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INTRODUCTION

The lipoproteins of serum consist of a peptide component in combination

with lipid. This lipid includes phospholipid, cholesterol, cholesterol

esters, and triglycerides. Due to the interest in the role of lipoproteins

in lipid transport and their role in relationship to disease, much work has

been done on human serum lipoproteins.

Previously it was thought that the lipid and protein moiety were held

mainly by hydrophobic bonding; however, recent work has revealed that a salt

linkage possibly plays a larger role. These linkages involve the free -COOK

group of the dicarboxylic acid residues of the protein and phospholipid.

Component 6 is a lipoprotein entity present in the serum of the laying

hen. It is also present in the serum of the estrogenized rooster or young

pullet, and is not found in the serum of the non-estrogenized rooster or

young non-laying hen (41). This entity has a very low density, and contains

great quantities of lipid and a very small amount of protein. The protein

is essential for the solubility of the lipid.

In an attempt to find the relationship of lipid to protein, differen-

tial lipid extractions were performed. The quantitative relationship of

the different lipid classes and protein were also determined. These lipid

studies were carried out by means of thin layer chromatography and various

chemical and physical techniques were used for the determination of differ-

ent types of lipid.

In order to further characterize the relationship of the protein with

the lipid, a quantitative estimation of the different types of amino acid

present in the peptido portion of the molecule were determined. This was

done by means of ion-exchange column chromatography.



REVIEW OF LITERATURE

The serum lipoproteins were of great importance in lipid transport and

metabolism (23), and the circulating lipoproteins are the best evidence of

the specific role of proteins in the transport of non-protein substances.

Lipids, being insoluble in water, are transported by means of this physical

union with proteins. These molecular associations were discovered by

Macheboeuf (2k) in 1928, and were called cenapses.

Lipids are linked to certain specific proteins immunologically differ-

ent from other plasma proteins, and these proteins are not found in the free

state when the lipids are absent. These associations are of quite definite

structure and composition, and do not appear to be the result of random

association of the lipid and protein (36)

•

The chemistry of both the protein and lipid moieties of the serum

lipoproteins has been actively investigated because of the interest in their

relationship to disease. Some investigations have been carried out on rat,

pig, rabbit, dog, and chicken serum lipoproteins . However, most of the

investigation and development of procedures has been on human serum lioo-

proteins. A satisfactory procedure for the isolation and physical charac-

terization of human serum lipoproteins has been devised in the ultracentri-

fugal flotation method of Oofman and his associates (14). This method has

been adopted and is widely used as a standard procedure.

As in the case of human lipoproteins, the most complete and definitive

resolution of serum lipoproteins of the chicken has been achieved by the

use of ultracentrifugal techniques (41). Several authors have determined

the flotation constants of serum lipoproteins of the adult chicken and the

chick (19,22,42,43). The methods employed have generally approximated those



developed by De Lalla and Gofman (14) for ultracentrifugal analysis of serum

lipoproteins of the human.

The main fractions obtained by ultracentrifugal separation of normal

human serum lipoproteins form distinct classes (50). On the high-density

side of 1.063 are the alnha-lioooroteins (HDL,, HDL and HTJL-) ; on the low-12 3

density side are the beta-lipoproteins (LDL., and LDL ) and the Very-Low-

Density (VLD) lipoproteins. On the extreme low density side are the chylo-

itdcra. These particles are listed in order of decreasing density, increas-

ing lipid content, and diameter. The latter ranges from about 1 00 angstroms

(HDL ) to about 15,000 angstroms (the largest chylomicron).

The denser alpha-lipoproteins have been found to have the higher per-

centage of protein (52?'); the lipids found in association with this protein

woi^e composed mainly of phospholipids (20-?5'') . cholesterol esters (10—1 5.-)

and small quantities of triglycerides and cholesterol. The amino acid com-

position differed slightly from the composition of other plasma proteins by

having a lower amount of sulfur containing amino acids. The JJ-torminal amino

acid was aspartic acid. From the immunological point of view, the protein

showed some heterogeneity which has not been clearly interpreted (36).

The protein is necessary for the solubility of the lioids in water.

However, the complete protein is not necessary, and Ayrault-Jarrier (5)

showed that although 2/3 of the protein may be lost by partial proteolysis,

the residual "lipoprotein" was still quite soluble.

The beta-lipoproteins are much more heterogeneous than the alpha-

lipoproteins. 3y ultracentrifugation, groups of beta-lipoproteins were

differentiated according to their flotation constant (46) . The denser beta-

lipoproteins (Sn ,„ approximately 6) vere found to have a relatively con-

stant composition, of 20$ protein, 20? phospholipid, 35-40'' cholesterol



esters, 10$ free cholesterol and 5-10$ triglycerides. The protein moiety had

a molecular weight of 200,000 and its N -terminal amino acid was glutamic acid

(36) . The analysis of the protein moiety of the beta-lipoproteir. shoved

nothing which could explain the specificity of its association with lipids.

The low percentage of sulfur containing amino acids (as in alpha-lipoproteins)

appeared to be the only distinguishing feature (46).

The very-low-density (VLD) lipoproteins (S
f ,

Q
,~ from 20-400) were shown

to be lower in protein (6-12$), richer in triglycerides (50-70$), and the

cholesterol /phospholipid ratio was higher (about 1 to 1.2). The protein

moiety, which was immunologically related to the protein of the S^m q^ 0-20

beta-lipoproteins, appeared to include other antigenic sites, and analysis

of N-terminal amino acids (threonine, serine, aspartic and glutamic acids)

(37) suggested that several proteins or polypeptides were present. Gustafson

separated three groups (S
f1 ^ 20-50, 50-100, 100-400) by ultracentrifuga-

tion (16).

Since chylomicra. contain very little protein (.5- 1 ^) a"^ ^ore than 80$

triglyceride, they may be excluded from the lipoprotein category. It is

difficult, however, to establish criteria that will indicate the definite

boundaries between chylomicra, lipomicra, and the very-low-density lipopro-

teins. The mode of linkage between the protein moiety and lipids, and the

role of the protein in transport are unknown. The presence of the same pro-

tein as in alpha-lipoproteins leads the investigators to the hypothesis that

the alpha-lipoproteins may have a part in the formation of chylomicra (38).

The first step in a study of the structure and linkage of lipoproteins

is solvent extraction. Polar solvent mixtures such as those containing

othanol or methanol have been found to be far more effective than non-polar

solvents alone in ro:-ioving lipids from all serum, lipoproteins (3). Their



effectiveness is due to the alcohol first removing the water molecules and

weakening hydrogen bonds which are essential to the structural integrity of

the lipoprotein. Once this structure has been impaired, non-polar solvents

can remove the lipids readily. Various workers (4,39,^,^7) have determined,

by partial delipidization of their phospholipid-protein residues, that a

single, distinct "apolipoprotein" was present in each of the two major lipo-

protein classes. Gustafson(17) showed by partial delipidization and charac-

terization of the phospholipid-protein residues of very-low-density (VLD)

lipoproteins (S , 20) that these lipoproteins were not homogeneous but
x I • O j

contained three different protein-phospholipid complexes. On the basis . of

electrophoretic, immunochemical, and ultracentrifugal data, he reported that

one was similar to apolipoprotein A, found with the alpha-1 apoproteins , and

one was similar to apolipoprotein 3, previously found with the low-density

beta-lipoprotein. He also indicated a now one which he called 0. This C

component seemed to have an exceptional binding capacity for phospholipids.

It may be that because of this high affinity for phospholipids, even small

amounts of apolipoprotein C play an important role in maintaining the struc-

tural stability of very-low-density lipoprotein microemulsions

.

In order to determine something about the protein portion of the mole-

cule, amino acid analyses were done (50). The data indicate that these pro-

teins are not very different from other serum proteins but some differences

occur between the high density and the low density lipoproteins. Kargolis

and Langdon (26) have carried out a careful study of the amino acids of low

donsity beta-lipoprotein. The amino acid composition was compared with a

number of other proteins. In contrast to structural lipoproteins, which have

been reported to have an unusually high content of non-polar amino acid resi-

dues, the amino acid composition of bota-lipoprotein more closely rosembled



that of soluble simple proteins. This might indicate that a larger contribu-

tion to the lipid-binding properties of the polypeptide nay be made by elec-

trostatic interactions than by hydrophobic bonding.

N-terminal amino acid analysis disclosed dissimilarities between the two

groups of lipoproteins, and on this point the results of several groups of

workers (^,37,^5) were in complete agreement. 3y this method, it has been

demonstrated that the protein moiety of beta-lipoproteins is quite distinct

from that of the alpha-lipoproteins

.

The mode of binding between lipids and the protein is still the concern

of biochemists (36). The proteolytic destruction of beta-lipoproteins is

difficult and proteases split off only a small peptide fraction. Apparently

lipids protect the nrotein against proteases. The partial proteolysis allows

the ether to better extract the lipids and indicates the protective role of

the protein. Triglycerides, cholesterol esters, and. cholesterol are easily

extractable, either by agitation with cold ether or by addition of anionic

and cationic detergents and extraction by ether without agitation. These

neutral lipids are apparently simply dissolved in the lipid phase of the

lipoprotein, i.e. bound to phospholipids by hydrophobic chains. The phos-

pholipids are, on the contrary, bound by several linkages; in addition to

the linkages between hydrophobic chains of proteins and phospholipids, there

are salt linkages between opposite poles of protein and phospholipids. Half

of the phospholipids may be removed in the same manner as the neutral lipids,

as if the phospholipids were in a double leaf of which one face only would

be bound to protein.

The elucidation of structure in a complex association such as lipopro-

teins requires as much information as possible regarding composition, si^e,

and properties. Vandenheuval (50) has compiled data from many different



sources and has presented a structure for the lov-density beta-lipoproteins

.

This model consists of a central core of water surrounded by a neutral lipid

layer of triglyceride, cholesterol, and cholesterol esters. Surrounding the

entire structure is a thin shell of phospholipid and hydrated protein. The

model assumes the shape of a sphere whose diameter is 185 angstroms and whose

neutral lipid layer is 22 angstroms thick, with the phospholipid-protein

layer being 7 angstroms. Margolis and Langdon (2?, 28), through chemical and

enzymatic modifications of the beta-lipoproteins, have proposed several other

possible structures for the lipoprotein. These include viodels where a lipid

core is completely surrounded by a thin layer of the protein, one where the

peptide portion is partly hidden by the lipid core, -and models similar to

that presented by Vandenheuval . The model they consider rest likely is one

which has several smaller entities consisting of a lipid core surrounded by a

thin layer of protein; these smaller complexes are then aggregated together.

Under normal conditions, non-laying pullets and roosters appear to lack

some of the lipoproteins observed in the human (^1). Using electrophoresis,

several authors (10,13,30) have noted marked electrophoretic differences be-

tween the serum patterns of the male and female chickens, which were not

found in any other species examined. Hens, known to be ovulating were ob-

served to have very prominent peaks migrating just ahead of the gamma globu-

lin region and also displayed prealbumin components, both of which were absent

in roosters. These, as well as a great quantity of lipoid substance, could

both be removed by extractions with ether at JjO°C.

Clegg et.al. (9) showed that when a diethylstilbestrol solution was

injectod into cockerels, it brought about changes in the serum of these birds

which wero similar to the changes that occur when hens begin egg production.

Scheido (41) also demonstrated the difference in the serum of control and

estrogonised roosters by moans of the ultracontrifuge.



Various studies (15,51) on the source of phosphorous found in the egg

have shown that extra phosphorous appeared in the blood of birds during egg

production. Many studies have been conducted concerning the association of

phospholipid with the protein of lipoproteins. These were mainly extraction

experiments with organic solvents, and were mentioned previously.

OLegg and Hein (10) and Clegg et . al

.

(11) used moving boundary electro-

32
phoresis and radioactive tracer techniques to determine the ?' activity asso-

ciated with the blood serum and egg proteins of the chicken after the admini-

stration of radioactive phosphorous. They noted that electrophoretic compo-

nents one and five of diethylstilbestrol injected rooster blood serum exhibited

high phosphorous activity. Similar results were obtained with the electro-

phoretic components of laying hen blood serum.

A great increase in the lipoproteins (S
f1 Q

/„ 15) extending into the

chylomicron range was observed by Scheide (^1). This was accompanied by a

decrease in the original heavy lipoproteins, and the appearance of a new phos-

phoprotein and a new heavier lipoprotein. Infante and Polonovski (20) noted

that in three week old pullets treated with estradiol cyclopentylpropionate,

there was an increase in the slow moving beta fraction of lipoproteins and a

marked decrease and practical disappearance of alpha3.ipoproteins. A great

32
increase in the P activity of the serum was also noted.

Evidence seems to indicate that either when the hen starts egg produc-

tion or when the cockerel or young non-laying pullet is treated with diethyl-

stilbestrol or some other related estrogenic compound, certain components

increase in amount and some totally new ones appear. Accompanying these

increases in certain serum components are striking decreases of most normal

serum components.

Apparently, the chicken liver possesses a definitely limited economy



with respect to serum protein production, resulting in deficiencies of certain

serum components when others are being produced by a "crash program" such as

is initiated by the injection of estrogen (^1).

Isolation of a high lipid and phosphorous containing protein fraction has

been performed. Using salt-fractionation, ultracentrifugation and preparatory

electrophoresis, Misra (29) has purified component 6 so that it was homogeneous

to electrophoretic and ultra centrifugal analysis, although gradient ion ex-

change chromatography indicated a slight heterogeneity. Electrophoretic and

ultracentrifugal analysis shows that component 6 was comparable to the very-

low density or the low-density beta lipoproteins of human serum (29,^1).

Malik showed by DNP amino terminal group analysis that there is a heter-

ogeneity in this fraction. The amino terminal group analysis of Malik showed

isoleucine and alanine before delipidization and isoleucine, alanine and

threonine after delipidization. Lipoproteins of similar properties in the

human exhibit serine, threonine, aspartic and glutamic acids as N -terminal

amino acids. The fact that Malik found one less amino terminal group before

delipidization suggests that the lipid may be masking the protein, as proposed

by authors working on human serum lipoproteins (23).

In an attempt to further characterize the linkage between lipid and

protein in component 6 of diethylstilbestrol treated birds, amino acid

analysis, differential extraction with organic solvents, and lipid analysis

by thin layer chromatography were performed.
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MATERIALS AND METHODS

Blood Serum Sample

Serum was obtained from the blood of either- 'White Rock or Leghorn cock-

erels. The cockerels were injected subcutaneously with 7.5 rag. of diethyls til-

bestrol per 0.5 ml. propylene glycol, daily for seven days. On the eighth

day, the birds were sacrificed by severing the jugular vein and orotic artery

and the blood was collected in 50 ml. centrifuge tubes. The blood was allowed

to clot at 3?°C for about four hours (7). It was then centrifuged at 3,000

revolutions per minute for 20 minutes at k> C. The serum was decanted and

stored overnight at 7 C.

Component 6

Initial isolation of component 6 was attained by means of the ultracen-

trifuge. Cellulose nitrate tubes were filled with 11.8 ml. of serum and

capped tightly with aluminum caps. The serum was centrifuged for 16 hours at

o
40,000 revolutions per minute at C. At the end of this period of centrifu-

gation, three major layers were observed. The top layer was a clear yellow

substance with the appearance of set gelatin and the consistency of chilled

cream. The bottom layer was hard, sticky, semi -solid and red in color. The

middle layer was a pale yellow liquid. The top layer was removed very care-

fully by means of a spatula. This top fraction was found by Misra (29) to

be essentially component number 6. After removal from the centrifuge tube,

the sample was washed for several minutes with cold double distilled water.

It was then dissolved in chilled 0.05 M borate sulfate buffer. pH 3.6, and

1

Soinco Model L
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dialyzed overnight against this buffer. Homogeneity of the fresh sample was

examined by means of polyacrylamide disc electrophoresis (13, 3*0 • B°th 7*5.

'

and 3.75$ gel concentrations were used. The buffer used was Tris-glycine

buffer pH 8.2 - 9.4. Electrodes were placed in each reservoir and the polar-

ity set so that the sample ions migrated toward the small-pore gel. Voltage

was applied until the marker dye applied to the upper buffer reservoir was

seen at the bottom of the tube (usually about half an hour). At the end of

the running time, the gels were removed and placed in a solution of amido

black dye, which fixed and stained the protein. Excess dye was removed from

the gels by electrophoresis with 7.5^ acetic acid solution or by washing with

the acetic acid. The gels were then preserved in this solution.

Delipidization Procedures

Total lipids were determined by the method of Sperry and Brand (43),

who have presented a method which permitted the direct determination of

unmodified lipids. Into 8.3 ml. of pure methanol in a 25 ml. volumetric

flask, one ml. of blood serum or solution of component 6 was pipetted, while

swirling the flask. ' The solvent was brought almost to boiling on a steam

bath. After cooling the flask to room temperature, -chloroform was added to

the mark and the contents were thoroughly mixed and filtered. Twenty ml. of

the filtrate were pipetted into a 25 ml. glass stoppered cylinder, which had

been checked previously for tightness of the stopper. Four ml. of water were

added, the stopper inserted and the contents were shaken vigorously for 1

minute. The cylinder was allowed to stand overnight. The upper phase was

clear; and the lower phase usually became clear, but sometimes it remained

slightly cloudy. The upper phase was removed as completely as possible by

the use of a water aspirator. Because the volume was small, the residue was
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removed by washing. The wash was prepared previously for this purpose as

follows: 96.3 ml. of chloroform/methanol 2:1 and 23.7 ml. of a solution con-

taining 20 mg. of Cadp per 100 ml. of water were thoroughly equilibrated in

a separatory funnel and allowed to stand until the phases were separated and

the upper phase was clear. The lower ohase was discarded. The remaining

solution had approximately the same solvent concentration as the upper phase

obtained in the purification of the lipid extracts. Tnree ml. of this solu-

tion were added to the cylinder, taking care to wash the sides of the cylinder

and avoid mixing of the lower phase. The cylinder was then rotated back and

forth in a vertical position to mix the residue of the original upper phase

with the wash solution, which was removed as before.- The washing procedure

was repeated two more times. Two ml. of methanol were added to the cylinder,

the contents mixed, and the clear solution was transferred by means of a

filtering stick to a 50 ml. erlenmeyer flask, which has been previously rinsed

with 2:1 chloroform/methanol, dried to constant weight in a dessicator and

weighed. The solution was evaporated to dryness at 35-'^0 C in a stream of

nitrogen. These samples were then dried to constant weight in an evacuated

dessicator overnight and weighed. One flask was kept as a control in the

dessicator, and the weights of the other flasks were corrected for any change

in their weight. This correction was usually small, but it might be appreci-

able if there was a marked change in atmospheric conditions.

Partial extraction (3) was carried out at '+ C. .00 ml., glass

stoppered, round bottomed flask. Five ml. of lipoprotein solution and 40 ml.

of peroxide-free ether were added to the vessel. The flask was flushed with

nitrogen, and sealed. The flask was revolved at a speed of 20-23 revolutions

per minute, and extraction continued for 16 hours. The phases were then sep-

arated by centrifugation. The lower phase was washed once with ether and the
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wash was combined with the upper phase. The lipid solution was evaporated to

dryness in a stream of nitrogen and dissolved in 10 ml. of a 2:1 chloroform/

methanol mixture. This solution was stored under nitrogen at 4°C.

Total extraction of lipid material from component 6 was achieved by using

a 2:1 chloroform/methanol mixture. This was carried out at 4°C in a 100 ml.

glass stoppered round bottomed flask. Five ml. of lipoprotein solution and

40 ml. of chloroform/methanol were added to the flask. The flask was flushed

with nitrogen, sealed, and revolved about its horizontal axis for 16 hours at

4 C. The phases were then separated and the upper phase was washed with the

chloroform/methanol mixture. The lipid solution was evaporated to dryness in

a stream of nitrogen, at 4 C, and redissolved in 10 ml. of chloroform/methanol,

and stored under nitrogen at 4 C until used.

These two extractions produced the lipid solutions used in thin layer

analysis of the lipid portion of component 6.

In order to prepare large quantities of delinidized sample for hydrolysis

and chemical analysis, the method of Sperry and Brand (43) was used. Eighty

ml. of methanol were placed in a 250 ml. flask and 9.5 to 10 ml. of dialyzed

component 6 were added dropwise with swirling to the methanol. Eighty ml. of

chloroform were added and the mixture was heated to almost boiling (approxi-

o
mately 55 C). No stoppers were used in the flasks. The mixture was then

cooled to room temperature. A clear yellow solution with white fluff floating

in it was produced. This was the delipidized protein. Vhen cooled to room

temperature, the flasks were brought to 250 ml. volume with chloroform, well

mixed, and allowed to stand for two hours at room temperature. The protein

then settled to the bottom and a large portion of the chloroform/methanol was

carefully drawn off with a water aspirator. The portion of solvent which re-

mained was removed by filtration using a glass sintered funnel, and the pro-
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tein precipitate was washed with about 50- 1 00 ml. of 2:1 chloroform/methanol

and pressed dry. This" cake was dried in an oven at 105 C for f- hour, air

equilibrated and weighed.

Lipid Analysis by Thin Layer Chromatography

The apparatus used in this thin layer analysis was developed by Egon

Stahl (49). The plates were run to 15 cm. on every run and then removed (2).

Standard mixtures obtained from the Applied Science Laboratories were run

along with the unknown mixtures of lipids extracted from component 6. These

standards were as follows:

1. Cholesterol oleate, methyl oleate, triolein, and- oleic acid. The solvent

system used was petroleum ether/ether/acetic acid, 90/10/1 by volume.

2. Cholesterol, cerebrosides, sulfatides, and sphingomyelin. The solvent

system used was chloroform/methanol/water, 90/10/1 by volume.

3. Cholesterol, phosphatidyl ethanolamine, lecithin and lysolecithin. The

solvent system used was chloroform/methanol /water, 60/25/4 by volume.

4. Konogalactosyl diglyceride, three cerebrosides, and lecithin. The solvent

system used was chloroform/methanol /acetic acid, 1 00/25./4 by volume.

5. Palmitic acid, lecithin, lysolecithin, and alpha-glyceryl phosphate. The

solvent system used was chloroform/methanol/water, 65/25/^ by volume.

The plates were divided into channels \\ inches wide and one spot was placed

in each channel. Standard mixtures were spotted Lth the various lipid

extraction samples described previously. The plates were then developed in

the solvent system appropriate for the standard. After development in the

four different solvent systems relevant to each standard mixture, the lipid

spots were made visible either by placing the plates in a tank saturated with

iodine vapors, or by charring the spots by spraying with sulfuric acid and
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potassium dichromate and heating in an oven at 150°C until the spots were com-

pletely charred. Both of these methods revealed the same number of spots.

To determine the quantity of cholesterol in the total sample, the

1

Cholestex reagent for serum cholesterol was used. Phospholipids were deter-

mined by the wet digestion method of Youngburg and Youngberg (35). after ex-

traction of lipids from component 6 by the method of Sperry and Brand, as pre-

viously described. An aliquot was taken from the same extraction from which

total lipids were determined, and was used for the determination of phospho-

lipids .

In order to approximate the amounts of lipids in component 6, several com.

parisons were made. Thin layer chromatography showed the presence of four

general classes of lipids; triglycerides, phospholipids, cholesterol esters,

and cholesterol. Total lipids, phospholipids, and cholesterol were determined

by the methods previously described. In order to estimate the amounts of

cholesterol esters and triglycerides, the charred thin layer plates were ex-

amined by means of a densitometer and the sizes of the peaks of the phospho-

lipids, whose concentration had been previously determined. Since all samples

spotted were of the same concentration, this gave an approximation of the

amounts of each different class of lipid present. \Tot all the concentrations

could be estimated by means of thin layer chromatograms and the densitometer,

because the triglycerides ran with the cholesterol when using the chloroform/

methanol /water 65/25/4 and 90/10/1 solvents.

A moisture determination was carried out on component 6. Bottles were

weighed to constant weight by heating to 110 C and cooling in an evacuated

dessicator. Samples of native component 6 were weighed and placed into a

1

Omni-Tech Inc.
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vacuum oven at 110 C for 2 hours. Samples were removed and cooled in an

evacuated dessicator. Samples were weighed to constant weight and the per

cent moisture calculated.

The quantity of protein in both the native and delipidized component 6

was estimated by means of the microkjeldahl procedure (33) and the protein

estimated from the N2 Per cent. The sample was weighed by means of a charging

tube and transferred into the microkjeldahl flask, where it was digested with

concentrated sulfuric acid in the presence of a catalyst until the mixture

became colorless. This digestion was aided by the addition of hydrogen per-

oxide. The flasks were cooled and ammonia determined by distilling the' mix-

ture after the addition of sodium hydroxide. The ammonia was dissolved in

boric acid solution and titrated directly with standardized sulfuric acid

using a methyl-red/methylene-blue indicator. In order to estimate the amount

of protein in the undelipidized sample, the amount of nitrogen contained in

the phospholipids was determined and subtracted from the oer cent of total

nitrogen as determined by the microkjeldahl.

To determine the amount of nitrogen in component 6 contributed by amides,

a sample of delipidized component 6 was weighed .and placed in a hydrolysis

tube (1,44). One ml. of 2N, IIC1, freshly prepared with deionised water, was

added for every mg. of protein. The tubes were frozen in a dry ice and

ethanol mixture, evacuated with a vacuum oil pump, and sealed while in a

vacuum with a propane torch. The hydrolysis was carried out in a chamber

kept at a constant temperature of 110 by refluxing toluene. The samoles

were hydrolyzed for 1, 2, and 3 hours. At the end of the hydrolysis period,

the tubes were cooled in ice. After filtering the hydrolysate, a two ml.

aliquot was taken and diluted to 10 ml. One ml. of this dilution was placed
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in a test tube, and 1 ml. of 0.1 N NaOH, 1 ml. of Z5<. Na Phenol ate, 1 ml. of

0.06 Na Hypochlorite, and 1 ml. of 0.005^ Na Nitroprusside were added simul-

taneously. This last reagent was stored in a .5$ stock solution at 7 C and

diluted 1/100 just prior to use. The pH of the final mixture of reagents and

hydrolysate must be 11.2 - 0.2. The normality of the MaOH reagent was adjusted

to bring the final mixture to this pH. The color was allowed to develop for

1 hour, diluted with 5 ml. of deionized water, and read on the 3eckman D3 at

a wavelength of 625 millimicrons. The sample size was adjusted such that

approximately 0.1 to 0.15 micromoles of ammonia were contained in each test

tube. Every reagent and dilution of sample was prepared with deionized water

to minimize the amount of extraneous ammonia. A blank was prepared with all

reagents except protein. A standard curve of ammonium sulfate was plotted

with the absorbance along the abcissa and the micromoles of ammonia along

the ordinate. To determine the micromoles of ammonia contained in each

sample, the absorbance was read off the standard curve shown in Appendix A.

This value was then divided by the sample size in each tube to obtain the

micromoles of ammonia per mg. of sample.

Amino Acid Analysis

Hydrolysis of component 6 was carried out in an evacuated container (12).

A ten to fifteen mg. sample of the delipidized, air equilibrated sample was

weighed by means of a charging tube and placed into a 1 5 ml. capacity hydrol-

ysis tube. These tubes had been previously cleaned with chromic acid, then

rinsed with double distilled water and finally with 1N HC1. The residual HC1

was removed in an air oven at 100°C, and the tubes were stored inverted in a

covered container to prevent deposition of NPhCl from the air.

The protein in the tube was suspended in 1 ml. of 6 N H& for every five
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nig. of sample. The contents of the tube were then frozen in a dry ice/ethanol

mixture, evacuated with an oil pump for 10 to 15 minutes, and then sealed with

a propane torch while the sample was still frozen and under a vacuum.

Hydrolysis was conducted at 110° 1 1° for 20, iiO, or 70 hours. The

temperature was kept constant by placing the tube in a chamber heated by

refluxing toluene.

After hydrolysis, the tube was cooled to room temperature, and stored at

k C or in the deep freeze until use. To remove' the sample from the hydrolysis

tube and prepare it for amino acid analysis, the narrow neck of the tube was

scored with a sharp file and snapped off. The contents of the tube were

transferred quantitatively with double distilled water to a 50 ml . round

bottomed fLask with a ground glass joint. This flask was then attached to

the joint of a small rotary flash evaporator, and placed in a ^ C water bath.

Most of the HC1 was removed in 20 minutes; and flask was left on the evapora-

tor at HO C for 20 more minutes to ensure the complete removal of H&. Before

analysis, the residue was dissolved in 1 ml. of 0.2 M sodium phosphate buffer

of pH 6.5. The nearly neutral solution (there is no loss of RH~ at this pH)

(12) was allowed to stand for four hours to permit air oxidation of any

cysteine to cystine, and was then brought to about pH 2 by the addition of

0.6 ml. of freshly prepared 1 M Hd. The resulting solution was transferred

quantitatively to a 10 ml. volumetric flask by the use of 1 ml. aliquots of

pH 2.2 sodium citrate buffer containing 5 ml/l of thiodigylcol. A 1 ml. ali-

quote of this solution was used for each analysis. Chromatography was per-

formed on Amberlite IR-120 ion exchange resin, and on Aminex A-^ and Aminex
1

A-5.

1

Bio-Rad Company.
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In preparing and operating columns for the separation of acidic and

neutral amino acids, two different buffers were employed (3 1 ). Two tenths

normal sodium citrate buffer pH 3« 2 5 was run first and then after the elution

of glycine, the buffer was changed to a 0.2 N sodium citrate buffer of pH

^-.?-5, For separation of the basic amino acids, a different column was used,

and a different resin. The buffer used for this elution was a 0.35 N sodium

citrate buffer of pH 5.23. The table below illustrates the preparation of

these buffers.

TATLE I.

pH

Na
Cone.

' N

Citri c

Acid *

H? G

NaOH

95i
U

Hd
Cone.

ML.

Final
Vol.

Liters

Phenol
to final
Vol . G

*
TG
ML'.

3.25 0.20 840 330 426 40 4o 10

4.25 0.20 840 330 133 4o • 40 10

5.2S 0.35 49

1

253 136 20 20 —

TG is thiodiglycol

A solution of 0.2 N sodium hydroxide was employed to regenerate the columns.

Preparation of columns:

Three different types of resin were used to complete amino acid analysis

of the delipidized portion of component 6 (3,31). Aminex A -4 spherical resin

was used to resolve the basic amino acids. The amino acids, serine and thre-

onine, were not completely separated by the Aminex A-4 resin; therefore,

Amberlite IR-120 resin was used for this purpose (31).

Approximately 40 grams of Aminex A-4 resin was placed in a 150 ml. beaker

(8). Eighty ml. of pH 3.25 buffer was added and the resin was slurried. The

resin was allowed to settlo and the buffer Was decanted so that a volume of
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*K) ml. remained. .Before pouring the resin, the column was filled with 3«25

buffer, and nitrogen was used to force the buffer through the teflon disc at

the bottom of the column. The resin was reslurried in the buffer, and this

very thick slurry was poured into the column in one continuous pour. The

buffer line was attached and the pump was set to pump buffer at a rate of 60

ml/hr. The bed height was adjusted to 50 cm. t 2 cm. and a teflon disc placed

on top of the packed column. The initial back pressure for this column

operating at 50 C, packed with Aminex A-k resin, was usually no greater than

90 psi at buffer flow rate of 60 ml/hr.

The column used to analyze the basic amino acids was packed with Aminex

A-5 spherical resin. Approximately 10 grams of resin were placed in a 50 ml

.

beaker, and 30 ml. of 5« 28 buffer was added to form a slurry. The resin was

then allowed to settle and the buffer decanted until a total volume of 15 ml.

remained. The column was poured as stated for the long column. The column

height was adjusted to 8 cm. The initial back pressure for the short column

operating at 50 C., packed with Aminex A-5 resin, was usually no greater than

20 psi at buffer flow rate of 30 ml/hr.

The Amberlite IR-120 column was operated following the procedure of Moore

and Stein (3 1 ) • This column also separated the acidic and neutral amino acids.

About 100 ml. of settled rosin were needed for the column, which was 1 50 cm.

long, and a diameter of .9 cm. The average size of these particles of resin

was about 5& microns. The commercially prepared resin was ready to slurry

with buffe
#
r pH ^.25. The resin was rinsed several times to remove the fine

particles, which cause the column to pack too tightly, and the resin was

slurried in several hundred ml. of buffer. The column was prepared in five

or six sections. Before the first section was poured, the outlet tube was

closed. As soon as the slurry of resin was poured, the outlet tube was opened,
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and about 2 cm. of resin bed was allowed to form under gravity flow. Pressure

was then applied to the column to pack it. The pouring was done at room

temperature. After the resin had settled to constant height all of the super-

natant buffer was withdrawn by suction and the next section was poured and

packed, a funnel was attached on the top of the column to allow enough buffer

and resin to be added for one section. The final height of the resin was

several cm. greater than 1 50 cm. to allow for further packing during operation.

This column was operated at a flow rate of 12 ml/hr. at 50°C with a back pres-

sure of approximately 20 psi.

Before use, the 1 50 cm. column was washed with .2 M sodium hydroxide and

equilibrated with boiled buffer at pH 3.25. This procedure was also used

after each amino acid analysis run to clean the column of the residual basic

amino acids. The Aminex A-^ column which separated the acidic and neutral

amino acids was also regenerated by this method after every run.

The optimum load for all the columns (Aminex A-^, Aminex A-5, and Amber-

lite) was 0.5 to 1.0 micromoles of amino acid or 1 to 2 mg. of hydrolyzed

protein (29). The initial buffer for the acidic columns (Aminex A-4 and

Amberlite) was pH 3.25, the columns were maintained at 50° C throughout the

analysis, and the effluent was collected in 1 ml. fractions, which were

analyzed photometrically by the addition of a modified ninhydrin reagent (32).

An eluent at pH ^.25 was introduced at a time designed to allow valine to

emerge with the new buffer. The change x^ras made at the lowest point between

the glycine and alanine peaks. For the Aminex A-b column, this change occurred

at an effluent volume of 80 ml. and at a time of approximately 30 minutes.

For the Amberlite column this chango would occur at an effluent volume of

173 ml. and at a time of approximately 1^.5 hours. A run for the Aminex A-b

column was complete in approximately 3 hours, and a run in the Amberlite column

was complete in approximately 27.5 hours.
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Samples analyzed in the basic column of Amir.ex A -5 resin required only

one buffer, pH 5.2S, and the run was completed in a little less than 4 hours

with a total effluent volume of 115 ml. This column was maintained also at

a constant temperature of 50 C throughout operation. On completion of an

analysis of the acidic and neutral amino acids in the Aminex-U and Ariberlite

columns they were regenerated to remove all the residual basic amino acids.

No regeneration, however, was needed Tor the Aminex A-5 column, which separates

the basic amino acids, because the pH of the effluent buffer was high enough

to clear the column of all acidic amino aCids bofore the basic amino acids

were separated. Ilost samples did not contain any ninhydrin -positive constit-

uents with a greater retardation than arginine.

In order to apply a sample to the column, all of the buffer must first

be removed from the top of the column above the pellet. A sample of 0.5 to

1.0 micromoles of amino acid or 1 to 2 mg. of protein contained in 0.5 to 1.0

ml. of pH 2.2 sodium citrate buffer was placed into the column by means of a

pipette. Care was taken to apoly the sample directly to the top of the column.

The sample was forced into the column by about 25-30 psi of nitrogen pressure.

When the sample was on the column, the sides of the column were washed with

pH 2.2 buffer and the buffer was forced into the column in the same manner.

This washing procedure was repeated twice more. After the last wash was in

the column, the space above the resin was filled with the buffer, and the pump

started. Fractions of 1 to 1.5 ml. were collected in a fraction collector.

The reagent used to develop the fractions of amino acids eluted from the

columns was a modified ninhydrin reagent developed by I'.oore and Stein (32).

This reagent was prepared by dissolving 10 grams of ninhydrin and 1.5 grams

of hydrindantin in 375 ml. of methyl collosolve. This mixture was stirred

Peroxide free
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carefully so as not to incorporate air b'ul . After the hydrindantin and

ninhydrin were dissolved, 125 nil. of ** N sodium acetate buffer pH 5>5 were

added. This buffer is concentrated enough to take care of the pH differences

in the samples analyzed. The reagent was transferred to a dark glass bottle,

and stored under nitrogen at a temperature of ^°C in the dark. '-.Tien stored

under these conditions, the reagent was stable for about 5 to 7 days with

reproducible results.

To analyze the samples, one half ml. of ninhydrin reagent was added to

each 1 ml. sample. These tubes were then shaken to ensure homogeneity and

heated in a boiling water bath for 15 minutes. They were then removed and

cooled to room temperature. The samples were diluted with 50$ ethanol before

analysis. Tubes were read on a Bausch and Lornb spectronic-20 at a wavelength

of 570 millimicrons. Tubes analyzed for proline and cystine were read at hkO

millimicrons also.

A standard curve was made using graduated concentrations of leucine as

the reference amino acid. (See Tig., Appendix 3.) The absorbance was plotted

on the abcissa and the micromoles of leucine along the ordinant. Xoore and

Stein (32) have related the color yield of all the other amino acids and

ammonia to leucine (see table below), using the modified ninhydrin reagent

previously described.

TABLE II

.

Aspartic acid ,9h
Threonine .94
Serine .95
Glutamic acid .99
Proline .22 5

Glycine .95
Cystine .55
Valine .97

Methionine 1.02
Isoleucine 1.02
Leucine 1.00
Tyrosine 1.00

Phenylalanine 1.00
Lysine 1.10

Ammonia .97
Arginine 1.01
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These values wore chocked by running a standard Beckraan "ixture (6) of all the

amino acids. They were in very close agreement for both types of resin. A

graph and table for the standard runs for the columns are shown in Appencix C.

Concentrations for the amino acids were calculated by averaging the absor-

bances of one peak and reading this number off the standard leucine curve to

obtain the micromoles of amino acid. This value was then corrected by dividing

by the color yield shown in Table TT. To obtain the micromoles of amino acid

per mg. of sample, this value was divided by the mg. of sample applied to the

column

.

Amino acid composition may be expressed as micromoles per mg. or as moles

per 10 g of sample. It may also be expressed as a percentage of the total

micromoles- of amino acid, or the values nay all be normalized to aspartic acid.

In the present discussion of, amino acid concentration in component 6, it is

calculated both as micromoles per mg. and as moles per 10'g of hydrolyzed

delipidized component 6.

Since Tryptophan is destroyed during acid hydrolysis, a separate deter-

mination was made to determine the concentration of this amino acid in compo-

nent 6 (21 ) . To 1 ml. of concentrated sulfuric acid, 0.5 ml. of alcoholic

sodium hydroxide was added slowly. To this mixture

,

% either the protein sample

or the solution' of tryptophan used to prepare the standard curve was added.

Next 5 ml. °f glacial acetic acid was introduced with continuous stirring, and

then 2 drops of potassium persulfate reagent were added. The final volume was

approximately 7 ml. For free tryptophan, the color developed to a maximum in

approximately 10 min., decreasing fairly rapidly after 20 min. The optical

density v;as measured at 550 millimicrons between 1 and 20 minutes after add-

ing the persulfate. This value was read from the standard curve included in

the appendix to obtain the concentration of tryptophan in the sample.

The phosphorous of delipidized component 6 was determined by the method

of Fiske and Subbarow (35). .
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RESULTS AMD DISCUSSION

Polyacrylamide disc electrophoresis of component 6 revealed only one

major peak which moved a very short distance into the running gel. It is not

possible to state whether or not component 6 is pure from this data; however,

Misra (29) by means of starch gel electrophoresis, free electrophoresis, and

ultracentrifugal analysis found essentially one entity involved in component

6 also. Plate I shows a comparison of the total serum of the diethylstil-

bestrol injected bird, and ultracentri fugally prepared component 6.

In order to study the lipid composition of component 6, thin layer

chromatograms of standard lipid mixtures, an ether extraction and chloroform/

methanol extracts of samples which had first been extracted with ether, were

chromatographed. These chromatograms were developed by staining with iodine

vapors or by charring with-sulfuric acid and potassium dichromate. Photo-

graphs of these charred plates are shown in Plates II, III, IV and V. The

standard spots were identified by comparing them with standards furnished by

Applied Science Laboratories. Since the same solvents were used to run the

chromatograms as were used by the company in preparing sample chromatograms,

the distribution of lipid components in the standard^ runs matched the samples

furnished by the company.

In the extract from the totally delipidized component 6, a large amount

of triglycerides, smaller amounts of phosphatidyl ethanolamine and lecithin,

and a very small amount of cholesterol ester were observed. This is illus-

trated in'T of Plates II and III. The first impression from these chromato-

grams was that a large amount of cholesterol was present; however, it was

later observed that in the chloroform/mothanol/water solvent system, tho tri-

glycerides moved with the cholesterol. Thereforo, a separate determination

was made to determine the cholesterol present in the lipid fraction of

component 6.



EXPLANATION' OF PLATS I

Plate I shows typical electrophoretic patterns of the serum of
diethylstilbestrol injected birds, and ultracentrifugally prepared
component 6 in 7.5$ polyacrylamide gel. Picture A shows" component 6.
Picture B shows the total serum. The dark band at the top of the
running gel of picture A is comoonent 6.
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EXPLANATION 0? PLATE II

One dimensional ascending chromatograns of standard lipid mixtures
number three and five were ran.* Number three contains cholesterol,
phosphatidyl ethanolamine, lecithin, and lysolecithin. The standard
mixture number five contains palmitic acid, lecithin, lysolecithin, and
alpha-glyceryl phosphate. A five lambda aliquot of each of the two
standard solutions was used for spotting the chromatogram. A 10 lambda
aliquot of the chloroforra/methanol extract of component 6, and a 1C lambda
aliquot of the ether extract of component 6 were used. A 25 lambda .aliquot
was used to spot the chloroform/methanol extract of the ether extracted
component 6.

Only one solvent system was used to resolve the lipids shown in the
photograph. Plates were developed in chloroform/methanol/water, 60/25,/k by
volume. The time for running was approximately 25 minutes, and the plates
were run to 15 cm. and removed from the solvent. The spots were made
visible by charring with sulfuric acid and notassium dichromate and heating
in 150°C oven.

Spots listed from top to bottom for standard mixture number three are:
First, cholesterol followed by phosphatidyl ethanolamine, lecithin, and
lysolecithin. For standard number five, the farthest spot from the origin
is palmitic acid, followed by lecithin, lysolecithin, and next the origin,
alpha-glyceryl phosphate. In the chloroform/methanol extract of component
6 and in the cold ether extract of component 6, at the top was a mixture of
triglyceride and cholesterol (spot A), next was phosphatidyl ethanolamine
(spot B), followed by lecithin (spot C) . In the chloroform/methanol extract
of the ether extracted component 6, the first spot was cholesterol, the
second spot from the top was identified as phosphatidyl ehtanolamine and
following that was lecithin.
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j

Key:

3 Standard Mixture number 3

5... Standard Mixture number 5

T ..... Chloroform/methanol 2:1 extract of
component 6.

P Cold ether extract of component 6.

T»P Chloroform/methanol extract of ether
extracted component 6.

Plate was run 15 cm. up from the point of application.



EXPLANATION OF PLATE III

One dimensional chromatograms of standard lipid mixture number 1

were run. Number 1 contained cholesterol oleate, triolein, and oleic
acid. A one lambda aliquot of the standard mixture number 1 was used
for spotting the chromatogram. A 10 lambda aliquot of the chloroform/
methanol extract of component 6, and a 10 lambda aliquot of the ether
extract of component 6 were used. A 25 lambda aliquot was used to soot
the chloroform/methanol extract of the ether extracted component 6.

Only one solvent system was used to resolve the lipids shown in the
photograph. Plates were developed in petroleum ether/ether/acetic acid,
90/IO/I by volume. The time for running was approximately 4-5 minutes,
and plates were run to 15 cm. and removed from the solvent. The spots
were made visible by charring with sulfuric acid and potassium dichromate
and heating in a 150°C oven.

Spots listed from top to bottom for standard mixture number 1 were
cholesterol oleate, followed by methyl oleate, triolein, and oleic acid.
In the chloroform/methanol extract of component 6 and in the cold ether
extract of component 6, at the top was a small amount of cholesterol
ester (spot A), followed by a large amount of triglyceride (spot B)

.

Spots near the origin are not identifiable with this standard. In the
chloroform/methanol extract of the ether extracted component 6, no
triglyceride or cholesterol ester was observed.



31

4
|

|

•

•
1 •

, t
1 I

t '

T.P

Key:

1 Standard Mixture number 1

T Chloroform/methanol 2;1 extract of
component 6.

P Cold ether extract of component 6.

T»P . . Chloroform/methanol extract of ether
extracted component 6.

Plate was run 15 cm. up from the point of application.



EXPLANATION OF PLATE IV

One dimensional chromatograns of standard lipid mixture number 2

were run. .Number 2 contained cholesterol, cerebrosides, sulfatides, and
sphingomyelin. A five lambda aliquot of the standard mixture number 2
was used for spotting the chromatogram. .A 10 lambda aliquot of the
chloroform/methanol extract of component 6, and a 10 lambda aliquot of
the ether extract of component 6 were used. A 25 lambda aliquot was
used to spot the chloroform/methanol extract of the ether extracted
component 6.

Only one solvent system was used to resolve the lipids shown in the
photograph. Plates were developed in chloroform/methanol /mater, 90 / 1 /

1

by volume. The time for running was approximately k$ minutes, plates were
run to 15 cm. and removed from the solvent. Snots were made visible by
charring with sulfuric acid and potassium dichromate and heating in a
150°C oven.

Spots listed from top to bottom for standard mixture number 2 were
cholesterol, followed by cerebrosides, a little below center. Next are
sulfatides, which did not separate; and very near the origin, is
sphingomyelin. None of the spots in component 6 were identifiable with
this standard.
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I .

T.P

Key:

2 . Standard Mixture number 2

T Chloroform/methanol 2:1 extract of
component 6.

P Cold ether extract of component 6.

T*P Chloroform/methanol extract of ether
extracted component 6.

ELate was run 15 cm. up from the point of application.



- EXPLANATION OF PLATE V

One dimensional chromatograms of standard lipid mixture number 4
were run. Number 4 contained monogalactosyldiglyceride, three cerebro-
sides, and lecithin. A 5 limbda aliquot of the standard mixture number
k was used for spotting the chromatogram. A 10 lambda aliquot of the
chloroform/methanol extract of component 6, and a 10 lambda aliquot of
the ether extract of component 6 were used. A 25 lambda aliquot was used
to spot the chloroform/methanol extract of the ether extracted component 6,

Only one solvent system was used to resolve the lipids shown in the
photograph. Plates were developed in chloroform/methanol /acetic acid,

100/25/^ by volume. The time for running was approximately U5 minutes,
plates were run to 15 cm. and removed from the solvent. Spots were made
visible by charring with sulfuric acid and potassium dichromate and heat-
ing in a 150°C oven.

Spots listed from top to bottom for standard mixture ^ are mono-
galactosyl diglyceride, followed by three cerebrosides, and close to the
origin is lecithin. The only spot identifiable in component 6 extracts
with this standard was lecithin, near the origin.
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T«P

Key:

4 Standard Mixture number k

T Chloroforra/methanol 2:1 extract of
component 6.

P Cold ether extract of component 6.

T»P Chloroform/methanol extract of the
ether extracted component 6.

Plate was run 15 cm. up from the point of application.



36

The quantity of each of the lipids (triglyceride, phospholipid, choles-

terol ester, and cholesterol) was estimated. Results of these determinations

are shown in Table III. The quantity of total lipid in the native component 6

was determined by the method of Sherry and Brand (US). Component 6 was found

to contain 60.9$ lipid. The next step was the determination of total lipid

phosphorous by the wet digestion method of Youngburg and Youngburg (35) • The

total lipid portion of component 6 was found to contain 0.302^ phosphorous

(see Table III). The amount of phosphorous was then multiplied by 25 to esti-

mate the percent of phospholipid. The factor of 25 was based on lecithin,

since most lipids appear to contain a much greater amount of lecithin than

other phospholipid. The cholesterol determination indicated that U.1*$ of the

total lipid was cholesterol. To estimate the quantity of the other lipids

present, the thin layer plates were passed through a densitometer. 3y com-

paring the relative sizes of the phospholipid peaks, the triglyceride peak,

and the cholesterol ester peak, and knowing the concentration of phospholipid

in the sample, it was possible to obtain an approximation of the relative

amounts of the other lipids. Typical densitometer tracings of component 6

are shown in Plates VI and VII. According to the data in Table III, the lipid

portion of component 6 contained 204! phospholipid, **$ cholesterol, 1$ choles-

terol ester, and 75^' triglyceride. No free fatty acids were detected by the

methods employed.

Phosphorous analyses, as described in previous sections, were run on the

native sample, the totally delipidized sample, and on the lipid portion alone.

The native sample contained 0.518$ phosphorous and a very small amount, 1 .23$,

of this amount was still present in the protein portion after total delipid-

ization (see Table III). Although this value was relatively small, it re-

mained constant from sample to sample. This phosphorous not extracted by



• vo
|

t3
37

fn •HP P \R Ph
^ s vo H^^ 1 d) H

O,0 c I t + 1 i V l i i 1 i i 1

u o
(D CI

1

o
i O 1 i i 1 i i i

ft
tox: 1 CM

:j 6
*
* O

ft
S-l (0

0)o c
I

i

1

• P 1 CO
i

i CO
l

i

i i

i

1

1

i

i

i

i

1

i

-p

O ©
2! O tH

O

-d vo CO
vC* -P

c© o ^.' V, ^ •

+J
IS) P o CM \ '. CM CO cv c•H C • O CV] o o o 0) u•""V ~o © o 1 i 1 1 i • « • t • c

O
o,

o

03

ft

4J

cd H C
O, oh a o

+ t

CO

1 i l i

CO
+T
IN

•

•5
5

-Pi
CM CO

• •
<D O •

o o
»

- C o O o
1

—

o

•

c
<D

£H tO
> e

o c
1

•H
-p

o a>

1 u>
1

i

i

1

1

l

l

i

i vr, VO VO VT\ ITS
cd

c
•

-p

K C zz

V
CMO

<D o

v. CO
-P

>

O
to

• VO o V*. p.'

c o • V cv 5o
T3 .H

+1
CM fl § o i l 1 1

.

1 Q)

-P
0)

•H -P V. o o + 1 +1 i l 1 f 1 I

P< fn

•H O
oo • o • vo

--*

•

PH J P- *~ o CM Jfr P~ «-

H O o
M tn to

o c
1 i

1
P -p

ti
• p
O <D

1 co CO vo co r i l

i

1 1

1

1 1

X P
•** E R •H
F-< 4-> 3

VO K O
c T3

p V. o V.
V-
c-- CO o to

;3
-P
o
nJ

-P
X
CO

o

©
^ •

o CO
•

o
* V>. CM

o
•

O

o +*T
+1 o

+1
o
+ 1

co
O fl Pi o

O,
to

o

CM
K- & cr. cm vo o + i +1 v*. c

»

cv

Co
PI O

•

^

—

On

co
•

•

00
CM

CO
•

CO VO

o
o

c^ cv:

CO -o
1

•

Ph c
=H tO XI
o c

1 |
•d

t3 -p

• -p
o ©

CO VO »o VO ON CO CO VO VO 1 1

1

1 O
Ph e

:: Pi

VO vo

p
0)

r-l

O
,i

:

P,

1 ©
4->

P
On

o
vO

v.
vo
o CO

V. CMo ONo O

to

O g
o

©

a> • o • • V. • ft rH H
© c
> o

O
+ 1

+ • o
+1

o
+1

CM •

o +T
o
+ 1

o+ 1

1

f

1

|

1

1

>fc «H
£3
o

o
o

h p, Ov CO «*» CM + 1 + 1 O- o o
J K • in • uS VO • _3- ^ X«8 o • --t • co C i

• •
* +> p

VO o *" CM -3- • I' V.

\

?l
•rj •£

a -P
^

<i 1 to

o c
1

cv: c
o
o •P

©
4->

• -P
tD

co vo VO vo CO CO CO VO VO 1 1

1

1 to
o
cd

O
(V!

t ; O 0) p. t. J-,
to -p •P
•H (D X X

COu U ^: • ©
o <!> P. -P TD

-t^>
bo

© q
l-t w
.O -C
nj O
U X
tl) 0)

>
c c
o o

e
:

' S

c VO VO

•o
•H
P.
•h
J

(0

J
8
o

0.

•0H
P.
•H
Ho
ft

©
•p

©
ro
•H

ID

O

VI

U)

r-l
O
U
tu

c
(1)

• D
o

e
a>

c

gp
•H

9 5p 3

55 ' .

O
y

e

d
>

Value

is

eft

behi
4->

c
0)

E
O

'.

-P
c
©
c
o

if

-i->

o

a
o

a,
J

to

o

a.

to

o
H
o

H
bO

(0

0)

H
o
i

•

CO

•H +J
•H

•p

g •0

D O

- B
BR. f i 1

to

•H
This

was

1 s s

1 en N 1 \*. U H a V. \>\ Vt.
«• > x>



EXPLANATION OF PLATS VI

Plate VI is a typical densitometer tracing of Plate II, shown pre-
viously. Peak A (corresponding to spot A, Plate II) of the chloroform/
methanol extract of component 6 and the ether extract of component 6 is
comprised of triglyceride and cholesterol. Peak 3 is phosphatidyl ethan-
olamine, and peak C is lecithin (Peak 3 and C corresponding to spots 3 and
C of Plate II). Peak A of the chloroform extraction of the ether extracted
residue of component 6 is a small amount of cholesterol and a dark solvent
front. Peak 3 and C are the same as stated above. 3y comparing the areas
under the curves obtained for phospholipid, of the different extractions,
it was found that about 20 ± $4 of the phospholipids were not extracted from
component 6 by the cold ether, and were found when component 6 was reex-
tracted with chloroform/methanol 2:1. This value is the average of three
desnitometer tracings.



39

lEitltiiiiiiiiEilfes^S^iP
^ Chloroform/methanol extract of component 6 origin

Sample size = 10 lambda Solvent: chloroform/methanol /water 6of2^fk

ORIGIN
Cold Ether extraction of component 6
Sample size = 10 lambda Solvent : chloroform/methanol /water 60/25/4

Chloroform/methanol extract of ether extracted component 6
Sample size 25 lambda Solvent: chloroform/methanol /water 60/25/U
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chloroform/methanol mixture maybe the following: 1. a firmly bound phospho-

lipid, 2. phosphorous bound to the protein in an -0-P or -N-P link, or 3>

lipid impurities not completely extracted by the solvents.

In addition to the chloroform/methanol extractions illustrated previously

in Plates II, III, IV, and V, the lipid pattern of an ether extract of compo-

nent 6 is shown in P on these sane plates. The lioid pattern seemed to be

much the same as that for the chloroform/methanol extract. Not until the

ether extracted component 6 was reextracted with the chloroform/methanol mix-

ture was it possible to indicate the difference. As can be seen in Plate III,

in the channels in which the chloroform/methanol extract of the ether extracted

component 6 was spotted, no triglyceride or cholesterol ester was observed.

Evidently these were completely renoved by the non-polar solvent. The phos-

pholipid was, however, not completely removed (Plate II). Comparing the

quantity of lipid in the phospholipid spots of the ether extract and the spots

of the subsequent chloroform/methanol extraction, it appears that about SO^S

of the phospholipid was extracted by the ether, and 20^ remained behind after

the ether extraction. Almost all of the residual phospholipid was later

extracted by the chloroform/methanol mixture.

The nitrogen content of native component 6 was determined by the micro-

kjeldahl method. By subtracting the amount of nitrogen present as phospho-

lipid from the total nitrogen percentage and then multiplying the amount of

nitrogen by 6.25, an estimate of the quantity of protein in component 6 was

obtained. The native component 6 was found to contain about $.^S protein.

As previously mentioned, 60.9$ of the molecule was lipid, and 33.75? of the

molecule was water (see Table III). Pry component 6 was 91 .^ lipid and

8.2$ protein.
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In order to shed further light on the relationship of this protein to the

lipid and water portion of the lipoprotein, amino acid determinations were per-

formed. These determinations were carried out by ion exchange chromatography

as previously described.

The percentage of the original protein recovered from the column was

estimated by means of several determinations; 1. a nitrogen determination by

the kjeldahl method, 2. a determination for amide nitrogen, and J. a color-

imetric determination of tryptophan. Nitrogen determination by the kjeldahl

method gave the percentage of total nitrogen in the sample. This includes the

nitrogen present as amino acids, and nitrogen present as amides. In order to

accurately determine the amount of protein applied to the column, the amount

of nitrogen contributed to the total by amides and by tryptophan, which is

destroyed by hydrolysis, must be subtracted. The chloroform/methanol extrac-

ted component 6 was found to contain 11.3$ total nitrogen. Four tenths of

one percent of this total was contributed by amide nitrogen, and 0.1$ was

found to be tryptophan. This left 0.108 mg. of nitrogen per mg. of delipid-

ized component 6 which was contributed by the amino acids with the exception

of tryptophan. These data are contained in Table III. This quantity of

nitrogen was then multiplied by the factor 6.25 to obtain an estimate of the

protein applied to the column. The amount of protein recovered from the

column was calculated by multiplying the concentration of each amino acid as

received from the column by its molecular weight minus the weight of one water

molecule, Delipidized component 6 contains 0.675 ;ng» of protein present as

amino acids (with the exception of tryptophan) per mg. of sample. This value

was the amount of amino acid applied to the column. A total of O.636 mg. of

protein per mg. of sample was recovered from the column as amino acids. This

is a 9^.3$ recovery.
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Table IV summarises the results of 20, 40, and 70 hours hydrolysates of

delipidized component 6. Each value is the average of from 4 to 6 runs. To

obtain the average value stated in the fourth column of numbers, the average

was taken of the three hydrolysate periods, except in the case of serine,

threonine, and arginine. These values were obtained by extrapolating to zero

time. These three amino acids are partially destroyed during lengthened

hydrolysis periods. On the other hand, valine-leucine and valine-isoleucine

dipeptide bonds are not broken easily and these require a long hydrolysis

period. To obtain these' values, the 40 and 70 hour values are averaged. A

graph of a typical run is shown in Graph I.

Values obtained by other authors (5,2-3) for the- amino acid composition

of similar proteins agree in the overall picture (see last column of Table IV),

if not number for number. They find a high amount of aspartic and glutamic

acid and leucine, as is also evident in component 6.

Margolis (26) compared the concentration of non-polar amino acids of

soluble proteins, and structural proteins. As is shown in the following sum-

mary, he noted that structural lipoproteins had a higher content of these

amino acids.

Protein Mole $ of Non-polar Amino Acids

Lipid-free proteins 39.6$
Lipoproteins and proteolipids 46.8$
Structural lipoproteins %9*5&
Soluble lipoproteins 40.6$
Alpha-lipoproteins 37.6$
Beta-lipoproteins 41 .7$

Component 6 44.2$

*
Alanine, valine, leucine, isoleucine, phenylalanine,
cystine, methionine, and proline.

He also pointed out that the quantity of these amino acids in serum beta-lipo-

proteins was close to the values for soluble lipoproteins. Component 6 has a
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TABLE IV

Average Average Average
UiX/mg.S* uM/ag.S uK/mg.S uM/mg.S M/lp5g.s M/lQ^g.P«*

Amino Adds 20 Hr. 40 Hr. 70 Hr
uK/mg

Aspartio O.554+D.O52 0.519±0.047 O.577+JD.O55 O.55O

Threonine 0.338±0.038 0.329±0.050 0.306+0.041 0.356

Serine 0.374±0.016 0.300±0.027 0.290+0.040 0.402

Glutamic 0.570+0.030 0.510+0.038 o. 533+D.017 0.554

Proline 0.160+0.057 0.153±0.062 0.172+0.050 0.163

Glycine 0.250+0.014 0.229+0.036 0.232+0.021 0.253

Alanine 0.414*0.019 0.448+D.015 0.436+0.020 0.433

Cystine 0.060+0.008 0.060+0.007 0.065+0.010 0.062

Valine 0.370+0.023 0.449+0.017 O.452+O.036 0.450

Methionine 0.076±0.011 0.094+0.015 0.087+0.009 0.086

Isoleucine 0.332+0.020 0.353±0.041 0.392+0.024 0.372

Leucine 0.518+0.035 0.566+0.021 0.615±0.015 0.590

Tyrosine 0.229+0.040 0.216+0.037 O.I97+O.O5I 0.214

Phe-Ala 0.239±0.042 0.203+0.051 0.243+0.045 0.231

Lysine 0.248±0.038 0.250+0.021 0.263+0.019 0.254

Histidine 0.047+0.012 0.045+0.008 0.035+0.010 0.042

Ammonia 0.385+0.043 0.443+0.057 0.507+0.046 0.495

Arginine 0.180±0.020 O.I78+O.OI6 0.188+0.030 0.182

Values of
Kargolis
M/lQJg.P(a)

* S = Sample

**P = Protein

55.0 81.5 82.1

35.6 51.8 49.1

40.2 59.6 62.9

55.^ 32.1 95.7

16.3 24.1 29.0

25.3 37.5 37.2

W.3 64.1 47.2

6.2 9.2 5.1

45.0 66.7 47.3

8.6 12.7 14.0

37.2 55.1 47.2

59.0 87.4 91.1

21.4 35.6 22.9

23.1 3^.2 40.7

25.4 37.6 51.9

1*.2 6.2 19.4

49.5 73.3 107.2

18.2 27.1 24.2

(a) = Values obtained by Margolls for a similar lipoprotein found in human serum. Values in the abovetable are averages of from 4 to 6 runs.
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concentration of non-polar amino acids which is closer to the values obtained

for soluble lipoproteins.

The fact that the protein exhibits a high concentration of glutamic and

aspartic residues, and a lower concentration of non-polar amino acids such as

is found in the soluble lipoproteins, suggests perhaps, that a large portion

of the binding properties is due to electrostatic forces. These forces would

be possible salt linkages between phosphatidyl ethanolamine, and lecithin and

the negatively charged group of the dicarboxylic acids.

Delipidized component 6 was found to contain an easily hydrolyzed nitrogen

component which was assumed to be amide nitrogen. A total of 0.301 micromoles

of this amide nitrogen was found per mg. of sample. (See Table III.) Since

there are a total of 1.10^ micromoles of dicarboxylic amino acids present per

mg. of delipidized component 6 (see Table IV), this still leaves a large por-

tion free to combine with the basic group of phospholipid. The free negative

charges of the dicarboxylic acids could neutralize the positive charge of

phosphatidyl ethanolamine and lecithin, thus forming a bond. Possible bonds

such as these could account for the phospholipid which was not extracted by

ether.

As was metnioned before, approximately 20^ of the phospholipid could not

be removed by extraction with ether. An attempt was made to correlate the

number of phospholipid residues not extracted with ether to the number of free

dicarboxylic acid residues. The total lipid of component 6 contains 0.003 mg.

of phosphorous per mg. of lipid, or 0.25°. nicromoles of phospholipid per mg.

of dry whole component 6. Twenty percent of this value is O.O56 micromoles

of phospholipid per mg. of whole dry sample still present in the molecule

after ether extraction. The amount of protein per tog. of dry whole component

6 is 0.033 mg. (Table III). In this amount of protein there are 0.035 nicro-
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moles of dicarboxylic acid. Of these, 0.030 micromoles are amide nitrogen.

When the micromoles of dicarboxylic acid tied up by possible amide linkages

were subtracted from the total micromoles of amino acid, a value of .055 micro-

moles of dicarboxylic amino acid was obtained. Thus the molar concentration

of the free dicarboxylic amino acid was obtained. Thus the molar concentra-

tion of the free dicarboxylic amino acids is O.O56 and the concentration of the

unextracted phospholipids is 0.055* The amount of unextracted phospholipid and

the amount 'of the dicarboxylic acid residues are in the same range. This sup-

ports the idea that the phospholipid and the dicarboxylic acids may be bound.

They may be bound tight enough to prevent the extraction of a considerable

portion of the phospholipid with ether.

In summary, the protein moiety of component 6 was found to be like many

soluble lipoproteins, having a lower concentration of non-polar amino acid

residues than the structural lipoproteins. Twenty-one percent of the amino

acid residues of component 6 were found to be dicarboxylic acid residues. The

molar concentration of free dicarboxylic acid residues, and the molar concen-

tration of phospholipid not extracted by ether agree quite closely. All of

the triglyceride ^^ras extracted with ether. Almost 3^ of the native molecule

was found to be water, probably essential for the structural integrity of the

lipoprotein. This water seems to be far too great a quantity to be carried

simply as hydrated protein. Malik (25) has found that one of the three NH«

terminal groups found In component 6 was masked by the lipid. Taking into

account all these findings relative to component 6, it would appear that the

model as proposed by Vandonheuval (50) may be used to describe tho structure

of component 6.

According to Vandenheuval (50). the center of this schematic diagram of

a lipoprotein is water, next is a thin layer of phospholipid, next is a thick
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layer of triglyceride with some cholesterol, and cholesterol esters. On the

outside is a thin coil of protein, the N -terminal of which may or may not be

embedded in the triglyceride under layer. To this hydrated protein shell,

there is attached phospholipid, by means of salt linkages. The neutral fatty

acid chains of these molecules extend out into the triglyceride layer. The

inside of the triglyceride layer is covered by a shell of phospholipid, to

make the internal environment favorable to water. The fatty acid chains of

these are also extending out into the triglyceride environment. The trigly-

ceride, cholesterol esters and cholesterol seem to be dissolved, or bound by

hydrophobic bonding to these fatty acid chains, because of the ease of extrac-

tability with non-polar solvents alone. Especially the triglyceride seems to

be bound this way, since the huge quantity of triglyceride present in the

total molecule is completely extracted by cold ether.

In view of the fact that Malik (25) found three NH« terminal amino acid

residues, and only one of them was masked by lipid, there appears that there

may be more than one polypeptide moiety involved in the fraction. The methods

used to determine the purity of component 6, i.e. electrophoresis, and the

ultracentrifuge, showed no heterogeneity because the huge quantity of lipid

the molecule carries would very greatly affect the density, and would make

the molecule very large, causing it to move with difficulty through an elec-

trophoretic medium.

Future work to determine further the structure of this large molecule may

include partial extraction with N-heptane (1?) or ether at very low tempera-

tures. This might be instrumental in determining whether or not there are

several distinct protein residues present in component 6. Extractions in this

manner would leave the residue soluble, and a minimum of denaturatlon would

have occurred. Also the sizo of the moiety would be considerably smaller and
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could be more easily separated by such methods as disc electrophoresis. To

further characterize the linkage between the lipid and the polypeptide moieties

partial digestion with proteolytic enzymes might be useful. After part of the

protein has been digested away, solubility studies, differential extractions

with lipid solvents, and amino acid analyses of the residues may give added

information about the structure of the molecule.
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SUMMARY

The total lipid, protein, and water content of the native component 6 was

determined by physical and chemical means. The lipid composition of native

component 6 was determined by thin layer chromatographic techniques and chem-

ical methods. Differential extraction of native component 6 with non-polar '

solvents was used to gain a possible insight into the association of lipid

with the polypeptide portion of the molecule, as described earlier. Amino

acid analysis by means of ion exchange column chromatography was performed by

the method of Moore and Stein, and tryptophan and amide nitrogen were deter-

mined by chemical means stated previously.

It was observed that the total component 6 contained 60.9$ lipid, 33*6$

water, and 5>^^ protein. The lipid portion of the native molecule contained

approximately 20$ phospholipid, 75$ triglyceride, h< cholesterol, and 1$

cholesterol esters. The polypeptide portion of the molecule was found to

have a high concentration of polar amino acids, and a very low concentration

of sulfur containing amino acids

.

It was also noted that 30$ of the phospholipids in the native molecule

were extracted with the non-polar solvent, leaving 20$ behind. The molar con-

centration of the phospholipids left in component 6 after extraction compares

very closely with the molar concentration of the dicarboxylic amino acid resi-

dues determined to be free in the polypeptide portion of the molecule.

From the foregoing observations, it could be stated that a relationship

exists between the phospholipid of the lipid portion and the dicarboxylic acid

residues of the peptide portion, which may be involved in linking the protein

portion of the molecule with the peptide portion.
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APPENDIX G



TYPICAL STANDARD RUN OF BECKMAN AMNO ACID MIXTURE

62

Aspartie Serin* 4

Acid I Threonine

Glutamic
Add Glycine Alanine

Cystine

110 120 130 140 150 160

Phenyls! enlne

f 3.25 buffer

50 cm. column. Aminex A-4 Resin. (Acidic Column)

0.250 micromoles of amino add

Absorbance: 570 lambda. Proline read at 41(0 lambda.

1—r—i—
"i—

r

170 180 190 200 210

-> 4.25 buffer

TUBE NUMBER

Lysine Ammonia

Histidine I

Arginine

Aspartic
Add

Threonine
Serine 1

30 70 80 90 100 110

5-28 buffer

8 cm. Column. Aminex A-5 (Basic Column)

O.250 micromoles of amino add

Absorbance: 570 lambda

120

TUBE NUMBER

130 140 150

3-25 buffer

150 cm. Column. Amberlite IR-120 (Acidic Column)

0.500 micromoles of amino add

Absorbance: 570
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STANDAHD AMINO ACID RONS

Amino Acid Ficromolfis Recovered % Recovery

Aspartic Acid 0.2.53 i 0.009 100.7^

Serine 0.493 i 0.02.1 99.0^

*
Threonine 0.439 - 0.033 97.90

Glutamic Acid 0.250 t 0.010 100.00

Proline 0.230 - 0.023 92.158

Glycine 0.245 i 0.00°. 93.00

Alanine 0.251 - 0.013 100.4^

Cystine 0.237 i 0.025 9^.7*

Valine 0.253 ±0.007 101. 15?

Methionine 0.246 to.014 93.4^

Isoleucine 0.250 - 0.009 100. (>£

Leucine 0.243 ± O.O17 99.20

Tyrosine 0.24Q + 0.013 99.60

Phenylalanine 0.245 + 0.013 98.00

Lysine 0.253 ± 0.012 101.10

Histidine - 0.247 ±0.015 98.70

Ainmonia 0.250 ± 0.009 100.00

Arginine 0.243 ± 0.011 97.2^

Sample size introduced . was 0.250 micromoles of each amino acid. This was
a standard mixture supplied by "eckiran; Beckman Mixture No. 1.

Sample -Size for Serine and Threonine , which were run in a different column
from the other amino acids, was 0.500 micromoles each.

Six runs were made to obtain the above averages, except for Serine and
Threonine for which . 4 runs were made •
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The lipoproteins of serum consist of a polypeptide conponent in combina-

tion with lipid. This lipid includes phospholipid, cholesterol, cholesterol

esters, and triglycerides. Previously, it was thought that the lipid and

protein moiety were held mainly by hydrophobic bonding; however, recent work

has revealed that a salt linkage possibly plays a large role. These linkages

involve the free -C00H group of the dicarboxylic acid residues of the protein

and phospholipid. In order to investigate possible linkages of this type in

component 6., lipid analyses, differential extractions, and amino acid analyses

were performed.

The serum of White Flock and Leghorn cockerels injected with diethylstil-

bestrol was used. The initial isolation of component 6 was done by means of

the ultracentrifuge. The lipid composition of component 6 was determined by

thin layer chromatography using four different solvent systems and by using

standard lipid mixtures developed for these systems. Physical means were used

to determine the total lipid content and chemical methods were used to deter-

mine cholesterol and phospholipid content. Differential extraction with cold

ether was carried out in order to further characterise the lipid portion of

the molecule.

After total delipidization of coinponent 6 using 2:1 chloroform/methanol,

an amino acid analysis on the polypeptide portion of the molecule was per-

formed by the method of I'oore and Stein.

It was observed that in the whole component 6, there was 60.9$ lipid,

33.6$ water and 5« /+1$ protein. The lipid portion of the molecule contained

75$ triglyceride, 20$ phospholipid, ^$ cholesterol, and 1$ cholesterol ester.

The differential extraction with cold ether showed that 20$ of the phospho-

lipid was not removed. Amino acid analysis revealed a high concentration of

dicarboxylic amino acid residues, and almost no sulfur containing amino acids.



It was also noted that the molar concentration of the free dicarboxylic amino

acid residues compared very closely with the molar concentration of the phos-

pholipid residues not extracted with cold ether.

From the foregoing observations it was concluded that the phospholipid

residues and the dicarboxylic acid residues of conoonent 6 may be instrumental

in the linkage of the lipid to protein, as proposed for human serum lipopro-

teins by several groups of workers.


