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Abstract 

Two egg white glycovroteins, both with known biological 

activittts were investigated in this study. 

1. Avidin assays on single eggs demonstrated a wide variation in 

its content from one egg to another, even when they were !maths same 

commercial chicken breeder. Two large scale (up to 1000 eggs) prep-

arations of crude avidin were conduoted by batchwise adsorption onto 

carboxymethyl cellulose and salt gradient elution. Conditions were 

devised for chromatograOhy on Amberlite CO 50 which yielded every 

pure avidin and fractionated it into essentially two types which dif-

fered primarily in their content of basic amino acids. Purification 

of crude avidin by two further CM-cellulose columns yielded a preparation 

more than 90% pure. Virtually all the weight and nitrogen of the prep-

aration was accounted for in terms of amino acids, carbohydrates, amides. 

Ultraviolet extinction spectra and Eicm,282mµ  were determined. 

2. From the behaviour of ovomucoid on gel filtration it was concluded 

that it has a more expanded or hydrated structure (probably because of 

its carbohydrate content) than normal globular proteins of equal molec-

ular weight. Attempts to purify and/or fractionate ovomucoid into 

eleetropbaretioally different molecular forms on DEAE,Sephelex or DUE-

cellulose were unsuccessful. On CM-cellulose a better purification was 

obtained but fractionation was erratic. The 0-aminoethylcysteinyl 

derivative of a fully reduced preparation of crude ovomucoid was 

prepared and yielded a number of discrete glycoprotein peaks on CM-

cellulose chromatography. Amino acid analyses were performed on two 

of these. By the use of starch gel two electrophoretically distinct 

fractions of ovomucoid were isolated. Slain acid accounted for only 



part of this heterogeneity. Amino acid, carbohydrate and antitryptio 

activities were determined on the fractions. It was shown that in 

the presence of 6 Pt urea ovomucold and trypsin do not form a complex. 
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PART I - A Blimp SURVEY OF ma wmTrs PROTEINS  

For over a hundred years hen's egg white has been used as 

starting material for the isolation and study of proteins and especially 

glycoproteins. Together with the yolk it supplies all the materials 

necessary for development of the fertilized egg cell to the hatched 

chick. On the average the 33 ml of white comprise 60% of the total 

weight of the egg. The white consists almost exclusively of a suspension 

or solution of proteins and glycoproteins (10.2% by weight). In addition 

to free sugar (0.4%) and fat (0.05%) small amounts of the common minerals 

are found in the white; S (0.2%), K (0.17%), Na (0.16%), Cl (0.15%), 

P (0.1%), Ca (0.01%) and Mg (0.01%) as well as a few vitamins (in pg per 

egg white, average values) choline (400), riboflavin (123), pantothenio 

acid (100), vitamin B6 (68), nicotinic acid (29), folio acid (0.5) and 

B12 (0.025), (Bolton, 1961). The pH of egg white is usually between 8 and 

9 and appears to increase on storage. 

Free boundary electrophoresis when applied to egg white by several 

groups (see Warner 1954 for review) yielded ovalbumin, oonalbumin, ovo-

mucoid, lysozyme and one or two minor globulins as the constituents of the 

protein present. Fractionation of egg white on CM-cellulose (Rhodes et 

al. 1958) demonstrated also the presence of a flavoprotein. Including 

the multiple peaks of ovalbumin and the five uncharacterized minor 

globulin components a total of 15 separate peaks were eluted by this pro-

cedure. From this work the contents of the individual proteins in egg 

white appears to be as follows:- ovalbumin 60%, conalbumin 15%, ovo-

mucoid 10%, flavoprotein 8%, lysozyme 4%, globulins plus avidin 3%. 
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The values given for ovomucold and flavoprotein are possibly too high 

as the isolated products may not be pure. In addition there is about 

2% of ovomucin which is usually precipitated by dilution of the egg 

white before electrophoresis or fractionation of the remaining proteins. 

Starch gel eleotrophoresis of egg white has yielded 19 separate 

bards (Lush, 1961; Feeney et al., 1963). These include all the major 

constituents although they are possibly not all resolved from each 

other. The different ovalbumine and the ovomucolds run in the same 

region under the conditions used by these authors but their method of 

staining may not have revealed the ovomucold. At least one minor cons-

tituent, avidin, does not appear on the gels. Taking all the evidence 

together, therefore, present methodeof protein fractionation indicate 

a total of twenty-five to thirty molecular species of protein and glyco-

protein in the egg white. Many of these occur only in very small amounts 

and they are not necessarily all present in any one egg. The presence or 

absence of some of the minor components is genetically determined and a 

few studies have been devoted to their occurence (Lush, 1961: Baker and 

Marvell, 1962; Feeney et al., 1963; Baker, 1964). 

A brief account will now be given of the main components of egg 

white not dealt with in the present study. 

1. Egg  Albumin. The major constituent of egg white is the glyooprotein 

egg albumin or ovalbumin. It has occupied a central position in invest-

igations of the properties of proteins since its first crystallization 

by Hofmeister (1890). The single amino acid chain is probably cross-

linked by oneor two disulphide bonds and has one small heterosacoharide 
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attached (3.2% of the total weight). The molecular weight of the 

glycoprotein is 45,000 and the chain is terminated at the amino end by 

an acetyl-glycine and at the carboxyl end by a proline residue. The 

identification of the terminal amino acids, in common with the elucid-

ation of many other features of the chemistry of ovalbumin (such as the 

content of sulphydryl groups and disulphide bonds) has been beset by a 

number of unusual difficulties. The isoelectrio point of ovalbumin is 

4.6 and its heterogeneity on free boundary eleobrophoresis is due to 

the presence of varying numbers (0 to 2) of phosphate esters. This 

protein has been used frequently for studies on denaturation, butAt 

appears to be rather unusual in that it has not yet proved possible to 

reverse the denaturation brought about with reagents like urea or 

guanidiniumIthlorVdeThe general properties of egg albumin have been 

reviewed by Warner (1954) and Neuberger and Marshall (1965). 

The carbohydrate of egg albumin has been investigated since 

Neuberger (1938) showed conclusively that it was an integral part of 

the protein (see Neuberger and Marshall, 1965 for review). The 

single heterosacoharide moiety is usually found to consist of 5 

residues of mannose and 3 of N-acetyl glucoaamine although recent work 

suggests that different amounts of either or both of these sugars may 

occur in some cases (Cunningham et al., 1963). The carbohydrate is 

attached by a glycosylamine bond of -anomeric configuration between 

anal-acetyl glucosamine and the side chain carboxyl group of an aspartio 

acid residue within the chain. Besides the position of the N-acetyl 

glucosamine reducing end in the heterosaocharide, it is also known that 

there is one branch point and two non-reducing ends. One of these is 
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N-acetyl gluaosamine and the other mannose. 

2. Conalbumin. The iron-binding protein in egg white, conalbumins  

has been extensively purified and crystalized both in the iron-free form 

and as the metal complex. It consists of a single amino acid chain of 

molecular weight about 80,000 with isoeleotrio point in the region 6 to 

7 and contains 2.2% carbOhydrate (Warner, 1954; Williams, 1962). In 

its metal binding properties it strikingly resembles the serum protein 

transferrin. In faot, transferrin from hen's serum (as well as that from 

egg yolk) has been shown to be largely identical with egg white clonal-

bUmin in amino aoid and amino sugar composition but the two glyooproteins 

differ markedly in their hexose content (Williams, 1962). 

The ferrio-conalbumin complex is reddish in colour with an absorp-

tion maximum at 470 mp and is considerably more stable to urea 

denaturation than the colourless metal-free protein (Glaser and McKensie, 

1963). Each molecule of conalbumin birds two atoms of Fe' -  and the two 

sites appear to be fully independent of each other. The protein is not 

totally metal specific as Cuo2+  and Zn oak also be bound. Two recent 

studies on the nature of the biniling have both implicated 3 tyrosyl 

residues and 2 nitrogen atoms (most probably imidasole side chains) as 

the chelating site (Rasa et al, 1963; Windle et al, 1963). Many workers 

have noted the eleotrophoretio heterogeneity of oonalbumin particularly 

when starch gels are used, but nothing is known of the nature of the 

differences between the various protein bards (see e.g. Williams, 1962; 

Parker and Beam, 1963;. Clark et al, 196)). 

3. Lorosyme. This is the only protein inheres egg white at present 

known to have definite enzymic) activity. It is classified as N-acetyl- 
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muramide glyoanohydrolase CC. 3.2.1.17, and has a 0-(1--74) gluoos-

aminidase activity with the ability to hydrolyse a mucopolysacoharide 

emponent of eons bacterial cell walls (e.g. llior00000us  lysodiektious). 

The bond cleaved appears to be 11(1--4) 5-acetylmuramyl N-acetyl 

glucosamine (Salton, 1956). lesozyme will also hydrolyse the 1=74 

linear W.-acetyl glueosamine polymer, chitin (Berger and Weiser, 1957). 

The physical parameters of lysosyme have been investigated in detail 

(Champagne et al, 1961) and the full primary amino acid sequence 

determined independently by two groups (Jones et al, 1963; Canfield, 

1963). The protein consists of single amino lad chain of molecular 

weight 14,386 containing four disulphide bridges with 401 amino 

terminal and leuoine carboxyl terminal. and an unusually high Les-

electric point of about 11. 

The three-dimensiOnal structure of crystalline lysozyme at 2 

resolution has recently been completely.  eluCidated (Blake et al, 1965) 

which makes it the best characterized of all the hen's egg white 

proteins. There is about 40% a-helix in the molecule and the disulphide 

bridges are all associated at least Mono aide with a helical region. 

Although the lysyl and argil side chains are all external,apd there is 

a hydrophobic interior of the molecule consisting mainly of 6 Unto-

phanyl reisdues, the molecule does not fall totally into a case of 

external hydrophilic residues and internal hydrophobic ones. Three 

tryptophan side chains protrude from the surface and on the other hand 

one serine And one glutamine are completely shielded from the 

surrounding liquid. 

4. Ovomuoin is a poorly characterized heterogeneous fraction from egg 
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white which is highly gelatinous in alkaline solution and insoluble 

in avid solutions (see Warner, 1954 for review). It is precipitated 

by dilution of egg white with water or, together with the globulins, 

by half-saturation with ammonium sulphate. Ovomuoin has never been 

satisfactorily purified due largely to its progressively increasing 

insolubility during preparation. Prior reduction with meroaptoethanol 

may be useful in this connection (Robinson aad Abnsey, 1964), although 

the choice of iodoaaetic acid as alkylating agent produced a derivative 

which was too acidic to be chromatographel. Crade ovomuoin preparations 

contain approximately 10% hexose (Lanni et al, 1949) 11% hem:Jeanine 

(Brooks aid Hale, 1961) and 2.6% &Lail° acid - which accounts for 40% 

of the total elan° acid of the egg white (Feeney et al, 1960). 

An interesting property of ovomuoin is its ability - in common 

with other siallo acid rich gamins - to-;.inhibit the haemagglutination 

of red cells by influenza virus (Lanni et al„ 1949s Gottschalk and 

Mal, 1949a). As may be expected the removal of sialic acid from 

ovomucin by viral neuraminidase destroys the anti-haemagglutinatirrg 

ability of the ovomucin (Gottschalk and Lind, 1949b). Caromuoin may 

play an important role in determining the physloo-chemical properties 

of egg white in which regard it has been suggested that it forms 

cross-linked chain-like complexes with lysoayme (Brooks and Hale, 1961). 

5. Others. The flarin-binding protein from egg white has been purified 

chromatographically (Rhodes et al, 1959). It is a glycoprotein oontain-

ing 0.5% sialic acid with a molecular weight of about 33,000 and an 

isoelectric point of 4. The flavin moiety of the isolated flavoprotein 



is riboflavin and all the riboflavin of egg white is apparently 

bound in this way. An approximately equal quantity of spoprotein is 

also present .in egg white. Acidic conditions (below pH 4) as well 

as urea (8 E) eause dissociation of the complex, but heating the 

apoprotein in 0.05 ttris PR 7.0 at 1000 for 15 minutes.brought about 

.no loss in flavin binding asininity. The proteinis unusual amongst 

flavoproteins in that riboflavin itself is more firmly bound than the 

phosphate or the adenine dinuoleotide.. 

An interesting protein isolated from egg white, movoinhibitor",' 

WAX found to inhibit proteases from B. subtilis and an unidentified 

Aspergillus (Matsushima, 1958a,b). Preparations of ovoinhibitor have 

alsobeen shown to be effeotiVe against trypsin and obymotrypain as 

well as an A.oryaae,  protease. The inhibition appeared to be equally 

effective against trypsin and ohymotrppsin and could inhibit the two 

simultaneously (Rhodes et al, 1960; Feeney et al, 1963). 

A glyooprotein has been isolated which accounts for about 1% of 

the total egg white protein (Xetterer, 1962 and 1965). It contains 

13.6% hexose (mannose and galactose), 13.8% gluoosamine and 3.0% 

stolid acid. Its isoeleotrio point is about 4 and it is not heat 

coagulable. No "specific biological; property has been found associated 

with it. 	
PART II • AVIDIN  

A niamtionow .  
Early studies on nutrition by various workers between 1920 and 

1940 repeatedly revealed that when egg White'was used as a source of 

dietary protein the animal suffered injury. Various foodstuffs bed 
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the power of counteracting these ill effects; however, for a 

umber of reasons, the condition did not appear to be one of a simple 

deficiency and in some respects had the appearance of an actual 

toxicity (site e.g. the lengthy and meticulous studies of Boas, 1927). 

The situation was clarified in the late 1930s with the discovery that 

two factors were involved. Watt:* was shown to be the essential 

growth factor in which the animal was showing a deficiency, the "egg-

white injury*  factor making the biotin unavailable to the animal even 

if small quantities of this growth factor were present in the diet. 

The finding that egg white rendered biotin unavailable for the growth 

of microorganisms provided a convenient and sensitive assay procedure 

for the injurious factor, which was soon shown in fact to be a protein. 

Eakin, Snell, Gyorgy and co-workers devised a microbiological assay 

using yeast; and concentrated the protein by acetone precipitation 

followed by ammonium sulphate fractionation (Eakin et al, 1941; 

Gyorgi et al, 1941; Gyorgi and Rose, 1941; Gyorgi et al, 1942; 

Pennington et al, 1942). They named the protein "avidin". Their beat 

preparations required 350 parts by weight to combine with one of 

biotin. Simultaneously Woolley and Longsworth (1942) showed that 

Cloatridillabutvlicum could not utilise biotin in the presence of egg 

white and these workers also obtained avidin in a highly concentrated 

form. In their case 200 parts by weight of protein was sufficient to 

inactivate one of biotin. A certain proprotion of the avidin in the 

preparations of both groups was present in an insoluble form. 

In a reinvestigation of the isolation and properties of avidin, 
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Fraenkel-COnrat at al (1952a) showed that these insoluble fractions 

of avidin were in fact complexes with nucleic mid or with an unehar-

aoterised acidic glycoprotein. These complexes could be dissociated 

(e.g. by electrophoresis) and the free soluble avidin was recovered. 

The best preparations combined with biotin in the ratio of about 12011 

by weight. Avidin was shown to be a glycoprotein containing menaces 

and hexosamine and its amino acid composition was determined. Chemical 

modifications of various side ohains in the avidin-did not yield much 

useful information about the binding site. of the biotin (Freenkel-

COnrat et al, 1952b). A oonvenient large-scale method of concentrating 

avidin was subsequently devised (Dhyse„ 1954). Although this renders 

the material largely in an insoluble form and in a relatively low state 

of purity, it was considered suitable for commercial production of 

avidin (Nutritional Biochemicals). In the course of a complete frac-

tionation of egg white proteins on CM-cellulose (Moles et al (1958) 

isolated a small amount of avidin, but it was not characterised in 

detail. The peak which contained the goblin represented a far larger 

fraction of the egg white than the known avidin content had indicated 

.and was thus presumably of relatively low purity. 

Interest in avidin in this department was initiated by the finding 

that when the photosynthetic bacterium Rhodopseulomonas  spheroid.*  was 

grown in a biotin deficient medium the concentration of bacteriochloro-

Orli and of a yellow carotenold were both reduced per unit dry weight 

(Gibson, Neuberger and Tait, 1962). In addition the activity of the 

first enzyme lathe biosynthetic pathos?, of the porphyrins, amino- 
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Laevulic acid synthetase, was markedly decreased under conditions of 

biotin deficiency. Commercial avidin (Nutritional Biochemicals) 

strongly inhibited thin ensyme, but preinoubation of this avidin with 

biotin did not abolish the inhibition. This avidin was made by the 

method of Dhyno (1954) and had an activity of 2.5 pg biotin/mg. !W-

eyer chromatographically prepared avidin (N.M. Green) even when still 

impure no longer inhibited the ensyme. Because of its interesting and 

unusual properties avidin warranted further study in its own right and 

the investigation described below was undertaken. 

B. ISOLATION OF AVIDIN FROM 100 WHITE  

1. General Outline  

Avidin comprises 0.00 of the protein of egg white. Early methods 

of concentrating and isolating it invariably yielded largely insoluble 

products. These were later shown to be complexes between avidin 

10.5) and DNA or an acid glycoprotein. Free avidin is readily water 

soluble and fully active against biotin and efforts were concentrated, 

therefore, on its isolation in this form. As avidin is not removed 

from egg white by centrifugation it seemed likely that it ocoured natur-

ally largely dissociated from the acidic components. Dissociation of 

the complex would be facilitated in the native egg white because the pH 

is about 9 (where the avidin does not have its maximum positive charge) 

and because the avidin is present in very low concentration (0.005% or 

about 10-6M). Any manipulation, which might promote precipitation by 

association of oppositely charged proteins such as drying the egg white, 

precipitating all the proteins by acetone, removal of electrolytes by 

dialysis, or lowering of the pH should be avoided unless the avidin and 

the acidic macromolecules are no longer in a position to combine. 
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2. . Assay of Avidin  

a) Radioactive Biotin Assay  

The biotin binding activity of avidin solution was determined by 

the methods of Green (1963a). The principle of the radioactive biotin 

assay la to add to. an aildin solution a known amount of 14C biotin in 

excess of that needed to saturate the avidin. The avidin-biotin oomplex 
*. • • 	• is then removed by adsorption onto CMC leaving the excess  C biotin in 

solution and this 'is then counted. The accuracy and reliability of the 

method depend on the distribution coefficient of the avidin-biotin 

complex between free solution and CMC, and this is virtually. entirely in 

favour of the CMC. Adsorption of avidin.or its biotin complex onto CMC 

is practically quantitative around pH 5 at ionic strength below Odt. A 

pH value much lower than this is not suitable as the CM becomes -

progressively leas charged in avid solutions. A pH of 5 is thus used for 

the determinations. Since the avidin-biotin complex is adsorbed onto CMC 

as readily as avidin and since avidin when adsorbed on CMC is virtually 

as good as free avidin at combining with biotin, the order of addition 

of .avidin, biotin and CMC does not affect the final result. The rate 

limiting step. is the adsorption of the protein onto CMC and'the halt%etime 

for this process is about 3 seconds. 

Method, A suspension containing ;)10 -. 12.mg. - dry weight of CMCtMlift. 

prepared from well washed CMC filter.cake (see page2l ) in 0.114 

pyridine-acetate buffer, pH 5.0 (25 ml. 2 poetic acid and 4.25•ml.' 

pyridine diluted to 500 mis.) Radioactive biotienis; added to a oonnen ,  

tration of 1000-2000 cpmtml. Samples (1 ml) of this suepensionweeet 
.4" 
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dispensed from a tuberculin syringe without a needle into small test-

tubes containing the avidin samples (0.2 ml). The CMC was prevented 

from adhering to the walls of the tubes by rendering them non-wettable 

with a suitable silicone agent. After standing with occasional shaking 

for 2 to 3 minutes the CM was centrifuged and the excess of 14C biotin 

was determined by plating and counting a sample (0.2 - 0.4 ml) of the 

supernatant. In the early stages of the work the solution containing 

biotin plus 0.1 ml of 0.2% cetyltrimethylammonium bromide was evaporated 

on 2 oI polythene planchet& in an oven at 600. The bibtin was then 

counted at inflate thinness with an end window geiger counter. In 

subsequent experiments a Wolear Chicago Corporation automatic gas flow 

counter with a Mioromil window was emplOyel. Samples up to 1 ml were 

dried down in the centre of 4 omP aluminium plancheta and counted. The 

relative effloienoles of the two counters were compared and the gas flow 

counter was found to be 4.4 times more efficient than the Geiger counter. 

All the data from the early work was thereafter multiplied by this 

factor and activities recorded are given in terms of the gas flow counter. 

The absolute efficiency of the counter was not determined accurately but 

is about 25-30% 

The useful limits of the method were investigated by.adding 

increasing amounts of avidin to a series of similar samples of 14c biotin. 

Where less than 20% or more than 80$ of the biotin was adsorbed a sig-

nificant departure from linearity was noted. Where almost all the biotin 

was removed from the solution the very low counts recorded were liable to 

error as the small amount of "soluble CMC11  always present in 
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the Ct4C (see page 20 ) binds a significant amount of radioactive 

avidin-biotin complex. For this last reason too the ratio of CNC 

to avidin has an optimum value. Aa the amount of avidin to be assayed 

affects the requirements both of 140 biotin and of CMC in the sanw way 

the two reagents were prepared together in a fixed ratio to each other. 

With biotin of specific activity 14.8 x ld6  cm/mg, 0.01 pg. biotin or 

1 pg avidin in 0.2 ml of solution could be readily deteoted and 5µg 

avidin could be determined with a standard deviation over 4000 app of 

+ 3.5% measured on 12 replioate planoheta at 60% adsorption of the 

addedbiotin. 

b). Spectronhotometric Assay  

A more accurate, although less sensitive method, for assay of 

avidin was developed by Green (1963b) from the discovery (Green, 1962) 

that addition of biotin to a solution of avidin brings about a. shift 

In the ultraviolet absorption spectrum of the protein towards longer 

wavelength (red shift). This is the opposite effect to that produced 

on denaturation of the protein which brings about a shift to shorter 

wavelength (blue shift). If the extinction of a solution of avidin-

biotin complex is measured in a double beam spectrophotometer against 

a solution of avidin at the same molar onnoentration the resulting dif-

ference spectrum has a sharp maximum at 233 mp. (&2233) almost equal to 

the 8280 of the avidin solution E233/ 	ex 0.94). Biotin has 

virtually no extinction at this wavelength and excess biotin does not 

affect the difference spectrum. The avidin away is best performed as 

a difference speotrophotometrio titration with biotin. 
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Method: A Unlearn SP 700 double beam recording spectrophotometer was 

used. To a matched pair of 10mm curettes was added an equal volume of 

avidin solution in 0.01 N  phosphate buffer at an approximately neutral 

OH. fActually the method is remarkably independent of pH giving the 

same result over the pH range 2 to 1,3).  A light path of 10 mm was 

always used either with full widthccells which had a minimum capacity 

of 1.5 ml and gave the most acourate results or with narrow cells which 

had a minimum capacity of 0.35 ml. Avidin concentration was suchtthat 

the E280  wan about 0.4. This gives anHE233.of 1.4. Higher avidin con-

centration intorduces significant straY'llgat'errors at this wavelength. 

After checking the baseline at this stage, biotin solution equivalent 

to about 10-20% of the avidin was added to the sample curette in a 

volume of 10 or 20 pl with a Carlsberg constriction pipette, and an 

equal volume of buffer was added to the reference curette. After mix-

ing A E233 was measured. Between 5 and 10 more additions were per-

formed in this way until the difference extinction at 233 mm showed no 

further change. A BO, was plotted against biotin added (see fig. 1). 

The readings should be corrected for dilution for higher accuracy. The 

point of intersection of the two straight line portions of the plot 

represents the amount of biotin corresponding to the avidin in the 

curette. As the El% 282mg of avidin was determined on a weight and lam' 

nitrogen basis the absolute weight of avidin present in the curette 

could be obtained from the volume and the E282. 

Note on Biotin-binding activity units: The amount of biotin bound by a 

preparation of avidin can be expressed in a number of different units. 
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Biotin was measured In terms of radioactivity and for purposes of com-

parison the most direst procedure was to use opm to indicate the amount 

of biotin. As the specific radioactivity of the biotin preparation was 

known, the biotin determined by redioassay could be expressed on a 

weight br a molar basis. In the case of the spectrophotometric tit-

ration biotlina recorded directly on a weight or molar basis. Protein 

concentration in column effluents was recorded in terms of E hnia. It 

was most convenient therefore in this case to compare specific biotin 

binding activities with 1 ml. of protein solution of Elanm  1111  I as a 

standard amount of protein. In later works  w*ight of air dried protein 

or true dry weight of protein could be used. Of the vardoUs possible 

combinations, pg biotin/ml Eno = 1 and pg blotining air dry protein 

will be used. 

3. Avidin Assays on Single Eggs - Selection of "Breeds" 

(a) Development  of the Method  

In the early work eggs were obtained from a dealer without 

regard to their origin in terms of "breed" of chicken. later, eggs were 

obtained from ..ohickens described by the supplier as being of one given 

"breed". However no detailed enquiries were made into the genetics of 

these "breeds", but they are probably not fully homozygous. As differ-

ences in diet between one breeder and another may also affect the 

results, eggs were olassified in terms of the sender rather than the 

name of the "breed". To ascertain which sender would be the most suit-

able source for large scale preparations the variation in avidin content 

between individual eggs from the same sender and between one sender and 

another was measured. Total biotin-binding capacity of egg white had 
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Previously been determined by microbiological assay (Eakin et al, 1941-

Woolley and Iongsworth, 1942). In our cane an overall biotin-binding 

figure could have been obtained by adding excess 1411 biotin to the egg 

white, and precipitating all the proteins. However, this may have led 

to high results due to non-specific binding and trapping of biotin in 

the very bulky precipitate. An the final yield of avidin was the main 

concern, a method more directly comparable with that used for the iso-

lation was developed to evaluate individual eggs. 

The first series of experiments were directed at finding the 

beat conditions for the assay. The white of an egg was diluted with an 

equal volume of ion-free water and homogenised. To one-fifth of this 

solution (usually 12-13 ml) 1 g. CMC filter-cake was added and the pH 

brought to 7 by addition of 2 N acetic acid with constant stirring. The 

suspension was briefly centrifuged and the supernatant (A1) was removal. 

The CMC was washed twice by reauspension in 10 ml of 23 mM ammonium 

acetate buffer pH 9, both washings being saved for assay of avidin 

(assay A2  and A'). Supernatant Al  was stirred with a fresh batch of 

CNC (1 g.), which WAG likewise recovered by centrifugation aid washed 

with the same buffer. Both CM: batches were pooled and made up to 10 

ml with distilled water. One ml of this suspension (3) was centrifuged 

and the CMC was assayed for total boUnd avidin (Assay B). The remaining 

9 ml of suspension B were centrifuged and the. CMC resuspended in 10 ml 

of 1% (NR4)2C0 to elute the avidin. After centrifUging, the supernatant 

was neutralised and assayed for avidin (Assay C1) and theCMC was washed 

a second time in I% (N114)2CO3  as before (Assay C2). The CMC was finally 

assayed for residual biotin-binding capacity (Assay D). 
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TABLE I THE FATE OF TONAL CMC-130UND AVIDIN 

cpm for ore-fifth of an egg white 
Assay 	 Experiment 1 	Experiment 2 

A2 	1st ammonium acetate pH 9 wash 12,100 6,800 

A3  2nd ammonium acetate pH 9 wash 11,500 2,600 

B 	Total CMC-bound avidin after washing 59,200 15,200 

C1 	lit ammonium carbonate elution . 50,000 15,200 

C.2 '2rd ammonium carbonate elution 14800 2,000 

D 	Residual CMC activity 	 600 	nil 

Fig. 1 Spectrophotometric Titration of Avidin (D 31) 

Avidin solution (8282 in 0.352; 106 ml) titrated with biotin (250 
µdm* Activity of avidin $.9 1.tg blotirVoil %era. 
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Two typical series of results are presented in Table I. It 

is clear that washing by suspension in a relatively large volume of 25 

mil ammonium acetate pAL9Lbuffer removes-a considerable proportion of the 

avidin. For routine determination of the avidin content of single eggs, 

therefore, 20 mM ammonium acetate 01 was used for washing and this did 

not remove significant amounts of avidin. As direct determination of 

the biotin binding capacity of the protein on the CMC appeared to 

reflect fairly accurately the amount of recoverable anti-biotin activity 

the following procedure for assaying single eggs was finally adopted: 

(b) Method 

The egg white was homogenised with an equal volume of ion-free 

water. One-fifth of the solution was stirred with 1 g CMC filter-cake 

and the pH was adjusted to 7 with 2 N acetic acid. The suspension was 

centrifuged briefly to bring down the CMC with adsorbed baib proteins; 

the supernatant was discarded. The CNC was washed twice by suspension 

in 10 ml 20 mM ammonium acetate (pH 7), centrifuged, , and finally sus-

pended in 50 ml of distilled water. To 1 ml of this suspension, was 

added 0.3 ml of a solution containing 3000 opm of [1401  biotin in 0.1 

M pyridine acetate buffer pH 5. The suspension was shaker! for a few 

minutes and then the cellulose was centrifuged. The excess (14c)  

biotin in the supernatant was counted and the avidin content of the 

egg was calculated from the amount of biotin removed. It is still 

possible that some avidin is not adsorbed onto the CMC (e.g. because 

of complexing with DNA) and this would not be included in the assay. 
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TABLE II. AVIDIN CONTENT OF snins EGOS  

(i)  Replicate Analysts on Single Eggs 
(mg, avidiiiiegg)  

Egg 1. Nix 2 FAIL.2. 

Result 1 1.60 1.78 2.20 
Result 2 1.75 1.40 1.98 
Result 3 
Average 

1.62 La 
g;---a 1. ra 

S.D. 4. 11.8% . ' 6.75% Average S.D. u. 7.6% 

(ii) Avidin Content of Different Eggs. from the Same Breeder 
(mg/egg). 

Breeder Ilsz 'Ellis Smith • ' Singleton Campbell, 

Egg 1 1.05 1.42 '0.95 0.45 0.925 
2 1.1 1.31 1.44 0.28 0.39 
3 1.7 0.55 1.18 0.74 0.65 
4 1.4 0.875 1.18 0.45 0.50 
5 1.25 ' 0.75 1.2 0.39 0.77 
6 1.04 0.38 0.125 

Average 1.3 0.99 1.2 0.45 0.56 
S.D. 20% 34% 14.5% .  34% 47% 

Average N. 0.9 
Average S.D.  "0% 

(11i)Average Avidin Content/Egg, Determined on Batches of Six 
Eggs from Different Breeders (mg/egg) 

1.84 	0.78 
	

1.30 	0.99 	0.70 	1.20 

0.45 	0.56 	o.63 	1.66 	1.25 	0.95 	0.75 

Average = 1.08 (+ 0.44) mg/egg. S.D. es 41% Range = 0.45 to 1.84 mg/egg 
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(c) Results 

The results of these determinations are given in Table II. 

The estimates of avidin content of individual eggs are reasonably 

reliable, the standard deviation of replicate determinations on the 

same egg being of the order of 8%. However, there is considerable 

variation in the avidin contents of different eggs, even if obtained 

from the same breeder. In some, oases the scatter was much greater 

than in others. It is not clear from the results to what extent the 

apparent differences in the average content of avidin in eggs from 

one breeder or another are significant. Nevertheless the senders 

which appeared to supply eggs with the most avidin were selected. 

4. Larg, Scale Preparation of Avidin 

(a) Materials 

Eggl The eggs used were classified an "large" and were delivered 

to the laboratory within a few days (2•-5) of laying. If processing 

did not begin immediately they were stored in the cold room (4-6°) 

but never for more than a further 2-3 days. 

CM cellulose Whatman CM 70 was used throughout. It was of consider-

able importance that it was thoroughly washed before use. CMC, when 

new, contains a sparingly soluble component which has a very strong 

affinity for proteins and gives soluble complexes (Green 19830• This 

"soluble CMC" could be gradually leached out of the material by pro-

longed washing. In addition, as metal ions had been shown to contri-

bute to the instability of avidin, the CMC was given awash with ETA 

and ion-free water WAS used for the final wash. 
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New CM was washed several times by suspension in a large 

volume of distilled water, allowing it to settle and decanting to 

remove fines. After degassing by evacuation on the water pump, the 

washing was repeated as more fines appeared to be liberated, and the 

cellulose was finally degassed again and packed into a column. The 

column was irrigated with the following solutions in the sequence 

indicated, the quantities given being the amount used per 100 g of 

dry CM starting material; 0.5 Li NaOH containing 0.5 tlNaCl, 600 ml; 

distilled water, 10 1; 1 *IOTA, 5 11 and ion-free water, 10 1. 

The NaOH solution often resulted in the appearance of some bright 

yellow substance as it percolated through the column. This material 

washed off quite readily and did not appear to result in any impair-

ment of the adsorptive power of the CMC. After the washing the CMC 

was unpacked from the column and sucked dry on a Baahner funnel. If 

the CM was poured onto the Bdchner funnel in a thick suspension there 

was no need for any filter paper and a rapid and efficient removal of 

excess water was achieved. The cellulose was pressed out as dry as 

possible. This product is referred to as CMC filter-cake. It was 

stored in well-stoppered containers at 4°. On drying samples over-

night at 110° different batches of filter-cake were found to contain 

80-81% water. 

Ammonium carbonate Analar 'ammonium carbonate" solutions were prepared 

in ion-free water and their concentration recorded in percentages of 

weight/vol. 
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(b) Method 

Egg whites were separated manually with care to ensure minimum 

contamination by yolk. Lots of 500 ml of pooled whites were diluted 

with equal volueses of ion-free water and homogenised to ensure thorough 

dispersion of the thick parts. The suspension was centrifuged at about 

3000 g for 15 min or 1,500 g for 30 min and the small amount of heavy 

material which sedimented to the bottom (mostly ovomucin plus chalexab) 

was discarded. The resulting solution comprised about 5% protein, the 

avidin concentration being of the order of 0.002%, and the pH was 8.5-9. 

Two large scale preparations of avidin were conflicted and they 

are sufficiently different to warrant a description of both. 

(c) Preparation 1:120  

To 44 1 of egg white solution obtained frail 720 "Sykes hybrid" 

eggs was added 800 g CAC filter-cake and the pH adjusted to 7.0 with 140 

ml 3 N }SO4 with constant stirring. The mixture was well stirred for a 

further few minutes and slimed to settle for 30 min. The bulk of the 

supernatant was siphoned off and the remainder recovered by a brief 

centrifugation in 1 1 lots. The CMC was then washed by resuspension in 

a few litres 0.05 M mmtorduin acetate buffer pH 9, allowed to settle and 

decanted. A thick slurry of the CAC was then poured carefully onto a 

Bachner funnel without paper and allowed to settle. When a sufficient 

bed of cellulose had formed on the bottom of the Bachner funnel gentle 

suction was applied. The CMC was then washed on the funnel with a few 

litres of the pH 9 buffer and finally well pressed out. The filter-

cake so obtained was weighed (batch I) aril a small sample (about 1 g) 

was taken for total avidin assay. 



TABLE III LARGE SCALE AVIDIN PREPARATION 

Experiment No. D26 	D31 

  

Eggs 	Sykes hybrid 	Rhode Island x 
Light Sussex hybrid 

Number 	 720 	900 

Vol. of diluted egg white 	45 L 	54 L 

Batch No. 	I 	II III 	I 	II III 

CM wt. added (g) 	800 500 500 	1200 800 800 

Cle wt. recovered (g) 	710 728 635 	935 748 650 

Avidin content. 040 	320 317 150 	320 200 230 

Total avidin (as) 	787 	750 

CNC column 	65 x 9 CM 	 70  X 900 

Hold-up volume 	3.8 L 	4.0 L 

Final yield 	336  mg 	450 mg 
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To the egg white supernatant 500 g CMC filter-cake was added 

and the isolation and washing process repeated as above (batch II). A 

third batch adsorption was similarly performed (batch III). The super-

natant at this stage was suitable for the isolation of ovaibumin and 

ovomucold. This was done and the details will be given in a later 

section. Each batch of CMC filter-cake with adsorbed basic proteins 

was then resuspended in the pH 9 buffer and thoroughly degassed on the 

water pump. The outlet of the column (9 x 100 cm fitted with a sintered 

glass disc) was closed off and the column one-third filled with the pH 9 

buffer. Fresh CMC filter-cake (500 g) was suspended in a few litres pH 

9 buffer, degassed aid poured onto the column. After allowing the CMC 

to settle to the bottom of the column, the flow of buffer was permitted 

from the outlet and the CMC packed down twith the buffer floWng. The 

The batch III CMC suspension was then poured onto the column as a 

slurry. Entrapped air bubbles were released by stirring and the CMC 

packed down with the buffer flowing. Batch III was layered next in the 

same manner, followed by batch I. The final column of CMC was packed 

under slight pressure (1-2 lbs/sq.in) and was now ready for elution. 

The relevant data on this preparation are given in Table III. 

(d)PrizarationD31 

The 54 1 of diluted egg white resulting from 900 Rhode 

Island and Light Sussex hybrid eggs supplied by Mr. Richers were 

extracted as before with three batches of CMC. In this case an attempt 

was made to minimize possible avidin losses by washing the CMC with 

0.025 M ammonium acetate, pH 7, but when the CMC was finally packed 

onto the oolumn the eluting buffer did not flow through it. The 
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cellulose was resuspended in 0.025 M ammonium acetate pH 9 buffer and 

washed by decantation, but after repacking the column blocked up again. 

The column was unpacked once more and the 00 washed by resuspension in 

50 1 of 0.05 tiammonium acetate pH 9 and washed on the Hichner tunnel. 

After resuspension and degassing the material was repacked into the 

column and the flow rate was found to be adequate. However,- by this 

time all the batches of CMC had become mixed by the repeated unpacking 

of the column and a considerable amount of the material had been lost 

by the repeated decantation. The details of this preparation are also 

given in Table III. Ite washing and eluting of the two preparations 

were carried out in the same way. 

The column was washed overnight with one to two hob:1711p 

volumes of 0.25% ammonium carbonate at a flow rate of about 5 ml per 

min, which brought the Hao of the effluent down to less than 0.05. 

Elution was thereafter performed by a stepwise increase in ammonium 

carbonate concentration. The elution schedule and the effluent pattern 

for these columns are given in figs. 2 and 3. Fractions of 250 ml were 

collected by hand and the column flow rate was maintained at about 18 

mAlmin. The fractions were then assayed and those containing the avidin 

(fig. 2, tubes 9-16 and fig. 4 tubes 8-14 inclusive) were pooled. For 

D26 the solution was concentrated on a short column of CMC and dialysed. 

The solution was acidified with acetic acid to a pH between 5 and 6 and 

then well degassed at the water pump. The total protein content of the 

solution was estimated from the E280 using a factor of nm,280 of  

15.6, which was the value obtained experimentally with crude avidin. 

For concentration purposes a loading of about 5 mg protein/ml of column 
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volume was used. The column was equilibrated with 0.01 M ammonium 

acetate buffer 05.5, and the protein solution then run on at a flow 

rate of not more than 0.5 cm/min. With an influent 5280 of 0.8 the 

effluent %Bowes less than 0.04. Elution was performed with 2% 

ammonium carbonate solution but it was important to wash the column 

first with ammonium acetate pH 9 buffer (0.05 M) until the pH of the 

effluent was 9 to prevent the formation of CO2  on addition of the 

carbonate solution. The material emerged as a sharp peak with the 

solvent front. Fractions containing protein were pooled and dialysed 

for 48 hours at 4°  in Flaking bags on a rocking dialyser against ion-

free water. 

5. Selection and Development of Further Purification Procedures  

Large scale preparations of avidin yielded material with an 

E i L280mµ of 15.6 and a biotin binding capacity of 61-biotin/al 

8280 ' 1 or 9.4 T. biotin/mg, compared with 8 r biotin/mg for the most 

active preparations of Fisenkel-Conrat et al. (1952a). Small scale re-

chromatography on CMC with a linear concentration gradient of ammonium 

acetate buffer pH 9 yielded some avidin with a biotin binding capacity 

of 7.6 T' biotin/ ml 8280 4° 1 or 11.8 T biotin/mg" avidin (N.M. Green, 

unpublished results). This clearly showed that the large scale prep-

arations of avidin, although producing a product with a higher specific 

activity against biotin than arAF previously obtained did not in fact 

yield pure avidin. Comparison of the 8280  and activity curves of the 

elution diagram (figs. 2 and 3) in any case indicated a fairly high 

proportion of inactive protein in the avidin preparation. A series of 

small scale column chromatographic experiments were therefore conducted 
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to find conditions which gave the highest biotin binding activity and 

the best coincidence of activity and E280 plots on the elution curves. 

In all cases linear gradients of ionic strength were employed for 

elution and each ohromatograph was performed without any change in the 

pH of the buffer. 

(a)CO50Chromatogrefigy  

(1) Methods Of the polyanionio resins commercially available the 

only one besides OU:which had been found generally useful for the 

Chromatography of basic proteins is Amberlite IBC 50 or the special 

chromatographic grade, CO 50. Like CMC this is also a polycarboxylic 

acid but the backbone is a synthetic cross-linked polymethaorylic acid. 

This resin has been used extensively in the Rockefeller Institute 

Laboratories and the general conditions described by Moore and Stein 

(1956) were followed. Unlike CMC, the CO 50 is very slow to come to 

ionic equilibrium and its capacity for adsorbed protein is much lower. 

However the affinity or strength of binding of avidin was found to be 

far greater for CO 50 than for CNC. 

Amberlite CO 50 (Type II) 200-400 mesh which is a special 

grade of Amberlite IRC 50 (also known as XE 64) was obtained from 

Rohm and Haas Company. Fines were removed by vigorously stirring the 

resin in a large volume of water and pouring off the supernatant after 

settling for 15 min. After repeating the decantation four or five 

times the resin settled fully in 15 min leaving a clear supernatant. 

The resin was cycled twice between the Na}  and le forms by washing 

with NaOH and HC1 respectively as described by Hirs, Moore and Stein 

(1953). The second NaOH wash also contained 10-3M EDTA to remove trace 

metals from the column. 
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Mechanically the technique of setting up, filling and running 

of the columns was the same as for CMC except that much slower flow 

rates were used and much longer equilibrium times were required to 

obtain identical pH values for influent and effluent. It was noticed 

that the CO 50 parts with sodium ions more readily than with protons. 

The columns were therefore packed with the resin in the sodium form 

and then washed with a buffer of the desired OH until the equilibrium 

was attained (usually 2-, days). Maximum flow rate for washing, adsorp- 

tion or elution from this resin was 2 Whig but 1 on 	was used when 

maximum resolution was required. 

Because of the slow attainment of equilibrium the CO 50 resin was 

not subjected to changes in pH and protein adsorption was performed at 

the same pHas that used for elution but at a lower ionic strength. 

Before use the column was washed until equilibrium was attained with 

the buffer which represented the starting point of the elution 

gradient. Prolonged washingof the column was necessary, not only 

because of the slow rate of equilibration but also because a small 

amount of material with a significant extinction at 280 mil leached out 

of the resin. After several days of continuous washing the optical 

density of the column effluent at 280 mp had dropped to less than 0.02 

where it remained as long as the flow was not interupted. At this 

stage the oolumn was given a brief wash (less than one hold-up volume) 

with a buffer at the same pH as that used for equilibration but at 

about one-tenth the ionic strength. The protein was adsorbed onto the 

column in the latter buffer and elution was resumed with the starting 

buffer. Inmost oases 	gradient of ionic strength was then applied 
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to effect elution of the protein. Up to 1 mg protein could be chrom-

atographed/ml of total aolumm volume; but for best resolution 0.2 -

0.e mg/m1 of column was used. 

Whenever a gradient of constantly changing concentration was 

employed for column elution a two-chamber seriesprooupled arrangement 

of open vessels .was employed. This..device (due.  to Parr, 1954) is des-

cribed in detail byivensson (1960) and,. in all the work in this study 

(on CNC or C+0 50), was.used with two identical vessels resulting in a 

linear grmliont.. For all column chromatography experiments, except 

the very large seale preliminary avidinpurificaiion (100 cm x 9 , cm 

column),,, the effluent was collemtedindlecrete fractions in automatic 

fraction collectors. Drop counting was the. preferred method of 

measuring fraotions but slight variations in the fraction size were 

observed when peaks of high protein concentration were. eluted. This 

was dUe to the lowered surface tension which. caused a decrease in the 

size of the drops. Fractions collected from different columns varied 

from about one.quarter of a hold-up:volume. for very small columns to 

one-fiftieth for large ones. 

When the effluent from a column had been collected all tubes 

were first assayed for total protein by measuring %ao. Those tubes 
which were likely to contain avidin were then assayed for biotin 

binding activity by the radioactive biotin method. The effluent 

diagram relating these two properties was then plotted. From a 

consideration of these diagrams the effectiveness of the system in 

purl/ring  avidin and/or in resolving the different avidins could be 
evaluated. 
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(ii) Results All the experiments described in this section were 

performed on avidin D26. The study of the behaviour of lysosyme on 

CO 50 (Tallan and Stein, 190) was taken as a starting point for the 

present investigation. The lysosyme (egg white) was eluted at pH 7.12 

in a buffer 0.2 4 in respect to phosphate in about 6 hold-up volumes. 

However under similar conditions avidin was not eluted even after 30 

hold-up volumes. Rthanolamine (06 9.47) was used to obtain a higher 

pH. By bringing 0.25 M HC1 to pH 9.5 with this base a buffer owas 

produced with ionic strength 0.25. This buffer soon brought off the 

bulk of the applied material in a single peak. A gradient of ionic 

strength from 0.1 to 0.25 in ethanolamine hydrochloride buffer at pH 

9.5 produced a wider spread of the active material. It also seemed 

that the material consisted of two components running almost together. 

They were eluted at a region in the gradient where the ionic strength 

was approximately 0.2. On this column the concentration gradient was 

checked in the effluent by determining the chloride content of various 

fractions along the run. The results fitted approximately to the 

expected straight line but did not give as close a correspondence as 

that found when a similar check was made on the effluent of a CNC 

column. 

Ethanolamine hydrochloride buffers of pH 9.5 and at a 

constant ionic strength of 0.17 or 0.20 did not affect satisfactory 

elution of the avidin in terms either of biotin-binding activities on 

an optical density basis or in terms of fractionation of the avidin 

into more than one component. !km did a buffer tlf constant ethanol-

amine hydrochloride concentration (I . 0.05, pH. 9.5) and a gradient 
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of increasing NaC1 concentration give good results in either respect. 

For the next chromatogram the pH of the buffer,  was raised to 10 and 

an ethanolamine gradient was reintroduced. This eluted the avidin 

at an ionic strength of 0.18 and again suggested a split into two 

components. Owing to the strong tendency of ethanolamine to absorb 

CO2 from the air these buffers may in fact have been mixtures of 

ethanolamine hydrochloride and ethanolamine carbonate or carbamate. 

As the elution resevoir or gradient device was exposed to the air for 

some time during elution, there might have been much more carbonate 

in the buffers at the end than at the beginning of a run. If both 

carbonate and carbamate were having specific effects on the elution 

of the avidin this may have further complioated the effects of the 

various buffers. 

Ethanolamine carbonate buffers were therefore prepared by 

bubbling CO2  into ethanolamine solutions of known concentration 

until the required pH was obtained. A gradient elution from 0.05 M 

to 1.0 M ethanolamine adjusted to pH 9.5 with CO2 resulted in a sym-

metrical peak at a point on the gradient corresponding to 0.5 M 

ethanolamine. As the ethanolamine is very nearly half ionised at 

this pH, this represents an ionic strength maximum of 0.25, but 

probably in fact considerably less due to carbamate formation (see 

Jensen et al, 1954). The material of highest activity over the peak 

bound 6.8 T. of blotinfml E280 ml, compared with a value of 6 for the 

starting material and 7.6 for the best results on CMC columns. This 

system therefore was not giving any advantageover CMC in terms of 

activity against biotin, nor was there a useful resolution of the 

avidin into the multiple components. 
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Boric acid (pKa  9.2) is a suitable alternative buffer in 

this range. In addition its ability to form charged complexes with 

carbohydrates may affect the elution of glycoproteins specifically 

in a mixture with proteins and bring about a separation not produced 

by other buffers. As experience with ethanolemine buffers had indic-

ated that pH 10 brought about slightly better resolution of the 

different components of avidin than pH 9.5, the former pH was chosen 

for the borate experiments. As sodium borate (sodium tetraborato, 

borax) in solution gives rise to equivalent amounts of NalleB03 and 

boric acid, the ionic strength of the solution is numerically equal 

to the normality of sodium ions. To prepare a borate buffer of given 

ionic strength sodium borate and sodium hydroxide both of a normality 

(as determined by titration with standard IV1) equal to the desired 

ionic strength were mixed until the required pH was attained. Using 

a gradient from I = 0.02 to I = 0.4 in borate buffer, pH 10, the avidin 

was eluted in a symmetrical peak at an ionic strength of 0.22. 

Repeating the experiment with a much more shallow gradient over the 

range I - 0.18 to I m 0.22 the avidin emerged as a main component fol-

lowed and slightly overlapped by a second active component. The 

maximum biotin-binding activity of both components was 8.3 mg/ml. 

8280 - 1  (13 r/mg)• In both respects, activity and fractionation, 

therefore, this result represented a considerable advance over any 

previous column. 

If the various tvidins differ from one another in net 

charge this difference should be at a maximum near the isoelectric 

point of the protein (about pH 10.5). As avidin appeared to be highly 
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stable in alkali, chromatograms were run at pH values around 10.5. 

Sodium carbonate-bicarbonate buffers were prepared by mixing solutions 

of equal molarity of Na2CO, and NaHCO, to the desired pH. A series of 

chromatograms was performed over the range pH 10.4 - 10.6 with con-

centration gradients from 0.02 - 0.1 M. Elution usually occurred when 

the concentration of eluent was somewhere between 0.04 W and 0.07 14, 

the actual position being very sensitive to OH. In some cases the 

avidin emerged as two separate components but conditions were difficult 

to standardize. Elution patterns were sensitive to changes in pH of 

0.01 and were affected by column length in an unusual way, resolution 

improving with shorter columns. Borate-carbonate buffers at pH 10.5 

brought about no improvement, so for further development onto a 

preparative scale sodium borate-hydroxide buffer at pH 10 was chosen. 

A single eluting buffer which gives a fate distribution of 

the protein between eluent and resin can often be used with CO 50 

instead of a gradient (Moore and Stein, 1956). With pH 10 borate buffers 

the main peak of the avidin emerged at an ionic strength of about 0.2. 

Chromatograms were therefore run using this buffer at constant Ionia 

strengths of 0.210, 0.200 and 0.195. These columns did resolve the 

avidin into more than one active component but the peaks were very 

spread out with much tailing. As a result very shallow concentration 

gradients were re-intorduced in the method finally adopted. 

(iii) Detailed Description of Preparative CO 50 Chromatogram A 

column of CG 50, conditioned as described above, was washed with 0.5 

NaOH plus 0.5 aNal containing 1014 EDTA, ion-free water, and finally 

boric acid (0.2 M) until the effluent pH was appriximately 10. Borate 
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buffer, pH 10.0 and ionic strength 0.195, was then run through the 

column for 48 hours by which time the pH of the effluent was 10.0. 

Crude avidin from a large CMC column (250 mg) was made up in 5 ml 

borate buffer pH 10 of 0.02 ionic strength and applied to the top of 

the column. Elution was continual with the 0.195 ionic strength buffer. 

The elution diagram for this chromatogram is given in fig. 4. 

Fractions 48-69 inclusive were pooled (solution A), fractions 73-330 

inclusive yielded solution B and 144-169 inclusive, solution C. The 

three solutions were dialysed against ion-free water and concentrated 

by adsorption onto separate CMC columns at 015. They were eluted 

with 2% ammonium carbonate. The fractions containing the concentrated 

proteins from each colt= were then dialysed in a rocking dialyser 

overnight in the cold room and centrifuged at 90,000 g for 15 minutes 

to remove a alight turbidity. The clear supernatants were finally 

freese-dried, yielding the three preparationsof avidin, A, B and C. 

The total recovery of 280 mp adsorbing material from this column was 

81% and was calculated by cutting out the area under the elution curve 

and weighing the paper. However the three pooled fractions after con-

centrating, dialysing, centrifuging and freeze-drying yielded 60 mg. 

or 24%. 

(b) CNC ChromatogrephY  

For further purification, CO 50 chromatography was very 

tedious and recoveries were rather low, partly because some avidin 

became denatured (as indicated by its precipitating on dialysis). 

Further investigations were thus carried out to find conditions which 

would give the most active avidin by CMC chromatography. With this 

supporting medium the yields were much better anl'iz,t. there was no 
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evidence of the avidin becoming insoluble during the later stages of 

the purification. The large scale preparation of avidin (D26, PR2 

fig. 2) afforded the opportunity to reinvestigate the conditions for 

CNC chromatography of avidin. Tubes 9-16 inclusive were pooled (2,130 

ml with 040.280 • 0.4) conoentrated on a CtC column and yielded 725 

E280  units of protein solution which was dialysed and stored in the 

frozen state (-200). The activity of this solution against biotin 

was 5.7 I-biotin/1ml. 2280  - 1. 

During the large scale avidin preparation on CMC nearly the 

whole column was occupied by adsorbed proteins and moat of the column 

was virtually saturated with protein. The degree of separation 

obtained under these conditions cannot be expected to be very high. A 

much lower column loading was therefore used when the long trail of 

very low specific activity material (fractions 17-35) from the D26 

column was rechromatographed. From the elution diagram (fig. 5) it 

can be seen that at this loading a much better resolution is obtained, 

than from the large scale column although the elution conditions were 

the same. The first peak, emerging at 0.7% ammonium carbonate, was 

the avidin with an activity over the peak of 7.5-8.0 r biotirVml 

2280 sa 1 but it was partly overlapped on the tailing edge by an 

inactive impurity. Tubes 27-49 inclusive were preserved. 

Two preparations were now on hand from the D26 column, the 

main peak material (tubes 9-16, fig. 2) and the rechromatographed 

tail end material (tubes 2749, fig. 5). A small scale column was 

then run on the main peak material and eluted with a concentration 

gradient of ammonium acetate buffer pH 9.0. A small inactive peak 

was eluted first (at 0.15 M) partly overlapped by the avidin (at 0.2 
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Pic. 4. Preparative Amberlite oa 50 Column Column, 4 x 48.5 cm; 
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Fig. 	RechromatograPhy of Tail Ends from Fig. 2. Elution by 
ammonium carbonate concentration gradient as indicated. Column, CM-
ceLlulose14373rem. 580 ml holdup volume); fractions, 25 ml; flow 
rats, 0.2 crolmin; total load, 1.5 - 2,0 g protein. 

1280 	 biotin binding activity 
(see Fig. 2). 
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M), whioh had en activity of 7.5 mg/m1 S280 = 1 over the peak. In 

this case the tailing edge of the avidin peak did not appear to be 

contaminated. The difference between this result and that of fig. 5 

may have been due to the main peak material and the tail end material 

of D26 containing different impurities or to the acetate and 

carbonate anions giving different types of separation. A sample of 

material from the ammonium carbonate column (fig. 5; tube 46) was 

therefor, run on a small scale column and eluted with ammonium acetate 

buffer pH 9. An inactive peak emerged early in the run, clearly 

separated from the active material which followed it. It was now 

clear that the ammonium acetate pH 9 buffer was giving a different 

type of separation from the ammonium carbonate elution. The material 

from the main peak of D126  was therefore rerun with ammonium acetate pH 

9 elution. The avidin emerged as a symmetrical peak (fig. 6) showing 

every close correspondence between 0.D. and activityourves. Tice peak 

material (tubes 102-150) was concentrated on a CNC column, eluted with 

3% ammonium carbonate, desalted on Sephadex 0 25 and freeze-dried*  

yielding 175 mg of material designated avidinD 26.1 

The reohromatographed tail end material (fig. 5) was then 

pooled (tubes 27-49) and ohromatographed with ammonium acetate gradient 

as eluent. The first peak to emerge at 0.14 Eon the gradient was com-

pletely devoid of anti-biotin activity. The active material which 

followed it had a peak at 0.20 M but was not quite symmetrioal (fig. 7) 

although, as on the previous column (fig. 6), the specific activity on 

an optical density basis was very constant over the whole peak. It was 

divided into two lots (A, 120-168 and B, 169-2200 which, were separately 
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Fig. 6 Rechromat,ograptly of Main Peak from Fig. 2. Elution by 
82111101111114 acetate buffer (pH 9.0) concentration gradient as indicated. 
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Fig. 7. Reohromatograift of Active Peak from Fig. 5. !iution by 
ammonium acetate buffer (pH 9.0), concentration gradient. Column, 
CM-cellulose (4 x 31 cm); fractions 12.5 ml. 

2280 	0 biotin binding activity (see fig.2) 



concentratedoon CMC columns, eluted with ammonium carbonate and 

dialysed. In order to reduce the time needed for freeze-drying 
by 

the samples were then concentratedOervaporation. The solutions in 

the bags (Making tubing tied off at both ends) in which they had 

been dialysed were hung up in front of a fan in a cool, well darkened 

room. After a few hours volume had been reduced to almost a quar-

ter and they were then freeze-dried to yield the preparation D 26.3 A 

(110 mg) and D 26.3 B (51 mg). 

6. Description of the Final Method  

From the experiments described above a final method was 

adopted for the purification of avidin which involved three CMC chrom-

atograms: (1) a large scale column eluted with ammonium carbonate 

resulted in a crude avidin preparation which represented nevertheless 

a purification of about 1000 times from the original egg white, and 

contained about 50 avidin; (ii) reohromatography with the same 

solvent under conditions of lower loading which separates the avidin 

from all but a email fraction of the contaminants and finally (iii) 

chromatography under the same conditions as (ii) but with acetate 

instead9of carbonate as the aniontin which case the remaining impurity 

is eluted before the avidin. The results for a full preparation of 

avidin by this method are presented below. 

From the large scale column described above (D31, page 24 

fig. 3) fractions 826 were pooled and chromatographed with ammonium 

carbonate elution. From the effluent diagram (fig. 8) it will be seen 

that the avidin was well separated from moat of the inactive material 

but there was partial ove*lapping by a minor contaminant. Tube 60 from 
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this run, on spectroPhotometrio titration with biotin (page 13 ) 

gave as high an activity as was ever obtained with any avidin (9r 

biotin/m1 5280  • 1). Tubes 44-94 inclusive, containing 32% of the 

starting material, were pooled, acidified and reohmetatographed with 

a gradient of ammonium acetate buffer pH 9 as eluent. In this case 

(fig. 9) an impurity emerged before the avidin. In this case, too, 

a tube on the leading edge of the curve (fraction 63) was titrated 

with biotin in the spectrophotometer and bound 9 r  biotirjml Rao = 1. 

Hy radloblotin assay the specific activity was constant over the peak 

and tubes 61-90 were pooled, concentrated, dialysed and freeze-dried 

to yield 450 mg of avidinD 31. The tail end of this run together 

with a miscellaneous collection of avidin residues which had been col-

lected in the laboratory over three years were subjected to chromato-

graphy under the conditions of the second and third columns described 

above, and yielded 134 mg of reclaimed avidin which was fully as active 

against biotin as the herA tresk preparations: 

7. Discussion on Isolation of Avidin  

As discussed above (page 10) it was essential to isolate the 

avidin by a method which would preclude the formation of complexes 

with naturally occurring acidic macromolecules in the egg white. 

Isolation of avidin free of nucleic acid by CMC chromatography (Rhodes 

et al, 1958) indicated that this ion-exchange material may be partic-

ularly well suited for the purpose. In the present isolation 

procedure the CNC served three purposes: (i) being a highly acidic 

polymer it was able to compete successfully with the naturally 

occurring acidic macromolecules and prevent them complexing with the 
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avidin; (ii) conditions were so arranged so that only the most basic 

proteins were adsorbed. As avidin is one of the most basic proteins 

in egg white - the most basic 5% of the protein contains all the avidin 

- this was a fairly selective adsorption of avidin (lysozyme being the 

major contaminant); (iii) the adsorbed proteins were fairly selectively 

eluted from CNC by the use of buffers with gradually increasing salt 

concentration. 

Adsorption of material from solution onto an insoluble support-

ing medium is most efficiently done on a column. In this case, however, 

a batch process was preferred for two reasons:- (1) it proved to be 

necessary to lower the OH of the native egg white in order to get most 

of the avidin to adsorb onto the CNC. It was desirable to have the CNC 

present in suspension while the pH was being lowered in order to compete 

with the naturally ocouring acidic macromolecules as the avidin became 

more positively charged; (ii) as only a small fraction of the egg white 

proteins were being adsorbed a large volume of egg white was used 

relative to the amount of CMC. It was found that owing to its high 

viscosity (even when diluted with an equal volume of water) and the 

presence of sticky, muoinous materials in the egg whitetthe flow soon 

became impractioallyslow if large volumes of white were run onto CNC 

columns. 

Preliminary experiments to find conditions for most efficient 

batch adsorption in terms of ratio of CNC to diluted egg white, member 

of batches required and optimum pH were performed by N.M. Green 

(unpublished work). Three batch adaorptioncusing 0.5 g dry weight of 

cmciloo ml of diluted egg white at pH 7.0 adsorbed approximately 80% of 



the avidin. Not much material less basic than avidin was adsorbed 

under these conditions. In summary, batch adsorption onto CNC directly 

from diluted egg white proved to be A highly efficient means of 

isolating the basic proteins. By elution with ammonium carbonate, an 

overall purification of 1200 to 1600 times was obtained in virtually 

one step. 

It is of some interest to compare the chromatographic 

.behaviour of avidin with that of the other proteins of similar basicity 

which were also- adsorbed onto CNC. AmmoniUm carbonate was originally 

'chosen for elution beoause of its volatility. (This greatly facilitated 

the assay procedure because the excess radloaotive biotin could be 

determined on eVaporition of the supernatant, without the need for self-

Adsorption corrections.) The successive use of CNC columns eluted with 

,carbonate and acetate. proved to be particUlarly effective as the two 

anions'eluted avidin and its closest contaminants in a different order, 

and this greatly facilitated the purification. 

Before making these comparisons on a quantitative basis, it 

is first necessary to ascertain whether the position reached in the 

gradient, when the peak is eluted, or the elution volume (Rt.) is the 

relevant parameter for the evaluation of the positions of the peaks. 

In the first type, resolution is largely independent of column length 

and dependent rather on the slope of the gradient. In the second case, 

which requires a true, reversible distribution coefficient yielding a 

reasonable !if (between 0.1 and 0.7), the entire length of the column 

* The value in column chromatography has:  been defined by Boardman and 
Partridge (1955) as the hold-up volume of the column/total volume of 
effluent which flows from the moment of application of the solute until 
tectoadoetotteoketikgriOi. (1 ti_ 	equivalent to Rf as defined 
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is involved in the fractionation and the dimensions of the column 

greatly affect the degree of separation obtainable. The CMC chrom- 

atography described above corresponds closely to the. first type as 

the peaks emerged at very nearly the same position on the gradient 

over every wide range of conditions which differed in respect to 

column dimensions, slope of the gradient or loading of the column. It 

.has therefore been accepted that the point on the concentration gradient 

at which a particular peak emerges characterises the elution of that 

substance. The points of elution (represented by the position on the 

gradient) of avidin and the two closeetcontaminants is set out in Table IV. 

TABLE IV ELUTION OF PROTEIN FROM CNC AT pH 9.0 

Protein 	Point at which eluted 

Ammonium Acetate Ammonium Carbonate 
Ionic strength 	% Wv  

Contaminant A 0.14.  0.85 

Avidin 0.20 0.70 

Contaminant B 0.20 1.20 

Unfortunately ammonium carbonate, in solution, gives rise to a complex 

equilibriumoof ammonium ions, bicarbonate ions and carbamate ions, the 

ionic strength of which cannot be derived without a knowledge of the 

equilibrium constants for the various reactions. As these constants 

are not well established a direst comparison of the behaviour of the 

the three protting in the presence of the two eluting buffers in terms 

of ionic strength of elution cannot be made. However it is of interest 

to note that the ratio of the concentrations at which the two contaminatto 
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are eluted are viitually identical in the two systems. It appears thus 

that it may be the avidin which is behaving essentially differently in 

the two cases. If this is so, then the avidin is somewhat, less basic 

In the ammonium carbonate solution than in the acetate. It is possible 

to speculate that ion binding of bicarbonate or carbamate to the avidin 

is responsible for this, but it is not possible at this stage to say 

why this should be so. 

The behaviour of avidin on CO 50 contrasts sharply with that 

of lysozyme. On the CMC columns described above, lysosyme was eluted 

well after avidin in agreement with the results of Rhodes et al (1958). 

However, on CO 50, lysosyme is eluted with 0.2 N  phosphate buffer pH 7.18 

(Tanen and Stein, 1953) whereas the avidin required a pH of about 9 to 

10 before it could be eluted at similar salt concentrations. As no 

direct comparisons have been made between the behaviour of proteins on 

CIS and CO 50 it is not known whether lysozyme or avidin exhibits the 

more usual type of behaviour. 

It is clear from the results that a better resolution of the 

components of avidin is obtained on CO 50 than on CMC. This can be seen, 

for example, by a comparison of figs. 9 and 10 which show chromatograms 

of the same material on CMC and on CO 50, in both cases under optimum 

conditions. Where a single symmetrical peak occurs on CMC, a partial 

resolution into components is observed on CO 50. On the other hand, with 

bovine pancreatic ribonuolease the opposite le the case. Material which 

gives rise to a single peak on CO 50 is resolved into two fractions on 

CMC (Taborsk4 1959). 
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C CHARACURIUSION AND ANALYSIS OF AUDIS 

The values obtained for specific biotin binding activity 

for avidins A, B and D Noire significantly higher than any previously 

described. Stored in adessicator over CaC12 in the cold room as freeze-

dried powders, these materials did not show any measurable loss of 

activity over mart► months and remained readily and completely soluble 

in water and in moderately strong salt solutions. These preparations 

were oharsoterised in a nueber of respects and analyses were carried 

out on their overall composition. 

(1) Methods 

(a) Homokensity  

It is clear from section B that CO 50 chromatography 

represents a very sensitive system for assessing the degree of contam-

ination by inactive components, if any, and for investigating the 

ohromatographlo homogeneity of the aotive component(s) of avidin, As 

the amount of material available was limited, it was not examined by 

other methods used for the assessment of protein homogeneity, e.g. 

ultracentrifugation or eleotrophoresis. 

Fbr avidin obtained from eggs from a single breeder and 

isolated solely by CNC chromatography, a Ca 50 column was used on an 

analytical scale. The column was equilibrated with sodium borate-

sodium hydroxide buffer, pH 10 and ionic strength 0.2, and then 

washed overnight with the same buffer but with /. 0.02. Protein (6mg) 

was applied in about 0.5 ml of the latter buffer and the column then 

eluted with a gradient of borate buffer pH 10 under the conditions of 

fig. 10, r  cc• 
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Samples of protein were dried at 1100  in an all glass pistol. 

A weighing bottle of Pregl pig containing the proteinwas placed in the 

stem together with its ground glass lid and the pistol heated for 15-20 

min. The pistol was then evacuated on an oil pump to less than i0r5  cm 

of Hg and maintained at 1100  with the pump running for about a further 

hour . With the outlet tap closed, the pistol was removed from the 

Jacket and allowed to cool. Dry air was slanted slowly into the 

pistol and the weighing vessel was quickly removed, stoppered and 

weighed on a Stanton micrdbalance which was found to give a resoling 

reproducible to 0.003 mg. 

(o) Ultraviolet Spectrum and Extinction Coeffloient  

The extinction coefficient of avidin and the spectrum as a 

whole were determined on a Unicam SP 700 double beam recording spectro-

photometer. The usual precautions were observed, such as ensuring 

good matching of the cuwettes before use, ensuring complete freedom from 

turbidity (by high speed oentrifugation if necessary), absence of sig-

nificant amounts of stray light and the use of the instrument in its 

most sensitive optical density region. 

(d) Total Nitrogen  

(1) Development of the Methoi. To ascertain whether the 

amino acids and amino sugars in avidin, both of which could be deter-

mined with a precision of About 2%, accounted for all the nitrogen 

present, and also to determine the amount of avidinpreient in a given 

solution (e.g. for estimation of El Ls  282 mg) an accurate nitrogen 

determination was required. .At the same time the small amount of avidin 
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available demanded the use of a micromethod. A method by which one 

could estimate between 10 and 50 pg N with an accuracy of about 2% 

would be required. The Kjeldahl prooedure described by Hiller, Flazin 

and van Slyke (1948) which originally required about 1 mg N per 

estimation was first used but was adapted for application on di consider-

ably smaller scale. Samples of IE*C1 containing 10, 20 or 50 pg N were 

distilled from NaOH solution in a miorodistillation apparatus, collected 

under nitrogen in dilute boric acid and titrated manually or automatic-

ally on a Radiometer titrator. The variation in results between repli-

cates was equivalent to 5 pg N or more. As the titration was adequately 

reproductable the variation arose from the distillation. It was 

independent of the amount of ammonia distilled and even blanks varied to 

an extent equivalent to about 4 pg N. The following measurean 	were 

taken to reduce this variations additionoof KM04 and p2304, or of NaOH 

to the steam generator; scrubbing of the nitrogen with soda lime, H2304 

and NaOH solutions before use; a constant temperature cell for the 

collection and titration of ammonia; =mission of the boric acid for 

greater sensitivity; and the provision of extra splash heads to 

ensure that no small drops of liquid were carried over with the steam; 

but these all had no effect. 

This method was therefore considered unsuitable for use on 

this scale and a procedure which does not require distillation was 

investigated. Jacobs (1960) had shown that in a Kjeldahl digest 

neutralised to pH 5 with NaOH and suitablydilutled, ammonia could be 

estimated directly by a ninhydrin procedure. Later a digestion method 

on a very small scale in sealed glass vials was described (Jacobs, 1962). 

This method was adopted, but with a number of modifications. In place 
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of the 10-20 µl of sulphuric acid recommended for digestion, 50 gl of 

a digestion mixture was used, as metal catalysts were found to be.  

.necessary for completedlgestion. In the original method the digest 

after neutralization is diluted so that 2 ml plus 2 ml ninhydrin 

reagent, when reacted and diluted to 10 ml gave a suitable optical 

density at 570 mg. In order to reduce the blank values,. in the modi-

fied method 1 ml of diluted, neutralised digest plus 1 ml of ninhydrin 

reagent were allowed to react and diluted to 20 ml.. This required 

four times the concentration of ammonia in the reaction mixture to 

give the same final optical density. It was. found that these conditions 

still gave a linear calibration curve which showed no sign of levelling 

off over the range employed. Finally the ninhydrin reagent described by 

Moore axed. Stein (1954), which employs hydrindantin, was found more stable 

and reproducible than the reagent containing stannous chloride as used 

by Jacobs (1962). 

(ii) Final Method Digestion mixture was prepared by adding 

0.0 -anhydrous copper sulphate (dried at 2509 aid 0.04% finely powdered 

"Analar" selenium to "Micro Analytical Reagent" sulphuric acid from a 

newly opened bottle. The mixture was heated. to boiling in a conical 

!leak and allowed to cool with an inverted beaker resting over the nook 

of the flask.- If stored for more than a. few days in a glass stoppered 

bottle some metal salts crystallised out but this did not appear to have 

any effect= the digestion. Because of the difficulty in excluding atmos-

pheric contamination by ammonia and moisture this solution was not kept 

for more than a week. Sodium hydroxide for neutralization of the digest 

was a 50% w/V solution which had been allowed to stand until any carbonate 
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present had settled to the bottom. Approximately 0.08 ml was needed 

for each titration and it was dispensed from a 1 ml horizontal. mioro-

burette controlled by a threaded plunger. The tubes for digestion 

were prepared from borosilicate glass tubing 8 mm.outside diameter 

with 2 mm walls out into 16 am lengths and well washed with hot 

sulphuric-nitric sold mixture and distilled water. Each length was 

then heated in.the,centre and divided. into tgo.8 cm tubes with one 

end sealed off. Care was taken not to contaminate theopen end of the 

tube by touching, and the tubes were flnally.oleaned and annealed by 

heatinghin a muffle furnace to 600-6500  and.allowed. to cool slowly in 

the furnace. 

Hydrindantinwas made by reducing:"Analar" ninhjdrin with 

ascorbic acid (Moore and Stein, 1954). Ethylene glycol momomethyl 

ether ("methyl oellosolve") was treated with 5 g/1 stannous chloride 

dihydrate and allowed to stand for 24 hours to remove peroxides. It 

was distilled immediately before use. The ninhydrin reagent contained 

2% ninhydrin,.0.3% hydrindantin and Escdium acetate buffer pH 5.5 in 

75% aqueous "methyl cellosolve" as described by. Moore and Stein (1954). 

It was made up on the day it was required and never stored. Sodium 

acetate, acetic acid, citric acid and Nadi were all of "Analar" grade. 

At first the ninhydrin reaction mixture wan heated in ground glass 

stoppered test tubes, but it was later found more convenient to use 

standard 12 x 150 mm Pyrex test tubes and rubber stoppers. 

In the final method 10 gg nitrogen in a final volume of 15 

ml gave an optical density of 1.0 at 563 mg, wIldh is equivalent to an 

e of 2.1 x 10. A sample of material containing 50 gg nitrogen was 
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used in each digestion tube as this was sufficient to allow several 

replicate determinations on the neutralized digest. The standard 

solution consisted of 2.681 g glycine/1, protein solutions of 3 we 
ml were used and distilled water served as blank. Solution (0.1 ml, 

or on some occasions 0.5 ml of 0.6 mg. protein/a) was pipetted into 

a weighed digestion tube and, after re-weighing, the tubes were dried 

down in a dessicator over g205 and NaOH.-  Digestion mixture (0.05 ml) 

was added with a Carlsberg constriction pipette and the tubes were 

sealed. They were warmed slightly to reduce the viscosity of the 

sulphuric acid which could then be spread over the entire inner sur-

face. The tubes, in a pyrex beaker, were placed for 30 min. in a 

muffle furnace maintained at 460-480° (as measured by the thermocouple 

seep. 71). 

When cool, each tube was out into two by scratching with a 

diamond and applying allhot glass rod. The contents of the lower half 

were transferred with a Pasteur pipette to a calibrated 5 ml flask. 

Both halves were thoroughly rinsed with not more than 2 a of waters 

all washings being added to the flask with the same Pasteur pipette. 

Citrate buffer pH 5.0 (2 I) was added (0.5 ml) and the contents of the 

flask were titrated with concentrated Nadi to pH 5. Samples (about 0.5 

µ1) were removed with a fine Pasteur pipette, as the end point was 

approached, and the pi was checked on.indicator paper. The flask was 

finally made to the mark with water and well mixed. Samples (1 ml) 

were transferred to 12 x 150 mm test tubes, ninhydrin reagent (1 ml) 

was added and the tubes were stoppered and heated in a boiling water 

bath for 15 min. Each tube was diluted with 50% (v/v) aqueous ethanol 
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to give an optical density reading between 0.5 and 1.0. With an 

initial sample of 50 pg nitrogen, each tube contained 10 pg and a 

final volume of 15-20 ml was suitable. The diluted solutions were 

thoroughly shaken to reoxidise excess.hydrindantin (Moore and Stein, 

1954) and finally read in 1 am clis at 563 mµ, which was found to be 

the extinction peak. on the spectrophotometer in use at tha time. 

(e). Total Phosphorus In view of. the presence of different 

numbers of phosphate groups in three .fractions ;of hen's egg albumin, 

the phosphate content of the different fractionsoof avidin obtained on 

co 50 chromatogriPhymas of particular interest. A micro modification of 

the Fiske and Subba How method was used which results in a final volume 

of 1 ml (Bartlett,J959). 1-Amino-2-naphthol-4-sulphonic acid was re-

crystallised from hot:aqueous sodium bisulphite-sodium sulphite solution 

and the ammonium molybdate ("Analar") solution was stored in a polythene 

bottle in the dark. Samples were digested. in tapered 12 ml. centrifuge 

tubes with H2804.and B202 at 160o.. It was found essential to use tubes 

washed with hot sulphuric-nitric mixture to obtain lowi..blanks and good 

reproducibility. 

(f) Amino Acids Except.foroystine, tryptophan, asparagine 

aid glutamine, the amino acids of avidin were determined, after acid 

digestion of the protein, by continuous ninhydrin analysis basically as 

described by SpaCkman et al (1958) but with a few modifications (Cruspton 

and Willson, 1963). The work was performed in the Department of Immuno-

logy, St. Mary's Hospital Medical School on the Spinco Model 120 Amino 

Acid Analyser with the kind collaboration of Dr. Crompton, Mr. Diamond 

and Mr. WilMhson. The analyser was calibrated with the Spinco Standard 

Amino Acid Mixture to witioh nors.leuoine was added in the same concentration 
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as the other amino acids. Samples of this mixture (2 ml) containing 

0.5 µmole of each amino acid were used for each determination. 

To weighed amounts of solutions (containing about 4 mg 

protein) in 16 ass x 150 mm thick walled rimless Pyrex test tubes 2 

µmoles of norleucine were added and the mixtures were dried in vacuo 

over M205. The protein was hydrolysed in, ml constant boiling HC1 

lamina evacuated (0.05 mm Hg) sealed tubes in a boiling toluene bath 

(1100). HydroIyaates were dried at 40° in vaouo in a rotary evaporator. 

Tryptophan was determined from the extinction at 282 mµ and 

291 no, the wavelengths of the arldin maximum and fine structure peak 

respeotively. The extinctions were corrected for background absorption, 

by a linear extrapolation from the 3407360 mµ region, and for tyrosine 

absorption by using the tyrosine content obtained from the chromato-

graphic analysis. These corrections amounted to about 6% at 282 mµ and 

3$ at 291 mµ. The tryptophan extinction coefficients were assumed to be 

the same as for free tryptophan at its maximum (279 Mg, e 5,500) and 

fine structure peak (288 mg, e = 4,570). In this way the shift in the 

tryptophan speotrum due to combination in the protein is automatically 

correctetfor. The results from the two wavelengths agreed to within 

4% and an average of the two values was taken. 

Cysine was determined after oxidation to cysteic acid by a 

modification (Moore, 1963) of the method of Schram, Moore and Higwool 

(1954). Protein samples (about 4 mg) in a thick walled Pyrex test tube 

were treated with 2 ml of preformed performic acid at 0° overnight. 

Bess performic acid was destroyed with HBr and the mixture evaporated 

to dryness. Constant-boiling HC1 was then added and the oxidised protein 
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hydrolysed and analysed as described above. The cysteic acid content 

relative to the amount of protein oxidised was calculated by reference 

to stable amino acids such as alanine and leuoinedeteradned in the same 

analysis. In this case the Technicon Autoanalyser was used and chroma-

tography of the amino acids was performed by the method of Pies and 

Morris (1960) using only one column and a gradient of increasing pH and 

salt concentration for elution. This column was calibrated with 0.2 -

0.3 ;moles of the same amino acid mixture as before to which cystelo 

mid had been added to the same concentration as the other amino acids. 

The cysteic acid emerged as a sharp peak with the gradient front. 

(g) Amble Nitrogen As the amide groups of asparagine and 

glutamine are removed during hydrolysis a separate analysis of those 

groups is needed if the total nitrogen in the protein is to be accounted 

for. The analysis also permits the total number of free carboxyl groups 

in the protein to be calculated. The usual method of mild acid hydro-

lysis followed by distillation of the liberated ammonia under slightly 

alkaline conditions produces only very little non-specific deamination in 

proteins. With glyooprotoins, H-acetyl gluoosamine provides further 

alkali labile nitrogen and the above method is unsuitable. A step for 

freeing the ammonia liberated by mild acid hydrolysis from as much of the 

other alkali labile nitrogen as possible has therefore to be introduced 

into the method. 

Protein (5 mg) WAS hydrolysed in 2 tHC1 (1 ml) at 100°  in a 

sealed tube for 3 hours. Ammonia and highly basis peptides were precip-

itated by the addition of 1 ml of 30% (w/v) phosphotungstio acid ("Analar" 

grade stored in a polythene bottle in the dark) and the mixture was left 
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In the cold overnight (Johansen et al, 1960). The precipitate was 

spun down, washed with 1 ml of :30phosphotungstio acid and finally 

made up in 10 ml, 0.2 M sodium acetate buffer 06. This results in 

a slightly turbid solution which should be free of the hexosamine 

liberated by hydrolysis. Samples were incubated in Comm/ microdif-

fusion units (type 2A, Conway, 1950) overnight at 5° after addition of 

an equal volume of!seturated K2CO3 (Tracey, 1952). The centre well 

contained 0.2 ml sodium citrate buffer (02 ) pH 5. After incubation 

the contents of the centre well were transferred to a 12 aD150 mm 

test tube and the well rinsed out with 0.8 ml of the sodium citrate 

buffer, the washings being added to the. contents of the test tube. 

Ninbydrin reagent (1 mli Moore and Stein (1954)) was added aryl the 

colour developed and read as described for the total nitrogen analyses 

above. 

(h) Hexose Total hexose content of avidin was determined 

directly on the whole glycoprotein by the oroinol-sulphuric acid pro- 
(OW 

cedureofWinalerfasdescribed by Frangols, Marshall and Neuberger 

(1962) but with slight modifications. Oroinol monohydiate (B.D.H., 

25 g) was placed in an 800 ml round bottom flask and dried at 800 in 

vacua on a rotary evaporator, to remove the water of crystalization. 

The dried residue was recrystallized from 500 ml. 1:1 tolueni: petroleum 

ether (80-100°). The crystals were filtered off and dried in air 

protected from the light. When the oroinol-sulphuric mid reagent was 

prepared by mixing one volume of 1.6% aqueous oroinol and 7.5 volumes 

60$ v/v sulphuric acid the heat generated caused some colouration of 

the solution and increased the blank value. Preparation of the reagent 

by dissolution of oroinol (0.188% v/v) in cold, 53% (v/v) sulphuric acid 
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resulted in lower blanks. The reagent was not kept for more than a 

day. The procedure of Fran9ois et al (1962) was followed and for 

small samples was scaled down ten times. Mamma., reorystalized by 

the method of Isbell et al (1955)iwas used as standard and, with the 

micromodification, 25 pg gave an 111 an  at 505 mg of 0.6 to 0.7 on 

different occasions ( E approximately 4.7 x 103). 

(t) Hexosamine. The method of Bison and Morgan (1933) 

as modified by Kraan and Muir (1957) was followed for the determination 

of hexosamine after its liberation by hydrolysis with 4 tiHC1 at 1000. 

The p-dimethylaminobenzaldekvide was recrystalized from 11C1 according 

to Adams and Coleman (1948) and from ethanol by rapidly dissolving it 

in a minimum volume at 30-40°  and cooling it to -20°. Acetylacetone 

was rediatilled and the 3,38-148° fraction stored at -10°. Small samples 

were redistilled in vacua immediately before use. Olucosamine hydro-

chloride was recrystalized by dissolving in water with stirring and 

slight warming (not above 50°) until saturated and then filtering into 

a large volume of 95% ethanol. The solution was allowed to stand in 

the cold overnight and the crystals were filtered off and dried. The 

Kraan aid Muir (1957) method was scaled damn slightly to a final 

volume of 5 ml instead of 10, and 30 pg of glucesamine yielded a final 

rE:.1 cm  at 530 mg of 0.6 ( E - 1.8 x 104). 

(J) Adsorbed Ammonium Salts Since the protein was finally 

eluted with ammonium buffers the preparation was tested for bound 

volatile ammonium salts. Protein (about 1 mg) in 0.2 ml 0.2 Li acetate 

buffer, pH 6, was placed in the outer rim of a Conway miorodiffusion 

unit (type 2A). The centre well contained 0.2 ml of 0.2 M citrate 

buffer, pH 5. Saturated K2CO3(0.2 ml) was placed in the outer rim 
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separately from the protein solution and, after sealing the diffusion 

unit, the two solutions were mixed and incubated in the oold room (5°) 

overnight. The inner well was then washed out and assayed for ammonia 

as described for amide determination. 

(k) Biotin Content of Avidin Preparations It was not 

ascertained whether the method of isolation of avidin would separate 

it from avidin biotin complex. As the binding of biotin would not 

change the size or net oharge of avidin appreciably it is possible 

that any biotin present in the egg white would be found in the final 

svidin preparation. The biotin content of avidin preparations was 

therefore determined. The method involved the following steps: 

(i) Denaturation of the avidin to release the biotin (by heat); 

(ii) Addition of a known excess of native avidin to complex with the 

released biotin; (iii) Addition of a known excess of radioactive 

biotin, more than enough to back titrate any avidin not already in 

combination with "cold" biotin; (iv) Removal of all avidin-biotin 

complex(by CRC) and counting the excess radioactive biotin. 

Preliminary experiments with avidin, to which about 1% of 

its capacity of radioactive biotin had been added, demonstrated that 

after heating at 1200  in a sealed tube for 60-80 minutes more than 

80% of the added radioactivity could be recovered. 

Protein solution, (1 ml) containing 0:6-0.7 mg, was heated 

in a sealed tube at 120° for 80 minutes. Fresh avidin solution (0.02 

ml containing about 12 pg) was added, followed after a few minutes by 

0.02 ml solution containing 2,000 open biotin, then 0.1 ml Dipyridine-

acetate buffer 05 and finally 100 mg CMC filter cake. The mixture 
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was shaken gently, centrifuged briefly and 0.5 ml of the supernatant 

removed and counted. The control consisted of 1 ml of water. 

2. Results 

As the various avidin preparations differed in a number of 

respects a brief summary of their origin and preparation will be given 

here. Avidin A and avidin B are the first and second fractions res-

pectively from the large scale C0 50 column (page 34 ). These prep-

arations were derived from a pooled batch of eggs. Relatively small 

quantities of these materials were prepared and they were not 

analysed as fully as avidin D 31. This preparation was derived from 

eggs from a single breeder entirely by C?C chromatography (page 40 ). 

The preparation known as D 26.3,  is of special interest and will be 

discussed separately. 1D.26 is essentially identical with D 31 except 

for the breed of chicken (see page 22 ). 

(a) Purity, This term is used to indicate the degree of contamination 

of the avidin preparations by non-avidin protein, as cpposed to the term 

"heterogeneity" which is used to indicate the number of different 

molecular forms of the avidin. The final preparative chromatogram for 

each preparation furnishes the chief criterion used to assess its 

purity, by the degree of coincidence of the 8280  and biotin binding 

activity curves in the effluent diagram. As the avidin peaks were 

collected in 20. to 50 fractions a fairly good assessment could be made 

of the activity over the peak. 

Avidine A and B emerged from the preparative CO 50 column 

with a constant specific activity (1,3.5 y/mg) over almost the whole 

of both peaks. The small regions of slightly lower activity were not 
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collected. The activity of these preparations is about 2% lower than 

that of EL21., If this difference is significant it may be due to the 

avidins A and B containing a small proportion of material which had 

become denatured on the oolumn. This is suggested because these 

preparations gave rise to a slight precipitate after being concentrated 

and dialysed, while the avidin prepared =CNC did not. The third 

component of this column (avidin C) either possessed slightly lover 

intrinsic activity or was associated with some impurity. It was obtained 

in very small amount and was not further investigated. 

The preparations derived solely by CM: chromatography, 

avidin D 26 and. In, also showed a very close correspondence between 
activity and N280 in the final chromatograms, but in these oases a 

slightly lower specific activity was noticeable on the trailing edge 

of the peaks. This trail was not included in the final pooled samples 

which only contained the most active fractions. Nevertheless, analytical 

scale chromatograms of these preparations on CO 50 eluted with borate 

buffers still showed a slight contamination of inactive protein, which 

appeared on the trailing edge of the second peak (fig. 10). The 

specific activity of these materials aver the peak on CMC and on CO 50 

had a constant value of 8.8 1:411  8280 = 1 (equivalent to 13.8 116mg). 

The purity of the avidin preparations in this study was thus probably of 

the order of 95%. 

(b) Biotin Binding Capacity In view of the uncertainties of 

the radioactive biotin assay at both extremes of the range (page 11  ) a 

full titration was carried out. To a series of tubes containing known 

amounts of biotin increasing amounts of avidin were aided and the excess 
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FIE. 10 Rechromatography of Avidin D 31 from Fig. 9 on CO 50  

Column, Amberlite 03 50 (1 x 20 cm); flow rate 1 - 1.5 ml/brt 
fractions, 0.5 al 	8280 0 Biotin binding activity (see fig.2) 

Fig. 11 Titration of 4vidin with Radioactive Biotin  

Avidin solution (R280 0.11) added to 0.5 ml.blotin solution (4,400 
opmfml) in 0.1 hpyridine-acetate buffer, pH 5.0. Complex removed 
with CM-cellulose and residual activity in supernatant counted. 
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biotin 14C assayed after removing avidin-biotin complex with CMC. 

The results are given in fig. 11. The intercept of the two straight 

line: regions of the plot or, more accurately, the extrapolated inter- 
ell 

cept on the abscissa (see Discussion), gives the biotin equivalent of 

the sample. The result for avidin A was 125 (4. 5) x 103  cputml %80  = 1 

or 4.2 us biotin/mg avidin. Similarly the result for avidin B was 

135 (+ 5) x 10 cpmfml B280..1 1 or 13.05 IP blotinimkevidin.  

In the case of avidin D 31 the larger amount available made 

it possible to use the more accurate speotrophotometrio method. The 
Pal 

results are given in fig. 1/  and give a figure of 8.8 T. biotin/all 1282 

. 1 or la.8ibisotiqhmc avidin. This figure represents an average of 

several determinations which agreed to within about 2%. 

(a) Moisture Content The repeatability of the balance 

was such that about 3 mg protein could be used for estimation or 

moisture content. Taring of the weighing vessels and weighing of the 

dried protein was repeated until three successive weighings agreed to 

within 0.01 mg. The moisture content of avidin D 31 when stored in a 

dessicator over CaC12  in the cold room was 8.6 + 0.0). On samples of 

avidin stored en the bench water contents of 9.0% and 10.0% were obtained. 

(1) Spectrum audit 	282 mµ The ultraviolet spectrum 

of avidin D 31 is reproduced in fig. 12. The concentration of protein 

in the solution was calculated from determinations of total nitrogen 

content. A solution containing 100 mg N/m1 had Baena  of 1.00. As 

avidin D 31 contained 15.7% nitrogen on a dry weight basis the 

282mµ was 15.7. For avidin A and B extinction coefficients were 

determined on an air dry basis and later corrected for moisture content. 

The values were, for avidi A.gait,  282 mu = 15.6 and for avidin B 14.3 
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Fig. 17, Ultraviolet absorptionl 
spectrum of Avidin D 26.3A (per-
vaporated avidin) at 0.306 mg/ 
ml. Scale linear in wavenuber. 

Fig. 13 Total nitrogen determin-
atbn on samples of Avidin D 31 
digested in a sealed tube at 480° 
for various periods of time. The 
100 value is equivalent to 15.7% N 
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Nxtination coefficients were not determined directly on the dried 

protein as the heat treatment may have affected the extinction of 

the tryptophan residues which are particularly sensitive to chemical 

change in avidin. 

(e) Total Nitrogen To illustrate the reproducibility of 

the method, the values obtained for replicate determinations will be 

quoted. Total nitrogen was determined on solutions of known concent-

ration made up from protein dried at 1100  in vaouo, and also on 

solutions of known extinction at 2E2 mg. The results are given in 

table V. After these results had been obtained some doubt arose as to 

whether they did in fact represent total recovery of the nitrogen from 

the samples (see Discussion,page71 ). As a result 	a fnrther series 

of analyses were performed on samples digested for various periods of 

time and these results are given in fig. 1,3. 

(0 Total Phosphorus A standard containing 0.5 gg phos-

phorus gave an NRInu, after subtracting the Uank, of 0.45 (E 2.8 

x 1011 ). To check the effect of the presence of protein on the deter-

mination, 0.5 gg phosphorus (as Na2HPO4.12020) was assayed in the 

presence or absence of 1 mg lysozyme. There was no detectable differ-

ence in the final result. 

Avidins A and B were found to contain 0.00 and 0.046% 

phosphorus respectively. This represents 1.5 and 1.0 phosphorus atoms 

per mole, which probably indicates that avidin may contain one or two 

phosphorus atoms and that Avidin A is a mixture of the two types. 

(g) Amino Acids Replicate analyses on the standard amino 

acid mixture showed a maximum variation of + 31 with a single batch of 
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reagents. Avidin A and B were hydrolysed for one period of time 

only (24 hours) due to the scarcity of material, and corrections 

for destruction of threonine and serine were made using the rates 

determined on the D 31 preparation. A standard amino acid sample 

was run on the analyser followed by two runs of the avidin A bydro- 

lyeate, a second standard amino acid sample, two runs of the avidin 

B hydrolyaate and finally a third standard. The results from the 

first and second standard runs were averaged and this was taken as 

the colour yield from which the results for avidin A were derived. 

Similarly the average of the results for the second and third 

standard runs served as the basis for the calculations for avidin B. 

As the duplicate results agreed closely they were averaged. In the 

case of avidin D 31 hydrolysis was performed for 24 and 72 hours and 

duplicate samples from the 24 hour hydrolysate: and one from the 72 

hour one were analysed. Once again standards were run periodically 

aid the colour yields for the appropriate standards used for the cal- 

culations. However, by the time these analyses were done Walsh. and 

Brown,. (1962) had introduced the use of a known quantity of norleucine 

as internal standard whereby an allowance is made for any day to day 

variation in the absolute colour yield of a given ninhydrin solution. 

The results are set out in table VI. 

Cystine of avidin D 31 was fully oxidised to cysteio acid. 

A standard mixture of amino acids, which this time included cysteic acid, 

was run before and after samples of a hydrolysate of the oxidised avidin. 

The results were calculated per 32 alanine residues. Alunine was chosen 

as standard as it is stable to oxidation and present in avidin in an 

amount similar to cysteio acid. Tyrosine was completely destroyed by 



Table V Results of Total Nitrogen Determination 

Samples taken Replicate samples Results corrected Final Resukt  
Solution for digestion (1 ml) taken for for volume of sample ylVal or  

(g) 	ninbydrin 8570  or Wall (averages) %gel % K 

Avidin D 31 
8282 4. 0.442 

0.099 

0.999 

0.938 
0.938 
0.940 

0.936 
0.938 
0.938 

) 
) 	44.4 
) 

44.2 

100 

0.850 
0.5013 o.853 79.1 

Avidin A 
yi2e2  UR 0.859 

0.5008 0.860 
0.862 80.1 92.8 

0.5026 0.865 79.9 
0.859 
0.960 

0.0996 0.962 435.5- 
0.965 

Avidin D 31 0.938 
dried at 0.0990 0.938 444.5 .  15.7% 
110° in vacuo 0.942 
0.287 mg/ml 

0.0986 0.942 448.0 
0.942 



Avidin Preparation 

Total N 
kw/mg/a , 
Biotin/m.1 1282 1 
Biotin µg/mg Avidin 

15.7 
1.57 
8.8 
13.8 

6/1043 Rea/70.800g 

Table VI Composition of Avidin 

15.3 1.56 
8.7 
13.5 

s/1041 m4/71,500g 

B 

33.3 

8/1008 Rem/71500 

'vein. 
Hlstidine 
Arginine 
Aspartio acid 
Threonine 
Serine 
Olutamic acid .  
Proline 
Olycine 
Alanine 
cystine 

Valine 
Methionine 
Iaoleuoine 
teucine 
Tyrosine 
fhenylalanine 
Tryptophan 
N Ac glucosamine 
MannOse 

Amides 
Phosphorus 
Biotin bound 

	

8.03 	39 

	

0.97 	4.4 

	

8.40 	35 

	

11.74 	63 

	

14.53 	87 

	

5.74 	39 

	

9.76 	47 

	

1.58 	9.7 

	

5.13 	48 

	

2.73 	23 

	

4.75 	28 

	

5.20 	32 

	

1.87 	8.9 

	

6.35 	35 

	

5.75 	31 

	

1.15 	4.5 

	

7.00 	31 

	

5.50 	19 

	

3.83 	12 

	

5.80 	23 

	

1.14% 	58 

4.0 

	

8.25 	40 

	

0.94 	4.4 

	

8.6 	36 

	

11.7 	63 

	

15.1 	91 

	

5.68 	39 

	

9.05 	44 

	

1.52 	9.5 
5.04 , 	48 

	

2.80 	23 

	

4.96 	31 

	

1.89 	9.1 

	

6.2o 	33 

	

5.70 	31 

	

6.96 	31 

	

,5.4 	19 

	

4.0 	13 

1.5 
4.0 

595 120 

	

9.0 	44 

	

1.02 	4.7 

	

9.6 	40 

	

11.6 	63 

	

14.8 	89 

	

5.55 	37 

	

9.0 	44 

	

1.33 	8.3 

	

5.06 	48 

	

2.89 	23 

5.o 	31 

	

1.67 	8.o 

	

6.22 	35 

	

5.73 	31 

	

1.30 	5.1 

	

6.52 	28 

	

5.4 	19 

	

4.0 	13 

1.0 
4.0 

597 Total residues 	593 
Mean res. weight 	119 

Nitrogen recovered 	103.4% 
Weight recovered 	100.4% 
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(h) Amide Nitrogen The method used to determine amide 

nitrogen was first tried out on ovalbumin before being applied to the 

avidin. In both cases samples containing different amounts of protein 

were assayed and the final content determined from the slope of the 

resulting curve (fig. 14). The scatter of the points on the curve 

gives an idea of the reliability of the method. Ovalbumin by this 

method gave. 0.88% amide nitrogen (28 residues per mole) which is about 

10% less than the value of 0.96% (31 residues per mole) obtained by 

Johansen et al (1960) after hydrolysis in 10 11-HCI at 37°  for 250 hours. 

The avidin sample (D 31) gave a value of 1.14% amide nitrogen, equivalent 

to 58 residues per mole. 

(1) Volatile Ammonium Salts The method was first tested 

with a sample of ovalbumin. The reagent blank, as well as an incubation 

containing only water, gave a final 8570  of 0.05 (4- 0.005). Egg albumin 

(1 mg) after incubation with 50% saturated MO, gave the same reading. 

A standard containing 10 pg nitrogen as NH4C1 gave a reading of 0.83 

(+ 0.01) in the presence or absence of 1 mg of ovalbumin. Avidins A and 

D 31 gave a final result indistinguishable from the blank. Ammonium 

salts equivalent to about 0.5 us nitrogen, if present in the protein 

preparations, would have given a final reading almost double the value 

of the blank and would have been readily detectable. The preparations 

tested thus contained less than 0.05% of their weight as volatile 

ammonium salt nitrogen. 

(j) Hexose As the orcinol method was being employed on a 

tenth of the scale of that previously described, it was checked on oval- 
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ammonia determined in the centre well with ninbydrin reagent. 

A - Avidin 	 B- Ovalbuoin 

Fig. 15 Absorption spectra of the Fig. 16 Absorption spectra of the 
chmaamplutres produced with the 	cbromophore produced by the Bison 
oroinol reagent. A - avidin; 	and Morgan reaction. A - glueossaine; 
B - osmoses C - ovalbumin. 	B - avidini C- avalbumin. 
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bianin as well as calibrated with the usual OISM11380 standards. The 

result for ovalinadn (1.96% mannose) was in agreement with the 

reeling of Prguria et al. (1962). Avidin D 31 gave .a value of 5.8% 

mannose, equivalent to 22.6 residues per mole or 5.7 per biotin bound. 

The absorption spectra of the chromophores produced by orcinol with 

mannose, ovalbumin and avidin are virtually identical (fig. 15). 

(k) Hexosamines Due to the difficulty in reconciling 

meatimum liberation of amino sugars with minimum destruction of the free 

residues, analyses were performed on samples of glycoprotein which had 

been hydrolysed for different periods in 4 1.1 HC1 at 100°. With oval-

bumin and with avidin there was little significant change after the 

first two hours up to 6.5 hours when the experiment ended. The 

results from the plateau of the plots gave 1.25% glucosamine (3.1 

residues/mole) for ovalbumin and 3.0 (12.1 residues/mole) for avidin 

D 31. Avidin A and B were similarly hydrolysed but only one period 

of time was employed (4 hours). The results were 3.3% glucosamine 

for avidin A and 3.15% for avidin B. The figures recalculated as N-
acetyl gluoosamine give for avidin D 31, A and B respectively 3.83%, 

4.06% and 3.90%. The absorption spectra of the chromophores produced 

in the assay by glucosamine, ovalbumin and avidin D 31 are reproduced 

in fig. 16. 

(1) Biotin Content The results were calculated as a per-

centage of the total biotin binding capacity of the preparations. 

Avidin D 26 was found to contain 1.0% aril 0.9% on duplicate determin-

ations and D 31 0.8% and 0.96%. As the totalcspacity for biotin is 

about 13 ue/mg this represents approximately 0.01% biotin by weight in 

the preparations. This value was not taken into account in the final 
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calculations of recoveries or of equivalent weight of avidin per 

mole of biotin bound. 

(m) Pervaporated Avidin (D 26.3) The two products 

D 26.3A and D 26.3B (see page 4o ) were virtually identical but dif-

fered significantly from the rest of the avidin D 26 preparation. 

The ultraviolet absorption spectra (D 26.3A, reproduced in fig. 17) r 63 

were considerably different from that of native avidin, but the same 

as that of avidin which had been treated with periodate (Green, 19636;} 

It may thus be oonoluded that the avidin had been oxidised during 

pervaporation. The preparation was further analysed in a number of 

respects and the results are listed below together with the figures 

for avidin D 31 in brackets as well as the D 26.3 value as a percentage 

of the D 31 value. 

mg Nitrogerthol E280  - 1 

% Nitrogen (dry weight) 
% E 1 	282 mg 1 cm' 

122 

15.2 

12.8 

(100) 

(15.7) 

(15.7) 

122% 

97% 

82% 

Discussion on Analysis of Avidin  

(a) Methods Direct determination of speoifio radioactivity 

of the biotin by weighing proved to be very difficult to perform on the 

extremely limited quantities of material available. "Cold" biotin, was 

reorystallised a number of times, dried to constant' weight, and then 

used to determine the specific biotin binding activity of an avidin 

preparation, on an Et, basis, with considerable accuracy (+ 0) by the 
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spectrophotometric method. A sample of this standardized avidin 

preparation was then combined with radioactive biotin and the excess 

biotin removed by dialysis. The specific radioactivity of the complex 

on 4XlE:280 basis furnished an accurate measure of the specific radio-

activity of the radioactive biotin. This method is due to N.M. Green 

who used it to standardize the radioactive biotin used in this study. 

When increasing amounts of avidin were added to samples of 

radioaotive biotin and the complex removed with CM0 a small residual 

radioactivity was still found after the equivalence point had been 

passed (page 62 fig 12). This could be due either (1) to the biotin 

preparation containing a radioactive impurity not bound by the avidin 

or (ii) to some avidin-biotin complex being bouni by the "soluble CMC". 

If the first explanation was true the point of intersection would be 

the equivalence point; but if the seamd possibility accounted for 

the residual activity, the extrapolated intercept on the abscissa 

would give the most accurate result. As the biotin had been purified 

chromatographically and as CMC was known to give rise to a small 
a 

fraction of soluble material (Green, 1963) the second approach was 

adopted for calculation of the results. 

For the digestion of protein in sealed tubes for the total 

nitrogen determinations the temperature (460-4E0°C) was registered on 

the thermocouple of the muffle furnace. Subsequently, from a consider-

ation of the results of Orumbaum et al (1952) it was realized that a 

thermocouple under these conditions can register 40° to 50° below the 

true temperature, and furthermore that above 4700  losses of ammonia 

may occur (presumably by oxidation to nitrogen). If the thermocouple 

used for the digestions in this study was in error, then only about 



80% of the ammonia in the tubes may have been recovered. Although 

standards (gIyoine) were always digested simultaneously with the 

samples, incomplete recovery could give rise to errors if the rates 

of destruotion of ammonia were different for sample and standard. 

However, as the overall colour yield obtained for the standards 

( 	2.1 x le) is very close to theoretical (2.16 x 1O Troll 

and Cannan, 1953) there does not appear to have biennial loss of 

ammonia. Nevertheless samples of avidin were digested in the usual 

way, but for varying periods of time to determine the rate of des-

truction of the ammonia. It was clear from the results (fig. 11(63 

that the rate was too slow to cause anytiagnificant error lathe 

results. 

The method used for determination of tryptophan in avidin 

differed from the standard procedure (Heaven and Holiday, 1952) as 

the tyrosine content was known from the amino acid analysis. It was 

not necessary, therefore, to determine both amino acids by ultra-

violet methods - using the spectral shift in 0.1 N NaOH to get an 

estimate of the tyrosine content - and the simpler method described 

above was used instead. 

The amino acid analyses of avidin were complicated by the 

presence of glucosamine in the hydrolysate. Its position in the 

column effluent is sensitive to very small changes incoompoeltion of 

the eluting buffer or of the temperature of the column. In the method 

of Spaaman et al (1958) it is usually eluted after phenylalanine on 

the long column, and before lysine on the short column. In some 

chromatograms of hydrolysates of avidin by this method glucosamine was 

eluted before, or sometimes simultaneously with, tyrosine. On the 

72 
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single column procedure employed with the Technicon autoanalyser 

glucosamine is eluted in the region alanine, valine, cystine. With 

some of the elution procedures used with this column glucosamine 

overlapped alanine or cystine inthe effluent diagrams making the 

particular amino acid inestimable. With the Technicon "Chromohead" 

micro-amino acid procedure finally adopted, under carefully controlled 

conditions glucosamine is eluted between alanine and valine where there 

is a sufficient gap to allow for any small variations inthe position of 

glucosamine. 

(b) Results The biotin binding activity of avidin D 31 

(13.8 mg biotin/mg avidin) gives an equivalent weight of 17,700 g per 

biotin bouni. Molecular weight values obtained with this material are 

66,000 bysedimentation and diffusion (not extrapolated to zero protein 

concentration) and between 67,000 and 70,000 by equilibrium sedimentation 

(Green 1964). Earlier molecular weight results on less pure material 

are similarly between 60,000 and 70,000 (Fraenkel-Conrat et al, 1952a). 

It is thus most likely that avidin binds four moles of biotin per mole, 

which gives a molecular weight on a biotin binding basis of 70,800. 

Comparison of the amino acid analyses of the 24 and 72 hour 

hydrolysates of width!) 31 show tha usual destruction of serine, threo-

nine and cystine. The slight reduction in tyrosine in the 72 hour hydro-

lysate and the increase in histidine are possibly also significant. For 

the most labile amino acids, serine, threonine and cystine, the rate of 

destruction was derived by comparison of the values at 24 hours and 72 

hours and the content of these amino acids at zero hydrolysis time was 

derived by linear extrapolation. 
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Amino acid values of the best previous avidin preparation, 

Avidin A (Fraenkel-Conrat et al, 1959 a,b) agree fairly closely on 

the whole, to those presented in table VI. The early results are con-

sistently 10 to 20% lower (average value 13.5%) on a 8/100 g protein 

basis but 16% of this preparation was not accounted for as amino acid 

or carbohydrate. Overall biotin-binding capacity of this material 

was 8 to 9 pg/mg, but taking into account that it contained about 10% 

avidin-biotin complex (Fraenkel-Conrat et al, 1952b), and about 16% non-

protein contamination, the avidin itself bound about 11.3 pg biotin/mg. 

This is 82% of the value for avidin D 31 and indicates a relatively low 

contamination of non-avidin protein. 

The cystine values in table VI require some comment. Fraenkel-

Conrat et al (1952b) found very little oystine after hydrolysis of avidin 

with a mixture of concentrated hydrochloric acid and 95% formic sold (1 ml 

and 0.8 ml respectively for 10 to 40 mg of protein - Lewis et al, 1950). 

As their material was slightly contaminated by non-avidin protein they 

concluded that avidin itself may well have no cystine at all. On the 

other hand, only 40% of the total sulphur of their preparation (0.95%) 

could be accounted for. In the present study direct determination from 

the chromatograms of 6 1311 digests yielded approximately five half-

cystine residues per mole of protein, after allowing for destruction by 

linear extrapolation to zero hydrolysis time. The cysteic acid content 

from separate determinations on digests of performio acid oxidized protein, 

however, was 28 to 29 residues per mole. It is likely that the rapid 

initial rate of destruction of cystine is related to the high tryptophan 

content of the material and perhaps also to the presence of carbohydrate. 
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There are no free suiphydryl groups in avidin whether determined by 

nitroprusside tests or by the p-ohloromercuribenzoate method of Boyer 

(1954), and whether the tests are performed on the native protein or 

after denaturation in guanidine hydrochloride (Lewis at al, 1950 and 

N.M. Green, personal communication). 

The hexose present in avidin was characterized by Fraenkel-

Conrat et al (1952b). Ramose was the only neutral sugar found in the 

purest avidin samples. Consequently in the present analyses mannoxe 

was taken to be the only hexose in avidin. The identity of the absorp-

tion spectra, of the orcinol chromophore of memos., ovalbumin and 

avidin is compatible with this, but many hexoses give the same ohromo- 

phore. 
The hexosamine of avidin has not been identified unequivoc- 

ally. After hydrolysis in 4 h[HC1lbr various times avidin gave a 

chromophore with the Rondle and Morgan (1935) reaction (under the 

conlitions of Kraan ani Muir, 1957) identical with that produced by 

treating glucosamine or ovalbumin in the same way (see page (' 9 ), but 

a large number of amino sugars give the same spectrum (see e.g. Crompton 

1959). The colour yield given by avidin hydrolysates in this reaction 

was approximately constant over a range of preliminary hydrolysis times 

extending from 3 to 8 hours as reported for glucosamine (Johansen et al, 

1960, Marshall and Neuberger, 1960). However, other amino sugars, e.g. 

galaotosamine, have a similar order of acid stability to that of 

glucosamine. 'the position of the hexosamine peak on the amino acid 

chromatograms is potentially a moat useful method for its positive 

identification, but due to the erratic results obtained, no positive 

conclusions can be drawn from the present analyses. In the absence of 
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an exact characterization of the hexosamine it was -calculated as 

N-acetyl gluclosamine for the estimation of total recovery of avidin 

in terms of known constituents. 

1) 31 is the avidin preparation most exhaustively analysed 

for amino acid and carbohydrate constituents. By summation of the 

residue weights in g/100 g protein on a dry weight basis, 100.4% of 

the weight of avidin is accounted ter. The nitrogen content of avidin 

by summation of known constituents is 16.25% but the nitrogen value 

obtained is 15.7% or 96.6% of the expected value. It is difficult to 

see where the source of the discrepancy lies. It may be due to the 

summation of a number of small errors which all happentto be in the 

same direction, e.g. overestimation of arginine or lysine, overestim-

ation of amide nitrogen, underestimation of total nitrogen. The total 

sulphur content from the cystine and methionine values is 1.3%. Fraenkel-

Conrat et al (1952b) reported a total S content of 0.95%, which,if 

corrected for the presence of about 15% of non-protein contaminant in 

their preparation (see page 74- ) gives a final value of 1.1%. It is 

thus apparant that all the weight, nitrogen and sulphur of avidin have 

been accounted for in terms of amino acids and carbohydrates. The 

extremely stable binding of biotin by the molecule will thus have to be 

explained in terms of a binding site made up only of amino acids and/or 

carbohydrate. It is unlikely that the carbohydrate plays an important 

role in the biotin biding as Streptavidin, a very similar protein 

recently found in Streptomyces, which has a similar affinity for biotin, 

has no carbohydrate (Tausig and Wolf, 1964 and N.M. Green, personal 

communicat/on).(5ee also Chalet and Wolf, 1964). 
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PART III OVOMUCOM  

A Introduction  

1. Historical  

In 1873 Hechamp reported a material in hen's egg white 

not precipitated by ethanol, and in 1890 Neumeister described from 

the same source a protein resistant to coagulation by heat. These 

are probably references to the substance which M8rner (1894) isolated, 

showed was a glyooprotein and termed ovomucoid. The early literature 

has been reviewed by Meyer (1945), Lineweaver and Murray (1947), Pevold 

(1951), Laskowski and Laskowski (1954) and Warner (1954). Interest in 

ovomucold was given great impetus in 1947whenUneweaver and Murray 

showed unequivocally that it was the component in egg white responsible 

for inhibition of trypsin. They used a method of isolation which did not 

involve heating and their paper will be taken as the starting point for 

this review of the literature. 

Ovomucoid, which comprises about 12% of egg white protein, 

is not the only antitryptio substance in hen's egg. "Ovoinhibitor", an 

egg white protein which inhibits bacterial and fungal proteinases (Matsu-

shima, 1958), is also active against trypsin and chymotrypsin (Rhodes et 

al, 1960; Feeney et al, 1963). A livetin fraction, carefully prepared 

from yolk with a minimum of contamination by egg white, had approximately 

6% of the antitryptic activity (on a weight basis) of ovomucoid (Line-

weaver and Murray, 1947)• 
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2. Methods of Preparation  

The study of the nature and composition of ovomucoid has 

been hindered by the lack of any generally applicable method for its 

isolation in a pure state. Most investigators since 1947 have used 

material obtained by acetone or alcohol precipitation at pH 3.5 as 

described by Lineweaver and Murray (1947) and Prederioq and Deutsch 

(1949) respectively. Both products are mixtures with about the same 

specific activity against trypsin although they contain different 

impurities (Noble et al, 1957). 

Ngg white proteins have been fractionated by precipitation 

with varying ethanol concentration, ionic strength (I), pH and temper-

ature in a manner analagous to the Cohn method for plasm2L(Forsythe 

and Poster, 1950). The final supernatant (pH 4.6, -15°, I . 0.04 and 

an ethanol mole fraction of 0.11) containing the ovomucoid was concen-

trated, dialysed and freeze-dried. This fraction was not characterized 

by the authors and has subsequently been shown to contain a contaminating 

glycoprotein (13.0% hexose, 13.8% hexosamine and 3% stall* acid) with no 

inhibitory activity towards trypsin (Ketterer, 1962 and 1965). 

A new method for preparation of ovomucoid arose out of the 

complete fractionation of egg white proteins on CM cellulose, where the 

antitryptio activity emerged in more than one fraction (Rhodes et al, 

1958). By a combined use of CM- and DRAE-cellulose columns, Rhodes et 

al (1960) isolated three ovomucoid fractions by procedures which, did not 

necessitate the use of protein preoipitants. However, the material was 

subjected to fairly high acidities (pH 3.5-4.0) and to adsorption onto the 

surface of a carboxylic acid resin where the effective aoidity may be even 

higher. 
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The antitryptic activity of the preparations obtained by 

the methods of Lineweaver and gray (1947) and Frederioq and Deutsch 

(1949) has been enhanced by further purification. (ti triethylamlno-

ethyl (TEAS) cellulose chromatography both products gave two peaks 

without antitryptio activity as well as one active peak which was 

somewhat asymmetrical (Jevons, 1950)s The active material was later 

fractionated into a number of peaks (Seeley and Jevons, 1965). Electro-

phoresis of either ovomuceld preparation on cellulose columns under 

optimum conditions gave a few inactive peaks on elution as well as one 

active peak which was quite symmetrical (Jutisz et al, 1957; Noble et 

al, 1957). After repeating this purification twice the active peak had 

1.6 times the specific activity of the starting material en an 8280  basis. 

But after dialysing and freeze-drying, the final product had a specific 

activity on a weight basis not very different from that of the starting 

material, which the authors interpreted as a loss of activity in the 

final stages of preparation. 

CM-cellulose column chromatography of the Lineweaver and 

Murray ovomucoid results in an increase in specific activity of 50 on 

an 8280  basis (Feeney et al, 1963). However, material eluted from CM-

cellulose does not rechromatograph as a single peak under the same 

conditions (Chatterjee and Montgomery, 1962). This suggests that this 

treatment may cause some degradation, possibly due to the acid conditions 

required (pH 3.7 - 4:3). On DEAE-cellulose chromatography at pH 7 the 

Lineweaver and Murray (1947)  preparation gave an active peak which re-

chromatographed as expected and contained 67% of the original hexose and 

82% of the 280 mp absorption of the starting material. 
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It has been known since the classical work of Longsworth 

et al (1940) that at low ionic strength and in the ;vicinity of its 

Iso0Apotrie point ovomacold is electrophoretically heterogeneous. The 

presence of separate components in ovomucold was clearly demonstrated 

by Fredericq and Deutsoh (1949). Bier et al (1953) distinguished five 

components present both in the Lineweaver and Murray (1947) and the 

Fredericq and Deutsch (1949) materials with respective isoelectric 

points and relative proportions as follows: 4.41, 30%; 4.28, 45%: 4.17, 

17%; 4.01, 6%; 3.83, 2%. Fractions enriched in each of the components 

were isolated by electrophoresis convection and showed no marked differ-

ences in antitryptio activity, hexose content, hexosamine content or 

sedimentation behaviour. Even the material purified by DRAB-cellulose 

chromatography (Chatterjee and Montgomery, 1962) split into four 

migrating species on electrophoresis at pH 4.6 and I = 0.01. Isolation 

of ovomucoid with the aid of an ion-exchange cellulose (Rhodes et al, 

1960) yielded one2fraction which did not adsorb onto CM-cellulose at 

pH 3.5. This material accounted for 1% of the ovomucoid and contained 

4% sialic acid or four residues per mole (Warren (1959), thiobarbituric 

acid method). The remainder of the ovomucoid adsorbed onto the cellulose 

at that pH and was eluted in two roughly equal fractions at pH 4.1 and 

pH 4.4. These contained 0.6% and 0.4% sialic acid respectively. The 

active peaks obtained on THAR cellulose chromatography did not show any 

differences in the hexose to hexosamine ratios, but in total carbohydrate 

and in Blanc acid content significant differences were found (eeeley and 

Jevons, 1965). 
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Ovomucold preparations usually give a single symmetrical 

peak on ultracentrifugation (Frederica and Deutsch 1949; Rhodes et 

al, 1960; Chatterjee and Montgomery, 1962). Immunological studies 

on the Frederica and Deutsch (1949) product indicated heterogeneity 

(Wetler and. Deutsch 1950), but material purified by column electro- 

phoresis was homogeneous by immunoelectrophoresis (JUtisz et al, 1957). 

The alight antiohymotryptio activity often associated with ovomucoid 

(Weil and Timasheff 1960) is due to contamination by another inhibitor 

(Feeney et al, 1963) and thus the absence of such activity can be used 

as additional evidence for purity. Ovamucold has not been crystallised. 

5. Composition . 

(a) Amino Acids Analytical values. have been obtained by 

two groups of workers for ovomucoid prepared, by the method of Lineweaver 

and Murray (1947). Lewis et al (1950) hydrolysed the material in 6 N 

HC1 for 18 hours under reflux and assayed the amino acids by microbio- 

logical methods. Taking 24% as the content of carbohydrate (see later) 

their figures give an overall recovery of 90% of the weight. Stevens 

and Feeney (1963) analysed by the Moore and Stein method the hydrolysate 

obtained after 22 hours at 110° in 1,000 volumes of constant boiling HC1. 

In this case inclusion of the carbohydrate as determined by the same 

authors (18.7%) gives 96% of the weight as the overall recovery. 

Both results indicate approximately one half-cystine 

residue per eleven amino acids. The same proportion was found by Deutsch and 

Morton (1961), whether the cystine was determined directly or as the more 

stable cysteie acid or S-oarboxymethyloysteine derivatives. There are no 

free sulphydryl groups (Lineweaver and Murray 1947). Cystine and methionine 

account for virtually all the sulphur of the protein (2.2%, Lineweaver and 
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Murray, 1947). Tyrosine content by spectroOhotometric analysis of 

different fractions of ovomucoid varies from 4.5 to 5.9 residues per 

mole (Rhodes et al, 1960). 

Amide content was determined on ovomucoid prepared by the 

Lineweaver and Murray (1947) procedure, using a method which reduced 

concomitant deamination of hexosamine to a minimum (Marshall and 

Neuberger, 1960), and was found to be 0.45% or 9.3 moles per 28,800 g 

of ovomnoold.. From amino acid values of Lewis et al (1950), the mole-

cule thus has 32 acidic and 22 basic groups. 

Ovomucold has only one amino acid chain as the molecular 

weight after cleavage of all disulphide bridges.is essentially unchanged 

(see Table VIM). The carboxyl end is a phenylalanine residue (Penasee 

et al, 1952). Ovomucoid is however not. attacked by carboxypeptidase nor 

.is dinitrophenylated ovomucoid, although phenylalanine is a substrate 

for the enzyme and the enzyme is not inhibited by ovomucoid (Noble et al, 

1957). This unreactivity cannot be due to the free carboxyl group being 

esterified as ovomucoid does not contain any alkaline hydroxylamine 

labile bowls (Harbon et al, 1963). Dinitrophenylation yielded 0.8 moles 

DINP-alanine per mole of ovomucoid indicating that alanine fa the free 

amino endoof the chain (Praenkel-Conrat and Porter, 1952 and Noble et 

al, 1957). 

(b) Carbohydrate Content Glucosamine from ovomucoid has 

been identified as the.crystalline hydrochloride, chromatographically 

(paper and Dowex-50 columns), and as arabinose after treatment with 

ninhydrin. Similarly mannose has been characterised as the phenyl- 

hydrazone and galaotose as the 1-methyl-l-phenyl-hydrazone and the 



tetramethyl ether. Both hexoses have been identified by paper 

chromatography in a number of solvents (Stacey and Woolley 1940; 

Dixon. 1955; Gottsohaik and Ada, 1956; Bragg and Hough, 1961; 

Chatterjee and Montgomery, 1962). The presence of italic acid in 

ovomucoid, reported by Odin (1958), has been subsequently confirmed 

by Rhodes et al (1960), Jevons (1960) and Chatterjee and Montgomery 

(1962). 
A study of the conditions required for release of glucos-

amine for quantitative analysis indicated 4 MIHC1 at 100°  for about 8 

hr to be optimum (Marshall and Neuberger, 1960). The value so obtained 

(15.5%) is in good agreement with the value expected from the acetyl 

content of the material. It is of interest that when determining aoetyl 

groups, Marshall and Neuberger (1960) also found three equivalents of 

formic acid per mole of ovomucoid liberated after acid hydrolysis. The 

origin of this acid is still obscure. Sicilia acid content of ovomucoid 

has been determined by the thlobarbituric acid assay of Warren after 

liberation by 0.1 ABOO4 at 80° for 60 min (Rhodes et al, 1960). 

Material released in the .:same way was also examined by the Svennerholm 

column separation procedure and reported as N-acetylneuraminic acid 

(Chatterjee and Montgomery, 1962). 

Estimation of total neutral sugar in ovomucoid by treating 

the glyooprotein with orcinol or enthrone in the presence of a high 

concentration of mineral acid usually indicates a value of about 8 to 

10%. However free hexose recovered even from mild acid hydrolysis is 

considerably less that this (e.g. 7% (Dixon, 1955); 5.7% (Gottschalk and 

Ada, 1956); 5.7% (Chatterjee and Montgomery, 1962)). Such losses can 



TABLE  VIT  CARBOHYDRATE CMPOSITION OF OVOKUCOID 

 

Author 
Reference Method of  preparation 

Constituent in percentage (g/100g)  
% Nitrogen in Glucosamine Total neutral Mannose Galactose Sialic Acetyl 	Hydrolysis for releqse 

sugar 	 Preparation   Acid  Residue free base 	 of hexosamino (a)  

          

13.2 17 

13.0-14.4 

9.7 
8.2 - 9-9 

13.5 9.2 10 5 2 4.3 

14.1 8.3 ' 4.3 1.4 

13,2 15.2 3.7(d) 

13.4 12.5 6.3(b) 1.7(b)  3.8 
12.7 14.6 4.7 1.0 0.5 

11.8 

13.3 13.6 5.1 0.46 
13.27 8.46 0.93 

15.36 8.74 1.14 

14.1 14.78 8.9 1.20 

1. (e) 

2. (f) electrophoresis 

4 . 	 (f) 

5. 	 (g) 

7. (I) 

8. (e) 

9. (f) chromatcgraphY 

10. chrcmatography 

11. (f) 

12. (e) 

12. 	 (f) 

12. 	phenol precipitation 

2 N - 8 hours 

2 N 

2 E - 1 	32 hours 

2 N - 6 hours 

it N - 8 hours 

2 N ic)-.k8:hours 

it N - 8 hours 

it N - 8 hours 

4 N - it hours 

it N- it hours 

it N - 4 hours 

(a) HC1 at 100°  was used in all cases, but the concentrations and times varied as indicated. (0) In the case of ovalbumin it has been 
found that the method used by Bragg and Hough (1961) gives values about 355' too high (Clamp & Hough, 1963). (c) H2SO4 (d) These authors 
also found 0.3% formyl residue. (e) Alcohol trichloroacetate pH 3.5 (Reference 1) (f) Acetone trichloroacetatei(reference 3). 
(g) Heat coagulation (reference 6). 	 /5/-13.5' 

References for TableVTI  
1. Fredericq & Deutsch (1949) 
5. Gottschalk & Ada (1956) 
9. Chatterjee & Montgomery (1960 

2. Bier et al. (1953) 3. Lineweaver & Murray (1947) 4. Dixon (1955) 
6. 	MOrner (1894) 11. Marshall & Neuberger (1960) 8. Bragg & Hough (1961) 
10. Neuberger & Papkoff (1963) 11. Stevens & Feeney (1963) 12. Chosson (1964) 



result from destruction of the liberated sugar and also from the 

trapping of neutral sugars onto deacetylated hexosamines (Gottschalk 

and Ada, 1956). All the individual values for mannose and galactose 

given in table VII were derived by mild acid hydroIysis.(e.g. 0.25 A 
or 1 Nis  a$04)followed by quantitative paper chromatograOkto separa-

tion and estimation either by direct densitometry or after elution. 

Due to the difficulty insetting good recoveries of mammone and gal-

actose a number of workers record the results as a ratio of mannose to 

galactose only, e.g. 6:2 (Stem and Woolley, 1940, 1942); 7:2 or 5:2 

by different methods (Dixon, 1955); 4.8:1, 5.1:1 or 5.0:1 on different 

ovomucoid preparations (Chosson, 1964). 	. 

(o) Nature of the Carbohydrate The use of 10% Ba(OH)2  at 

1000  to obtain a preparation rich in carbohydrate (used for ovomucoid 

by Stacey and Woolley 1940, Bragg and Hough, 1961, Tanaka 1961a) is 

today considered undesirable. Proteases are a far less drastic and 

more specific method for removing peptide material and havebeen used 

for this purpose by Tanaka (1961 b,o), Hartley and Jevons (1962), 

Montgomery and Wu (1963), Neuberger and Papkoff (1963) and Montreuil 

et al (1963). 

Several glycopeptides with different hexose to hexosamine 

ratios were isolated from ovomucoid hydrolysates obtained by the action 

of Ba(OH)2, panoreatin or trypsin (Tanaka, 1961 a.b,c). Glycopeptide 

mixtures were obtained from ovomucoid after digestion by Pronase P 

(Neuberger and Papkoff 1963) or by pgpain (Montgomery and Wu 1963) and 

were essentially similar in composition. After removal of amino acids 

by gel filtration the glycopeptide mixture was separated into a number 
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of fractions either by chromatography or bv. electrophoresis. These 

showed differences in carbohydrates or amino acids or both.. MOlecular 

weights of the glycopeptides were determined by a number of methods and 

all lie in the region of 2,000 to 34000. As the carbohydrate of ovo-

mucold totals 6,000 to 7,000 a/mole it must be present in the form of a 

few separate prosthetio groups, most probably three. Most of the glyco-

peptide material contained 8 moles of glucosamine and about 4 to 5 moles 

of mannose per end group (DNP or phenylthlohydantoin). 'Smaller amounts 

of galactose were found in most glycopeptides and N-aaetylneuraminicsold 

in one fraction. The tentative composition for the heterosacoharide of 

ovomucold indicated by these results viz. three carbohydrate moieties 

each containing 8 N acetyl glucosamines and 4 to 5 neutral sugars would 

give overall sugar contents of 15.4% glucosamine and 8i40% neutral sugar 

in good agreement with the reported values on the-whole protein. 

The bond linking at least a part of the carbohydrate to the 

protein was shown to be between glucosamine and aspartic acid by the 

isolation of compounds containing only these residues from partial acid 

hydrolysates of ovomucoid glycopeptides (Tanaka, 1961d). At least one 

glycopeptide yielded approximately one mole of ammonia on hydrolysis in 

constant boiling Hel for 22 hours in a sealed tube which suggested the 

linkage was via an asparagine residue (Montgomery and Wu, 1963). As the 

phenylthiocarbowl derivative of this glycopeptide cyclised in acid to 

the phenylthiohydantoin without detaching the carbohydrate, it was con-

eluded that at least some of the carbohydrate is linked via a glycosyl-

amine type of linkage involving the amide group of asparagine and most 

probably the reducing group of N acetyl glucosamine as in hen's egg 



Eit 
albumin (page 3 ). Threonine and aystine have also been fount 

associated with ovomuoold glycopeptides and in the case of threonine 

there is some evidence that the hydroxyl function is not fro, (Chosson, 

1964). 
The arrangement of the monosaccharide units within the 

heterosaocharide of ovomucoid was first studied by Stacey and Wooley 

(1940, 1942), using material precipitated by ethanol from the super-

natant 

 

of heat coagulated egg white. Hydrolysis of the methylated 

carbohydrate prepared directly from this material yielded very different 

results from the hydrolysis of material prepared by the method of 

Fredericq and Deutsch (1949) and. methylated by almost the same procedure 

(Bragg and Hough, 1961). Periodate studies have yielded equally contra-

dictory information (Bragg and Hough (1961) and Chatterjee and Montgomery 

(1962))and it is thus not possible to draw conclusions about the nature 

of the beterosaccharide at this stage. 

By isolating and identifying the products of Dowex 50 hydro-

lysis of ovomucoid, Mnntreull and Chosson (1962) and Chosson, Montreuil 

and Scheppler (1962) have shown that N-acetyllactosamine is a cons-

tituent of the heterosaocharide. Recently N-acetylglucosamine has been 

released from ovomucoid (presumably from the non-reducing end of the 

heterosaocharide chain) by a ram testes enzyme extract to the extent of 

2 - 3 moles/mole of protein (Caygill and Jevons, 1964). 

6. Physical Characteristics  

The physical characteristics which have been determined for 

ovomucoid are shown in table VIII. The sedimentation pattern is !nide-

penlant of pH within the range 1.4 to 11.6 and independent of concen-

tration between 0.5 and 1,5% (Predericq and Deutsch, 1949). No detailed 



Lineweavor & Murray 
(1947) 

Author 

Further 
treatment 

heated 

[(.40 -560  

4.8(4 ) 	7.3(4) 	4.0(4)  E1 cM  280 1:111 4.1 61(3) 

(1) By osmotic pressure 
(2) By sedinentation and diffusion 

(3) From Phodes et al. (1958) 
(4) Derived from the published spectra. 

••• heated reduced & 
alkylated 

27,000(2)  27,000(2) 31,500(2)  41  ,200(2)  32,600(2)  

2.8 - 	2.49 2.62 2.62 1.92 2.8 
8.0 7.7 6.01 4.59 4.56 

0.685 0.71 

6.3 12-14 10 25-30 

TABIE VIII 	PHYSICAL COMTANIZ OF OVOYIUCOTD 

Fredericq anl Rhodos et al. Deutsch & Morton (1961) Chatterjee and 
Deutsch (1949) (1960) Montgomery (1962) 

T.C.A. cud alcohol Chromatography Frodericq and Deutsch Lineweaver and 
at pH 3.5 at pH 3.5-4.4 (1949) further purified Murray (1947) 

further purified 

Molecular 	23,800 (1)  27,900 (1)  

820, w (Svedbers) 

D200 ( 10-7  cpil  sec-1) 

Axial ratio 

MethoC of 	T.C.A. and acetone 
preparation at pH 3.5 
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studies have been published on the shape of the molecules but the 

frictional ratio of 1.35 indloates a globular protein of Approximately 

spherical shape, which is consistent with the low a-helix content found 

by optical rotatory dispersion (see below). 

In a few respects the behaviour of ovomucoid is not as 

expected fora simple globular protein of molecular weight 28,800, but 

the presence of 25% carbohydrate complicates any comparison with pure 

proteins. Thus, with respect to diffusion constant, behaviour on gel 

filtration on Sephadex G 100 (Whitaker, 1963) and escape time on dialysis 

(Craig et al, 1958) ovomucoid appears to occupy a somewhat larger volume 

than a typical protein of the same molecular weight. These facts, 

together with the marked resistance of ovomucoid to precipitation - even 

the fully dinitropbenylated derivative is water soluble (Fraenkel-Conrat 

and Porter, 1952; Noble et al, 1957) - can be taken as suggestive of a 

highly hydrated molecule. 

The unusual stability of ovomucoid to precipitating agents and 

the fact that activity against trypain is not irreversably lost in 9 M 
a47 

urea, even at elevated temperatures (Lineweaver and Murray 1947) maybe 
in Prc , 
due toAthe extensive disulphide crosslinking of the molecule. Most of 

the antitryptio action is retained after exposure to acidic conditions 

even at relatively high temperatures. In fact at lowrpH the specific 

optical rotation of the protein becomes slightly less negative than it 

is in neutral solutions, which tends to suggest a folding up of the 

molecule Into a more ordered configuration (Jirgensons et al, 1960; 

Herakovitz and Laskowski, 1962). This conclusion is confirmed by the 

finding that whereas above pH 5 most of the tyrosyls of ovomucoid are 



90 

accessible to solvent perturbation (as shown by the ability of the 

solvent to shift theuultraviolet absorption spectrum of the tyrosyl 

residues), below pH 4 aaarge proportion of these residues are in-

accessible to the solvent and thus presumably buried within the 

molecule (Herskovitz and Laskowski, 1962). Hxposure of ovomucoid 

to alkaline conditions on the other hand brings about irreversible 

loss of antitryptio activity at a,rate dependant upon pH and temper-

ature. At room temperature, for example, at pH 11 or 12 complete loss 

of activity occurs and this, as in the case of the low pH changes, is 

accompanied by an increase in dextrorotation of the solution (Jirgensons 

et al, 1960). This alkali-induced change in specific rotation is 

difficult to explain on the basis of conformational changes only, 

particularly in view of the fact that the intrinsic kinematic viscosity 

of ovomucoid solutions increases on the addition of alkali, suggesting 

unfolding of the molecule. This anomolous rotation change is not due 

merely. to the presence of a large proportion of carbohydrate, as 

,orosomuoold (40%.carbohydrate) behaves normally, the rotation becoming 

more negative in solutions of very high or low pH compared with neutral 

conditions (Jirgensons 1957), nor is it due to any marked changes in 

the general shape of the rotatory dispersion curve but it may - be 

related to the high cystine content of the protein. The rotatory 

dispersion curve of ovomucoid fits a one term Drude equation with a 

),1/40  of 237 mp, which is typical of a globular protein with low a-helix 

content (Jirgensons et al, 1960). 
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Ovomucoid, in common with a number of other proteins, 

inhibit* the:PrOteOlttio and eateries activities of trypsinIsee 

reviews by Laskowski and Laskowski 1954, and Green and Neurath,1954). 

The existence Of a :complex betweenoioaucOidand trypsinhas.been 

inferred becauaiv(a) on electrOPhoresil'a mixture of ovomucold and 

trypsin rune as . onecomponent with a mobilitylntermediate between 

that of the two'etartinusiterials and'(b) ultracentrifugation,of the 

Mixture prodUceafoneSedimenting boUndary withoa siediMentation'coefficient 

of.3.8 compared icilch'a value of 2.6 when either are run alone-(SrI-Ram et 

al, 1954a; Rhodes et al, 1960). Holieveii a one'to one molar relationship 

is only a first ApProkimation as there is good evidence for the occurrence 

of complexes involving more than one trYpein per ovosiucoid, (but not more 

than one avosuooid per trypsin, Sri-Ram et al.,.1954a). 

'Interattion betWeen trypsin and ovomuooid in the absence of 

substrates occurs too rapidly to be measured directly, but the dissoc-

iation constant of the complex has been determined to be about 5 x 10-91i 

If carboxyl groups on the ovomucold are blocked by esterification or if 

,amino groups on the trypsin are cladetylatel„ complex formation is severely 

retarded (Frankel-Conrat et al, 1949; Frankel-Conrat et al, l952PISri-Ram 

et al, 1954b). Dissociation of the complex into its components at pH 

values below 3 (Green, 1953; Sri-Ran et al, 1954a) would suggest that 

ionization of the oarboxyl groups of the eniyme or the inhibitor or of 

both is essential for interaction. BOweVer, complex formatiOn cannot be 

explained only in terms of electrostatic .attraction between molecules of 

opposite net charge because: (a) at least one trypsin inhibitor (pane- 
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oreatic inhibitor, Green and Work, 1953) has an 18°01w:trio point 

similar to that of trypsin; (b) a short exposure to pH 12 irreversibly 

destroys the antitryptio activity of ovomueoid determined at pH 8 but 

presumably does not drastically alter its net charge; (o) if the 

active site of the enzyme is occupied with substrate the affinity of 

the enzyme for protein inhibitors is greatly reduced or abolished 

(Green 1953); (1) if the trypsin is inactivated by the presence of di-

isopropylfluorophosphate or HgC12 formation of a complex with ovomucold 

does not take place (Green 1953). On the. basis of studies on protein-

protein association as followed by the release of protons it has been 

proposed that the trypsin-inhibitor reaction consists of a cleavage of 

one especially sensitive bard in the inhibitor, followed by formation 

of a covalent bond between trypein and inhibitor (;:.rprobably an ester 

bond between.the active seryl of trypein anl the newly formed COOH-

terminal of the inhibitornnkeWstadt and Laskowski, 1965). The complex 

may then dissociate to form either the native inhibitor or a modified 

inhibitor with the bond cleaved. At equilibrium at pH 3.75 the modified 

form predominates; however kinetic control might well produce predomin-

antly the native form. According to this explanation of the inhibition, 

the only difference between these inhibitors and substrates lies in the 

rates of decomposition of the complexes and on the dependence of these 

rates on pH. At neutral pH the enzyme-substrate complexes decompose 

rapidly to yield products; ensyme-inhibitor complexes decompose.  

slowly. Furthermore, the rates of decomposition of normal ensyme-sUbs-

trate complexes (for trypsin and ohymotrypsin) rise with pH in the range 

4 to 8, while those of the trypein-inhibitor complexes fall (Lebowitz 

aril Laskowski, 1962). 
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Gradual addition of ovomucoid to a given amount of trypsin 

at first brings about a reduction in activity which is directly pro-

portional to the amount of ovomucold added. But as the equivalence 

point is approached, additional ovomucold has less and less effect 

and even in large excess does not entirely abolish the enzymatic 

activity (aorta and Aulraln, 1953). This has been interpreted in a 

number of different ways and may be of significanee if the antitryptio 

action of ovomucold is a part of its natural role in the developing 

embryo. 

One aspect of the inhittion which was difficult to establish 

with certainty is the extent to which it is competitive with substrate. 

The difficulty is due to the dissociation constants of the inhibitors 

(in the region of 10-9M) being very much smaller than the Michaelis 

constant of the enzyme when acting on the usual protein substrates 

(about let). As a result competitive inhibition could not be 

demonstrated by the usual methods. With benzoyl-arginine ethyl ester 

(where the trypein has a Miohaelis constant of about 10-5M) on the other 

hand it was shown that the protein inhibitors could displace substrate 

and vice versa, which clearly demonstrated a competitive type of 

inhibition (Green 1953). 

In view of the deviation from linearity it is not possible 

to determine the exact equivalence point in the titration of trypsin 

with ovomacold. Activity of ovomucold is thus best expressed as 

twice the amount required to produce 50% inhibition of a given activity 

of trypsin, and the substrate must also be specified as this will affect 

the result (Castanada-Agullo, 1950; Fraenkel-Conrat et al, 1952). It 
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contain a variable proportion of inactive and non-trypsin material 

(Liener, 19601 Cole and Kincade, 1961j Buck et al, 1962: Maroux et 

al, 1962). It is thus not possible to compare accurately different 

ovomucoid preparations where the activity is expressed in terms of 

weight (or 8280) of "trypsin". Such results are only useful for 

direct comparison of activities determined side by side. 

The striking effect of the injection of fresh egg white into 

rats (0.5 to 1.5 ccdeadult rat) first noted by Parker and Parker (1924) 

was described in detail by Selye (1937). The ovomucoid fraction of 

Hektoen and Cole (1928) gave a full reaction at 15 mdatlult rat, whereas 

the rest of the egg white was inactive (lager and !damson, 1948). As 

material prepared by the method of Lineweaver and Murray (1947) is also 

fully active (Ankier and West, 1964) it is most probable that it is in 

fact the ovotaucoid which is responsible for these pharemoological effects. 

The syndrome (which is also produced by 100,000 molecular weight dextran) 

is characterized by a general pruritus followed by conspicuous oedema of 

the extremities, an increase in the haematoorit and a lowering of the 

body temperature. The action is much greater in adrenaleotomised rats or 

following the administration of thyroxin, the egg white in these oases 

producing severe shock with vascular collapse (Leger and Masson, 1948j 

Halpern and Briot, 1950). The effects in normal rats are due largely 

to an increased capillary permeability which can be demonstrated directly 

by very sensitive dermal tests using EVans blue. In this case 0.05 ml 

of protein solution containing 1 gg nitrogen is sufficient to elicit a 

response (Halpern, 1956). 
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Due to its similarity to anaphylaxis the syndrome was 

classified as anaphylactoid (Leger, Masson and Prado, 1947) and is 

considerably attenuated by synthetic antihistaminic drugs (Leger and 

Masson, 1947). Cortioosteroids give no protection in intact nor in 

adrenalectomised animals but adre-naline is highly effective in both 

eases (Halpern and Briot, 1950). The action of ovomucoid on the rat 

is often attributed to its ability to release histamine (Schachter and 

Talesniok, 19521 Halpern, 1956) but it is not identical with an 

anaphylactic reaction as it can be distinguished in dermal tests from 

the results of a classical antigen-antibody reaction (Roche e Silva, 

1956). In addition, prior administration of reserpine, which depletes 

the animal of 5-hydroxytryptamine, or bromo-lysergio acid diethylamide 

(BOL 148) a specific antagonist to 5-hydroxytmptamine,both prevent the 

anaphylactoid response to ovomucoid or to dextran (Parrett and West, 

1957). it is thus likely that the effects are due more to released 

serotonin than to released histamine. It has recently been shown that 

in some strains of rat a recessive mutation in an autosomal gene has the 

effect of preventing the anaphylactoid reaction. Pure strains of non-

reacting rats have been propagated (Harris, Kalmus and West, 1963). 

8. Comparative Biochemistry of Avian Egg White Ovomucolds  

CVomuoolds prepardd from egg whites from eleven different 

species by adsorption and elution from CM and DSO cellulose columns 

under approximately the same conditions as for chicken ovomucoid (see 

page 78 ) had similar total nitrogen contents (11-13%) and were very 

low (less than 1%) in tryptophan (Rhodes et al, 1960). Their inhibitory 

actiViimies towards trypein and ohymotrypsin, however, showed some 
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striking differences and resulted in the classification of the 

different species into classes which inhibited respectively per mole 

of ovomucoid (a) one mole of trypsin but not ohymotrypsin, (b) one 

mole of ohymotrypsin but not trypsin, (o) one mole of trypsin and one 

mole of chymotrypein, either separately or simultaneously and (d) two 

moles of trypsin and one of ohymotrypsin, either simultaneously or 

separately. For duck owomucoti (oaaned) the inhibition of either 

trypsin or ohymotrypsin is quite independent of the presence of the 

other protease, indicating that the combining sites are specific and 

separate. Acetylation or oarbamylation of turkey ovomucoid (class c) 

does not affect its antiohymotryptio activity, as is the case for the 

anti-tryptio activity of chicken ovomucoid (class a) and the anti-

ohymotryptie activity of pheasant ovomucoid (class b). However, anti-

tryptio activity of turkey ovomucoid is rapidly lost on blocking of 

the free amino groups, providing further evidenoe for the independence 

of the different protease-specific sites on the ovomucoid (Stevens and 

Feeney, 1963). 

Egg whites of the various species investigated (Feeney et 

al, 1960) differed in ovomucoid content from 11% (chicken) to 30% 

(cassowary). 	Egg whites of both members of the order Casuarliformes, 

emu and oassowary, were exceptionally rich in ovomuoold and in total 

antitryptio activity (not all of which was accounted for as ovomucoid). 

The giallo acid content of the ovomucoid from these two species was 

very high (emu 10.5%, cassowary 5.4%), and ovomucoid from the giallo 

acid poor egg whites of two members of the order Anseriformes, duck 

and goose, on the other hand had undetectable or no elan° acid. 
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B. Gel Filtration Studies on Ovomucold  

1. Introduction  

On passage through a column of crass-linked dextran 

(Sephadex) a mixture of substances of different molecular sizes will 

emerge in descending order of size, i.e. the larger the molecule the 

less will be its elution volume. A molecule which is totally exoluded 

from the gel will emerge in the void volume ('a) 'of the column (the 

void volume is the volume of interstitial fluid which fills the space 

between the gel grains). On the other hand a molecule whose diffusion 

is not at all hindered by the gel matrix will emerge with an efflent 

volume equal to the total volume of water in the column (i.e. the void 

volume plus the water imbibed by the gel grains). 

Consideration of the results of gel filtration in other 

applications (for example Lindner et al, 1959) suggested a method of 

isolating ovomucold as the trypsin complex in a highly purified form. 

/f the crude ovomuooid preparation were fractionated and the fraction 

with molecular weight 25,000 to 30,000 retained (and similarly with 

crude trypsin), then on gel filtration of a mixture of ovomucoid and 

trypein so purified the fraction with molecular weight 50,000 to 

55,000 should represent pure complex. If the crude ovomucold (or 

the trypein) contains any impurities with a molecular weight of about 

25,000 these must be separated from the complex (as must any excess 

of either component of the complex) if the method is to succeed. Thus 

the gel filtration conditions must be such that a protein of M.W. 25,000 

is well resolved from one of 50,000. 
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Even when oomplexed with ovomuooid, trypsin is not com-

pletely devoid of aoitivity, but it is virtually inactive - and 

possesses maximum stability - in slightly acid solution. Gel 

filtration was therefore performed at pH 5. Ammonium acetate 

buffer at an ionic strength of 0.1 was used throughout the series of 

experiments unless otherwise indicated. 

Two preparations of ovomuooid were used. One was prepared 

by the method of Lineweaver ani Murray (1947), and the other. by CM- and 

DEAB-chrosatograptw according to Rhodes et al (1960; see page 7,9 ). A 

few other well-oharacterised proteins were used as markers. (*albumin 

was crystallized at its Isoelectric point from egg white 50% saturated 

with ammonium suaphate, and recrystallized twice (Warner, 1954); 

chymotrypsinogen was obtained from L. Light r Co Ltd., r-globulin (7 

9 from horse) was kindly donated by Mr. R. Weir; trypsin was obtained 

from Novo Industries, Denmark. The Sephadex (5 75, pulverized, and G 

100,bead form, both of medium particle size) was obtained from Pharmacia 

Ltd. The 0 100 was further fractionated by dry sieving and the traction 

between 50µ and 1004 (100 to 300 mesh, which accounted for 75% of the 

material) was used. The Sephadex was conditioned for use by soaking in 

buffer for at least two days, and degassed on the water pump before 

being poured into columns. For packing purposes columns were fitted 

with extension tubes and tilled with buffer. The gel particles were 

permitted to settle through the buffer with the outlet closed until a 

considerable layer had packed down at the bottom. With the outlet 

open the packing was continued until the column was virtually full. 

Closing the outlet and removing the extension tube rendered the column 
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ready for use. To improve resolution with the 0 100 three columns 

were used in series. The columns (150 cm x 5 mm) were all filled as 

described above. The outlet of the first was then connected to the 

bottom of the seoond so that the material travelled up this column, 

the top of which was connected to the top of the third column, the 

effluent being finally collected in the usual way. The column was 

treated with a silicon anti-wetting agent before use. The thoroughly 

cleaned tubes were filled with a solution (596v/v) of M.S. 1170 in 

methyl ethyl ketone. After a brief soaking the solution was run out 

and the tubes cured at approximately 100°  for 30 minutes. 

3. Results  

A column (150 am x 1 cm, Vt  Or 120 ml) was filled with 0 75 

Sephadex and protein samples (10 mg) were applied in 0.5 ml. By com-

paring elution volumes from separate runs it was seen that trypein and 

chymotrypsin emerged at about the same point and the ovaihumin slightly 

ahead. Application of a mixture of ovalbumin and trypsin yielded a 

slight separation, the ovalbumin emerging as a shoulder on the leading 

edge, and the trypsin at the peak, of the eluted material. To improve 

resolution further, by reducing vertical diffusion of material, a 

column of small cross-sectional area (and increased lengtawas required. 

The 450 cm x 0.5 cm column (Vt  • 105 ml) was thus devised 

and samples were applied in volumes of 0.25 ml. With this column 

packed With 0 75 good resolution of chymotrypsinogen and ovalbumin was 

obtained. When ovomucobl was passed through this column it emerged 

slightly earlier than the ovalbumin did. The 450 cm column clearly 

showed that despite 1.1.1a3lower molecular weight ovomucold was excluded 
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from Sephadex 0 75 to a greater extent than ovalbumin, and was in 

fact totally excluded tram this gel. Both ovomuooid preparations 

emerged as a single symmetrical peak and thus neither appeared to 

contain significant amounts of substantially smaller molecular 

weight contaminants. This unexpected exclusion of ovomucold meant 

that the original idea of isolating pure complex would probably not 

be possible, but it was now of interest to see how far ovomucold 

would be excluded from gels of larger pore size and whether the 

material would still give a symmetrioal peak on a gel where the 

ovomucolddid 	penetrate the beads. 

The k50 cm_column was thus repacked with Sephadex 0 100. 

Application of attaixture of ohymotrypsinogen and ovalbumin showed 

that 0 100 gave a betterresolutiOn of these two proteins than did 

0 75. Ovomucold emerged from this column as an aiMost symmetrical 

peak at a position a little ahead of that occupied by ovalbumin. 

The differences in elution volume for these two glycoproteins was 

too small to give a separation when the two were run together. Their 

exact relative location was determined by running each one together 

witho.a marker of obymotrypainogen or 73 y-globulin. Besides the first 

run of ovalbumin and chymotrypsinogen, mixtures of ovalbumin and 73 

y-globulin, ovomucoid and ohymotrypsinogen, and ovomucold and 73 y-

globulin were also applied to the column. These experiments also 

demonstrated that the elution volume for a given protein was highly 

reproducible and not affected by the presence of other proteins. The 

position of trypsin in this system was also determined. A mixture of 

avomucoid and 73 y-globulin was also run in 0.05 ULTris,buffer, pH 8, 
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Fig 18. Gel Filtpatipn of Ovomucoti 
and Other ProteinCtin Sephadex a 100 

0 - ovommoldi 
B- ovalbumin; C - ohysotrypsinogan 
a- trypsin. 
The fig. is compiled from 4 runs as 
follows: C*4; 0+C; BpJa B+C. 
Column - 450x 0.5 cm. Sample vol. 
0.25 ml. Fractions - 2 al. 

Fig. 19. Gel Filtration of Cvomucoit 
plus Trypsin and 100 

Column eta. as for fig. 18. 

10 sg ovomucold + 5 mg trypsin 
Applied in 0.25 ml. 

TABU /X. Properties of Proteins Used in Gel Filtration Study 

Protein Peak Vol. 
ml. 

Molecular Wt 
x 10-2  

Diffusion 
Coeffiofent 

x 10 

Sedimentation 
Co nsaolt x i  

r-globulin 39 140 4 7 

°vomit:old 53 28 6.1-7.7 2.6 

ovalbumin 56 7.5 3.5 

ohymotrypsinogen 68 25 10 2.6 



102 

plus M NaC1 and it was found that over this range their elution 

volumes were quite independent of pH. 

The results for the gel filtration of ovamuooid and the 

marker proteins on Sephadex 0 100 are superimposed in fig. 18. The 

figure is compiled from four separate runs. In addition the elution 

diagram of trypsin is also superimposed. In table /X the elution 

volumes of the proteins are tabulated together with their known 

physical characteristic's. 

The final experiment in this series was to run a mixture 
cm 

of 10 Mg ovomueold and 5 mg trypsin in 0.25 ml on the 450 oolumn to 

ascertain where the complex ran relative to the excess oval:mold. A 

single eymmetrioal peak resulted (fig. 19) with almost no material 

eluting in the tinein position (a useful criterion of purity for 
active 

trypsin, as only,trypsin complexes with ovommooid) but the complex 

did not separate from the excess ovomucoid. Ovomucoid contains 

almost no tryptophan and the ratio Ik30(295 in the ultraviolet 

extinction speotrum is 6.6. With trypsin, on the other hand, due to 

the presence of tryptophan this ratio is 2.14. For fraction 24 from 

this column the ratio R284/295 was 3.52 and for fraction 28 it was 4.2. 

The trypsin (i.e. the complex) was thus present largely in the leading 

part of the peak and the excess ovomucoid predominantly in the trailing 

part, but the resolWdznwas too poor to be of any preparative vales. 

4. Discussion  

In general terms the elution volume of a substance on gel 

filtration is dependent on its molecular size and, moat probably, to 

some extent on its shape. For a homologous series of substances - with 
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the same general shape, density (or partial specific volume) and 

degree of hydratitiwl - the size, or gyration radius, correlates fairly 

accurately with the molecular weight. Homologous series of this 

nature whose behaviour on gel filtration have been studied are dextrans 

of increasing chain length and globular proteins of ruughly spherical 

shape. Inthese cues elution volumes (VO have been found to bear a 

strict relationship to molecular weight, a plot of VolVo  against log. 

molecular weight gives a good linear relationship (Granath and Flodin, 1961; 

Whitaker, 1963i Roubal and Tappet, 196k; Andrews 1964)1 

• For Sephadex a 75 and 0 100 all theoretical treatments are consistent 
with a simple all-or-none exclusion effect operating in the gels.' The 
gel matrix can be considered as consisting of two phases, onewhere the 
macromolecule is free to diffuse, and one where it is prohibited. The 
relative proportion of the two phases in the gel for a given solute is 
the factor which determines its elution position and is dependent upon 
the molecular 	of the solute. In the available regions the solute 
is considered to behave approximately in the same manner as ,unler 
conditions of free diffusion in a liquid, and the transition to prohibited 
area is very abrupt with negligible gel present of an intermediate type. 
However to Sephadex 0 200 a second effect of steric and frictional inter-
action of the solute molecules with the gel matrix plays an important 
role (Acker', 1964). In this case in large parts of the available regions 
of the gel the macromolecules have a restricted  diffusion, which can be 
considered by reference to a model in which these regions are represented 
by uniform cylindrical ohannels with a radius of the same order'of magni-
tude as that of the macromolecule. 

Restricted diffusion of a similar nature to that in a 200 is also 
probably the operative factor in the behaviour of macromolecules in 
gelatin and agar gels as studied by Allison and Humphrey (1960). These 
authors pointed out that one important difference between free diffusion 
and the diffusionthey were observing was that the effect of shape (or 
axial ratio) on the two processes differed. They postulated that the 
use of their gels gave information other than the simple diffusion cc-
efficient. If molecules with sidar4liffusion coefficients (i.e. in free 
solution) have similar end points by their method, it is likely that they 
have similar sixes and shapes.  The effect of shape on 0 100 chromato-
graphy, where diffusion is either free or prohibited, may therefore be 
significantly different from the effect of shape on the, predominantly, 
restricted diffusion process of 0 200 chromatography. This may account 
for the apparently anomalous behaviour of lysozyme and oytochrome o when 
their behaviour on the two types of gel is compared. On 0 100 cytochrome 

behaves normally but lysosyme does not (Whitaker, 1963), whereas on 
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A theoretical formula has been deduced relating the degree 

of exclusion of a molecule to its molecular weight (Porath, 1963). 

Application of this treatment to the results Granath and Plodin (1961) 

obtained on gel filtration of a series of dextrans, showed a very 

close agreement between the predicted and the observed results. The 

central assumption in this treatment that the radius of gyration of 

the macromolecules is proportional to the square root of their 

molecular weights should theoretically only be true for randomly 

coiled macromolecules and not for globular proteins (Laurant and K11-

lender, 1964). However, Andrews (1964). showed that globular proteins 

give as good a fit to the theoretical expectation as dextrans do.. 

Applying the empirical relationship between elution volume 

and log. molecular weight (Whitaker, 1963 and Andrews, 1964) to the 

above results gives the line shown in fig. 20. The results of other 

authors are also drawn on the graph for comparison. The differences 

in slope and height of the lines are probably due to slight differ-

ences in water regain values of the different batches of gels used 

and to differences in particle size as both factors affect the elution 

volume. On the basis of these results, ovomucoid behaves as a globular 

protein of molecular weight 48,500. Whitaker (1963) reported an 

apparent molecular. weight from gel filtration on 0 100 for ovomucoid of 

45,000. 
Previously reported cases of unexpected exclusion of macro- 

molecules from Sephadex (e.g. teoholo acids, Oritohley et al, 1962) 

0 200 the reverse situation pertains (Leach and O'Shea, 1965). The 
above considerations may also lead to an extension of Allison and Hum-
phrey's conclusion, to the effect that if molecules behave similarly on 
0 100 and 0 200 they have similar shapes and sizes. 
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Fig. 20 Elution Volume (V) of Globular Proteins per Unit Column 
Volume on Sephadax G 100 vs. log Molecular Weight  

For reasons of clarity the points have been omitted. 
A - Andrew (1964); B Whitaker (1963), C - Roubal and Tappel 
(1964); D - present study. 

Fig. 21 Chromatography of Crude Ovomucold on DUE-cellulose  

Sodium sulphate concentration gradient elution in 07.0 phosphate 
buffer (0.002 M). Column, 2.6 x 49.5 om; fractions, 10 ml, 2 g 
avomucold (Preparation I) applied. Antitryptia activity all in peak 
under bracket. 
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have been, explained partly by the fact that the dextran chains of 

Sephadex have a small content of &oldie groups which may repel strongly 

negatively obirged molecules. The apparently anomoleue exolusion of 

ovomucoid, however, cannot be explained as a Charge effectaor, on gel 

filtration at pH 3.5, where the protein is virtually.Uncharged or 

slightly cationio,.ovomucold behave' exactly as it does at pH 5 or pH 

8. Thisexolusion relative to globular Proteins is more likely to be 

accounted for by'the relatively largo'prOportion of carbohydrate in the 

meleoule. Dektrans are far more exolUdedfrom Sephadex than proteins of 

the same moleoular weight. Sephadex 0 75 when calibrated With dextrans 

has a lower molecular weight limit for omisplete exclusion of about 

40,000 (manufactureri information and'Granath and Flodin„ 1961) whereas 

with proteins the corresponding figure is about 150,000 (Andrews, 1964). 

Similarly with Sephadex 0 100 the corresponding figures for oarbohyd- 

. rates and proteins respectively are approXimately 100,000 and 300,000. 

These figures however are obtained at the limit of the resolution of 

Sephadex and are sUbjeOt to considerable variation. A more accurate 

comparison can be obtained from the behaviour of ribonuclease (WW. 

13,700) and the heaviest of Granath and Plodin's (1961) dextran frac-

tions which are both eluted in virtually the same position near the 

middle of the range of Sephadex 0 75. The number average molecular 

weight of the dextran fraction is 3,180 or 4.3 time smaller than the 

molecular weight of ribonucleasee. 

* This would explain the very good separation on gel filtration between 
glycopepttles ani carbohydrate-free peptides (Harks et al, 1962) 
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The most likely explanation for the greatly expanded 

structure, of carbohydrates in solution when compared with proteins 

is that they are highly hydrated and carry a layer of water around 

each polysaccharide chain. The absence of helical structures and 

hydrophobic regions in polysacoharide molecules also tends to 

result in more expanded overall structures than that usually found 

with the more highly organised protein moleole. That carbohydrates 

bind considerable amounts of solvent water has been shown by equili-

brium, dialysis (Ogston and Phelps, 1961) by osmotic pressure measure-

ments (Laurent and Caton, 1963) and by solubility studies (Laurent, 

1963), whether in. solution or set in a gel (Laurent and Killanier, 

1964). The low partial specific volume of carbohydrate (0.611 

Granath, 1900 relative to proteins (0.73) may also be related to this 

difference in affinity for water. Probably the interior of moat 

protein molecules is not accessible to solvent and they thus displace 

more volume than carbohydrates where the whole macromolecule is hydro-

philic and does not possess a hydrophobic or inaccessible central 

regbn. 
Ovomucoid has a partial specific volume which lies between 

the usual value for carbohydrate and protein (0.68-0.7) and would thus 

appear to hove an afinity for water intermediate between\the two extreme 

cases. This assumption would account for other exceptional physico-

chemical properties of ovomucold such as high resistance to precipitation 

by protein precipitants or by heat. The unexpected behaviour of ovomucold 

towards denaturing agents has previously been noted in connection with 

optical rotatory dispersion studies and led Jirgenson et al (1960) to 

postulate a cettral core of protein surrounded by a shell of carbohydrate. 
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As the relation between molecular volume (or elution 

position on gel filtration) and molecular weight is different for 

carbohydrate and protein, calibration of gel filtration columns with 

neither type of macromolecule will allow predictions to be made for 

the behaviour of glycoproteins. From experiments on the behaviour of 

proteins on columns of granulated agar gel, Faison (1961) concluded 

that the degree of separation of proteins on gel filtration is largely 

dependent upon the differences in diffusion coefficient and to a lesser 

extent on differences in moleoular weight. Laurent and Killander (1964) 

provided a novel theoretical approach to gel filtration based on the 

assumption that the molecular radius derived from the diffusion constant 

by Stokes Law is the appropriate size parameter which determines the 

elution volume of a substance. As the results for dextrans and 

proteins fit their behaviour as predicted by this theory equally well it 

is worth a detailed consideration here. 

The rate that a substance moves down a gel column is dependent 

upon the fraction (Kay) of the gel phase into which the substance can 

readily diffuse. For the sapErimental determination of Kaw  the elution 

volume (Ve) of the substance, the total volume (Vt) of the gel bed and 

the void volume (fo) of the column must be determined. Kay can then be 

derived from the relationship 
Vo  - Vo 	 (1) 

Iav 	- 

For a gel of dextran chains in the form of straight rigid 

rods of infinite length randomly distributed, Ogaton (1958) has cal-

culated theoretically the traction available for spherical particles of 
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known radius (r6). Applying this formula LLaurant and Killander 

(1964) arrived at the following theoretical expression for X 

Ke, 	e -Llr(re  + rr)2 	(2) 

where L is the concentration of rods in the gel (ow rod/oc) and 

rr• is the radius of the rod. This radius (r1.) was derived as 
7.10-8  cm ,.and the value of I. was calculated from the water regain 

of the gels used. It was found to be related to the ooncentration 

(C) in g/m1 of dextran in the gel by the simple expression Ls 4.0 

x 1011  oi/cc. It is thus possible to calculate the Km  of a subs-

tance on Sephadex assuming its radius (re) is the radiis of an 

equivalent sphere derived from the diffusion constant by Stokes 

formula (D - IT/6 lirN). The authors compared Kim values thus 

oaloulated with the values obtained experimentally and found a 

very good fit both for proteins and for carbohydrates. 

This suggests that the property of a molecule measured by 

its diffusion constant gives a better guide to its behaviour on gel 

filtration than does its molecular weight. Conversely, lsel fil-

tration would give more reliable information about the diffusion 

constant of a substance than of its molecular weight. 

If equations (1) and (2) are combined and the relevant 

constants substituted, an equation can be derived relating the/elution 

volutes (v,) of a substance on a gel column directly to its diffusion 

constant. For the 450 cm column of Sephadex 0 100 described above, 

Vi is 105 ml, Vo is 38 ml, Ls 2.9 x 1012  cm/seo, rr  is 7 . 10-8  cm and 

the equation becomes V
e  is 67( e-9.1x104(7+213/02) + 38  au, 
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where D is the diffusion constant x 107. Far ohymotrypsinogen 

which has a diffusion constant of 9.5 x 10-17, the predicted Ve  is 

68 ml and for ovalbumin ()m 7.5 x 10-7) 57 ml, both in very good 

agreement with the values obtained experimentally (see Table ix). 1101 

Using th* formula the other way roundoovomucoid (Ve  53 ml) gives a 

diffusion constant of 6.35 x 10-7. This is approximately in accord 

with one recently reported value (6.01, Deutsch and Morton, 1961) 

but differs considerably from another (7.7, Rhodes et al, 1960); 

which makes it difficult to draw firm conclusions until this dis-

crepanoy in the published diffusion constants is resolved. 

Addendum In a further study of the behaviour of proteins 

and glycoproteins on gel filtration (Andrews, 1965) it was found that 

most glyeoproteins (ovalbumin being an exception) are excluded to a 

greater extent than would be expected on a basis of molecular weight. 

However, on the basis of diffusion coefficients they do conform 

moderately well. 

C. Isolation and Characterization of Ovomucoid 

1. Introduction  

All previous methods for isolation of ovomucold from egg 

white have included either precipitation of contaminant proteins at 

pH 3.5 or chromatography on an acid resin which involved similarly 

low pH solutions. As one of the outstanding points of interest about 

this glycoprotein is its heterogeneity, in which connection the 

rather acid labile giallo acid may be of importance,it seemed worth 

while to seek a method of isolaUsn which involved a minimum exposure 

of the material to acidic conditions. In addition,it had not been 
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shown that any of the well established methods of isolation of ovo-

mucold yielded pure products (except perhaps for the method of 

Feeney et al (196}) which appeared after this work was started). 

2. Preparation of Cride Owommeoid  

(a) Preparation I. A large batch of erude ovomucoid 

(Preparation I) was isolated from egg white from which avidin and 

lysozyme had been isolated as described in Part I. The egg white 

(from Light Sussex-Rhode Island hybrid hens) was originally diluted 

with an equal volume of ion-free water and oentrifUged. After three 

batch treatments with CM cellulose, ammonium sulphate was added to 

the final supernatant to half-saturation. The mixture was left in 

the cold overnight and then acidified to pH 4.6 with dilute sulphuric 

acid. The well-stirred mixture was left in the cold for a further 

24 hours and then filtered on a Bdchner funnel. To 25 1. of filtrate 

was added 7.2 kg ammonium sulphate which was sufficient to saturate it 

at that temperature (50). The mixture was again well stirred and 

allowed to settle over two days in the cold. The precipitate was 

filtered off, redissolved by the addition of the minimum quantity of 

distilled water and desalted on Sephadex 0 25. The fractions containing 

protein were pooled and freeze-dried. This preparation contained nearly 

all the proteins of egg white except for avidin, lysozyme and most of 

the ovalbumin. By antitryptic assay it was fount to consist of about 

30% ovomucoid, and was used as a starting material for most of the 

ohromatogrephic investigations on ovomueold described below. 

(b) Sample prepared by the Lineweaver and Murray Method  

Pooled white from 36 large, fresh eggs was mechanically stirred and 

the acetone-trichloroacetate reagent (1 part 0.5 M trichloroseetic 
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acetone plus 2 parts acetone) added until the pH was 3.5 (pH meter). 

After a further 30 minutes stirring the mixture was left overnight 

at 5°. It was centrifuged in the cold and the ovomucoid was precip-

itated from the supernatant with, 21 volumes of acetone. The 

precipitate was collected by centrifugation and redissolved in a 

minimum quantity of water. On dialysis some precipitation occurred 

and the material was cleared by centrifugation before freeze-drying. 

The final yield was 5 g. 

3. AntItryptio assay 

Activity of trypsin was assayed by the method of Erlanger 

et al (1961) with 111-benzoylarginine p-nitroanilide (BAPA) as substrate. 

The NAPA was prepared by method (b) of Erlanger et al (1961) by 

coupling 2 g of benzoylarginine with p-nitroaniline in the presence 

of concentrated phosphoric acid and phosphorus pentoxide in diethyl 

phosphite. The•yacemised phosphorylated intermediate was converted 

directly to the crystalline hydrochloride which was isolated. Pe-

crystalization from 20% v/v acetic acid in the presence of charcoal 

yielded 2 g (60% yield) of NAPA (m.p. 258 -260P) and faint yellow in 

colour. 
Trypain hydrolyses LoaAPA to benzoyl arginine and p-nitro- 

aniline. As the nitroanilide has an absorption maximum at 315 r&, 

the release of nitroaniline ( X max 380 n* ) can be readily followed. 

This is done at 410 mp, as there is still some absorption by anilide 

at 380 mm. To illustrate the inhibitory effect of increasing amounts 

of ovomucoid on the activity of trypsin by this method a substrate 

was prepared by diluting 1 ml of a solution (40 mg/m1)of BAPA in 

dimethylsulphoxide to 50 ml with 0.05 M Iris buffer (pH 8.2)oontaining 
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0.02 a CaCl; the NAPA is first dissolved in the organic solvent 

and then diluted with water as it is only sparingly soluble in water. 

To a series of tubes each containing 1 ml substrate, increasing 

amounts of solution containing 0 to 10 gg of a crude avomucoid prep-

aration was added. Trypsin solution (0.1 ml, containing 5 mg) was 

then added to each tube and after 25 min, at 24° the reaction was 

stopped by the addition of 0.2 ml 30% (v/v) acetic acid and the 0.D. 

at 410 mg was recorded in 2 om ouvettes. The activity was found to 

decline linearly with increasing concentration of ovomucoid over the 

range of the test. 

For routine assay of antitryptio activity, e.g. of column 

effluents, the substrate was made up freshly by mixing 10 ml 0.1 

trig buffer pH 8.2; 0.4 ml liCaCl2; 0.2 ml of a solution of 40 me 

ml BAPA in dimethylsulphoxide; and 10 ml of water. This substrate 

was always maintained at 370  as the BAPA has a tendenoy to precipit-

ate out even at room temperature. To 1 ml of substrate the desired 

amount of unknown or standard ovomuooid was added followed by trypsin, 

usually 5 or 10 pg. After incubation at 37°, usually for about 10 

mins, reaction was stopped with 0.2 ml of 30% (v/v) acetic acid and 

the extinction at 410 mg was recorded. The amount of the sample 

which would be required to inhibit a given amount of trypsin could 

thus be ascertained. 
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4. Methods for Further Purification of Ovomucoid and/or 
Fractionation into Multiple Components 

(a) Use of :DEAN SeRhadex  

(1) Methods and Materials The cross-linked dextran, 

"saphadex" is available with ionic substituents attached to the 

chains, such as the diethylaminoethylether "DEAF-Sephadex.1. This 

material differs from DEAN-cellulose in that: (i) its total ion-

exchange capacity is four to five times greater, and (ii) the possi-

bility exists of obtaining a separation by the processes of ion-

exchange chromatography and gel filtration acting simultaneously, 

thus giving a better fractionation than by either method alone. Two 

forms of DEAR-Sephadex are available. The more highly cross-linked 

(A-25) tends to exclude molecules larger than about M.N. 10,000, and 

thus the less cross-linked (A-50), where the ionic groups inside the 

gel are accessible to much larger molecules, was used in the present 

investigation. 

The DEAH-Sephadex was prepared for use by first allowing 

it to swell for two days in distilled water, and then decanting 

several times to remove the fines. The material was cycled through 

the hydrochloride form with 0.5 N HC1 (treatment with HCl being as 

short as possible to prevent hydrolysis of glycosidlo bonds of the 

dextran); and then through the free base form, with 0.5 N Na0H, 

before equilibrating with the starting buffer. A pH of 5.0 was 

originally chosen as the ovomucoid should be anionic at this pH but 

most other proteins in the mixture (e.g. conalbumin) would pass 

directly through the resin. In the course of the investigation, it 
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became apparent that very small variations in pH and ionic strength 

of the ammonium acetate buffer had a marked effect on the behaviour 

of the proteins on the column. The following method was thus used 

to prepare accurate ammonium acetate buffers. A stook solution of 

acetic acid was prepared full standardized against sodium hydroxide. 

To prepare a buffer the required amount of this solution was titrated 

with ammonia to pH 7.0. This solution was then brought to the 

required pH by the addition of acetic acid. This yielded a buffer 

where concentration of ammonium ion was exactly known and hence the 

ionic strength. 

(ii)' Results and Discussion 	At pH 5.0 in 0.10 ionic 

strength buffer it was found that much of the protein of the crude 

ovomuooid preparation (Preparation apassed through the column. 

unadsorbed and that this fraction did not contain ovomucoid. On con-

tinued elution with the same buffer an active ovomuooidpeak emerged 

followed by a second inactive peak. Application of a gradient of 

&ICI at this stage eluted two to three more peaks, all of which had no 

antitryptic activity. It thus appeared that, as far as the ovomuooid 

was concerned, a reasonable distribution coefficient existed between 

the resin and the eluting buffer, fulfilling the requirement of true 

partition,, chromatography and no gradient was required in this region 

of the elution. There was no suggestion of a resolution of different 

components with this system nor was the ovomucoid very well resolved 

from inactive components. The ionic strength of the eluting buffer 

was thus reduced in subsequent columns to obtain a greater degree of 

adsorption of the ovomucoid. An ionic strength of 0.09 instead of 
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0.100 resulted in a better spread of the first three peaks. A further 

reduction of the ionic strength to 0.08 brought about still more 

separation of the peaks. 

The material from the active peaks of these chromatograms 

was not extensively investigated, but on an X80  basis its antitryptic 

activity was considerably higher than that of the standard ovomucoid 

preparations of Lineweaver and Murray (1947) or Frederica and Deutsch 

(1949). The Proceduiv appeared therefore to offer a simple method for 

obtaining ovomucoid in a relatively pure state. To prepare this ovo-

muooid in a more convenient amount the whole procedure was repeated on 

a larger scales. The above experiments were performed on 0.9 x 33 cm 

columns and the larger scale opium was 2 x 40 cm. This column was 

used with the same starting material (Preparation I) and buffer 

(ammonium acetate, I = 0.085, pH = 5.0) but did not give comparable 

results. The proportion of the second (active) peak was =Oh less 

than previously and the third peak had become virtually a trail of the 

second. In experiments intended to elucidate this anomaly the volume 

of solution in which the sample was applied was found th have some effect 

on the results, but this could not account for the failure to reproduce 

the original results on a larger scale. The system was critically 

affected by small changes in conditions and it appeared as if there was 

some variable factor (perhaps concerned with the pretreatment of the 

resin or the packing of the column) which could not be traced. As a 

result o_'this method was not pursued further. 

(b) Use of DRAB-Cellulose  

(1) Methods and Materials Chatterjee and Montgomery (1962) 

described the chromatography of crude ovomucoid (Lineweaver and Murray, 
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1947) on DEAR-cellulose. In the present study, in view of the 

erratic results with DRAR-Sephadex, chromatography of ovomucold on 

DRAB-cellulose was attempted along the lines of the above method. 

DEAR-cellulose (WhatmanDE 50, total exchange capacity 

approximately 1.0 meq(3) was conditioned for use by soaking in 1 

NaOH and then filtered on a Bdchner funnel (no paper required). The 

material was washed with additional 1 INAOH until no more coloured 

material was removed,.and then renuspenled in 1 N HC1. It was fil-

tered immediately, washed withwater on the Bachner funnel and then 

resuspended in 1 N NaOH. It was filtered again aid washed with water 

until free from alkali. The cellulose was then resuspended in water 

and the suspension adjusted to pH 7.0 with Nall 04'solution (0.2 M) on 

thepH meter. .The suspension was degassed, allowed to settle and 

decanted to remove fines. Settling and decanting was repeated a few 

times using 0.002 M phosphate buffer, pH 7.0, as the suspending medium 

and the material was finally packed into a colUmn and the 0.002 

phosphate buffer (pH 7.0) run through overnight. 

(ii) Results and Discussion Chatterjee and Montgomery (1962) 

equilibrated the DEAF-cellulose and adsorbed the ovomucold onto the column 

in phosphate buffer (I = 0.005, pH m 7.0). Elution was effected by a 

linear gradient (the slope of the gradient was not reported) of sodium 

sulphate from zero to 1.0 M in 0.05 MM phosphate buffer (pH 7.0). In the 

present investigation 0.002 M phosphate was used as the equilibrating 

and adsorbing buffer, and crude ovomuooid (Preparation I) as the starting 

material. After adsorption of the protein the column was washed with 

about one holdlup volume of ti c;tarting buffer of the cxadient(0.0514 

buffer pH 7.0) which eluted all the ovomucold activity with the 

front. This indicated (i) that in the experiments of 
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Chatterjee and Montgomery (1962) the gradient was superfluous and 

the starting buffer was suffiolent to bring off the ,rovomuoold; or 

(ii) that the DUI cellulose used by the above authors (Brown Company, 

Type 40. exchange capacity 0.88 m eq/g) bound protein considerably 

more strongly than the Whatman material (see however, page120);  or 

(iii) that there is a misprint in the publication. 

The peak eluted from DRAE-cellulose with the front of. the 

0.05 M phosphate buffer (pH 7.0) was very sharp and contained about 

70% of the F280 adsorbing material applied to the column. It could be 

seen by eye that it contained iron-conalbumin (pink colour, A 	470 max 

op) and its antitryptio activity indicated a content of about 40% by 

weight of ovomuoold. It was thus clear that very little resolution of 

the ovomucoid was taking place, but merely its elution with the buffer 

front. As a result the experiment was repeated with the salt gradient 

applied in the dilute phosphate buffer (0.002 1) instead of in the more 

concentrated one (0.05 M) which is itself capable of eluting ovomucoid 

and its associated proteins from the resin. 

The first peak of the above column was therefore pooled, 

dialysed against 0.002 gi phosphate buffer (pH 7.0 and applied to a 

column equilibrated with the same buffer. Washing with the 0.002 11 

phosphate buffer did not bring off any material. The gradient of 

sodium sulphate was then applied in this buffer at a slope of 1.25 

Moles/cm (up to 0.2 M). This brought off a. single sharp peak almost 

immediately, which comprised virtually all the E280 absorbing material 

applied to the. column. The front part of the peak contained the iron-

conalbumin but it was not at all separated from the ovomucoid. The 
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peak was again pooled, dialysed against 0.002 M  phosphate buffer 

(pH 7.0) and reapplied to the column. Elution was performed as for 

the previous column except that the slope of the gradient of sodium 

sulphate was reduced to CO mMoles/cm and only taken as far as 0.05 M. 

The iron-conalbumin was now partially resolved as a shoulder on the 

leading edge of the peak and the antitryptic activity emerged as the 

trailing edge of the same peak. This represented the best resolution 

of the ovomucoid on DEAE-cellulose at this stage but it was still only 

about 50% pure on a weight basis. Another chromatogram was run with 

Preparation / as starting material and eluted in the same way an the 

one just described. The-results were very similar and the region of 

the peak containing the ovomucold was pooled and used later for chrom-

atography on CM cellulose (page r/i ). 

In the next column a still shallower elope was used and a 

modified procedure was adopted for packing the column (Porath and 

Hjerten, 1962). The column (2.6 cm diameter, 55 cm long) was extended 

with a 50 cm length of tubing (joined by binding with tape) and fitted 

with a large filter funnel similarly joined to the top. The column 

was filled with 0.002 M phosphate buffer, pH 7.0, and the outlet 

closed. A dilute suspension of the DEAB-cellulose (pretreated and 

equilibrated as described above) was poured into the funnel. The 

contents of the funnel were mechanically stirred by means of a rod 

which projected several em into the extension tube. When the cellu-

lose had percolated throughthe buffer and a layer had settled on the 

bottom of the column the outlet was opened and the packing was con-

tinued with the buffer flowing. Stirring was maintained continuously 
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and the level of buffer in the funnel replenished if necessary. 

When the cellulose had packed down in this way into a column about 

one and a half times the length of that finally required the stirrer 

and tunnel were removed and the column finally packed down under 

approximately 10 	prenatal.. 

Crude ovomucold (2 g of Preparation I) was applied to the 

column in 0.002 14 phosphate buffer (pH 7.0). Elution WAS effected by 

a gradient of sodium sulphate (0.13 mMoles/cm) in this buffer at a 

flow rate of approximately 0.2 cm/min; 10 ml fractions were collected. 

This resulted first in the elution of a sharp but inactive peak followed 
p.105 

by the ovomucoid (fig. 2i). In this column the ovomucoid was clearly 

resolved from the inactive material as a second peak, but there was no 

suggestion of a resolution of the ovomucoid into its several components. 

In the following chromatograms of ovomucoid on DRAE-cellulose 

NaC1 was used as the eluting salt and ovomucoid partially purified by 

the Lineweaver and Murray (1947) method was used as starting material. 

Using Whatman's DEAR-oellulose and a NaC1 concentration gradient of 0.5 

mMole/om to 0.1 E in phosphate buffer (pH = 7, I= 0.02) one peak was 

eluted which contained a shoulder of inactive material on the leading 

edge and two shoulders on the trailing edge. The peak and trail were 

antitryptic. A second gradient up to 0.5 dNaC1 did not elute any 

further material. Two other commercially available DEAR-celluloses 

(Cellex-D, fine grade supplied by Dio-Had, kindly given by Miss E.M. 

Press; and Sigma  Chemicals' fine grade) which were both much finer in 

particle size than the Whatman's were tried out under the above con-

ditions. However, both adsorbents gave essentially the:same results as 
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the Whatman product, the ovomucoid being eluted as an irregular, 

assymetric peak only partially resolved from inactive impurity and 

without apy resolution of the different components of ovomucoid. 

(c) The Use of CM-cellulose  

During the fractionation of total egg white protein 

(Rhodes et al 1958) as well as in the course of subsequent work in 

the same laboratory (Rhodes et el, 1960 and Feeney et al, 1963) ovo-

mucoid was chromatographed on CM-cellulose. The consideration that 

absorption onto the acidic surface of a carboxyl resin may catalyse 

the hydrolysis of sialic acid residues from ovomucoid resulted in a 

hesitation to use it in the present study (of. Chatterjee and Mont-

gomery, 1963). However the unrewarding results obtained with basic 

ion exchange resins led to a reinvestigation of itemise, despite this 

possibility. The method described by Feeney et al (1963) appeared to 

yield ovomucoid least contaminated by other proteins and was used as 

the starting point for the following study. 

Ovomucoid from a DEAE-cellulose column (page 169 was 

dialysed against 0.1 M ammonium acetate buffer pH 4.0 and then applied 

to a CM-cellulose column (1.5 x:34 cm) equilibrated with then same 

buffer. All the material was adsorbed under these conditions, washing 

with 100 ml of the starting buffer bringing off no 280 mg adsorbing 

material. A gradient of 0.1 H ammonium acetate from pH 4.0 to pH 4.6 

over 300 ml brought off a peak with a slight suggestion of consisting 

in fact of two components running very close together. The whole peak 

showed high antitryptic activity. A more highly purified ovomucoid 

preparation (the pooled active peak from fig. 21) was employed for the 

next chromatogram on the same column. The pH gradient from pH 4.0 to 
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04.6 was this time applied in a total of 450 ml. The material 

eluted from this column emerged as two partly overlapping peaks 

which both had high antitryptio.activity. The ovomucoid was this 

time' clearly resolved into tiro components. When this procedure 

was applied to samples of ovomucoid obtained by methods other than 

chrOmatography on DEAR-cellulose, however, the same. result was not 

obtained. &sample prepared by the method of Lineweiver and Murray 

(1947) yielded. only one peak•of active material, with a slight shoulder 

on the•leaiding edge. On some occasions only a single symmetrical peak 

was obtained. Even the crude preparation of ovomucoid which had been 

_used as starting material for the DEAR-cellulose chromatography did 

not result in two active peaks under the above conditions. 

(d) Aminoethylated Ovommold  

(i) Introduotion The study of the s-p aminoethyloysteinyl 

derivative of ovomucoid was undertaken for two reasons. Chromatography 

of ovomucoid.on ion exchange celluloses had proved to be particularly 

unrewarding and it was hoped that the fully unfolded protein would 

evince a more satisfactory chromatographic behaviour. Secondly the 

unfolded, reduced and alkylated derivative could be used for structural 

studies, employing enzymic or chemical rupture of bonds. With a'highly 

crosslinked protein, rupture of a few bonds (e.g. the two methionine 

residues in the protein) may not produce separate fragments if they 

are still held together by disulphide bridges. 

The sulphydrylblooking agent, ethylenelmIne, was introduced 

by Raftery and Cole (1963) as a more efficient method of producing the 

S-P-aminoethyloysteine (AEC) derivative than the bromoethylamine reagent 
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previously employed (Cavallini et al, 1955; Lindley, 1956). After 

treating a reduced preparation of insulin H chain with ethyleneimine, 

amino acid analysis of a hydrolysate yielded 91% of the cystine as 

AEC (Rafter,/ and Cole, 1963). No other amino acid was modified by 

the reagent, with the possible exception of phenylalanine (88% 

recovery). Recently Hermann (1960 treated ohymotrypsinogen with 

bromoethylamine under milder conditions than those used by previous 

workers. Amino acid analysis showed complete conversion of the cystine 

to AEC. Recoveries of other amino acids were quantitative except for 

phenylalanine (88%) andithistidine (80). The cationic nature of the 

new side chain raises the isoeleotrio point of the protein. In the 

case of ovomuooid this facilitates chromatography of the protein at a 

pH near its isoelectric point which is desirable for separation of 

closely related species. 

(Ii) Preparation 0-Mercaptoethanol (Eastman Kodak) was 

redistilled immediately before use and collected under nitrogen. 

Guanidine hydrochloride was prepared by neutralizing the "Analar" 

carbonate salt with HC1, evaporating to dryness, and recrystallizing 

from methanol containing 10% v/v concentrated HC1. The buffer used 

was 2-amino-2-methyl propane 10 diol-HC1 (Raftery and Cole, 1963: 

abbreviated hereafter to AMPD). The buffer solution (5 Owes 

prepared by adding solid amine to a solution of the acid to prevent 

the formation of carbonates. It was stored in a flask with a ground 

glass neck, fitted with a soda lime tube. Ethyleneimine was obtained 

as a colourless liquid from Light & Co. in sealed ampoules and was 

used without further purification. For reasons of safety it was 
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dispensed with an all glass syringe and never by pipette. Ovomucoid 

prepared by the method of Lingo/ewer and Murray (1947) from fresh 

large eggs (yield from 48 eggs, 7 g) was used as starting material. 

The method adopted for reduction of ovomucoid in quantities 

up to 100 mg. was derived by slight modification of that of Crestfield, 

Moore and Stein (1963) which is in turn very similar to that of 

Anfinsen and Haber (1961). Guanidine hydrochloride was used in place 

of urea as it is a more efficient denaturant and free from undesirable 

side reaotions. A smaller volume of reaction mixture was used (4.25 

ml instead of 12 ml), AMPD buffer was used in place of "iris" and 

reduction was allowed to proceed for 24 hours instead of 4. To 100 mg 

ovomucoid in a screw-topped glass bottle (capacity 4.25 ml) the fol-

lowing additions were made in the order stated: guanidine hydro- 

chloride solution (8 	3.2 ml), MA solution (50 mg/ell Nat salt, 0.2 

ml), AMED buffer (5 rlo, pH 8.6, 0.3 ml). The solution was degassed in 

a vacuum desioator to remove dissolved oxygen and mixed. Freshly dis-

tilled S-mercaptoethanol (0.2 ml, a 50 times molar excess over the di-

sulphide on the protein) was then added. The bottle was filled to the 

brim with distilled water, a disc of "polythene" slid over the top to 

exclude air and the lid screwed securely down to seal the bottle. The 

solution was mixed by repeated inversion and then allowed to stand at 

room temperature for 24 hours. The contents were then transferred by 

means of an all glass syringe to a flask containing 14 ml AMED buffer 

(5 ty, pH 8.6, representing 25 moles buffer per mole meroaptoethanol) 

and 	1.6 ml ethyleneimine (13 moles per mole meroaptoethanol) and 

allowed to stand at room temperature for 30 min. The solution was 

finally dialysed overnight in the cold room on a rocking dialyser 
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against distilled water. The dialysed solution was freeze-dried to 

yield the aminoethylated ovomucoid. 

For preparation of the ovomucoid derivative, on a larger 

scale, guanidine hydrochlortle solution (8 N, 3 ml) was added to 2 g 

ovomucoid in a specimen bottle, and the mixture allowed to stand 

overnight, for complete dissolution to take place. The clear solution 

was transferred to a dialysis bag of 4/1,2 Vlsking tubing with a total 

capacity of about 5 ml. The specimen bottle was washed out twice 

with 0.25 ml EDTA solution (50 mg/ml Na2 salt) the washings being 

added to the contents of the bag. The bag was tied off, enclosed in 

a nylon mesh "sock" and placed in a screw cap bottle of 30 ml capacity. 

Mercaptoethanol solution (100 ml) was prepared by adding 10 ml AMID 

buffer (5 re  pH 8.6) and 5 ml EDTA solution (50 mg/ml, Nat  salt) to 

57.3 g guanidinium chloride. Water was added to a volume of 93 ml and 

the solution was transferred to a screw-capped bottle. Nitrogen was 

bubbled through for an hour, freshly distilled mercaptoethanol (7 ml) 

was added and the bottle securely closed. The bottle containing the 

dialysis bag of protein solution was then filled with meroaptoethanol 

solution, securely closed and let at 37° overnight. The, outside 

solution in this bottle was changed three times at 24 hour intervals 

and the bottle stored at all times at 37°. The dialysis bag was 

finally removed and its contents added to 25 ml AMID buffer (5 M, pH 

8.6) containing 2.5 ml ethylenimine. The mixture was allowed to stand 

for 30 min at room temperature and then dialysed and freeze dried as 

for the small scale preparation. 
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(iii) Chromatography of Aminoethylated Ovomucoid The 

approximate isoeleotrio point of the modified ovomuooid was first 

determined by electrophoresis on cellulose acetate strips. A 

sample of serum was run concurrently on an adjacent strip to serve 

as a set of markers. In borate buffer at pH 8.9 the protein moved 

towards tha anode with a hobility about the same as that of serum 

Anglobulin. In maleate buffer at pH 6 the protein was distinctly 

cationic with a greater mobility than that of rglobulin. By intra-

polation the isoeleotrio point of the protein was assessed to be 

about 8.5. 
Chromatography was performed exclusively on CM-cellulose. 

The material was adsorbed at pH 6.0 in phosphate buffer (I = 0.02). 

Elution with a concentration gradient of this buffer to .I = 0.2 

produced some resolution of the material but no clear fractionation 

into discrete peaks. Elution of material adsorbed in the same way 

with an increasing concentration of *trite buffer at pH 8.0 did not 

effect any improvement in resolution. When the material was applied 

to the column in 0.1 M "trig" buffer pH 8.0 one peak emerged unadsor-

bed folluwed by two small peaks. Subsequent application of 1% 

ammonium carbonate solution eluted the fourth and largest peak. On 

application of the starting material in 0.1% ammonium bicarbonate 

solution most of it was again unadsorbed. Subsequent elution with 

a concentration gradient of ammonium bicarbonate from 0.1% to 0.5% 

eluted a few small, poorly resolved peaks. A very similar result was 

obtained by application of the protein in 0.1% ammonium bicarbonate 

(pH = 8,3) and elution with a gradient of increasing pH to 0.5% 

ammonium carbonate solution, pH = 9.0. Similar experiments at pH 8.5 
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and pH 9.0 only served to confirm that the ovomucoid derivative 

required a pH well below 8.0 in order to adsorb onto the CM cellulose. 

For the next column the starting material was therefore 

applied in sodium phosphate buffer pH 6.0, I . 0.02. Even here some 

material passed directly through the column. The column was then 

washed with 0.I ammonium bicarbonate solution (al. 8.3) until the 

pH of the effluent was 8.3. It was found that the pH of the effluent 

rose rapidly to about 9.0 where it stayed for some time before reaching 

equilibrium at pH 80. Two small peaks were eluted by this .;operation. 

Application of a concentration gradient of ammonium bicarbonate from 

0.1% to 1.0% eluted a number of poorly resolved peaks. On testing the 

fractions with oroinol reagent the first of the peaks eluted with the 

gradient, as well as the unadsorbed material, were found to contain 

hexose. Glycylglycine 	- 8.2) was also tried as eluting buffer for 

the aminoethylated ovomuoold. Protein was adsorbed in phosphate 

buffer pH 6.0, t a  0.02 and the column then washed with glycylglyolne 

buffer 0.01 1 pH 8.0 until the effluent pH was 8.0. Elution was con-

tinued with a concentration gradient in glycylglycine buffer from 0.01 

to 0.1 E. However a very poor resolution resulted, the material merely 

leaching out continuously. 

Consideration of all the above results led to the conclusion 

that adsorption of the modified protein onto CM cellulose at pH 6.0 in 

phosphate buffer followed by elution with an ammonium bicarbonate con-

centration gradient appeared to be the most promising system. The next 

series of chromatograms were thus devoted to ascertaining the optimum 

conditions for this system in respect to the loading of the column, the 
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pH and slope of the eluting gradient etc. The pH of a freshly 

prepared solution of ammonium bicarbonate was found to be very close 

to 8.3 at any concentration between 0.1% and 1%. However, it is an 

unreliable buffer and on standing the pH gradually increases to about 

8.7 in a few days. As a result 0.02 M "Trite' at pH 8.3 was introduced 

as buffer aid elution was effected with an increasing concentration of 

ammonium bicarbonate in this buffer. Ammonium bicarbonate solutions 

were always freshly prepared on the day they were used. The pH over-

shoot in the effluent when ammonium bicarbonate (pH 8.3) was applied 

to a column equilibrated with sodium phosphate (pH 6.0), was probably 

due to the phosphate being washed out rapidly but thesoddum being only 

slowly displaced with ammonium ions. As a result, ammonium phosphate  

buffer at pH 6.0 was employed in place of the sodium phosphate, and this 

did in fact eliminate the pH overshoot on equilibration with the higher 

pH buffer. The ammonium phosphate buffer was prepared from diammonium 

phosphate solution adjusted to pH 6.0 with phosphoric acid. The con-

centration used for preliminary equilibration of the column and applic-

ation of the protein was 0.02 M in respect of ammonium ion. 

The method finally evolved will be described on the scale 

used for chromatography of 200 mg of aminoethylated ovomucoid. The 

column (2 cm x 50 om) was equilibrated with ammonium phosphate buffer 

pH 6.0, 0.02 N in ammonium ion. Starting material (200 mg) was applied 

in this buffer, and a further 300 ml of the same buffer passed through 

the column. 'Pries*  buffer (0.02 M, pH 8.3) was then applied to the 

column and after the passage of 250 ml a gradient of ammonium bicarbonate 

from 0.2% to 1.0% in 960 ml of the tris buffer was applied. The column 

was finally eluted with the tris buffer containing 1% ammonium carbonate 
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plus MNa2804 to bring off the last peak. The fractions collected (5 

ml) were assayed for E280 and hexane by the oroinol reaction. Selected 

tubes at the protein peaks were. also used, for slate acid determination. 

The results for this column are represented in fig. 22. The fractions 

indicsted in the figure were pooled, dialysed. and freeze dried. 

itnalysis of Aminoethylated Ovomuooid.  Fraction III (7.5,mg) and fraction 

IV (17.11 mg) were analysed for their amino aold,composition. Hyde lysis 

(in constant boiling HC) was performed in well evacuated sealed tubes. 

The evaporated hydrolysate was analysed on the .Technicon, amino said 

column . using the .miaro bead column (page 55). Aminoethylcysteine was 

.eluted .between ammonia, and lysine. The colour yield for pure AEC was 

taken from Hofmann (1964). The results are set out in table XII (page 

160). On all amino acid charts oystirwk was totally absent. Oxidation 

by performic acid resulted in a very small peak eluting with the sol-

vent front but as repeated reduction and alkylation did not diminish 

the size of this peak it was taken to be some oxidation product other 

.than oysteio acid. 

From.the results (page 160).1t.appears most likely that peak 

IV does in .fact represent ovomucoid. The high values for isoleuoine 

and methionine, however are difficult to. understand. In the ease of 

peak III on one of the three analyses carried out a small additional 

peak appeared .near the .ABC, and the size of the,AEC was about 65% of 

that in the other two charts. If the small peak represents some impurity 

which was  not always separating from the .AEC the value in the table may 

be too high. In this case it should be about 6 residues of AEC per 
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112 ovomucoid Ltheweaver and Murray (1947; .'124); 2 114 ovomucoid plus trypsin 
5,1 ovomucoid - Neuberger and Papkoft (196); NP) 4 Trypsin 
6 NP ovomucoid plus trypsin 



131 

28,800 g. Insufficient material was available for reliable quant-

itative carbohydrate analyses on these materials. However, hems*, 

hexosamine and tialic'acid were all foUnd to'be present in both 

materials. 

(e) Analytical Starch Gel Electrophoresis of Ovomucoid  

(1) Introduction Starch gel electrophoresis (Smithies, 

1955) possesses a greater ability to separate complex protein mix- 

' tures - than any other method, with the possible exception of eleotro-

phoresis in the recently introduced polyaorylamide gels. The degree 

of separation obtainable is particularly striking with groups of 

proteins which are basically identical but differ either in the degree 

of polymerisation (e.g: haptoglobinS, Smithies, 1959b) or in the 

number of charges carried (e.g. orosomucoid Schmidt, 1962). These 

two cases illustrated the two factors which principally govern, the 

behaviour of protein in the gels, viz. size and net electrophoretio 

charge (of. Smithies, 1962). 

The major application of starch gel electrophoresis has been 

in the field of serum proteins. The technique has been used for 

separation of egg white proteins (Luah 1961) but under these con-

ditions avomucold was not resolved from ovalbumin and could not be 

identified on the gels. In addition, difficulty with staining the 

ovomucoll by the usual Naphthalene Black dye complicated the study by 

this method. Similar difficulties in location of ovomucoid on starch 

gels by the usual staining procedure have been reported by other 

workers (Feeney et al, 1963). 
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(ii) Methods and Materials The apparatus for starch 

gel electrophoresis consisted of trays, slot-former lids and buffer 

reservoirs made to the specifications of Smithies (1959a) for 

vertical electrophoresis. Electrodes were of platinum wire and the 

power supply was a full wave rectifier of vahlable power output 

(without provisions for constantourrent or constant voltage operation). 

Partially hydrolysed starch suitable for gel electrophoresis was 

obtained from Connaught Medical Laboratories, Toronto. Two preparations 

of ovomucoid were employed. One was prepared chromatographically 

according to the method of Rhodes et al (1960) and was similar to the 

material described by Neuberger and Papkoff (1963). The other was a 

commercial preparation obtained from Light & Co. and was prepared by 

the method of Lineweaver and Murray (1947). Agarose was obtained from 

Seravac Laboratories Ltd. and had been prepared according to Russell 

et al. (1964). The preparation (batch 21) contained a small amount of 

denatured protein-chlorophyll complex. It was found that this could 

be removed by preparing a solution of the agarose (0.8%) by heating in 

a boiling water bath in 0.01 M sodium acetate buffer (pH 4.5). The 

solution was then placed in a 45°  bath and after about an hour the con-

taminating material came out of suspension as a floculant precipitate. 

This was removed by centrifUging at 45° and a clear colourless super-

natant remained. This was allowed to cool and reheated in a boiling 

water bath for 10 minutes when required. Trypein was obtained from 

Novo Industries, Copenhagen, and the other egg white proteins used as 

markers were prepared when needed. Ovalbumin was kindly donated by 

Dr. R.D. Marshall and was preparation P (Johansen et al., 1961). 

Lysozyme was a by-product of the avidin preparation and was prepared 
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by CM cellulose, chromatography and recrystallized according to 

Fevold and Alderton (1949). Conalbumin (iron complex) was isolated 

and recrystallized according to Warner and Weber (1951). The dye 

Erioohrome Sleek T was obtained from E. burr Ltd.. Ethylene glycol 

was purified by shaking with "Biodeminrelit7 mixed bed resin (5% 

w/v) and charcoal, filtered and redistilled. Sodium acetate buffers at 

pavaluee.between 4 and 5 were used throughout., To prepare buffers of 

accurately known ionic strength a stock solution of 5 N aoetio acid 

was prepared and standardized. For the preparation of a buffer the' 

requisite quantity of acetic acid was pipetted out, diluted to nearly 

the required volume and then titrated with sodium hydroxide to the 

theoretical end point en the pH meter using the relation pH 	+ 

pKa  + log o). The pH,of the solution was then brought down to the 

required value with acetic acid.and the buffer finally diluted to 

volume. 
For the preparation of the gels, starch (60 g) was added 

to 500 mis of buffer in a 2 1 round bottomed flask aid heated on a 

naked flame with constant swirling, past the point of maximum vis-

cosity and until the suspension became fluid again (Smithies, 1959b). 

The temperature was kept below 80°  and the suspension was thoroughly 

degassed by boiling for a minute or two on the water pump before 

pouring. The slot-former lid was laid down on the hot gel (which 

completely filled the tray) and kept down by weights. The gel was 

left to cool at room temperature and was used 6 to,16 hours after 

pouring. The usual method of applying the sample is to place a 

solution in the slots and seal them with molten petroleum jelly. 

This method suffers from the disadvantages (a) that when the current 
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is first switched on, the protein concentrates at the face of the 

gel and, unless the slot is very accurately levelled, the dense 

layer of protein at the top of the slot decants to the bottom 

producing spreading of the band; and (b) protein solution is 

liable to leak out between the gel and the tray or past the petroleum 

jelly onto the surface of the gel. For preparative purposes where a 

slot the full width of the gel was used these drawbacks beoame 

serious and another procedure was devised for application of the 

sample into the gel. 

A gel of agarose (0.8%) was prepared in 0.01 E acetate 
buffer pH 4.5 and rendered fluid by beating in a boiling water bath 

for at least 10 minutes. The sol was then placed in a 45°  bath, at 

which temperature it remained fluid for several hours. To the 

protein solution at 45°  an equal volume of agarose sol was added 

and, after miAng in the 45°  bath, the solution was pipetted into the 

slot, where it solidified almost immediately. As the agarose gel 

at this concentration (0.4%) provides very much less resistance to 

migration of protein than does the starch, the band-sharpening 

effect observed when the protein is applied in solution is not 

diminished by this procedure. On the other hand, eleotrodecantation 

and leaking are completely prevented, and this method of applying 

samples was used routinely. 

The exposed surface of the gel was sealed with a thin 

sheet of "polythene" and the gel subjected to eleotrophoresis in a 

vertical position by immersing the bottom end directly into the 

lower resevoir and connecting the top end by a filter paper wick to 



the upper buffer reservoir (Smithies, 1959a). Electrophoresis 

was performed for about 12 to 20 hours taking care that the total 

power supplied to the gel was not too high, so as to cause heating 

of the gel above about 300. It was found that about 3.5 watts was 

the maximum that the gel could dissipate without exceeding this 

temperature. After the run the gel was removed from the tray, 

sliced with a thin taut wire and the two halves separated. A 

report that Erloohrome Black T was a useful protein dye (Clark, 

1962) led to its trial on starch gels. It was employed in the 

same manner as had been developed for Naphthalene Black (Smithies, 

1955). The gel was soaked in a saturated solution of the dye in a 

methanol:water:acetic acid mixture (5:5:1) for 30 min and then 

washed with the methanol:water:acetic acid mixture until the 

background was clear (2 to 4 hours minimum but preferably overnight). 

This resulted in very satisfactory and permanent staining of all 

proteins used in these studies, and gave very , low background stain-
ing. Gels could be preserved in this fluid in sealed containers or, 

preferably, photographic records could be made. An approximately 4% 

protein solution diluted with an equal volume of egarose solution 

produced optimum loading of the gels and each slot in the analytical 

gels held 0.07 to 0.08 ml of solution. For a better demonstration of 

the minor components of the ovomucoid preparation this loading was 

doubled. The single full-width slot used in the preparative gels 

had a capacity of 0.8 ml and 30 mg of ovomucoid was applied in this 

volume of the usual O.4 agarose solution. 
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(iii) Results and Discussion For the first series 

of experiments the conditions of Bier et al (1953) for free 

boundary electrophoresis were applied to the starch gels. Sodium 

acetate buffer was used for preparing the gels and for filling 

the electrode vessels. The same pH was used throughout but a 

higher buffer concentration was employediin the electrode vessels 

to reduce pH changes resulting from electrolysis. Electrophoresis 

was performed at about 150 volts across the whole system for about 

16 hours. It was found that, in general, good resolution of the 

different components of ovomucoid by starch gel electrophoresis 

required the same conditions as did free boundary electrophoresis= 

viz. low ionic strength and approximately isoeleotric pH. The best 

results were obtained at pH 4.65 and ionic strength 0.01. The 

requirements of the system were found to be fairly critical, good 

resolution only occurring over a pH range of + 0.1 of a unit and the 

ionic strength had to be controlled to within approximately + 0.002. 

The apparatus contains two buffer reservoirs at each end of the gel, 

connected by suitable wicks. The one reservoir contains the elect-

rode and the other is connected to the gel. At first all chambers 

were filled with 0.1 asodium acetate buffer. In later experiments 

better results were obtained by using 0.3 a buffer in the electrode 

vessels and 0.05 Li buffer in the vessels directly in contact with 

the gel. 
Under optimum conditions both ovonftwold preparations gave 

two major, and one or two minor bands moving towards the anode and 

fairly evenly spaced. The intensity of staining (and hence presum-

ably the proportion in the starting material) was highest for the 
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slowest moving band and decreased rapidly towards the anode, the 

fastest moving band (the fourth one) only being visible in heavily 

loaded applications. This pattern was virtually identical for the 

two ovomuooid preparations but the cathodically migrating contaminants 

differed considerably. To ascertain whether the group of evenly 

spaced anodictands were alrevomucold, samples of the starting material 

were mixed with a slight excess of trypsin and then eleotrophoresed. 

All the negatively charged material in both ovomuooid preparations now 

disappeared and a diffuse band appeared at a position intermediate 

between that of the trypsin and that of the original ovomucoid bands. 
12.230 

(fig. 23). Thus all anodiotands in the original gels were ovomuooid 

and the complex with trypsin is stable even at pH 4.6 (cf. Sri-Ram et 
a 

al, 1954). A second new band, smaller and more cathodic than the 

main new band also appeared. This material probably corresponded 
a 

with the (trypsin)2-ovomuooid complex reported by Sri-Ram et al (1954). 

Two of the cathodic contaminants of the Lineweaver and. Murray 

preparation of ovomucoid were identified by the use of known markers 

as lysozyme and conalbumin, but a few other minor bands remained 

unidentified. Under the conditions used, ovalbumin was found to be 

well resolved from ovomucoid and not coincident with it as in the 

work of Lush (1961). 

Although the multiple forms of ovomucoid were demonstrated 

by the appearance of banding, resolution was rather poor and attempts 

were made to improve this by the use of gels containing urea, which 

has been shown in other oases to improve resolution of materials on 

starch gels (Smithies, 1962 and Cohn and Porter, 1964). Rleotro- 
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phoresis of ovomucoil in the presence of high concentrations of 

urea posed a special problem, however, due to the very narrow 

range of conditions of pH and Ionia strength over which good reso-

lution was attainable. The small amount of ammonium cyanate formed 

from the urea in solution, particularly on heating, and the ammonium 

carbonate produced by hydrolysis of the cyanide, as well as the 

ammonia resulting from the biuret reaction, all result in increase in 

pH and ionic strength of the solution (see fierier and Rose, 1964). 

All these reactions produce ionic spool's which reduce the electrical 

resistance of the solution. To measure the total sum of these pro-

cesses a Wheatstone bridge type conductivity meter was used with a 

standard conductivity cell. The cell was not calibrated to give 

absolute conductivities. All measurements were taken in the same 

cell, and as they were only for comparative purposes, the results 

were recorded directly as resistance (in ohms,Sa) of the solution 

in the standard cell. As a standard of reference, the resistance 

of sodium acetate buffer (pH 4.6) was measured at different con-

centrations. 

A solution of urea was prepared (9.5!!) without heating. 

The pH was found to be 10 and the resistance 8,000.a. The pH was 

then brought down to 4.5 with acetic acid (resistance was now 4,000 

fl.) and the solution immersed in an 80P bath. Changes in temper-

ature, pH and resistance with and without the presence of Zeooarb 

225 Hi' resin (2% w/v) were followed with time (see fig. 24). Without 

the resin present the final resistance was equivalent to a 50 inn 

sodium acetate buffer (about five times that used in the gels); but 

lathe presence of the resin the rise in pH and drop in resistance 
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were reduced to negligible proportions. A modified procedure was 

thus adopted for preparations of gels containing 8 M urea, whereby 

resin is present in the mixture as long as arty► heating is required, 

but is removed before addition of the buffer. To prepare 500 ml 

(sufficient .7.1for one tray) of gel containing 8 nurea. and 12% starch, 

urea (288 g) was stirred with 150 mlwaterocontaining 2 g of Zeocarb 

225 Ht resin (16-50 mesh) and heated until completely in solution 

(approximately 600). Starch (72 g) was suspended in 146 mis of water 

in a 2 1 round bottom flask and the warm urea solution, containing the 

suspended resin, was added with vigorous swirling. The mixture was 

then heated in an 80° water bath with constant swirling for 10 minutes, 

and cooled in a water bath at room temperature Ytor 20 to 30 minutes. 

In the presence of urea the gel is slow to set and remained fluid at 

this point even though the temperature had dropped to 40P. The resin 

was now filtered off through a muslin cloth and, as a check, the 

resistance was always measured at this stage and was usually 4,000 to 

6,000 SZ in the standard cell.' To 450 ml of this solutim.(five-

sixths of the totl volume) 50 ml of sodium acetate buffer (I 0.10) 

was added, the solution well mixed, degassed and finally poured into 

a tray and allowed to set overnight. The final pH of the solution was 

always found to read approxliately 0.8 of a unit higher than that of 

the buffer solution added. A buffer of pH 4.0 was this added to 

obtain gels with a pH of 4.8, which was found to give the best results. 

Gels containing 6 E urea were prepared similarly. 

The final resistance of the urea gel after addition of the 

buffer was approximately 2,800e 	more than twice as high as that of 
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aqueous gels containing the same concentration of buffer. This 

meant that a higher voltage could be applied across the urea gel 

for the same total power. The loading of the slots was done as 

described previously, i.e. in 0.4% agarose and without any urea. 

A potential of about 200 volts was applied to the gels for 16 to 

2o Hours. The buffer boxes were filled with sodium acetate buffer 

(I 0.1) at the same pH as the gel but without urea. Subsequent 

slicing, staining and photography of the gels was as for those 

without urea. 

As in the case with the aqueous gels, in the presence of 

urea, ovomucoid only showed clear banding over a narrow range of 

conditions. The ionic strength again had to be about 0.01 and the 

best results were obtained between pH 4.5 and 5.0 ,in 6 or 8 M urea. 

To obtain bands with the same apparent eleotrophoretic mobilities 

the gels containing urea required a pH 0.2 of a unit higher than in 

the absence of urea. The pattern of the bands and their relative 

staining intensitytes not affected by the presence of urea; but the 

bands were much sharper. 

It has long been known that there is a marked increase 

recorded on the pH meter when urea is added to a buffer. In the 

course of the present study when acetic acid was titrated in 8 ti urea 

an apparent pK of 5.11 was obtained (compared with 4.76 in water) and 

with borate a similar increase in, the recorded pH at half neutralisation 

was observed from 9.2 in water to 10.1 in 8 LI urea. In this connection 

a recent study of the pH of urea solutions is of great interest (Bull 

et al, 19611). With half-neutralized solutions of p-niteophenol and 
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acetic /told and with very dilute KOH solutions, an increase of 

about 0.8 of a pH unit was consistently observed in 8 to 9 M urea. 

With very dilute HC1 solutions this increase was 1.63 of a pH unit 

and with half-neutralized ammonium hydroxide 0.3 of a unit. However, 

when determined by conductance methods the pKas of acetic acid, p-

nitrophenol and ammonia were found to be 0.9, 1.0 and 0.6 of a pH unit 

lower respectively in the presence of 9.44 M urea than in water. The 

authors concluded that urea increases the dissociation of weak acids 

and increases the ionization of water. They postulated that the urea 

drastically reduced the activity of hydrogen ions, leaving the 

activities of other ions more or less unchanged. As a result it is 

not possible to predict what the isoelectric point of a protein 

really is in 8 M urea, but it is probably significantly lower than 

in water. The fact that in the presence of urea a slightly higher pH 

(0.2) was required to obtain the same apparent electrophoretic mobility 

is probably due to the urea-containing gel presenting a considerably 

higher resistance to the movement of the protein band. 

Trypsin is not enzymatically active in the presence of 6 M 

urea (Harris, 1956) and as the active site appears to be necessary for 

complex formation with ovomucoid (ate introduction) it was of interest 

to investigate the effect of urea on the complex. The gels containing 

urea afforded an opportunity of doing so. Preformed complex (con-

taining excess trypsin and in the absence of urea) was placed in the 

slots of a 6 M urea gel (in the usual 0.4% agarose gel) and electro- 
I 134 

phoresed in the usual manner. Comparing these results (fig. 25) with 
030 

a similar experiment without urea (fig. "23) the complete absence of 
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the ovomucoid-trypein complex in the presence of 6 M urea is 

apparent. This confirms the general conclusion that only 

enzymatically active trypsin is capable of forming complexes with 

naturally occurring trypsin inhibitors. It further demonstrates 

that 6 M urea will bring about dissociation of the enzyme-inhibitor 

complex. The odd appearance of the ovomucoid may be due either (1) 

to the complex first migrating cathodically into the gel and then 

dissociating, leaving the ovomucoid significantly displaced although 

the displacement of the trypsin is not observable; or (ii) to the 

ovomucoid being modified by the trypsin during the process of 

association and dissociation (see page 92 ). 

For electrophoresis of ovomuooid, the chief advantage of 

the gels containing urea was the greater compactness and clarity of 

the bands, ie the reduction in diffusion relative to eleotrophoretio 

mobility. This may have been due merely to the presence of a high 

concentration of solute in the aqueous phase of the gel and not to 

any specific effect of the urea on the protein. Other relatively 

inert solutes such as glycerol, sucrose and ethylene glycol were 

tried and found to be free of undesirable side reactions and much 

simpler to use than urea. Gels were prepared in the usual way with 

the addition of the required amount of the particular solute. A 

gel containing 12% starch, 30% (v/v) glycerol and 0.008 M sodium 

acetate buffer at pH 4.7 gave a final resistance of 4,200 	in the 

standard cell and was electrophoresed with the buffer boxes containing 

sodium acetate buffer pH 4.7, I = 0.3. An overall voltage of 240v. 

produced a current of 13.5 ma (3.24 watts) and gave a good resolution 
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with discrete bands in 12 hours. Sucrose (50% WO and 8% starch 

in 0.008 podium acetate buffer pH 4.7 gave a good gel with a 

final resistance in the conduotivity cell of 5,500-C2-• An overall 

potential of 360 v at a current of 10 ma (3 watts) was applied for 

16 hours, but there was very little movement of the protein bands. 

This retardation of electrophoretio mobility appeared to be a function 

of the molecular size of the added solute and ethylene glycol was thus 

tried in an attempt to combine the beneficial effect of a large non-

aqueous phase in the gel with the minimum retardation effect. 

Ethylene glycol was employed at a concentration of 40% v/v 

of the aqueous phase together with 12% starch and sodium acetate 

buffer, 	0.008, at pH values between 4.6 and 4.9. The optimum pH 

value was found to be 4.85. The two reservoirs in direct contact with 

the gel contained 0.05 M sodium acetate buffer as well as 40 101,  

ethylene glycol and the electrode compartments contained 0.3 M aqueous 

sodium acetate buffer, all at the same pH as the gel. These gels had 

a resistance under standard conditions of about 5,000 --C2- and an 

overall potential of 230 v (resulting in a current of 13 ma, or 3 watts) 

was applied to the gel for 20 hours. As with all the above gels the 

slicing, staining and washing of the gels was performed in the usual 

way. As can be seen from fig. 26 the presence of ethylene glycol in 

the gels resulted in a considerable sharpening of the bands but permit-

ted much less movement of the bands from the slots. The general pattern 

of the bands and their relative staining was again the same with or 

without the ethylene glycol, as was also the case for glycerol and suc-

rose. The various conditions employed for starch gel electrophoresis of 

ovomucoid are summarized in table X. 



Starch 
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Table X 	Conditions Piployed for Starch Gel Electropnoresis 

Ionic strength 
of 

pH of 
gel 

Resistance 	Solution in 
Additional Solute 	in standard 	Electrode 	Solution in 	Potential 	Current 

cell (ohms) 	vessels 	buffer boxes 	(volts) 	(hi alL1pS) 

12% - (Analytical) 1,200 0.1 N 0.1 150 20 0.01 4.6 
12% - (freparative) 1,000 0.3"' 0.05—M 150 25 0.015 4.6 
12",‘ N urea 2,800 0.1 N 0.1 PI 200 15 0.01 4.85 
12% 3tigv/v glycerol 4,200 0.3 M 0.3 * 240 15.5 0.006 4.7 

50% w/v sucrose 5,500 0.32 0.1 N 300 10 0.005 4.7 
l2  40% v/v ethylene glycol 5,000 0.3 	L.T. 0.05 Mt 230 15 0.00b 4 .85 

 

* plus 30% w/v sucrose t plus 40;' ,  v/v glycol 

A 

ELL  2,  Effect of Ethylene Glycol on starch gel electropnoresis of ovomucoid. A - pH, 4.55; I, 0.012; 
+ 40% v/v ethylene glycol, 20 hrs, 13 ma, 230 v. 1.3 - Typical guide strip for standard aqueous preparative 
starch gel (see text) 
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(f) Preparative Starch Gel alectrophoresis  

(1) Methods and Materials With added experience, and 

as a result of small technical modifications, complete separation 

of the different bands could be obtained with the standard aqueous 

starch gels without the addition of a large non-aqueous phase. 

Although the aqueous gels resulted in far greater spreading of the 

bands they were easier to use and resolution was sufficient to suggest 

its development into a preparative method. Of the two methods for 

mechanical disruption of theael, maceration and freezing and thawing, 

Smithies (1959b) preferred the second, but even here the recovery was 

very poor and the isolated material was heavily contaminated by 

soluble starch. Moretti et al (1958) introduced the use of a second 

eleotrophoresis for eluting material from isolated segments of starch 

gel. The system was chiefly applicable to proteins with a fairly high 

eleotrophoretic mobility as the protein had to traverse a considerable 

distance before it could be recovered. /n addition the apparatus was 

fairly elaborate and only one pbotein could be eluted at a time. A 

simplified apparatus based on the same principle (Gordon, 1960) was 

also only capable of eluting one band at a time. The method was con-

siderably improved (Bocci, 1961) by the use of a tray in which up to 

four segments of gel could be eluted simultaneously. However, 

location of the eluted protein is the difficult feature of this 

method. Tsuyuki (1963) described a tray for the simultaneous elution 

of a large number of isolated gel segments. Each segment was placed 

in a compartment made partly out of a bent plastic mbroscope slide, 

but with two opposite sides of dialysis membrane. In effect, the 

compartments are adjacent to each other in the tray but separated by 
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the membranes. The current flows through all the chambers, elution 

taking place in each one. Each protein is trapped by the membranes. 

The apparatus is however rather elaborate and the making of each 

chamber a fairly delicate operation. At about the same time an 

apparatus was described for barrier electrophoresis (Vande Maude and 

Davis, 1963) where dialysis membranes were used to separate different 

compartments of the apparatus. The membranes were held in place bet-

ween segments of the tray, the whole structure being held together 

with screws. By a coMbination'of these ideas, a tray was devised and 

constructed for the simultaneous elution of starch gel segments by 

means of a second electrophoresis. 

The tray was made from "Perspex" and was composed of two 

end pieces and eight individual segments which could be assembled 

together to form the tray and held in place by brass rods furnished 

with washers and nuts at each end. During assembly a section of 

dialysis membrane was inserted between each segment so that the final 

apparatus consisted of a series of compartments separated by the mem-

branes. The use of silicone grease between each face and membrane 

ensured a water tight fit. The membranes were soaked and the holes 

punched before assembly and, once set 4, the apparatus could be used 
repeatedly as long as it was stored filled with water to prevent the 

membranes from drying out (see fig. 27). 

The starch gel (12Awas prepared in sodium acetate buffer, 

pH 4.6 to 4.7, I - 0.015 and poured in the usual way but only one slot 

of 12 cm was made which occupied almost the full width of the gel. When 

fully set the; gel was loaded with 30 u  of crude ovomucold in 0.8 ml of 

0.1 % agarose gel at 45° aid covered with a sheet of "polythene". The 
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gel was subjected to electrophoresis with 0.3 M sodium acetate 

in the electrode chambers and 0.05 M sodium acetate buffer in the ones 

adjacent to the gel (all at the same pH as the gel) at 150 volts 

and 25 ma for 20 to 24 hours, After electrophoresis a narrow 

locating atrip.was.out from each edge of the gel and a third one 

from the middle, of thesel. These were,sliced, stained and washed 

in the usual way and then returned to their places, alongside the 

remaining seetions.of gel in the tray. The regions containing 

protein as indicated by reference to theie strips Were out out 

yielding two segments of gel for each bath of protein (one from each 

side of central locating strip). As two protein bands were isolated 

from each gel and two gels were run concurrently eight slices of gel 

were obtained from each run. Each of these was then placed in a 

separate compartment of the elution apparatus. The gel segment 

occupied approximately half the space in the compartment. The 

remainder of the space in the compartment was filled with 0.01 M 

acetate buffer pH 5.0 to the level of the gel slice. A block of 

rubber was placed on the slice to keep it in place and to prevent 

the passage of electric current through any buffer which may other-

wise have covered the slice. When the whole elution apparatus was 

set up any unused compartments were filled with the 0.01 M acetate 

buffer to the same level as the others. The two end compartments 

were connected with filter paper wicks to the electrode vessels 

(capacity 5 1) filled with 0.05 M sodium acetate buffer pH 5.0. 

Electrophoretio elution was performed for 24 hours at a current of 

20 ma. In later runs the pool of buffer in each compartment was 

covered with molten 450  paraffin wax, to prevent evaporation, which 



149 

Ely, 27 Apparatus for Electrophoretic Elution of Proteins from 
Starch Gel 

In this tray the nylon mesh membranes used by Lloyd and Mears (1964) 
to keep the starch gel segment in place have been incorporated. 
Dialysis membranes and nylon 	membranes are placed alternately 
between the segments and the starch gel piece in every alternate seg-
ment such that the protein migrates through the nylon mesh and is 
trapped by the dialysis membrane. 

ao 
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2ig 2b  Effect of Neuraminidase on Re-electrophoresis of ovo-
mucoid fractions  isiated from starch gel  

1,k,7 - starting material; 2 - slow fraction plus neuraminidase; 
3 - slow fraction: 5 - fast fraction; 6 -- fast fraction plus 
neuraminidase. 
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otherwise resulted in increased buffer concentration in the chambers 

with subsequent fall in electrical resistance accompanied by an 

excessive amount of heating. At the end of the run the gels were 

removed, each compartment washed out and the appropriate lots pooled. 

The dialysed freeze-dried residues from these buffers were found to 

be considerably contaminated with soluble starch and the preparations 

were therefore further purified by column chromatography on DEAE 

cellulose columns. 

Materials eluted from the two major bands from two gels 

(total starting material 60 mg) were pooled into one "fast" fraction 

and one "slow" fraotion (the terms "fast" andmalow" refer to their 

relative rates of migration towards the anode). The material was 

dialysed against phosphate buffer I - 0.005, 	7.0 and adsorbed 

onto a DEAE cellulose column (1 cm x 40 cm) equilibrated with the 

same buffer. Elution was effected by a linear increase in Na004 con-

centration from 0 to 0.25 lover 200 ml of the phosphate buffer. The 

fractions containing protein were pooled, extensively dialysed and 

freeze-dried. The final yield was 14 mg of slow fraction and 8.5 mg 

of fast fraction. Correcting for the material removed in the guide 

strips this represents a recovery of 50% of the remainder. The 

proportions of fast and slow material isolated are roughly in accord 

with their relative staining intensity as judged by eye. 

These two fractions represent a complete separation of two 

eleotrophoretically distinct species of ovomucold and also probably a 

higher degree of purity than obtained by any other method. As the 

procedure was very laborious and time consuming only relatively small 
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amounts of the two fractions were finally collected, but it was 

possible to carry out a reasonable analytical programme on the 

materials using exclusively micro-analytical methods. All analyses 

described belowmere performed on about 10 mg of each fraction. 

(11) Analysis of Eluted Material  

Methods Amino acid analyses were performed with the kind collabor-

ation of *'. Wilkinson on the Spinoo 120 amino acid analyser according 

to the method of Spakman, Moore and Stein (1958) as outlined previously 

(see p. 53 ). A sample of each fraction (3 mg) was hydrolysed in the 

presence of 2 µmoles norleucine in 1 ml 6 MVHC1 at 110°  for 24 hours. 

Cystine was determined as cysteio acid after performic acid oxidation 

of 1 mg of material (page 54 ). Moisture content was determined by 

drying in vacuo, at 110°. Stock solutions were prepared of both 

fractions and of the crude ovomucold used as starting material by 

adding water (0.1 ml, by weight) to 3 mg of each fraction. 

NI-acetyl neuraminio acid was liberated by mild acid hydro- 
044( Co). 

lye's or with neuramintlase/.. For acid hydrolysis 10 µ1 of stock 

solution was mixed with an equal volume of 0.2 N H004 in a 3 ml 

conical centrifuge tube, which was sealed with a rubber stopper and 

heated in an 60° water bath for 60 minutes. Evaporation of the 

solution was found to be considerable, condensation taking place on 

the upper part of the tube and on the stopper. A second method was 

consequently used in which hydrolysis was performed in sealed melting 

point capillary tubes. This resulted in less destruction of liberated 

sialic acid as ascertained by the use, in both cases, of control 

solutions of free sialic acid. In the first method 30 µ1 of water 

was then added to the tube as the determination of sialic acid was 
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always performed on a 50 µ1 sample. When the capillary tube was 

used, the hydrolysed solution was gently blown out into a suitable 

tube and the capillary rinsed with 20 and then with 10 µ1 of water, 

the washings being added to the tube. For enzymic, liberation of 

stall() acid, 10 pl of stock solution was incubated with 40 µ1 of 

neuraminidase solution and 2 pl of toluene in a rubber stoppered 3 

ml conical centrifuge tube at 37°  overnight. Subsequent experiments 

with only 10 µ1 of neuraminidase solution gave equally good recoveries. 

As a check on the activity of the enzyme and on the absence of alio-

lases in the preparation, a sample of sialyl-lactose (kindly provided 

by Mr. B.R.B. Graham) was included in all analyses. The sialy1 lactose 

preparation contained no free stall() acid but did not appear to be pure 

as its bou4d giallo acid content (by acid hydrolysis) was only 19% 

(theoretical, 41%). However it did serve as a comparative control to 

ensure complete recovery of sialic acid by the enzymic method. In all 

cases liberated giallo acid was determined by the method of Aminoff 

(1961) on a reduced scale except that the chromophore was extracted 

with cyolohexanone as lathe Warren (1961) procedure instead of by 

the butanol-HC1 mixture. This modification (suggested by Mr. H.R.H. 

Graham) results in a more complete extraction of the chromophore.. 

Sample or standard N-acetyl-neuraminic acid (50 µ1) was 

incubated with periodic acid (0.025 tft/04 in 0.150 1111004, 25 pl) 

for 30 minutes at 37°. Sodium arsenite (2% w/v solution in 0.5 1HC1, 

20 pl) was then added and the solution shaken until colourless (1 - 2 

minutes). After addition of 200 pl 0.1 24 thiobarbiturate (thiobar-

biturio acid, recrystallized from water, adjusted to pH 9.0 with Na(H) 

the solution was heated at 1000  for 75 minutes and then cooled in an 
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ice bath. Concentrated HC1 (10 µ1) and oyolohexanone (500 ml) were 

finally added and after vigorous shaking the mixture was cooled in 

ice-water and centrifuged at S. The organic layer was pipetted off 

and its absorption spectrum recorded in a 1 om micro-cell. 

Both fractions of ovomuooid were subjected to starch gel 

electrophoresis. A sample of each fraction was also eleotrophoresed 

after treatment with neursminidase. Seven slots in a single gel were 

used and for each one 30 ml of sample was mixed with 30 ml of 0.8% 

agarose at 45°  and the total mixture applied (except slot 6, where 

the sample was 40 µ1). For the first, fourth and seventh slots the 

sample comprised 20 µ1 of the stock solution of starting material  

plus 10 pl of 0.01 M sodium acetate buffer pH 4.6. Slot two contained 

20 ml of the stook solution of the slow fraction which had been 

incubated with 10 ml of neuraminidase solution and 2 gl toluene at 370  

for 24 hours. Slot three was the same as two except that buffer 

replaced the neuraminidase. Slot five was similar to three, but 

with the fast fraction and slot six contained 30 ml of fast fraction 

which had been incubated with neuraminidase (10 µ1), as for slot two. 

Electrophoresis was performed as described for the preparative starch 

gels above. 

To determine whether, and to what extent, the preparations 

were contaminated with soluble starch they were subjected to mild acid 

hydrolysis and glucose was specifically determined with hexokinase and 

glucose-6-phosphate (NOP) being measurdd spectrophotometrioally (Slein 

1963). To stock solutions of fast and slow fractions (20 pi) and to a 

sample of starting material (1 mg), 0.5 ml N1HC1 was added, the tubes 
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sealed and heated at 100° for 3 hours. The tubes were opened and 

tittrated to neutrality with 2.N NaOH using an external indicator. 

For each glucose determination two tubes were set up, each containing 

(a) 0.7 ml ATP solution (trio buffer pH 8.0 (0.1 & 10 parts); CaC12  

(0.1 M 2 parts); serum albumin (4 mg/ml, 1 part) adenosine triphos-

phate (0.01 M  NIP, NaeH2, 1 part]; (b) 0.05 ml hexokinase solution 

(300 units/ml, where 1 unit catalyses phosphorylation of 10 pg glucose/ 

min at 30°  and pH 8.0, Berger et al, 1905j; (c) 0.05 ml glucose-6-

phosphate dehydrogename solution (1 unit/ml, where 1 unit catalyses the 

oxidation of 1 µmole glucose-6-phosphate/min at 25°, Glazer and Brown,,  

1955); and (d) 0.6 ml of water, giving a total volume of 1.4 ml. 

. Standard glucose or hydrolysate (50 µ1) was added to one tube and 50 pi 

water to the :.;other. The solutions were transferred to 2 cm silica 

microcuvettes (capacity 0.8 ml) which, were placed in the double beam 

recording spectrophotometer. The instrument was set at 340 mµ and 

adjusted so that the difference in optical density between the two 

euvettes (LSS340 1) was zero. The solutions were returned to the 

tubes, the last addition, NADP solution (3 x 10 3M NADP.NaH2, 0.1 ml) 

was made, and after restoring the solutions to the ()layettes, 15,534 

was recorded with time.' The maximum was reached after about 5 minutes 

and was found to be linearly related to the amount of glucose in the 

sample over the range tested (2-10 µg). No correction was made for 

possible destruction of glucose during hydrolysis. 

For assay of total hexose (by orcinol), glucosamine and 

anti-tryptio activity, solutions of each fraction and of the starting 

material were prepared by dissolving 5 mg in 150 µ1 of water. Two 50 

µ1 samples were taken for the orcinol assay and the residue diluted by 
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the addition of 100 µI water. Two 50 pl aliquots were taken from 

this- solution for glucosamine assay, the remainder being onoe.again 

diluted with 100 pi of water. The final solution served for • 

measurement of antitryptic activity using again two 50 pl samples. 

The methods used .for orcinol,glucosamine.and.antitryptio assays have 

been described above (page56,57.•and 112. 	They were scaled down 

for present. purposes as follows. For total hexose determination,0.425 

ml oroinol solution (1.88% in 53%; v/v 8004) was added to the sample 

(50 µ1, containing approximately 50 Pg  .ovomucoid) heated at 800  .for 15 

minutes, cooled and read at 505 mp in a 1 cm microcuvette. For 

estimation of gluoosamine the sample (50 pl, containing approximately 

15 pg ovomucoid) was hydrolysed with an equal volume of 8 N 	for 8 

hours at 100° in a sealed tube, and then evaporated to dryness. The 

residue was redissolved in 50 pl water, talked with 100 pl acety17 

acetone solution and heated at 100°  for 20 minutes. After additbn 

of ethanol (300 µ1) and Ehrlich's reagent (50 pl) the solution was 

heated at 65°  for 10 minutes, cooled and read at 530 mp in a• 1.cm 

micro-cuvette.'Determination of antitryptio activity was performed, 

by adding 1 ml of substrate and 100 gl of solution containing 10 pig 

trypsin to the samples (50 pl, containing about 5 gg ovomucoid). 

After incubation at 370  for 10 minutes reaction was stopped by the. 

addition of 0.2 ml 30% v/v acetic acid and the solution read at 410 

mµ in 1 cm microcuyettes. Control tubes contained no ovomucoid , and 

5 Ng trypsin. 
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Analytical Results Moisture content of both fractions of ovomucold, 

which were stored in stoppered tubes bathe cold, was 15% and all 

analytical values are given on a dry weight basis. In addition, 

samples were found to be contaminated by soluble starch (see later) 

and this has also been subtracted from the weight of the samples 

before calculation of the results presented below. Amino acid 

analysis of the fast and slow fractions are summarized in table XII 1"40  

The starting material used for preparing the two fractions is the 

same as that for which Stevens and Feeney (1963) reported amino 

acid analyses and these values have been reproduced in the table 

for comparison. The phenylalanine peak was severely overlapped by 

glucosamine. The glucosamine contribution, as derived from the clear 

peak obtained on the short basic amino acid column, was subtracted to 

give a result for phenylalanine. 

Determination of standard N-acetyl neuraminio acid (NANA) 

over the range 0.2 to 1.5 mg in 0.05 ml by the modified micro-Aminoff 

method resulted in a good linear calibration with a molar extinction 

coefficient of 91.3 x lo,  and blank readings of about 0.02. Reprod-

ucibility was of the order of 1%. When standard NANA was subjected 

to the acid treatment used for liberation of sialic sold in the 3 ml 
conical tubes (total sample volume 20 µ1) the recovery was 78%. Under 

these conditions the slow fraction yielded less than 0.05% of sialic 

sold and the fast fraction 0.23%. When said hydrolysis was performed 

in sealed capillary tubes the recovery of standard samples was 9096 and 

the sialic acid results were 0.056% for the slow fraction and 0.56% 

for the fast fraction.,  By this method, too, the starting material 
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contained 0.5% italic acid, the sialyl-lactose 19% and the ohromato-

graphic sample of crude ovomucoid 0.87% 

The rate of enzymatic liberation of italic acid from 

ovomuooid was determined by incubating &sample of the starting 

material (7 mg) with 0.5 ml enzyme solution at 37°  and removing 

aliquots (0.05 ml) at various times for analysis. The ratio of 

enzyme to substrate was 7 units per mg ovomucold or 1.2 units per mg 

of slant: acid. One unit is the amount of enzyme required to liberate 

1 la NANA from a bmman serum glycoprotein substrate (Fraction I - 

Macho) In 15 minutes at 370. The results obtained, after different 

time of incubation, as a percentage of sialio acid in the sample and 

as a percentage of the final value weret 1 hour 0.43% (76%); 3 hours 

0.53% (92.501 6 hours 0.57% (100%) and 16 hours 0.57% (100%). A 

second sample incubated with 0.45 units (nominal)per mg sialio acid 

for 16 hours also gave a value of 0.57% sialio acid. For determination 

of sialio acid in the two isolated ovomuooid fractions by enzymatic 
ci,e( f-4-‹ +1, 4-e- elQ,44-716-14,.i.„ 

liberation/a series of inoubations were performed including standards 

and controls with enzyme substrate ratios of 2 to 3 units/mg NANA. 

Recovery of the NANA control in this case was 100% and the sialyl-

lactose preparation yielded 17% sialio sold (90% of the acid liberation 

value). The slow fraction contained 0.07% sialio acid and thetfast 

fraction 0.61%. The sialio acid content of the chromatographically 

prepared ovomuooid by this method was 0.71%. All the Salle acid 

results are summarized in table XI. 
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Table XI 

Stella Acid Content of Fractions of Ovomucold Isolated Ilectronhoreticallv  

Residues Stella Acid Per Nolo of Ovomucoid 

Released 	Acid Released by Mures 

Starting material 0.81 0.66 

Slow fraction 0.05 0.06 

Fast fraction 0.35 0.37 

Ths value for total hexose for both fractions was 27.k% on 

a dry weight basis. This includes the glucose resulting from the starch 

contamination, which was then detertannl specifically by the enzymatic: 

method. For the glucose determination the mixture containing both 

enzymes,. ATP and glucose standard or hydro1ysate (but no NADP) was 

checked on the spectrophotometer. No 3140 change occurred over about 5 

minutes, after which time the NADP wan added. The maximum is S,0  
obtained with a 5 pg glucose standard in a 2 cm Guyette was 0.21 in a 

total volume of 1.55 ml, witch gives a molar extinction coefficient for 

the NADPH of 6.1 x 1063. This is very close to the value of 6.22 x 103  

quoted in the method followed. When a tube was set up containing 120 

pg of hydrolysed starting material addition of NADP brought about no 

change in N3441, but introduction of 5 pg of glucose to this mixture gave 

the expected optical density change. Ovomucold therefore contains no 

glucose and also does not interfere with the test. When their hydro-

lysates were assayed, the isolated materials were found to contain 

17.5% glucose in the slow fraction and 15.7% in the fast fraction. If 

these values are subtracted from the total hexose figures and also from 
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the total weight of the materials, memos* contents of 13.9% for the 

fast and 12% for the slow fractions are obtained. These values are 

probably too high as the values for glucose are most likely too low. 

The low values for glucose are due to the fact that no correction 

was made for destruction of glucose during acid hydrolysis. 

Olucosamine analyses were straightforward and yielded 14.8% 

and U.8% in the slow and fast fractions respectively. For the 

activity assays the trypsin solution was prepared from a freeze-dried 

preparation stored in the cold. To correct for moisture content and 

any other non-protein contaminants the concentration of the solution 

was derived from the 8880 using the value 215gcm,28010  15.9 ($eravao 

Laboratories Ltd., descriptive booklet on enzymes). One mg of trypsin 

WAS found to be equivalent to 1.1 mg of slow and 1.15 mg of fast 

fraction. These figures are derived by doubling the amount of ovomucold 

reqkired to produce a 50% inhibition of the trypsin as discussed above 

(p. 911 ). Carbohydrate at 	values are summarized together with 

the amino acid results in tablelLII. 

The results of the re-electrophoresis expetiment oaths two 

fractions before and after neuraminidase treatment are shown in fig. 28.P249 

The fractions are electroPhoretically homogeneous with negligible cross-

contamination. The multiple bards in the original electrophoretograma 

of ovomucoid are, therefore, clearly not artefacts produced by the 

conditions employed, but do represent different speoies, which when 

isolated, behave predictably on electrophoresis. The slow fraction is 

virtually stall° acid free and, as expected, is not altered by neuramin-

idase treatment. The original fast fraction (which contained approximately 
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TABLE XII  

Amino Acid Composition of Ovomuooid Fractions (Res/28.000 a) 

Preparation 
Starch 001 

Slow 	Fast 
Asinoethylated 

Peak IV 	Peak III 
Stevens a 

Feeney (1963) 

Alanine 10.5 11.0 9.0 11.1 10.3 
Aminoethyloysteine.  10.8 8.4 
Arginins 5.2 5.8 4.26 4.7 5.53 Aspartio Acid 28.2 28.0 28.3 22.5 27.4 
i oystine 16.8 
Cystsle Acid 14.6 15.4 
Mutant° Acid 12.7 13.9 15.9 17.3 13.6 
Glycine 14.1 14.4 15.0 14.5 14.2 
Histidine 3.9 3.9 3.15 3.8 4.5 
Isoleucine 2.7 2.9 4.6 6.4 3.08 
Imuoine 10.1 10.8 8.68 6.2 10.2 
Iyaine 12.1 12.1 10.8 9.8 11.8 
Plethionine 1.73 1.92 3.8 3.4 2.0 
PhenylsUnit* 4.7 3.6 4.28 6.1 4.35 
Proline 7.3 7.2 5.5 6.18 5.85 Serino 9.5 9.9 12.1 15.6 10.2 
Threonlne 12.6 12.6 14.6 15.9 13.1 
Tyrosine 5.1 5.0 5.28 4.5 5.48 
Vali. 13.7 12.8 10.9 6.62 14.4 

Hexose 16.6 22.0 
HOXOSIMI110 22.4 22.4 



half a mole of stale acid per mole of protein) ranee two 
	161 

fractions after neuraminidase inoCbation. One, which we may eall the 

Pk fraction, in the same position as the original fast fraction and 

another, the Fris  fraction, in the same position as the original slow 

fraction. This la consistent with the explanation that the original 

fast fraction is a mixture of two species of ovcsuoold, in about equal 

amounts, which both have the same net charge at the pH of the experiment. 

One of these appears to be free of sialic field (the Pi fraction) and the 

other probably contains one mole of Giallo acid per mole of protein (the 

Fa  fraction). If this is so, the difference between Ff and Fs, after 

neureminidase treatment, is one charged group per mole as the italic 

acid carboxyl is fully charged at'pH 4.6. The italic acid-free IPf  

component must therefore also differ from the original slow fraction 

by one charge per mole. This could be due to a single group such as 

a difference in a basic amino acid, or to a number of groups which are 

only partly ionised under the cordilons of eleotrophoresis such as two 

side chainc carboxyl groups of 04.6. 

(g) Discussion 

The solubility of ovomucold in the presence of protein 

denaturants like acetone and triohloroacetate led to the development 

of methods for its isolati6n: from egg white in a highly concentrated 

state. However two related properties of these ovomuoold preparations 

soon became apparent. The ovomucoid was not entirely free from other 

proteins: and the ovomucold itself consisted of a ma:Ober of slightly 

different molecular forms. With the advent of powerful new tools for 

protein purification in the decade that followed, these problem were 
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investigated in a number of laboratories (see p. 179 ). When this 

project was undertaken no definitive ohromatographio method had been 

published either for obtaining pure ovomucold or for separating the 

different components which had been demonstrated by electrophoresis. 

The methods which had been developed for purification of 

ovomucold ohromatography =TEAM cellulose, or DEM cellulose, or 

oolumn electrophoresis - all used as starting material preparations 

obtained by seleotive precipitation at pH 3.5. The method of Rhodes 

et al (1958) employing CM cellulose chromatogmhy, also involved the 

use of similarly acidic solutions. The first consideration when the 

present study was initiated was to investigate methods of :;isolation 

which avoided the use of such low pH oonditions. In addition none of 

the four methods mentioned above had been shown to yield pure ovomucoid. 

For the first reason the orude ovomucoid referred to as preparation Is  

which had not been subjected to conditions below pH 4.6, was used as 

starting material for the chromatography on DEAR-Sephadex and DEAR-

cellulose. 

The results obtained on DEAR-Sephadex are rather difficult 

to understand. With a combination of gel filtration and ion-exchange 

chromatography operating, it is possible that the system is susceptible 

to very small changes in coalitions. In a descriptive booklet on 

Sephadex ion exchange materials recently produced by the manufacturers 

(1965) it is pointed out that the rate at which equilibrium is attained 

on DRAB-Sephadex is rather slow. As a result it is necessary to employ 

slow flow rates with these columns; and that if the flow rate is too 

fast considerable loss of resolution occurs. This fact was possibly 

not sufficiently appreciated at the time. From the results obtained 
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on chromatography of preparation I on DRAB-cellulose it appears that 

the ovomucoid was being eluted more or less simultaneously with some 

other protein or proteins. In spite of the low isoeleotric point of 

ovomucoid it was very readily eluted from the basic cellulose at pH 

7.0. It emerged at an ionic strength of about 0.04 (in sodium sulphate 

and in sodium chloride). Thisis only fractionally higher than that 

needed for elution of conalbumin which has an isoelectrio point about 

2 to 2.5 units higher. A factor which is possibly worth considering 

when proteins are being eluted at such low ionic strengths is the 

effect of one protein on the elution of another. If a contaminant 

protein is eluted before the ovomucoid and emerges with an optical 

density at 280 ma of about 0.5 its concentration is of the order of 1 

mg/ml. If we assume, for the sake of argument, that the molecular 

weight of the protein is 50,000 this gives a molar concentration of 

about 4 x 10-5M. For computation of ionic strength of salt solutions 

the concentration is multiplied by the square of the number of charges 

on the particle. This is probably not applicable to macromolecules, 

but we can possibly use it to obtain an approximate order of magnitude. 

A protein of molecular weight 50,000 would have about 450 residues, and 

if, say 50 of these carry a charge then if, for purposes of elution, the 

sign of the charge is immaterial, the ionic strength resulting from the 

protein in solution would be about 0.04.. This calculation may well be 

widely incorrect, but does indicate at least the possibility of protein-

protein interaction on a voolumn at very low ionic strength. 

Whether the elution of contaminants was actually bringing 

off the ovomucoid as well, or whether their elution was merely 

coincidental it was clear that the chromatography was not removing all 
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contaminants from the ovomucoid. Some other procedure, such as 

selective precipitation, was regAired. The most common method for 

preliminary purification of ovomucoid is to remove most of the 

inactive material by precipitation in the presence of acetone and 

triohloroacetate in the cold at pH:3.5. Although this procedure 

was at first considered undesirable, it does not appear to alter 

the molecule significantly as it is claimed that the chromatographic 

behaviour of ovOmmold (inoluding its heterogeneity) is not altered 

by this treatment (Maeda and Feeney - private communication). 

Consequently ovomucoid partially purified by the Lineweaver ani 

Murray (1947) method was used for the later series of chromatograms 

On DEM-cellulose. However, it was still not found possible to obtain 

discrete peaks which would have indicated resolution into chromato-

graphically pure proteins. 

The results of the chromatography of ovomucoid on the basic 

ion exchange materials way be compared with those of Jevons (1960) and 

Howley and Jevons (1965). Starting with ovoauooid partially purified 

by precipitation of inactive material at pH 3.5 and employing TEAS-

cellulose, chromatography was performed at pH 6.8 and elution effected 

by a NaC1 concentration gradient. Here too, as indicated by the anti-

tryptio activity of the final preparations, the ovomucoid was not 

freed from all inactive protein. In the only other study of the 

chromatography of ovomucoid on basis ion exchange resins published 

(Chatterjee and Montgomery 1962), the elution diagram is not given. 

Chromatography of ovomucold on CM-cellulose in some res-

pects produced more useful results than chromatography on the basic 
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exchange resins. From antitryptio assays the products appeared to 

be far less contaminated by inactive material than those derived 

from DEAF-cellulose. From the point of view of purification of 

ovasucold by chromatography therefore, this would be the method 

of choice. This is fully in accord with the results of Feeney et 

el (1903). 
In this study attention was always focused =the problems 

of the heterogeneity or multiple forms of ovomucoid and their reso-

lution. in this connection, aswtth the problem of ovomucoid purific-

ation. the basic exchange materials did not appear to yield useful 

results. This is in contrast to the results of Seeley and Jevons 

(1965) who derived a number of peaks (though poorly resolved) on 

TEAS-cellulose chromatography. Although these do not appear to 

represent pure ovomucoid a resolution into different molecular forme 

may haver been obtained. The resolution of the different ovomuooids 

by chromatography on CM-cellulose is somewhat puzzling. From the 

results of the starch gel electrophoresis and also according to 

Feeney (personal communication from Maeda) prior expbaure of ovomucoid 

to mildly acidic conditions does not affect the heterogeneity. However 

on CM-cellulose chromatography the history of the materials before 

application to the column did appear to affect the result. Only the 

preparation obtained from DEAF-cellulose chrasatograhhy could be 

resolved clearly into more than one active peak and the material 

obtained after acid precipitation of contaminants could not. 

In spite of the low isoelectrio point of ovomucoid and its 

apparent large excess of negative charges it was only very weakly bound 

to DEAR cellulose and elutod at very low ionic strength. It appears 
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likely that the very hydrophilic carbohydrate groups of the molecule 

are situated on the outside of a highly croeslinked globular protein 

core, and that only very few charges are sterically sufficiently 

accessible to form salt bridges with the resin. This may explain the 

very weak binding and unsatisfactory chromatographic behaviour of 

ovomucold on, ion exchange columns. The degree of accessibility of the 

charged groups to the resin is likely to be conformation dependent (as 

Is the case for the accessibility of.the tyrosine aide chains to 

solvent perturbation) and this may create an addltonal difficulty in 

obtaining reproducible chromatograms. 

The results of the chromatography of the aminoethylatad 

materials Indloated that these fully unfolded porteins do in fact 

give much more discrete peaks and better resolution of the different 

proteins present. Amino acid analysis of the aminoethylated materials 

from the two main peaks yielded no cystine at all. Even if consider-

able destruotionoof cystine takes place on acid hydrolysis the total 

absence of cystine from the amino acid charts most probably indicates 

its total absence from the protein. From a comparison of amino acid 

values it is clear that the major peak represents ovomucoid, as a 

well-resolved, sharp and symmetrical peak. However, the significant 

discrepancy in the values for one or two of the amino acids cannot be 

accounted for at this stage. 

The main differences between electrophoresis in gels and 

the classical free boundary method are: 

(a) the protein sample in gel eleotrophoresia is applied in a thin 

band which enables the different species present to move clear of each 

other; ascpposel to the deep layer of solution where only the front and 
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back boundaries separate, 

(b) that in the gel matrix the water is bound to the polysaccharide 

chains thus making convection, eleotrodecantation and other flow 

phenomena impossible as well as reducing diffusion of the protein 

bands. The very high viscosity of the gels proyides.a -far more stable 

medium.for eleotrophoresis than the fluid conditions prevailing in 

free boundary conditions, and finally 

(c) proteins separate not only - by charge but also by virtue of thiltir 

size. 
Consideration (b) above also probably accounts for the fact 

that, whereas on starch gel electrophoresis fractionation occurred, 

attempts by Jutisz et al (1956) and Noble et al (1957) to obtain frac-

tionation by column electrophoresis according to the method of Porath, 

did not meet with success. 

In an independent study on the fractionationoof ovomucoid 

by starch gel eleotrophoresis Wise et al (1964) arrived at very 

similar optimum conditions and obtained a very similar resolution of 

the ovomucoid to that obtained in the present study. In this work, 

too, the most basic component appeared by eye to be present in the 

highest concentration. In the present study this conclusion was con-

firmed by the actual isolation of the Material as described above. 

However, by free boundary electrophoresis (using ovomucoid of the 

same origin as that of the above studies) the second most basic 

component is present in largest amount as Judged by the areas under 

the peaks (see pP)  ). It is most probabWthat the two main bands 

in the starch gel oorrespond to 01 and q2  of Bier et al (1953) but 

for some unknown reason their relative concentrations are reversed. 
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In the present study a far better resolution of the dif-

ferent components of ovomucoid was obtained on starch, gel electro-

phoresis than on ion-exchange ohromatograOhy. This was also found in 

a study on the al acid glycoprotein of serum (Soiled et al, 1962). 

Although five bards oould be demonstrated by starch gel electrophoresis 

only a single peak was obtained on DEAE-cellulose chromatogrphy. 

Fractions from different regions of the peak when subjected to electro-

phoresis in starch gels clearly showed that only every low degree of 

resolution was taking place onihe column. The greater resolution of 

mixtures of proteins which differ in net charge obtained on gel 

electrophoresis compared with that obtained on ion-exchange chromato-

graphy is possibly due to the fact that in the case of chromatography 

only surface charges which can form salt bridges with charged groups 

on the resin (and not charges in sterically inaccessible regions of 

the protein - such as those covered by carbohydrate) are operative: 

whereas in eleotrophoresis the location of the charged group within 

the tertiary structure of the glycoprotein is immaterial. 

It is dearly desirable to exploit the high resolving power 

of eleotrophoresis in a gel phase for the isolation of pure protein 

species. The method described above, although producing the desired 

results is too time consuming to be of general applicability. Since 

this work was completed a very similar apparatus, although on a 

slightly larger scale, has been described (Lloyd and Mears*  1964). 

It is of interest to note that recently a method of preparative 

electrophoresis on a column of polyacrylamide gel has been developed 

which may prove to be the method of choice for carryii out this type 

of fractionation in the future (Jevtns et al, 1964). 
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From the results of the re-electrophoresis of the isolated 

ovomucoid fractions after they had been treated with neureminidause, a 

few useful conclusions and speculations can be derived. If there is 

one charge difference between Fe and It the original  slow and fast 

fractions also differ by a unit charge per mole. As the slow fraction 

hes about half the electrophoretic mobility of the fast fraction this 

would indicate that their respective absolute net charges are about 

one and two. The difference in isoeleotric point between the two main 

fractions of ovomuooid (Bier et al, 1953) is 0.12 of a pH unit. The 

only groups whose ionization is affected in this region are the side 

chain carboxyl groups, whose average plc is about 4.5; and the degree 

of ionization of a group in the vicinity of its pX is related to the 

pH of the medium in an approximately linear fashion. The pH difference 

between the experiment and the isoeleotric point of the slow fraction 

(which results in a net charge of one on the slow fraction) is about 

the some as the pH difference in isoelectric points between the two 

fractions (which also results in a unit charge difference). This would 

give an isoe3.ectrio point for the slow fraction of 4.48, oompared with 

the value of 4.41 of Bier et al (1953) but it must be borne in mini 

that no account has been taken of possible ondosmotio effects in the 

present study. Another conclusion is possible from the above con-

siderations. To get an overall change of one full charge per mole 

(the charge difference between the two ovomucoids) with a pH shift 

of 0.1 of a unit (the difference in isoeleotric point between the 

species) would require 20 to 25 groups with pies in the region of 4.5, 

or more groups if their plc's are significantly out of this range. This 
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value compares reasonably with the calculated side chain carboxyl 

content of 32 per mole. 

The conolusion from the electrophoresis experiment to 

the effect that the italic acid alone does not account for all the 

electrophoretio variation in ovomucoid is in accord with the 

results of Bosley and Jevons (1965). After neursminidase treatment 

of ovomuooid they found two major components on free boundary 

eltotrophoresis corresponding to 02 and q2 of Bier et al. A result 

very similar to one obtained on starch gel electrophoresis of ova-

mucoid after enzyme treatment, where it was noted that the two major 

bands were still observable. (This experiment la not described in 

detail above as it yielded no information which was not already 

derived from the re-electrophoresis of the isolated fast fraction 

after enzyme treatment.) The signifloance of the distribution of 

sialio acid in the fractions these workers derived by chromato-

graphy is less clear. All fractions contained italic acid, the 

content inoreaaing with the resistance of the material to elution. 

As the antitryptic activity of the fractions indicates the presence 

of contaminating material these results are difficult to evaluate. 
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