antigens were precipitated as well 
as the antigen-antibody complexes.

4.8. Protein A-Sepharose CL-4B Precipitation

Protein A from Staphylococcus aureus cell 
wall has a high adsorption capacity for IgG molecules. 
The interaction of immune complexes occurs very rapidly, 
whereas maximum binding of free IgG was much slower.
Once bound the complexed antigen can not be displaced 
from the adsorbent either by large amounts of normal 
IgG or by extra free antibody.

Antigen has been known to be eluted almost compl
etely from the adsorbent by a variety of solvent syst
ems, such as the detergent SDS in combination with urea’ 
and high temperature. Protein A binds specifically 
and strongly to the Fc regions of many mammalian IgG, 
the interaction does not involve the antigen-binding 
site on Fab portion.

It was hoped to use protein A-Sepharose CL-4B to 
bind antibody-antigen complex and subsequently sediment 
the antibody-antigen complex. The supernatant of anti
body/ antigen complex certainly contained a lower prop
ortion of apo C-III isoforms than that of normal IgG/
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antigen. This suggests that the antibody is specific 
to apo C-III. However the process of absorption was 
not complete.

Since there is also some reduction in apo C-II in 
the supernatants of both anti C-III^ IgC/Ag and normal 
IgC/Ag, some of the apo C removed could have been due 
to nonspecific adsorption.

4.9. Protein Printing from Urea/PAGE

This technique applied to urea/PAGE gels was succ
essful in transferring all three apo Cs. Unfortunately 
considerable sideways diffusion of bands occurred. Thus 
when antibody was applied to the print there appeared to 
be cross reactivity of the apo C-II band. This also 
may have been due to apo C-III^ coincidence with the apo 
C-II band on urea/PAGE gels.

4.10. Protein Printing from lEF

The method was reported by Reinhart and Malamud, 
1982 to be applicable to lEF gels. Since lEF resolves 
apo C-III^ from apo C-II, this method was carried out.
It was found not possible to transfer apo Cs to the 
nitrocellulose sheet by pressure alone. This may be 
because, the proteins were precipitated at their pi 
and so were fixed in the gel.
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4.11. Immunoblotting from lEF

This technique overcomes the previous problem in 
simple protein blotting. Electrophoresis of proteins 
from gels to nitrocellulose sheet depends on the pore 
size of the polyacrylamide gels, the molecular weight 
and the net charge of the proteins, and the electrical 
current.

The immobilization of polypeptides onto nitrocel
lulose membrane is mainly due to hydrophobic interac
tions. Thus the presence of reagents which modify 
this interaction, i.e. nonionic detergent, will affect 
the process (Lin and Kasamatsu, 1983).

Electrophoretic transfer of apo C-III^, apo C-II, 
apo C-III^, and apo C-III2 from lEF gels to nitrocellu
lose sheet was achieved (Fig.3.10.a.). All of the apo 
C bands were transferred totally onto the sheet except 
for apo C-II where a trace of it was left behind on the 
gel. It may be that this apoprotein requires longer 
electrophoresis time to move it out of the gel.

Apo C-III^, apo C-III^ and apo C-III2 all reacted 
with either anti C-III2 IgG or anti C-III^ IgG. No 
reaction was detected with normal IgG or with apo C-II 
(Fig. 3.10.a. and Fig. 3.10.b.). This again suggests 
that the antibody is specific for all apo C-III isoforms.

When D.T.T. was used to prepare delipidated VLDL 
(apo Cs) in a reducing environment there appeared to be 
some small degree of cross reactivity with other apo

proteins (probably apo A and apo E isoforms) (Fig.3.10.b)
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Kashyap et aZ, 1981 using radioimmuno assay reported 
similar findings. Thus anti C-III^ reacted with all 
apo C-III isoforms, but in addition there was some cross 
reactivity with other apoproteins. The percent of 
cross reactivity to anti C-III, by apo C-I, apo C-II, 
apo C-III2 » apo A-I, apo A-II, apo LDL, and density ^  

1.250 g/ml (VHDL) plasma fraction was 3.1, 1.0, 100.0,
0.16, 0.01, 1.35, and 0.01 % respectively. Mao et aZ,
1980 by contrast, using radioimmuno assay, reported 
that the anti C-III^ only reacted with apo C-III iso
forms .

Tam et uZ, 1981 using the Ouchterlony method rep
orted that each of anti C-II, anti E and anti B were 
specific to apo C-II, apo E, and apo B respectively and 
none of these antibodies cross reacted with other apo
proteins. Thus although anti C-III2 reacted identic
ally with all apo C-III isoforms it showed no cross 
reactivity against apo C-II, apo E or apo B.

Kashyap et aZ, 1977 also using radioimmuno assay, 
reported that there was no appreciable cross reactivity 
of anti C-II with apo A-I (0.013%), apo A-II (0.002 %), 
LDL (0.219%), apo C-I (0.70%), apo C-III^ (3.182%), 
apo C-III^ (0.292 %), apo C-III2 (0.292 %). They be
lieved the cross reactivity of anti C-II with apo 
C-III^ to be secondary to a contamination of apo C-III^ 
with apo C-II.
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4.12. Apoprotein C Estimation by Competitive Enzyme 
Linked Immunosorbent Assay

The only previous report of a competitive ELISA 
(CELIA) was by Holmquist, 1980. His assay used poly
styrene tubes to absorb monospecific antibody. To this 
was added intact VLDL conjugated with alkaline phosph
atase. The conjugate containing all the different apo
proteins complexed with lipids was used for quantitation 
of each individual apoprotein. Attempts were made to 
conjugate purified lipid-free preparations of apoprot
eins C-I, C-II, C-III, and E with alkaline phosphat
ase and determine the proteins by ELISA. However, after 
conjugation with enzyme, the apoproteins almost comple
tely lost their affinity for the corresponding antibo
dies. Labelling the whole, purified VLDL particles 
with the enzyme, yielded a conjugate which bound specif
ically to antibodies against each of the VLDL-apoprote- 
ins. Thus he describes the use of alkaline phosphatase 
labelled VLDL for immunological quantification of the 
human serum VLDL-apoproteins C-I, C-II, C-III, and E.
The assay did not discriminate between the various apo 
C-III isoforms.

Salmon et aZ, 1984 reported a CELIA similar in prin
ciple to the assay reported here for measuring apo B 
in LDL or VLDL.

In the present work, a standard curve was obtained 
using the same delipidated VLDL as both bound and free
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competing antigen (Fig. 3.11.a.).
Some variation in the standard curve was found 

from experiment to experiment. In an attempt to es
timate apo Cs in other samples of delipidated VLDL it was 
considered necessary to calculate the results from a 
standard curve prepared at the same time as the unknown 
samples were examined. To this end a large batch of 
VLDLs from a large number of subjects was acetone-dried 
and used as a standard antigen.

The estimates of apo C obtained by CELIA were com
pared with estimates of individual apo C content calcu
lated from lEF gel peak areas and related back to VLDL 
levels. The correlation between total apo C measured 
by lEF and by CELIA was 0.61. For apo C-II it was 
only 0.383. A weak correlation of 0.45 was found for 
apo C-III^. The highest correlation was obtained for 
apo C-III^ and total apo C-IIl. This suggests that the 
antibody is giving a reasonable estimate of total apo 
C-III.

It was observed by Mao et aZ, 1980 using radioimmuno 
assay of apo C-III^ that the COOH-terminal half (residues 
41 - 79) of apo C-III^ contains the antigenic reactive 
region(s) whereas the NH^-terminal half of the molecule 
was unable to react with anti C-III^. Thus when the 
positively charged lysines of apo C-III^ were chemic
ally modified by acetic anhydride, the immunoreactivity 
was decreased by 40 %. This suggested that lysines
were important in the immunoreactivity of apo C-III^
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with anti C-III^. However, in another rabbit anti
serum, there was no decrease of immunoreactivity.
Thus several populations existed, directed at different 
regions of the apoprotein molecule. The conformation 
of the apo C-IIl could be drastically changed by addi
tion of phospholipid. This change did not affect the 
immunochemical properties of apo suggesting that
the antigenic reactive sites are probably located at the 
surface in apo C-III^-phospholipid complexes. The 
immunoreactivity of apo C-III was also found to be app
roximately the same in HDL or VLDL as that of the delip
idated apo HDL or apo VLDL. Thus, the antigenic sites of 
apo C-III^ must be fully exposed on the surface of the 
lipoproteins. The antiserum was specific against all 
forms of apo C-III and did not cross react with other 
apoproteins.

Thus, according to the above work, it may be pos
sible to use CELIA to measure the amount of apo C-III 
in VLDL, HDL, or possibly in serum without prior delipi
dation. If serum could be used, it would avoid prior 
ultracentrifugation and therefore hasten the analysis 
for apo C-III. Also here CELIA has the advantage 
over the Holmquist assay since it does not involve con
jugation of samples with the enzyme. It is therefore 
less time consuming. CELIA would offer an attractive, 
less dangerous alternative to radioimmuno assay.

It will be of interest to examine the effects of 
glucosylation of apo C-III on its reaction with the



- 159 -

antibody. This could influence the use of CELIA for 
the estimation of apo C-III in diabetic patients.

4.13. lEF Estimation of Apo C in Diabetic and Normal

Subjects

There was no significant difference between either 
the mean total apo C or the mean relative percentage of 
apo Cs in normal and diabetic subjects. Unlike the 
results here, it has been shown that VLDL of diabetic 
rats show differences in their apo C composition com
pared to VLDL of non-diabetic rats. There was a marked 
alteration in the relative amounts of apo C in VLDL and 
HDL with a relative increase in apo C-IIIg (Bar-Onet aZ, 
1976; and Patel et at, 1984).
Whereas there was no significant correlation between 
the percentage of total apo C and the percentage of apo 
A and apo E isoforms in normals there was a significant 
correlation in diabetics. The same also applied to 
the correlation between the percentage of apo C-III^ 
and the percentage of apo A and apo E where there was a 
significant correlation in diabetics but not in normals 
(Table 3.12.c).

Other bands appeared in some gels in the pi —  6.5 
region and were referred to as other proteins. Signi
ficant correlations appeared between these other prot
eins and the individual apo C species, total apo C-III 
and total apo C in both diabetic and normal subjects.
It is difficult to determine whether these correlations
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are significant in a functional sense.
VLDL derived from diabetic rats had a lower rate 

of triglyceride removal when injected into normal rats. 
Diabetic and non diabetic VLDL were similar in size 
with no significant difference in the lipid/protein 
ratio. A lower proportion of apo A-I and a higher 
proportion of apo A-IV was often evident and apo E was 
lower in diabetic VLDL.

The low capacity of peripheral tissue LPL in dia
betes was considered the main factor limiting the rate 
of VLDL uptake (Bar-On et aZ, 1976).

All lipoprotein classes were found to be present 
in increased concentrations in sucrose-fed, diabetic- 
induced rats. There was a marked alteration in the 
relative amounts of apo C in VLDL and HDL with a relat
ive increase in apo C-III^ (apo C-III2 ) and a decrease 
in apo C-III^ were found(Bar-On et al, 1976). Diabetic 
subjects generally had elevated levels of triglyceride- 
rich lipoproteins and LDL, and decreased HDL. A defect 
in hepatic VLDL synthesis is also possible in severe 
insulin deficiency (Bar-On et al, 1984).

The nature of the impairment in the rmoval of VLDL 
of diabetic origin may be related to causes other than 
quantitative changes in apoprotein composition. The 
possibility of structural alterations in the protein 
moiety is suggested by the increased glycosylation of 
circulating proteins in diabetes(Monnier and Cerami, 
1982; and Kennedy et al, 1982), including lipoproteins 
(Gonen et al, 1981; and Witztum et al, 1982).
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I'Jitztum et aZ, ; and Sasaki and Cottam, 1932 have dem
onstrated that from 2 % to 5 % of the lysine residues 
of apo B are glucosylated in diabetic subjects. Exten
sive glucosyl at ion of LDL-apo B ( 40 7o of lysines deri-
vatized) totally abolishes the ability of LDL to be 
recognised by the LDL receptor.

In diabetic plasma, apo A-I, apo A-II,apo B, apo 
C-I, apo E, and albumin were glucosylated (Curtis and 
Witztum, 1985). The true physiologic significance 
of apoprotein glucosylation will be apparent only when 
it can be demonstrated that the apoprotein structural 
changes that accompany glucosylation also lead to func
tional changes. There is evidence that lysine residues 
of apoproteins are rquired for various functional activ
ities, including receptor recognition (Weisgraber et al, 
1978; Mahley et al, 1979), enzyme interaction and acti
vation (Musliner, 1979; Vainio et al, 1983), lipid bin
ding (Sparrow and Gotto, 1982), and the regulation of 
cellular proliferation (Noel et al, 1981). Thus glu
cosylation of specific lysine residues of the various 
apoproteins could have a profound influence on the func
tion of that apoprotein and in turn could alter the 
function of lipoproteins.
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Further Work

1. It would be possible to use anti C-III IgG to 
purify apo C-III. This could be carried out by binding 
anti C-III IgG to Sepharose then applying delipidated 
VLDL sample to the column. The fractions should be 
free of apo C-III and the apo C-III could be eluted 
later from the column by applying a denaturing buffer.

The purified apo C-111 could be used in LPL assay 
to test the effect of apo C-111 on LPL.

2. Since glycolation appears to affect apo B,it could 
be of interest to examine the effect of glycation on apo 
C electrophoretic behaviour and their action on LPL.
Such alterations might influence reactivity with anti
body .

3. CELIA offers a promising approach to the direct 
measurement of apo C in serum. It will be necessary 
to verify it with more samples. It would also be use
ful to attempt antibody production for apo C-11 using 
purified apoprotein.
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