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PREFACE

The concept of a handbook of electrophoresis, comparable to the Handbook of
Chromatography, appeared to be a sound and plausible idea, when first suggested.
Some modification of this idea, however, resulted after consideration of the vastness
of the electrophoretic literature which has accumulated during the-40 years since the
monumental work of Arne Tiselius. Thus, it was decided to give in-depth coverage to
electrophoresis as applied to the study of lipoproteins in the human being. This aspect
was selected because of the many different electrophoretic techniques which have been
employed in elucidating physiological variations and biochemical and physical prop-
erties of lipoproteins and of apolipoprotein molecules. Knowledge in the lipoprotein
field has developed as in electrophoresis, rapidly, and has in some aspects been signif-
icantly affected by the application of developments in electrophoretic techniques.

The Handbook of Electrophoresis, Volumes I and 11, provides basic information
concerning lipoprotein molecules, their electrophoretic properties, basic principles
of electrophoresis, and the techniques employed in studying lipoproteins. Altera-
tions in lipoprotein electrophoretic patterns in many diseases states are presented,
and their significance, discussed. A detailed bibliography of the literature dealing
with lipoproteins is included in the appendix, which provides invaluable information
for all who want to pursue in-depth investigation of particular aspects of the lipo-
protein literature, - '
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NOMENCLATURE OF LIPOPROTEINS

The nomenclature of lipoproteins has developed over the years as knowledge of their
physical, chemical, and immunological properties has been elucidated. The plasma
lipoproteins have been known for many years to have different electrophoretic prop-
erties. The major plasma lipoproteins of normal, healthy human beings have the elec-
trophoretic mobility of a- and of f-globulins, respectively. In addition to the major
components, additional fractions of characteristic mobility and lower concentration
may bé demonstrated in some plasma.

The various nomenclatures of lipoproteins are based chiefly upon the method of
isolation or characterization of the fraction, e.g., (1) chemical procedures, involving
precipitation, electrophoretic, and chromatographic procedures; (2) ultracentrifuga-
tion using density gradients, and (3) immunologic techniques. The following table in-
cludes most of the names which are currently (1977) being used to identify lipoproteins
and which have been used by various authors of this volume. Elucidation of the com-
plexity of the lipoprotein structure has resulted in a much more involved nomenclature
than in the early days, and extensive discussions of preferred terminology have taken
place.

Table 1
VARIOUS NOMENCLATURES OF LIPOPROTEINS

Mecthod of study on which no-
menclature based Name of fraction

a-Lipoproteins

Electrophoresis a-lipoproteins, a-Lp, lipoproteins with electropho-
retic mobility of a,-globulins; they may be resolved
as single or muitiple bands depending on type of
support media

Ultracentrifugation HDL, high-density lipoprotein (d 1.063—1.21 g/
ml); HDL,, subclass of HDL (d 1.063—1.12§ I'%
ml); HDL,, subclass of HDE (d 1.125—1.21 g/ml);
flotation rate atd 1.21 of =S 0—10.

Apolipoprotein composition — Apo A, apolipoprotein A consisting of two noni-

chemical, immunologic dentical polypeptides, A-1 and A-II:

A-l contains glutamic acid as C-terminal and as-

partic acid as N-terminal amino acid

A-1I contains glutamic acid as C-terminal and pyr-

rolidine carboxylic acid as N-terminal amino acid

o Lo apo D, apolipoprotein D present in HDL,;
apo E,.,, apolipoprotein E..,, presentin HDL;
apo C-l11, apolipoprotein C- present in HDL
Pre-B-Lipoproteins
Electrophoresis Pre-f-lipoproteins, pre--Lp, lipoproteins with elec-

trophoretic mobility of e,-globulins; they have this
mobility when agarose, paper, or starch powder is
used as support medium; they migrate slower than
f-lipoprotein when gels with sieving effect, such as
acrylamide or starch gel, are used: pre-f3-Lp may be
resolved as single or multiple bands.
Ultracentrifugation VLDL, very low-density lipoproteins (d < 1.006 g/
ml); isolated from serum after previous removal of
chylomicron; flotation rate at d 1.21 of -S 70—400



Table 1 (continued)
VARIOUS NOMENCLATURES OF LIPOPROTEINS

Method of study on which no-
menclature based °

Apolipoprotein composition —
chemical, immunologic

Electrophoresis

Ultracentrifugation

Apolipoprotein composition —
chemical, immunologic

Electrophoresis on agar

Immunologic and genetic studies

Name of fraction
Apolipoprotein of VLDL contains apo C-II, B, and’
E... polypeptides; apo C is an apolipoprotein con-
sisting of 3 nonidentical polypeptides: C-I is char-
acterized by N-threonine and G-serine, C-11 by MV
threonine and C-giutamic acid, C-111 by N-serine
and C-alanine

B-Lipoproteins

p-lipoproteins, f-Lp, lipoproteins with electropho-
retic mobility of #-globulins; 8-Lp may be resolved
as single or double bands, depending on buffer and
support medium used

LDL., low-density lipoproteins (d 1.006—1.063 g/
ml);
LDL,, subclass of LDL (d 1.006—1.019 g/mi);
LDL., subclass of LDL {(d 1.019—1.063 g/ml);
flotation rate at d 1.21 of —S 25—40; at d 1.063,
§0—20 may be divided into —S 40—70, i.c., S,
12--20, intermediate density fraction and -S
2540, S,0—12LDL

Apo B, apolipoprotein B is major apoprotein of fi-
lipoprotein; §-Lp also contains C-1l and E, .;

Other fractions

Lp-X, lipoprotein X, a lipoprotein of - or siow f3-
globulin mobility and low density, characteristi-
cally found in obstructive jaundice patients’ sera;
best identified by efectrophoresis on-agar, where it
has unusual property of migrating to y-globulin po-
sition

Lp(a) is a polymorphic form of fi-Lp which is of im-
portance in genetic studies, and in those patients
who have received multiple transfusions
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FAMILIAL HYPER-a-LIPOPROTEINEMIA

C. J. Glueck and P. M. Steiner

More than 25 years ago in the early investigations of the interaction of lipoproteins
with ischemic heart disease (IHD), several groups reported that a-lipoprotein choles-
terol (C-HDL) correlated negatively and g-lipoprotein cholesterol (C-LDL) positively
with development of IHD.'* The “‘anti-risk’’ nature of HDL and its hypothesized role
in mobilizing cholesterol from the artery wall has been recently reviewed by Miller and
Miller.® In population studies, C-HDL is “‘inversely related to CHD prevalence . . .
this relationship is essentially independent of total and LDL cholesterol,’’* CHD being
coronary heart disease. In population groups having low IHD event rates, C-HDL
levels are considerably higher than in males of comparable age who have higher IHD
mortality.” While controlling for serum cholesterol, an inverse relationship between
IHD prevalence and HDL cholesterol was reported in Hawaiian Japanese men.* In a
very dissimilar population group from Evans County, Georgia,® Tyroler et al. observed
that black males had lower frequencies of coronary heart disease, ‘‘controlling for the
standard risk factors in univariate and in multivariate logistic risk function analyses.”’
Tyroler et al. observed significantly higher LDL cholesterol and total triglycerides in
whites and higher HDL cholesterol in blacks, in comparisons matched for age, sex,
and total serum cholesterol.” Tyroler et al. concluded:® *‘the black-white lipoprotein
fraction differences in Evans County are consistent with a negative coronary risk factor
role of elevated HDL cholesterol ...”’

C-HDL is inversely correlated with plasma low- and very low-density lipoprotein
cholesterols (C-LDL and C-VLDL, respectively)’ '*!'In subjects having familial hyper-
cholesterolemia,'*-'* C-LDL elevations are accompanied by low levels of C-HDL. Ac-
celerated IHD in the familial hypercholesterolemias and hypertriglyceridemias is asso-
ciated with both elevated C-LDL and C-VLDL and subnormal C-HDL.'?'® This
provides a much higher than normal ratio of atherogenic (C-LDL, C-VLDL) to “‘anti-
atherogenic’’ lipoproteins (C-HDL).!"-%°

The authors recently described a new type of familial dyslipoproteinemia, familial
hyper-a-lipoproteinemia, in 18 kindreds.'* 2 In extensive prevalence studies of lipids
and [ipoproteins in family units in the Cincinnati area (5000 kindreds), qualitative in-
crements in o-lipoproteins which appeared to aggregate in certain families were first
observed by paper lipoprotein electrophoresis. Putative normal limits for C-HDL were
then established for 168 free-living control subjects, with the 90th percentile 70 mg/d!
and the mean + 1 SD C-HDL being 55 + 12 mg/dl. As an upper normal limit for C-
HDL, 70 mg/dl was arbitrarily chosen.'® Affected probands and relatives had distinc-
tive elevations of C-HDL, slight elevations of total cholesterol, no elevation of C-LDL
and C-VLDL, and normal to low triglyceride levels. Simple segregation analysis in-
volving 84 offspring of 22 hyper-a x normal e« matings revealed a ratio of hyper -a to
normal of 37:47, a ratio not significantly different from 1:1 (X*, = 1.2), that ratio
which is consistent with autosomal dominant transmission’.'* Males and females from
kindreds with famifial hyper-o-lipoproteinemia had life expectancies which were 5 and
7 years longer, respectively, than others in U.S. (life table) populations (P < 0.002).1*2
Combined morbidity and mortality from myocardial infarction was threefold greater
in normal control kindreds than in kindreds with familial hyper-a-lipoproteinemia.**-2
The (mean + SE) ratio of C-LDL to C-HDL in kindreds with familial hyper-a-lipopro-
teinemia was 1.21 + 0.06, twofold lower than the ratio, 2.4 + 0.12, in a control popu-
lation, P € 0.01.?° This relatively low ratio of C-LDL to C-HDL, which is qualitativelv
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similar to the ‘“‘protective’’ cholesterol/phospholipid ratio reported 25 years ago,'?
probably relates to prolonged longevity and reduced morbidity and mortality trom
myocardial infarction in familial hyper-a-lipoproteinemia.'*-2°

Recognition of hyper-a-lipoproteinemia, until C-HDL determinations are done rou-
tinely as part of lipid and lipoprotein sampling, will inevitably be accomplished by
electrophoresis, coupled with appropriate subsequent quantitative C-HDL determina-
tions: Qualitative and quantitative aspects of C-HDL determination are summarized
below.

QUALITATIVE AND QUANTITATIVE ASPECTS OF C-HDL
DETERMINATION IN NORMAL AND
HYPERALPHALIPOPROTEINEMIC SUBJECTS

Hyper-a-lipoproteinemia is often detected initially through routine paper?! or aga-
rose-gel” lipoprotein electrophoresis by increased staining of the band with a,-globulin
mobility. Quantitation of C-HDL requires separation of HDL and subsequent meas-
urement of C-HDL. HDL isolation may be accomplished either by precipitation of
particles, VLDL and LDL,**** or by sedimentation of HDL in the preparative ultra-
centrifuge.?s . )
~ Plasma VLDL and LDL are precipitated by sodium heparin and manganese chloride
according to Burstein and Samai¥e.?* Plasma samples are obtained from fasting sub-
jects in vacuum tubes containing crystalline disodium EDTA (Img/ml).?* Plasma in

_2-ml aliquots is placed in 15-ml conical, glass-stoppered centrifuge tubes. Samples are
" maintained in an ice bath or at 4°C throughout the procedure. With a microliter sy-
ringe, 0.08 ml of sodium heparin (5000 U.S.P: units per milliter and 0,10 m! of 1.0M
MnCl, are added by vortex mixing after each addition. Tubes are allowed to stand for
30 min and then centrifuged for 30 min at 1600 G. The high-density lipoprotein (HDL)-
containing supernatant is removed with a Pasteur pipette, and analyzed for choles-
terol,*® Frequently, when samples have increased concentrations of VLDL and triglyc-
_eride, sedimentation of the precipitate will not be complete. If this occurs, HDL must
"be separated by preparative ultracentrifugation. - )

It is advantageous to monitor s.pernatants by performing agarose-gel lipoprotein
electrophoresis to ensure complete precipitation of LDL. Immunodiffusion against
antiserum to f-lipoprotein® is an even more sensitive method for checking superna-
tants for LDL. Because of differences in the preparation of heparin from different
sources and the considerable molecular weight variation of commercial heparin,? it is
necessary to check gach individual lot for its ability to completely precipitate VLDL
and LDL by agarose~gel electrophoresis.? Some HDL has been reported to precipitate
with heparin and manganese chloride: 2 however, this has not been found to be a cause
of underestimation of HDL in this procedure.”

HDL is separated in the preparative ultracentrifuge by adjusting plasma density to
1.063, ultracentrifugation, and recovery of the infranatant. Plasma density is ad justed
by addition of potassium bromide according to the following formula:

Vi @5~ ¢ .

1~V

where X is grams of solid KBr added, V., is initial volume of the solution, d, is the
fina} density desired, d, is the initial density, and V is the partial specific volume of
KBr.?**® Densities of the solutions should be confirmed by pycnometry, A convenient
procedure is 10 add S ml of plasma to a cellulose nitrate ultracentrifuge tube into which
0.417 g KBr has previously been weighed. The KBr is dissolved, and the tube, filled



