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ELECTROPHORETIC STUDIES OF EGG
WHITE PROTEINS

By

*H.M. Savem, AM. Youssir Axp AR, Er-Harrag

Paper elessropherosia tochnique was used for the anslysis of agz
whito proteing of different birds belonging to different phylogeuetio
orders, Threo hen varielics i.e. Rhodo Island, Balady avd Fayoumi
showed O protein bands. Difforent gpocies sueh as Turkey, Sudani-
duck, Pekin dvek and gooee showed only 8 protoin bands.

The soluble proteine of the Rhod: Tsland oge white was subjected
to extensive analysis. Different fractions woro obtained when dif.
ferent concentrations of amm. sulphate wore used in separarion.
Ovalbumins  showed 4 proten components, conalbumin  wes
represerted by one bond while gvomucoid contaized & bands
overlapped with thoss of ovalbumin. Globulin was soparated to 3
fractinns Gy, G, and G,. A new fraction was separated at 609, amm,
sulphate satu- ration and was fractionated inic 3 bands.

For a long time egg proteins were consideerd important constituents of the
human diet. This should be true in imperative sinee the egg must provide
all the essential nutrients for the emberyonic development of the chick to
the stage when oral nutrition becomes possible .

Bain and Deutsch (1948), presented the electrophoretic diagram cou-
vering the examination of egg white proteins of 13 species of birds belong-
ing to 6 different phylogenetic orders. A characteristic pattern was obtained
tor each species. It was possible to differentiate each species by this
technique.

Lewis et al. (1948), studied the electropforetic pattern of egg white.
Their pattern indicated 7 distinguishable components, ovalbumin A, and
A, ovamucoid, conalbumin and three debine G, Gy and G,. The identity
of these components was established by comparsion with the pattern obtained
from the purified components with the exception of the globulins,

The ohjeci of this investigation was the study of the protein components
of egrs of different specics in UAR. and an attempt of sonaratinn and
dentification of these proteins was performed.

*Biochemistry Division, Animal Production Department, Faculty of Agrienlturs, Cairo
University, Giza.
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Materials and Methods

In this study hen eggs of different varieties were used. These inclut'leti‘
the Balady, Fayoumi and Rhode Tsland. Eggs of different species ht?longmg
to different phylogenetic orders such as, Turkey, Sudani duck, Pekin Duck
and Goose were also used. Egg samples were provided by the Higher
Agricultural Institute Poultry Farm at Kafr-el-Sheikh.

Preparation of egg white proteins for paper electrophoresis :

Egg whites were separated from the egg yolk and chalazae, then homo--
genized by stirring. Pyridine-glacial acetic acid buffer solution was pre-
pared (8 ml. pyridine, 2.5 ml. gl. acetic acid per litre of distilled water),
then adjusted to PH 5.5. Egg white was diluted with the buffer solation
in the ratio of 1:3 V/V and the mixture was centrifuged at 3500 r.p.m. The
precipilate containing the insoluble impurities was discarded, while the:
supernatant solution containing the soluble proteins was subjected to paper
electrophoresis.

Paper electrophoresis techwique :

Methods described by Durrum (1950) were used utilizing pyridine
acetic acid buffer (pH 5.5), Whattmann No. 1 filter paper strips and lasting:
for 16 hours under 220 volt.

After complete separation the strips were removed and the proteim
bands were localized after staining with azo-carmen B dye.

Quantitative determination of the protein bands :

The localized protein bands were estimated by a model MGE Berlin
densitometer. The colour density of each pattern was recorded on a paper
strip in the shape of a curve. The curve was divided into arcae under each
peak. Each arca relative to the total aren was measured by means of a
planimenter. From these measurments the relative percentage of each pro-
tein was determined as shown in figs, : 1, 5.5, 7. 9, 11, 13 and 15,

Fractionation Methods :

Different methods were applied for the separation of the different
protein constitutions of the Rhode Island egg whites which were localized
in the electrophoretic pattern.

These methods were as follows :

1.—Precipitation with Ammonium sulphate :

An aliquot (50 ml.) of the egg white solution in the pyridine / acetic
buffe_r pH 5.5 was cooled to 1°C. A cooled saturated amfonium sulphate-
solution wae gradually added until a turbid was occcurred. The mixture was

UAR. J. Anim. Prod., 11, No. 1 (1871).
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then left in the cold for an hour until a precipitate was formed. 'The mixture
-was centrifuged, the precipitated proteins were rediseolved, diluted to 50ml.
with the buffer, then dialyzed against the same buffer and subjected to paper
.electrophoresis. The supernatant was filtered off and retained for further
fractionation of the other protein components by the addition of saturated
.amm. sulphate solution in the same menner. Fractionation proceeded until
no precipitate could be obtained.

2.——Heat fractionation technique :

The buffered egg white solution was heated to 100°C. on a water bath
for 4 hrs. The mixture was centrifuged and the precipitate was discarded.
“The supernatant after filtration was subjected to paper electrophoresis.

:3.— Cold acetone or cold aleohol precipitation :

This technique was applied for the separation of different protein
constituents of ovomucoid fraction. The buffered protein solution (50 ml.)
was cooled to 1°C., then cold acetone or ethanol was added dropwise. The
precipitate when formed was centrifuged, redissolved, diluted to 50 ml. with
the pyridine buffer and subjected to electrophoresis. The supernatant was
filtered of and retained for fractionation of the other protein components
using further addions of cold acetone or alechol in the same manner until
no precipitate could be obtained.

4,— Dialysis techique :

This method was applied for the separation of egy white globulina.
Whole egz white was dialyzed against distilled water. A precipitate was
formed. The mixture was centrifuged and the precipitate was dissolved im
pyridine acetic buffer (pH 4.0). The solution was filtered, then subjected
to paper electrophoreas,

5.—Column chromatography fractionation technique :

This method was used for the separation of the components of ovalbumin
and ovomueoid. An ionic exchange column of carboxymethyl cellulose
{CMC) was used. Two starting phosphate buffers with different concent-
yation were used. The first was NaHPO, + NaH,PO, 0.01 M at PH 6.0.

The higher concentration was 0.1 M at the same pH.
Regults
Fractions of Egg white Proteins :

1.—Ovalbumin :

The fraction obatined at 529 amm. sulphate saturation was electro-
phoretically similar to the ovalbumin fraction which was prepared according
40 the method of Srensen and Hyrup (1950). This fraction indicated the

U.A.R. J. Anim. Prod., 11, No. 1 (1071).
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presence of {our bands in the electrophoretic analysis. They were represen-
ted as the bands 1, 2, 3, and 4, in ihe original cgg wite pattern fig. 15, These
four bands were separated fram each other by using column chromatography
technique as shown in figs, 16 to 21.

2~Conalbumin :

The fraction obtained at 37%amm. sulphate saturation was cleetro-
phoretically represented by the bund number 8 fig, 22. This fraction was
found to be similar te conalbumin which was prepared by aleohol fractionation
technigque according to Bain and Deutsch (1948).

3—Unknown fraction.

A fraction indicating electrophoretically the presence of three bands
represented as 5,6, and 7 on the original eleetrophoretic pattern was obtained
at 609 amm. sulphate saturation fig. 23.

4—Ovomucoid :

The fraction obtained at 65 %am. sulphate saturation was found eletro-
phoretically similar 1o the non-coagulable protein known as ovomucoid
vhich was prepared according to Hesselvik (1938}, by heat coagulation. The

electrophoretic analysis of this fraction revealed the presence of five bands ar
shown in fig, 24,

The first four bands of ovomueoid were also obtained as a fraction at
109 ethyl aleelol conecentration, while the fifth hand was obtained by 80%
acetone concentration fig, 25, CMC. Columay chromatography was uced
fueceaai by o Sractionate Jie 1iree hends : 2, 3 and 4 from the 70% aleshol
fraction of ovemueoid in a pure form as shown in figs. 26-20,

o—Clobuling :

This {raction was found to contain thres proteins, and was eletrophore-
tically identified as that fraction known as globulins G, G, andG, which

was also separated according to longworth et al (1940) and Alderton et al.
(1945).

The first G, was obtained when 15-209 ethanol concentration was used
as represented by band 9 in the original electrophoretic pattern fig. 30.

The second globulin G, was obtained at 37 % amm. sulphate saturation
fig.32, while G, was obtained at 47 Yo amm. sulphate saturation. The two
glebulins G, and G, were also obtained wken the whole egg white was dialyzed

against water and the formed precipitate was dissolved in pyridine / acetic
buffer at PH 4.0. I ¢

UAR. J. Anim. Prod., 11, No. 1 (1971).
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Discussion

Although much work has been done by different workers on the egg
pprotein constituents and their chemical composifion, no definite results were
xeported concerning their electrophoretic studies.

This work compromised an examination by paper electrophoresis of the
.soluble proteins of egg white. The most suitable results were obtained
when a pyridine/acetic acid buffer solution at pH 5.5 was used.

The most striking fact emerged from this work was the considerable
-differences in the electrophoretic patterns and diagrams of either different
warieties of hen or different phylogenetic orders. These differences were
‘not merely of degree, since somne quantitatively important components of
the proteins found in eggs were present in some species, but completely

absent from others figsz. 1—15. Bain and Deutsch (1947), reported the
-same resuits.

The amout of each protein differs from one electrophoretic pattern to
another according to the density of the dye on the paper. The densitometer

was used to measure the color of the bands located on the electrophoretic
pattern.

The electrophoretic patterns of the whole egg white of the three hea
-varieties i.e. Rhode Island, Fayoumi and Baladi were identical in mobility
having 9 distinct bands but slightly differed in the guantity.

On the other hand, the patterns obtained from Turkey, Sudani duck,
‘Pekini duck and Goese showed only eight distinct bands with remarkable

difference in quantity owing to their different phylogenetic orders figs.
1-—15.

Different methods were used to eeparate each protein band located in

“#+he electrophoretie pattern of the Rhode Island variety in rather a pure
‘state.

It was planned to separate the soluble proteine of the egg white using
-eloser ranges of amm. sulphate saturations.

The fraction obtained at 529, amm. sulphate saturation was identified
‘as ovalbumin and was found to contain four protein bands 1—4 fig. 2.
“Separation of the four components were achieved by using the ion exchange
-eolumn echromatography, then followed by the electrophoretic analysis fige.
17—21. These results disagreed with those reported by Lewis et al. (1948),
‘who postulated the presence of only two components. Other workers (5},
{12) reported the presence of three components. These differences in resulte

might be due to th different buffers used or to the different techniques
apphed

U.AR. J. Anim. Prod., 11, No. 1 (1871).

-4



38 H. M SALEM, A. M. YOUSSEF AND A. R. EL-HARRAS

The fraction represented as band 8 fig. 22 was identified as conalbumin.
It might be concluded that conalbumin c¢ould be obtained at 57% amm.
sulphate saturation. This result agreed with those obtained by Clark et al.
{1963) and Hellhammer et al. (1958).

The fraction obtained at 659 amm, sulphate saturation was identified
as the non-coagulable ovomucoid protein. This fraction when subjected to
column chromatography then followed by electrophorciic analysis was found
to contain five compoments, Ovalbumin and Ovomucoid were overlaped by
each other sinee the five bands of ovomucoid were found on the same place
where the ovalbumin usually migrates on the paper fig. 24—29. This may
be due io the fact that in an electric field a protein moves at a rate deter-
mined by the size and shape of the molecule and by the number and kind
of ionizied groups. Fractions that appear homogeneous by eriterion of sol-
ubility may contain components that differ in rate of electrophoretic travel.

These results differed from thoee obtained by earlier investigators {6,

10, 12) who indicated electrophoeretically the presence of one or two compon-
ents.

A fraction obtained at 609, amm. sulphate saturation was separated
elceirophoretically into three bands fig. 23, These bands 5, 6 and 7 were
not identified by any other investigatore.

The fractions obtained by 209, ethanuol concentration or at 38% and
479 amm. sulphate saturation were identified as the globulins G, G,.
and G,, G, showed the highest mobility of all egg white proteins representing
band 9. The other two G, and G, were ovrlaped by the preeceding bands 7'
and §. These bands were previously identified by Longsworth et al. (1940)..
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