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CHAPTER I 

INTRODUCTION 

Hen's eggs, because of their importance as a protein 

source, have been studied by many scientific disciplines. 

Daring the last century, poultry scientists, protein chem

ists, embryologists and food technologists have studied 

this complex biological system (Osuga and Feeney, 1977). 

The egg has also served as an economically and nutri

tionally important food. In 1978, this country produced 67.2 

trillion eggs for human consumption with 686 million of 

these utilized as liquid, frozen and dried products. Nu

tritionally, whole eggs are relatively high in protein, 

containing about 12?o. Egg protein is also of good quality 

because of the presence of all eight essential amino acids. 

Several trace minerals are found in eggs. These include 

potassium, sodium, phosphorous, magnesium and iron. Also, 

the following vitamins are present in eggs: Vitamin B^, 

pantothenic acid, biotin, folic acid and choline. Linoleic 

acid is the only major essential fatty acid found in eggs. 

Egg albumin, also referred to as native egg white (NEW), 

has been a convenient protein system to study. Along with 

small quantities of lipids (0.03%), carbohydrates (0.^ to 

0.9%,) and ash (0.5 to 0.67,), NEW is a nearly pure aqueous 

solution containing about 10.5% protein (Powrie, 1973). 
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NEW proteins, composed primarily of glycoproteins, have been 

easily isolated. 

The majority of analytical research on NEW proteins has 

been conducted in the last three decades. Two common, clas

sical methods reported for isolation and purification of NEW 

proteins were chemical fractionation and ion-exchange chroma

tography. Moving boundary electrophoresis was used to evalu

ate and characterize protein isolates. 

Since the development of classical protein isolation 

methods, electrophoretic techniques have been developed with 

excellent resolving power. Polyacrylamide gel electrophoresis 

(PAGE) was introduced by Davis (1964) but was not applied to 

NEW until an investigation by Chang e^ aĴ  (1970) . Subsequent

ly, PAGE has been utilized to evaluate a number of changes 

occuring during NEW processing. Sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE), developed by 

Weber and Osborne (1969), was similar to PAGE except a 

detergent and a denaturing agent were added, thus allowing 

protein molecular weights to be quickly and easily estimated. 

SDS-PAGE has rarely been applied to NEW proteins. 

Because the classical fractionation methods for NEW 

proteins have not been evaluated by these latest electro

phoretic systems, this study was initiated. The objectives 

of this study were: (1) to fractionate control and experi

mental batches of NEW by the classical chemical methods sum

marized by Warner (1954) and by the ion-exchange cellulose 



chromatography method of Rhodes e^ al (1958), (2) to evaluate 

and analyze the isolated proteins by PAGE, (3) to estimate 

molecular weights of all protein components by SDS-PAGE, and 

(4) to note any differences between the two batches of NEW. 



CHAPTER II 

REVIEW OF LIIER^\TU?^ 

This chapter is divided into two sections. The first sec

tion is a general review of the major native egg white (NEW) 

proteins. The second section reviews the uses of chromatog

raphy, electrophoresis and combinations of these two tech

niques in observing characteristics of native and processed EW 

protein. For more detailed information concerning individual 

NEW proteins, the reader is referred to the following reviews: 

Warner (1954), Powrie (19^3), Vadehra and Nath (1973) or 

Osuga and Feeney (1977). The major protein components of NEW 

are presented in Table 1. NEW is thought to contain as miany 

as 40 different proteins (Vadehra and Nath, 1973) with oval

bumin, conalbumin, ovomucoid, lysozyme and globulins G^ and G^ 

comprising about 90% of the total. The remaining protein 

components are considered minor since their individual con

centrations are less than 1.0%. As noted in Table 1, the 

majority of NEW proteins have acidic isoelectric points as well 

as intermediate (10,000 to 50,000 Daltons) molecular weights. 

General 

Ovalbumin 

Ovalbumin, the most abundant protein in NEW, was first 

crystallized by Hofmeister (1889). This phosphoglycoprotein 

(molecular weight 45,000) exists in three distinct forms 
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TABLE I 

PROTEIN COMPONENTS OF NEW 

Constituent 

Ovalbumin 

Conalbumin 

Ovomucoid 

Lysozyme 

G2 

^3 

Ovomuc in 

Flavoprotein 

Ovoglycoprotein 

Ovomacroglobulin 

Ovoinhibitor 

Avidin 

Ficin inhibitor 

a/ 

54 

13 

11 

3. 

4. 

4. 

3. 

0. 

0. 

0, 

0. 

0 

0 

> 

5 

0 

0 

5 

8 

,5 

,5 

.1 

.05 

.05 

Pl 

4.6 

6.6 

4.1 

10.7 

5.5 

4.8 

4.5 

4.1 

3.9 

4.6 

5.2 

10.5 

5.1 

Molecular 
weight 

45,000 

76,000 

23,000 

14,600 

30.-45,000 

-

110,000 

35,000 

24,000 

760-900,000 

44,000 

68,300 

12,700 

Characteristic 

phosphoglyco-
orctein 

binds iron 

inhibits trypsin 

bacteriolytic 

-

-

high in sialic 
acid 

binds riboflavir 

sialoprotein 

-

protease inhi
bitor 

binds biotin 

protease inhi
bitor 

Source: Osuga and Feenev (1977) 



differing only in phosphorous content. Perlmann (1952) 

showed ovalbumin AT, A2 and A^ contained 2, 1 and 0 phos

phorous atoms per molecule, respectively. 

Ovalbumin was found by Warner (1954) to be highly sus

ceptible to denaturation by agitation. Denaturation was 

attributed to the low degree of crosslinking within the 

molecule. Fothergill and Fothergill (1970) reported the 

presence of only one disulfide bond per molecule. 

Upon storage, ovalbumin will convert to S-ovalbumin. 

Smith (1964) and Smith and Back (1965, 1968) reported changes 

in optical rotatory dispersion and increased viscositv as 

conversion to the S-form was completed. 

Ammonium sulfate fractionation has been used to obtain 

crude ovalbumin (Warner, 1954). Ion exchange chromatography 

allows separation of ovalbumin A-, , A2, and A^ (Phodes e_t_ al, 

1958 and Mandeles, 1960). 

Conalbumin 

The glycoprotein conalbumin was discovered by Osborne 

(1889) . Though purified by Alderton et aĴ  (1946) , ccnalbutvln 

was first cr^/stallized by Warner and Weber (1951) . Conal

bumin, contributing about 13% of the total protein in NEW, 

has a molecular weight of approximately 7 6,000. 

This unique protein belongs to the transferrin group of 

proteins because of its abilit'̂  to stronglv bind iron. 

Fraenkel-Conrat and Feeney (1950) reported the binding of two 

metal ions oer molecule of conalbumin. Many other metal ions 



notably Cu"̂ ,̂ Zn"̂ ,̂ Cr^^, Co"̂ ^ and Al"̂ ^ have been sho^m to 

chelate with conalbumin (Tan and Woodworth, 1970). Anti

microbial characteristics of conalbumin were reported by 

Garibaldi and Bayne (1962) , who observed that as iron content 

in wash water increased during processing, there was a 

proportional increase in microbial activities. 

Classical isolation of conalbumin used atmionium 

sulfate precipitation techniques (Warner, 1954). More recent 

methods have included ion exchange chromatography, from which 

Rhodes et_ al̂  (1958) reported two distinct conalbumin isolates, 

Later, Clark ejt al (1963) and Feeney e_t al (1963) showed a 

4:1 ratio of these two forms using electrophoretic analyses. 

Ovomucoid 

Ovom.ucoid, a heat resistant glycoprotein, was first re

ported by Morner (1894). Lineweaver and Murray (1947) ob

served this protein of molecular weight 28,000 to be an 

inhibitor of the protease trypsin. Trypsin inhibition was 

found to be highly stoichiometric, that is, one molecule of 

ovomucoid inhibited the attack of one trypsin molecule. 

Ovomucoid is classically obtained by ammonium sulfate 

fractionation (Warner, 1954). Chromatographically, ovom.u-

coid has been fractionated by ion exchange celluloses (Rhodes 

et al, 1958 and Mandeles, 1960). Also, Rhodes e^ al (1960) 

reported three distinct forms of ovomiucoid found with ion 

exchange chromatography. These three forms were later 

confirmed by Melamed (1967) using starch gel electrophoresis 

(SGE). 
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Two other protease inhibitors have been isolated from 

crude ovomucoid preparations: ovoinhibitor and ficin in

hibitor. Rhodes et_ al (1960) found ovoinhibitor (molecular 

weight 49,000) to cause inhibition of two trypsin and two 

chrymotrypsin molecules simultaneously. Ficin inhibitor, 

characterized by Fossum and Î Hiitaker (1968) , has a molecu

lar weight of 12,700 and will inhibit papain as well as 

ficin. 

Globulins 

Globulins G^ and G^ were first noted by Longsworth e_t 

al (1940) who analyzed NEW using moving boundary electro

phoresis (MBE). Baker and Manwell (1962) also separated 

these globulins with SGE. Little is known about the struc

ture of globulins G^ and G^. 

Feeney et_ al̂  (1963) , using ion exchange cellulose 

chromatography in conjunction with ammonium sulfate frac

tionation, partially purified G2 globulin. Membrane filtra

tion studies by starch gel electrophoresis yielded a molec

ular weight range of 35,000 to 45,000 for this globulin. 

The concentrations of Gr^ globulin were also found to be 

genetically variable. 

MacDonnell et^ al (1955) have shown that globulins Ĝ  

and G^ are excellent foaming agents. Also, Ĝ  and G.̂  were 

repeatedly used to observe electrophoretic changes during 

heating or pasteurization of NEW (Seideman et al, 1963 
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Chang e_t al, 1970, Cunningham, 1974 and Galyean and Cotter-

ill, 1979). 

Lysozyme 

The bacteriolytic activity of NEW was first observed b; 

Laschtoschanko (1909). Flemming (1922) further studied the 

mode of action of lysozyme on bacterial cell walls. Lysoẑ mie 

was first crystallized by Alderton and Fevold (1946). Since 

these early investigations, thousands of articles concerning 

lysoz3rme have been published. This highly-studied enzyme, 

with a molecular weight of 14,600, will hydrolyze 3(1-4) 

linkages between muramic acid and N-acetylglucosamine in 

bacterial cell walls (Board, 1968). 

A unique feature of lysozyme is its alkaline isoelectric 

point of 10.7. This basic isoelectric point causes cathodic 

electrophoretic migration along with the formation of ionic 

complexes with ovomucin and conalbum-in (Ehrenpreis and 

Warner, 1956) and ovalbumin (Cunningham and Cotterill, 1971, 

Nakai and Kason, 1974). An excellent review of lysoz>̂ .e 

literature has been published by Hamaguchi and Harashi (1972). 

Minor Com.ponents in NEW 

Five characterized minor protein components of NEW will 

now be reviewed. 

The largest protein in NEW, ovomucin, was first described 

by Eichloz (1898). This glycosulfoprotein was observed to be 

very different from other NEW proteins because of its high 
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content of cystine, galactosamine and sulfate esters. Con

siderable research has been conducted on ovomucin because of 

its formation of complexes with lysozyme resulting in consi

derable thinning of NEW (Cotterill and Winter, 1955). 

Flavoprotein was first isolated and characterized by 

Rhodes e^ al. (1958, 1959). This acidic phosophoglycoprotein 

has a molecular weight of 35,000, and the unique ability to 

stoichiometrically bind one mole of riboflavin per m.ole of 

protein. 

Ovomacroglobulin, the second largest protein in NEW, was 

initially observed in SGE patterns by Lush (1961). Miller 

and Feeney (1966) observed that this protein migrated very 

slowly during slab gel electrophoresis. This large glyco

protein has been shown to have no inhibiting effects on 

proteases (Donovan et_ al, 1969) . It was also reported to 

possess a high degree of immunocrossreactivity. 

Ovoglycoprotein was observed and studied by Ketterer 

(1962, 1965). This molecule, with an isoelectric point of 

3.9, is thought to be the most acidic protein in NEW. Ovo

glycoprotein has a molecular weight of 24,400. 

Avidin has been extensively studied since its discovery 

as the causative agent of Chinese dried egg white injury by 

Parsons and Kelly (1933). The biotin-chelating protein was 

observed by Green (1964) and Green and Toms (1973) to contain 

four polypeptide subunits, each binding one biotin molecule. 

This 68,300 molecular weight protein will dissociate into 
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four identical subunits under various reducing conditions, 

including 3.5 M guanidine hydrochloride. 

Uses of Electrophoretic and Chromatographic 

Techniques in N'EW Protein Chemistry 

Electrophoresis 

Electrophoresis is a successful research tool for 

fractionation and characterization of protein mixtures from̂  

biological materials. The technique has been utilized ex

tensively in studying NEW proteins. Several electrophoretic 

techniques have been used to qualitate as well as quantitate 

NEW proteins. Pertinent electrophoretic investigations will 

be briefly discussed. 

Numerous general electrophoretic studies concerning NEW 

proteins have been published. In an early investigation 

employing J'IBE, Longsworth ejt aX^ (1940) and Forsythe and 

Foster (1949) fractionated NEW into seven distinct com.ponents 

Evans and Bandemer (1956), using paper electrophoresis, re

ported seven electrophoretic components but several bands 

were poorly resolved. Later, with the advent of SGE, Lush 

(1961), Stevens (1961) and Feeney et_ al (1963) fractionated 

NEW into 19 bands, demonstrating the high resolving power 

of this technique. More recently, Chang et_ aX_ (1970) ob

served 12 bands from analytical polyacrylamide gel electro

phoresis (PAGE) of NEW. In 1972b, Parkinson employed PAGE 

and SGE to study proteins isolated from chromatographic 
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separations of NEW, egg yolk and whole egg. Ovalbumin, 

conalbumin and ovomucoid were used as marker proteins. The 

same year, Butts and Cunningham (1972), utilizing PAGE, 

investigated effects of hen dietary protein on properties of 

NEW. Comparison of results to SGE patterns described by 

Lush (1961) and Feeney et_ al (1963) aided in identification 

of the following NEW proteins: ovalbumin, conalbumin, ovo

macroglobulin, ovomucoid, flavoprotein and globulins. Utiliz

ing sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

(SDS-PAGE), Hofmann (1973) used molecular weight estimations 

and characteristic protein band positions to differentiate 

meat proteins from NEW proteins. NEW, however, was not 

characterized by SDS-PAGE, but was used mainly for qualita

tive comparison purposed. Koehler (1974) employed PAGE to 

note changes occuring in NEW subjected to long storage times 

at higher than normal storage temperatures. Similarly, 

Grunden e_t al_ (1974) used PAGE to ascertain changes in NEW 

patterns after exposure to proteolytic enzymes. Cunningham 

(1974) and Galyean (1975) studied pasteurization effects on 

NEW using SGE and PAGE respectively. From PAGE analysis 

of drainage portions from NEW foams, Cunningham. (1976) showed 

that all major NEW proteins except ovalbumin were retained 

in foams, thus contributing to the whipping ability of NEW. 

Electrophoretic analyses have been extensively used in 

characterizing individual components of NE'v/. Ovalbumin was 

qualitatively found to contain three separate moeities by MBE 



13 

as reported by Perlmann (1952). Clark et al (1963) observed 

two forms of conalbumin by SGE. Also using SGE, Wise et al 

(1964) and Melamed (1967) detected three distinct ovomucoids. 

The ovoglobulins G2 and G^ were characterized by Baker and 

Manwell (1962) by SGE. Genetically pol3miorphic G. globulin 

was partially purified and characterized by Feeney e^ aĵ  

(1963) using SGE. Most recently, Kato e_t al (1977) employed 

SDS-PAGE to observe changes in lysozyme content during thin

ning of NEW. 

Chromatography 

Cellulosic ion exchange chormatography, developed origin

ally by Peterson and Sober (1956), has been used repeatedly 

to analyze and fractionate various protein systems. Carboxy

methyl cellulose (CMC) and diethylaminoethyl (DEAE) cellulose, 

because of relatively mild conditions of exchange, have been 

utilized to fractionate and concentrate NEW proteins. These 

mild conditions have been tremendous assets in obtaining 

pure, unaltered protein isolates. The major chromatographic 

studies of NEW are discussed in this section. 

The first comprehensive chromatographic fractionation 

of NEW was reported by Rhodes et aĵ  (1958). Utilizing CMC, 

Rhodes employed a stepwise pH gradient to obtain 13 separate 

components including ovomucoid, three ovalbumins, two conal-

bumins and lysozyme. These major protein fractions were 

identified by spectrophotometric analyses and tested for 

homogeneity by moving boundary and paper electrophoresis. 
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Similarly, Mandeles (1960) used a continuous, nonlinear 

gradient elution schedule of DEAE cellulose to fractionate 

NEW into 11 components. Identified by spectrophotometric 

analyses were ovalbumin, conalbumin, ovomucoid and lysozyme. 

Parkinson (1972a) employed both CMC and DEAE celluloses 

to fractionate NEW, egg yolk and whole egg. Of special in

terest were the effects of mixing NEW with egg yolk and 

demonstrating interactions between these two different pro

tein systems. 

More recently, Galyean (1975) made use of a modified 

nonlinear elution gradient to fractionate NEW into 10 compo

nents with DEAE cellulose. Chromatographic procedures were 

helpful in observing changes in fractionation patterns of 

pasteurized NEW samples. 

Chromatography has been a useful tool in observing and 

studying various individual proteins from NEW. Several of 

these applications are noted here. Avidin, the biotin -

binding protein in NEW, was one of the first NEW constituents 

studied chromatographically. To purify biotin, Fraenkel-

Conrat et_ al (1952) used bentonite adsorption chromatography 

and Melamed and Green (1963) used ion exchange chromatography. 

Flavoprotein was observed and later confirmed by Rhodes et_ al 

(1958, 1959) by elution from CMC chromatography. Ovomucoid 

was eluted from CMC by Rhodes e^ al (1958) . Tomenatsu e_t al 

(1966) used ion exchange chromatography to isolate ovoinhibito: 

from trichloroacetic acid-precipitated ovomucoid. Globulin G 
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was isolated by chromatography on DEAE cellulose and CMC 

in conjunction with ammonium sulfate precipitation by 

Feeney e_t al. (1963). More recently, lysozyme has been 

highly purified by Weaver ejt al (1977) by elution from 

deaminated chitin. 

Combined Electrophoretic and Chromatographic Methods 

Several studies used chromatographic and electrophoretic 

techniques together to fractionate and analyze NEW proteins. 

An early investigation by Feeney et_ al̂  (1963) utilized 

DEAE cellulose and CMC chromatography to partially purify 

G2 globulins. The crude Ĝ  isolate was tested for homogeneity 

by SGE. Several uncharacterized globulins were also observed 

but not studied. Feeney concluded that G2 globulin varied 

in concentration in NEW because of genetic polymorphism. Ball 

and Cotterill (1971) employed PAGE in conjunction with gel 

permeation chromatography to characterize the globulin 

fraction obtained by ammonium sulfate precipitation of NEW. 

Cunningham and Cotterill (1971) studied interactions 

between NEW and egg yolk when these two systems were mixed. 

Results indicated lysozyme and ovomucoid were altered. 

Differences in concentrations of these proteins were detected 

by DEAE cellulose chromatography but not paper electrophor

esis. Similarly, Parkinson (1972a) characterized fractions 

from gel permeation and DEAE cellulose chromatography of 

NEW, egg yolk and whole egg. PAGE analysis yielded good 

resolution in all fractions, thus aiding in identification 
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of several proteins. 

Cunningham (1976) compared NEW to liquid drainage ob

tained from the breakdown of mechanically-formed NEW foams. 

Chromatographically, DEAE cellulose showed reductions in 

lysozyme, conalbumin and ovalbumin in foams. These findings 

were verified by decreases in band intensities from PAGE 

analysis comparing foam drainage and controls. 

Studying changes occurring during processing and pas

teurization of NEW, Galyean (1975) utilized DEAE cellulose 

chromatography and PAGE. This study observed differences 

in chromatographic patterns as well as electrophoretic dis

tributions when spray dried NEW was subjected to dry heat 

pasteurization. After 12 days at 82°C, total loss of reso

lution by both techniques was observed. 



CHAPTER III 

MATERIALS AND METHODS 

NEW Sample Preparation 

Infertile chicken eggs, one or two days old, were 

obtained from two sources. Several dozen eggs were pur

chased at random from a retail outlet (Furr's Superm.arket, 

Lubbock, Texas). Control batch eggs were obtained from a 

local egg processor (Cal-Maine Foods, Lubbock, Texas). The 

control batch of eggs was a "nest run" from a genetically 

isolated flock and constituted a sam.ple of known origin. 

The control sample eggs were cage-layed by \^ite Leghorn 

laying hens. All birds were first-year layers and were fed 

a high-protein, high-energy ration. The closed flock con

sisted of about 25 hens. 

The eggs were broken and whites carefully separated 

such that there was no contamination with yolk. Pooled NEW 

(1.0 1) was slowly mixed in a Waring blender for 10 min. 

During blending, a small (150 ml) Erlenmeyer flask was held 

slightly below the surface of the liquid to prevent incor

poration of air. Blended native egg white (NEW) was filtered 

through three layers of cheesecloth to remove pieces of shell 

and chalazae. Prepared samples were stored at -20 C. Prior 

to analysis, frozen samples were thawed overnight in a 

refrigerator maintained at 4^C. 

17 
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Chemical Fractionation 

A comprehensive ammonium sulfate precipitation scheme, 

developed by Warner (1954), was utilized to obtain crude 

fractions of ovalbumin, conalbumin, ovomucoid, lysozyme and 

globulins. The flow sheet for ammonium sulfate fraction

ation of NEW is shown in Figure 1. Blended NEW (1.0 1) was 

separated into albumin filtrate and globulin precipitate by 

adding 1.0 1 of saturated ammonium sulfate (765 g/1 or 4.1 M 

at 25 C). After stirring for 20 minutes, globulin preci

pitate was removed by centrifugation at 2000 rpm (750 x G) 

for 20 min. 

Albumin Fractionation 

Ovalbumin. The filtrate obtained as the albumin frac

tion served as the starting material for isoelectric preci

pitation of ovalbumin. To initiate crystallization, 30 to 

50 ml of saturated ammonium sulfate were added, yielding a 

slightly cloudy solution. Sulfuric acid (0.5 M) was added 

dropwise with constant stirring, until the solution was pH 

4.6. Crystallization at isoelectric pH was continued at 

4°C for 24 hr. Ovalbumin precipitate was removed from the 

solution by centrifugation and supernatant was saved for 

conalbumin fractionation. This method was used to recrys-

tallize crude ovalbumin a total of three times. Ovalb'-imln 

isolate was lyophilized following dialysis against running 

tap water for 12 hr and distilled water for 12 hr. The 

fluffy white material obtained was stored at 0°C until 
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Blended Ni:W 

equal volume 
saturated ammonium 

sulfate 

filtrate 
Albumin fraction 

Add 0.5M H2S0^ 

to pH 4.6 

filtrate 
add 8.0 g 

ammonium sulfate 
per 100 ml filtrate 

precipitate 
Ovalbumin 
fraction 

precipitate 
Globulin fraction 

dialyze against H2O, 

then against 5% NaCl, 

pH 4.5 

filtrate 
precipitate 
extract with 
5% NaCl, HoC 

filtrate 
saturate 
with 

ammonium 
sulfate 

adjust pH 
to 10.7, seed 
with crystaline 
lysoz'rme 

precipitate 
Ovomucin 
discard 

precipitate 
conalbumin 
fraction, dialyze j ~ l 
against 0.02 M filtrate precipitate 
NaCl, 20%, ethanol. Globulin Lysoz:7me fraction 
pH 6.0, O.OOC fraction 

filtrate 
discard 

precipitate 
Ovomucoid 
fraction, 
dissolve in 

filtrate 
discard precipitate 

Conalbumin 
fraction, re-
precipitate as 
before 

H2O, heat to 

100 C for 5, min. 
precipitate 

discard 

filtrate 
Ovomucoid 
fraction 
precipitate at 
b^C, 65% ethanol 

Figure 1. Ammonium Sulfate Fractionation of Native E2:g ̂ l-iite 
(NEW) (Warner, 1954). 
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used for analysis. 

Conalbumin. As previously indicated, supernatant from 

ovalbumin crystallization was used to isolate crude conal

bumin. Solid ammonium sulfate was added with constant 

stirring at a rate of 8 g per 100 ml of supernatant. After 

20 min, the crude conalbumin fraction was removed by centri

fugation (750 X G for 20 min). The supernatant was set aside 

for ovomucoid fractionation as described later. Precipitated 

crude conalbumin was dissolved in a minimum amount of water 

and dialyzed against two changes of distilled water for 24 hr. 

Isoelectric precipitation of conalbumin was accomplished by 

dialysis at 4°C against two changes of 0.02 M NaCl, 20% 

ethanol at pH 6.0. Addition of KH2PO, (1 g/4 1) buffered the 

solution to the desired pH. After 48 hr, conalbumin was 

centrifuged (750 x G for 20 min) out of the solution and 

reprecipitated by the salt-ethanol method described above. 

The crude isolate then was dialyzed against running tap water 

for 24 hr and distilled water for 24 hr. The isolate was 

lyophilized and stored at 0 C. 

Ovomucoid. To precipitate the ovomucoid fraction, super

natant from the conalbumin crystallization was saturated with 

solid ammonium sulfate. Crude ovomucoid was removed by 

centrifugation (750 x G for 20 min) and the filtrate was dis

carded. The precipitate was dissolved in water, heated in 

a 100 C water bath and held for 5.0 min. After cooling to room 

temperature, the denatured contaminating proteins were removed 
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by centrifugation (750 x G for 20 min) and discarded. The 

supernatant was dialyzed against tap water for 12 hr and 

against distilled water for 12 hr. Crude ovomucoid was 

lyophilized and the resulting yellow powder was stored at 0°C. 

Globulin Fractionation 

Precipitate obtained from the initial albumin-globulin 

fractionation constituted crude globulin fraction. 

Lysozyme. The crude globulin fraction was dissolved in 

a minimum amount of water and dialyzed against running tap 

water for 16 hr, then against distilled water for 12 hr. 

Dialysis was then conducted against 4 1 of 5% NaCl buffered 

with 0.0025% NaH2P0,, pH 4.5. After 16 hr, a cloudy, mucous-

like precipitate, believed to be ovom.ucin, was removed by 

centrifugation (750 x G for 20 min) and discarded. The super

natant pH was raised to 10.7 and after seeding with commercial 

lysozyme crystals, crystallization was initiated by scratching 

a wall of the flask below the liquid surface with a glass rod. 

Crystallization was continued at 4°C for 72 hr. Crystals were 

centrifuged from the solution, dissolved in water and dialyzed 

as previously described. Following lyophilization, crude 

lysozyme was stored at 0 C. 

Globulins Gy and G^. The supernatant from lysozyme crystal 

lization served as crude globulin isolate. This filtrate was 

dialyzed against tap water and distilled water for a total of 

48 hr, lyophilized and stored at O^C. 
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Chromatography 

The carboxymethyl cellulose (CMC) ion exchange chroma

tography procedure of Rhodes e£ al (1958) was used with 

modified flow rate and column size to fractionate NEW pro

teins . 

Instrumentation 

The flow diagram for CMC ion exchange chromatography is 

shown in Figure 2. Fluting buffers were pumped from a 1.0 1 

buffer reservoir by a syringe-type metering pump (Isco Model 

312, Isco Specialties Co. Box 5347, Lincoln, Nebraska). The 

elutant was pum.ped through the cation exchange system con

tained in a 2.5 X 30 cm glass chromatographic columin (Glenco 

Scientific, 2802 White Oak Drive, Houston, Texas). An ultra

violet absorbance monitor (Isco Type 6 Optical Unit) detected 

eluted proteins by absorbance at 280 nm. Absorbance was re

corded at 1.5 cm/hr with an Isco UA-5 Absorbance/Fluorescence 

monitor. The eluant which contained protein was pooled into 

100 ml fractions, dialyzed against tap water and distilled 

water for a total of 48 hr, then lyophilized. All fractions 

were stored at O^C until required for further analysis. 

Column Preparation 

CMC cationic exchange material, (Bio Rad Laboratories, 

32nd and Griffin, Richmond, California) used in these separ

ations contained an exchange capacity of 0.74 milliequiva-

lents per gram. The following clean-up procedure was 
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Figure 2 Flow diagram for ion exchange chromatography. 
1. 1.0 1 buffer reservoir for 0.1 M ammonium ace
tate buffers, 2. Metering pump for maintaining 
a constant buffer flow of 5.0 ml/min, 3. glass 
column, 3.5 x 30 cm, filled with 30.0 g CMC ex
changer, 4. Ultraviolet absorbance monitor, 280 
nm, 5. Recorder for monitoring eluted proteins, 
sensitivity = 2.0, chart speed 1.5 cm/hr and 
6. Fraction collector, 100 ml fractions collected 
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recommended by the manufacturer. Dry CMC (30.0 g) was sus

pended in each of the following: 1. 500 ml of 1 x 10""̂  M 

cysteine-HCL, 2. 0.50 M NaOH, 0.05 M NaCl and 3. distilled 

water, then filtered on a Biichner funnel through Whatman no. 1 

filter paper. These washes were repeated five times to ensure 

removal of undesirable residual chemicals. CMC then was sus

pended in 500 ml of 0.01 M ammonium acetate buffer, pH 4.2, 

and filtered. To further equilibrate CMC, the filter cake 

was washed with 500 ml of 0.01 M ammonium acetate buffer, pH 

4.2, then filtered. Following five more washes, the cellulose 

cake was suspended in 1.0 1 of 0.1 M ammonium acetate, pH 4.2 

and allowed to settle for 1 hr. Suspended fines in the super

natant were then removed by aspiration. Washed CMC was poured 

into a 500 ml packing reservoir and exchanger was allowed to 

pack under its own gravity for several hours. Excess buffer 

was aspirated, packing reservoir removed, and column was fitted 

for elution. To equilibrate the cellulose with the flow rate 

to be used in the separation, 1.0 1 of 0.1 M ammonium acetate 

buffer, pH 4.2, was pumped through the column at a rate of 

5.0 ml/min. 

Sample Preparation and Application 

Prior to chromatography, a 50 ml aliquot of blended NEW 

was dialyzed 48 hr at 4°C against several changes of 0.1 M 

ammonium acetate buffer (pH 4.2). A small white precipitate 

formed during dialysis was removed by centrifugation (750 x G 

for 20 min) and discarded. A 30 ml aliquot of yellow super-
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natant was slowly adsorbed onto the cellulose. The col̂ jmn 

was then carefully filled with pH 4.2 ammonium acetate buffer 

and remaining fittings were placed on the packed column. 

Sample Elution 

Individual proteins present in NEW were eluted from the 

column by twelve stepwise changes of 0.1 M acetate buffer. 

The desired pH values were obtained by adding 30% ammonium 

hydroxide. Approximately 300 ml of each buffer were used to 

elute specific proteins. The buffers had the following pH 

values: 

Buffer 1. 4.2 Buffer 7. 6.0 

Buffer 2. 4.4 Buffer 8. 6.7 

Buffer 3. 4.6 Buffer 9. 8.5 

Buffer 4. 4.8 Buffer 10. 9.5 

Buffer 5. 5.0 Buffer 11. 10.0 + 0.025 M Na^CO. 

Buffer 6. 5.5 Buffer 12. 10.0 -f 0.20 M Na2C0^ 

Dialysis and Lyophilization 

Chromatographic fractions were dialyzed in cellophane 

tubing against running tap water for 24 hr and dialyzed for 

24 hr. The fractions were lyophilized and stored at 0 C. 

Electrophoresis 

Instrumentation 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

(SDS-PAGE) and polyacrylamide gel electrophoresis (PAGE) were 

conducted in a Biichler Polyanalyst electrophoresis cell 
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(Buchler Instruments Inc., Fort Lee, New Jersey). Current 

for electrophoretic separations was produced by a regulated 

current power supply (Buchler Model 3-1155). During all 

separations tap water (15°C) was circulated through the 

water-jacketed lower buffer reservoir to prevent localized 

heating within the gels. 

To aid in mobility calculations, densitometric scans 

of each gel were obtained using an Isco Model 1310 Gel 

Scanner in conjunction with an Isco Type 6 Optical Unit. 

Absorbance was monitored at 540 nm with 0.25 mm slits and 

recorded by an Isco UA-5 Absorbance/Fluorescence monitor. 

The gels were placed in thin-walled Pyrex tubes and scanned 

by moving the gel through the optical unit at 30 cm/hr. 

The absorbance monitor was set at absorbance 2.0 and chart 

speed of 30 cm/hr. 

PAGE Procedure 

The PAGE method of Galyean and Cotterill (1979) was 

used to analyze NEW proteins, ammonium sulfate fractions and 

CMC chromatographic isolates. Slight modifications in pro

tein band fixing and staining were employed. 

Gel Preparation. Prior to gel preparation, electro

phoresis tubes (12.5 cm X 0.6 cm I.D. X 0.8 cm O.D.) were 

washed with warm water and soaked overnight in chromic acid 

cleaning solution. After rinsing with distilled water, tubes 

were immersed in 1% surfactant solution (Photoflo 200, East

man Kodak Co., Rochester, New York) to aid in gel removal 
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after electrophoresis. The tubes were then air-dried. A 

small square of Parafilm and a rubber serum cap were fitted 

over one end of each tube, ensuring a flat surface on the 

gel bottom. The gel tubes were placed in a polym.erization 

rack (Buchler Universal Gel Pol3mierization Rack) on a level 

surface. 

Stock solutions for 7.5% separating and 3.0% stacking 

gels were prepared as shown in Table 2. To prepare 7.5% 

separating gels for 18 tubes, 12.5 ml of solutions A and C 

were mixed in a small beaker. To this solution, 25 ml of 

freshly prepared catalyst solutionG were added with stirring. 

Approximately 3.0 ml of mixed gel solution were pipetted 

into each tube. Gel solution then was layered with 50 ̂ 1̂ 

of distilled water. After 30 min, water layers were aspir

ated from the solidified gels leaving a flat surface. A 

3.0% stacking gel was prepared by mixing 2.0 ml of solutions 

B, D, E and water with 8.0 ml of solution F. Unpol̂ .mierized 

stacking gel (0.3 ml) was pipetted on top of separating gel, 

followed by layering with distilled water. Stacking gel 

solution was polymerized by a strong fluorescent light. Wate: 

layers were again removed and protein sam.ples were pipetted 

onto the stacking gel. Sample gels i<rere prepared by poly

merizing 0.3 ml of stacking gel solution on top of the pro

tein solutions. Serum caps and Parafilm were removed and 

the tubes were placed into grommets in the upper buffer cell 

of the electrophoresis apparatus. 
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STOCK SOLUTIONS FOR PREPARING PAGE 
SEPARATING AND STACKING GELS 
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Solution Constituents 

A. 7.5% Separating gel 
buffer 

B. 3.0% Separating gel 
buffer 

C. 7 . 57o Acrylamide stock 
solution 

1 N HCl 24 ml 
THAM̂ ' 18.1 g 
TEMED'̂ '̂  0.12 ml 
dilute to 100 ml 
pH 8.8 to 9.0 

1 N HCl 48 ml 
THAM 5.98 g 
TEMED 0.46 ml 
dilute to 100 ml 
pH 6.6 to 6.8 

Acrylamide 28.0 ; 
Bis**'"̂  0.735 g 
dilute to 100 ml 

D. 3.0%, Acrylamide stock 
solution 

Acrylamide 20.0 g 
Bis 5.0 g 
dilute to 100 ml 

E. 3.0% Gel polymerizing 
solution 

F. 40% Sucrose solution 

G. 7.5% Gel polymerizing 
solution 

H. Electrode buffer 
solution 

I. Gel staining solution 

Riboflavin 0.004 g 
dilute to 100 ml 

Sucrose 40.0 g 
dilute to 100 ml 

Ammonium persulfate 0.14 g 
dilute to 100 ml 

THAM 3.0 g 
Glycine 14.4 g 
dilute to 1000 ml 
pH 9.2 

Coomassie Blue 1.0 g 
Trichloroacetic acid 200 g 
Sulfosalicylic acid 30 g 
Methanol 250 ml 
dilute to 1000 ml 
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TABLE II continued 

Solution Constituents 

J. Tracking dye solution Bromphenol Blue 0.05 g 
dilute to 100 ml 

T̂HAI-l is abbreviation for Tris hydroxymethylaminomethane 

-̂-TEMED stands for N,N, N ' ,N' -tetramethylethylenediamine 

ycVcVx-gis stands for N,N'-methylene bisacrylamide 
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Sample Preparation. Lyophilized NEW protein isolates 

were hydrated to 20 mg/ml with distilled water. NEW con

trols were prepared by diluting 5.0 ml of freshly blended 

NEW to 50 ml with distilled water. For electrophoresis, 

10 to 20 yl (100 to 200 yg protein) constituted the normal 

sample load. 

Electrophoretic Conditions. Upper and lower buffer 

reservoirs were filled with 200 and 800 ml respectively of 

solution H diluted 1:10 with distilled water. The uooer 

reservoir, with several drops of tracking dye solution J 

added, was carefully placed into the lower cell and adhering 

air bubbles were removed by slowly twirling the upper 

reservoir. Gel chamber electrodes were connected to the 

power supply and 3.0 milliamperes (mA) per gel were applied 

with the anode in the lower buffer cell. The tracking dye 

migrated to within 0.5 cm of the bottom of the gels after 

3 hr. 

Visualization of Protein Bands. After electrophoresis, 

gels were removed from gel tubes by rimming. Rimming was 

accomplished by slowly advancing a 22 gauge needle between 

the gel and the sides of the gel tube while sim.ultaneously 

introducing 25% glycerol solution from a syringe. A pin 

was inserted into the gel to mark the dye front. 

Gels were stained 4 hr by soaking in fixative stain 

solution I. Destaining was accomplished by soaking the 

gels in 7.5% acetic acid for 48 hr. 
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SDS-PAGE Procedure 

The SDS-PAGE method of Laemmli (1970) was used with 

modifications in gel and sample preparation to analyze NEW 

and fractionated samples. 

Molecular Weig;ht Standard Curve. Molecular weights of 

unknown proteins may be estimated by SDS-PAGE by reference 

to a standard curve of well-characterized marker proteins. 

Since the majority of NEW proteins range from molecular 

weights 12,000 to 80,000, marker proteins within this range 

were obtained. The five marker proteins used in this study 

are shown in Table 3. These proteins were subjected to 

SDS-PAGE and mobilities were calculated. The standard curve 

was constructed by plotting mobilities of each protein versus 

the logrithim of its respective molecular weight. To esti

mate the molecular weights of unknown proteins, the regres

sion equation of the standard curve was calculated by the 

least squares method (Li, 1969). 

Gel Preparation. Electrophoresis tubes were cleaned 

and prepared as described in the PAGE procedure. Separating 

gel solution (7.57o) was prepared by adding acrylamide (7.5g) 

N,N-methylene bisacrylamide (bis) (0.137g), sodium dodecyl 

sulfate (SDS) (0.1 g) and urea (3.0g) to enough THAM buffer 

0.375 M (pH 8.8) to make 100 ml. This mixture was filtered 

through Whatman no. 4 filter paper into an amber bottle. 

Separating gel solution was stored at 4°C until needed. For 

a typical run of 18 gel tubes (7.5 cm. X 0.5 cm I.D. X 0.7 
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O.D.), 25 ml of separating gel were transferred to a 50 ml 

Erlenmeyer flask. After adding 10 ul of TEMED, the solu

tion was mixed and deaerated under vacuum for 10 min. 

Ammonium persulfate solution (100 '4I of 5.0% stock solution) 

was then added. Each gel tube was filled with 1.25 ml of 

gel solution, followed by careful layering with 50 yl of 

0.375 TEAli buffer, pH 8.8. Pol}m:ierization was com.plete 

within 1.0 hr and the layering solution was removed by 

aspiration. 

Stacking gel (3.0%) was prepared by mixing: 1. distilled 

water (6.1 ml), 2. 0.5 M THA2'I, pH 6.8 (2.5 ml), 3. 10% SDS 

(0.1 ml), 4. acrylamide solution (1.2 ml) (2.5g acrylamide, 

0.067g bis, diluted to 10 ml with distilled water) and 5. 5% 

ammonium persulfate (0,1 ml). The solution was degassed for 

15 min, 5 JJI of TEMED were added and 0.25 ml of stacking gel 

solution were then pipetted on top of each separating gel. 

The unpolymerized gel solution was lâ /ered with 0.01 M Tham 

buffer pH 6. 8 containing 0.1% SDS. After pol^nnerization, 

the gels were placed in the upper buffer cell grommets. 

Sample Preparation. Lyophilized NEW protein isolates 

were dissolved in water or 0.5 M Tham buffer, pH 6.8, to a 

final concentration of 10 mg/ml. NEW controls were prepared 

by diluting 5.0 ml of blended NEW to 50 ml with 0.5 li Tham 

buffer pH 6.8. Protein solutions (1.0 ml) were prepared for 

SDS-PAGE by mixing with 1.0 ml of the samiple preparation 

buffer. This buffer contained: 1. glycerol (12.5g), 2. SDS 
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(1.25g), 3. 2-mercaptoethanol (1.25 ml) and 4. 0.50 M THA:-I, 

pH 6.8 to 50 ml. After mixing, the sample solutions were 

sealed and incubated at 37°C for 2 hr. Incubated samples 

(50 yl) were then mixed with 10 yl of bromphenol blue (0.02%) 

and 20 to 50 yl were pipetted onto the gel surface through 

the electrode buffer. Because of increased density of the 

protein samples, a compact layer of protein sample form̂ ed 

on top of each gel. 

Electrophoretic Conditions. The upper electrode cell, 

with gel tubes in place, was filled with 200 ml of pH 8.8 

buffer (3.1 g Tham, 14.41 g glycine diluted to 1.0 1 with 

distilled water) and 0.1% SDS. The lower cell was filled 

with 800 ml of buffer without 0.1% SDS. After layering the 

samples through upper buffer, electrodes were connected 

to the power supply and a current of 1.0 mA/tube was applied. 

Electrophoresis was completed after 3 hr when the tracking 

dye migrated to the bottom of the gels. 

Visualization of Protein Bands. After electrophoresis, 

the gels were removed from the tubes by rimming. The posi

tion of the tracking dye was marked by inserting a 22 gauge 

needle into the gel at the leading edge of the dye band. 

Gels were fixed in 20% trichloroacetic acid for 18 hr. 

Staining was accomplished by soaking the gels in fixative 

stain I for 18 to 20 hr. Gels were then destained in 7.5% 

acetic acid for 72 hr. Mobilities were calculated by the 
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equation: 

Mobil irv ri,̂  - distance migrated by protein band 
Mobility (y) - distance migrated by tracking dye 



CHAPTER IV 

RESULTS AND DISCUSSION 

This chapter is divided into four sections. First, 

electrophoretic analysis of native egg white (NEW) will be 

presented and discussed, followed by results of chemical 

fractionation (OF) and carboxym.ethyl cellulose (CMC) chroma

tography of NEW. Finally, recommendations for further 

study will be outlined. 

The electrophoretic results of CF and CMC fractionation 

of NEW proteins were similar between the control and random 

egg samples. Because of these similarities, only results 

from the control or "nest run" sample of NEW will be dis

cussed. 

ElectroDhoretic Evaluation of NEW 

Results of polyacrylamide gel electrophoresis with NEW 

are shown in Figure 3. This distribution pattern was ob

tained from 200 yg of NEW protein. Nine distinct bands of 

varying intensities were observed. This electrophoretic 

pattern was very similar to results reported by other re

searchers. Protein band distributions, positions and inten

sities were analagous to results reported by Chang et_ a_l 

(1970) and Galyean and Cotterill (1979). All protein bands 

were identified according to the nomenclature of Chang e_t al 

(1970) except for the G globulins which bear the nomencla-

36 



Origin 

37 

Con 

G 3S 

G 2 

"3B 

A. and A^ 

.>i'' 

ggg'.;.. 

Dye Front 

NEW 

'3A 

'3 

FP 

Fip,ure 3 Polyacr'/lamlde gel electrophoresis (PAG1) of nati'. 
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ture of Galyean and Cotterill (1979). The first and fastest 

migrating protein band was observed to be flavoprotein (FP). 

The very intense band migrating slightly behind FP was con

sidered to be two ovalbumin components (A. and A^). Mi

grating behind these bands was the third ovalbumin (A,,) . 

Four intermediate bands directly behind ovalbumin A^ were 

believed to be G^g globulins. Globulins G-,. and G^^ migrated 

more slowly than G^g and appeared as single moeities. The 

second slowest band in the pattern was considered to be G^ 

globulin because of its close proximity to the slowest 

migrating component, conalbumin (Con), 

Analysis of NEW by sodium dodecyl sulfate-polyacryla

mide gel electrophoresis (SDS-PAGE) is shown in Figure 4. 

This pattern of eight protein bands was obtained from 80 ug 

of NEW protein. From SDS-PAGE of the five standard marker 

proteins, the following regression equation was calculated 

by least square analysis: log molecular weight = 5.35 4-

1.243 (mobility). From this equation, molecular weights 

of the eight protein bands were calculated. Thus, the 

molecular weight scale at the left of Figure 4 represented 

the average values obtained from SDS-PAGE of six NEW con

trols. For convenience, each molecular weight was rounded 

off to the nearest thousand, the decimal point was moved 

three places to the left and the resulting value was 

followed by the letter K. Estimated molecular weights then 

were compared with literature values for various NEW pro-



3 ; 

Mqje.cular 
Weight Component 

Origin. 

Unk 
Con 

-NtW-
u f ^-

Figure 4. Sodium doiecyl sulfate-Dolvacrylamide '̂ el electro 
phoresis (SDS-P:\GE) of native ê g white (NEW) . 
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teins published by Osuga and Feeney (1977) and most bands 

were identified. The fastest moving band, molecular weight 

15K, was thought to be lysozyme (lyz). This was confirmed 

in a report by Kato e_t al (1978) who observed lysozyme to 

migrate directly behind the dye front during SDS-PAGE of NEW. 

The two bands migrating after lysozyme were listed as un

known (unk). The 19K and 23K bands in Figure 4 could not 

be identified because there were no counterparts for these 

bands in NEW literature. The 19K band was considered to be 

a dissociation product of a larger protein com̂ plex, possibly 

avidin, since it is composed of four subunits each of molec

ular weight 17K. The 23K band was thought to be ovomucoid, 

but because of the large deviation from the reported value 

of 28K, identification was impossible. The intensely stained 

area from 45K to 36K appeared to be a single band but densi

tometric scan revealed three bands. The 45K band corre

sponded to ovalbumin, the 36K band to flavoprotein and 

the middle band at 37K to 42K was believed to be G2 globulin. 

The next band, of molecular weight 58K, was identified as 

G^ globulin. The intense band at 76K was regarded as con

albumin. The faint band at 120K was not identified. This 

unknown component was believed to be dissociated aggregate 

of ovomucin since a subunit weight of about llOK has been 

reported for this glycosulfoprotein. 

Electrophoretic Evaluation of Chemically Fractionated NEW 

The results of NEW chemical fractionation are sho\-m in 
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Figures 5 and 6. Figure 5 is the PAGE analysis of ovalbumin, 

conalbumin, ovomucoid and globulin fractions obtained from 

ammonium sulfate precipitation of NEW. The lysozyme frac

tion was not analyzed by PAGE because of its alkaline iso

electric point, thus cathodic migration would occur and the 

protein could not be detected. A NEW control is seen at the 

far left of Figure 5. In all gels, protein distribution 

patterns were obtained from electrophoresis of 200 yg of 

protein. 

Figure 6 shows SDS-PAGE analysis of the five chemical 

fractions. At the far left is a NEW control. Protein dis

tributions in all gels were obtained from 80 yg of protein. 

As can be seen in Figures 5 and 6, chemical fraction

ation of NEW yields very heterogeneous protein isolates. 

In all fractions, most of the major NEW proteins can be seen. 

Thus, the following discussion will be concerned not only 

with the major constituents in each fraction but also with 

the kinds of contamination found. 

The ovalbumin fraction exhibited considerable hetero

geneity. PAGE analysis yielded eight bands. This gel was 

very similar to the NEW control except for the slightly 

intensified ovalbumin areas of the pattern. Thus, from the 

crystallization conditions, this data suggests the suscep

tibility of all major NEW proteins to precipitation in salt 

solutions under acidic conditions. The SDS-PAGE gel showed 

seven bands. Ovalbumin was obviously the major component 
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but contamination with conalbumin, G^ globulin, lysozyme and 

flavoprotein was observed. Of special interest were the 

three bands migrating slower than conalbumin. These bands 

had molecular weights of 154K, 130K and lOOK, respectively. 

The conalbumin fraction also yielded much cross-

contamination. PAGE analysis showed ten observable bands 

with conalbumin as the major component. Several slow-

moving constituents were noted. Globulins G^ and G^ as well 

as reduced concentrations of ovalbumin and flavoprotein were 

observed. Four bands were obtained from SDS-PAGE of this 

fraction. A faint band at 134K was observed along with the 

intense conalbumin band at 76K. G-. globulin and ovalbumin 

were present along with a small amount of lysozyme. 

The ovomucoid fraction, obtained by high-temperature 

denaturation of contaminating proteins showed the most 

homogeneity of all fractions tested. PAGE analysis revealed 

six bands. Several slow-migrating bands were seen. Con

siderable reductions were noted in globulins and conalbumin. 

Interestingly, a slight concentration in the ovalbumin 

region was observed. This region is where Parkinson (1972b) 

reported the presence of ovomucoid in slab gels. SDS-PAGE 

of this fraction resulted in eleven bands. Six slow-

migrating bands were observed with the following molecular 

weights: 211K, 194K, 178K, 142K, 116K and 90K. It was 

theorized that these components do not retain Coomaisse 

Blue dye in the native, undenatured form; thus, some were 
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not observed by PAGE. Also, these components were concen

trated in the ovomucoid fraction, thus suggesting a high 

degree of heat stability. Conalbumin and ovalbumin were 

seen in the pattern along with a small 29K band. This band 

was believed to be ovomucoid but very little was present. 

Possibly because of high carbohydrate content, SDS could 

not bind to the ovomucoid molecule thereby making it diffi

cult to detect by SDS-PAGE. Finally, a small amount of 

lysozyme was present. 

As with other fractions, the globulin fraction was 

highly contaminated with other NEW proteins. PAGE showed 

ten bands. Three faint bands were observable before the 

intense conalbumin band. Five globulin components between 

conalbumin and ovalbumin were noted. These G^ and G^ 

globulins appear more concentrated than those in the NEW 

control. A reduction in ovalbumin was observed while a 

slight concentration of flavoprotein was seen. SDS-PAGE 

yielded nine bands. Three bands of 194K, 162K and 142K were 

observed. The four G^ globulins in PAGE reduced to a single 

band at 58K. This suggests that these proteins are of 

similar molecular weights but of varying tertiary confor

mations. Faint bands at 25K and 21K were observed but not 

identified. Again, lysozyme was observed. 

The lysozyme fraction yielded results similar to those 

of the globulin fraction. Nine bands were observed in SDS-

PAGE gels. Three high molecular weight bands were seen at 
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205K, 194K and 168K. A band at 31K was noted but its 

identity was unknown. Here, the major component was lyso

zyme with a weight of 16K. 

Results of CMC Fractionation of NEW 

Results of chromatographic fractionation of NEW by CMC 

are shown in Figures 7, 8 and 9. Figure 7 shows the elution 

scheme of NEW proteins from CMC. Letters above each peak 

indicate fractions collected for electrophoretic analysis 

while the verticle marks at the top of the figure indicated 

step-wise buffer changes. Peak locations and shape were 

very similar to results of Rhodes £t al (1958). Several 

differences, however, were observed. A small peak was 

eluted at pH 5.0, between peaks D and E by Rhodes e_t al 

(1958) but was not observed in this fractionation. This 

component was believed to be a globulin protein and globulin 

content was theorized as genetically variable by Feeney 

et al (1963). Thus, it was concluded that this protein might 

not be present in all NEW samples. Also, peaks E, H and I 

were somewhat larger than those corresponding peaks in the 

pattern of Rhodes e^ al (1958). Again, these fractions 

were considered as globulins and some variation in concen

tration from sample to sample could be expected. Finally, 

Rhodes et_ al_ (1958) obtained several minor peaks in the 

fraction J region, whereas in this study, only one broad, 

undefined peak was detected. 
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Results of PAGE analysis of CMC fractionated NEW are 

shown in Figure 8. Gels A through J correspond to labeled 

peaks in the chromatogram. Peak K, identified as lysozyme, 

was not analyzed by PAGE since, due to its highly basic iso

electric point, it migrated cathodically. A NEW control gel 

is shown at the far left of Figure 8. Protein distribution 

patterns in all gels were obtained from electrophoresis of 

200 yg protein. 

SDS-PAGE results of CMC fractionated NEW are shown in 

Figure 9. Gels A through K correspond to labeled peaks in 

Figure 7. A representative NEW control is seen at the far 

left of Figure 9. The molecular weight scale at the far 

left was the same as previously described. 

Generally, analytical results of CMC fractions were in 

agreement with Rhodes et̂  al (1958). However, several regions 

of the chromatogram showed considerable heterogeneity and are 

discussed below. 

Peak A, eluted at pH 4.2, was identified by Rhodes e_t 

al (1958) as ovomucoid and flavoprotein. In the present ex

periment, peak A yielded flavoprotein and ovalbumin only, 

with no ovomucoid detected by either electrophoretic technique 

(Figures 8 and 9) . Feeney e_t al_ (1963) theorized that ovo

mucoid has little affinity for protein stain. It may be 

concluded that either the protein band destained in acidic 

solution or was soluble and washed from the gels. Also, 

because of high carbohydrate content, it might be difficult 

for SDS to bind to ovomucoid. Denaturation as well as 
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detection by SDS-PAGE would be minimized. Ovomucoid has been 

detected, however, in slab gels by Parkinson (1972b) using 

amido black stain. Its reported location was in close 

proximity to the ovalbumin bands observed in PAGE patterns. 

Peak B here was identical to that of Rhodes ejt al (1958) 

and yielded ovalbumin. 

Peaks C and D were identified by Rhodes et al (1958) 

as ovalbumin A2 and A^, respectively. PAGE analysis in this 

study yielded six and eight bands from peaks C and D respec

tively. The fastest-migrating bands were identified as 

ovalbumin components, but in addition four and seven globulin 

components were observed in peaks C andD, respectively. These 

components were considered to be G-, globulins since 1) mobil

ities were similar to those from NEW controls and 2) Baker 

(1968) reported an isoelectric point of 4.8 for G^. This 

data was consistent since the majority of Go globulins were 

eluted a pH 4.8 in peak D with fewer being eluted at pH 4.6 

in peak C. In peak C, G-,g constituted the majority of the 

globulin components while in peak D, globulins G32' ^3;^ ̂ ^^ 

Gog were easily seen in addition to several other faint, 

unidentified globulin bands. SDS-PAGE of these fractions 

yielded two major bands. The leading band with a molecular 

weight of about 45K corresponded to ovalbumin. The slower 

band had a molecular weight of 58K and, as in the chemical 

fractionation results, it was observed that the multiple 

bands in PAGE reduced to a single band in SDS-PAGE. Since 
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no molecular weight has been reported for the G-. globulins, 

it was concluded that these multiple globulin bands noted in 

PAGE were conformational or genetic variants. Thus, these 

components were assumed to be of slightly different ionic 

charge characteristics but similar molecular weights. 

Rhodes et̂  al (1958) reported peak E, eluted at pH 5.5, 

as an unidentified globulin protein. PAGE analysis of this 

fraction yielded three major bands. Two bands in the conal

bumin region were observed as well as a faster-migrating 

band. This broad band was theorized to be Ĝ  globulin because 

of its similar mobility to G^ in NEW control gels and its 

elution pH was identical to the isoelectric point reported 

by Baker (1968). SDS-PAGE yielded three major bands. Conal

bumin was observed as well as a broad, dense band at about 

45K. Since little ovalbumin was observed in the PAGE patterns, 

it was concluded that this intense band was Ĝ  globulin. 

This data was substantiated since this experimental molecular 

weight was within the range of 30-45K reported for G2 by 

Feeney et_ si (1963) from membrane filtration studies. 

Peaks F and G were found to be conalbumin as did Rhodes 

et al (1958). 

Peaks H and I were identified by Rhodes et_ al (1958) as 

unknown globulin proteins. Peak J was considered to be avidin 

and unknown globulins. PAGE analysis yielded several slow-

migrating components in these fractions (Figure 8). Further, 

these proteins were eluted with alkaline buffers. 
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The identity of these components is not known since few 

large proteins with basic isoelectric points are reported 

in NEW literature. These peaks yielded six, six and two 

slow-moving bands, respectively. The components were always 

found to migrate behind conalbumin, suggesting large molecular 

weights. This was confirmed by SDS-PAGE. Peaks H, I and 

J yielded six, five and four large molecular weight bands 

respectively. Several of these large proteins were observed 

in all three fractions. In peaks H and I the following 

molecular weight constituents were observed: 123K, 145K, 

168K, 192K and 213K. In addition a 185K band was noted only 

in peak H. Also 123, 145 and 170K bands were present in 

peak J along with a 106K band. Several intermediate 

molecular weight components were observed in peaks H, I and 

J. These bands had masses of about 40K and 5IK. Since few 

intermediate bands were seen in PAGE patterns, it was believed 

that these components were dissociated subunits of a larger 

protein aggregate. Also, in peak J, a 19K band was observed. 

This band was assumed to be dissociated subunits of avidin. 

Green (1964) reported a subunit weight of about 17K for 

avidin. This conclusion was further substantiated since the 

eluant pH was 10.0, the reported isoelectric point of avidin. 

Peak K was observed to be lysozyme. This was analogous 

to the findings of Rhodes et al (1958). 



CHAPTER V 

SUMMARY AiND RECOMMENDATIONS 

This study was initiated because the classical N^W pro

tein isolation methods of chemical fractionation (Warner, 1954) 

and CMC ion exchange chromatography (Rhodes ejt al^, 1958) had 

previously not been evaluated by PAGE and SDS-PAGE. Protein 

isolates obtained in these early analytical studies were 

characterized by moving boundary electrophoresis. 

Results in the present study have shown that PAGE, in 

conjunction with SDS-PAGE, yields useful information in 

analysis and characterization of chemically and chromatog

raphically fractionated NEW proteins. Useful information 

observed in this study was: 1) No differences were detected 

between experimental and control batches of NEW. 2) Hetero

geneity within the various protein fractions was demonstrated. 

3) Chemical fractions yielded highly heterogeneous fractions 

while chromatography gave fairly pure isolates. 4) The 

molecular weight of G^ globulin found in peak D was estimated 

at 58K; component proteins of peaks H, I and J ranged from 

106K to 203K, but components observed in these peaks need 

further characterization. 5) An isolation procedure for 

purification and study of G-:, globulins from peak D needs 

to be developed. A method similar to that of Feeney e_t 

al (1963) for G2 would be applicable. 6) More research is 

54 
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also required for accurate characterization of the large 

molecular weight components eluted at the end of the chroma

togram. These weights must be more closely approximated in 

gels of lower acrylamide concentration. As noted in the 

ovomucoid chemical fraction, these large proteins are some

what heat stable, with properties needing further charac

terization. Also, whipping ability and other functional 

properties of these newly found globulin proteins need to be 

ascertained. 
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