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INTRODUCTION

The yolk of the hen's egg Is a rich source of phospho-

protelns. Because the egg is readily available, it is a

logical source of material for the study of these proteins.

However, the yolk proteins now characterized have been shown

to consist of several components and appear to be groups of

similar proteins rather than single homogeneous compounds.

Ijo protein of egg yolk has been shown to liave

been isolated in pure form by the criteria currently
applied. Knowledge of the composition of the lipo-
protein, the phosphoprotein, and the live tin fractions
of egg yolk is incomplete, and none of the individual
yolk proteins is adequately characterized. (Fevold, 11).

In addition, there would seem to be a dearth of informa-

tion on the change in the proteins during the development of

the chick embryo in the egg. All research work has been con-

centrated on studies of the amino acid, lipid, and mineral

contents of the yolk during embryo growth, and any conclusions

concerning protein variations have been made from this infor-

mation. There have been no studies on the changes in the

proteins as entities.

A major reason for such a lack of information has been

the complexity of available methods and the difficulties and

inaccuracies involved. The recent development of electro-

phoretic analysis, however, provided a new method for protein

investigations. Electrophoretic examination revealed the

heterogeneity of the yolk proteins which were previously con-

sidered pure, and at the sa.ae time demonstrated the potential

value of electrophoresis in yolk protein studies. Radioactive



isotopes were Introduced as tracers In yolk phosphorus studies.

Consequently, both of these techniques were combined and adapt-

ed for use In Investigations on the phosphoprotelns of egg

yolk.

The development of this new method made possible the

simultaneous observations of the yolk proteins and their rela-

tive phosphorus content. The yolk phosphoprotelns of the fresh

egg were studied in this way. The opportunity for further work

on these phosphoprotelns and their relation to embryonic growth

became apparent.

The following investigations were undertaken to determine

any significant variations in the phosphoprotelns of the yolk

of the embryo during incubation, to reveal any relationships

between these embryo yolk proteins and the proteins of the fresh

yolk, and to develop the techniques Involved in such investiga-

tions .

REVIEW OF LITERATURE

Investigations of the proteins of the egg yolk were

first reported over one hundred years ago. Work in this

field continued through to the twentieth century. In 1900

vitellln was isolated and analyzed by Osborne and Campbell (26)

and its phosphorus content was noted. Subsequently other

workers, including Calvery and White (4), refined the precipi-

•^Extenslve bibliographies on this early history can be
found in Pevold (11), Needham (23), and Romanoff and
Romanoff (28).



tation methods by which vltellln was obtained and established

it as the protein part of a lipoprotein.

Similarly, Plinmer (27) isolated llvetln, and Kay and

Marshall (17) In 1928 reported that this protein contained no

phosphorus and no lipid. In addition, the latter workers ad-

mitted that although the greater portion behaved by criteria

adopted up to that time for protein characterization as a single

individual, they were not sure it was a single protein.

In a more recent work, Alderton and Fevold (2) in 1945

developed a different procedure for the isolation of lipo-

vitellin. Their product contained, besides this protein,

phosphorus-containing substances which could be removed by

solution in 10 per cent sodium chloride and precipitated by

dialysis. The following year Fevold and Lausten (12) reported

the isolation of a new lipoprotein which they called llpo-

vitellenin. Lipovltellenln had twice as much lipid as lipo-

vitellln and composed 40 per cent of total lipoprotein in

yolk, but contained less than l/3 as much phosphorus as lipo-

vltellin. In 1948 Mecham and Olcott (21) gave a preliminary

report of a phosphoprotein, which they had isolated, that

contained at least 40 per cent of the phosphorus in the yolk

proteins. The next year they announced this protein had been

isolated in yield sufficient to account for at least 60 per

cent of the yolk protein phosphorus (22), and named it phos-

vitin. Electrophoretlc analysis of this protein in sodium

citrate and sodium acetate buffers at Prf 4.6 produced two

boundaries, with mobilities in the citrate buffer of -12x10"^



units for the larger boundary and -9xl0~ for the smaller*

Shepard and Hottie (30) in the same year reported electro-

phoretlc analysis of a preparation of yolk proteins. Intended

for use as an antigen, which they considered to be llvetln.

This solution was prepared by several different methods, but

in all cases more than one boundary appeared during electro-

phoresis. In cxie procedure, these workers dlalyzed their yolk

preparation against 0,85 per cent sodium chloride at a low

temperature, diluted It and adjusted it to a pH of 6. A

flocculent precipitate formed and separated as a top layer in

a separatory funnel. The bottom clear solution was drawn off

and gave four, rather slow boundaries during electrophoresis.

If this clear solution was first extracted with ether, the re-

sulting preparation had four electrophoretlc boundaries with

mobilities of -14.96, -7.39, -4.54, and -2.51 (x 10"^). They

used a phosphate -sodium chloride buffer at a pH of 7.95.

In 1951, Young and Phinney (34) published results of

investigations on the yolk proteins of salmon and hen eggs.

They experimented with various methods of fractionation to

obtain proteins of electrophoretlc homogeneity but had

success only in the case of lipovltellin from the hen's yolk.

This protein, prepared by dialysis precipitation, gave a

single boundary. The stock solution was also analyzed and

gave three boundaries, containing 4.6, 10.2, and 85.1 per cent

of the total material, in order of decreasing mobility. A

sodium chloride-barbiturate buffer at pH 8.5 was used. The

boundaries all developed in six hours of electrophoresis time.



and no further separation took place in an electrophoresis

period of fifteen hours. No mobility values were reported.

It should be noted that, with the exception of Young and

Phinney, few of these workers considered temperature conditions

of the work important, although protein denaturation, always a

factor to be considered, increases with increasing temperature.

Also, with the exception of the stock solution of Young and

Phinney, all preparations analyzed were separated by chemical

precipitation methods, with the accompanying possibilities of

denaturation of the proteins.

Radioactive phosphorus had been used in egg yolk inves-

tigations as early as 1938, when lievesy and Hahn (16) first

studied phospholipid synthesis by means of radioactive P '^.

That same year, Kntenman e_t al (10) published experimental

findings on the deposition of radioactive phospholipid in egg

yolk after subcutaneous injections of P^^ into laying hens.

Radioactive phospholipid was found in all yolks from birds

killed six and twelve hours after injections, illustrating the

rapid incorporation of the phosphorus into the yolk compounds.

Hevesy (15) investigated the utilization of inorganic

radioactive phosphorus in the yolk of the embryo, and from his

results concluded all yolk phosphorus was converted into in-

organic phosphorus before it was utilized by the embryo.

Chargaff (6) reported studies on the relative rates of forma-

tion of egg yolk phosphorus compounds using the P^^ as the

tracer. He determined that in yolks from eggs laid during the

first five days following injection of radioactive sodium
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phosphate into laying hens, the vitellln exhibited a higher

activity than the phosphatides. Lorenz, et al (li^)» In simi-

lar experiments, found that the white yolk takes several months

to develop, bat the deposition of the yellow yolk Is complete

In seven to ten days.

Dri2r;;ers et al (9) hatched chicks from eggs laid by hens

that had been fed both P^^ and Ca^^. They found that the

greatest concentration of radioactive phorphorus was found in

the chicks from eggs laid six days after administration when

only one feeding of the radioactive phosphorus had been given.

All the results Indicated that both isotopes were incorporated

In the tissues in direct proportion to the total element assimi-

lated, showing that there was no differential use of the isotopes

The report by Hevesy (15) fits in well with these results.

Electrophoretic analysis and radiotracer methods were

combined by Heln and Cle£;c (14), who developed a modified

electrophoresis cell that .-nade it possible to measure the

radioactivity associated with labeled phosphoproteins as the

protein migrated past a point during an electrophoresis.

Clegg and Heln (7) in this manner studied the phosphorus dis-

tribution in the serum proteins of the! chicken,

Clegg et al (8) subsequently developed a method for pre-

paring clear solutions of fresh egg yolk proteins, from which

only ether extrac table materials were removed. In this inves-

tigation all of the experimental work was carried out at low

temperatures, 5°- 7°C., to keep protein denaturatlon to a

minimum. The workers used this method to prepare solutions



of yolks from eggs laid by hens fed P^^ , and analyzed these

solutions employing the electrophoresls-tracer techniques. Two

buffers, a sodium tetraborate and sodium citrate buffer of

pH 7.5 and a glycine and disodium phosphate buffer of pH 9,4,

were used. In both cases four major boundaries were observed,

although the two electrophoretlc patterns differed. In both

buffers, a fast-moving component, containing about 39 per cent

of the phosphorus of the preparation but only about 11 per cent

of the total area, could be distinguished. These workers con-

cluded, from a comparison of the data of the two buffer systems,

that the differences between the patterns and activities of the

three slower components might indicate a lack of homogeneity in

some of these components.

There is no record of investigations on the yolk proteins

of the developing chicken embryo that can be compared to the

reported work on fresh yolk proteins. There are only a few

scattered reports concerning any variations of definite pro-

teins in the embryo yolk during incubation, although the change

In the nitrogen, phosphorus, lipid, carbohydrate, and amino

acids of the yolk during embryonic development has been studied

(23, 24, 25, 28, 33). In an elaborate study, Schenck (29)

isolated proteins he termed vltellin, albumin, and globulin

from embryo yolks and determined their constituent amino acids.

Prom his results he concluded that part of the original proteins

were utilized as larger fragments, part as smaller building units

in protein synthesis, and part disappeared completely and must

have been used for energy. Schenck decided that the proteins
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in the yolk change In composition during embryonic development.

Needham (24), however, considered Schenck's work of little

value, in tliat the differences in analytical results upon which

Schenck's conclusions were based v;ere within the allowed exper-

imental error of his methods. Nevertheless, it is considered

probable that the proteins of the yolk are broken down to some

extent before the chick can use them and are not incorporated

into the embryo as the original molecules (Needham, 25). Yolk

protease activity has been noted which reached a maximum about

the tenth day of development (Needham, 24).

MATERIALS AND METHODS

For a study of protein changes in the yolk of the chick

during embryo development, certain stages in embryonic growth

must be chosen, for continuous observation would be impractical.

After a consideration of the literature, the stages of develop-

ment at the end of seven, fourteen, and nineteen days of incu-

bation of the eggs were picked, since previous investigators

have found minima and maxima absorptions of nitrogen, amino

acids, and lipids from the yolk at or about these times (24,

33, 23). .
.

-

The liquid yolks taken from embryos at these times were

submitted to the same preparatory treatment as the fresh yolks

described by Clegg et al (8), with such modifications as re-

quired by slight differences in the properties of the embryo

yolk material. "
,

'
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Production of Radioactive Eggs

The eggs used In the experiments were laid by two hens

each fed 0.20 mllllcurles of P^^ dally for twenty-two days.

The ?^^ was obtained from Oak Ridge National Laboratories In

the form of a phosphate salt In weak hydrochloric acid, and

was put In oil-coated, gelatin capsules and force-fed to the

hens •

The hens were kept In wire, laying cages In a hood In

one of the radiological laboratories. The back and sides of

the hood and the trays placed below the cages were lined with

oilcloth. All droppings, spilled feed and water, and feathers

fell on the trays, which were e iptled frequently and re lined

with fresh oilcloth. The wastes and dirty oilcloth were

placed In cardboard boxes and kept Isolated at -17°C. until

the radioactivity fell to prescribed levels, when It was dis-

posed of by burial In ground used specifically for such pur-

poses. All personnel having direct contact with the hens, and

the persons concerned with the handling of the phosphorus

solution wore rubber gloves and some protective body covering

(laboratory coat or apron). A protective cover for the hands

was always used when the eggs were handled. At the end of the

twenty-two days the hens were killed and placed In cardboard

boxes along with the wastes.

The eggs were fertilized by artificial Insemination of the

hens at three or four day Intervals. The eggs laid during the

first six days of P^^ feeding were not used In the study, since
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at least that period of time was required for the concentra-

tion of radioactive phosphorus in the yolk and its proteins

to become appreciable (Lorenz, ©Jt al 19). The eggs were stored

In cardboard cartons in the refrigerator, 7°- 10°C., until

they were placed in the incubator. They were set in a Humid-

alre incubator, model 55, in lots of four or five at three to

four day Intervals, and incubated at a teraperature of 99°- 100°F.

Y*ith a relative humidity of 85 - 87 per cent. At the end of

seven, fourteen, and nineteen day periods the eggs were candled

to determine their fertility, and fertile eggs of the desired

Incubation time were removed from the incubator and placed in

the refrigerator.

Extraction and Preparation of the Yolk Proteins

The cooled eggs were placed in iced, distilled water

and the shell and chorionic membrane opened and removed from

around the embryo. Various methods, depending upon the age of

the embryo, were employed to separate the yolk from the yolk

sac. The yolk material of the seven-day embryo was extracted

from the sac with a hypodermic syringe while the embryo was

under water. The fourteen-day embryo yolk material was

obtained with the syringe after the amniotic membrane was cut

away under water and the embryo with yolk sac intact was taken

from the water and placed on a clean cloth. In the case of the

nineteen-day embryo, the amniotic membrane was ruptured, the

embryo was removed to a clean cloth, and then the embryo was

held above a graduated cylinder and funnel while the yolk sac
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was slit. The yolk material would drip through the funnel

Into the graduated cylinder. During this procedure the fine,

solid, yellow material lining the yolk sac at this age was

prevented, in so far as possible, from being carried along

with the liquid yolk.

The contents of the yolks were collected in 100 milliliter

glass-stoppered graduated cylinders and diluted 1:6 with a

cold, 15 per cent glycine solution, pH 7.5. The yolk and

glycine solution were carefully mixed until a homogeneous

suspension was obtained. All subsequent procedures were car-

ried out in a cold room, 5° - 10°C.

Twenty-five to 50 ml. portions of the yolk suspensions

were transferred to Erlemneyer flasks and two volumes of cold,

reagent grade ether, saturated with water, were added. The

mixtures were carefully swirled to insure mixing and allowed

to stand for one to two hours. Most of the ether was poured

off and the process repeated, six times in all. The final

extraction was completed in a separatory funnel, and all of

the solution except the top ether layer was drawn off and

transferred to a dialysis tube, which was subsequently placed

in a solution containing 15 per cent glycine and 10 per cent

sodium chloride. Dialysis was allowed to proceed until an

appreciable amount of ether had collected at the top of the

solution. This ether was removed and the procedure repeated

until no more ether separated from the protein solution; it

was then dialyzed for twenty-four hours more, at which time a

clear or opalescent solution was obtained.
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The solutions were then dlalyzed, with frequent changes,

against the following buffers:

(1) Glyclne-phosphate : 0.053 M. dlsodlum phosphate and

0.05 M. glycine, adjusted to pH 9.4 with sodium hydroxide.

This buffer was the one used In fifteen of the elchteen experi-

ments carried out.

(2) Borate-cltrate : 0.05 M. sodium tetraborate and

0.10 M. sodium citrate adjusted to pil 7.5 with citric acid.

This was used for only three nineteen-day e nbryo yolk solu-

tions.

The glyclne-phosphate buffer was used In the majority

of the experiments because it gave a better electrophoretlc

separation of the protein solution than the borate-cltrate,

and in a shorter length of time. However, with the nineteen-

day embryo yolk solutions it was difficult to obtain solu-

tions clear enough for electrophoretlc analysis when the

glyclne-phosphate buffer was used in the dialysis; the borate-

cltrate gave clearer solutions and therefore was employed in

the dialysis and electrophoresis of three of the nineteen-day

yolks. *.

The dialysis was carried out until the solutions were

clear or until it was apparent that there was no precipitate

settling out of the solutions. The solutions were subsequent-

ly used for electrophoretlc and radiotracer analyses.
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Electrophoresis and Tracer Techniques

The electrophoretlc experiments were carried out In a

Tlsellus apparatus as modified by Longsworth (18), made by

the Klett Manufacturing Company of New York. The operation

of this apparatus at Kansas State College has been described

by McColloch (20), Stanley (31), and Brandt (3). Simultan-

eously with the electrophoresis experiments, observations of

the radioactivity of the protein components in a boundary of

the solution under analysis were made. The activity of the

p'^2 Incorporated In the phosphoprotelns of the yolk was

followed In the descending boundary, using a modification of

one of the arms of the center cell of the electrophoresis

apparatus, according to He In and Clegg (14) and Clegg and

Heln (7). A semlcyllnder was ground In one of the arms of

the cell about l/3 of the distance from one end. The minimum

thickness of the glass at the resulting "window" was 0.003 -

0.004 cm. For the counting data, an Eck-Krebs type counter

tube with a diameter slightly less than that of the semi-

cylinder ground In the cell was used. It was held In the

desired horizontal position close to the thin "window" by

means of a Luclte clamp and rubber bands. The counter tube

was connected to a Berkeley 100 scaler.

At the beginning of each experiment, the electrophoretlc

cells, rack, and assembly were placed In the cold room and

allowed to remain until cool. The yolk protein solution was

removed from the dialysis tube through a puncture made near the
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bottom of the tube and allowed to run into a beaker. The

protein material was filtered through Whatman # 50 filter

paper to prevent any small particles of tissue or other for-

eign matter that might be present from being carried along with

the solution. The cell was filled with the solution according

to the standard procedure (3, 20, 31).

The complete assembly was taken to the electrophoresis

apparatus and immersed in the constant temperature water bath.

For some of the experiments the temperature of tlie bath was

maintained at 0.5°C., but because of difficulties experienced

during the summer weather with the operation of the control

system at this temperature, many of the runs were done at a

temperature of 4°C.

The counter tube was then placed in Its position next

to the cell, and the scaler was put into operation. The bound-

aries were moved into view and the current applied, according

to the usual procedure followed In carrying out an electro-

phoresis. Radioactivity was observed on the scaler during the

course of the run during five or ten minute periods, usually

consecutive, and recorded on forms designed for that purpose.

Notations of pertinent conditions, such as bath temperature,

and sketches of the developing boundary pictures and corres-

ponding points of significant radioactivity were also recorded

on this form. Since the descending boundary movement was under

observation, the radioactivity at the beginning of the electro-

phoresis was that of the entire solution and the maximum dis-

integration rate recorded. As the boundaries separated and
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moved past the "window" the radioactivity decreased in propor-

tion to the amount of P'52 present In each boundary, and at the

end of the experiment, when the buffer solution was at the

window level, the background radioactivity was observed. In

this way the average radioactivity In each boundary could be

determined and the percentage of P^^ In each component calcu-

lated.

Visual observation of the electrophoresis pattern was

made using the cylindrical lens system, but all photographs

were taken employing the schlleren lens system. Both the

descending and ascending boundaries were photographed on

Eastman-Kodak Metallographlc plates, or, when the solution

was too opaque to give completely distinct boundaries, on

Kodak Spectroscopic plates.

After the boundary pattern exhibited a satisfactory

separation of its components, and photographs had been taken,

the boundary was moved manually past the "window". Motion

was halted at points of component division and several

activity readings recorded; the moving of the boundary was

then resumed, and the procedure continued until the buffer

solution was in front of the "window."

The mobilities were calculated by the standard method

JBrandt
(3)J,

using the basic equation y^ ^ v q k where

U- Is the mobility In cm.^sec."-'- volt"^, v Is velocity of

migration of the peak concerned in cm./sec, q is the cross-

sectional area of cell In cm. 2, k is the specific conductance

In mho/cm., and 1 is the current in amperes.
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Analytical Procedures

The protein solution renialnlng after each electrophoresis

in which the glyclne-phosphate buffer was used was dlalyzed

against the borate -citrate buffer. This buffer was changed at

intervals until presumably all of the glyclne-phosphate buffer

was removed. The protein solutions were stored In glass test

tubes sealed with tlnfoil-covered cork stoppers. Saaiples of

the dialysis solution were stored with them to serve as blanks.

Nitrogen, phosphorus, and lipid analyses of the solutions

were made. Nitrogen was determined using a micro-KJeldahl

method as described by Hawk et al (13), pp. 820-822. Copper

sulfate was used as the catalyst in the digestion, and several

drops of hydrogen peroxide were used to speed oxidation. For

the distillation, five milliliters of a 4 per cent solution of

boric acid was used in the receiving flask. A mixed Indicator,

made up of 0.03 per cent methylene blue and 0.1 per cent methyl

red in a 20:3 ratio, was e nployed in the subsequent titration

with 0,01 N. sulfuric acid.

The total phosphorus was determined colorimetrlcally by

the method of Fiske and Subbarow as described by Hawk et al

(13), p. 583.
'^

The lipid analyses were carried out as follows: five

milliliters of the protein solution were pipetted into a small

beaker and about ten milliliters of concentrated nitric acid

were added. This mixture was placed under a heat lamp in the

hood and evaporated to dryness; another five milliliters of
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the concentrated nitric acid were added and the solution

evaporated once more. This process was continued until the

solution was clear, and the solution was evaporated to dryness

for the last time. When cool, the residue was carefully treat-

ed with distilled water and dissolved to a great extent. Purl-

fled hexane was added to dissolve the lipid material, the mix-

ture was gently swirled, and all was transferred to a test tube.

The beaker was rinsed several times with hexane and the rinsings

were added to the test tube. The top layer of hexane separated

and was removed with a small medicine dropper to a previously

weighed dish. More hexane was added and this process was

repeated. The hexane was allowed to evaporate, and the dish

and lipid material dried briefly under the heat lamp. When

cool, the dishes were weighed and the weight of the lipid

calculated.

RESULTS AND DISCUSSION

A total of eighteen experiments were carried out on the

embryo yolk proteins using the electrop!::S^esls-tracer methods.

Five of these experiments were concerned with yolks from

embryos of seven days' incubation; three were successful.

Six were carried out with yolks of embryos of fourteen days'

incubation, and five of these proved successful. Seven with

yolks of embryos of nineteen days' incubation were carried out.

Pour of these were with the glyclne-phosphate buffer, and

resulted in only one successful experiment. Three were with

the borate-cltrate buffer, and gave two successful sets of
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data. The unsuccessful experiments Virere the results of: (1)

protein solutions with such a high degree of opacity that no

distinct pattern photographs could be obtained, and (2) opera-

tional failures in the counting equipment.

The per cent of area (component), as determined by the

method of Tiselius and Kabat (32), and the per cent of phos-

phorus in each peak In the seven, the fourteen, and the nine-

teen day yolk electrophoretlc patterns, are given In Tables

5, 6, and 7, respectively (Appendix). These results are graph-

ically illustrated in Plates II, III, and IV.

In addition to the eighteen experiments mentioned above,

mobility determinations were carried out with non-radloactlve

yolk proteins from embryos of the same ages. The resulting

mobilities were correlated with those of the radio-chemical

experiments and the two sets of values proved to be very close.

These mobilities are recorded in Table 1.

Analyses of each of the eighteen solutions were made.

The results of the phosphorus, nitrogen, and lipid determinations

are given in Tables 2, 3, and 4. These values, as determined ;,

on the yolk proteins prepared for electrophoresis, are given

In milligrams per milliliter of the solution. Since the

values depend upon the dilution of the original yolk samples,

they are significant only as a measure of the relative concen-

tration of the different substances. The ratios between the

values of the three respective substances for each sample were

calculated to obtain significant data. These ratios may be

used for direct comparison, since dilution is no longer a
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Table 2. Analytical results of the seven-day embryo yolk
preparations

Ni tr oge n
mg./ml.

: Phosphorus
mg./ml.

: Lipid
'• mg./ml.

•
•

•

p/v, • P/Llpid : Lip id

A

•
•

1.79 0.362 2.1 0.20 0.17 1.2

1.31 0.230 1.2 o.ia 0.19 0.9

1,81 0.253 1.6 0.14 0.16 0.9

1,48 0.180 1.4 0.12 0.13 0.9

1.06 0.232 1.1 0.22 0.21 1.0
Averages

1.49 0.251 1.5 0, 17i".03 0.17:t.02 i.ot.i

Table 3. Analytical results of the fourteon-day embryo yolk
preparations

Nitrogen
mg./ml.

: Phosphorus
mg./ml.

: Lipid
: mg./ml.

: pA
•
•

: PAlpld : Lip id

A

•
•

0.56 0.171 0.9 0.31 0.20 1.5

1.03 0.164 1.5 0.16 0.11 1.4

0.94 0.163 0.8 0.17 0.20 0.9

0.57 0.224 1.1 0.39 0.20 1.9

0.87 0.273 2.1 0.31 0.13 2.4

0.76
Averages

0.79

0.205

0.200

1.5

1.3

0.27

0.27±.07

0.14

0.16±.04

2.0

1.7t.4
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Table 4. Analytical results of the nineteen-day embryo yolk
preparations

Nitrogen
ing»/nl»

: Phosphorus
: mg./ml.

: Lipid
: mg./ml.

: P/H :

• •
• •

P/Lipid :

•
•

Lipid/N

0.45 0.023 0.6 0.05 0.04 1.3

0.54 0.058 0.5 0.11 0.12 0.9

0.38 0.058 0.5 0.15 0.12 1.3

0.52 0.068 0.3 0.13 0.23 0.6

0.69 0.094 0.9 0.14 0.10 1.3

0.72 0.064 0.2 0.09 0.32 0.3

0.72 0.055 0.6 0.08 0.09 0.8
Averages

0.57 0.060 0.5 0. lit. 03 o.ist.oa o.9l:.3
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factor. The lipid referred to here should be considered bound

In some manner, as It was not ether extrac table.

In the electrophoresis pattern of the seven-day embryo,

four major peaks were evident (B In Plate I). The pattern

resembled closely the pattern of the fresh egg yolk proteins

(A In Plate I^. The peak with the highest mobility had an

average area of 17 per cent of the total and contained an aver-

age of 41 per cent of the total phosphorus of the material. It

had a mobility of -14.7 x 10"^. The second peak had 8 per cent

of the area and 6 per cent of the phosphorus, with a mobility

of -9.0 X 10"^. In the third peak there was 14 per cent of the

area and 9 per cent of the phosphorus, and this peak had a

mobility of approximately -5.8 x 10"^. The fourth and last

peak contained 57 per cent of the total area, 42 per cent of

the total phosphorus, and its mobility was about -4.0 x 10"^.

Three per cent of the area and 2 per cent of the phosphorus

activity appeared In the salt boundary.

Consequently, the first, fast peak contained a comparative-

ly large amount of phosphorus. Although the first and fourth

peaks contained about the same percentage of total phosphorus,

the fourth peak had three times as much material In It. This

comparison Is Illustrated In Plate II. The first peak, there-

fore, had about three times the phosoiorus concentration of the

fourth peak. These two peaks appeared to be the major phos-

phorus-containing components.

The protein solution from the fourteen-day embryo yolks

separated during electrophoresis Into three boundaries, c In



23

Plate I. The fastest peak, containing an average of 9 per cent

of the total area, had 28 per cent of the total phosphorus, and

had a mobility of -13.7 x 10"^. The second peak had 22 per cent

of the area and 12 per cent of the phosphorus, with a mobility

of -7.0 - -7.9 X 10"^. The third peak has 57 per cent of the

total area, 58 per cent of the total phosphorus, and a mobility

of -4.1 - -4.5 X 10"^. The salt boundary accounted for about

2 per cent of both the total area and total phosphorus activity.

The material in the fastest boundary contained the highest

concentration of phosphorus, since it represented only 9 per

cent of the proteins, but had almost l/s of the total phosphorus.

The third boundary had seven times as much material in it as the

first boundary, but had only about twice as much phosphorus.

These relationships are shown in Plate III.

The nineteen-day embryo yolk protein solutions exhibited

two electrophoretlc boundaries in both of the buffers used.

That in the glycine-phosphate buffer is D of Plate I. Only one

solution in the glycine-phosphate buffer was clear enough to

give a picture for area determinations. Two solutions in the

borate-citrate buffer gave suitable photographs. In the glycine-

phosphate buffer, the first boundary, with a mobility about

-6.5 X 10~S, had 65 per cent of the area and 29 per cent of the

phosphorus. The second boundary had 55 per cent of the area and

71 per cent of the phosphorus, and its mobility was -3.4 - -3.5

X 10^» A close examination of this second boundary revealed an

indication that it actually might consist of two peaks, but

further resolution was never obtained, so it was considered as



EXPLANATION OF PLATE I

The electrophoretlc patterns, descending boundaries,
of yolk preparations from the fresh egg and from embryos.
The glycine-phosphate buffer, pH 9.4, was employed.

A. Fresh egg yolk, 150 minutes.

B. Yolk from embryo after seven days » Incubation,
161 minutes.

C. Yolk from embryo after fourteen days* incubation,
116 minutes.

D» Yolk from embryo after nineteen days' incubation,
105 minutes.





EXPLANATION OP PLATE II

Comparison of the percentage of the components present
In the electrophoretic patterns of the seven-day embryo yolk
preparations and the percentage of the phosphorus In the
components.

ft'.
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explal:ation of plate hi

Comparison of the percentage of the components present
In the electrophoretlc patterns of the fourteen-day embryo
yolk preparations and the percentage of the phosphorus In
the components. This Is an average of five experiments.
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one peak for the purpose of this diacusalon. The solutions

In the citrate buffer gave boundaries of a similar pattern.

Sixty per cent of the area and 32 per cent of the phosphorus

were in the first boundary, and 40 per cent of the area and

68 per cent of the phosphorus were In the second boundary.

The comparisons are shown in Plate IV.

Although the second boundary of the nineteen-day yolk

solutions had twice as much phosphorus as the first and only

1/2 of the area of the first, this actually represented very

little phosphorus. This is shown by the analytical results

which will be discussed subsequently. It appears, therefore,

that percentage comparisons at this age may not be significant.

The average p/k ratio of the yolk preparations rose from

0.17 on the seventh day of incubation to 0.27 on the fourteenth

day. Indicating that the nitrogen in these preparations dis-

appeared at a faster rate than the phosphorus during this

period. From the fourteenth to the nineteenth day, however,

this p/n ratio decreased to 0.11, suggesting a sharp decrease

In the phosphorus relative to the nitrogen disappearance.

From this information and from the low radioactivity associated

with the nineteen-day yolk solutions, it might be concluded that

much of the phosphorus has gone from the yolk proteins by the

nineteenth day of Incubation.

The phosphorus-to-liptd ratio, meanwhile, remained

relatively constant from the seventh through the nineteenth

days of incubation, with 0.17 at seven days, 0.16 at fo-orteen

days, and 0.15 at nineteen days. It would appear that the



EXPLAJiATION OF PLATE IV

Comparison of the percentage of the components present
In the electrophoretlc patterns of the nineteen-day embryo
yolk preparations and the percentage of the phosphorus In
the c omponen ts

.
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PLAffi IV

GLYCINE- BORATE-
PHOSPHATE CITRATE
dH 9.4 pH 7.5
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same relative concentration is maintained throughout the

incubation period by these substances. Another relationship,

that between lipid and nitrogen, showed that the lipid behaved

in the same way as the phosphorus towards the nitrogen.

It was observed that the yolk proteins of the embryo of

seven days' incubation resembled those of the fresh yolk in

electrophoretic pattern and relative amounts and phosphorus

contents of the components, as reported by Clegg et al^ (8).

In the seven-day embryo yolk proteins, two principal phospho-

proteins that appear to be closely related, if not identical,

to those in the fresh yolk were evident.

By the fourteenth day of development, only three electro-

phoretic boundaries appeared in the yolk proteins. The high

value for the mobility and the high phosphorus content of the

fastest-moving peak indicated some similarity between this com-

ponent and the fastest phosphoprotein caaponent of the sevon-

day yolk, but differences in the mobilities suggested they were

not Identical. There was only one middle peak in the fourteen-

day embryo yolk electrophoretic pattern, in contrast to two

middle peaks in the fresh and seven-day yolk protein patterns.

Furthermore, this single peak had a much greater area than

either of the two peaks of the earlier age, and a mobility

ranging midway between the values of the two middle peaks of

the seven-day embryo yolk proteins. This middle component

contained a relatively small amount of phosphorus.

The last peak of the fourteen-day embryo yolk electro-

phoretic pattern had a mobility of -4.1 to -4.5 (x 10"^),
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close to that of the last peak of the seven-day yolk proteins,

with a mobility of about -4,0 x 10"^, and also contained a

large percentage of phosphorus.

On the nineteenth day of embryonal development, the

electrophoretlc pattern of the yolk proteins was greatly

modified and had only two large peaks. These were rather slow-

-5
moving, with mobllltlos around -6.5 and -3.5 (x 10 ), respec-

tively, with the latter containing the larger amount of phospho-

rus but the lesser area and indications that It might consist

of more than one component. There was no evidence of the fast,

high-phosphorus ccwiponent present in all the other ages studied,

and from the analytical data it was evident that the phosphorus

content of the protein solutions dropped markedly between the

fourteenth and nineteenth days of embryonal development.

Sgg yolk proteins of high phosphorus content have been

reported in the literature, (21, 22, 11, 23, 28). However,

the methods and conditions of these previous Investigations

varied so widely that it is not possible to relate such pro-

teins to those found In the embryo yolk In this work. There-

fore, at this time, no attempt is made to relate phosphoproteins

observed in these experiments with those recorded in the litera-

ture. It remains for further investigators to establish the

relationships which might exist between the proteins llpovitel-

lln, phosvitin, llpovitellenln, etc., and those shown present

In the fresh yolk (8) and the embryonic yolk investigated in

this study.
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Also, the exact times of change in the yolk phospho-

proteina during embryonic development should be determined.

Of especial importance, the daily composition of the yolk

between the fourteenth and nineteenth days of Incubation

should be studied. Whether the changes in the proteins are

gradual or abrupt might be revealed by such Investigations.

Another question to be answered by further experimentation

Is whether the changes are caused by enzymes present in the

original yolk or enzymes from the embryo. Infertile eggs kept

under the same conditions of incubation should provide a source

of information in this respect and, in addition, the results

might aid research on the nature of deterioration of stored

eggs and egg products.

SUMMARY

The changes in the embryo yolk phosphoproteins were

investigated using a combination electrophoresis-radiotracer

method. Fertile eggs from hens fed radioactive phosphorus

were incubated for seven, fourteen, and nineteen day periods.

The liquid yolks from the embryos ¥;ere suspended in a glycine

solution, extracted with ether, and finally dlalyzed against

a glyclne-phosphate or a borate-citrate buffer. These

dlalyzed solutions were analyzed by a combined electrophoresis-

radiotracer technique. The nitrogen, phosphorus, and lipid

(bound) content of these preparations was also determined, after

they had all been dlalyzed against the borate-citrate buffer.

Electrophoretic patterns of the seven-day embryo yolk
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proteins closely resembled the patterns of those of the fresh

yolk which had been obtained by other workers ; four peaks were

present. The component and phosphorus distribution in the

boundaries were also similar. Two major phosphorus-containing

proteins were apparent. The first had a relatively large amount

of phosphorus and a high value for the mobility, -14.7 x 10'^;

the other had less phosphorus but composed about half of the

total components present, and had a mobility of about -4.0 x

10'^.

The fourteen-day embryo yolk preparations differed In

electrophoretic pattern from the seven-day yolk proteins. Only

three canponents were present, two of which contained appreciable

amounts of phosphorus and appeared to be related to the phospho-

protelns of the seven-day yolk. The peak containing a relatlve-

-5
ly large amount of phosphorus, had a mobility of -15.7 x 10 ,

and the phosphoprotein of greater area and less phosphorus con-

tent had a mobility of about -4.3 x 10"^.

In the nineteen-day enbryo yolk protein pattern, only two

peaks were visible, although the slower of the two appeared to

consist of two components which could not be resolved. No

major phosphorus-containing protein similar to the fast-moving

component of the earlier age embryo yolks was evident. The

slower component of the nineteen-day yolk solutions had a

mobility of -3.5 x 10 and contained the greater amount of

phosphorus in the solution, suggesting some relationship with

the slower phosphoprotein of the seven- and fourteen-day prepara-

tions •
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Analytical results revealed that the nitrogen disappeared

from the yolk proteins at a greater rate than the phosphorus or

bound lipid duriu£: the first part of Incubation, but this situ-

ation was reversed during the last days of embryonic development.

Little of the original phosphorus was left In the yolk at the

end of nineteen days of incubation.

No attempt was made to identify the phosphoprotelns studied

in this investigation with those characterized in the older lit-

erature. This task, along with greater and more detailed expan-

sion of the studies on the embryonic yolk, will remain for

further investigators.
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Table 5. Results of electrophoretic and tracer data on
seven-day embryo yolk protein solutions

43

(1) Component, Per Cent of Total
Fraction

1 ; 2 : 3 : 4 :

17 8 11 60

19 8 15 58

15 9 16 , 54
Averages

17ll 8 14t2 57^2

(2) P*^^, Per Cent of Total
Fraction

37 6 U 43

45 5 7.
. .

43

42 ' '« 8 39
Averages

4lt3 6 ' ; 9+2 42-2

e

4

6

3-t-2

4

5

3t2

-,."*•
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Table 6. Results of electropaore tic and tracer data on
fourteen-day embryo yolk protein solutions.

(1) Compoaent, Per Cent of Total
Fraction

k : B : C e

11 24 66

9 31 57 3

8 .
26 63 3

10 14 75 3

9 13 v"\ '>4
4

Averages
9± 1 22:te "^

'

' 67 t 6 3I1

(2) p32^ Per Cent of Total
Fraction

29 11 60

33 XX
* -

S9 3

50 14 53 3

27 4 67 2

22 . 18 59 1
Averages

28 + 3 12"t4 58 i 4 2il



Table 7. Results of electrophoretlc and tracer data on

nineteen-day embryo yolk protein solutions.

45

(1) Component, Per Cent of Total
Fraction

: X « Y

In glycine -phosphate 65 35

In borate -citrate 52 48

58 32

Averages 60 ± 8 40^8

(2) P"^^, Per Cent of Total
Fraction

In glyclne-phosphate 29 71

In borate-citrate 34 66

90 70

Averages S2 1 2 68 1 2

4
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The object of this investigation was to adapt and extend

an electrophoretic-radiotracer technique to the study of the

phosphoproteins of the embryo yolk, to determine any signi-

ficant variations in these phosphoproteins during incubation,

and to reveal any relationship between these embryo yolk pro-

teins and the proteins of the fresh yolk.

Fertile eggs laid by hens that were fed radioactive

phosphorus were Incubated for seven, fourteen, and nineteen

day periods. The liquid yolks from the embryos were suspended

in a glycine solution, extracted with ether, and finally

dialyzed against a glycine-sodium phosphate or a sodium

borate -sodium citrate buffer. These dialyzed solutions were

analyzed by a combined electrophoresis-radiotracer technique.

Prom this analysis, data were obtained on the percentage of

total phosphorus and total component in each peak of the

electrophoretic boundary of a solution, as well as information

for mobility calculations. The nitrogen, phosphorus, and

lipid (bound) contents of these preparations were also deter-

mined after the solutions had all been dialyzed against the '

borate-citrate buffer. ^-
-

Electrophoretic patterns of the seven-day embryo yolk

proteins closely resembled the patterns of fresh yolks which

had been obtained by Clegg et a_l. Pour peaks were present.

The component and phosphorus distributions in the protein

boundaries were also similar. Two main phosphorus -containing

components were present; one had a mobility of -14.7 x 10"^

and a relatively large content of phosphorus, while the other



composed almost one half of the total material and had a lower

relative phosphorus content and a mobility of about -4.0 x 10*^.

The fourteen-day embryo yolk preparations differed in

electrophoretic pattern from the seven-day solutions. Three

components were present, two of which contained appreciable

amounts of phosphorus and appeared related to the two phospho-

proteins of the seven-day embryo yolk. The mobility of the

fast component was -13.7 x 10"^. The other had a mobility of

about -4.5 X 10"^.

In the nineteen-day embryo yolk solution pattern, only

two peaks were visible, although the slower of the two appeared

to consist of two components which could not be resolved. No

major phospnorus-containing component similar to the fast-

moving peak of the earlier age embryo yolks was evident. The

peak containing the more phosphorus had the lesser area and a

mobility around -3.5 x 10"^. The other peak had a mobility of

about -6.5 X 10"^.

Analytical results suggested that the nitrogen disappeared

from these yolk materials at a faster rate than the phosphorus

between the seventh and fourteenth days of incubation. This

was shown by a rise in the average p/n ratio from 0.17 to

0.27. This p/n ratio then dropped to 0.11 by the nineteenth

day, indicating a relatively greater disappearance of the phos-

phorus during this period. The change in lipid values followed

those of the phosphorus. /^[iJcULTuif^
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