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I. INTRODUCTION 

Proteins are composed of amino acid residues arranged in 

a definite sequence. This sequence of amino acid residues 

is in turn determined by the structure of the nucleic acid 

molecule in the chromosomes of the nucleus of the cell. This 

primary sequence of amino acid residues determines how the 

protein chain folds upon itself as a result of the specific 

interactions of amino acid residues to give the three dimensional 

or tertiary structure of the protein. 

In the case of ovalbumin, one of the glycoproteins of egg 

white, this primary sequence of amino acids is yet to be 

determined. Various workers have isolated peptide fragments 

from this protein and have determined the partial sequence of 

a short length of the peptide at the carboxy terminal end of 

the molecule, a short length of the peptide at the Vmino terminal 

end, a partial sequence attached to the carbohydrate prosthetic 

group, some of the sequence associated with the disulfide bonds, 

and the sequence of a peptide liberated by the action of the 

enzyme, subtilysin. 

The purpose of this study is not to attempt to complete 

the enormous task of elucidating this sequence of amino acids 

in the primary structure, but rather to explore the possibility 

that free amino acids may be associated with ovalbumin. The 

study was prompted by some chance observations that this might 

be true. These observations were made during an investigation 
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of the possibility that amino acids are removed from ovalbumin 

during the process of coagulation by shaking. 



II. REVIEW OF LITERATURE 

Ovalbumin 

Ovalbumin, which is the major component of egg white, was one of 

the first proteins to be obtained in crystalline form by Hofmeister 

(1890). Due to its ready availability, ovalbumin has served as a 

standard in studies on the structure and composition of proteins. 

The importance of this protein is demonstrated by the many 

review articles that have appeared in the literature. The properties 

of ovalbumin have been reviewed by Fevold (1951), by Warner (1954), 

by Anfinsen and Redfield (1956), and by Neuberger and Marshall (1966). 

The molecular weight of ovalbumin is now estimated to be 45,000 

which is the mean value derived from osmotic pressure and light 

scattering measurements and from force-area measurements of a mono-

molecular layer (Warner, 1954). The heterogeneous nature of 

ovalbumin has been demonstrated by Longsworth _ejt _al. (1940). He 

proposed that this is attributable to differences in phosphate. 

Later Perlmann(1952) showed that the three components, A , A^, and 

A^ in order of decreasing electrophoretic mobility, did differ in 

phosphate content. She showed that the component that moved the 

fastest, A , had two phosphates associated with the molecule, while 

A_ and A_ had one and no phosphate respectively. In her work, she 

converted A into A_ by removal of one phosphate by the use of 

prostatic phosphomonoesterase which splits 0-P but not N-P bonds. 

Also by the use of intestinal phosphatase she converted A. or A„ 

into A„. ^-



In subsequent work Perlmann (1955) isolated a phosphorus 

containing peptide and showed that at least one phosphate was attached 

to serine. Flavin (1954) postulated that a second phosphate was 

also attached to serine but he believed that the sequence of amino 

acids around the serine inhibited the action of prostatic phosphomono

esterase. 

Ovalbumin has a carbohydrate associated with the molecule 

which was shown by Cunningham et^ al. (1963) to be composed of 

mannose and glucosamine in the ratio of 5:3. He and his co-workers 

determined the amino acid sequence around the carbohydrate to be as 

follows: 

Glu-Glu-Lys-Tyr-Asp-Leu-Thr-Ser-Val-Leu 

NH 

I 
carbohydrate 

Later Montgomery et^ al. (1965) and Huang et^ aL. (1970) showed 

the probable structure of the carbohydrate to be: 

(GNAc)^ -Man-GNAc-GNAc-NH-Asp 
Man^ , - (Man) ̂  

0 or 1 I 3 

Man(GNAc)-
0 or 1 

where GNAc represents N-acetylglucosamine and l^n is mannose. The 

subscripts represent varying amounts of the sugars as the oligosac

charide is usually heterogeneous. 

Another crystalline form of ovalbumin was discovered by 

Linderstrom-Lang and Ottesen (1947) in solutions of ovalbumin that 

had been allowed to stand without an antiseptic. This albumin was 

named plakalbumin since it crystallized in plates. Later studies 



by these workers showed the ovalbumin-plakalbumin transformation 

could be effected by the enzyme subtilysin from Bacillus subtilis. 

This transformation was accompanied by the splitting out of a peptide, 

the sequence of which later proved to be 

Glu-Ala-Gly-Val-Asp-Ala-Ala. 

Steinberg (1952) determined the C-terminal amino acid of ovalbumin 

to be alanine and when he did not find this amino acid to be the C-

terminal amino acid of plakalbumin he assumed that the heptapeptide 

was split from the C-terminal end of ovalbumin in the transformation 

to plakalbumin. Steinberg (1953) later refuted his own hypothesis 

when he discovered that the carboxypeptidase preparation was 

contaminated with subtilysin and he withdrew his conclusion that 

alanine was C-terminal in ovalbumin. The contaminating subtilysin 

was releasing the alanine peptide which did have alanine as the 

C-terminal amino acid. 

Later Ottesen (1958) showed that the alanine peptide was split 

from the interior of the molecule and not from either end. The 

C-terminal amino acid was identified as proline by Niu and Fraenkel-

Conrat (1955). 

The N-terminal group of ovalbumin was not determined until 

Marshall and Neuberger (1961) showed that the N-terminal glycine 

was acetylated and hence did not react with the usual N-terminal 

elucidating reagents. Their work was quickly complemented by Narita 

(1961) when he determined the N-terminal sequence to be 

N-acetyl Gly-Ser-Ileu-Ala. 



The total available knowledge of the primary sequence of 

ovalbumin is given in Figure 1 by Neuberger and Marshall (1966) . 

Since then, Fothergill and Fothergill (1970) have added cysteine 

to the C-terminal sequence of ovalbumin and have shown that this cys

teine is involved in a disulfide bond of ovalbumin. The four 

remaining cysteine residues of ovalbumin are not thought to be 

involved in disulfide bonding but rather the sulfur is in the 

free sulfhydryl form. 

The results of the amino acid analysis of ovalbumin, based on 

microbiological or chromatographic procedures, are given by Tristram 

and Smith (1963) in Table I. The results of Habeeb (1961), who 

analyzed the hydrolysate of ovalbumin by the Stein and Moore chromato

graphic technique, show 49 residues of glutamic acid while Tristram 

and Smith show 52. Likewise, the work of Habeeb shows 32 residues 

of valine, 27 residues of serine, and 13 residues of threonine 

whereas the earlier workers reported 28, 36, and 16 respectively. The 

values for the remaining amino acids are in agreement between the two 

workers. Neuberger and Marshall (1966) note that Habeeb did not 

correct for losses of serine and threonine during hydrolysis. 

So far, the only study of the interaction of ovalbumin with amino 

acids appeared as a result of the work of Shnol (1957). This Russian 

worker studied the ability of ovalbumin to bind radioactive amino 

35 14 14 

acids. He incubated methionine-S , glycine-C , and tyrosine-C , 

with ovalbumin. The protein was then precipitated and washed 7 to 8 

times. The radioactive label was found to be incorporated into oval

bumin and the rate of incorporation was found to increase linearly with 
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TABLE 1 

THE COMPOSITION OF HEN'S EGG ALBUMIN 

Substance 

Cysteine 

Arginine 

g arising/100 g No. of residues/ 
protein mole of protein 

Alanine 6.72 35 

Glycine 3.05 19 

Valine 7.05 28 

Leucine 9.20 32 

Isoleucine 7.00 25 

Proline 3.60 14 

Phenylalanine 7.66 21 

Tyrosine 3.68 9 

Tryptophan 1.20 3 

Serine 8.15 36 

Threonine ^.03 16 

Cystine/2 0.51 2 

1.35 5 

Methionine 5.20 16 

5.72 15 

Histidine 2.35 7 

Lysine 6.30 20 

Aspartic Acid 9.30 32 

Glutamic Acid 16.50 52 

From Neuberger and Marshall, 1966, 



time. After a certain time, this incorporation leveled off to a 

constant value. Upon addition of more radioactive amino acids the 

amount again increased and again leveled off. Shnol interpreted 

this observed incorporation of amino acids as one in which the amino 

acids actually formed peptide bonds with the protein. Shnol bases 

this conclusion on the observation that: 

Ovalbumin that had bonded 1-Ci^-glycine at pH = 7.2, loses, 
on action of ninhydrin, about 20% of radioactive carboxyIs. 
Treatment with ninhydrin of protein that had bonded l-C-'-̂ -
glycine at pH = 7.8, results in loss of about 50% of radio
active carboxyls. Thus, it must be admitted that at least 
one half of Cl^-glycine bonded by the protein is linked to 
the protein by peptide bonds formed by carboxyl group of 
glycine and amino-group of protein. The other half of 
glycine molecules bonded by protein probably forms peptide 
bonds through its amino-groups and the carboxyl-groups of 
the protein. 

Amino Acid Analysis 

Early protein chemists studied the amino acid composition of 

proteins by the use of laborious gravimetric techniques where the 

amino acid content of a protein was based on the amount of material 

recovered after hydrolysis and repeated fractional crystallization 

(Light and Smith 1963). The next advancement came with the advent 

of widespread colorimetric analysis. The basis of this analysis 

is the reaction of the amino acid residue with a suitable reagent to 

yield a chromophoric product. By using Beer's law and by running 

appropriate standards, the concentration of a specific amino acid 

could be determined. 

Manometry has also been applied to amino acid analysis. The 

amino acids are degraded by an oxidative procedure such that ammonia 



10 

or carbon dioxide is given off. The volume of the gas liberated 

would be directly proportional to the amino acid present. 

A fourth method points out the ingenuity of biochemical 

microbiologists in devising a simple procedure which gives a quanti

tative determination of a specific amino acid. A bacterial strain 

that requires the specific amino acid for growth is isolated. The 

bacteria are then allowed to grow on media without the specific amino 

acid and on media with added increments of the amino acid in question. 

By comparing the growth of the bacteria at known concentrations of 

the amino acid to the growth rate at the unknown concentration, the 

unknown concentration may be determined. This method is ingenious 

in that it requires no expensive or complicated equipment and it is 

thought to be fairly sensitive (Light and Smith 1963). 

The most widely used and most important method for amino acid 

separation and analysis is column chromatography. The first success

ful attempts in this area were made using columns of potato starch 

to effect a separation of the amino acids, followed by the colori

metric determination of the concentration of the amino acid by the 

use of ninhydrin. The product of the reaction of the amino acids 

and ninhydrin was assayed spectrophotometrically at a wavelength of 

570 nm. by Moore and Stein (1948). These two workers also developed 

an automatic fraction collecting apparatus, which was necessitated by 

the large number of fractions that one had to collect to separate all 

the amino acids. The fractions were analyzed by manually treating 

each fraction with ninhydrin, heating the mixture to 100°C to allow 

the full color to develop, and then measuring the absorbance at 570 nm. 
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A complete separation required 2.5 mg of an amino acid mixture and 

required eight days for analysis. Stein and Moore (1949) used the 

above method to analyze lactoglobulin and bovine serum albumin. They 

reported a total nitrogen recovery of 99.6% and a total weight 

recovery of 97.7%. 

By switching to an ion exchange procedure using sulfonated 

polystyrene resin, Dowex-50, Moore and Stein (1951) were able to 

increase the resolution of the analysis over the starch partition 

method. Moore et^ jl. (1958) fuand that they could use a smaller 

particle-size sulfonated polystyrene of 8% cross linkage and increase 

the flow rates while still maintaining a high resolution. In this 

system they used two columns: a 15 cm column for the basic amino 

acids, operated at 50**C and pH of 5.2, and a 150 cm column for the 

acidic and neutral amino acids operated also at 50°C using two 

different pH solutions. Spackman et alT-(1958) automated the ion 

exchange procedure by pumping buffer through the ion exchange column 

at a controlled rate, mixing ninhydrin with the effluent buffer, 

passing this mixture through a 100*0 bath and finally to a continuous 

flow colorimeter. The reading from the colorimeter was continuously 

recorded. This method gave a record of absorbance versus retention 

time for the resolved amino acids and by determining the two parameters 

for known concentrations of a known amino acid, unknovjns could be 

analyzed both qualitatively and quantitatively. This above procedure, 

with minor refinements, is the basis of the commercial analyzers in 

current use. 



I I I . EXPERIl-IENTAL WORK 

M a t e r i a l s 

Ovalbumin used for this work was prepared by modifications of 

the method of Keckwick and Cannan (1936). Preparation I followed 

the original method closely in that the precipitated ovalbumin was 

dissolved in an equal volume of water and filtered. Recrystalliza-

tion was carried out five times. Then the original method v/as 

modified in that the protein solution was dialyzed in the cold 

against running distilled v/ater until sulfate free. The salt free 

ovalbumin was then lyophilized and stored in the freezer at -25°C. 

In the second preparation. Preparation II, centrifugation at 

5*0 was substituted for filtration and air drying was substituted 

for dialysis and lyophilization. 

'Baker Analyzed" reagent grade sodium sulfate was used in 

precipitating the ovalbumin in both preparations. 

The ultrafiltration apparatus was obtained from L. B. K. 

Produkter AB, Stockholm, Sweden. The 1 1/8 inch dialysis tubing 

used with the ultrafiltration apparatus was obtained from Van Waters 

and Rogers, catalogue number 25225-248. 

The Dowex-50 (50-100 mesh), hydrochloric acid, and ammonium 

hydroxide used in chromatography were all obtained from J. T. Baker. 

Amino acid analyses were performed on a Beckman Model 116 

Amino Acid Analyzer. Acidic and neutral amino acids were analyzed 

on Beckman*s Custom Spherical Resin PA35 while basic amino acids were 

analyzed on Beckman Custom Spherical Resin UR30. Difco nutrient 

agar and Difco malt extract agar were obtained from Distillation 

12 
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Fermentation Co. Lyophilizations were performed on a Virtis 

lyophilization apparatus. 

Procedure 

Ultrafiltration 

For ultrafiltration, 3 grams of the purified ovalbumin was 

added to 200 mililiters of water to give a solution of approximately 

15 mg/ml concentration. This solution was adjusted to pH 4.8 (if 

necessary) with 0.1 N sodium hydroxide and centrifuged at 9,000 rpm 

for 40 minutes which insured a clear solution. 

The resulting crystal clear solutions were then introduced into 

the ultrafiltration apparatus. This apparatus, which is shown in 

Figure 2, consisted of a dialysis tubing sac which was supported 

by a cylindrical polypropylene frame. The dialysis tubing was tied 

at one end and wedged to the frame by a tightly fitting rubber 

stopper at the other end. From the bottom of the polypropylene frame 

extended a glass tube through the rubber stopper and over to a 125 ml 

side arm flask. The polypropylene frame with the dialysis tubing 

outside was then immersed in a large test tube (30 mm by 200 mm) 

containing the protein solution. This test tube was fitted with a 

two hole rubber stopper. The glass tube that led from the dialysis 

sac to a side arm flask passed through one hole, and the other hole, 

protected by a glass wool plug, served as a vent to the atmosphere. 

When suction was applied to the side arm of the collecting flask, by 

means of an aspirator, the solution of amino acids passed slowly 

through the dialysis sac, up the glass tube, and over to the collect-
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125 ml side 
arm flask 

_)—To aspirator 

Figure 2. The Ul t r a f i l t r a t i on Apparatus 
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ing flask. The entire apparatus was packed in ice and the 

ultrafiltration was allowed to proceed for 24 hours. The solution 

that passed through the dialysis tubing was then lyophilized to 

remove the water. 

(Chromatography 

The material obtained from ultrafiltration of Preparation II 

was then subjected to column chromatography on Dowex-50 to remove 

the sodium sulfate. This step was necessitated by the fact that high 

concentrations of sodium sulfate would interfere with amino acid 

analysis. Before each use, the Dowex resin column was subjected to 

regeneration and cleaning by sequential washing v/ith the following: 

1000 ml water, 1000 ml 1 M sodium hydroxide, 1000 ml water, 600 ml 

3 M hydrochloric acid, 1000 ml water, 800 ml 2 M hydrochloric acid, 

-2 
and 600 ml 10 M hydrochloric acid. 

The lyophilized material from the ultrafiltration was dis-

-2 
solved in 5 ml of 10 M hydrochloric acid and placed on the column. 

-2 

At a concentration of 10 M, hydrochloric acid has a pH of approx

imately 2. This pH, being one pH unit less than the pK of the most 

acidic amino acid, aspartic acid, insured that 91% of the aspartic 

acid would have one positive charge and the other more basic amino 

acids would be present in a percentage greater than 91 as a positively 

charged species. This pH is necessary so that the amino acids will 

bind to the column at this low pH and low ionic strength. The 

-2 
column was then eluted with 10 M hydrochloric acid until the eluant 

at the base of the column was shown to be free of sulfate ions when 

tested with barium (II) ions. The column was eluted with 600 ml of 
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water which brought the pH of the eluant up to 4.5. This step removed 

excess hydrochloric acid and the less tightly bound amino acid salts 

from the column and was denoted as fraction I. The next elutant was 

ammonium hydroxide at a pH of 11.8. As the ammonium hydroxide 

solution moved down the column, a color change in the Dowex resin 

occurred. The solution that came off before the color change had a 

pH of 4.5; the solution that came off after the entire column had 

changed color rose quickly to pH 11.8. Fraction II was collected 

from the time ammonium hydroxide was added as the eluting fluid 

until the band reached the bottom of the column. Fraction III 

started as the color band reached the bottom of the column and 

continued for 600 ml. Fraction I contained primarily hydrochloric 

acid; fraction II contained primarily water; and fraction III 

contained ammonium hydroxide. By collecting fractions in this way, 

the formation of large amounts of ammonium chloride was prevented. 

The three fractions were then lyophilized separately and the dried 

materials were recombined and relyophilized. 

Amino Acid Analysis 

Amino acid analyses were performed on a Beckman Model 116 

Amino Acid Analyzer according to the method of Spackman, Stein, and 

Moore (1958). This procedure involved the use of two columns to 

separate the amino acids: one for the acidic and neutral amino 

acids, and another for the basic amino acids. 

After the individual amino acid was isolated by the ion 

exchange column, it was mixed with ninhydrin solution. The mixture 

was then heated and pumped to a colorimeter where the intensity of 
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the color was recorded on a strip chart recorder. The retention 

time on the column was characteristic of each individual amino acid 

and the area under the curve on the recorder may be related directly 

to the concentration of the amino acid. 

Bacterial and Fungal Assay 

A bacterial and fungal grox̂ ;th check was performed on both samples 

of ovalbumin by streaking solutions of the protein on nutrient agar 

plates and on malt extract agar plates. The pH of the malt extract 

media was adjusted to 4.6 with lactic acid. The pH of the nutrient 

agar was 6.4. The plates were incubated at 25*0 and checked for 

visual growth after 48 and 96 hours. 

Results 

Representative results obtained from the ultrafiltrate of 

Preparation I (sodiimii sulfate precipitated, dialyzed, lyophilized 

ovalbumin) are seen in Figure 3. The areas under the curves cal

culated by the width at half height method of the amino acids are 

tabulated in Table 2. The peaks in Figure 3 or the data in Table 2 

indicate that the basic amino acids lysine and histidine are present 

In moderately large amounts while arginine is present only as a 

trace. It is also indicated that, in the case of the acidic and 

neutral amino acids, serine and glycine are present in the largest 

amounts; aspartic acid, threonine, cysteine, and alanine are present 

in moderate amounts; valine, glycine, isoleucine, and leucine are 

present in lesser amounts; proline in still lesser amount; while 

methionine and the aromatic amino acids, phenylalanine and tyrosine. 
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TABLE 2 

THE AMINO ACIDS ASSOCIATED WITH OVALBUMIN: 
PREPARATION I 

20 

Amino Acid Abbreviation Area under curve 
x 10^ 

Absorbance* sec 

Lysine 

Histidine 

Ammonia 

Arginine 

Aspartic Acid 

Threonine 

Serine 

Glutamic Acid 

Proline 

Glycine 

Alanine 

Cysteine 

Valine 

Methionine 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

Lys 

His 

NH^ 

Arg 

Asp 

Thr 

Ser 

Glu 

Pro 

Gly 

Ala 

Cys 

Val 

Met 

lieu 

Leu 

Tyr 

Phe 

48 

17 

62 

7 

42 

32 

110 

8 

5 

96 

39 

44 

20 

Trace 

12 

9 

0 

0 
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are not detectable. 

The results obtained from the analysis of the ultrafiltrate of 

Preparation II (sodium sulfate precipitated, air dried ovalbumin), 

which had been desalted with Dowex-50 after ultrafiltration, are 

shown in Figure 4 and the areas are tabulated in Table 3. These 

data indicate that lysine is present in the largest amount, followed 

by histidine, and the least amount for arginine. In the case of the 

acidic and neutral amino acids, a striking difference is found in 

that two new unidentified broad peaks have occurred at 50 and 81 

minutes in addition to the peaks of isoleucine, leucine, tyrosine, 

and phenylalanine. It would be incorrect to identify the broad 

peaks with retention times of 50 and 81 minutes, denoted X and Y 

respectively, as individual amino acids since amino acids give sharp, 

well resolved, narrow peaks. These two broad peaks could, however, 

by their breadth, mask peaks of individual amino acids. Peak X 

could shield threonine and serine while peak Y could shield glycine 

and alanine since the retention times of the aforementioned amino 

acids would, in this case, be in the range of retention times of the 

broad peaks. Since peptides do give broad, poorly resolved peaks 

under the conditions of this analysis, these two broad peaks could 

be peptides. 

To test this possibility, 1.0 ml of sample of the above solution 

was hydrolyzed for 24 hours with constant boiling hydrochloric acid 

in a previously evacuated tube following the procedure of Moore and 

Stein (1963). The material remaining after hydrolysis and lyophiliza

tion was then dissolved in 1.2 ml of pH 1.8 citrate buffer and 
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TABLE 3 

THE AMINO ACIDS ASSOCIATED WITH OVALBUMIN: 
PREPARATION II, RUN I. Twenty-four Hour 

Ultrafiltration 

24 

Amino Acid Abbreviation Area under curve 
X 10^ 

Absorbance•sec 

Lysine 

Histidine 

Ammonia 

Arginine 

Tryp tophan 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

X (retention 
time 50 
minutes) 

Y (retention 
time 82 
minutes) 

Lys 

His 

NH^ 

Arg 

Try 

lieu 

Leu 

Tyr 

Phe 

X 

128 

55 

00 

60 

Trace 

10 

19 

11 

9 

149 

133 
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analyzed for amino acids. The results of this analysis are shown in 

Figure 5 and Table 4. These data show that the two broad peaks have 

disappeared and in their place the amino acids (aspartic acid, 

threonine, serine, glutamic acid, proline, glycine, alanine, and a 

small amount of methionine) have appeared. 

The analysis of Preparation II was repeated to confirm the above 

results. The determination was carried out as before except that the 

ultrafiltration was allowed to continue for sixty hours instead of 

twenty-four. The material was then desalted on the Dowex resin 

colimin and analyzed for amino acids. The results of this determina

tion are shown in Figure 6 and Table 5. In this case the amino acids 

found to be present are as follows: lysine, histidine, aspartic acid, 

threonine, serine, glycine, and alanine are present in large amounts; 

glutamic acid, proline, cystine, tyrosine, and phenylalanine are 

present in lesser amounts while tryptophan and arginine are present 

in still lesser amounts. 

The results of the bacterial and fungal analysis showed that 

the protein preparations were free from bacterial and fungal 

contamination. 
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TABLE 4 

THE AMINO ACIDS ASSOCIATED WITH OVALBUMIN: 
PREPARATION II, RUN I. 

After Hydrolysis 

28 

Amino Acid Abbreviation Area under curve 
X 102 

Absorbance•sec 

Aspartic Acid 

Threonine 

Serine 

Glutamic Acid 

Proline 

Glycine 

Alanine 

Valine 

Methionine 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

Asp 

Thr 

Ser 

Glu 

Pro 

Gly 

Ala 

Val 

Met 

lieu 

Leu 

Tyr 

Phe 

139 

88 

128 

51 

9 

152 

66 

65 

7 

44 

58 

37 

44 
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TABLE 5 

THE AMINO ACIDS ASSOCIATED WITH OVALBUMIN: 
PREPARATION II, RUN II. Sixty Hour 

Ultrafiltration 

31 

Amino Acid Abbreviation Area under curve 
X 10^ 

Absorbance•sec 

Tryptophan 

Lysine 

Histidine 

Arginine 

Aspartic Acid 

Threonine 

Serine 

Glutamic Acid 

Proline 

Glycine 

Alanine 

Cysteine 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

Try 

Lys 

His 

Arg 

Asp 

Thr 

Ser 

Glu 

Pro 

Gly . 

Ala 

Cys 

lieu 

Leu 

Tyr 

Phe 

13 

154 

74 

3 

91 

187 

600 

29 

12 

189 

183 

66 

48 

66 

58 
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IV. DISCUSSION AND CONCLUSIONS 

A summary of the analyses of the various preparations along 

with data for native ovalbumin is given in Table 6. Included in this 

table are the results of the analysis of the various peptides that 

have been isolated from ovalbumin for which the sequence of amino acids 

is known. This table will facilitate the following discussion. 

The plakalbumin peptide contains 3 moles of alanine, and one 

each of aspartic acid, glutamic acid, glycine, and valine according 

to Linderstrom-Lang and Ottesen (1947). The results of the analysis 

of the free amino acids associated with ovalbumin do not agree with 

the composition of this peptide since many additional amino acids were 

isolated that were not present in the plakalbumin peptide. The 

analysis did show the presence of a moderate amount of alanine, but 

the 1:1 ratio of aspartic acid to glutamic acid in the peptide is 

not borne out by the analysis. The aspartic:glutamic acid ratio is 

5:1 in the case of Preparation I, and is 3:1 in the case of Preparation 

II. The fact that additional amino acids were found excludes the 

possibility that the free amino acids arose from an ovalbumin-plakalbimiin 

transformation since it is postulated by Neuberger and Marshall (1966) 

that the plakalbumin peptide is linked by its C-terminal end to the 

e-amino group of lysine and by its N-terminal end to the free carboxyl 

of glutamic or aspartic acid. This postulate is borne out by the 

fact that the initial step in the ovalbumin-plakalbumin transformation 

involves the hydrolysis of only the peptide bond that links the 

C-terminal alanine to the rest of the protein. The protein that 

results from this one bond cleavage, like ovalbumin, has no 
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N-terminal group. If the plakalbumin peptide were removed from the 

middle of a single peptide chain, then the formation of an N-terminal 

group, would necessarily accompany the formation of the new 

C-terminal group. If the free amino acids arose from this appendage, 

then only the amino acids in the peptide would be expected to be 

found. This is the case only if some other transformation is occurring 

at the same time. 

The terminal ends of the molecule would be a likely place for 

hydrolysis of amino acids to occur. The N-terminal sequence contains 

two glycine residues and one each of serine, alanine, and isoleucine. 

This 2:1 ratio of glycine to alanine is found in the hydrolysate of 

Preparation II, but the ratio is 3:1 in the case of Preparation I 

and 1:1 in the case of Preparation II, Run II. The 1:2 serine: 

glycine ratio is found in Preparation I and this ratio is approximated 

in the results of the hydrolysate of Preparation II, However, in 

Preparation II, Run II, serine outnumbers glycine by a factor of 

more than 2:1. 

The C-terminal position of the molecule would be a likely place 

for hydrolysis to occur. The composition of the C-terminal end of 

ovalbumin, which is proline, serine, valine, and cysteine, does not, 

however, agree with the analysis of the amino acids found to be 

present. Proline is present, but the ratio of proline to serine in 

the analysis varied from 1:4 in the hydrolysate of Preparation II 

to 1:20 in the case of the analysis of Preparation I. It appears, 

therefore, on the basis of a comparison of composition, that the 

amino acids did not likely come from either the C-terminal or the 
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^"terminal end of the ovalbumin molecule. 

The composition of the glycopeptide, as determined by Cunningham 

et al. (1963) is shown in Table 6 to be two moles of both glutamic 

acid and leucine and one mole each of lysine, aspartic acid, threonine, 

serine, valine, and tyrosine. This composition agrees generally v/ith 

the analysis of amino acids in that the analysis is high in serine, 

glutamic acid, threonine, aspartic acid, lysine, and leucine. However, 

the relatively large quantities of glycine and alanine are not present 

in the reported composition of the glycopeptide. Also the glutamic 

acid: serine ratio in the glycopeptide is 2:1 while the ratio for the 

analyses varies from 1:3 to 1:10. 

An inspection of the results of the analysis of the total amino 

acid composition of native ovalbumin shows that ovalbumin is very 

high in glutamic acid with 52 moles of glutamic acid/mole of protein; 

moderately high in serine, 36 moles/mole of protein; alanine, 

35 moles/mole of protein; aspartic acid, 32 moles/mole of protein; 

and leucine, 32 moles/mole of protein. The analysis of the associated 

amino acids of ovalbumin shows high serine content, high aspartic acid, 

high alanine, and moderately high leucine content. However, the 

number of moles of glycine and lysine as associated amino acids is 

also high, while in native ovalbumin these two amino acids are 

present only to the extent of 19 and 20 moles respectively. Com

parison of the content of the two aromatic amino acids, tyrosine 

and phenylalanine, shows them to be present in a ratio of 1:2 in 

native ovalbumin while the analysis of the associated amino acids 

shows none of these two amino acids in Preparation I and the ratio 
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of the two is approximately 1:1 in Preparation II. Ovalbumin 

contains 32 leucine residues and 25 isoleucine residues. The free 

amino acids are present in the reverse of this ratio with a 4:3 

ratio of isoleucine to leucine in the case of Preparation I and a 

8:11 ratio in the case of Preparation II. 

These :̂ ree amino acids represent only a small portion of the 

total available amino acids in ovalbumin. An average peak on the 

analyzer recording represents 10 nanomoles. With 20 amino acids 

present this would represent a total of approximately 200 nanomoles. 

Since the sample applied to the column for analysis is 1/10 of the 

total sample, the total amount of free amino acids isolated would 

be 2 X 10 moles. These free amino acids came from an original 

sample of 3 grams. Taking an average molecular weight of the amino 

_2 
acids to be 100 g/mole, this 3 grams would represent 3 x 10 moles 

-2 
of amino acids present. Out of the 3 x~1.0 moles of amino acids 

—6 
initially present, only 2 x 10 moles are found to be present as 

free amino acids. This represents only one part in ten thousand. 

It seems somewhat unlikely that the free amino acids that were 

found present could be ones that were originally present in the egg 

and could have remained with the protein throughout the five 

recrystallizations during the preparation. Also in the case of 

Preparation I, these recrystallizations were followed by exhaustive 

dialysis against running water. It would seem that these two steps 

should remove the free amino acids from the preparation of protein, 

since the step that separates the amino acids from the protein in 

the analysis is ultrafiltration. 
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The length of time in the ultrafiltration step does have a 

definite effect on the number and quantity of amino acids as evidenced 

by the large increase of amino acids in Preparation II, Run II over 

Preparation II, Run I. The only difference in these two runs is 36 

hours in the ultrafiltration process. This process is carried out 

under very mild conditions of pH (4.8), temperature (O^'C), and in the 

absence of microbial contamination. 

It has been demonstrated that amino acids may be removed from 

ovalbumin under much milder conditions than heretofore supposed. 

Whether this is a rupture of a peptide bond or some other type 

linkage is an interesting question. 
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