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PREFACE

The presence of lipoproteins in human serum is now a
well asccepted fact. The involvement of lipid material in several
pathological conditions of man, particularly atherosclerosis,
has drawn much attention to the lipoproteins of serum. Aside
from the clinical significance of lipoprotelns, there is also
considerable interest in thelr moieaular nature.

The recent development of a paper chromatographic tech~
nigue for serum lipoprotein separation raised the question as to
what ultracentrifugal density classes correspond to the c¢hrom=-
atographic llpoprotein fractiocns. 529 of the objectives of this
thesls 1s to develop a correlation between the lipoprotein frac-
tions obtained from the ultracentrifusre and those obtained by
paper chromatography.

The observation that certain lipoprotein fractions on
chromatograms stained with Sudan Black B faded faster than others,
led to further investigation of these reactions.

Very speeial thanks are extended to Dr. Hugh J.
KoDonald for his guldance and encouragement throughout this
investigation. - I

Thanks are also due to krs. leonard J., Banaszak and

¥r. Fred W. Fairent for thelr ald in preparing this manuseript.
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CHAETER 1

CHAAICTRY OF LILOI A0TSING

+ipids are « heterossnsus zroup of blochemiculs -
usually churucterized by their solubility in organle (nan«»przlnr)
solvents und by their insolubility in water {(polas) solvent,
»he term iipid lncludes such materials an Patty soids and thelyr
eonjuiates, trigiyeerides, wuxe:s, certain hrdrocarbons (.04
carotenslds}, %oenpherols and various sterols and their derw
ivatives. The state of existence of non-polur material sueh as
11pids 1n 4 relatively polar environment raisss a problem which
is only partislly underotood. The evidenocs of lipid-protein
copplexes axylaina‘zha solubility and stability of lipid matee
rial in the agquesus flulds of animals, liowever, the naturs ot
lipld-protein interasction und fuotors 1nflueneingeliyogr9be&n
formatlon remain fll-defined. Early investirators felt that a
lipoprotein wes an unstolichiometrical combination of 11rid and
protein. From the work of the past ten yours, however, there
soolns to be ilttle doubt thut the lipnirateins of blood serum are
definite bilochenical entities,

kost of the studi: s on the chemistry of lipsproteins
huve been perforued with human serwn lljoproteins. "nly s few
investipators hove enployed the serusm of unimals (8)s  To date,

the sane geperal classes of lipoproteins huve teen found in

1
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both animal and human serum. iipoproteins are also present in
animals and plants as probable structural componznts of many
types of cells. The knowledre of this structural role is
limited by the lack of techniques for lysing cells and subse-
quent methods of isolation (15). FYresent methods of breaking
cells result in the breakdown of components which are inter=-
linked 1n the intaet cell.

In regard to the chemistry and interrelationship of
serum lipoproteins, there is a gquestlion as to the number of
distinetly different lipoprotein components present in serum,.

At the present time, it is impessible to resolive this problem.
Some insight, however, regarding the nuaber of lipoprotein com~
ponents present in serum may be cobtained by examining the chemis-
try of lipoproteins and the methods avallable for their analysis.
The latter will be described in Chapter Il.

The existence of emulsified fat, sometimes referred
to as chylomiera, in serum is a welle-sstablished fact. These
Tfat globules are of microscopic size, 0.5 to 1.0 mieron in
diameter and were first recognized by Boyle in 1865 (27).
Emulsified fat particles are found in serum normally only in
transient periods, post-prandially (53). HKore recently inves-
tigators use the term chylomicron in describing a series of low
density lipoproteins. These chylomicrons are not visible micro-
scopically. "Chylomicrons™ as used in this thesis, will refer

to the large molscular weight lipoproteins having a density less




than 1.019.

The first lirorrotein of a homogenous nature was
isolated by Kacheboeuf in 1929 (41). It was prepared by ad-
justing the pH of horse serum to 3.9 and utilizing the techni-
que of ammonium sulfate precipitation. Durlng the next ten years
comparatively little work vwas done in the field of liroprotein
research because of the lack of experimental technlicues for thseir
isolation and characterization. The more recent development
of ultraeentr;rugal and eleetrophorstic procedures made possible
great strides in the understanding of serum proteins and lipo-
protelins.

In general, two classes of lipoproteins have been
isolated by the ultracentrifugal methods. They are referred to
as "low density" and *high density” lipoproteins. The microscop~-
ie "emulsified fat™ is not considered since it 1s only found in
lipemic serum. The low density lipoproteins hive the ééme elec~
trophoretic mobility as the beta globulins and are called beta
lipoproteins. The high density lipoproteins have the same elec~
trophoretic mobllity as an alphs globulin znd are often referred
to as alpha lipoproteins., Bacheboeuf's lipoprotein was shown to
be an alpha livoprotein {(42).

Adair and Adair (1) deseribed the two classes of lipo-
proteins as follows: The alpha lipoproteins are estimated to have
molecular weights of 200,000, They are composed of approxi-

mately sixty-five per cent protein and thirty-five per cent




4
lipid, and have the solubility characteristics of a pseudo=~
globulin. Beta lipoprroteins are thought to be spherical in
shape and huve diameters of about 180 A, Solubllity data ine
dicates that beta lipoproteins are euglobulins., They are come
rosed, approximately, of twenty-five per cent protein and seventy=
five per cent lipid. Suglobulins are trus globulins in that they
are insoluble in salt-free water; pseudeglobulins, while pos-
sessing the general projpertlies of the globulins, are soluble in
salt-free water: The distinction between these types of
globulins, while useful, 1s by no means well-def'ined.

An interesting sidelight on the physico-chemiecal
properties of beta lipoproteins was »roposad by Surgenor (72).
He poilnted out that because of the lack of lipid characteristies,
the outermost aspects of the beta lipoproteins might possibvly
be proteins. From the approximate dimensions of protein chains
and assuming the protein to be spread out in a monolaysr,
Surgenor calculated that there 1s only enough protein to cover
about one~half of the lipid surface. Hs then postulates that
the polar groups of phospholipid compose the remaining outer=-
most "shell". The alpha lipoproteins because of the greater
proteln to lipid ratio, can be imagined as 1lipid material

coupletely surrounded by protein.

COMIOSITION
Kritchevsky (33) has tabulated the data of Havel gf al
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(14,28) regarding the composition of human serum lipoproteins.
This is given in table I. The density classes referred to are
those obtalned from ultracentrifugal analysis. These ultra=
centrifugal density classes are one way of describing the lipo-
rrotein fractions of serum. The density class 1,019 to 1,063
are beta lipoproteins; the density class 1,063 to 1.210 are alpha
lipoproteins., These two fractions represent the major portion
of lipoproteins present in serum. The nost obvious difference
in composition is in the cholesterol and protein content. In
this case the beta lipoproteins con;ain approximately fifty per
cent cholesterol and twenty-one per’cent rrotein. The alpha lipo=
proteins contain forty-seven per cent protein and only twenty
per cent cholesterol: This fact may be ilmportant because chol-
esterol 1s most probably involved in the etiology of atheroscler-
osis. Therefore beta lipoproteins or their serum concentration

may be a szcondary factor in the onset of atherosclerosis. This

TABLE I
COMPOSITION OF HUMAN SERUM LIVOFROTEINS (FSR CENT)

Density

class Cholesterol Fhospholipid Triglyceride FProtein
less than

1.019 28 i8 52 7
1.019 to 1,083 49 24 5 21
1.063 to 1l.21 20 27 & 47

greater than
1.21 2 27




é
will be discussed under the clinical aspects of lipoproteins in
Chapter 1I. The ultracentrifugal density class labeled "greater
than 1.21" represents the serum with all presently known lipo-

proteins removed.

BINDING STUDIHS ON LIFOFPROTEINS
Avigan (4) experimented on the solubilizing charac=
teristics of human serum toward C1% and H® lavelea cholesterol.
The cholesterol was adsorbed on Celite 545 by evaporation
of a pentane solution of ths sterol. The cholesterol-Celite par-
ticles were then incubated with sefam and the serum lipoproteins
isolated ultracentrifugally. The distribution of cholesterol in
the various fractions was then determined by counting the radio-
activity. The results are shown in table II.
TABIE II
INCOKRFORATION OF 4~-Cl4-CHOLESTEROL ‘
IN IIrOFPROTEIN FRACTIONS

Cholesterol incorporated

Density class ug./ml,
LESS THAN 1,019 40
1.019 to 1.063 85
1.063 to l.21 17
GREATER THAN l.21 5

The density class 1.019 to 1.063, beta lipoproteins,

incorporates most of the cholesterol. Serum with the lipopro-
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teins removed, density zreater than l.21, can take up very little
cholesterol. The lneorporated cholesterol differed in two res-
pects from particles of cholesterol injected into the blood strean
in an alcoholic solution: (1) Lipoprotein incorporated choles-
terol exchanged with the cholestercl in the red blood cells.
(2) The alccholic suspension of cholesterol was taken up rapid-
ly by the tissues; the lipoprotein incorporated cholesterol was
not. bMost of the natural steroids studled behaved as cholesterol.
This included sitosterol, progesterons, testosterone, deoxycorti-
costerone and corticosterons. o

Other lipid masterial, such as fatty aclds, demonstrates
a different distribution betwesn the serum protelns. Unssteri-
fied fatty acids have been shown to be of considerable metabolic
aignificance., They represent a transport form of lipid material
readily available as a substrate for oxidation. Goodman and
Shafrir (22) have studied the binding of olele, palmitie, stearic
and linoleic acids to plasma proteins by using clé labeled com~
pounds. Thelr results indicated that while these compounds
represent eighty to elghty-five per cent of all fatty acids
present in serum, only three-~tenths per cent are bound to the
lipoproteins of density less than 1,019 and of density 1.019 to
1,063 (chylomicrons and beta lipoproteins respectively). It
was also demonstrated that the alpha lipoprotein, density 1,083
to 1.21, binds even less of the unesterified fatty acids.
Albumin binding 1s responsible for practically all of the trans-
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port form of unesterified fatty acids. Bermes (8) obtained simi-
lar results employing ilonography.

Gordon (23) in an earlier investigation had demon-
strated the binding of oleate to both albumin and beta lipopro-
teins. He had shown, by determining the lonographic mobilities
of albumin and beta lipoproteins in the presence of increasing
amounts of oleate, that: (1) The oleate was bound first to the
albumin. (2) As the concentration of oleate was increased, great
er amounts of this fatty acid were bound to the beta lipoproteins
Gordon d4id not consider the eoncengrations of the fatty acids,
albunin and beta lipoproteins in comparison with their relative
proportions in serum. The binding of fatty acids to the beta
lipoproteins probably hss no physiological significanee.

Certain other non-polar materlal has been associated
with the beta lipoprotein fraction (58). This includes estriol,
vitamin A and vitamin E, and some of their metabolie hemologues,
It is these aempohents which probably account for the oxidativs
changes ocouring in isolated lipoproteins (8,20,59,80). One
oxidative change is demonstrated b& anlterations in the visible
spectra of the beta lipoproteins. It 1s catalyzed by very low
concentrations of cupric ion and has been attributed to the oxi-
dation of beta carotene (13).

Beta lipoproteins undergo another alteration which
must be considered in their laboratory preparation. Oneley (59)

points out that water is very important to the maintenance of

o




9
their structure. Freeze drying destroys the well-defined sol=-
ubility characteristics of beta lipoproteins (74). This is
in contrast to other serum proteins like albumin and gamma
globulin which are best preserved in the dry state.

Iovern (40) summarized extraction studies on lyophy-
lized lipoproteins and postulated that there are at least two
general types of linkages involved in lipoproteins. (1) A link
or bond so weak that it can be ruptured by ether when an outer
barrier {water?) has been destroyed. (2) The other bond requir-
ing more drastiec treatment such as bolling with alechol to break
it. levern postulates that the weaker bond may be a lipid-
1ipid linkage and the stronger bond a lipid-protein linkage.

Dervichian (19) in an earllier review had postulated
essentially the same linkages as lovern but was more specifiec.,
Dervichian said that noan-~ionle lipids cannot associate by them-
selves with proteins while they can assoclate with other lonic
1ipids. Unfortunately he presented no evidence for this state~
ment. Dervichian's liporrotein consisted then of the following:
protein=~ionic lipids (phospholipids, fatty aecids)=--non-ionie
lipids (esters of cholesterol, cholesterol, triglycerides). 1In
contrast, Palmer and Chargatf (86) proposed that lipoprotein
molecules are formed by the interaetion between the alkyl-side
chains of certain amino aeids in the protein and the non~-polar
portion of lipid molecules.

Goodman (28) studying the vinding of fatty acids to

T
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peta lipoproteins indicated that two classes of binding sites
existed. The large difference between the numbers of these two
binding sites permitted speculution on the mechanism of the
fatty acid interaction, His reasoning was that In one class,
the large number of sites available Indicated relatively little
specificity. The main factor may be that of the "solubility™ of
the fatty aeid hydrocarbon chain in the lipid portion of the lipo=-
protein. Goodman alse proposed that in a small number of instan-
ces, the carboxylate end of the fatty acid ion may interact with
one or more side groups of the pratgin prortion of the beta lipo-
proteins, In summary, the accumulated datas is still insufficient
to make any definlite conclusions regarding the tyres of bonds

involved in the structure of lipoproteins,

TRANGFORT AND METABOLILISM

Further evidence regarding the definition of lipopro-
tein molecules mey be obtained by examining their hicl&gical
funetion. kiost of the work regarding the blologlecal function of
liporroteins, so far, has been done in vitro and therefore, the
possibility of structural changes resulting from isolation pro-
cedures may exist., Another thing to consider is that various
investigators have utilized lipoprotein fractions of different
density classes in thelr investigations. This fact makes it
difficult to compare the work of one investigator with that of
another.

One approach to the metabolle interrelationships of the
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lipoproteins is the determination of N- and C-terminal amino
aclds and amino acid composition. An N-terminal amino acid has
a free alpha amino group; & U~terminal amino acid has a free
carbox¥Y1l group alpha to an amino group. Table III lists the amino
acld composition of alpha and beta lipoproteins and albumin (61).
The high concentration of leucine may be of considsrable signi-
ficance., This amino acld mlght be expected to have attraction
for the aliphatic molety of lipid material.

Oncley (81) describing N~ and C-terminals hus reported
that the two alpha lipoprotein fractions of density 1.09 and 1.14
have similar amounts of both N~ and C~terminal amino acids.

These alpha lipoproteins contain one mole of N-terminal aspartic
| acid ana one mole of C-terminal threonine per 100,000 g. of pep~-
tide. It is then suggested that the lipoprotein of density 1.09
has two peptide chains which are thought to be the same as those
of the density l.14 lipoprotein. This was done to account for
the differences in molecular weights since the lipoproteins of
 density 1.09 have a molecular weight about twice that of the
lipoproteins of density 1.14.

The protein portlon of the combined alpha lipoproteins
has a molecular weight of about 75,000 (71). This protein moiety
was shown to be similar to an alpha-l serum globulin by analyti-
cal ultracentrifugation and free solution and paper electrophor-
eais. OGrundy (25) applied the same technique to low density
(beta) lipoproteins. The protein molety of the beta lipoproteins
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TABLE IIX
AMINO . CID COMPOSITION OF THE PLaSikia LIFPOPHOTEINS AND ALBUMIN

Apino aeld residues per 100,000 g. of
peptide molety

beta lipo- alpha lipo-
proteins proteins albumin

glyclne 3344 36 2l.4
alanine 49.3 66
valine 49.5 .35 . 66,0
leucine 131.7 ‘135 84
isoleucine ca O ca 0 13
phenylalanine 45.0 38 47.%
proline 28,6 (28) 44.4
tryptophan ? ? : 1.0
serine 51.1 35 35.3
threonine 49,5 45 42
half-¢cystine 41.1 26 52.8
methlonine ca O ca O 8.7
agspartic aeld
and asparagine 76.0 62 78,28
glutamic aecid . ;
and glutamine 73.5 131 1l8.6
tyrosine 19 26,0
lysine 57 84.3
histldine ca 6,5 17 23.6
arginine 20.0 42 38,7

See (61).
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was different from the protein portion of the alpha lipoproteins.
This was confirmed by the amino acid studies of Avigan (3). He
showed that the beta lipoproteins, density 1.019 to 1.063, con-
tained C~terminal serine and N~terminal glutamic acid. This ls
different from the C«terminal threonine and N-terminal aspartie
acid of alpha lipoproteins,

Prior to the studies of the protein portions of the
lipoproteins, some investigators thought that low density lipo-
proteins were converted to high density lipoproteins. This was
suggested to occur in vivo by Grahag (24) and in vitro by Boyle
(12}« They felt that the conversion occurred by the removal of
lipid material from low density lipoproteins, thus rasulting in
high density lipoproteins. In view of the differences in the
amino acld composition of the protein moistles of the low and
high density lipoproteins, such a simple conversion of one class
of lipoproteins to another, would appear to be impossible.

Rodbell (70) subsequently has shown that at least two
different peptides or rroteins are present in the density class
less than 1.019. In this thesis this fraction 1s referred to as
chylomicrons. One of the peptides of the lipoproteins of density
leas than 1,018 was probably the same as that of the high demsity,
alpha lipoproteins., This was demoanstrated by a modification of
the "finger printing" teochnique of Ingram (28). Ingram's tech=-
nique consists of comparing two dimenslonal chromatograms of a

partial aecid hydrolyzate of the peptide. Korn (32) had postulated
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a mechanism in 1955 which would account for the results of
Rodbell. Korn's idea was that triglycerides plus alpha lipopro-
teins ylelded chylomiecrons. The latter was broken down enzymat-
iecally by liroprotein lipase to yield alpha lipoprotelns and
fatty acids,

Onecley (61) using iodinated (1131 lipoproteins gets
results that conflicet with the work of Rodbell, Oncley label~
ed the following four lipoproteins with radiocactive iodine:
microscople serum emulsified fat, lipoprotein of density 0,98
(ehylomierons), beta lipoprotein efﬁaensity 1,03 and the combined
alpha lipoproteins. A tracer amount of the lodinated lipopro~-
teins was then injected into human sudbjeots and blood samples
were taken at various intervals, hen the lipoprotein of density
0.98 was injected the label was guickly picked up by the beta
lipoproteins of density 1l.03. Only a small amount of the label
is found in the other lipoprotein fractions. Other experiments
indicated that after radio-iodinated alpha lipoproteins injection
none of the radicactivity was found in the "emulsified fat™ frace
tion, or in either the density 0.98 or 1.03 lipoproteins fraction,
Bxtraction experiments had shown that the iocdlne was not assoc-
jated with the lipid prortion of the lipoproteins., This is in
direct opposition to the previously mentioned work of Korn. It
is also dAifficult to explain on the basis of RHodbell's work in
which he showed that cne of the peptides assooclated with the

chylomicrons seems to be the same as the peptide portion of
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alpha lipoproteins.

In conclusion, metabolic and transport studles offer
some explanation as to the range of composition of different
types of lipoproteins. The problem of the interrelationship
amongst the llpoprotein fractions has not been solved. While
it is true that knowledze of these relations depends on physical
analytical procedures, clarificatlion of the reactions which pro-
duce the various lipoproteln fractions will probably be nec~-
essary to determine which of the various analytical procedures
results in fractions eomparable to ghosa contained in the

organism.




CHAFTER 11
ANALYTICAL FROCEDURES FOR LITOFROTHIN STUDIES

As is generally trus in the field of protein chemis-
try, the knowledge of lipoproteins is limited by the techniques
available for separation, analysis and preparation. Investiga-
tors studying lipoproteins are further perplexed by the sensi~
tivity of these compounds to different changes. This includas
oxidation of certain lipid moieties and sensitivity to lyophili-
zation or other conditions which tend to remove water. Certain
alterations are readily dateetable.ﬁ For example, lyophilization
or partial denaturation would result in noticeable changes in the
solubility characteristics of the lipoproteins. Other changes
may be slight and go undetected. The biochemist nust always
consider the possibllity that his isolation or analytical pro~
cedure has altered the compound under examination. He must also
keep in mind the possibility that a method is not sensitive
enough to distinquish all the species of a given type of com~
pound. Frequently, then, the results of an isolation or analyte
ical procedure are not representative of a material as it exists

in the organism,

CHENICAL METHODS
Separation of plaasma lipoproteins can be achieved by
solubility methods. For the most part, the solubility character-
18
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istics of the lipoproteins are similar to those of the other
serum proteins. The addition of small amounts of electrolytes
or relatively large amounts of glycine causes an increase in
their solubility. O2n the other hand, the addition of ethanol
causes a decersase in solubility (81l). Lipoproteins have a
minimum solubllity at pH wvalues near their lsoelectric point.

In 1946, during the course of fractionating plasma
proteins, Cohn and his colleagues (16) were able to isolate and
characterize two distinet lipoproteins. One was an alpha lipo-
protein; the other was a beta lipopgotain. The latter comprised
five per cent of the human plasma protein and contained seventy-
five per cent of the plasma lipid. The method, sometimes refer-
rad to as the "aleohol fructionation procedure”, is done at -5°C,
It involves fractional preeipltation of the serum proteins by
altering lonie strength, pH and concentration of ethanol. The
same group in 1950 (17), introduced an improved method.: The new
method used lower ethanol concentrations, so that the isolated
products might undergo less denaturation or isolation changes.

while such procedures, as devised by Cohn and coworkers,
are readlly adapted to the fractionation of large guantities of
serum, they do not lend themselves to analysis of small amounts
of individual sera. Another drawback is the fact that the pro=-
ducts ars not of the hizhest purity. Usually the precipitates
obtained contain lipid-free protein to the extent of fifty to
seventy~five per cent of the total protein present (61). PFurther-
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more, most investigators remuin concerned about the effect of
the alcohol on the native components. For example, alcohol
may remove sSmall amounts of lipid from the lipoproteins, Lipid
and protein analysis would then indicate a composition which
would be different from the comparable ultracentrifugally pre-
pared lipoproteins.

Another pure chemical method for the measurement of
serun lipoproteins was introduced by Dernfeld (5), in 1958,
He found that beta lipoproteins are the only proteins of human
serum to interact with macramdlaculgr sulfate esters at pH 8.6.
At pH 7 and below the reaction becomes rather unspecifie; other
serum proteins also react with the polyaninn. The specificity
of the reaction for beta lipoproteins was determined by moving
boundary elsetrophorecis and chemleal analysis of polyanion-
protein precipitate. Briefly the procedure is as followa: Vhen
one to two milligrums of sulfated amylopectin is added to one
milliliter of serum, a precipitate forms which can easily be cene
trifuged. Dilution of the mixture about 250 times results in
a precipitate which is highly dispersed and does not sediment
easily, The quantity of the precipitate can be estimated nephe-
lometrically and has been shown to be proportional to the concen~
tration of beta lipoprotein over a wide range of concentration.
The turbidity of the precipitating polyanion 1s negligible, Ex~
cess of the sulfated amylopectin will cause dissolution of the
precipitate.

@
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Bernfeld failed to et « correlatinn between ultra-
centrifugally isolated lipoprotein and his nephelometric index.
This he attributed to the M"arbitrarily®™ set conditlions used with
ultracentrifugal procedures. It is difficult to understand what
Bernfeld meant by the word "arbitrarily"., As will be pointed out
subsequently, preparative ultracentrifugal lipoprrotein methods
were devised from analytical ultracentrifugal deta., Also he
was unable to correiéte the cholesterol content of the serum
with his index. Bernfeld attributed this to the varying amounts
of cholesterol bound to alpha lipoproteins erd consequently not
measured. No mention was made of the effect of age of the serum,
temperature or preparation of the polyanion, all of whieh might
influence the results.

The simplieity of Bernfeld's method is very advanta-
geouss It has the disedvantage of measurirr only one class of
lipoproteins, the beta liboproteins; “ince the procedure is
relatively new, evaluation by other investigators has not arpeared
in the literature.

Some other chemical methods for studying lipoproteins
are those concerned with the isolation and messuraement of the
lipid eomponents. This includes the determination of free and
esterified cholesterol, phospholipids and fatty aelds. An excel~-
lent review of such procedures was made recently by Oncley (62),.
ULTRACENTRIFUGAL METHODS

Because of the composite livid and protein structure
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of lipoproteins, they can te separated reasonably well in the
ultracentrifuge. The most important factor in ultracentrifugal
separation 1s the density of the substances to be separated. The
densities of some of the components of liporroteins are as fol=-
lows: triglycerides--0.92, cholesterol--1l,06, peptide--1,35,
cholssterol esters-~0.99 and phospholipid--0.97 (61)., It is
obvious that a complex of any of the fore-mentioned substances
would have a density proportlonal to the relatlve amounts of
each component present. Serum has a density about 1.0048.

In analytical ultraeentri{ugation, the rate of sed~-
imentation, or flotation of the lipsprateins or proteins in a
centrifugal fleld 13 measured optically. lipoproteins because
of their comparatively low densities are generally measured by
their flotation rates. These are conventionally desceribed in
tarms of Se values. The Sf value 1s a measure of the rate of
flotation in a unit centrifugal field when suspended in-a sodium
chloride solution of density 1.063 at 25°C. One Svedberg unit
has the units of centimeters/gram/second X 10~13 (62).

Freparative ultracentrifugation or differential flot=-
atlon is based on the same principles as analytical ultracentr-
ifugation. Rather than measuring the rate of flotation of vari-
ous substances, each particular lipoprotein is floated to the top
singularly and removed. This is done by adjusting the d ensity
of the solution gradually, and each time ultracentrifuging for

an empirical time interval. The duration of ultracentrifugution
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ig a function of the Sf and is detarmined by the interval re-
quired to get the desired cowponent reasonably concentrated at
the tep of the tube.

A certaln amount of difficulty arises in comparing the
results of the two types of ultracentrifugal methods. If the
results are expressed in Sf values one may calculate the density
of the particle 1f the diameter is known. On the other hand, by
differential flotatlion it is not possible to caloulate the Sr
value. Theoretically the flotated substance represents a spectra
of densities, the range of which wi%l depend on the range of
density adjustment. '

Experimentally it is possible to measure the Sp of a
differentially floated lipoprotein and hence correlate Sg with
solvent and particle density ranges. This has been done by
several workers (63,39), simply by measuring the Sp value in
different solvent densities. The density of the lipoprotein will
be equal to the density of the medium when Sp equals zero., It
is félt that the physlological hydrated density is closely simie
lar 4if not identical with that measured by this me thod (39). The
physiological hydrated density is the density of the lipoprotein
as it exists in serum. It was shown that Sp class 20--40 ex-
hibited a hydrated ﬂensityQQf 0.978 go/ml. and Se¢ class 0--30
had a density of 1.024 g./ml. The term "hydrated density"
appliss to the lipoprotein with its bound water.

The history of the ultracentrifuge as applied to the
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apalysis of serum could begin with the work of McFarlane (48-52),
He demonstrated two sedimenting peaks which were labeled A and
G, The slower sedimenting of the two peaks, A, contained malnly
the albumin fraction and G Was‘thought to be the globulin,
MeFarlane (49) noticed another "peak™ which sedimented as a
shouider on Fraction A. This phenomena disappeared on dilution.
Because it only appeared occasionally in his experiments, he lab=-
eled it the A-protein. Pedersen (67) in 1945, was able to iso-
late quantities of the L-protein. He showed that ultracentrifug-
ation of the X~protein in the presence of salt resulted in two

peaks. One of these has a sedimentation constant the same as

centrifugation 1f the density was raised above 1.04. Because of
this low density, I'edersen postulated that the X-protein was a
complex of albumin, globulin and plasma lipid.

Gofman and co-workers (21) finally pave evidence that
the X~protein was a definite entity -~ a lipeprotein. Lindgren
and his associates (38) in 1951, by means of preparative and ana-
lytieal ultracentrifuration were able to isolate and characterize
a number of serum lipoproteins. Finally Havel, BEder and Bragdon
{26) modified the differential flotation technique by adjusting
to several different densities. Three different lipoprotein
fractions are prepared by this method. They are: denslty less
than 1.019, density 1.019 to 1,063 and density 1.083 to 1.210.

No mention is made .s to how they arrived at these density

albumin. He also found that the X-protein would float upon ultraq
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classes, but it 1s presumed that they used the analytical ultra-
centrifugal data of other investigators (18, 36).

The fraction of density greater than 1,210 still con~
talns ten to fifteen per cent of the serwn lipld phosphorus but
practically no cholesterol. The assoclated phosphorus is non-
dialyzable and mligrates with alpha«l~-albumin fraction in starch
eleetropharasié. The exact naturs of this component 1s not

known (26).

ELECTROIHORETIC METHODS

hen lipoproteins were linked with certain human dis-
eased, pafticularly atherosclerosis, great impetus was glven to
finding a quick method of fractlionation and measurement of serum
lipoproteins. Both paper and fres solution electrophorssis were
already belng used for the fractlonation of serum proteins. Pap~
er electrorhoresis or lonography was julekly adapted toqthe study
of lipoproteins. Ionography permits measurement of the liropro-
teins in the presence of other serum proteins. Free solution
electrophoresis does not. In free solution clectrophoresis,
staining 1s impossible. The alpha and beta lipoproteins cannot
be distinquished from the alpha and beta globulins.

Ionographic determinations of serum lipoproteins are
suzmarized by LicDonald et al (44) and by Block gt al (9), DMore
recent work deseribes careful comparison of ultracentrifugzal

fractions with those obtained by electrophoresis. Fezold,
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delalla and Gofman (68) studied lonographically, the sedimenting
and the floating ultracentrifugal fractions at densities 1.063
and 1l.310. Ionograms were stained for both lipid and protein.
serum lipoproteins with density less than 1.210 contained both
alpha and beta lipoproteins, Those with density less than 1.063
represented ionographlic beta lipoproteins and ehylomicrons only,
Essentially the results were the same as the data of Kunkel and
Trautman (34).

Methods have also been devised to measure the lipid
components of lipoproteins followlng ionography. Nury et al (59)
and Blﬁomberg et al (11) have developed procedures for the meas-
urement of the cholesterol content of the lipoprotein fractions
obtalned by ionography. Fhospholipid may be determined following
ionography by various extraction procedures (14,56).

Most of the ionographic methods for determining lipo~
proteins, depend on the fact that the stains used to color the
lipoproteins are 1lipid specific. Sudan Black B had been used as
a lipid staln by histologists as early as 1933. In 1954, Swahn
(73) described the use of osudan Black B in the lonographic deter-
mination of blood 1lipids. He showed that this stain does not
color other lipild-free serum protelns., Other workers have dem=-
onstrated the lipid specificity of 0il Hed O (29).

More recently, the commercial preparations of Sudan
Black B and 0il Red O have been shown to be impure. Bermes (8)

fractionated commercial Sudan Black B into ten compobents. All
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of the fractlions demonstrated lipid specificlty. ©On the other
hand, sone components of conmercial 0il Red 0O were shown te
partially stain lipid-free proteins (35).

A method of staining serum lipoproteins prlor to
ionography was introduced by MeDonald and Bermes (45). Elim-
ination of stalning following lonography resulted in ratterus
with essentially no background color. This facilitated dens~-
itometric measurement of the relative amounts of lipoproteins.
The pre~staining technique was subsequently modified by Wwilcox
et al (76) and by McbDonald and Ribeiro (46).

CLINICAL ASFECTS OF IIFPOrROTEINS

Many diseases have been shown to cause aberrations in
the normal serum lipid level. It is recognized now that prac~
tileally all serum lipid material is assoclated with protein as
biochemical entities, lipoproteins. «With the relatively simple
ionographic procedure for measuring lipoproteins, many studies
have been made linkineg serum lipoprotein levels with various
diseases. Similarly, ultracentrifugal studies have been made on
many tvpes 6f pathologleal serum. Also rhysioleglcal fuectors
have been reported to influence lipoprotein concentrations. Some
of these factors aret (1) dietary intake of fat and cholesterol
(2) thyroid function (3) experimental adrenal corhicallhyperac-
tivity (4) age (5) sex (6) rregnancy (24).

A continued effort is being made to correlate lipopro-
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tein levels with atherosclerosis. OSpecial attention 1s being
given to the use of lipoproteln determinations in the Alasnosis
of astherosclerosis. There appears to be some correlation be-
tween high levels of low density lipoproteins and atheroscle=~
rosis. liowever, other physioleosical factors which influence the
concentration of these components of serum make it very difficult
to establish normal values. At best then, such determinations
only indicate atherosclerotic tendencies but cannot be used as

a primary diagnostic tool or as an indicator of the progress of

such a condition, -




CHAPTER I1II
MATERIALS AND METHOD3

The methods and materials used in this investigation
are described in the followlng section. In a few instances, a
desceription of reagents and techniques will be made in the sec~

tion of the thesis denoted to results.”

SERUM

Fooled human serum was obtalned from Cook County
Hospltal through the courtesy of Dr: E.#W. Bermes. It generally
represented samples from approximately fifty unselected patients.
In general the type of blood speeimen was that required for det-
ermination of fasting blood sugar. PFor the preparation of ultra-
centrifugal fractions, the serum was used the same day it was
| drawn. Serum for chromatography was used for several days after
it was taken. All samples including those obtuined from the
ultracentrifuge and pre-stained samples were stored at 0-3°C.

Pre-stained serum was prepared according to the method
of MeDonald and Ribeiro (46). To prepare the Sudan Black B solu-
tion, 100 ml, of ethylene gl&cal (Bastian Xodak, BP 195~197°C)
was heated to 100°C, One gram of Sudan Black B (Harleco,

*Certain reagents and technigues were used in an attempt

to improve the chromatographic procedure. It was felt that these
8light changes could best be described in Chapter IV, so that a
comparison of the results could be attempted

29
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lot no. 37) was added slowly with rapid stirring. After five
minutes, the solution was filtered while still hot, through
Whatman #1 filter paper. The filltrate was allowed to cool to
room temperature and then re~filtered.

Yre-~gtaining of the lipoprotein fractlons and serum

was accomplished by adding 0.10 ml, of the Sudan Black B solution

to 0.50 ml., of the lipoprotein solution or serum. The mixture
was allowed to stand for approximately one hour at room temper-
ature with occasional mixing. This volume ratio was considered

adequate since excess dye invariablg appeared as a precipitate

following centrifugation. The serum--dye mixture was centrifuged

for ten minutes at full speed in a clinical centrifuge (Inter-
national Clinical Centrifuge, Hodel CL)., The precipitate was
discarded. when the pre-stained serum was stored at 0-3°C., no

further precipltation of the Sudan Black B occurred.

ULTRACENTRIFUGAL PREFARATION OF LIFOFROTEIN FRACTIONS
The ultracentrifugal method used in this theslis is

fundamentally that of Havel (26). Some modifications in the
preparation of the solutions of various densities in which the
ultracentrifugalon was carried out, were introduced by Bermes
(8). The modifications consist of the removal of heavy metal
ions, especlally copper, from the stoeck salt solution. Copper
seems to be a normal contaminant of the distilled water supply.

The solutions of wvarious denslities were prepared as
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follows: A stock salt solution of density 1.348 was prepared
by dissolving 153.0 g. of sodium chloride (Mallinekrodt, Reagent)
and 354.0 g. of potassium bromide (¥allinckrodt, USP) in one lited
of water. This solution was extracted with u saturated solu-
tion of dithizone (diphenylthiocarbazone, Zastman Kodak) in car-
bon tetrachloride. The 8tock salt solution was then extracted
five times with a total of 500 ml, of carbon tetrachloride.
Traces of the carbon tetrachloride were removed by boiling the
salt solution for thirty minutes. The wvarious solvent densities
were prepared by dilution of the stqck solution with double dis-
tilled water. The speclal distilled water was prepared by re-
distilling the standard distilled water in an all glass distile
ling apparatus. Throughout the ultracentrifugal preparation, all
glassware used in the various manipulations were subjected to
serupulous cleaning and were rinsed with the double distilled
water. For preparing solutions less dense than the stobtk sol«

ution the following formula was used:

Vo lunme

water * 46081t¥,apen * volumagy oy X densitygpoar =

densityy qqpeq (VOlume + volume )

water

The densities of the salt solvents were checked with elther a
five or ten milliliter specific gravity bottle. Welghings were
performed on a Gramatioc Analytical Balance or a Christian Becker
NA-~1 balance.




30

The density of the serum or serum fraction was then
ad justed, employing the formula indicated above. This was done
by pipettine the desired amount of the serum and salt solutions
directly into the lusterold ultracentrifuge tubes .nd filling
the tube with a solution of the expected final density. Final
£illing snd capring was performed using the technique of Bermes
(8), All ultracentrifugstions were carried out in a Spineo Knd-
el L Ultracentrifuge employing the number 40 rotor, The average
centrifugal force was 105,400 times gravity. Temperature in thae
head chamber is maintained at 10-12°C, After centrifuging for
about eighteen hours, the tubes are ﬁaarafully removed from the
ultracentrifuge heads The floated lipoproteins (supernatants)
appear as a layer on the top of the salt solution. The tube is
sliced directly below the supernatant lipoprotein concentrate
by means of a tube slicer: The Jatter is a device forcollect~
ing the ultracentrifugally fleoated lipoproteins. The tybe
slicer consists of a series of plastie and rubber rings, which
hold the ultracentrifuge tube firmly in place, and a horizontal
knife blade. The blade is forced rapidly through the lusteroid
tube dlrectly below the supernatant lipoproteins. The blade
remains in place until the floated lipoproteins are removed by
aspiration with a syringe. The bottom portion of the tube is
removed and the contents {(infranatant) eollected.

Bssentially two distinet isolation procedures were
followed for preparing the alpha and beta lipoproteins.
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Method I: To six tubes were added 2,0 ml. of the salt solu=-
tion of density 1.348 and 10.0 mi. of serum. The tubes were
then filled with & solution of density 1.0863., After centri-
fuging for about eighteen hours at 40,000 HFM, the combined
chyloricrons and beta lipoproteins fractions float to the top.
The alpha lipoproteins and the other serum proteins remain in
the bottom portion of the tube., The infranatant is adjusted to
a density of 1.210 by adding l.12 g. of potaussium bromide (re-
erystallized three times, courtesy of Dr, X.W. Eermes) and 0.15
ml, of glass distilled water for every 4,50 ml. of infranatant,
Repeating the ultracentrifugation once again for eighteen hours
at 40,000 RPE, the alpha lipoproteins fraction floats to the top
and is removed by slieclng the tubs,

Method II: This procedure was carried out simultaneously with
Method I. To six tubes were added 2.0 ml. of 1.083 dengity salt
solution and 10.0 ml, of serum. The tubes were capped and filled
with s sal; solutlon of density 1.019, Thesse tubes were centri-
fuged along with the tubes of the first part of liethod I.‘ After
removing the chylomicrons, supernatants, the solutions in the
lovier portions of the tubes were pooled. For part II, 9.0 ml,
of the infranatant from part I were added to 3.0 ml, of a salt
solution having a density of 1.196. The tubes were capped and
filled with a salt solution of density 1.063. After again
centrifuging for about eighteen hours at 40,000 RFM, the beta
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lipnproteins are floated to the top and are removed by means of
the tube slicer,

The fractions obtained from both methods I and II are

iisted in table IV. The fraction labeled low density consists

of both beta lipoproteins and chylomierons.

TAELE 1V
LIPOrROTEIN FRACTIONS OBTAI“ED FROM THE ULTRACENTRIFUGE

Fractions Density range Kethod
low density, chylomicrons less than 1,019 11
low density, beta lipopro~
teins 10019 to 10063 II

Low density less than 1.063 I
High density, alpha lipo- |

proteins 1,063 to 1,21 I
METHODS ARD MATERIALS OF FAFPER CHROMATOGRAPHIC ?RGCEBUR@

Whatman 3MM paper was used in all the ehromatography
experiments, It was obtained In sheets, forty-six by fifty-seven
centimeters. Strips or sheets were out from the stoeck paper in
a manner such that the direction of development was parallel
to the machine or "grain direction". For conventional descend~-
ing development, the migrant was placed seven centimeters from
the top of the paper whiech was forty-three centimeters long: The
strips or sheets were developed in & large chromatogrephy Jar,

sixty centimeters 1: height and thirty centimeters in diameter.
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In the bottom of the developins jar was placed a large dish which
contained a sheet of “hatman 3LM psper. The bottom of this paper
was immersed in the respective developing solution and extended
above the liguld about three or four inches. It was felt that
this paper facilitated equilibration of the atmosphere within
the jar. Unless otherwise indicated all the chromatographle
experiments were carried out at room temperi.ture, approximately
25°C, The jar was protected from air currents by a card board
box.

For the early axperimentsﬁ the orizinal Michalec buffser
{55) was used, It contained 10,3 g. of scdium veronal (Mallinc~
krodt, USP), 0.04 g. of oxalievaeid'ZHzo (General Chemieal Co.,
Reagent) and 0.61 g. of cltric acidﬁﬂéa (Baker Chemieal Co.,
Reagent) in one liter of dlstilled water., The final pH was
between 8.5 and 8.6. The lonic strength is 0.06. It was found
later that a phosphate buffer gave equally good results: It
was prepared by dissolving 7.08 g. of N32H90412E2n {Baker Chem-
ical Co., Reagent) and 0.033 g. of NaH PO, +H30 (Mallinckrodt,
Reagent) in one liter of distilled water. This resulted in a
pH between 8.5 and 8.6 and an lonic strength of 0.05. Unless
otherwise indicated, the developing solution contained buffer/
isopropyl alecohol (Baker Chemical Co., Reacent), 60/40, wolume/
voluize; the Michalec developing solution as referred to in the
suisequent text, con:ists of lichalec buffer/isopropyl aleohol

in the same proportions.
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¥rior to the application of the migrant, the paper
wags pre-wetted with the buffer. In the sarly experiments, this
was done by running the buffer onto the paper from a pipette or
wash bottle. Even after blotting, however, streaks were seen
in the paper; some areas seemed to have contained more buffer
than others. This was remedied by submerging the paper complste~
ly in the buffer and then blotting between twn sheets of “habw
man 3Mbi paper.

Preliminary experiments had shown that about forty
microliters of the ultracentrifuge gractions and/or serum were
necessary to sive reasonably detectable final Sudan Black B
spots. The migrant was applied from a one~tenth or a two-~tenths
milliliter pipette to the chromatogram which was lald over two
glass dishes., The origin of the chromatogram was suspsnded be-
tween the dishes so that the relatively large volumes of pro-
teln solution could not run out of the paper. If the protein
solution was permitted to run on the pre-wetted paper without
streaking, the initial spot wes a little over one centimeter in
dlameter. Streaking of the solution across a strip one ineh
wide reduced the lonzitudinal length of the spot.

After development, the chromatograms were dried for
thirty minutes at 105-110°C. They were stained for one hour at
40°C in a saturated ethunol solution of Uudan Black B. The stain

solution is prepared by heating one liter of sixty per cent
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ethanol to boiling. One gram of Cudan Black E (Harleco, lot
no. 66} is added slowly with stirring. The ethanol solution is
conled to room temperature and filtered twice through iWhatman #1
filter paper. After the chromatograms are sgtained, excess Sudan
Blaek B is removed by three rinses in fifty per cent sthanol,
The chromatograms were dried at room temperature or dried in an
oven for fifteen minutes at 105-1109C.

In order to improve the c¢olor dsvelopment of the chrome
atograms, acetylated Sudan Blaek B was prepared according to
the method of Lillle and Burtner (3%). Two grams of Sudan Black
B was dissolved in a mixture of sixty milliliters of acetic anhy-
dride and forty milliliters of pyridine. The mixture was per-
mitted to stand overnight and then poured into three liters of
water, The acetylated Sudan Black B was removed by filtration.
The precipitate, acetylated Sudan Black B, was dissolﬁed in
200 ml, of acetone and re-precipitated by pouring again' into
three liters of water. The acetylated Sudan Blaek B was col-
lested by filtration and air drisd., Both pre-staining and pest~
stalning solutions were prepared as with ordinary Suden Black B,

A definite darkening of the stained color of the lipo-
proteins was observed visually with the acetylated dye. However,
the additional color was not enough to warrant 1t's use, so that
almost all chromatograms vere d eveloped with ordinary cudan Black
B.

011 Bed O was also tried in «n attempt to improve the
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staining of the finished chroratograms. One and one-half grams
of 011 Red O (Harleco, lot no. 14714) was dissolved in one liter

of boiling sixty rer cent ethanol, After cooling to room temper-

ature, the solution was filtered through fluted vhatman 712 filten

vaper.  Stulning of the lipoproteins reguired twelve hours 1in the
dye solution: The final color of the chromatograms was improved
particularly because of the reduced color of the background. It
was felt, however, that the long staining period limited use of
this stalin to samples in which the time element 1s not eritical.

The bromphencl blue solutipn chromatographed with the
lipoproteins was prepared by dissolving 0.10 g. of tetra brom-
sulfonphthalein (bromphenocl blue, National Aniline, lot no.
13796) in 100 ml. of water. This will be referred to in the
remaining text as the "bromphenol blue marker solution®™.

The bromphenol blue proteln staining solution was made
by dissolving 2.0 g« of bromphenol blue in 190 ml. of ninety-five
per cent ethanol saturated with mercuric chloride (Mallinckredt,
Reagent) and 1.0 ml. of glaclal acetic acid (Mallinckrodt, Rea=-
gent). Chromatograms to be stained for protein were dipped in
the bromphenol blue stain solution and then rinsed three times
with a dilute acetie acid solution., The solution of dilute
acetic acid consisted of one milliliter of glacial acetic acid
in ninety-nine milliliters of water.

IONOCRAFHIC SEPARATION OF LIFNPROTEING
Veronal buffer, pH 8.6, with an lonic stren~th of 0.05




37
was used throu-hout the ilonographic experiments. A stock soluw-
tion with an ionie strength of 0,10 wa: prepared by dlssolving
20.6 g+ of sodium veronal and 2,00 g. of vernnal (Liallinckrodt,
USF) in one liter of distilled water. The buffer was diluted
with distilled water to give the buffer used in the lonographie
experiments,

Ionographle separation of the lipoproteins was done
with a Preeciczion Sclentifle Company lonograph using strips of
whatman 3MY paper, one inch in width., The strips were wettsd
with veronal buffer from a ten mill;liter graduated plpette and
allowed to equllidbrate for one hour with an applied potential
of 200 volts. The pre~stained serum or serum was streaked across
the center of the paper strip and a potential of 5.0 volts/centi-
meter was applied. iith a potential of this masnitude, good
separation of alpha and beta lipoprotelns was attained in three
hours. The strips were then dried and developred as deseribed

in the section on paper chromatography.

CENTRIFUGALLY ACCELERATED TAFER CHROMATOGRAYHY OF LIYOPROTEING

The apparatus and principles involved in centrifugally
accelerated paper chromatography have been desoribed in detail
in a recent publication (47). The apparatus, labline liodel 5080
Chromatofuge, consists of a disk-shaped head rotating in s
horizontal plane. The fllter paper 1s contained within the head
and is held in position at the center., During rotation, the
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filter paper assumes a taut horizontal positlion., There is a
cirecular opening, eight centimeters in dlameter, in the center
of the head. The developing solvent carillary has access to the
chrometosram through this opening. Since the solvent capillary
does not rotate, & non~rotating closure device is provided to
.geal the opening, The closure device has a Teflon ring which
protrudes slightly from the other portions and rides on the rota-
tine head. The closure device thus essentlally seals the chrom-
atogram chamber. The developlng solvent is apprlied to the rota~
ting paper in the for: of a steady gtream from a capillary tube.
The tube ls connected to the solvent reservoir br Tygon tubing.
The reservolr must be maintained under a pressure of 8 to 15
lbs./in.3 of dry nitrogen {Airco) to maintain the steady stream
of developingr solvent onto the chromatopram, located between
the solvent reservoir and the capillary tube is a Teflon stop=-
cock. This provides instantaneous starting and stopping of the
solvent flow.

Circular sheets, eighteen inches in diameter, of What~
nan 38N paper was used in the centrifugally aeccelerated chroma-
tographic experiments. The paper was pre-wetted from a wash
bottle containing the rhosphate buffer. This was the same buffer
as that used lpn the conventlonal tyre of chromatorraphiec deve-
lopment. After blotting the disk betwesen two sheets of Whatman
3MI paper, it was rotated for five minutes at 200 to 800 RFM 1in

an attempt to get an even distribution of the buffer on the paper
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and to remove any excess buffer, After application of the
migrant, the chromatofuge and solvent flow were started simul-
taneously. Chromatograms were developsd for periods between
five and thirty minutes with a solution of phosphate buffer/
isopropyl aleohol, 60/40, volume/volume. Drying and staining of

the lipoprotein fraetions were performed as previously described.

DENSITOMETRIC TECHNIQUES

The secanning device used to measure the color intensity
of the Sudan Black B stained chromatograms conslisted of a Bausch
and Lomb Monochromator, a Wwelch Densichron with a blue rrobe, the
wslch log Converter and a Minnsapolls Honeywell Brown Recorder.
The theory and use of thls scanning device hus been described
in detail by Urbin (75). The blue probe is a photocell with a
maximum sensitlivity at 400 mu. Chromatographle strips are drawn
between the photocell and light source by an electrile mgtar
synchronized with the chart on the Brown recorder. The slit
width regulating the band width of the light inecident on the
chromatograms, was kept as amall as possible. Usually a slit
width of one millimeter resulted in enough light to obtain a
densitometric recording of the chromatogram. The scanning was
performed at a wave length of 800 mlllimicrons. Sudan Black B
has a maximam light absorption at 600 millimicrons. Bescause of
the relative thickness of the \ihatman 3MM paper and in order to
use a slit width of one millimeter, it was necessary to use the
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maximum sensitivity of the Densichron. This meaﬂt that the
instrument was set at zero optical density with the range switeh
of the Denslchron at position three and at a point on the chrom-
atogram which contained no stained lipoprotein. The zero opti-
cal density was generally re-set for each chromatogram.

Chromatograms and ilonograms were scanned as soon as
poasible after staining with Sudan Blaeck B. When pre-stained
serum samples were used, the scanning was performed within two
hours following development:. The area under the densitometric
recording was measured with a Keuffe} and Esser compensating
planimeter (4236M, serial no. 803)., At least two planimetric
measurements were made of each densitometric recordine. The

measurements generally agreed within 0 to 0,3 centimeters?,

BLEACHINC TECHNIQUES

Experiments employing the chromatography of s?rum pre-
stained with Judan Black B lndicated that the color of the lipo-
protein fractions faded, It was also observed that the color
of the low density lipoproteins seemed to disappear faster than
the high density lipoproteins and that hydrogen peroxide accel=-
srated the fading. An lnvestigation was undertaken to determine
the fading propertlies of Sudan Black B bound to lipoproteins and
contained in aqueous solutions. The disappearance of Sudan Black
B color was then determined colorimetrically.

The ultracentrifugal lipoprotein fractions and serum
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were pre-stained with Sudan Blaek B in the usual manner., Dilu-
tions of the stained lipoprotein fractions were prepared in Klett
colorimeter tubes graduated at five and ten milliliters. The
liochalec and phosphate buffers used in these fading experiments
wers the same as the ones used for chromatography. Various con-
centrations of hydrogen peroxide were made up from a thirty per
cent stock solution (Baker Chemical Co., Resagent). Dilute
hydrogen peroxide solutions wers prepared fresh for each experi-
ment. The rate of fading of the Sudan Black B was determined in
the Klett-Summerson colorimeter (lodel 900.3) using the number
sixty filter. The spectral changes resulting from the hydrogen

peroxide treatment were determined with a Beckman DU spectrophoto-

metor.




CHAXrTER IV
THE PAFER CHROMATOGRAFHIC SHPARATION OF _ERUL LIIOFROTEINS

Unlike many other biochemicals, the separation of pro-~
teins by paper chromatography has not, as yet, been reduced to
a routine procedure. This could partially be attributed to the
success of lonography which has, in a sense, overshadowed the
use of paper chromatography in refersnce to proteins. There
are also certain inherent hindrances in the use of paper chroma-
tographic procedures for the separation of proteins. One diffi-
culty often encountered is the irreversible adsorption of the
protein to the paper. This adsorption is facilitated on dry
paper and in the presence of organic solvents. In general, any
factor which may be expected to cause denaturation of proteins,
would increase this adsorptlon phenomena., Irreversible adsorp-
tion can be partially circumvented by pre~wetting the paper.

A number of systems have been successfully applied to
the separation of proteins by paper chromatography. A review
- of these investigations has been published by Block, Durrum
and Zwelg (10).
‘ In 1958, Michalec (54) reported the separation of serum
lipoproteins by paper chromatography. He falled, however, to
glve any data regarding the nature of the fractions or the
exact composltion of his developing solvent. This chapter will

detail the investigations undertaken to determine the nature of
42




43
the separable components and the application of the paper chroma-
tographic method to pre~stained serum. This section will also
include the densitomstric measurement of the relative concentra-
tion of the lipoproteln fractions and the possibility of appli-
cation of an altered procedure to centrifugally accelerated paper
chromatography. MNodifications will be introduced which will
simplify the procedurs. The applicability of the paper chroma-
tographic method to a simple clinieal proecedure will be illuse-
trated by comparison with the presently used ionographic deter~

mination of serum lipoproteins. -

PAPER CHROMATOGRAPHIC LIPOPROTEIN FRACTIONS

If serum is subjJected to paper chromatography using
Michaleec buffer/isoproryl alcohol, 60/40, volume/volume, two
fractions each of whlch may be stained with Sudan Black B, are
obtalned. In order to determins the nature of these ligoprﬁ-
teln fractions, a comparison with the known fractions obtained
by some other analytical technique must be mades, The ultra=
centrifugal fractionation procedure was chosen because 1t ylelds
lipoprotein fractions in comparatively large quantities. Furth-
ermore, the lipoprotein fraetlons obtained by ultracentrifugation
have been carefully studied by means of lonography {(68) so that
a comparison between paper chromatographic and lonographioc
lipoproteins can be made.

Pigures 1, 2 and 3 illustrate the results of the paper
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FIGURE 1

CHROMATOGRAFHIC DIAGRAM OF ULTRACENTRIFUGAL LIFOFPROTEIN FRACTIONS

(1) Ten mieroliters of bromphenol blue (2) Serum (3) Chylo~
microns, density fraction less than 1,019 (4) Beta lipoprotelns,
density fraetion 1.019 to 1.063 (5) Chylomicrons and beta lipo-
roteins, density fraction less than 1.063 (6) Alpha lipopro-
geins, density fraction 1.083 to 1l.21, Developed for two hours il
with Michaleo developer. whatmen 3MM paper pre-wetted with Micha+ |
lse buffer. I




FIGURE 2
CHROMATOGRAVHIC DIAGRAM OF ULTRACENTRIFUGAL LIFOPROTEIN FRACTIONS

(7) Ten microliters of bromphenol vlue (8) Serum pre-stained
with Sudan Black B (9) Alpha lipoproteins stained with brom-
phenol blus. (10) Serum, stained with bromphenol blue (1l) beta
lipoproteins atained with bromphenol blue. Frepared as figure 1.
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FIGURE 3
CHROMATOGRATHIC DIAGRAL OF ULTRACENTRIFUCAL LIFOFROTEIN FRACTIONS

{12) Ten microliters of bromphenol blue (13) Reconstituted mix-
ture of alpha lipoproteins, beta lipoprotelns and chylomicrons
(14) Alpha and beta lipoproteins, reconstituted mixture (15) Ser-
um minus chylomicrons (16) Serum minus chylomicrons and beta 1i-
poproteins, FPrepared as figure 1.
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chromatograrhlic studlies of ultracentrifugally prepared lipopro=-
teins and serum. The descending solvent technique was used.

The drawings for the photographs were prepared by tracing the
spots directly from the chromatograms. Xach fizure represents
the upper one~third of one chromatogram. whlle these chromato=
grams represent only one series of experiments, similar results
were obtained by repeating both the ultracentrifugal and the
subsequent paper chromatographic separation.

Numbers 1, 7 and 12 on figures 1, 2 and 3 respectively
are developed spots of ten microliters of a 0.1% bromphenol blue
solution. Ons spot of bromphenol blue was used on each chromato-
gram 80 that a comparison of lipoprotein spots could be made
from different chromatograms. It was not found possible to cal-
culate an Rp value because the developing solvent front could
not be located on the pre~wet paper. The Re value of a compound
is the ratio of the distance moved by the migrant divided by
the distance moveé by the developingz solvent. Both values are
measured from the same reference polnt, usually the origin of
the migrant. Since the experimental data required for Re cal-
culations could not be obtalned, it was decided to compare spots
from different chromatograms by comparing the ratio of the dist-
ance moved by the migrant divided by the distance moved by some
reference substance, such as bromphenol blue. The Ry value of
a particular lipoprotein is defined as the distance moved by the
lipoprotelin fraction divided by the distance moved by bromphenol
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blue, The distances are measurad from the origin to the lsading
adze of the final spots. Relatlvely larsze volumes, ten microli-
ters, of the bromphencl blue was used to sive an initial spot
commensurate with the initial protein spots. The chromatosrams
for figures 1, 2 and 3 were developed under t he same conditlons
so that a comparison between the figures night be made,

The portions numbered 2 and 8, represent the lipopro-
tein fractions obtalned from serum by chromatography. HNumber 2
is serum which has been stained with Sudan Black B after devel-
opment and numbar 8 is the pattern gesulting from the chroma-
tography of pre-stained serum, The two fractions obtained are
the same in both cases. Wwhen pre~-stained serum is used, the
question arises as to whether or not Sudan Black B is being
"waghed” from the lipoprotein molecules. One spot on the pre=-
stained serum chromatogram might then be the Sudan Black B. This
could not be the case because Sudan Black B, spotted and develop~
ed under the same conditions as the pre-stained serum, did not
move from the origin.

Under the numbers 3, 4 and § are the lipoprotein frac-
tions obtained from the ultracentrifuge which represent what many
investigators refer to as low density liporroteins. It is
apparent that the slower moving lipoprotein component of serum
represents the low dencity lipoproteins.

Chromatography of ultracentrifusal alpha lirpoproteins,

number 6, results in three spots. The very faint spot closest




49

to the origin may represent a trace of low denslity liroprotein.
The two other fractions which separate during the paper chroma-
tography of the density class 1,083 to 1,21 from the ultracentri-
fuge, dn not separate from serun under the same conditions. How-
aver, the farthest moving component of serum does correspond to
the ultracentrifugal alpha lipoproteins. If serum with the low
density lipoproteins removed is developed, number 16, only ohe
spot is obteined for the alpha lipoproteins, Numbers 13 and 14
are reconstituted mixtures of ultracentrifugal lipoprotein prepe
arations. A recomstituted mixture gpnsiats of mixing equal por-
tions of the lipoprotein fractions 1solated ultracentrifugally.
These mixtures do not contaln the game concentrations of the
lipoproteins as is found in serum. Agsin the alpha lipopro~
teins appear as only ons spot. If the chromastogram of the alpha
lipoproteins is stained for proteln with bromphenol blue, humber
9, again only one fraction appears. This seems to indic¢ate that
the ultracentrifugal alpha lipoproteins preparation is contam=
inated with other serum proteins which are not resolved by this
chromatographic procedure.

Yrotein stuining with bromphenol blue of & serum chrom=-
atogram, number 10, indicates that practically all of the serun

proteins move with the alprha lipoproteins.

Rb Vallso OF SERUK LIT0) ROTEING

In order to make a mores accurate comparison between
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lipoproteins contiired in serum and the corresponding fractions
obtulned from the ultracentrifuge, a series of experiments wvere
rerforned to determine the p walues of the various lipoproteins.
Table V contalns the results of these determinations. The
standard deviation (SD) was calculuted from the formula:

5D fj[ggigzglé”

n

where x is an experimental R, value, p is the arithmetie mean of
the corresponding serles of g iy determinations.

The beta lipoproteins listed in tables V and VI in
reference to serum chromatograms, represents all the low density
lipoproteins: It is the slower moving spot whioch appears on the
Sudan Black E stalned chromatogram of serum; it has an averuge
| By, value of 0455 for pre~stained serum and 0,62 for postestalned
serums In contrast, the Ly of the ultracentrifugally lsoclated
low density lipoproteins is 0.74. The alpha liyoprotcins on the
serun chromatogram have an Ry midway between the two alpha lipo-
proteins which aprpear on the ultracentrifugal alrha lipoproteins
chromatogram: Both fractions resulting from the chromatograrhy
of serum pre-stained with Sudan Black B had an Ry value slightly
less than the corresyonding fractions determined on chromato-rams
of serum post-stained with sudan Black B.

Since the Ry values are determined by measuring to the

leading edge of the lipoprotein 8pot, the initial volume of mig~
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T;&B I‘;.T; V

N VALOEs OF IIFOFROTEINS

Average Number of
Iipoprotein Ry 5D determinations
alpha 1,03 0.03 6
Fre-stalned serum -
beta 0455 ° 0,08 6
alpha 1.13 0.03 &
Post-stained serum
beta Q.6 0.05 6
Ultracentrifugal chylomicrons 0.39  0.03 3
Ultracentrifugal beta lipo=-
proteins 0.57 0.04 3
Ultracentrifugal beta lipo~
proteins and chylomicrons O.74 0,05 3
Ultracentrifugal alpha=l 097 0.04 S
alpha lipoproteins
alpha-8 l.21 0,08 3
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TaBll VI

SUDAN BLACK B CONCINTRATION OF THE LIrOI'R20THIN FRACTIONS ON THE
CHROMATOGRANS USED IN RE DETERMINATICNS

idpoprotein sample (forty microliters) Area~centimeterd

Chylomicrons 40.4
Beta lipoproteins 78.1
Beta lipoproteins and chylomicrons 87.8
Alpha lipoproteins 56.6

beta lipoproteins 37.2

Postestained serum
alpha llpoproteins 14.9
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rant applied to the paper is important. This was the same, forty
microliters, for all lipoprotein solutions used in these experi-
nents. However, the concentration of liporrotein in the solu~
tions may also be important. In table VI, the concentration of
the lipoprotein solutions is rresented. The concentration is
represented by the area under the densitometric recording of
the scanned chromato:;ram stailned with Ludan Black B, The 4if-
ferences in the Sudan Black B stalning properties, roughly pro-
portinnal to the 1lirid material, of the low density liroproteins
may account for the differences in Ry values (Rb inereases with

inereasing applied 1lipid material).

LOCATION OF SOLVENT FRONT ON TRE-WET FiFER

The use of 7, values or similsr constants in des-
eribing the chromatographic properties of lipoproteins works
well when the developing system and the buffer used for pre-wet-
ting the paper are always the same., If however, the chromato-~
graphic developing conditions are altered, comparison of Ry, values
is ruled outs. Any alterations in the developing solutlons would
be expected to change the migrating distance of the bromphenol
blue as well as the dlstance travelled by the lipoproteins. In
order to atudy the changes occurring in the chromatographie prop=-
erties of the lipoproteins whleh are produced by alterations in
the developing solution, a method for locating the solvent front

would be very useful. This would permit calculation of Rp values.
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Several atbtempts were made to devise a method frr locating the
solvent front on chromatograms prepuared with pre-wet paper.

an investigation was made to see if a colored sub~
stance could be found which would move with the solvent front
on a pre-wet chromatogrum. The leading edge of the colored
material would then mark the solvent front. Chromatographic
strips were prepared and developed in the manner used for lipo-
protein chromatography. The following materlials were spotted
on both pre~wet and dry paper: phenophthalein, methyl red, brom-
thymol blue, bromcresocl green, bromggasol purple, phenol red,
methyl orange, thymol blue and bromphenol blue., On dry paper
developed with the Michalsc buffer/ isopropyl alcohol solvent,
bromphenol blue, thymol blue and bromeresol creen moved with the
solvent front. However, on pre-wet paper none of the dyes seemed
to move with the solvent front. The distance of solvent move~
ment wus roughly determined by develoring the chromatoztam until
the solvent drirped from the bottom of the paper.

Another faet was considered in an effort to locate the
solvent front. In arsas of the chromatogram where the develop-
ing solution has not passed, very little isoproryl aleohol
should be present, Thus a substance which is insoluble in 1so=-
propyl aleohol would not diffuse as readlly on the portion of
the pre-wet chromatogran which has been developed. A metal lon
was chosen since most metal lons are relatively inseoluble in

orcanic solvents, A saturated aqueous solutlon of cerie sulfate
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(Merck, Heagent) was prepared. Using the ceric sulfate solution,
it was possible to locate the solvent front on a chromatogranm
developed in an open Jjar. This was simply done by "painting"”
with a glass stirring rod, a streak of ceric sulfate along the
edge of the chromatogram. The yellow colored cerlc sulfate
diffuses rapidly in the area containing no isopropyl alecohol
{undevelored region) and does not seem to "wet"™ the developed
area, 1f the same procedure is followed but with the chromato-
gram developed in a sealed chromatography Jar contalning isopropylf
aleohol, no difference in coloring gan be detected. Apparently
enough isopropyl alcohol from the atmosphere 1s taken up by the
undeveloped areas of the paper to negate the difference noted
above. |

Organic fluorescent materials dissolved in the deve-
loping solution were also investigated but they did not prove
useful in locatinry the solvent front. In one experiment, the
developer (Michalee buffer/isopropyl aleohol) contained 0.1
mg. % eosin., A descendinz chromatogram developed for two hours
with the eosin solution resulted in the eosin not moving even
to the origin of the lipoproeteins, aprroximately three centi-
meters. Similar results were obtained with a 0.8 mg. % solution

of fluorescein.

MODIFICATIONS OF THE PAFER CHROMATOGRAXIIC IFROCEDURE

The paper chromatographic separation of serum lipopro-
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teins results in two distinet fraetions. The spot extending
from the oricin outward (see figures 1,2,3) consists of at least
two corresponding ultracentrifugal fraetions, beta lipoproteins
and chylomicrons., In an attempt to increase the resolution of
the paper chromatographic method, modifications of the develop-
ing solution were made.

Frellminary experiments had shown that whatman 3MM

The application of forty mieroliters of protein samples to pre-
wetted wWhatman #1 paper resulted in a, very large, irregular,
initial spot. Also, Whatman 3MM paper is less subject to tearing
following the pre-wetting with the buffer and during the mech-
anical manipulations necessary in preparing the chromatogram.

Pre-wetting of the paper is a necessary step in the
chromatography of lipoproteins. Experiments performed on dry
paper using the ultracentrifugal lipopretein fractions and serum
resulted in practically no movement of the Sudan Black B stain-
ing fractions. OStaining for protein with bromphenosl blue reveal~
ed a streak of proteln extending from the orizin to the solvent
front. In two experiments where the lsopropyl aleohol content
of the developing solution was reduced, some movement of the
Sudan Black B staining fractions dld occur on dry paper. However
the extreme irregularity of the spots made interpretation im-
possible.

Alterations in the isopropyl saleohol content of the




57
chromatographic developlnz solutions did not bring about any
improvement in the results which are obtalned with the oricinal
developer, buffer/isopropyl alcohol, 60/40, volume/volume, TFig~
ure 4 represents the chromatograms obtained with the different
developing systems. For each developing system, ultracentrifugal
liroprotein fraections and pre-stained serum were chromatographed
with the serum. Forty microliters of the protein samples were
applied to one inch strips of Whatman 3MW paper. The strips
were forty-three centimeters long. All the chromatogsrams were
developed for two hours at room temperature.

Since no satisfactory way of telling how far the sol=-
vent front had moved was found, sevaluation of the results must
be given by the general appearance of the chromatograms. Table
VII indicates the different solvent front distances on dry paper
produced by variations of the isopropyl aleohol content. This
is given to illustrate the difficulty in comparing the chromae~
tagrams‘on the pre-wet paper resulting from the different deve-
loping systems, The Sudan Black B staining fractions on chroma~
tograms 17 through 21 c¢ould conceivably huve very similar Ef
values.

in general, on chromatogram number 17 only one spot 1s
distinet, On the original chromatosram definlte streaking of
Sudan Black B could be found from the origin to the single spot.

On chromatocyam number 18, two spots are present but there was
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PIGURE 4

CHROMATOCRATHIC DIAGCRAMS OF SERUM LIPOPROTEING

(18} 20/80

yhatman Sk paper pre-wetted with Michalec buffer, developed for
two hours with isopropyl(al?eho%/ﬁiehalec buffer
19} 40/60

volume/vo lume

(20) 60/40 (21) 80/20
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TABLE VII

TWD HOUR SOLVENT FRONT DISTANCES OF DIFFZRENT ISOPROFYL ALCOHOL/
BUFFER DEVRLOFING SYSTENS

Isopropyl alechol/Michalec buffer Solvent front
v/v centimeters
0/100 23.0
20/80 14,0
40/60 10.0
80/40 ‘ 7.3
80/80 5.0

a distinet color of Sudan Black B between the spots. when

the concentration of the isopropyl alcohol in the developing
solution reaches sixty per cent (v/v) 1t is difficult to dis-
tinquish the two fractlions, At eighty per cent isopropyl aleohol
the spots are very irregular. A red color appears at the lead-
ing edge of the spots obtalned from pre-stained serum when the
isopropyl alecohol content is above sixty per cent. This red
color is probably a fraction of the Sudan Black B which has
been extracted from the lipoproteins., The Sudan Black B stain
used in these experiments, has been shown to contain several
eomponents (7).,

If sacondary butyl alcohol (Mathieson) is used
instead of isopropyl aleohol, a two phase system results with
the volume ratio 40/60, secondary butyl alechol/Michaleec buffer.
Serum chromatograms developed for two hours with the lewer ag-
ueous phase resulted in no resolution of the lipoprotein compon-

ents.
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Alterations in the ionic strength of the lMichalec
buffer resulted in no definite chance in the lipoprotein pat-
terns. Buffer solutlions of lonic strength 0.03, 0.015 and 0.008
were prepared by diluting the lichalec buffer. The develoring
solutions contalned the usuul forty per cent by volume of iso~-
propyl aleochol. On the two hour serum ehromatograms, two lipo~
protein spots are resolved. They move the same dlstance as
when the buffer component of the developing solution has the us-
ual iloniec strength of 0.,06. The alrha lipoproteins spot appeared
to be irregular and poorly defined af the lower lonic strengths
{(0.015 apd 0.008).

A serlies of chromatograms were developed at different
pH values. Ihosphate buffers with pH values of 5.8, 6.1, 6.4,
848, 7.3, 7.7 and 8,0 were prepared according to the directions
of Kaplan (30). The chromatograrhic developing solutions con=-
tained forty per cent isopropyl aleohol and sixty per cent of the
various bufra:s. The pre~wetted serum chromatograms were dev=
eloped for two hours. In the pH ranze from 5.8 to 8.0, two
lipoprotein'fraetions appeared on all the serum chromatosrams,
In genaral,:the approximate distance traveled by both lipoprotein
fractions was the same as that obtalned for the Michalec buffer,
pH 8.6, Chromatography with a developing solution of forty per
cent isopropyl alcohol and sixty per cent citrate buffer, p¥ 3.8,
resulted in no separation of the serum lipoproteins. All Sudan

Black B stalning material streaked outward from the orisin about
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six centimeters. The alpha lipoproteilns spot as it appear-
ed on the chromatosrams for pH 5.8 to B.0 was increasingly more
uneven and indistinet in the more aeid pH values. Increased
tailing and general uneveness has been reported at acid pH
values in the ionographic determination of serum proteins (44).
This has been attributed to greater protein-parer interaction
toward the acid pH values since paper has a negatlve charge.

- The suceessful use of phosphate buffers in the chroma-
tography of lipoproteins led to the preparation of a phosphate
buffer, pH 8.6, ionic strength 0.05 (Chapter III). This is the
buffer which was used in the centrifugally accelerated chroma~
tography experiments and some of the densitometric studies.
Conventional chromatosraphle studies have shown 1t to give the

game results as the kiichalec buffer.

DENSITOWETRY OF LIrOFROTEIN CHROMATOGRAMS

The relative concentrations of the lipoprotein compo~-
nents of serum can be represented by the amount of 1lipid stain,
Sudan Black B, whieh is bound to these fractions. Densitometrie
scanning may be used to determine the Sudan Black B associated
with the chromatographically resolved serum lipoproteins. The
chromatographic procedure for the determination of serum lipopro-
teins is easier to perform and requires less expensive equipment
than the presently used lonographic method. Scanning of the

chromutographie strips was chosen in preference to the ethyl




62
aleoholiacetic acid extraction of Sudan Black B bound to each
fraction (54). Freliminary experiments had shown that complete
extraction of the Sudan Black B associated with the lipopro-
teins was difficult. Furthermore, paper fragments remainineg in
the gsolution after extraction, often interfered with the color-
imetric determination of the Sudan Black B,

Figure 5 represents the serum lipoprotein--Sudan Black
B density distribution on a chromatogram and an lonosraum pre-
pared under similar conditions. The patterns are essentially
the game. Two main peaks appear in both instances; the peak
farthest from the origin represents the alpha lipoproteins while
that closest to the origin consists »f the low density lipopro-
teins, beta lipoprotelns and chylomicrons. The gradual slope
of the low density liporrotelins on the chromatogram is the result
of tailing., OSinilarly on the lonogram, Sudan Black B coler
streaks from the origin out to the crest of the low denslity
lipoprotein peak.

In order to demonstrate the usefulness of the chroma-
tographlice llporrotein separation as a quantitative method, a
standard curve was prepared. This is illustrated in figure 8 and
the data recorded in table VIII. The area under the densitoe-
metrie recording is prorortionul to the amount of pre-stained
serum approximately in the range 10-50 microliters. If the
ehromatograms are post-staiped with Sudan Black B, instead of

using pre-stalned serum, the results are erratiec. They are
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FIGURE 5
DENSITOMETRIC RECORDINGS NF SERUM LIIOFUOTEIN SEFARATIONS

Forty mieroliters of pre~stained serum on “hatman 3MM parper.
Ionography~-veronal buffer, pH 8.8, ionie strength 0.05, run for
three hours, 5.0 volts/centimeter. Chromatography=--paper pre-
wetted with phosphate buffer, pH 8.6, lonic strength 0,05, deve-
loped for two hours with isopropyl aleohol/phostphate buffer,
40/60, wolume/volume,
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FIGURE &

RELATIONSHIP BETWEEN THX TOTAL AREA UNDER THE DENSITOLETRIC RE-
CORDING AND THE AVFIIED PRE-STAINED SERUM

Yre-stained serum applied to whatman 3Mk paper pre-wetted with
illehalec buffer. Developed for two hours with isopropyl aleohol/
lilchalec buffer, 40/60, volume/volume. The densitometry was
rerformed within two hours after development.
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listed in table 1X, appendix. This can probably be attributed
to the relatively hirh .bsorbance and uneven background of the
post-stained chromatograms.
| It was noted early in thls investization, that the
color of the liroprotein chromatogrems stalned with Sudan Black
B appeared to fade. This seemed to be particularly true for
chromatograms of pre~stained serum. In order to determine the
color stability of the 3udan Black B stailned lipoproteins on
paper, an lonogram and a chromatogram were prepared and scanned
over a perlod of approximately twenty hourgs. The results are
tabulated in table X, Both the ionogram and the chromatosram
are the ones described in figure 5. Durins the twenty hours
after development no definite color loss was demonstrated.

Since all chromatograms were gcanned within two hours after de-
velopment, no consideration need be given to color fading in

the densitometric studies. Investigatlon of the fuding Treaction
in solution will be given in Chapter VI,

Clinical investigators studying alterations in lipo-
protein levels usually express thelr results in terms of lipopro-
tein ratlos. One example is the ratio "beta liroproteins” to
*alphae lipoproteins™. This 1s actually the ratlo of the area
under the low denslty peak, beta lipoproteins and chylomicrons,
divided by the area under the peak representing the alpha lipo-
proteins (76}, The sepurations necessary for these calculatinns,

in the past, have been obtalned by lonosraphy. In table XI




TABLE X
DENSITNMETRIC STABILITY OF PRE-STAINED SERUE CHROMATOCRALS

ARBA U:'DER THE CURVE~CENTILETERSS |
Time {minutes) after |
completion of chylomicrons and 1
separation alpha liroproteins beta lipoproteins |
Chromatography |
37 6,2 . 19.5
138 5.9 20.7
170 6.9 20.9
200 8.5 20,0
1315 645 19.5
Ionograrhy
&3 4,0 1.4
85 D¢ B 16.5
o8 4,2 15.8°
123 4.0 15.1
1175 4,0 e
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are tabulated the results of a ssries of experiments to deter-
mine the ratio of "beta lipoproteins™ to "alpha liporroteins’
by the chromategraphlce procedure. Chromato-rams of serums I
and II, both poolsd samples, were developed with isorrorpyl
aleohol/Michulec buffer, 40/60, volume/volwis. TFor the ehrom-
atograms developed of serwn 1II1, also a pooled sample, phosphate
buffer was substituted for the l:ichalec buffer. For compa-
rison with the ionographic ratios obtained by other investigators|
Wilecox gb al (59) determined beta/alpha lipoproteins ratlos
ranging from 1.6 to 6.6, Thelr detexminations were made on indi-
vidual serum samples which accounts for the wide range of values-
sex, age and state of health variations. The values giVen in
table XI should not be construed to be indlcative of un approx-
1mate "normal™ lipoproteins rutio. These results are presented
merely to indicate the usefulness of chromatography as a clinical

procedure for the determination of serum lipoproteins.

CENTRIFUCGALLY ACCELERATED PAFER CHROMATOGRAFHY

Separation of serum lipoproteins can be accomplished
by centrifugally accelerated paper chromatorraphy using the same
developing solutions as those employed for conventional techni=-
gues. Certain difficultiss encountered in the use of centrifu-
gally accelerated methods which prevent the densitometric scan-
ning of the chromatosrams decrcase the value of the technique

as a quantitative procedure.




PTABLE XI

CHROMATOGRAYHIC DETERLINATION OF THE RATIO

OF BETA/ALFUA LIFOFROTEINS

SERULT I
Jonographically pre-stained
Chromatographically pre-
staired

SERUM II
Chromatographlically post-
stalined
Chromatographically pre-
stained

SERUM III
Chromatograrhically pre-
stained

Beta/alpha
ratio

3.4
1.8

3.0

SD

0.03
0.08

1.0
0.07

0.08

Number of
Determinations
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Filogure 7 is a schematic repraesentation of a centri-
fugally accelerated chromato ram. The part labeled D is shown
in fipure 8 after developing and stainins a forty mlernliter
sample of serum. Jhen this chromator ran was developed, ultra-
centrifugal chylomicrons, heta liroproteins and alrha lipopro-
teins were run sirultaneously. The farthest woving spot cor-
responded to the ultracentrifugal alpha lipoproteins. Similarly,
the spot closest to the oricin corresponded to the low dencity
lipoproteins. ‘hile the alpha liroproteins spot is well defined,
only the leadins edge of the low deneity liroproteins spot could
be readlly distinnquished. The radial type chromatosrarhic deve-
lopment causes the large increase in the final arca of the spots.

In an attempt to eliminate the arc tryre redistritution
of the migrant und yet maintsin the rapidity of the centrifupally
accelerated procedure, slits were cut in the paper. This is
represented by B on figure 7. The resulting "spoke" was one
inch wide and was free at the peripheral end. lany experiments
varying rotatlionul speed and solvent flow were performed, but
reproducible serarations of the serum livorroteins were not ob=-
tained by this technique. Yrobably the main factor preventing
resolution ~f the lipoproteins was the rupid flow of developing
solvent through the strlp. Experiments on dry raper indicated
that developing solvent flow throush this "spoke” is consider—
ably faster than through the intact paper dise. This phase of

the investiratlon is being continued,
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FIGUHE 7

SCHEMATIC REIRESENTATION OF CENTRIFUGALLY ACCELERATED CHROMATOGRAM

(4) Circular hole for attuchment to chrometofu-e head (B) luc~-
hine direction of chromatographic paper (C) Solvent strikes
paper (D) aArea cut out for cudan Elack Z staining after deve-
lopment (see figure 8) (E) Slits inserted in paper to reduce
arc~type developnent. \
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ORIGIN

DEVELOPING
SOLVENT

FIGURE 8

CENTRIFUCALLY ACCELERATED LIIDIROTIIN CHRNMLATOCRATHIC DIACRAM

whotman 3MA puper disc pre-wetted with phosphate buffer. Run for
ten minutes at 600 RPM. Forty microliters of serum applied. The
chronatogram was developed for fifteen nminutes at 600 HPM; the
developing solvent was isopropyl alcohol/phosphate buffer, 40/60,
volune/volune. Solvent flow was 0.92 ml,/min.
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Because of the are~-like nature of the final lipopro-
tein spots on the ecircular sheets, densitometric measurenents

were not carried out,




CHAYTER V
THE FADING OPF SUDAN BLACK B BOUND TO LIIOLROTEINS

Sudan Black B is a dye insoluble in agqueous solutions
and soluble in non-polar solvents. Because of this charucter-
istic solubllity and because of the deep blue~black color of
Serum lipoproteins stained with Sudan Black B retain the solu~
bility characteristics of the lipoproteins. The lonographice mob~
ility and chromatographic Hb of the serum lipoprotelns stuined
with Sudan Black b appears to be abogb the same as the unstained
lipoprotein. The color of chromatograms of pre-stained serum
lipoproteins was observed to fade over a perlod of several days.
Of special interest was the fact that the chromatographie fraction
corresponding to the low density lipoproteins appeared to lose
the Sudan Black B color faster than the alpha lipoproteins. The
fading of chromastocrams of Sudan Black B stained lipoproteins
wag promoted by exposurse to air. 5Scotch Tape placed over the
spots of Sudan Black B appeared to reduce the visible fading
of the color. It was themn thoupht that perhaps this fading
reaction could be accelerated., when the Sudan Black B--lipopro-
tein chromatograms were placed in a ten per cent hydrogen perox-
ide solutlion for two hours no inecrease in fudine was wvisibly

apparent. lowever, the treatment with hydrogzen peroxlide des-
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troyed the integrity of the paper strip and this technique was
abandoned.

Since complexes of lipoproteins and Sudan Black B are
soluble in aqueous solutions, it was decided to test the effect
of hydrogen peroxide on solutions of Sudan Black B bound to lipo~
proteins. This permitted photometric measurement of color loss.
The results will be presented in this chapter. IBeforehand, there
are two things which must be considered: (1) The exact m ture,
of what has been ussumed to be an oxidative reaction, is unknown.
This assumption 1s made on the basisﬁthat hydrogen peroxide, an
oxidizing agent, increases the rate of fading. (2] Commereial
Sudan Black B as used in these experiments has been shown to con-
tain a number of eolored components (7). It is then likely that
this fading reaction is actually multiple in nature. 1t proba-
bly involves some or all of the components of the stain. Hydrosen]
peroxide treatment for a perlod of twenty-four hours se@ma to
cause a complete fading of the blue~black color of the Sudan
Black B, This indicates that at least all of the blue-black
components have been effected.

In figure 9, the absorption spectra of Sudan Black B--
beta lipoproteins and the resulting spectra after treatment with
one per cent hydrogen geroxide for twenty~four hours 1is illustra-~
ted, In the hydrogen peroxide treated Ludan Black B--beta lipo-
proteins spectra, there is almost a complete diappearance of the

peak which occurred at 600 millimlcrons. There appears to be
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FIGURE 9
ABSORFTION LSFECTRA OF SUDAN BLACK Be~BETA LIPOFROTEINS

"

Treated with one per cent hydrogen peroxide for twenty-four
hours. - - - -Untreated, Both solutions were made up in Micha-
lee buffer. The data 1s contained in table XII of the appendix.
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another peak formed 380 millimicrons. The hydrozen peroxide
treatment was done in kilchalec buffer, pH 8.6, ilonlic strength
0.05. The untreated Sudan Black B--beta lipoproteins spectra
in figure 9, is the same as the absorption spectra of Sudan Black
B above 300 millimicrons. Thus lipoproteins stsined with Sudan
Black B all have the same absorptlon spectra in the range 300-800
millimierons as the dye itself (see table XII, appendix). This
determination was necessary since both unstained alpha lipoprotein
and beta lipoprotein have absorption peaks in the visible range
(8). Apparently enouzh sudan Black B 1is bound to the lipoproteins
to completely overshadow the peaks resultinc from carotenes and
other materials which are contained in the lipoproteins.

Flgure 10 illustrates the affect of treatment with
three per cent hydrogen peroxide solution in phosphate buffer,
pH 8.6, on the ultra--violet absorrtion spectra of beta lipopro-
teins. The solution contained 0.50 ml, of the beta lipovroteins,
from the ultracentrifugal preparation, in 10.0 ml, of the phos-~
phate buffer. OSinilar treatment was glven to a solution con-
taining 0.50 ml. of the alpha liroproteins from the ultracentri-
fugal preparation. After two and one=~half hours of hydrogen
peroxide treatment, the solutions were placed in dialysls sacks
and dilalyzed against the phosphate buffer for forty-eight hours.
The buffer was changed six times using a total volume of threes
literss The untreated lipoproteins sclutions were dialyzed in

the same manner. The spectrophotometer was set at zero opbtiecal
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FIGURE 10
ULTRA-VIOLET ABSORPTION SPECTRA OF BHETA LIPNFPROTEINS

Untreated and dialyzed beta lipoprotein., - = ~ ~Treated
with three per cent hydrogen peroxide for two and one-half hours
prior to dialysls.
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density with the PM0Sphate buffer. No alterations were found
in the ultra=-violet absorption spectra of alpha lipoproteins
(see table XIII, appendix).

The rate of fading of Sudan Black B bound to the ultra-
centrifusally prepared serum lipoprotein fractions is illus~-
trated in figure 1l and the data contained in tables XIV and XV.
LEach solution contained 0.5C ml. of the lipoproteins from the
ultracentrifugal preparation pre~stained with Sudan Bluek B. All
solutions were diluted with Michalec buffer, pH 8.6. The final
volume was 10.0 ml, and it contained“sne per cent hydrogen per=-
oxide. The Sudan Blgck B bound %o tﬁe beta lipoproteins faded
rapidly. In table XV, the data indicates that the Sudan Black
B bound to the chylomicrons, density less than 1.019, or to the
chylo:iierons and beta lipoproteins, density less than 1,083,
behaves simllarly to the stain bound to the beta lipoprotelns.

No significant less in Sudan Blaek B color was detected for the
alpha lipoproteins. In each experiment blanks, containing no
hydrogen peroxide, were also run but in no case was any signifi-
cant amount of fading detected. The low readings obtained for
Sudan Black B alone indicate the difficulty of dissolving Sudan
Black B in agueous solutions. From the data in table XV, it is
difficult to rsach any conclusions regarding the fading of Sudan
Black B in the absence of lipoproteins. 1In an attempt to in-
erease the concentration of Sudan Black B in the Kichalec buffer,

the buffer was made in five per cent ethyl alcohol. Enough
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FIGURE 11

THE RATE OF FADINC OF SUDAN BLACK B BOUND T0 ALFHA
AND BETA LIFDIROTEINS

S011d clrecles~-rate of fading of the Sudan Black B tuken up by
0.50 ml. of the alpha lipoproteins from the ultracentrifugal pre-
paration. Half shaded clrcles--rate of fading of the Sudan Black
B taken up by 0.50 ml., of the beta lipoproteins from the ultra~
centrifugal preparation. Both solutions diluted with liichalec

buffer; the final volume was 1l0.0 ml. and contuined one per cent

hydrogen peroxide.
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TABLE XV

THE RATE OF FADING OF SUDAN BLACK B AKRD SUDAN BIACK B
BOUND TO LO% DENSITY LIFOFROTEINGS

Klett colorimeter readings

14 HgOp
) chylomicrons
Time 1% Hp0p 1% HpQp and
minutes Sudan Black B chylomicrons beta lipoproteins

3 7 325 425
7 7 219 418
1l 7 310 410
15 7 299 409
30 7 272 380
48 7 249 360
62 é 837 349
98 6 212 307
140 8 194 264
167 5 187 250
193 4 184 238
218 6 180 228
253 6 173 219
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Sudan Black B was dissolved in this solution to give an initial
reading on the Klett colorimeter of 435. Hydrogen peroxide was
added to a final concentration of one per cent, and after 171
minutes only six per cent of the ecolor had disappeared. In the
absence of hydrogen peroxide, there was no loss of color. A
solution containing Sudan Black B-~beta lipoproteins with the
same concentration of hydrogen peroxide, lost forty-eight per
cent of the Sudan Black B color in 171 minutes. The zero time
Klett colorimeter reading was 6285, 1t appears that Sudan Bluck
Be~ beta lipoproteins fades more rap}dly than the sudan Black B
alone.

The salt concentration added with the lipoproteins as
a result of the ultracentrifugal preparation is not likely to hav
caused the differences in the fading properties of the Sudan
Black B bound to high density and low dencsity lipopreteins. 1In
figure 11, the reaction mixture containing the alpha lipoproteins
had a salt concentration of 0.10 molar potassium bromide and
0.021 molar sodium chloride. On the other hand, the reaction
mixture containing the beta lipoproteins had a salt concentra=-
tion of 0.021 molar sodium chloride and 0.025 molar potassium
bromide. If the solution contalning the beta lipoproteins stained
with vudan Black & wus brouzht to a final salt ccncentration of
04125 molar potassium bromide and 0:042 molar sodium chloride,
no change in the rats of fading was noted.

i1n another experiment, fading of obudan Black B bound
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to alpha lipoproteins did ocecur when the concentration of the
hydrogen peroxide was ralscd to three per cent or more. The re-
sults are given in tuble XVI. The per cent color loss is caleu-
lated by using the five minute Klett reading as the initial
color concentration. This was necessary because no zero time
reading was mude; the data indicates that the five minute read=-
ings are approximately the same. The pH of the solutions at the
terminatlon of the experiment indicated that the higher concen-~
trations of hydrogen peroxide had produced a change in the pH
of the lichalec duffer. "

TABLE XVI

THE BFFECT NF HYDROGEN FEROXIDE CONCENTRATION ON THE
FADING OF SUDAN BLACK B BOUND T ALVHA

LITOPROTEINS
Time 0.9% 3 6% 15k 24%
minutes blank g0 HpOp HpOp Hplp HpOp
Klett colorimeter readings
5 134 132 137 141 135 140
231 135 134 131 118 89 81

, Fer cent color loss
0% 0% 4.4% 16% 4% 41%

Final pH
8:5 8;4 803 8.1 '796 6n9
Unfractionated serum stained with Sudan Black B should
fade at a rate which is a conposite of that obtained for the
Sudan Black B bound to the ultracentrifugal fractions. Table XIV
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indicates that this was not the case. In an experiment similar
to that deseribed in table XVI, using the Sudan Black B contalined
in pre-stained serum, no fading resulted at hydrogen peroxide
concentrations of 24, 4%, 6/ and 8% over a period of two and one-
half hours. whenever hydrogen peroxide was added to either
serun or pre-stained serum, a gas was evolved., Initially this
was thought to resul$ from trace amounts of catalase in the
serun., The rationale was that the catalazse catalyzed the de-
composition of the hydrogen peroxide with a resulting evolution
of oxygen. However, the presence of,0.001 molar and 0.0l molar
potassium c¢yanide did not stop the evolution of gas. The cyanide
ion has been shown to be an inhibitor of catalase activity. At~
tempts to absorb the evolved gas in a ten per cent barium hydre
oxide solution were unsuccessful, This indicates that the gas
is probably not carbon dioxide. In unother experiment, five
milliliters of serum was dialyzed with stirring (2°9C) for forty-
elght hours against six changes of Michalec¢ buffer, a total vol-
ume of three liters. Gas wag still evolved upon the addition of
hydrogen psroxide to the dlalyzed serum. No further evidence
was obtalned concerning the nature of the substance contained
in serum which produces the svolution of the gas upon the addi-
tion of hydrogen peroxide .

The wddition of serum proteins to Suden Bl.ck B bound
to low density lipoproteins will Inhibvit the fading of the
Sudan Black B by hydrogen peroxide. For example, if one-tenth
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of a milliliter of the serum fraction with pructically all of
the livoproteins removed, density greater than 1l.2i, is added
to a mixture of the low density lipoproteins stalned with Sudan
Black B and contained in Michalec buffer, no fading of the
sudan Black B ocours. The sudan Black B concentration was that
resulting from the pre-staining of 0.50 wml, of the lipoproteins
prepared by ultracentrifugation, density less than 1.083. The
final volume was 10,0 millillters, dach solution cnntained one
per cent hydrogen peroxide. The results are indicated in table
AVII, -

In another experiment, serum diluted one to elght with
iilchalec buffer was btreated with twelve per cent trichiorocacetic
acid., The trichlorsacetic acid precipitate from serum was col-
lected by centrifugation and was redissolved in kiichalsc buffer.
it was necessary to add 2 Normal sodium hydroxide, approximately
two milliiiters, to maintain the pH of 8.¢. This solution of the
serum proteins was then dialyzed for twenty bours (2°C) with
stirring against four changes of iichalec buffer, total volunme
of 1.8 liters, 7The effect of this protein solution on the fading
of sudan Black B bound to beta liporroteins is illustrated in
figure 12 and the data recorded in table XVIII. Each solution
contained one per cent hydrogen peroxide in iichalec buffer and
had & final volume of 10.0 milliliters. The serum protein prepa-
ration contained 1/25 of the protein concentration in serum. The

final reaction mixture contalned 0.50 ml. of the protein prepa-
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LFFECT OF SURUM FROTXINS ON THE FADING OF SUDAN BLACK
B BOUND TO THE LO% DENSITY LIIOFrROTEINS

Klett colorimeter readings

Serum proteins

Time and
minutes chylomicrons chylomicrons
5 271 297
@ 263 273
15 254 273
25 23¢9 271
40 216 a70
78 170 871
98 154 271
123 138 270
154 128 273
190 1l8 270
224 113 a70
260 109 271

beta lipo-
proteins

208
204
198
189
175
i45
134
117
107
100
96

93

Serum pro-
teins and
beta llpo-

proteins

195
194
194
194
192
191
191
19l
« 190
190
190
190

"serum proteins™ signifies the fraction from the ultracentrifuce
having a density greater than 1,21,
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THE EFFECT OF SERUL PROTLINS ON THE FADING OF SUDAN
BLACK B BOUND TO BETA IITOFROTEINS

X - X is the Sudan Black B~-beta lipoproteins, 0-0 contalns the
Sudan Black B--beta lipoproteins and the serum proteins prepared

from the trichloroacetic acld preecipitate.

concentration is that resulting from the pre~stalning of 0.50 ml,
of the beta lipoprotelns from the ultracentrifugal preparation.

The oudan Black B
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ration; the blank contalined 0.50 ml, of the buffer used in the
final dialysis. 4ll the solutions contained 0.50 ml, of the
ultracentrifugally prepared beta lipoproteins stained with Sudan
Bluck B. ¥rom figure 13, it is apparent that the addition of
the serum proteins prepared from a trichloroacetie acid precipi-
tate of serum, reduces the rate of fading of Sudan Black B
bound to beta lipoproteins, while this experiment offers no
explanation as to the mechanism of the inhibition of the fading,
it indicates that other serum proteins are most likely the factord
which prevent the fading of Sudan Black B bound to low density

lipoproteins and contained in unfractionated serum.




CHAFTER VI
DISCUSSION

Becauge of the dual nature of the data presented in
this thesis, it was declded to divide the discussion into two
separate portions., The first part will be a consideration of
the paper chromatography of lipoproteins and the second part
concerns the fading of Sudan Black B. |

THE PaYER CHROUATOGRAFHY OF LIFOPROTEINS

Employing the technique of paper chromatogzraphy on
paper pre-wetted with a buffer solution, two distinet lipopro-
tein fractions are resolved from human serum. The necessity of
pre-wetting the paper lntroduces another variable into the
technigyue and negates the possibility of reporting the chroma-
tographic properties in terms of He values. GCince no positive
results were obtained in attempting to locate the solvent front
on pre-vwetted paper, further discussion on this point is un-
warranted. The use of the Rp value results in a numerical re-
presentation of a chromatographic property. Rp values or simi-

lar quantities are ratlos of the distance moved by a g¢iven sub-

stance divided by the distance moved by some refersnce substance,

in this case bromphenol blue. =Xy values can be satisfauctorily
substituted for Ry wvalues 1n characterizing the chromatographic

migration and separation of lipoproteins

688
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The correlation between the lipoprotein fractions
obtuained by the paper chromatographic technique and those ob-
tained from ultracentrifugal methods was fairly well established.
Table XIX 1s a summary of the serum lipoprotein fractions ob~-
tained from different physico~-chemical procedures,

On the paper chromatosrams of the lipoprotelins, the
spot which moves farthest from the origin corresponds to the
hizh denzity lipoproteins, the alpha liroproteins, The alpha
lipoproteins as prepared by ultracentrifugal procedures separates
into at least two well defined spots, Resolution of these two
alpha lipoproteins by the paper chromatography of serum was not
found. Chromatosrraphlc development for considerably longer
periods of time und at a lower temperature may result in the
sepraration of the alpha lipoproteins from untreated serum.

The spot closest to the origincorrespcnds to the low
density lipoproteins, beta lipoproteins and ehylomierons,
Discrepancies in the Rb values of the ultracentrifugal fractions
and the corresponding fraction on serum chromatograms may be
attributed to the quantity of lipid or protein material applied
to the paper. ihlle no determination of elther type of substance
has been made, table VI may be taken as indicative of the lipld
content of the wvarious fractions.

The limited studles on the effect of alterations in the
composition of the developing solvent indicate that resolution
of the lipoproteins is due in a large part to their lipid comp-




TABLE XIX
HUMAN SERUM LITOFROTEING

ULTRAC:NTRIFUGE IORDGRAVHY FAFER CHEOMATOGRAIHY
Density at 25°C ~
(1) 0.94 "Origin lipid"” but no Chylomierons, low den=-
density fraction less trus distinction sity lipoprotelns
(2) 0.98 than 1.019 from (3) {a,b)
(3) 1.03 density fraction
1.019 %o 1.063 beta~1l globulin beta lipoproteins{a,b)
(4) 1.09 alpha~l globulin alpha lipoproteins,
density fraction high density lipopro-~
(5) 1.14 1.083 to l.21 alpha-1 globalin telns {ec)

{a) The lipoproteins of density less than 1,063 are often referred
to as low density liroproteins; those of density greater than
1.063 are often called high density lipoproteins

(b} No resolution of fracticns 1 to 3 was obtalned by paper chroma-
tography; differencec in B, values wers noted

(e) bDensity fraction 1.063 to l.21 {(fractions 4,3) were isolated
as one fraction by ultracentrifugation. sraper chromatography
of this fraction indicated two components. 3Similar resolution
from untreated serum was not obtained.

06
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osition « Thus changes in the pH or the ionic strength of the
buffer componsent of the developing solvent had little or no
effect on the resolutlion of the lipoproteins. These changes may
be expected to alter the nature of the protein moiety. On the
other hand, alterations in the isopropyl aleohol content resulted
in large changes in the distance moved by the lipoproteins. Ais
has been pointed out previously no real coneclusions eould be
made from these studies on the varying isopropyl alcohol content
of the developing solvent. ZExperiments on dry paper had indi-
cated sizeable changes in the distagce the solvent front had
moved for the various alcohol concentrations. It seems feasible
that similar results would be obtained on pre-wetted paper.
Therefore, part of the differences noted in the distance moved
by the lipoproteins resulted from the changes in the rate of
developing solvent flow through the paper.

From the general appearance of the chromatograms result-
ing from various developing conditions, a composition of the
developing solution of isopropyl aleohol/buffer, 40/60, volume/
volume appeared to give optimal results. The use of a phosphate
buffer of about the same lonic strength and pH as the citrate~-
oxalate-veronal buffer used by lMichalee¢ resulted in comparable
chromatograms,

Fre=stuining of the serum gave essentially the same
type of chromatographic results as those obtained by the post-
stalning procedure. The pre=staining technique elimipnates the
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rather cumbersome method of stalning apd rinsing the developed
chromutogram. Thd data presented in tables VIII nad IX indicates
that the pre~stalning technique is more adaptable to quantita-
tive procedures such as dencitometric scanning.

The paper chromnatographie separation of serum lipopro-
teins has been coupared to ilonogruphie methods., Table XI indi-
cates that the beta lipoproteins to alpha lipoproteins ratio
determined by paper chromatography agrees well with the results
obtained by lonography. The paper chromatographie procedure has
the advantage of being simpler in fo;m. One disadvantaze to the
chromatographlce method which has not been polnted out is the
change in the shape of the lipoprotein =~ Judan Black B spots as
they move down the paper. When such chromatograms are scanned,
only a parallel band of the Sudan Black B down the center of the
chromatographic strip is measured., The densitometric recording
is not completely representative of the total Sudan Black B con=-
centration. It was not feasible to scan the entire width of the
paper strip with the instruments described in the densitometrie
studies., The problem was partially elrcumvented by streaking the
migrant aslong the origin rather than simply applying it as one
spot. The difficulties encountered with the densitometric meas-
urement of chromatograms post-stained with Sudan Black B has besn
discussed, Most likely, the problem results from the uneven
background color on the chromatogranms,

The adaptation of centrifusally accelerated chromato-
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graphy to the papey chromatorraphic rrocedure for the separation
of 1lipoprnteins was only partislly successful, The radial type
nf davelopnent on the whole clreular sheet, resulited in devsloped
spots of an arec-type shape. This preventad ordinary densitonmetriol
scanning. &odification of the paper chromatosraphie dise, to

sliminate the are~like development, was larcely unsuccesszful.

THE FADIRC OF SUbabh BLACR B

Juta pressnted in Chapter V indicates that there is a
difference in the rate of fading of(yua&ﬂ Black E bound %o hirh
density and iow density liﬁmproteing. This was nbserved inltlally
on paper chromatograms. Hydrogen peroxide at concentrations of
about one per cent asccelerates the disarpesrance of Ludan Black B
e¢olor. The changes produced in Judan Black b and in the warious
lipoprotelin fractions following hydrogen peroxide treatment has
been partially deseribed by examining the light absorption spec~
tras. The fading of the .udan Black B bound to the low density
lipoproteins occurs at & much faster rate than that of the stain
bound to high density lipoproteins. similarly, the Sudan Black B
bound to low density lipoproteins fades faster than the dye ite
self. in order to examine the rate of Tadline of Judan Black B
alone, it was necessary $o perform the sxyeriment in a solution
contalining five per cent ethyl alcohol, The presvence of the alco~
hol may have had an effect on the rate of the fuding. 4t present

no axplunation can be offered for the differences in the rates of
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fading. ©Sudan Black B bound to the lipoproteins contained in
untreated serum does not fade under conditions similar to those ‘
which resulted in disappearance of Sudan Blaeck B eoler when
bound to the low density lipoproteins prepared ultracentrifugally.
Furthermore, the addition of small quantities of a serum protein
preparation "inhibits" the fading of Sudan Black B bound to low

density lipoproteins prepared ultracentrifugzally.




CHAPTER VII
SUMMARY

An improved paper chromatograrhlic procedure for the
separation and determination of human serum lilpoproteins has
been presented. The fractions obtained by paper chromatography
were correlated with those obtained by ultracentrifugal techni-
ques. Densitometric scanning was used to measure the oconcentra-
tion of Sudan Black B bound to the lipoproteins which were sepa~
rated by conventlonal paper chromatography. Chromatograms of
serum lipoproteins were alsc developed using centrifugally ac-
celerated techniques. The results indlcated that separations
gimilar to those obtainable by conventional descending chrona=
tography were possible. The radial typre of development of the
migrants in the centrifugally accelerated procedure made photo=-
metric scanning diffiecult. FPossible modifications of the centri-
fugally accelerated procedure which would permit photometrie scan-
ning were introduced but were largely unsuccessful, Investiga-
tilons along this line are belng continued.

An 1pnvestigation of the fading properties of Sudan
Black B bound to different lipoprotein fractions has been ini-~
tiated., The nature of these experiments was such as to indi-
cate the differences in the rates of fadins of the stain bound

to the different lipoprotein fractions and contalned in aqueous

95
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hydrogen peroxide solutions. Serum protein preparations were
demonstrated to reduce the rate of fadins of Sudan Black B
bound to low density lipoproteins. Further lnvestigation will
be necessary to present a satisfactory explanation for this

phenomena,
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TABLE VIII
RELATIONSHI? BAT.EKEN THE AREsa UNDER THE DENSITOKETRIC RECORDING
: AND THE APPLIED FRE-LTAINED SERUN

Ares under the curve-centimeters<

icroliters alpha lipo- Beta lipoproteins

of serum proteins and ehylomicrons Total
10 5.7 1z.1 17.8
a0 10.8 19.3 30,1
30 15.0 27.1 42.1
40 20.2 35.4 55.6
S0 27.8 37.8 65.6

TABLE IX

RELATIONSHIY BELGEEN THE AREA UNDER THE DENSITOMETHIC RICORDING
AND THE A PrLIED SERUH==-POST«STAINED CEROVMATOGRAMS

£
Area under the curve-centimeters”

Microllters Alpha lipo~ Beta lipoproteins
of serum proteins and ehylomlerons Total
10 5.6 19.9 85.5
20 8.6 43.7 52.3
30 14.8 44.4 59.2
40 14.9 3748 58.1
50 16.6 52.9 69.5

60 23.8 54.0 77.8
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TABLE XIT
ABSORITION SPECTRA OF SUDAN BLACK B (GB«B)-~SERUE LITOPROTEINS

Optical Denslty-Beckman DU Spectrophotometer

SB-B~~beta lipo-~
proteins treat-

wave length wB=B=-glpha SB~-B~=beta ed with
mu GB«B lipoproteins lipoproteins 1% Hp0s
300 0.075 0.535 0.6558 0.811
380 0.083 0,469 0.56%9 0.638
340 0.076 0,369 + 0,453 0.498
360 0.055 0.3566 0.433 0.473
380 0,046 04318 0,389 0.491
400 0,045 0.331 0.389 0.469
420 0.044 0.3356 0.381 0.419
440 0.042 0.325 0,373 0,389
460 0.049 C.309 0.3564 0.374
480 0.043 0.292 04346 0.562
500 0.041 0.298 0,340 0.348
520 0.041 0.327 0,362 0.330
540 0.046 0,376 0,401 0,313
560 0.040 0.432 0.454 0.297
580 0.044 0.499 0.512 0.274
600 0.043 0.833 0.558 0.251
630 0.047 0.533 0.9560 0.214
640 0.033 0.475 0.521 0.177
650 0.031 0.391 0.444 0.143
680 0.027 0.274 0.314 0.103
700 0.033 0.171 0,194 0.071
720 0.0i8 0.099 0.113 0,080
740 0.013 0,055 0.068 0.037
760 0.008 0,025 0.032 0.026
780 0,007 0.018 0.024 0.023
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ULTRA~VINLET ABSORITINN SIRCTRA NF SERUM LIFOIROTEINS

Nptical density--Beckman DU Spectrophotometer

alpha lipo-~ beta lipo-
proteins proteins
#ave length alpha lipo~ treated with beta lipo~ treated
mu proteins 3% HpDp proteins  with 3% Hy0p
240 1.942 1,950 1.855 2.070
245 1.036 1.061 1.463 1.633
250 0.738 0.769 1.043 1.169
255 - 0.552 0.683 . 0.707 0.890
260 0.723 0.751 0,582 0.751
. 265 0.845 0.875 0.559 0.711

a70 0.999 1.008 0,571 0,691
275 1.118 1.129 0.583 0.558
280 1.149 1,158 04550 0.611
285 1.054 1.053 0.504 0,539
290 . 0.785 0,766 0.418 0.4453
295 0,408 0.415 0.316 0.248
300 0,208 0.220 0.250 0.280
305 0.128 0.138 0.211 0.237
310 0.091 0.102 0.1l88 0.203
315 0,079 0.088 0.1568 0.181
320 G.073 0.079 0.157 0.163
335 0.063 0.073 0.148 0.148
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TaBLE X1V

THE RATE OF FADING OF SUDAN BLACK B BOUND
TO ALYHA AND BETA LIFOFROTSING

Klett colorimeter readings

1% Hg0p 14 Ha0g

Time Alpha beta 1% Ha02

minutes lipoproteins lipoproteins serum
3 361 331 336
7 366 319 327
11 257 307 334
15 361 : 299 334
20 363 289 333
a7 381 a3 334
37 363 259 333
53 362 ' 237 328
88 367 ' 222 333
87 366 205 334
110 369 189 331
134 566 179 331
150 368 174 335
168 388 1588 331
183 368 164 3350

221 368 1680 331




THE EFFECT OF 3

Tine
minutes

4
8
25
46
64
102
125

TABLE XVIII

ERUN FROTEINS ON
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THE FADING OF SUDAN

BLACK B BOUND TO BETA LIrOPROPEING

Klett colorimeter readings

Beta lipoproteins

316
304
269
236
210
178
167

Serum proteins
and
beta liroproteins

316
314
311
306
300
a3g2
285

"serum proteins"--TCA precipitate nf serum redissolved in
Kiichalec buffer; dlalyzed against the buffer.
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