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The use of immunoadsoxbents for the purification 

of antibodies has been investigated. 

An iromunoadsorbent was prepared by coupling bovine 

serum albumin (BSA) to ehtylene maleic anhydride copolymex 

(El4A) at oOC, and used to adsorb rabbit anti-BSA antibodies 

from an ammonium sulphate precipitated globulin fraction of 

the antiserum. The antibodies were eluted by a column pxo-

cedure with phosphate buffered 8 M urea or stepwise with 

0.35 M glycine-Hel buffer pH 3.0, 2.5 and 2.0. 

Using urea to elute and a modification of the 

original procedure, recoverYl based on precipitable nitrogen 

was 42~. Purity was 50~ based on the proportion of total 

nitrogen recovered which was precipitable. The yield was 

~O~ higher than that obtained with the original procedure. 

When tested with normal rabbit gamma globulin, 

suggestive evidence ''las obtained for negligible amounts of 

non-specifie adsorption. 

A batchwise method of elution was investigated 

and found ta be less efficient than the column procedure. 
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I. INTRODUCTION AND PURPOSE 

Se~um p~oteins have been sepa~ated on the basis of 

thei~ cha~ge in an elect~ical field into fou~ distant f~ac­

tions (Tise1ius, 1937"Tise1ius and Kabat, 1939). Since that 

time seve~a1 othe~ methods of sepa~ation uti1izing othe~ 

physica1 p~ope~ties of the p~oteins have been deve1oped. 

Based on thei~ differences in SOlUDilities, they 

have been separated by f~actiona1 precipitation at varying 

concentrations of salt, by adjustment to tueir isoe1ect~ic 

points at low ionic strength and by o~ganic solvents. A 

variety of cations and anions have a1so been used (I~like~, 

1957). 

Chromatographic separation of serum proteins on 

ion-excnange ~esins such as diethylaminoethyl (DEAE) cellu­

lose and carDoxymethyl (CM) cellulose (SoDe~ et al, 1957) 

probao1y represents ~he fi~st successful application of 

chromatography to proteins. With the use of DEAE-ce11u1ose, 

it has been possible not on1y to separate serum into severa1 

components, but a1so to subdivide gamma globu1ins into a 

number of fractions with differing physicochemica1 and immuno­

logica1 properties (Faheyet al 1958, 1959, Fahey, 1960). 

The technique is based on the differences in binding strengths 
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of the proteins.to the resins. 

ultracentrifugation and gel filtration separate 

proteins on the basis .of the size of the molecules. Gel 

filtration is a chromatographie technique using cross-linked 

dextrans (Flodin et al, 1962, Gelotte et al, 1962, Killande.r 

et al, '1962, Baumstark et al, 1964) and other ~ypes of 

cross-linked polymers such as polyacrilamide gel. Gels of 

varying pore sizes are available. Molecules larger than the 

pores of a given gel do not penetrate the gel and appear 

first in the effluent. Smaller molecules which penetrate are 

eluted by displacement in order of decreasing size. 

AlI these physicochemical methods have been useful 

to separate the antibody containing fractions of serum thus 

effecting concentration of the antibodies. However, no 

immunologically pure preparation of antibodies can be obtained' 

by them. 

Highly purified antibodies are being used in the 

investigation of the synthesis, structure and function of 

antibody molecules. Studies of antibody specificity utilizing 

the technique of equilibrium dialysis have been reported to 

be most useful when purified antibodies have been used 

(Karush, 1962) and it seems that in studies on the chemical 
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composition of the antibody molecule, the nature of the 

antigen combining sit.e or the control of antibody produc­

tion the use of purified antibodies would be rnost desirable. 

In this Department studies on the control of anti­

body synthesis using an in vitro system are in progress. 

This project was, therefore, undertaken to investigate the 

possible use of an immunoadsorbent to produce antibodies of 

~iqh purity ·for use in this system. 
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II. LITERATURE REVIEW 

Antibodies are serum proteins which have the 

unique property of reacting specifically wit~ antigens 

which induce their formation. They are globulins and are 

largely in the gamma region on electrophoresis. Most 

antibodies are similar in their physico-chemical proper­

ties. Because of t~ese similarities, it has pot been 

possible to obtain irnrnunologically puie preparations of 

specific antibodies by physical techniques. In recent 

'years, however, specifie methods have been developed for 

their,purification. Such methods take advantage of the 

affinity of antibody to its homologous antigen and have 

given the purest pr.eparations. 

A. Basic Principles of Specific Purification 

Although methods may vary in experimental details, 

the basic principles of specific purification are the same. 

These are: 

(l) Formation of insoluble antigen-antibody complexes 

(2) Separation of the complexes from other serum 

proteins 

(3) Dissùciation of the complexes 

(4) Separation of the antibodies from the antigens. 



steps land 2 o~dina~ily p~esent no p~oblem. It is with 

steps 3 and 4 that most difficulties have been encounte~ed, 

those associated with the latte~ being mainly ~e.sponsible 

fo~ the development of· immunoadso~bents. 

(1) Fo~mation of Insoluble Antigen-Antibody Complexes 

a. Natu~e of the Reaction 

Insolubleantigen-antibody complexes a~e fo~med 

eithe~ by the union of antibody molecules with a specific 

soluble antigen followed by sepa~ation of the p~oduct 

f~om solution as a precipitate, o~ by the ~eaction of 

antise~um with antigen in sorne insoluble state. With 

the fo~me~, the visible insoluble p~oduct is a seconda~Yr 

manifestation of a primary invisible union between anti­

gen and antibody, and occurs usually in the p~esence of 

an appropriate concent~ation of salt. With the latte~, 

only the primary union may occur as in the case when 

a soluble antigen is made insoluble by attachment to 

an insoluble support. 

As early as 1906, Ehrlich suggested that the 

uriion of antigen and antibody was the result of a chémical 

reaction in which both reactants confuined in constant 

.proportions. Later, it was established that the reac-
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tion could indeed be explained on a chemical basis, but 

the concept that antigen and antibody reacted in con­

stant proportions could not be accepted since it'had 

been shown that a given quantity of antitoxin would 

neutralize varying quantities of toxin (Danysz, 1902). 

Attempts to explain the combinat ion of antigen 

and antibody in multiple proportions resulted in a nurnber 

of suggestions, sorne of which now forro the basis for under­

standing the antigen-antibody reaction. 

Bordet (1939) likened it to a colloidal reaction 

in which antibody i5 adsorbed by antigen, the amount of 

antibody· adsorbed being dependent on the surface area of 

the antigen and the concentration of the antibody. He 

considered the visible stage of precipitation or agglu­

tination to be nonspecific ~epresenting a ~salting out" 

phenomenon in the presence of an electrolyte. 

That adsorption was not likely to be the mechanism 

of reaction was suggested when i t w.as dernonstrated that 

the amount of antibody removed from a solution did not 

increase indefinitely with its concentration as \'lould be 

expected with an adsorption phenomenon. Credit for this 
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obsexvation goe$ mainly to Heidelbexgex (1934) who, 

by the use of quantitative chemical pxoceduxes sh9wed 

that when incxeasing 'amounts of antigen are added to a 

constant amount of antisexum the amount of antibody 

precipitated incxeases to a maximum then declines until 

in extxeme antigen excess no precipitate is formed. 

This was exp1.ained in terms of a "lattice 

theoxy" originally propose<:1 by Marrack (1938) and modi­

fied by Heidelberger (1934) and pauling (1940). It 

suggests that the reactions leading to pxecipitation 

are a sexies of successive bimolecular reactions the 

rates of which axe propoxtional to the concentrations of 

the xeactants (Ueidelberger and Kendall, 1935). Thus: 

A + G 
"" 

, 
AG 

whexe A is antibody and G is antigen. 

In a reaction similax to polymerization the product would 

be 

AG + AG ----I~~ AG.AG 

or in the presence of excess antibody 

AG + A ---.... AG.A 
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The products combine until large aggregates are formed 

and precipitate. Lattice formation wQuld be possible if 

the antibody molecule were at least bivalent and anti­

gen \\1ere multivalent (Marrack, 1938) .Str.ons evidence 

for the bivalency of antibody has been obtained by a 

number of workers. By ultracentrifugal analysis and 

electrophoretic studies of products formed in antigen 

excess, antibody excess and at equivalence, and subse­

quent calculation of the molecular ratios of antigen 

and antibody, it was concluded that the maximum valency 

of antibody was greater than one, and at most two 

(Pappenheimer et al 1940, Marrack et al, 1951, Singer 

and Campbell, 1952). 

The extent towhich precipitation occurs depends 

. "primarily on the ratio of antigen to antibody (Dean and 

Webb, 1926). Hith optimal proportions large aggregates 

are formed and maximum precipitation occurs". If either 

antigen or antibody is in excess the aggregates formed 

are too small to precipitate and remain in solution as 

"solubfe complexes". Thus, the composition of the 

precipitate varies according to the proportion of anti-
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gen and antibody in the mixture rather than the concen­

tration of the antibody. 

b. Specificity of the Reactiojt 

Perhaps the'most rernarkable characteristic of 

the antigen-antibody reaction is its specificity. Anti­

body produced to a given antigen will react only with 

that antigen or with other chemical determinants having 

a closely similar structure. 

The first inference to the'relatio"n of antibody 

specificity to the chemical structure of the antigen came 

from the work of Wells and Osborne (1913). They studied 

the antigenic specificity and cross reactivity of a 

variety of plant proteins, and suggested that specifi­

city of antigen was dependent on the chemical structure 

of portions of the antigen ~olecuie. 

More decisive evidence came from the work of 

Landsteiner (1945) who prepared conj-ugated azoproteins 

and showed: 

a. that antibodies could be produced to smaii 

haptenic groups of known ch,emical structures, 

b. that such antibodies \'lould combine with the 

haptens, and 
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e- c. the haptens could specifically inhibit precipi-

tation of the conjugated azoprotein. 

This discovery has made it possible to examine 

experimentally the molecular structure of the combining 

region of the antibody molecule. By systematic altera-

tion of the structure of a haptenic group, it ls possible 

to observe the effects such changes have on the combining 

capacity of an antlbodY'produced to the unaltered hapten, 

and thus relate structure to speclficity. 

It ls assumed that the antigen combining site of 

the antibody molecule has a structure complementary to 

that of the antigen, but it is not known how this struc-

ture is introduced into the molecule to make it different 
-. 

from other globulin molecules. There have been suggestions 

that the different specificities may der ive from varia-

tions in the folding of the completely synthesized 

molecule as it is released (Pauling 1940) or to differ-

ences in the positions of disulphide bonds linking the 

chains of the molecule (Karush, 1962). Based on more 

recent studies of proteins in general, it is now .generally . 

accepted that the final configurativn of the rriolecule is 

dependent on its amino acid sequence. This suggests that 
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·e in at 1east portions of the antibody molecule there 

are amine acid differences. Much work is being done to 

determine the structure of tne antibody mo1ecule. 

Sequence studies nave revea1ed a constant region and a 

variable region wnere there are amino acid differences. 

(Cohen and Hilstein, 1967, Lennox and Cohn, 1967) 

The antigen combining site is in the variable region, 

and it is conceivable that this variability makes pos-

sible a large number of combining sites with different 

specificities. 

c. The Nature of the Bonding 

Because specificity is determined ultimately by 

chcmical structure one might expect that a definite bond 

is required bet,.,een both molecules. Presumab~y, if the 

.physical conformation of the reactive sites of antigen 

and antibody corresponded closely, the formation of 

chemical bonds would be facilitated (Pauling, 1940). 

Van der Waals attraction, ionic attraction and hydrogen 

bond formation have been suggested to be involved. , 

These forces are short-ranged and in themselves non-

specifie, but specificity could arise as a result of 

the spatial configuration of the rnolecules. pauling 
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(1962) maintains that complementariness of structure 

is the only possible explanation of specificity com­

patible with our present knowledge of intramolecular 

forces. If two molecules possessed mutual complemen­

tary configurations so that their surfaces,conformed 

closely to each other, strong interatomic van der Waal 

attraction would exist between them. If they contained 

oppositely charged groups these wou1d then be brought 

c10sely together, and assuming maximum hydrogen bonding, 

the total energy of interaction would be great and the 

molecu1es would be attracted to each oth~~ strongly. 

The presence of any of these forces has not 

been successfu1ly demonstrated. Most of the work in 

this direction has been confined to a study of the role 

of ionic groups. Experimen~s involving alteration of 

the ionic groups on both antigen and antibody molecules 

by acetylation, deamination or guanidation (Harrack and 

Orlans, 1954, Nisonoff and Pressman, 1959, Habeeb,Stelos 

and Singer, 1959) and by methylation (Ram and lvlaurer, 

.' 

1959) have resulted in reduction or abolition of the 'preci­

pitin reaction, but since such treatments will not selec-
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tively affect the combining sites but all other groups 

as well, the results cannot be taken as conclusive 

evidence for the role of ionic groups in antigen­

antibody reactions (Hughes-Jones, 1963). 

(2) Isolation of Complexes from other Serum Proteins 

Insoluble complexes formed between antigen 

and antibody mixed in suitable proportions will preci­

pitate in the presence of an appropriate concentration 

of salt leaving nonspecific and uncombined proteins in 

solution. Such complexes are easily isolated by centri­

fugation, and can be washed with saline essentially free 

of aIl uncombined serum proteins (Heidelberger et al, 

1935a). With small volumes of serum two washes with 

chilled saline are adequate. Loss of antibodies due to 

solubilization of the precipitate is negligible, the error 

calculated to be just slightly greater than three micro­

grams per millilitre of saline. 

If antigen is made insoluble by attachment to 

an insoluble support suitable for colurnnar operation, 

removal of uncombined serum components may be effected 

by passing saline or an appropriate buffer th~ough a 

column to which the antiserum has been applied. Adequate 
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washing can be determined by spectrophotometric analysis 

of the effluent preferab1y by a continuous f10w spectro­

photometer, or by colorimetrie determination for·proteins. 

In either case a negative reading is taken as an indication 

of the absence of uncombined materia1. 

(3) Dissociation of Complexes 

The combinat ion of antigen and antibody is firm 

but in genera1 reversib1e (Humphrey and White, 1963). 

Evidence for this has been obtained by the technique of 

equi1ibrium dia1ysis. Antibody and hapten were dia1yzed 

against hapten and it was shown that a definite equi1ibrlum 

cou1d be reached (Eisen and Karush, 1949). 

If one accepts the theory that antigen-antibody 

reactions fol10w the law of mass action, it is not difficu1t 

to conceive that any disturbance of the equilibrium cou Id 

reverse the reaction. Indeed, it has been observed that in· 

an excess of antigen no precipitate forms while specifie 
.. 

precipitate may be dissolved with ap excess of antigen. 

Dissociation of antigen-antibody complexes as a 

means of obtaining pure preparation of antibodies has· found 

wide use over the years. Use of the method is based upon 

the assumption that no profound chemical changes take place 
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in the molecules when antigen and antibody are combined, 

and if anYSlch changes did occu:.:, it was assurned that they 

were :.:eversible (Chow and Wu, 1937). Antibodies produced 

by dissociation of complexes should the:.:efore, be function­

ally active. 

The degree and ease with which dissociation occurs 

is dete:.:mined partly by the nature of the antibodies and 

partly by the type of dissqciating agent. Heterogeneity 

arnong antibody molecules has been recognized as early as 

1945 by Landsteiner, who stated that antibodies forrned to 

one dete:.:minant group though related, are not entirely iden­

tical but vary around a main pattern. A single preparation 

of antibody consists of a population of molecules having 

varying deg:.:ees of affinity for the corresponding antigen 

(Saha et al, 1966, Kitagawa et al, 1967). Those of low 

affinity would be expected ta dissociate more readily than 

those which bind more strongly. In addition, there are 

reports that there is increasing firmness of union betweÉm 

antigen and antibody with passage of time (Boyd, 1940, 

Hougal et al, 1963, Bennett et al, 1963). This creates 

a problem of aChieving a satisfactory degree of dissocia­

tion. A good yield, in most cases, requires the use of 
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drastic conditions which may cause partial denaturation of 

the antibodies. A number of methods have been deve10ped 

for dissociating antigen-antibody complexes. Each has been 

designed with the hope of procuring a combinat ion of good-

yie1d and high purity. Some are applicable to a variety 

of systems, others are more restricted in their use. 

Nonspecific methods as changes in temperature and salt con-

centration, carbon dioxide, a1ka1i, acid, urea and more 

specific ones as enzymatic degradation of antigen and dis-

placement of antigen by simple haptens have given varying 

degrees of success. 

Dissociation by Changes in Temperature 

The reaction 1eading to comp1ex formation between 

antigen and antibody is exothermic. One wou1d, therefore, 

expect that with increased temperatures the tendency wou1d 

be towards dissociation (Boyd, 1966). Thus, cold agglutinins 

o adsorbed to washed erythrocyte stroma at 0 C have been 

e1uted at 370 C with saline to give an antibody preparation 

of high purity (Gordon, 1953, Fundenberg and Kunkel, 1957). 

Antibodies ta blaod group antigens h~ve been isolated by 

heating agglutinated erythrocytes to 56
0

C (Landsteiner and 

Miller, 1925). In general, the method is of restricted use, 
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since with most antigen-antibody systems the extent of 

dissociation is limited, high temperatUl::es must be used 

and the degree of purity is considerably reduced~ 

Dis'sociation by High Salt Concentration 

Dissociation of antibodies from specifie preci­

pitates and agglutinates by a high concentration of salt 

has had most success with the pneumococcus polysaccharide 

anti-polysaccharide system, and is probably applicable only 

,to carbohydrate systems. 

precipitates of pneumococcus polysaccharide and 

antipolysaccharide (Heidelberger and Kendall, 1936), as weIl 

as agglutinates of killed pneumococcus (Heidelberger and 

Kabat, 1938) have been dissociated wi th 15:' NaCl to give a 

preparation which was 80-10010 precipitable in most cases, 

and in a yield of up to 40%~ 

It has been suggested that salt at such a concentra­

tion causes a shift in the equilibrium so that free antibody 

is released (Kabat and Hayer, 1961" Heidelberger and Kendall, 

1936) • 

Dissociation by Carbon Dioxide 

Specifie precipitates have been dissolved with 

'aqueous carbon dioxide in the absence of salt at near neutral 
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pH (Tozeret al, 1962). Precipitates were mixed with aqueous 

carbon dioxide and carbon dioxide gas passed through the 

mixture for one to two hours. The dissolved preparation was 

chromatographed on carboxymethylcellulose colurnns equili­

brated with saturated aqueous carbon dioxide. Antibodies 

were eluted with sodium hydrogen carbonate solution. Yie1d 

was satisfactory but precipitabi1ity was low due to the 

presence of.antigen and subsequent formation of soluble 

. complexes. Approximately 97% of the total antibodies cou1d 

be accounted for suggesting that there was 1itt1e denatura­

tion. 

Dissociation by Alka1i 

Chickering (1915) and Chow and \'1u (1936) were 

among the fil::st to demonstrate tnat antibodies cou1d be dis­

sociated from a precipitate of pneumococcus polysaccharide 

and its specifie antiserum by treatment with dilute alkali. 

The alka1i-treated preparation was a1lowed to stand overnight 

then neutra1ized with acid. Antibody was recovered from.the 

solution by dialysis against 0.9% NaCl, and was 9010 precipi­

table by the nomologous antigen. 

A modification of the method was used for purify­

ing antibodies to e9g albumin (Liu and \'lu, 1938). Yield 
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was 40-50-' and it was 9b% precipitable. 

Uüder alkaline conditions dissolution of a pre­

cipitate occurs at about pH 11.0 but dissociation does not 

begin under pH 11.7 (Kleinschmidt and Boyer, 1952, Turner 

and Boyer, 1952). At pH 12.0 and above, alterations in 

the physical properties of the globulin are noticeable, 

and its reactivity with antigen is greatly reduced (Kabat, 

1939). It seems then, that alkalinity sufficient to give 

complete dissociation of antigen-antibody complexes causes 

alteration of the antibody globuline 

Dissociation by Acid 

Acid has been used extensivel~ for the dissociation 

of antigen-antibody complexes since the procedure was intro­

duced in 1923 by Ramon who used it to purify diphtheria 

.antitoxin. 

Since antigen and antibody molecules are probably 

charged (Singer, 1957) one v/ould expect them to be affected 

by changes in pH. This was substantiated when an antigen­

antibody complex was exposed to varying pH values and it was 

noticed· that as pH fell from neutrality increasing amounts 

of antibody and decreasing amounts of complexes could be 

detected. Dissociation is probably due to a shift in equi­

·librium giving free antibodies and soluble complexes. Since 

under these conditions complexes will react with dissociated 
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antibodies, optimum pH conditi.ons must be established for 

complete dissociation. In most cases a pH value of from 

3.0 to 2.3 is adequate; below this sorne breakdown of the 

molecules seems to occur (Kabat, 1939) • 

. Not aIl acids are equally effective in their 

ability to dissociate antigen-antibody complexes, sorne have· 

been found to give incomplete dissociation (Bennett and Haber, 

1963) and even at very 10w pH they faU. to dissociate anti­

bodies of certain systems (\'leliky et al, 1964). Other dis­

advantages include a considerable amount of denaturation if 

antibodies are allowed to remain in contact with acid for 

extended periods of time. Kabat (1939) found that horse 

pneumococcal antibodies treated at a pH lower than its 

isoelectric point aggregates nonspecifica11y. A simi1ar 

observation was made by Turner and Boyer, (1952) for diph­

theria antitoxine . This tends to reduce their efficiency 

since the net result is a decrease in yield. 

It seems also, that the activity of the recovered 

antibodies at least in sorne systems, is affected. Eag1e 

(1938) reports changes in bi010gical qua1ities of horse 

diphtheria antitoxin and horse pneumococcal antibodies 

.treated with formol and there is sorne suggestion that the 
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complement fixing activity of acid-treated rabbit pneumo­

coccal antibodies might be destroyed (Weil, et al, 1939). 

Antibodies dissociated below pH 3.8 showed partial or com­

plete loss of complement fixing ability as weIl as'decrease 

in mouse protective ability; there waS 4 however, no differ­

ence in the amount of precipitable nitrogen, a result which 

is not surprising since the antigen combining and complement 

fixing sites are now known to be on separate portions of the 

antibody molecule. More recently, Kelle~ and Sorkin (1965) 

"reported that agg~egated globulin which is known to fix 

complement (Ch~istian, 1960, Marcus, 1960) loses this 

p~opetty if aggregated by acid treatment. Despite these 

drawbacks, a survey of the literature indicates that acid is 

the most extensively used non-specifie dissociatingagent. 

Dissociation by Urea 

Urea has' a solvent action on protein bringing 

them into solution without entering into chemical combinat ion 

(Burk and Greenberg, 1930, McMeckin et al 1949). It is also 

capable of breaking hydrogen bonds, and in view of the pos­

sible implication of hydrogen bonding in antigen-antibody 

reactions it was natural that the usefulness of urea as a 

'dissociating agent should have been investigated. 
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Early studies with egg albumin anti-egg albumin 

and diphtheria anti-diphtheria systems (Kleinschmidt and 

Boyer, 1952, Turner and Boyer, 1952) revealed that precipi­

tates could be dissolved by a 2 molar urea solution at pH 

9.8. Dissociation, however, cou Id be initiated only at 

pH 10.75. To obtain any significant amount of dissociation 

higher pH values were necessary and this was accompanied 

by denaturation. A more recent study (Bata et al, 1964) 

showed that urea not only inhibits precipitation but at 

high concentrations will dissociate antigen-antibody com­

plexes at near neutral pH. Treatment of a specifie preci­

pitate with 6 molar urea gave about 20~ dissociation. The 

degree of dissociation seemed to be influenced by the com­

position of the precipitate, being greatest in the zones of 

antigen and antibody excess. It \"as suggested that this 

might be an indication that urea acts more effectively on 

loose aggregates. 

Interpretations of the mechanism of urea dissocia­

tion are conflicting. Karush (1958) and Nisonoff (1959) 

reported that in the presen'ce of urea, rabbit antibod'ies 

ta various hapteris lost their binding capacity, but this 

was restored when the urea was removed. Karush attributes 
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this action to a reversible disruption of the configuration 

of the antigen combining sites, while Nisonoff explains it 

as a direct competition of urea for these sites. Another 

suggestion ls that urea does not break bonds to release 

free antibody and antigen but rather breaks up the pre­

cipitate into soluble complexes which can be separated by 

ion-exchange. This suggestion was based on results from 

experiments in which specifie precipitates formed with 

fluorescein labelled antigen and dissolved in 8 rnolar urea 

were chromatographed on diethylaminoethyl (DEAE) cellulose 

and found to contain about O. 6~" antigen. Similar findings 

have been reported for other systems when fluorescein 

labelled antigen was used (Bennett and Haber, 1963). The 

fact that complete dissolution of precipitates can occur 

under conditions which are not adequate for dissociation, 

suggests that the interactions between aggregates leading 

to precipitate formation may be weaker than the primary 

interactions (Kleinschmidt and Boyer, 1952), and it is pos­

sible that the formation of soluble complexes may, in 

general, be the first step in dissociation of antigen and 

antibody. 

Yields of antibody obtained by urea dissociation 

are usually !m'/er than those,obtained by acid elution, but 
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urea has the advantage that it can be rernoved by dialysis 

without causing denaturation to the antibodies. 

Dissociation by Enzymic Degradation of Antigen 

In 1946 E'i~iner and co-workers showed that if an 

aggregate of Micrococcus lysodeikticus and its specifie 

antibodies was treated with lysozyme, free antibodies could 

be demonstrated in the supernatant. The objective of their 

experiment was not.purification of antibodies, but it 

revealed the possibility of adopting the technique to this 

purpose. 

Dissociation of antigen-antibody complexes by this 

method has not had wide application, and its use is restric­

ted to systems \lIhere there are specifie degrading enzymes 

for the antigen or hapten. However, a preparation reported 

to be 80-9010 precipitable was obtained by treating a preci­

pitate of·dextran-antidextran with a small amount of dex­

tranase (Kabat, 1954). The precipitate dissolved as the 

dextran was digested to produce oligosaccharides which were 

rernoved by dialysis. The method was also applied to the 

preparatiop of pneumococcus anti-polysaccharide antibodies 

which had been precipitated with dextran (Swineford et al, 

1959). 
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Dissociation by Haptens 

The usefu1ness of haptens for dissociating immune 

complexes is based upon their abi1ity to combine'with anti­

bodies but not precipitate them. The princip1e is'one of 

competition between hapten and the determinant of antigen 

for antibodies. Antibodies which have a stronger affinity 

for the hapten thanfor the antigen are disp1aced to form 

soluble hapten-antibody complexes. Haptens of high affinity, 

used in high concentrations will dissociate antibodies from 

antigen completely or nearly so, but their subsequent remova1 

from the antibodies is likely to be difficu1t (Karush and 

Marks, 1957, Farah et al, 1960). A partial solution to 

the problem is the displacement of strong1y bound haptens 

by less strongly bound ones (Saha et al, 1966) which can in 

turn be removed by dia1ysis .(Kap1an and Kabat, 1966), gel 

filtration on Sephadex (Basset et al, 1961), o~ a combination 

of gel filtration and ion-exchange chromatography on DEAE­

Sephadex (Saha et al, 1966) or Dowex (Pdrah et al, 1960). 

Haptens of low affinity will dissociate only a 

fraction of the antibodies precipitated, and this represents 

a selected population of molecules which have a higher affin­

'ity for the hapten but in general they seem to offer a 

satisfactory compromise. 
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Yie1ds and purity are genera11y high, out in most 

instances antigen is not comp1ete1y removed (Karush and 

Marks, 1957, Farah et al, 1960) and subsequent remova1 of 

hapten resu1ts in precipitation ~f sorne antibody. 

4. Separation of Antibodies from Antigen 

Antibodies which have been dissociated from antigen 

can be iso1ated by centrifugation if the antigen is insoluble. 

or by selective precipi~at~on if antigen and antibody have 

different physica1 properties as differences in mo1ecu1ar 

sizes, solubi1ities in the presence of certain compounds, or 

at certain electro1yte concentrations. Viruses have been 

separated from their antibodies by centrifugation (Is1iker 

and strauss, 1959) anti-hapten antibodies precipitated with 

a high concentration of salt leaving the hapten in solution 

(Karush and Marks, 1957) and pneumococcus polysaccharide 

precipitated as an insoluble complex of calcium (Heidelberger 

and Kabat, 1939)'. 

In general, when antigens are soluble, separation 

from their corresponding antigens after dissociation of an 

antibody-antigen complex is more difficult. Separation is 
, , 

facilitated when the antigens have been modif,ied so that 

they become insoluble during dissociation, or when they 

have been made insoluble by cou~ling them to insoluble 

materials'. 
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An attempt to solve the problem of separation 

was made by Sternberger and~essman (1950) who modified the 

antigen by diazotization prior to reacting it with antibody. 

Such azoproteins will·precipitate antibodies to native 

protein, and their acidic groups will combine with aluminum 

at alkaline pH to form insoluble salts. Antigen-antibody 

precipitate was therefore dissociated at pH 12.0 and anti­

gen was precipitated by adding a calcium aluminate suspen­

sion. Haurowitz and co-wo~kers (1947) took °advantage of the 

fact that azoproteins precipitate nonspecifically at pH below 

4.0 to prepare antibodies in high yield. 

A somewhat similar, but more general technique was 

developed by Singer, Fothergill and Shainoff (1959). Antigen 

was first reacted with a sulphur compound to produce a thiolated 

antigen. \1hen a precipitate: formed with this modified anti-

gen and its antibody was dissociated at acid pH and a bi­

functional organic mercurial - 3,6 bis (acetoxymercurimethyl) 

dioxane (MDD) - 'tlas added, a cross l.inkage formed between 

the sulphydryl and mercuric groups. The product is insoluble 

and precipitates leaving the antibodies in solution •. 

Thiolation did not alter the structure of the protein 

·appreciably, and the antibodies recovered were 90% of the 
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maximum p:recipitate obtained with the nat"ive p:rotein. Pu:rity 

of antibodies p:repa:red in this ~lay rnay be as high as 98%. 

A novel app:roach to the p:roblem was used by .b",J.:rah 

et al (1960) who used streptomycin to remove dinittophenyl­

BGG (DNP-BGG) f:rom the antibody p:repa:ration. Streptomycin 

fo:rms insoluble salts with proteins that a:re polyanionic and 

it has been suggested that the use of st:reptomycin might be 

extended to othe:r antigen-antibody systems if the antigen 

can be made more anionic by app:ropriate substitutions, with-

'out alte:ring its antigenic determinants. 

Synthetic antigens have been separated by ion­

exchange chromatography on DEAE-cellulose (Slobin and Sela, 

1965) DEAE-Sephadex and Carboxymethyl-Sephadex (Freedman et 

al, 1966) or by alteration in pH resulting in precipitation 

(Basset et al, 1961). Hith ,ion-exchange chromatography the 

principle was based on the fact that under the conditions 

of the experiment, at neutral pH the antigen had a st:rong 

affinity for the resin and remained fi:rmly fixed to the 

uppe:rmost pa:rt of the column ,.,hile antibody was :readily 

eluted. It was suggested that the method might be applicable 

to anti-protein antibodies \·,here the antigen has a suffi­

'ciently different charge from the antibody or where the 
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chaxge on the p~otein can be altexed without dxastically 

affecting its antigenic pxope~ties. 

If antigen is attached to insoluble suppoxts which 

axe suitable fox chxomatog~aphic opexations, dissociation 

and sepaxation a~e accornplished simultaneously. Antibodies 

axe eluted as t~ey axe dissociated and only ~emoval of the 

dissociating agent fxom the pxepaxation is xequixed fo~ com­

pletion of the p~ocedu~e. Haptens a~e usually xemoved by 

ion-exchange chxomatog~aphy o~ dialysis, and uxea by dialysis. 

Acids and alkali a~e pxomptly neutxalized followed by 

dialysis against an appxop~iate buffe~ solution to adjust 

pH and ionic concentxation. 

B. Development of Specifie Puxification Methods 

1. Dissociation of Precipitates and Agglutinates 

a. Dissociation of P~ecipitates 

Attempts at isolation of antibodies from immune 

se~a probably began with the work of Gay and Chickering 

(19l5) • Their puxpose was t\vofold.
o 

Fir st they wanted 

to investigate the nature of the "protective bodies" 

and second, they thought that fox therapeutic purposes 

a preparation lm'; in p~otein content would reduce the 
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incidence of se~ume sickness which often accompanied the 

administ~ation of antise~um p~epa~ed in ho~se. ' They dis-

.l> 
cove~ed that a p~ecipitate fo~med .between an ext~act of 

pneumococcus and its specifie antise~um had a low p~otein 

content. This was an indication that the "P~otective 

bodies" comprised only a small f~action of immune se~um. 

Sho~tly after Chicke~ing (1915) found that the supe~natant 

f1uid f~om a p~ecipitate suspended in a no~ma1 salt solu-

'tionand heated for one hou~ at 420C gave p~otection, but 

not if it we~e allowed to stand at room tempe~atu~e for 

twenty fou~ hours. Fu~the~more, if sodium ca~bonate we~e 

added befo~e heating, the suspended pa~tic1es f10cculated 

and late~ sett1ed leaving a clea~ supe~natant fluid which 

had enhanced p~otective capacity and contained precipitins 

and agglutinins. Howeve~, the p~epa~ation contained a 

substance which p~oduced active immunity, suggesting the 

presence of antigen. 

The method was 1ate~ ~einvestigated by Fe1ton ' 

(1932) who found that the t~eatment inc~eased the solubi1ity 

of the p~ecipitate but that no ~ea1 dissociation occu~~ed. 

Ite a1so investigated the use of st~ontium hyd~,oxide fo~ 

dissociation and st~ontium and calcium phosphates for 
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precipitating the specifie soluble substance, and was able 

to get up to 80% dissociation. Thus, these workers showed 

that it was possible to dissociate specifie precipitates 

of antibodies and antigen and thereafter separate one from 

the other. 

This realization prompted a f1urry of work, most 

notab1y that of Heidelberger and his co-workers (1932, 1935a, 

1936, 1940) ·who made extensive studies on the precipitation 

reaction, and introduced its use for the quantitation of 

antibodies in immune scra. 

As deve10ped by previous workers, dissociation of 

precipitates was applicable on1y to a p01ysaccharide-protein 

system, but it was 1ater extended to the protein-protein 

system. This probab1y rnarked the first notable advance in 

specifie antibody purification. 

b. Dissociation of Antibody from Cellular Antigens 

Sorne antigens are natural1y present as constituents 

of insoluble partic1es and have been used for iso1ating ~nti­

bodies without the prob1ern of separation encountered with 

ao1ub1e an~igens. Intact bacterial cel1s have been used to 

adsorb specifie antibodies from antisera and the antibodies 
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eluted by an agent which will nùt dis~upt the bacte~ia 

(Huntoon, 1921, Heidelbe~ge~ and Kabat, 1938, Lee and Wu, 

1940, Robbins et al, 1965). Because of the cornplexity of 

bacte~ia, antibodies a~e p~oduced to a va~iety of anti­

genic dete~rninants. Adso~ption with whole o~ganisms how­

eve~, will ~emove only antibodies to su~face antigens, and 

so this method is usefu1 only when this type of antibody i9 

~equi~ed. 

Isoagglutinins too have been adso~bed to e~yth~o­

cytes and e1uted by heating at 560 C (Landsteine~ and Mi1le~, 

1925), but because of the f~agility of e~yth~ocytes it i9 

difficu1t to get a preparation of high purity un1ess the 

ce11s have been rnodified. Boi1ed red cel1s, for exarnple, 

retain their ability to adsorb specifie agg1utinins and give 

better resu1ts (Isliker, 1957). A more effective procedure 

is the use of exythrocyte stroma (Is1iker, 1953). stroma 

treated wi th foma1dehyde was cornbined \'/i th an anion exchange 

resin for columnar operations. The stroma was bound to the 

xesin presumab1y by electrostatic att~action and at an ionie 

strength of 0.15u stroma-resin complex was insoluble; With 

slight modification the rnethod was used to isolate complete 

.and incomplete Rh antibodies. 
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Tissue 10ca1izing antibodies l1ave been prepared 

by adsorption to and e1ution from specifie tissues. 

Antibodies to rat 1ung, kidney and spleen tissues were 

prepared in rabbits by injection of tissue extracts. 

They were radioiodinated and purified by adsorptïon to 

the corresponding rat tissues, and subsequent e1ution uy 

heating at 600c (Korngold and Pressman, 1953) or by acid 

at pH 2.4 (Tsuzuku et al, 1967). Acid e1ution resu1ted in 

diss01ving fewer tissue components than did heat elution. 

In both cases antibodies, when reinjected, 10calized prefer­

entially in the organs against which they were produced. 

2. Physical Entrapment of Antigen into Gels and Adsorption 

to Insoluble Supports 

Bernfeld and Wan (1963) prepared cross-linked 

polyacrylamide gels with ant.igens entrapped within the 

1att ice. H:>\<lever 1 . small amounts of proteins leaked out 

from the gel even after exhaustive washing, limiting the 

use of the method. 

A more useful method was the adsorption of soluble 

antigens to the surfaces of insoluble substances making 

the~ artificially insoluble. AYtificial1y prepared com-
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plexes of soluble antigens and erythrocytes have been widely 

used in serological reactions to investigate the presence 

of small amounts of antibodies in sera (Neter, 1~s6). 

Erythrocytes have not·been generally used as an in~oluble 

support for antigens except for the purification of anti­

bodies to those viruses which interact naturally with ery­

throcyte membrane. .On the basis of this property, antibodies 

to Influenza PR 8 virus have been isolated by reacting the 

virus with erythrocyte stroma at 40C to produce a stroma-

.virus cqmplex which was al10wed to adsorb antibodies. At 

370C the virus-antibody complex elutes spontaneously from 

the stroma. The comp1ex was dissociated either at pH 7.5' and 

antibody precipitated by a polyelectrolyte, or at acid pH and 

the virus removed by high speed centrifugation (Isliker and 

strauss, 1959, Is1iker, 1954). A disadvantage of the method 

was the loose union hetween virus and stroma which was ref1ec­

ted in a partial dissociation when in contact with antibody, 

but recovery of antibody was about 55~ and purity from 70-90~. 

Other forms of insoluble supports have long been 

used for soluble antigens. Porter and Pappenheimer (1939) 

studied the antibody-antigen reaction on built up stearate 
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films. The teaction was specific since antibody would not 

adsorb to the films in the absence of antigen. Vekerdi 

(1955) studied the reaction by reacting antigen-coated char­

coal and glass powder 'with antibody whi1e Bruijn (1956) used 

Chamberland filters to adsorb non-precipitating antibodies 

from syphi1itic serum. Bentonite, a type of aluminum sili­

cate clay which has ·cation exchange properties has been 

widely used for the adsorption of antigenic material in cer­

tain sero10gical reactions such as diagnosis' of trichinosis 

(Bozicevich et al, 1951), detection of rheumatoid factor 

(Bozicevich et al, 1958), detection and measurement of anti-

bodies to DNA in lupus erythematosns (Bozicevich et al, 1960). 

Latex partic1es have been used in a similar manner and were 

first employed by Singer and Plotz (1956) for the detection 

of rheumatoid factors. 

Glass has been treated so that antigen adheres 

irreversibly and can be used to adsorb antibodies (Sutherland 

and Campbell, 1958). Although ther.e is sorne non-specifie 

adsorption and capacity is low it was calculated that the 

method could yield sufficient amounts of antibody for' analyt­

ical data especië:l1ly when there is a low concentration of 

antibodies or limited amount of antiserum. 
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The use of antigens adsorbed to insoluble supports 

had the advantage that antibodies could be separated with 

greater ease from antigens after dissociation. However, it 

also haq severe limitations. Antigens are adsorbed non­

specifically and the strength of the linkage between antigen 

and the carrier is questionable. It is possible therefore, 

that while under a given set of conditions no active protein 

is eluted, a change in ionic strength, pH or temperature " 

might bl:ing about desol:ption of antigen to c"ontaminate the 

antibody pl:epal:ation. 1·1oreover, only small amounts of anti­

gen can be adsol:bed, so that the capacity to remove anti­

bodies from solution is limited. 

3. Immunoadsorbents 

In the search fOl: a method of purification which 

would allow clean, easy sep~ration of antibodies from 

soluble pl:otein antigens after their dissociation, it was 

suggested (Campbell et al, 1951) that attachment of antigen 

by chemical linkage to an insolubl~ carrier might provide 

a solution. The basic idea was that a specifie reacting 

group anchored covalently to an inert, insoluble material 

could react with its cornplementary material and remove it 

"from solution without contaminating the preparation provided 
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the covalent l.inkages formed are such as not to be broken 

under the conditions of elution. Thereafte~, a number of 

methods for the preparation of immunoadsorbents - as these 

preparations carne to be known - were developed1 many of 

them for specific purposes, or as attempts to overcome dif­

ficulties encountered in the application of existing methods 

(Weliky and Weetall, 1965). 

a. Properties 

The use of immunoadsorbents for purifying anti­

bodies from protein mixtures has the advantage that it 

requires only the primary interaction of antibody and anti­

gen thus eliminating the problem of soluble complex forma­

tion. In addition, it is particularly useful when the con­

centration of antibodies is too small, or their properties 

such that they cannot be isolated by the conventional . 

precipitin techniques. Non-precipitating antibodies repre­

sent such a class (Carter and Harris, 1967). 

Other properties of immunoadsorbents are probably 

best discussed by enumerating sorne of the criteria which 

should be met by a good adsorbent: 
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It should be insoluble, and soluble antigens should be 

fixed to it by covalent bonding. 

2. The capacity, avidity and specificity of antigen fox 

antibody should not be impai~ed by its linkage to the 

ca~xie~ substance. 

3. The insoluble suppo~t by itself should not adso~b 

plasma p~oteins, but if small amounts a~e adso~bed, they 

should be easily ~emovable by washing. 

4. The adso~bent should have a high capacity fo~ antibodies, 

and sho~ld ~elease quantitatively the adso~bed anti­

bodies without significant change in thei~ activity. 

5. It should possess mechanical p~ope~ties which allow its 

~eady ~emoval f~om a ~eaction mixtu~e, and p~efe~ably 

pe~mit its use in columna~ ope~ations. 

6. It should be stable with time ~etaining biological 

activity during use and sto~age. 

Since the antigenic determinants of natural anti­

gens a~e unknown, it is conceivable that the coupling ~eac­

tions may on occasions involve the dete~minants themselve8, 

or closely situated ~roups, resulting in ~eduction o~· com­

plete loss of antibody binding capacity (Sehon, 1967). The 

.usefulness of a particular method of modifying the antigen i8, 
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the~efo~e, gove~ned by the type of antigen and has to be 

dete~mined individually. 

b. p~ epa~ at ion 

1.' Covalent Linking Reactions 

Binding of biologically active proteins to insoluble 

carriers by covalent bonds is car~ied out through functional 

groups on the p~oteins which a~e non-essential for thei~ 

biological activities and should be pe~formed under condi­

tions which will not cause denaturation. 

The functional groups of proteins suitable for 

covalent binding under mild conditions include alpha and 

epsilon amino groups, alpha, beta and gamma carboxyl groups, 

sulphydryl and hydroxyl groups of cysteine and serine res­

pectively, the imidazole group of histidine and the phenol 

ring of tyrosine. Amino groups react readily with acylating 

and alkylating agents, aldehydes, isocyanates and diazonium 

sa1ts; hydroxy1 groups with acy1ating agents, su1phydryl 

groups with organomercUl:ia1 compounds and a1ky1ating agents 

and imidazo1e and phenol groups with diazonium sa1ts (Si1man 

& Katcha1ski, 1966). 

Chemical binding of proteins is very frequently 

done through acylated and ary1ated groups by diazonium 
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·e. linkage. Binding is effected by using ca~~ie~s containing 

suitably acylated g~oups such as aeyl halides, acid 

anhyd~ides, aetivated ca~boxylie g~oups. In addition, amine 

g~oups of p~oteins ean be aeylated or a~ylated so that new 

funetional g~oups ean be inse~ted and used fo~ binding to 

the e~~ie~. Binding through polydiazonium salts has the 

advantage that it ean be pe~fo~med ~apidly even at low tem-

pe~atu~es and in neut~al aqueous solutions. 

2. Suppo~ting Media 

Polyroe~s used fo~ p~epa~ation of irnmunoadso~bents 

a~e those whieh have g~oups that ean be eoupled covalently 

. 
to p~oteins unde~ conditions that a~e known to induee sueh 

chemical ~eactions. In making a choice of a given ca~~ie~ 

to be used, it must be ~ealized that a functional g~oup 

which is highly ~eactive in low molecula~ weight compounds 

may be less ~eactive when il1co~po~ated into a polyroe~. 

Mo~eove~, the ca~rie~ may alter the environment so that the 

strength of inte~action bet\veen insoluble antigen and anti-

body is affected, and consequently the degree of elution of 

adsorbed antibodies may also be affected. 

Physical prope~ties of the carrier have also to 

be considered. SolubiIity, mechanical stability, swelling 
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cha~acteristics, surface a~ea, elect~ical ·charge, hydro­

phobic or hyd~ophilic natu~e all play a ~ole in dete~mining 

the maximal amount of p~otein which can be covalently bound 

and the stability and biological activity of the insoluble 

p~oduct. Highly c~oss-linked polyrne~s have high ffiGchanical 

stability, but a rno~e loosely linked polyme~ netwo~k is ta 

be desi~ed since it allows more ready access of antibody 

to antigen •. 

The chernical natu~e of the ca~~ier will affect its 

affinity for a given p~otein and subsequently its ability 

t.o bind tnat p~otein. Of pa~ticular importance is tne 

ability of the ca~~ier to adsorb proteins or other compounds 

by non-covalent bonds. This may cause physical adsorption 

of the biologically active protein during the coupling reac­

tian, and nonspecific adsorption of various ot[~r materials. 

Among the insoluble carriers frequently used are: 

cellulose and its derivatives; polystyrene, red blood cell 

stroma, and synthetic polypeptides. 

a. Cellulose Adsorbents 

Cellulose is a plant fib~e coroposed of linear poly-

me~s of ~ - D-glucose. It is hyd~olysed when boilüd in· 

strong acids, but its insolubility is not appreciably 
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affected by di lute acids. 

Except for end groups, there are three reactive 

hydroxyl groups per glucose unit to which coupling of a 

particular substance may be do ne directly, or derivatives 

made by addition of other groups \-/hich may undergo further 

reactions. 

The reactivity of the cellulose will depend on 

the extent to which a solvent penetrates its fibres and the 

past history of the resin, such as its expos'ux:e to solvents 

and high tempex:ature and the method of regeneration. Its 

physical px:opex:ties wi~l be determined by the changes its 

hydroxyl gx:oups have undex:gone. Hydroxyl groups undergo the 

usual reactions of alcohols forming such dex:ivations as 

esters, ethers, halides, amines and urethanes sorne of which 

are frequently used as intex:mediate px:oducts of synthesis 

(\veliky and \'7eet aIl, 1965). 

As early as 1932 Landsteinex: and Scheer demon­

stx:ated that synthetic dipeptides c~uld be coup1ed to 

proteins thx:ough diazonium bonds without 10ss of antigenicity. 

They couplecl haptens to erythx:ocyte stroma and used the con­

jugates to adsorb homologous.and heterologous antibodies 

·(Landsteiner and Scheer, 1936). A similar px:ocedure was 
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used by Campbell and his co-wo~ke~s (1951) to develop the 

fi~st weIl cha~acte~ized cellulose immunoadso~bent. Cellulose 

was t~eated with p-nit~obenzyl chlo~ide' followed by ~eduction, 

diazotization, a.nd coupling to bovine se~um-albumin (BSA). 

The p~ocedu~e was tedious and complicated, but yielded a 

p:roduct which gave an antibody pJ:epa~ation of high pu:rity and 

p:recipitability afte:r elution with hyd:rochlo:ric acid at pH 3.0. 

A modification of the method in which un:reacted 

f:ree diazonium sites we:re blocked with ~ -naphthol was late~ 

used to p:repa:re immunoadso:rbents of BSA (vleetall and vleliky, 

1964, Halley and Campb~ll, 1963), human gamma globulin 

(~'leetal and v.!eliky, 1964, Talmage et al, 1954, vlebb and 

LaP:resle, 1964), :ragweed pollen ext:ract and Timothy pollen 

ext:ract (Ma11ey and Campbell, 1963). AIl p:repa:rations we:re 

.at least 80% p:recipitable by thei:r antigens, but the modifi­

cation :resu1ted in inc:reased nonspecific binding at 10w pH. 

'l'he method was fu:rthe:r modified by Gu:rvi tch (1961) 

and used by Mougal and Po:rte:r (1963). Cellulose was t:reated 

with N (M-nit:robenzyloxy)-methyl py:ridinium chlo:ride at 

1250(: followed by :redl.lction of the nit:ro gJ:oups to p:roduce 

"amino cellulose". The latte:r was dissolved in a solution 
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of cupl:ic ammonium hydl:oxide fl:om which it was pl:ec1p1tated 

by acid as a suspension. Such a tl:eatment gl:eatly incl:eased 

the sUl:face al:ea so that the arnount of antigen fixed was 

incl:eased, and an immunoadsol:bent of extl:emely h1gh capacity 

was produced. The method was used to produce adsorbents of 

gamma globulins, albumins of various animal sources, and 

liver and brain extracts (Gurvitch, 1964). 

Proteins and haptens containing basic amino groups 

have been coupled directly ta carboxymethylcellulose (CMC) 

in the pl:esence of a tetrahydrofuran solution of N, 

N-dicyclohexylcarbadiimide (DCC) (\yeliky et al, 1964, Weetall 

and We1iky, 1964). The reaction was believed to involve 

acid activation and was found to go to a greater extent at 

pH 3.5 to 5.0. The coup1ing is probab1y due to the fOl:ma­

tian of an amide bond between the amino group of the protein 

and the carboxy1 group of CMC. BSA, human gamma globu1in, 

keyho1e limpet helnocyanin, E - DNP-lysine and p (pl amino­

pheny1azo) pheny1arsonic acid have been coup1ed by this . 

method. Recovery of antibody froID such adsorbents ranged 

froID 20A to 6010 and purity was greater than 90~. An advan­

tage of the method is that no blocking of groups is required. 
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The method has been modified <\"leeti'\ll and Weliky, 1964), 

by first coupling benzidine to CM-C in the presence of a 

tetrahydrofuran ,(TH~') solution of DCC. The tes\,llting 

arylaminocellulose obtained was coupled to BSA and unreacted 

diazonium groups were blocked with ~ ~ naphthol. Nonspecific 

adsorpt ion was higher than when Ct-1C was coupled directly, 

and seemed to be de~endent on the number of ~ -naphthyl 

groups present. DCC has also been used in the preparation 

0f a benzenearsonic acid cellulose derivatiye (Vannier et al; 

1965). Tyrarnine was first coupled to CMC in the presence of 

DCC, and the product coupled to diazotized p-arsanilic acid. 

The immunoadsorbent had a high capacity and yields were good. 

A somewhat different procedure was developed for 

the preparation of immunoadsorbents for isolating anti­

hapten antibodies (Ler:man, 1953, Kreiter and Pr:essman, 1964). 

powdered cellulose in henzene was br:ominated by refluxing 

over: phosphorous tribr:omide, followed by ethetification' 

with resorcinol and coupling to diazotized p-benzenearsonic 

acid. The adsorbent had a capacity of 2 milligram antibody 

protein per millilitre of adsorbent. Recovery was effected 

by a gradierit or stepwise elution with increasing concen­

trations of a specifie hapten solution. 
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An efficient adsorbent was recently prepared from 

an arylamino cellulose derivative with the use of an "active" 

ester of N-hydroxysuccininimide (Behren's et al, 1967). The 

starting material was commercial aminoethyl cellulose which 

was treated with sodium hydroxide and N,N-dimethyl formamide 

to increase its reactivity. Unreacted amino groups were 

blocked by acetylation and nitro groups were reduced. The 

amine aryl derivative was then diazotized and coupled to 

BSA. Any unreacted groups present were blocked with glycine. 

Antibody binding capacity was high and purity was between 80 

and 90,'. Using r 13l 
BSA i t was shown that about O. 2% of the 

antigen was eluted. Nonspecific adsorption was 1 to 210. 

Aminoethylcellulose has also been coupled to 

6-trichloromethyl purine in a tetrahydrofuran-water mixture 

.at pH 10-10.5 to produce an adsorbent for the isolation of 

purine specific antibodies. (Weetall and W~liky, 1965). 

Antibodies were eluted with hydrochloric ac?-d pH 2.3, the 

yield was 82/0 and the preparation was 89~ precipitable •. 

The procedure is applicable to the isolation of antibodies 

to any -purine or pyrimidine capable of being converted to 

a derivative which can be coupled to an amine group. 

An immunoadsorbent prepared from bromacetylcellulose 
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was developed by Jagendorf and co-woxkexs (1963) and used by 

Robbins et al (1967) for isolating antibodies to pxoteins, 

syllthetic polypeptides and haptens, and by Haimovich (1967) 

for isolating anti-human IgG antibodies. powdexed cellulose 

was treated with bxomacetic acid in dioxane, and bromacetyl 

brornide. Antigen was reacted with bromacetyl cellulose in 

a phosphate-citxate buffex, at which stage antigen was 

physically adsoxbed. Antigen adsorption was pH dependent 

and varied with the particulax antigen. The xesulting product 

was adjusted to pH 8.9 when chernical bonds were formed. 

Unreacted brOlnine was blocked by treatrnent with ethanolarnine, 

and any antigen bound noncovalently was xernoved by txeatrnent 

with 8M urea. Antibodies were eluted with O.lM acetic acid 

pH 2.3 and by specifie hapten (Robbins et al, 1967). Yields 

.varied from 40% to 90fg and antibodies were about 90% preci­

pitable. Nonspecific adsorption was low but the pxeparation 

contained 3 ta 5 rnilligrams of antigen pex gxarn of adsoxbent. 

In general, the versatility of cellulose and the 

variety of reactions it can undergo make possible the coupling 

of a vast number of pxoteins. Adsoxbents prepared fJ:orn 

cellulose have high capacities and low nonspecific adsoJ:p­

tion, and it rnight be that hydxophilic polyroexs are rnoJ:e 
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efficient suppo~ting mate~ials than a~e hyd~ophobic mate~ials 

such as polyaminosty~ene which has a capacity about thi~ty 

times lowe~ than that of cellulose (Sehon, 1967)· and non­

specifie adso~ption as high as 28%. One disadvantage ~epo~­

ted with cellulose adso~bents is the tendency to ~etain 

'tightly bound' antibodies (Le~man, 1953, Bennett et al, 1963), 

but this might be ove~come if antibody is allowed to~emain 

complexed with antigen fo~ a minimum pe~iod of time (Weliky· 

et al, 1964). 

b. Ion-exchange Resins 

The investigation of ion-exchange ~esins as sup­

po~ting media in ·the p~oduction of immunoadso~bents has 

been ~epo~ted (Islike~ and St~auss, 1954, Islike~, 1953, 

1957). Human se~um albumin (HSA) and PR 8 Influenza vi~us 

we~e caupled to the acid chlo~ides of ion-exchange ~esins 

and ta diazotized sulfonated ~esins, a t~eatment which wholly 

o~ pa~tially dep~ived the ~esins of thei~ ion-exchange p~ope~­

ties. Antibodies we~e ~ecove~ed by. acid elution in high 

yields, but the ~esults va~ied with the batch of conjugate 

used. Apart f~om the wo~k of these autho~s, the~e seems to 

be no othe~ ~epoit of the use of these ~esins in the prepa~a­

tion of immunoadso~bents. 
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c. Polyaminostyrene 

Polystyrene is a nonpolar compound devoid of ion­

exchang~ propelties. POl this Ieason its use as a suppolting 

medium fOI soluble antigens was investigated in an attempt 

to Ieduce non-specific adsolption associated with cellulose 

.and otheI ion-exchange Iesins. 

Polystylene was nitlated and Ieduced to ploduce 

polyaminostYlene. The latteI was diazotized and coupled to 

antigen and flee unleacted diazo groups wele blocked with 

glycine. Antibodies to nOlmal hum an serum (NHS), human selum 

algumin (HSA), bovine selum albumin (BSA) and wateI soluble 

extract of Iagweed pollen (V/SR) (Gyenes et al 1958, Gyenes 

and Sehon, 1960, vlebb and LaPlesle, 1961) Rous Salcoma ViIUS 

(Chubb, 1967), human gamma globulin (HGG) (OIeskes, 1966) 

.'\Tele pUlified using acid elution at pH 3.0. Recovely valied 

with the oatch of polyaminostYlene, and flequently the ad­

sOIbents displayed a high deglee of nonspec~fic binding of 

selum ploteins. HoweveI, witn a commelcial plepalation in 

which tne nUIDJ.JeI of amino gIoupS wele unknown, Iecovely was 

35~ and· purity H2;1o. Tnese findings cOllelated with those of 

Yagi and Plessman (1959). 

The capacity of polyaminostYlene Iesins to adsolb 



- 50 -

antibody seems to depend on the numbe~ of amino g~oups int~o­

duced, highly substituted p~eparat10ns we~e less efficient. 

This m1ght be due to the pa~ticipation of active antigenic 

sites in linkage (Yagi et al, 1960). ' Howeve~, ptepa~ations 

with ~educed amine g~oups we~e ha~d to wet and the~efo~e, 

inconvenient ta use. 

The h1gh nonspecific adso~ption of these ~esins 

might be explained by the obse~vation that p~epatations in 

\'lhich diazo g~oups we~e blocked wi th ~ -naphthol could st ill 

tightly bind a conside~able amount of antigen which was fa und 

to be not chemically bound. Physically adso~bed antigen had 

an antibody adso~bing capacity simila~ to chemically bound 

antigen (Yagi et al, 1960, Richte~ et al, 1962, Dalo~me et al, 

1962). This finding casts unce~tainty about the natu~e of 

the effective antigen on chemically coupled antigen ~esins. 

It ls possible that the'activity of the ~esin may be due to 

a g~eat extent to physically adso~bed antigen existing with 

chemically coupled antigen, a situation which could make, 

these adso~bents unfavou~able fo~ antibody pu~ification. 

d. Insoluble P~otein Polymers 

Insolubilization of biologically active p~oteins 

can be accomplished by the use of bi 'o~ multifunctional c~oss­

linking ~eagents to p~oduce immunoadso~bents of high capacity. 
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The reaction may occur by two methods, namely: formation of 

a three dimensional network as a result of intermolecular 

cross-linking of the protein and binding of the protein to 

an insoluble carrier. Cross-linking reagents are of two 

classes: IIhomo ll bifunctional reagents possessing two iden-

tical functional groups as bisdiazobenzidine (BDB) and 

"hetero" bifunctional reagents possessing two different 

functional groups. B~cause of the different chemical reac-

tivities of the two functional groups the latter are par-

ticularly useful in binding proteins to suitable native and 

synt,hetic carriers. Thus, an insoluble protein polymer was 

prepared (Onoue et al, 1965) by the introduction of sulphydryl 

groups into rabbit serum albumin by reaction with S-acetyl-

mercaptosuccinic anhydride at pH 8.0 followed by alkaline 

.hydrolysis of the S-acetyl group. The reaction sequence is 

envisaged as: 

-NH2 + CH3 -CO S - CH - CO, CH3-CO~-CH - CONH 
1 0 > 1 
CH2- CO""" CH2- COOR 

(Protein) (Mercaptosuccinic 
Anhydride) 

The resulting modified protein \-las insoluble at below pH 4.5 

- 4.0. The acetyl group on the mercaptosuccinyl residue was 



- 52 -

removed by adjusting the pH to 11.5 and the product was 

cross-linked with the trifunctional reagent tris (1 (2-methyl) 

aziridinyl phospho oxide) (MAPO) to give a product which 

became insoluble during cross-linking over a pH range of 2.0 

to 9.0. p-Arsanilic acid, BSA and insulin were diazotized and 

coupled to the insoluble RSA polymer and used· to remove spec­

ifie antibodies from inunune sera. The adsorbent had a capa­

city of up to one gram of antibodies per gram of adsorbent 

in some~stems. Recovery was ao~ and purity upward of 90%. 

Serum proteins have also been insolubilized for use 

as adsorbents by polymerization ".lith ethyl chloroformate 

(Avrameas ffi1d Ternynck, 1967). Polymers or copolymers of 

IgG, serum algumin and normal serum proteins could be prepared 

simply by rnixing the protein with ethyl chloroformate at room 

.temperature at a pH value near its isoelectric point. The 

resulting materials were either precipitates or colloids, 

which were washed extensively and used in a. batch\'lise pro­

cedure. Most of the polymers were stable in a number of 

detergents and disaggregating agents, and the authors suggested 

that st·abili ty may be dependent on the number of ionic groups 

present. Acetylation abolished insolubility in 8M urea in­

dicating that free amine groups are involved in linkage during 
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polyme~ization. Such g~oups may fo~m covalent bonds with 

ca~boxyl g~oups. Adso~bents prepared in this way had a capa-

city of up to 0.6 gram of antibodies per gram of,antigen, and 

the eluted material was 9010-97% precipitable. 

Soluble antigens have also been cross-linked with 

fo~maldehyde to produce adsorbents of high antibody capacity 

(Metcalfe et al, 1966). A p-aminophenylether derivative of 

choline (CPE) was diazotized and coupled to BSA. The result-

ing product was made insoluble by addition of formaldehyde 

. 0 
at pH 3.0 and 25 C. Hapten dissociation with choline gave an 

antibody preparation ofhigh yield which was 84~ precipitable. 

Bovine serum albumin has been made insoluble without 

loss of antigenic determinants by heating at pH 3.7 (Hirata 

and Campbell, 1965). The insoluble product had a high anti-

body capacity, but had the disadvantage that on prolonged 

storage it became soluble. Also, it is applicable only to 

those proteins which retain thei~ antigenic dete~minants under 

conditions of denaturation needed to make them insoluble~ 

e. Synthetic Copolyrners 

A rnethod originally developed for coupling 'enzymes 

to insoluble polymers (Lr.avin et al, 1964) was recently adap-

·ted as a general method for the production of immunoadsor-
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bents (Centeno and Sehon, 1966, Sehon, 1967). Soluble pro­

tein antigens were coupled to a commercial copolyrner of rnaleic 

anhydride and ethylene (Ethylene-maleic anhydride - EMA) at 

oOe with constant stir~ing. The resu1ting conjugate was 

collected by cent~ifugation, washed extensively and used either 

in batchwise p~ocedure or rnixed with sephadex G-25 o~ cellulose 

powder and used in columnar operations. Al1tibodies were ~ecov­

ered by stepwise acid elution \·Jith glycine-Hel buffe~ at pH 

3.0, 2.5 and 2.0, or with phosphate buffered aM urea pH 7.4. 

Yields were not reported but purity was given as 91~ to 97~. 

The ~eaction is believed to occur as shown on page 53a. 

Linkage occurs th~ough amine groups of the p~otein 

and the anhydride groups of the ca~rier to fo~m amide links 

and subsequent production of free carboxyl g~oups. The 

authors stated that with small antigen molecules, at low anti­

gen concent~ation or with antigens having a small number of 

free amino groups the conjugate might not be extensively 

c~oss-linked, a situation which might ~esult in a tendency 

to become solubilized. 

A modification of the method ~eferred to as "graft" 

polymerization was used to isolate rabbit antibodies to rag­

weed. A tightly cross-linked conjugate was first prepared 
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by reacting EMA with a large mo1ecu1ar weight hetero1ogous 

protein eg. BSA without b10cking a11 the amino groups. 

The low mo1ecu1ar weight r agweed soluble extr act \'las then 

grafted to this matrix by addition of the antigen to the 

former conjugate and subsequent addition of more EMA. 

An adsorbent produced from modified EMA copo1ymer 

has recent1y been reported (Liener, 1967). EMA was reacted 

with p-mercuriani1ine in the presence of hexamethy1enediamine 

as a cross-1inking agent to produce a water insoluble resin 

capable of combining reversib1y with thio1s. The reactlon 

sequence occurs as shown in the diagram on page 55a. 

Proteins with one or more su1phydry1 groups \'lere 

bound by the resin and e1uted with cysteine at pH 7.2 with 

90~ recovery. A1though the resin was not used for the iso1a-

.tion of antibodies the possibi1ity of employin~ it for this 

purpose might be investigated. Nonspecific adsorption of 

basic non-su1phydry1 proteins has been noted but since these 

are not e1uted by cysteine this shou1d present no prob1em. 

The adsorbent has two disadvantages: its physica1 properties 

are such that it cannot be used in co1umnar operations, and 

it cannot be regenerated for re-use. 



e 

-C!yCI-2CH-oCH-C~C~CH-CH- ~N-(CHt6Nl-~ -C~~CH-CH-CI-~CI2CH-CH-
° ° 1 r 1 1 -r :> J 1 1 1 

O=C, /00 O=C, /C--O 0 O=C COOH O=C COOH 
00 0 }-LN ' HgX 1 1 

·Z· ~H ~ 

'. 

(~12}6 Y 
°NH 
1 

HgX 

O=C 
1 

-CH2C~CH-yH-CH2~yH-fH-
COOH ° 0 O=C 0 ° COOH 

1 
NH 

o y. 
· ... ~~x 

e 

1 

\J1 
\J1 
JI) 



56 -

f. polysaccha~id~ 

Sephadex G-75, an insoluble c~oss-linked dext~an 

p~epa~ation has been used toadso~b-antidext~an antibodies 

(Schlossman and Kabat, 1962, Gelze~ and Kabat, 1964). Anti­

bodies we~e ~ecove~ed by hapten elution with haptens of 

va~ying sizes. 

Simila~ly Concanavalin A, a plant p~otein with 

globu1in-1ike p~ope~tie~ s~ggesting a close ana10gy with an 

antibody-antigen system has been isolated f~om Canava1ia 

ensifo~mis (j ack bean) by adso~ption to Sephadex G-SO and 

elution with glucose. The pu~ity of the p~eparation was above 

97~~ (Ag~awa1, Band Goldstein, l, 1967). 

Peptides and p~oteins have a1so been coupled té 

Sephaàex, cellulos and sta~ch by ~eacting with cyanogen 

halides. The method involves the formation of an active inter­

mediate by treatment with an aqueous cyanogen halide solution 

under alka1ine conditions, and the coupling of the intermediate 

with the protein (Axén et al, 1967). Carbohydrate derivatives 

containing primary amino.groups presumably forro cy~namide 

intermediates caJ?able of reacting with proteins with subse­

quent formation of guanidino derivatives. Th~ charge of the 
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protein is essentially unchanged, a fact which migh con­

tribute to higher retention of biological activity. Various 

allergens were coupled to Sephadex by this method, and the 

adsorbents used to detect the corresponding antibodies 

(Wide et al, 1967). 

g. Miscellaneous 

A recent communication reported the use of hemo­

cyanin for the isolation of small quantities of antibodies 

(Rutishauser et al, 1967). The principle is based on the 

properties of hemocyanin at different pH values. Hemocyanin 

in its native form at pH 6.5 to 6.9 has a rnolecular weight of 

7.5 x 106 • At pH·8.5 it dissociates to units of molecular 

weight 814,000. When precipitates of dissociated hemocyanin 

and antibodies to the native form are adjusted to the pH 

.favouring association, free antibodies can be detected in 

the supernatant f1uid after rernoval of the precipitate. 

Advantage was taken of this property to iso~ate antibodies 

to pneurnococcal polysaccharide from a hemocyanin-glucuronide 

conjugate (Corneil and Wofsy, 1967). 

There has been one report of the isolation of bac­

teria1 antibodies by an immunoadsorbent prepared by poly-
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me~izing bacte~ia with benzidine.and mixing them with non­

ionic cellulose fo~ use in columns (Weetall, 1967). While 

the degree of pu~ity of the eluted antibodies could not be 

dete~mined, no se~um proteins othe~ than gamma globu1in could 

be detected by immunoelect~ophoresis. On1y one type of bac­

te~ia was used, but the method shou1d be applicable to va~ious 

othe~ types provided that the po1yme~ization p~ocess does not 

resu1t in 10ss of antigenic determinants. 

To date, immunoadsorbents have provided the purest 

antibody preparations, but none has been comp1etely satisfac­

to~y. Many of the methods are tedious and comp1ic·ated, and 

ove~al1 yie1ds a~e not general1y high. One disadvantage which 

shou1d not be overlooked is that often the antibody population 

iso1ated diffe~s in its range of specificities from that of 

the who1e immune serum. Antibodies having a high affinity fo~ 

antigen are very often so tight1y bound that they are not eluted. 

c. Other Applications of Immunoadsorbents 

The preceding discussion se~ved to il1ustrate that 

immunoadsorbents have been usefu1ly employed to obtain anti­

bodies of high pu~ity. The usefu1ness of immunoadsorbents 

is, however, not ~estricted to this pu~pose. They have been 

successfu11y employed in such a~eas as the detection and 
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quantitative assay of antibodies, demonst~ation and analysis 

of hete~ogeneity of antibodies to a given antigen, isolation 

of specifie antigens from a mixed population and ezyme studies. 

Quantitative Assay of Antibodies 

P~io~ to the development of immunoadso~bents, quan­

titative dete~minations of the a~tibody content of immune se~a 

could be made only by the quantitative p~ecipitation technique 

introduced by Heidelbe~ge~ et al (1935) (Heidelberge~, 1939). 

Because of the inhibiting effect of excess antigen o~ anti­

body, the optimum a~mount of antigen needed to give maximum 

p~ecipitation had to be dete~mined, and this was best done 

by p~eparing a p~ecipitin cu~ve using a constant amount of 

antibody and va~ying amounts of antigen. Such a cu~ve is 

applicable only to a given antise~um sinee it has been shown 

. (Humph~ey and Po~te~, 1956) that the cha~acte~ of the p~eci­

pitin curve varies with the phase of immunization even within 

a single animal. Moreove~, only precipitat~ng antibodies 

could be measured. Obviously then, there were disadvantages 

in this method, and it was not until 1954 that Talmage et al 

demonstrated that the use of immunoadsorbents was a more 

efficient way of making absolute quantitative assays of anti­

bodies in immune sera. Thereafter, Gurvitch et al (1962) 
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used adso:rbents of albumin conjugated to "aminocellulose" to 

adso:rb antibodies, and estimated the quantity eithe:r by 

-
measur.ing the inc:reased uptake of a dye afte:r co:r:rection had 

been made fo:r nonspecific adso:rption o:r by Low:ry's method of 

p:rotein dete:rmination. 

A ve:ry sensitive method was used by Yagi et al 

(1960) ta assay quantities of antibody too small to be mea-

su:red by the conventional quantitative methods. As little 

"as 0.2 mic:rog:rams of antibody pe:r millig:ram globulin could be 

detected using :radioiodinated globulin and measu:ring the 

amount of :radioactivity specifically adso:rbed. Bovine se:rum 

albumin made insoluble by heating was also used to estimate 

the antibody content of se:ra and it was found that the quan-

tity detected was g:reate:r than that estimated by quantitative 

p:recipitation. The diffe:rence was p:resumed to :rep:resent non-

p:reeipitating antibodies (Hi:rata and Campbell, 1965). 

A somewhat unique situation is the detection of 

antipenicil10yl antibodies by penici1loylated bacte:riophage 

(Haimovieh et al, 1967). Coup1ing of haptens to bacte:riophage 

had p:revious1y been :repo:rted (Makela, 1966), and the ability 

of such conjugates to :reaet \>lith specifie antibodies demon-

st:rated. Modification of phage by t:reatment with penici1lin 
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G inactivated sorne of the virus, but the survivors retained 

their abi1ity to react with and be inactivated by antibody' 

(Haimovich and Se1a, 1966)_. The presence of penici11oy1 

antibodies in the sera of individuals with a. history of allergy 

to penicillin was demonstrated by phage inactivation, and it 

was found that the method was much more sensitive than the' 

hemagglutination assay. 

Immunoadsorbents have only recently been adapted 

to the deterrnination of the absolute antibody content of 

immune sera, but already it has been demonstrated that they 

are extremely useful for this purpose. 

Heterogeneity of Antibodies 

Antiboàies to a given protein antigen may consist 

of a mixed population containing antibodies directed against 

different antigen determinants, as weIl as antibodies with 

different avidities for the'same antigen determinant. This 

type of heterogeneity has frequently been demonstrated and 

studied by the use of immunoadsorbents. GraduaI elutiol1 of 

such a heterogeneous population of 'antibodies from an immuno­

adsorbent-antibody complex leads to fractionation in which 

the antibodies with low affinity are the first to be eluted. 

Using a pOlyaminostyrene-HSA adsorbent and eluting 

with two different acidic solutions Webb and Lapresle (196l) 
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showed that antibodies having different specificities required 

different pH for maximum elution. Under the conditions of 

their experirnents, antibodies were eluted in three fractions 

each containing antib?dies directed against different frag­

ments of aSA. Similar findings were obtained by Gurvitch 

{1962} Centeno and Sehon (1966). 

Arquilla and Finn (1963) studied the uptake of in­

sulin antibodies from guinea pig and rabbits by insulin-sheep 

stroma-cellulose conjugates and found that when such' immuno­

adsorbents were completely saturated with antibodies from the 

immune serum of one animal they cou Id still adsorb additional 

antibodies from the immune se.rum of another animal. 

By eluting human antidextran antibodies from a 

sephadex adsorbent with oligosaccharides of varying sizes, 

Schlossman and Kabat (1962), Ge1zer and Kabat (1964), obtained 

~opulations of molecules differing in their affinities and 

were able to suggest an upper 1imit for the size of the' 

antigen combining site. Heterogeneity in binding properties 

has also been shown by Saha et al (1966), Cheng and Talmage 

(1966), I<itagawa et al (1967). 

Inhibition of precipitation by haptens has been 

used to study the affinity of antibodies for known chemical 

structures and to obtain information on the structure of the 



- 63 '-

antigen comuining site. F~equently, howeve~, specifie binding 

of haptens by se~um albumin and othex p~oteins cause compli-. 

cations, wuich, it seerns, mignt be avoided by the use of immuno­

adso~Dents (Fa~ah et al, 1960). 

Enzyme studies 

A numoe~ of enzymes have been made insoluole by 

cnemical attachment of insoluule suppoxting media, and used 

as sp~~ificoatalysts in suspension ox in column fo~m to p~oduce 

specifie chemical changes in la~ge amounts of subst~ate without 

contamination. In addition, watex insoluble enzymes m~{e pos­

sible the ~ep~oduction of conditions su~~ounding enzymes in 

thei~ native state while embedded in mernb~anes and the~efo~e 

se~ve as models fo~ the study of the effect of alte~ed envi~on­

ment on thei~ mode of actions (Silman and Katchalski, 1966). 

In sorne instances coupled enzymes lost thei~ activ­

ity on sto~age, but many :r:emained stable even afte~ lyophili­

zation. Activity is dependent upon the natu~e of the.car~ie~, 

some might inc~ease while othe~s dec:r:ease enzyme stability. 

One application of a wate~ insoluble enxyme of 

special inte:r:est is the use of insoluble papain to pa~tially 

deg:r:ade ~abbit gamma globulin into f::r:agments similar to those 

desc~ibed by Porte~ (Ceb~a et al, 1961, 1962, Ceb~a 1964). 
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III. MATERIALS AND METHODS 

A. Preparation of Antiserum 

New Zealand white rabbits were immuniz~d with a 

li' (w/v) solution of bovine serum albumin (BSA) (Nutritional 

Biochemicals Corp.) in 0.85~ sodium chloride. They were 

inoculated intravenously in the ear vein with 1 ml of the 

antigen. Injections were given three times per week for 

three weeks, a total of nine injections. The animaIs were 

test bled three days after the last injection, and were bled 

out by cardiac puncture the following day if they showed good 

antibody response evidenced by strongly positive ring tests. 

The blood was collected in 250 ml glass centrifuge bottle~ 

and placed at 370 C for three hours until clot formation 

occurred. The clots were rimmed, and the bottles placed at 

o 4 C for 4 hours, after which they were centrifuged in an 

International centrifuge Hodel UV at 1430 x 9 for 30 minutes. 

The serum was collected, centrifuged again, pooled, dispensed 

in vials in 20 ml volumes and frozen. The constant antibody 

optimal ratio (AOR) was determined on a sample of the pooled 

serum by reacting 1 ml of the anti-serum diluted l:lO·with 

1 ml volumes of twofold seriaI dilutions of a 1% BSA solution. 
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B. Methods of Characterization 

1. Agar Electrophoresis and Immunoelectrophoresis 

Electrophoresis in agar was done on glass micro-

scope slides using a LKB electrophoresis equipment and a 

discontinuous barbital buffer system as described by 

Hirschfeld (1960) (Seé Appendix). Electrophoretic pat-

terns were developed with goat anti-rabbit serum (Hyland 

Laboratories, Los Angel~s, Calif.) diluted 1:2. 

2. Double Diffusion in Agar Gel 

Dnmunodiffusion in agar gel was done on 25 x 75mm 

microscope slides using the same agar preparation as for 

electrophoresis. 

Slides were precoated with agar and 3.5 ml of a 

1" solution of No 2 Ionagar pipetted on to each slide. When 

the agar had gelled the slides were put' in a humid chamber 

o at 4 C for at least 2 hours. \vells were punched and the 

agar removed by suction. Antigen and antibody wells were 

filled two to three times with the test samples, and twofold 

serial dilutions of antigen, and precipitation allowed to 

proceed for eighteen hours. Following adequate precipita-

t ion, the slides were washed wi th two changes .of a 1% sodium 

chloride solution for six and sixteen hours respectively, 



- 66 -

and distilled water for one hour. They were dried with 

strips of filter paper over them, and stained with 0.1% 

thiazine red in 1% acetic acid. The agar was de-colourized 

in a solution of 1;:' acetic acid in 70% ethanol. 

3. Disc Electrophoresis 

Disc electrophoresis was performed in 7% poly­

acry1amide gel and Tris-glycine buff~r pH 8.3 using the 

method of Davis (1964) (See Appendix). 

"4. Ultracentrifugation 

Ultracentrifugation was done on fractions obtained 

by elution from Ethylene 1-1aleic Anhydride-BSA immunoadsor­

bent at pH 3.0 and 2.5. The samples contained approximately 

5 mg protein per ml. Ana1ysis was carried out in borate­

buffered saline pH 7.2 in a Beckman Model E centrifuge with 

rotor AN-D and Kel-P celle The speed was 56,000 r.p.m. and 

temperature was maintained Qt 20oC. pnotographs were taken 

at 16 minute inter vals for up to 96 minutes for fraction 1 

and 80 minutes for fraction II. 

Ca1cu1ation of sedimentation coefticien'ts was 

done on the basis of a 1% solution. 

Analysis was performed through the kindness of" 

Dr. Anil Saha of the Division of Immunochernistry and A1lergy 

Research, Royal Victoria Hospital. 
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C. Determination of Antibody Content 

Antibody content was estimated by quantitative· 

precipitation and subsequent deterInination of the nitrogen 

content of the precipitate. The difference between antigen 

nitrogen, previously determined, and total nitrogen at 

equivalence was taken as antibody nitrogen. Nitrogen deter­

mination was done according to the method of Kjeldahl as 

described by Mayer (1961). 

Standardization of Antigen· 

a. Digestion of Protein 

An antigen preparation containing 3 mg protein 

(BSA) per ml was arbitrarily chosen for standardization. 

Nitrogen determination was made on 1 ml volumes dispensed 

with volumetric pipettes into five 100 ml Kjeldahl digestion 

flasks. To this was added 2 ml concentrated sulphuric acid, 

a small amount of potassium sUlphate-selenium catalyst, and 

one Hengar granule. A sixth flask in which saline was 

substituted for antigen served as a control. 

The flasks were placed on an electrical digestion 

rack, and digestion allowed to proceed for·six hours. The 

heaters were turned to medium temperature until most of the 
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water had evaporated before they were turned to ma~i~um 

temperature. 'As digestion proceeded S03 fumes appeared, 

the px:epax:ation charx:ed and finally cle'ax:ed to become 

colourless. 

At the end of the digestion period, the flasks 

were allowed to come ta room temperature, then placed in 

an ice bath, and 10 ml of glass distilled water added to 

each. 

b. Distillation of Ammonia 

A Kemmerer-Hallet Type nitlogen distillation appara­

tus (Fisher Sci.Co.) was used for distillation. Before use, 

it was steamed out and the contents collected in a 125 ml 

flask containing ~ ml of a boric acid-methyl x:ed indicator 

mixtu~e (See Appendix) diluted with 5 ml water. For this 

procedure a Kjeldahl digestion flask with 10 ml distilled 

water and 9 ml satulated sodium hydx:oxide was attached to 

the appax: atus which was' supplied with steam from a j acketed 

flask containing distilled water and electrically heated~ 

Distillation was done with the tip of the condenserbelow 

the lev~l of the indicatoI: mixture for 7 minutes, following 

which the flask was lowered, the tip of the condenser rinsed 

with a small amount of water and distillation allowed to 
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continue for an additional two minutes. 

If the indicator remained pink, distillation of 

the saline control, followed by the sample was done. A 

change from pink to yellow indicates the presence of nitro­

genous material. If this occurred during the steaming out 

process, the procedure was repeated until a suitable blank 

was obtained. 

Distillation of ~he sample was done as in the 

above procedure except that 'the sodium hydroxide was let 

into the sample from a weIl built into the apparatus. The 

àlkali was introduced before distillation was started. 

This was done slowly to prevent nitrogen from being released 

too rapidly, and to avoid excessive spattering. 

c. Titration 

The nitrogen distilled into the borie acid-methyl 

red mixture was titrated with N/70 hydrochloric acid deliv­

ered from a 5 ml buret which delivers 0.01 ml per drop. 

The endpoint was taken as the colour of the saline control. 

At no time was there any detectable nitrogen in the controls. 

Nitrogen content was calculated by multiplying 

the volume of acid used to titrate by 0.2 and.the amount of 
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p~otein was estimated by multiplying the amount of nit~ogen 

by the facto~ 6.25. 

Samples we~e analysed in sets of five and ~epeated 

until the values obtai-ned fo~ aIl five within a set co~~es­

ponded to within 10 mic~og~ams. The mean value was obtained 

and the standa~d e~~o~ calculated. 

2. Quantitative P~ecipitation 

A p~elimina~y qualitative p~ecipitation test was 

done using twofold se~ial dilutions of a l~ BSA solution and 

antise~um diluted 1:10 to dete~mine the ~ange of dilutions 

to be used in the quantitative test. F~om this, the amount 

of antigen nit~ogen which gave optimum precipitat.ion was 

determined. Since undiluted serum was to be used in the 

quantitative test, calculations we~e made fo~ ten times as 

much antigen. 

The standa~dized antigen solution was diluted to 

give values in the range of those calculated f~om the quali­

tative test. Dilutions were made using volumetrie flasks 

where possible and volumetrie pipettes, with saline as the 

diluent. 

Ten dilutions were set up in duplicates using 

conieal centrifuge tubes with pouring spouts. One ml of 
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antigen app~op~iately diluted was rnixed with 1 ml of un­

diluted se~um (o~ antibody preparation). Tubes in which 

saline was substitu~ed fo~ antigen served as antiserum 

cont~ol. The tubes we~e capped \'1ith parafilm, incubated 

in a water bath at 370 C for 1 hour and kept at 40 C for 7 

days. They were mixed once daily by shaking the racks 

gently. 

At the end of the time allotted fo~ p~ecipitation, 

the tubes were cent~ifuged at 40 C for 1 hour in' an Inter­

national centrifuge PR-2 model at approximately 1860 x g. 

The supe~natant fluid was collected and saved to be tested 

fo~ ~esidual antigen and,antibody. The tubes we~e d~ained 

on abso~bent paper, the precipitates resuspended with the 

aid of a vo~tex mixe~ in 3 ml chilled saline, and centrifuged 

again. This was ~epeated a~d the washing discarded. Afte~ 

tho~ough draining the precipitates we~e dissolved with one' . 

or two drops of M/2 sodium hyd~oxide. The solution was t~ans­

ferred quantitatively to Kjeldahl qigestion flasks. The 

tubes we~e washed five times with small volumes of distilled 

wate~ and the washings added to the flasks. Digestion and 

determination of total nitrogen content were perfo~med as 

'described previously. 
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3. Supernatant Tests 

The first supernatant fluid from the reaction 

mixture was tested for residual antigen and antibody. The 

fluid was pulled into small capillary tubes to a height of 

about 15 mm. A similar volume of antiserum was let into 

half the tubes and antigen (standardized sOlution) into the 

other half. The tubes were inserted into plasticine with 

an air space between the lower level of the liquid and the 

plasticine. They were incubated at 370 C for 1 hour and 

placed at 40 C for 48 hours. 

"O. Fractionation of Antiserum by Ammonium Sulphate Precipi­

tation 

Rabbit normal serum and antibovine serum were 

fractionated by precipitation with ammonium sulphate accord-

.ing ta the procedure of Campbell et al (1963). Ammonium 

sulphate was saturated at room temperature and 75 ml added 

dropwise to 150 ml antiserum ta give 33% co?centration 

ammonium sulphate. The preparation was stirred canstantly 

on a magnetic stirrer, and after all the ammonium sulphate 

had been added the pH was adjusted ta 7.8 with 4N sodium 

hydroxide and stirring allowed to continue at room tempera­

ture for an additional two hours. 
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The mixture was centrifuged at room temperature 

in an International centrifuge at approximately 1400 x g 

for 30 minutes, and the precipitate resuspended ~n saline 

to the original volume. The procedure was repeated twice 

and the precipitate from the third centrifugation suspended 

in borate-buffered saline pH 8.4 to a final volume of one 

half the original volume. 

The preparation was dialysed at 40 C in an Oxford 

multiple dialyser against several changes of 5 litre volumes 

borate-buffered saline. The dialysate was tested for the 

presence of ammonium ion using a 2~ barium chloride solution. 

The dialysate which gave,a negative test was checked by 

Kjeldahl procedure for the presence of nitrogen. If negative, 

the globulin preparation was made up to the original volume 

o and centrifuged at 4 C for 1 hour at approximately 48,000 

x 9 to remove a small amount of precipitate which formed 

during dialysis. 

Activity was determined ~y a qualitative precipi-

tation test using a twofold serial dilution of a l~ BSA 

solution and globulin diluted 1:10. It was also subjected 

to electrophoresis and the pattern developed with goat 

·anti-rabbit serum. ~le rernainder of the preparation was 

dispensed in 10 ml volumes, lyophilized, and stored at 4oC. 
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E. Fractionation of Globu'lin by Diethylaminoethyl 

Cellulose Ch~omatography 

Globulins precipitated by ammonium sulphate were 

further fractionated by column chromatography on DEAE­

cellulose according to the procedure of Peter son and Sober 

(1956) as modified by Fahey et al' (1958). 

Whatman DEAE-cellulose was washed repeatedly with 

large volumes of O.lN sodium hydroxide, followed by distilled 

·water, O.lN hydrochloric acid and again O.lN sodium hydroxide. 

This was followed by washing with distilled water to near 

neutrality. Washing were removed by suction and as much as 

possible of the "fines" removed. 

A slurry of medium thickness was prepared from·16 

grams (dry weight) resin, and a column 36.5 x 2.5 cm (outside 

diameter) was packed under pressure of ten pounds per square 

inch. It was washed with O.OlM phosphate buffer pH 8.0 

until the effluent had a pH of 8.0. One hundred ml lyo­

philized globulin was reconstituted in 20 ml distilled water 

and dialysed overnight at 40 C against O.OlM phosphate buffer 

pH 8.0. The sample was pipetted on to the column and rinsed 

with several small volumes of the buffer. The column was 

attached to a peristaltic pump (Harvard Apparatus Co. Inc.) 
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operated to give a f10w rate of 96 ml per nour, an LKB 

UVicord continuous f10w spectropnotometer fitted with a 

3 mm optica1 ce11, and an LKB automatic fraction co11ector. 

E1ution was effected by pH and mo1arity gradients starting 

with O.OlM phosphate buffer pH 8.0 and ending with 0.3M 

phosphate Duffer pH 4.5. This was achieved by a continuous 

f10w of buffer from a one-litre Florence f1ask )witn mag­

netic bar) acting as a mixing chamoer aud attached by a 

'syphon to a 500 ml f1ask which served as a reservoir. One 

litre starting buffer (O.OlM, pH 3.0) was placed in the 

mixing chamber and 500 ml of the final buffer (0.3 M, pH 4.5) 

in the reservoir. The effluent was co11ected in 10 ml 

volumes and operating time was approximate1y 16 hours. 

With the absorbence pattern as a guide, the effluent 

was poo1ed into three fractions, she11-frozen in an alcoho1-

dry ice mixture, and ~yophi1ized in a Virtis mechanica11y 

refrigerated IFreez-mobi1e". They were then reconstituted 

with disti11ed water to the volume of the samp1e app1ied. to 

the co1umn, and dia1ysed against borate-buffered saline 

pH 8.4. A smal1 amount of precipitate formed during dialysis 

and was removed by centrifugation. 

For comparison with the original serum, the 
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preparations were diluted 1:50, and activity determined 

by precipitation with twofold dilutions of a 1% BSA solu­

tion. Electrophoresis was do ne and the pattern developed 

with goat anti-rabbit serum. The remainder of the fractions 

were dispensed separately in 5 ml volumes and frozen. 

Purity of the preparation was determined, and 

calculated as the percent age of· precipitable nitrogen 

present per millilitre •. 

F. Isolation of Antibodies by BSA-Cellulose Immunoadsorbent 

Preparation of an immunoadsorbent of BSA coupled 

to carboxymethyl cellulose (CM-cellulose) according to the 

procedure of \'leliky et al (1964) was attempted. 

Whatman CM-cellulose powder CM 70 was converted to 

the acid farm by stirring with 4N hydrochloric acid, followed 

by washing with distilled water and acetone, and drying on 

a Buchner funnel. 

A solution of 500 mg BSA in 25 ml distilled water 

was prepared and CM-cellulose (approximately 2 grams) added 

with stirring until the mixture had thickned. A preparation 

of 1.0 gram N,N'-dicyclohexyl-carbodiimide (DCC) in 2.5 ml 

tetrahydrofuran (THF) and 5 ml distilled water (two phases) 

'tlas added, followed by more CM-cellulose to a total of 3.0 

grams. 
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The preparation was allowed to stand at room 

temperature for two days, following which a 10 ml volume 

of water was added, and the cellulose dispersed and fil­

tered on a Buchner funnel. The resin was transferred to 

a heaker and washed extensively with large volumes of· 

0.005M sodium carbonate, O.OlM hydrochloric acid and water. 

A column 30 x 1.0 cm (inside diameter) was packed 

under a pressure of ten pounds per square inch. The column 

was washed with 1% sodium chloride acidified with hydro­

chloric acid to pH 2.3 until the effluent gave no absorhance 

at 220 mp. Absorbance was rneasu~ed by a Zeiss spectrophoto­

rneter. It was further washed with a 1% sodium chloride 

solution pH 7.0 until there was no absorhance and the pH 

of the effluent was near neutrality. A sample of 2 ml anti-

.BSA was applied to the colurnn and washed through with srnall 

volumes of 1% sodium chloride pH 7.0 until protein could he 

detected in the effluent. The effluent was, collected and 

passed through the colurnn several tirnes. After the last' 

pass the effluent was collected to be tested for residual 

antibody activity. The column was then washed with l~ sodium 

chloride pH 7.0 until there was no absorbance at 220 mp, when 

it was attached to a recorder, fraction collector and pump. 
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Elution was carried out with 1% sodium chloride pH 2.3 

flowing from an open reservoir to which additional fluid 

could be added when necessary. 

The eluted material was neutralized with 0.2M 

sodium hydroxide and along with the' effluent from the last 

pass of the antiserum through the cOlurnn, was concentrated 

by ultrafiltration and tested for antibody activity by 

double diffusion in agar gel. 

G.' Isolation of Antibodies by an Ethylene Maleic Anhydride­

BSA Immunoadsorbent 

1. Preparation of the Conjugate 

An ethylene maleic anhydride (EMA) - BSA conjugate 

was prepared by reacting a solution of BSA with a 0.6% solu­

tion of EMA in acetone (or dioxane) at OOC according to the 

procedure of Centeno and Sehon (1966). El-1A is a commercial 

copolymer available from Monsanto (Canada) Ltd., and was a 

gift from Dr. Centeno of the Division of Biophysical and 

Immuno-Chemistry, Department of Chemistry, I>1cGill University. 

Preliminary experiments were done to establish the 

amount of Elv1A which would give optimum coupling and a product 

in which essentially aIl the protein in the solution would be 

bound. On the basis of the results conjugates were prepared 
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using a proportion of 17 ml EMA to 100 mg .BSA. EMA which 

had been maintained at OoC in an ice bath, wél:s added 

dropwise with stirring (on a magnetic stirrer) to the 

solution of BSA, which was prepared in distilled water 

the pH of wnich had been adjusted to 5.95. The protein 

solution was also maintained at OOC. The conjugate separa­

ted out in flakes and was collected by centrifugation in a 

Servall centrifuge at 40 C for 10 minutes using a speed of 

approximately 125 x g. The sediment was resuspended in 0.15M 

sodium chloride containing 3 ml of a 1.0 M sodium hydrogen 

phosphate solution per 100 ml sodium chloride, and washed 

three times, centrifuging at approximately 625'x 9 for 20, 

minutes. It was finally suspended in a similar solution to 

which approximately 50 mg of BSA had been added and the pH 

adjusted to 7.8 with 1.0 M sodium hydrogen phosphate, and 

stirred overnight at 40 C. At the end of this time the immuno­

adsorbent was centrifuged and washed with three changes'of 

0.15 M sodium chlor ide, three changes of 0.35 M glycine-, 

hydrochloric acid buffer pH 3.0, and again with three chan­

ges of sodium chloride. At this stage it was necessary to 

use a higher speed to sediment the conjugate and it was 

,usually centrifuged at 12,000 x 9 for 20 minutes. 
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When antibodies we~e to be eluted with phosphate 

buffe~ed 8 M u~ea, the conjugate was washed th~ee times with 

0.15 M sodium chlo~ide followed by th~ëe washes with phos­

phate buffer pH 7.4. Fu~ther washing with u~ea was done 

after the column had been packed (Mate~ials and Methods, 

Section G, Pa~t 4). 

2. Dete~mination of Activity of the Immunoadso~bent 

The EMA-BSA conjugate is in the fo~m of a fine 

p~ecipitate and can be used in batchwise o~ columnar ope~a­

tion. Fo~ the latte~ it has to be mixed with la~ge arnounts 

of Sephadex G-25 (coa~se) (Pha~macia, Uppsala, Sweden) or 

neut~al c~llulose to keep it dispe~sed and to achieve a 

high flow ~ate. Columna~ ope~ation was the method of choice 

fox the expeximents to be descxibed. The fixst experiments 

wexe done to detexmine whether the conditions of p~epaxation 

wexe adequate ta pxaduce an adsoxbent which wauld ~ernove 

specifie antibodies fxom immune sera. 

., . 
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Series l : Isolation of Antibodies from Anti-BSA and 

Concentration by Lyophilization 

A small colurnn 30 x 1.0 cm was packed ·from a 

preparation of 100 mg' adsorbent mixed with 5 grams· (dry 

weight) Sephadex. The mixture was let into the colurnn 

through a funnel in which an electrical stirrer kept the 

Sephadex dispersed. Packing was done rapidly by opening 

the stopcock attached to the outlet shortly after packing 

began. The colurnn could not hold aIl the sephadex and it 

appeared that only a small portion of the adsorbent ~ctually 

got into it. Nevertneless, its ability to bind antibodies 

could be determined~ For this a 2 ml volume of antiserum 

\oJas pipetted on to the colurnn, which was then washed with 

0.15M sodium chloride from a reservoir attached to the column 

by polyethylene tubing. 

When the wash was free from protein as determined· 

with Biuret reagent (Appendix), the column was attached to 

a continuous flow spectrophotomete~ and fraction collecter. 

Antibodies were eluted with glycine-hydrochloric acid buffer 

at pH 3.0, 2.5 and 2.0. The fractions were collected in 2 ml 

volumes, pooled according to the pH at which they were eluted, 

·shell-frozen, and lyophilized. Each lyophilized fraction 
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fraction was reconsituted to 2 ml and dia1ysed against 

verona1 buffer pH 8.6. Antibody activity was determined 

by gel diffusion, and characterization"was by immuno­

e1ectrophoresis (Materia1s and Methods, Section B, Part 2). 

Series II : Isolation of Antibodies from Ammonium Su1phate 

Precipitated G1obu1in and Concentration by Sucrose 

The procedure out1ined in Series I was repeated 

using a 1arger co1umn which cou1d accommodate 100 mg adsor­

bent, and substituting a globu1in preparation for who1e 

antiserum. The e1uted materia1 was concentrated by solid 

sucrose instead of 1yophi1ization. 

The effluent was co11ected as soon as it came off 

the co1umn, dia1ysed against borate-buffered saline pH 8.4 

for about 3 hours and the dia1ysing bags p1aced in solid 

sucrose. As soon as the sucrose had 1iquified, the bags 

were transferred to a new batch of sugar. 

The preparation was tested for activity in gel 

diffusion against a twofo1d seria1 dilution of lh BSA solu­

tion. 

Series III : Concentration by Polyethylene Glycol 

Polyethylene Glycol, M.W. 20,000 (Fisher Scien­

tific co.) 'lIas substituted for sucrose for concentrating" 
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antibody prepar.ations. The method used was that described 

by KOhn (1959). A small amount of the po1ymer was crushed 

and poured into dialysis tubing one end of wnich was knotted. 

It was moistened with a smal1 arnount of water and tne tubing 

was immersed in a graduated cylinder containing the protein 

solution. The preparations were put at 4°C. Sorne .precipitate 

deve10ped during concentration and was removed by centrifu­

gation. 

The preparations were tested for activity by gel 

diffusion and immunoelectrophoresis. 

Series IV : Concentration by Ultrafiltration - Method l 

Antibody preparations eluted from colurnns were 

dia1ysed against two 5-litre volumes of borate-buffered 

saline pH 8.4 and concentrated by ultrafiltration units 

fitted with collodion membranes (Membranfilter, Gottingen). 

Negative pressure dialysis was carried out against buffered 

saline at 750 mm Hg. The units were kept in an ice bath 

throughout the procedure. 

Method II 

An LKBultrafiltration unit was used. It consisted 

of a nylon filter frame over which 1 inch (fl~t width) 

dialysis tubing was pulled. The distal end of the tubing 
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was tied, and the open end of the frame fitted with a rubber 

stopper with glass tubing through the centre. The unit was 

attached to negative pressure and immetsed in the protein 

solution. Ultrafiltration was performed at OOC. 

3. Determination of the Capacity of the Irnmunoadsorbent 

Experiments to determine the capacity of the 

immunoadsorbent were based upon the volume of globulin which 

would saturate the antigenic sites of a given irnmunoadsorbent 

preparation. 

A conjugate prepared with 100 mg 'protein was mixed 

wlth 13 grams (dry weight) Sephadex and a column 42.0 x 1.5 

cm (1.0.) packed. A lyophilized sample of globulin equival­

ent to 10 ml was reconstituted in 2 ml water, applied to 

the column and rinsed with saline. The effluent was monit­

ored and showed an absorbance higher than was anticipated 

for non-specific proteine It was assumed that the effluent 

contained unbound antibodies. This was confirmed by a strong 

precipitation line given in gel diffusion, and was taken as 

evidence that the amount of adsorbent used could not accom­

modate the amount of antibodies in 10 ml of globuline The 

experiment was repeated with 5 ml globulin and the same 

amount of adsorbent. The eluted material gave a degree of 
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absorbance, similar to the 10 ml sample, and no antibodies 

were detected in .the effluent when tested in gel diffusion. 

This volume was therefore taken as the maximum a~ount of 

this globulin preparation \'lhich should be applied to a 

column containing 100 mg of adsorbent. 

4. Determination of Stability of Immunoadsorbent for Re-use 

A column was prepared with 200 mg adsorbent and 

a 10 ml globulin sample applied. Antibodies were eluted 

with phosphate buffered aM urea pH 7.4,and the absorbance 

recorded. The column was washed with large quantities of 

saline, followed by phosphate buffer pH 7.4 and another 

10 ml globulin sample applied and eluted. A reproducible" 

absorbance pattern at 257 mp was taken as an indication that 

the adsorbent could be re-used, at least for a second time. 

5. preparative Chromatography 

a. Use of Neutral Cellulose as Dispersing Hedia for 

Immunoadsorbent 

Neutr al cellulose powder (W & R Balston Ltd., . 

England) was washed repeatedly with distilled water followed 

by saline. A BSA-EMA conjugate prepared from 500 mg·BSA was 

mixed with the washed cellulose powder and a column 3.5 cm 



- 86 -

(O.D.) packed to a volume of 400 ml. Packing was done under 

pressure of 3 pounds per square inch. Lyophilized globulin 

equivalent to 25 ml was reconstituted in 5 ml volume and 

applied to the column. The column was washed and antibodies 

eluted with glycine-hydrochloric acid buffer at pH 3.0, 2.5 

and 2.0. The flow rate was regulated with a peristaltic 

pump to give 6.6 ml per minute. Fractions were collected in 

5 ml volumes, pooled according to pH and dialysed against 

two 5 litre volumes of borate-buffered saline pH 7.2. They 

were concentrated by ultrafiltration to one half the volume 

of the sample applied to the column. Total nitrogen content 

was determined on each f~action by the Kjeldahl procedure. 

Since these fractions were to be examined by ultracentrifu­

gation and a minimum protein concentration of 5 mg per ml 

was desired, fractions l and II were further concentrated 

to 3.5 and 2.5 ml respectively. Ultracentrifugation was do ne 

as described in Section B, Part 5 of Materials and Methods. 

b. Use of Sephadex as Dispersing r.1edia for 

ImmunoadsOl:bent 

1. Elution with Glycine-Hel Buffer 

The immunoadsorbent was prepared from 200 mg BSA 
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and mixed with 40 g~ams (d~y weight) Sephadex G-25 coa~se. 

A column 42 x 2.5 cm (I.D.) was pack~d in the manne~ des­

c~ibed in section G, pa~t '2. A sample equivalent to 10 ml 

globulin was reconstituted f~om the lyophilized state in 

2 ml distilled water and applied. The column was washed and 

antibodies eluted with glycine-hydrochlo~ic acid buffe~ at 

pH 3.0, 2.5 and 2.0. The buffer was changed f~om one pH 

value to the other when the elution patte~n showed a retu~n 

, to baseline. This va~ied with the concent~ation of the sample 

applied and the rate at which the antibodies were eluting, 

but usually f~om 200 - 300 ml buffer at pH 3.0, and 100 ml 

each at pH 2.5 and 2.0 we~e found to be sufficient. 

2. Elution with Urea 

If antibodies were to be eluted with u~ea a prepa~a­

tion containing only 180 mg BSA was mixed with 40 grams 

sephadex. The propo~tions of adsorbent to Sephadex were 

altered because at alkaline pH the adsorbent was swollen and 

the flow rate of the column reduced. A volume of approximately 

200 ml phosphate-buffered 8I>1 u~ea pH 7.4 (Appendix) was 

passed through the column followed by exhaustive washing 

with phosphate buffe~ to ~emove the u~ea. After the sample 

was applied, the column was vlashed wi th phosphate buffer and 

eluted with approximately 200 ml phosphate-buffered 81-1 u~ea. 
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f.1odificat ion of Procedure 

In sorne experiments the phosphate buffer wash was 

followed by a wash with 0.15M sodium chloride acidified 

with hydrochloric acid ta pH 3.0. This converted the adsor­

bent to its acid form as used in the glycine-hydrochloric 

acid system. The column was then washed with large volumes 

of 0.l5M sodium chloride pH 7.0 until the pH was approximately 

5.0, at which time the sample was applied. Uncombined pro­

teins \'lere removed by washing wi th 0.15M sodium chlor ide, 

and antibodies were eluted with phosphate-buffered 8M urea. 

The effluent was collected in 5 ml volumes, pooled 

and dialysed against two 5-litre volumes of borate-buffered 

saline or 0.3M sodium chloride buffered with phosphate at 

pH 7.4. 

The preparation was concentrated by ultrafiltration 

and centrifuged at 4d C to remove any precipitate which formed 

during concentration. Activity was determined by gel diffu­

sion. Quantitative precipitation was set up and the precipi­

tates analysed for their nitrogen content. The difference 

between antigen nitrogen added, and total nitrogenprecipi­

tated at equivalence was taken as the nitrogen content of 
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the antibodies •. Yields we~e calculated as the pe~centage 

of nit~ogen ~ecove~ed f~om the sample, while pu~ity was 

estimated as the pe~centage of the ~ecove~ed nit~ogen which 

was p~ecipitable by antigen. 

c. Batchwise Elution of Antibodies 

P~eliminary expe~iments we~e done to dete~mine the 

length of the reaction time requi~ed fo~ complete abso~ption 

of antibodies by the irnmunoadsorbent. This was done by 

reacting 100 mg adsorbent with 2 ml globulin for 25, 60,' 90 

and 120 minutes in polyethylene centrifuge tubes (with mag­

netic bars) suspended over a magnetic stirrer. At the end 

of each time interval, the tubes we~e cent~ifuged at 1450 

x 9 for 30 minutes in a Servall refrige~ated cent~ifuge. The 

supe~natant fluid was collected and concent~ated by ultra­

filt~ation to 0.5 ml and tested in a ring test for ~esidual 

antibody activity. All p~eparations showed complete abso~p­

tion of antibodies, and 25 minutes was chosen as the ~eaction 

time in subsequent expe~iments using a batchwise elution~ 

A 5 ml globulin sample was abso~bed with 100 mg 

adsorbent fo~ 25 minutes, cent~ifuged and the adso~bent 

washed with chilled saline until the~ewas no .detectable 

ab~orbance at 280 mp with a Beckman DU spect~ophotometer.· 
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The adso~bent was eluted with 10 ml volumes of glycine­

hyd~ochlo~ic acid buffe~ once at pH 3.0, twice at pH 2.5 

and th~ee times at pH 2.0. Elution was done at ~oom tem­

pe~ature using an International centrifuge at approximately 

200 x 9 fo~ 10 minutes. 

The fractions were neutralized immediately with 

an appropriate amount of 1.OM sodium bica~bonate and dialysed 

at 4°C against borate-buffe~ed saline pH 8.4. They were then 

concentrated by ultrafilt~ation to 5ml each,' and their p~o­

tein content dete~mined colorimetrically acco~ding to the 

method of Lowry as described by Kabat and Mayer, and by 

their 0.0. 280/260 ratios. 

Protein Determination 

A standa~d curve ~'as prepared using a BSA solution 

which had been standardized,by Kjeldahl procedure of nitrogen 

determination and estimated to contain 420 micrograms nit~ogen 

per ml. The solution was diluted to contain from 6 to 52 

mic~ograms nitrogen since for the colorimetrie procedure it 

has been reported that best results are obtained in a range 

of 5 to 35 micrograms nitrogen (Kabat and ~1ayer 1961). 

Ta 0.2 ml of each dilution was added 1 ml coppe~­

'ta~trate sodium carbonate-sodium hydroxide (Appendix) solution , 
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and the mixtuxe. allowed to stand at room tempexature for 

10 minutes. Next, 0.1 ml of Folin reagent (British Dxug 

Houses, (Canada) Ltd.) pxeviously titrated and diluted to 

1.0 N, was added witu vigourous mixing, and the mixture 

again allowed to stand for a minimum of 30 minutes when a 

blue colour developed. Colour intensity was determined by 

measuring tne optical density at 750 mp in a Beckman DU 

spectropnotometer fitte~ w~tn a special sample holder and 

a 1 cm ce!l with a capacity of 60 microlitres. 

Optical density xeadings were plotted against 

protein concentration. 

Detexmination of protein Content of Preparation Obtained 

by Batchwise Elution 

Optical density readings were made at 280 and 

260 m}l in a Zeiss spectrophotometex on the thxee fxactions 

obtained by batchwise elution. With the aid of a nomograph 

(Waxburg and Christian, 1942) the amount of protein per ml 

was detexmined. 

Using the values obtained by spectrophotometxy 

as a guide, the fxactions wexe appropxiately diluted for 

colox imetx ic detexmination and txeated in the. same 'ilay. as 

the standaxd curve. 
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Protein content of an antibody preparation 

obtained by columnar operation was also deterrnined by 

these rnethods, and the efficiency of the colurnn 'and batch­

wise procedures cornpared. 

5. Determination of Non-specifie Adsorption 

Tc deterrnine how rnuch non-specifie material was 

being retained by the irnrnunoadsorbent and subsequently 

eluted, 5 ml normal rabbit globulin obtained by ammonium 

sulphate precipitation, was applied to a coiurnn containing 

. 100 mg of conjugate, and eluted with approximately 300 ml 

phosphate-buffered aM urea or glycine-hydrochloric acid 

buffer. The effluent was dialysed, concentrated, and its 

nitrogen content determined by the Kjeldahl procedure. 
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IV. EXPERIMENTAL RESULTS 

A. Characterization of Antiserum and Globulin Preparations 

Rabbits were immunized with a l~ solution of BSA " 

for a period of three weeks, and the pooled serum submitted 

to immunoelectrophoresis in agar gel. The electrophoretic 

pattern was developed with goat anti-rabbit serum (HYland 

Laboratories, Los Angeles, Calif.), and served as a reference 

for comparison of prepatations obtained at each step in puri­

fication. 

Globulin obtained by ammonium su~phate p~ecipita­

tion was similarly submitted to immunoelect~ophoresis. A 

comparison of this f~action with whole antiserum is illus­

trated in Fig. I. The~e were small amounts of globulins in 

the beta region, but the preparation was predominantly gamma 

globuline The optimum antibody ratio was determined by 

reaction with twofold seriaI dilutions of a 1% BSA solution 

and found to be 1:128. 

Globulins precipitated by ammonium sulphate were 

fractionated by DEAE-cellulose chromatography. Fig. II 

shows the elution patte~n at 257 mp. The effluent"was pooled 

into three fractions as indicated, concentrated by lyophili­

zation, reconstituted, dialysed and submitted to immuno-
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elect~ophoresis. The immunoelectropho~ètic pattern (Fig.I) 

~evealed gamma globulin in aIl fractions, but f~actions II 

and III contained small amounts of alpha and beta globulins 

in addition to gamma globuline The continuous elution of 

gamma globulin ~eveals the hete~ogeneity existing in this 

class of globuline 

A p~og~essive inc~ease in elect~opho~etic mobility 

was demonst~ated in the th~ee f~actions, globulins with the 

slowest mobility being the fi~st to be eluted. 

B. Antibody Content of Antise~um and Globulin F(actions 

a. Standa~dization of Antigen 

A solution of BSA containing 3 mg protein per ml 

was chosen fo~ standa~dization. Nitrogen content was deter-

mined on l ml volumes by the Kjeldahl p~ocedu~e as outlined 

-in Materials and Methods, Section C, Part 1. Analysis was 

done in sets of five samples each. The mean of the samples 

of the set in which the values corresponded to within 10 to 

12 ~g nit~ogen was determined and the standa~d e~~or cal-

culated. On this basis the p~eparation was estimated to 

+ contain 420 ug nit~ogen pe~ ml _ 3. 
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Fig. 1. Immunoelectrophoresis of \'Ihole anti-BSA, 

(NH4)2S04 ppt'd Slobulin fraction, and globulins 

fractionated by D~~E-cellulose chromatography. 

The electropl:oretic l?atte~n ,-la3 developed with 

goat anti-raL1Jit serum. 

Slide 1: Upper 'Vole 1 l - \'1hole anti-BSA 

Lower well - (NH4 ) 28°4 ppt' d globulin 

fraction 

Slide 2: Upper well - Whole anti-BSA 

Lower well - DEAE-cellulose fraction 1 

Slide 3: Upper vlell - Whole anti-BSA 

Lower well - DEAE-cellulose fraction II 

Slide 4: Upper well - \Vhole anti-BSA 

Lower \..,ell - DEAE-cellulose fraction III 



In.g.1. ImmunoelcGtrophoresis of \"I11ole anti-BSA, 

(NH4)2S04 ppt 'd globnU,!1 fraction, and globulins 

fractiünated by D~~E-celluJ,0se chromatography. 

The cl(;ctropl:or e t ic pat tc?:n ,'li:l:, c1eveloped wi th 

<;3oat anti-raÏ.J1Jit serum. 

Blide 1: Upper vlell - \'7ho1e anti-BSA 

Lower wel1 - (NH4 )2S04 ppt'd globu1in 

fraction 

Slide ~: Upper wel1 - Whole anti-BSA 

Lower '\tlel1 - DEAE-ce11ulose fraction l 

Slide ~: Upper we11 - Whole anti-BSA 

Lower well - DEAE-cel1ulose fraction II 

Slide 1: Upper well - \'/1101e anti-BSA 

Lower well - DEAE-cellulose fraction III 
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b. Quantitative Precipitation 

The antibody contents of whole antiserum and 

globulins obtained by ammonium sulphate precipitation and 

DEAE-cellulose fractionation were determined by quantita­

tive precipitation as described in Materials and Methods, 

Section C, Part 2. 

The antigen was diluted to contain from 8 to 210 pg 

nitrogen per ml, and quantitative precipitation was done by 

reacting 1 ml of the antibody preparation with varying 

amounts of the antigen contained in 1 ml volumes. Total 

nitrogen was determined on the precipitates and antibody 

nitrogen was calculated as the difference between total 

nitrogen and antigen nitrogen precipitated at equivalence. 

The values obtained for the three preparations are shown in 

.Table lA, lB and IC respectively, and are represented graphic­

ally as precipitin curves in Fig. III. Only fraction l of 

the DEAE-cellulose preparation was analyse~. Also included 

in the tables are the results.of tests for residual antibody 

or antigen in the supernatant fluid of the precipitation 

reactions. 

As indicated in the first table whole antiserum 
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had approximately 0.94 mg nitrogen per ml which was speci-. 

fically precipitable by antigen. After ammonium sulphate 

precipitation, this had declined to approximately 0038 mg 

nitrogen per ml, reprèsenting a loss of 40~. This·loss was 

due, probably, partly to the precipitation procedure and 

partly to lyophilization. Lyophilized globulin when recon­

stituted showed a substantial amount of denatured material 

which was usually removed by centrifugation prior to use of 

the globuline 

C. BSA-Cellulose Immunoadsorbent 

Attempts were made to produce an immunoadsorbent 

according to the procedure of Weliky et al (1964) in which 

bovine serum albumin was coupled to CM-cellulose by means 

of a coupling agent, N,N-dicyclo-hexylca~bodiimide (DCC). 

Coupling was assumed to occur by formation of amide bonds 

between the amine groups of the'p~otein and the carboxyl 

g~oups of DCC. 

Cellulose, 'previously t~eated with 4N HC1, and· DCC 

were added to a solution of 400 mg BSA in 25 ml distilled 

water and the mixtu~e allowed to stand at room temperatu~e 

for two days. At the end of this time the mixture was still 

·moist. The p~eparation was washed as outlined in Materials 
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Table lA. Determination of antibody nitrogen by addition 

Ag N added 
ug/ml 

8.4 

35.0 

42.0 

46.6 

52.5 

60.0 

84.0 

105.0 

140.0 

210.0 

of increasing amounts of BSA to a oonstant volume 
of rabbit anti-BSA - Whole Antiserum. 

Total nitrogen - 10,680 pg/ml 

Ab N by 
Total N ppt'd difference supernatant 

ug/ml Jlg/ml Tests 

107 99 Excess Ab 

367 332 Excess Ab 

444 402 Excess Ab 

509 462 Excess Ab 

545 492 Excess Ab 

627 567 Excess Ab 

785 701 Trace excess Ab 

918 813 No Ab or Ag 

1080 940* No Ab or Ag 

1042 832 Excess Ag 

* Antibody nitrogen at equiva1ence 
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Table lB. Dete~mination of antibody nit~ogen by addition 
of inc~easing amounts of BSA to a constant 
volume of ~abbit anti-BSA - Ammonium Sulpnate 
p~ecipitated 

Total nitrogen - l~20 pg/ml 

~g N added Total N ppt'd Ab N by Supe~natant 

pg/m1 J-lg/ml difference Tests 
llg/~l 

8.4 98 80 Excess Ab 

42.0 335 293 No Ab or Ag 

60.0 436 376* Trace excess 

84.0 445 361 Excess Ag 

105.0 409 304 Excess Ag 

140.0 360 220 Excess Ag 

* Antibody nit~ogen at equiva1ence 

Table le. Determination of antibody nitrogen by addition 
of increasing amounts of BSA to a constant 
volume of ~abbit anti-BSA - DEAE-ce1lu1ose 
~'r act ion I** 

Total nitrogen - 2236 pg/m1 

Ag N added Total N ppt'd Ab N by 
pg/m1 pg/m1 diffe~ence 

Jlq/ml 

8.4 72 63.6 

21.0 164 143.0 

42.0 300 258.0 

60.0 528 468.0 

84.0 675 591.0* 

105.0 666 561.0 

* Antibody nitrogen at equiva1ence 
** Pive times concentrated 

Supernatant 
Tests 

Excess Ab 

Excess Ab 

Excess Ab . 

No Ab or Ag 

No Ab or Ag 

Trace excess 

Ag 

Ag 
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and Methods, Section F, and a column of the adsorbent 

prepared. 

The amount of antigen coupled was not determined, 

but it was assumed that if coupling of the antigen had 

occurred, antibodies would be adsorbed when antiserum was 

passed through the column. A 2 ml. volume of antiserum 

containing 420 pg nitrogen per ml as determined by Kjeldahl 

procedure, was applied to the column and rinsed in with 

. saline. The effluent was collected and passed through sev­

eral times before the column was washed. Because the UV 

recorder to which the column was attached showed that a 

large amount of material absorbing at 257mp had passed 

through, it was suspected that antibodies were not being. 

bound. The effluent was, therefore, collected, concentrated 

and tested in double diffusion for antibody activity. 

Strong 1ines of precipitation developed with the highest 

concentration of antigen used (1:10), indicating that anti­

bodies were recovered almost quantitatively in the effluent. 

The coluwn was washed with saline until no protein 

could be detected in the wash, then eluted with l~ sodium 

chloride pH 2.3. In all instances a compone nt which gave a 

green colour when acid was applied to the column was eluted. 
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The ~ate~ial was concent~ated by ult~afilt~ation to the 

o~iginal volume and tested fo~ antibody activity in douole 

diffusion with twofold se~ ial dilutions of a l·~ BSA solution. 

Tne p~eparation showed no antibody activity and it was 

assumed that the mate~ia1 eluted was some mino~ serum com­

ponent which bound non-specifically to the cellulose. 

In the details of the p~ocedu~e, no optimun pH 

fo~ the ~eaction was given. In a xepoxt published later 

(\ieliky and Weetall, 1965) it was mentioned that best ~esults 

we~e obtained when a pH of 3.5 to 5.0 was used, and when the 

wate~ in the ~eaction mixtu~e was kept to a minimum. The~e­

fo~e, expe~iments we~e ~epeated in which the volume of wate~ 

used fo~ p~epa~ing the p~otein solution was va~ied, and the 

pH of the ~eaction mixtu~e was adjusted to appxoximately 4.0. 

The ~esults we~e simila~ to those obtained initially, and it 

was p~esumed that the antigen was not being coupled to the 

cellulose. Afte~ seve~al unsuccessful attempts to ~ep~oduce 

the method, it \"1as decided to discontinue the investigation 

in favou~ of anothe~ p~ocedu~e. 
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D. Purification of Antibodies by El-1A-BSA Immunoadsorbent 

·1. Characterization of Antibodies 

a. Double Diffusion in Agar Gel 

Antibodies were purified by applying a sample of 

globulin prepared by ammonium sulphate precipitation, to an 

EMA-BSA immuno-adsorbent and eluted with 0.35M glycine-HCl 

buffer at pH 3.0,2.5 and 2.0, or with phosphate buffered SM 

urea pH 7.4. The effluent was dialysed against 0.3M sodium 

chloride buffered with phosphate at pH 7.4, concentrated to 

the original sample volume, and tested for antibody activity 

in double diffusion with twofold seriaI dilutions of a 1% 

BSA solution. 

In the first series of experiments whole antiserum 

was used instead of a globulin fraction. A 2 ml volume was 

.applied to a column containing 100 mg immunoadsorbent. 

Antibodies were eluted with glycine-HCI buffer, the effluent· 

neutralized with 0.2 N sodium hydroxide, and concentrated 

by lyophilization. The lyophilized material was reconstltu­

ted with 2 ml distilled water, dialysed against borate-buf­

fered saline and tested in double diffusion for antibody 

activity. There was little or no activity, despite the fact 

that their ultraviolet absorbance at 257 mp during elution, 
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indicated a high concentration of proteine In sorne cases 

a small amount of activitycould be demonstrated when the 

antibody wells. were filled several times, but even them, " 

the highest dilutions of antigen were in excess as indicated 

by the closeness of the precipitation lines to the antibody 

wells. 

It was suggested that antibodies rnight have been 

inactivated by lyophilization and concentration by solid 

sucrose was tried. Protein eluted frorn the colurnn was first 

dialysed for three hours, then placed in dialysing tubing. 

The dialysing bags were covered with sucrose. Concentration' 

was rapid in the first few hours, but gradually the sugar 

diffused through the membrane as the water moved out, until 

the sugar reached such a high concentration within the bag 

that little or no water passed out. The bags were transfer­

red as soon as the sugar became wet, but diffusion was still 

negligible. Short periods of dialysis were tried without 

significant impl:ovement. The prepal:ations could, therefo're, 

not be l:educed to theil: original volumes, and in no instance 

could antibody activity be demonstl:ated. 

polyethylene glycol (cal:bowax), M.W.,20,OOO was 

tried without success. Experiments were set up as outlined 
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in Matexials and Methods Section G, Paxt 1. Concentxation 

was rapid, but visible turbidity developed in the prepara­

tions, which were filtered before testing them for activity. 

No act i vi ty could be demonstr ated in the fil tr ates. . 

Polyethylene glycol is known to ag9xegate gamma globulin, 

and it has been reported (Kabat and Mayer, 1961), that sorne 

preparations contain small molecular weight polymers which 

can diffuse·through dialysis tubing. It is possible that 

this might have happened in these experiments. 

Preparations concentrated by ultrafiltration retained 

much of their activity as demonstrated in Fig. IV. Purified 

pxeparations obtained by urea elution gave strong lines of 

precipitation with varying concentrations of antigen in 

double diffusion. Optimum reaction occurred with antigen 

diluted 1:80 as evidenced by the position and sharpness of 

the line. precipitin lines were also obtained with the three 

fractions eluted by glycine-Hel buffer, but'the preparations· 

had to be concentrated several folds to demonstrate activity. 

Whole antiserum and ammonium sulphate precipitated fraction 

were included for comparison. The protein material which 

passed through the column without binding to ~he antigeri, 

and the subsequent wash were concentrated and tested also 
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for residua1 antibody activity. strong 1ines of precipita­

tion deve10ped indicating that not a11 the antibodies app1ied 

to the co1umn were bound, or that antibodies were re1eased 

during the washing procedure. 
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Big. IV, Double diffusion in aga~ gel with t~ofold 

seriaI dilutions of Ag f~om 1:10 to 1:1280 reading 

L to R. Ag was put in the cent~e wells (unlabelled). 

Both Ag and Ab wells were filled three times. Pu~i-

fied Abs used in slides 10 & Il were prepared by .urea 

elution. Abs used in slide 12 were prepared by elution 

with glycine-Hel buffe~ pH 3.0, 2.5 and 2.0, and we~e 

concentrated several folds. 

Slides 10 & Il a = Who le antise~um 

b = (NH4) 2804 ppt'd globulin fraction 

c = EMA purified Abs ; d = Wash 

Slide 12 a = Whole antiserurn b = pH 3.0 

c - pH 2.5 d - pH 2.0 - -
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2ig. IV. Double diffusion in agar gel with twofold 

serial dilutions of Ag from 1:10 to 1:1280 reading 

L to R. Ag was put in the centre wells (unlabelled). 

Both Ag and Ab wells were filled thrce times. Puri-

fied Abs used in slides 10 & 11 were prepared by urea 

elution. Abs used in slide 12 were prepared by elution 

with glycine-Hel buffer pH 3.0, 2.5 and 2.0, and were 

concentrated several folds. 

Slides 10 & 11 

Slide 12 

a = Whole antiserum 

b = (NII4)2S04 ppt'd globulin f:r:action 

c = EMA purified Abs; d = Wash 

a = Whole antiserurn ; 

c = pH 2.5 

b = pH 3.0 

d - pH 2.0 
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b. Immunoelectrophoresis 

Immunoelectrophoresis in agar was used to char ac­

terize all preparations. Electrophoresis was performed in a 

l~ Ionagar gel for 90 minutes and developed with goat. anti­

rabbit serum diluted 1:2. 

Since rabbit antibodies are found primarily amo~g 

the gamma globulins, precipitation lines appearing in any 

other region and not showing continuity with the gamma line 

were interpreted as impurities. 

Immunoelectrophoresis done on preparations obtained 

in the first series of experiments in which whole antiseLum 

was applied to the immunoadsorbent and the effluent concen­

trated by lyophilization showed lines of precipitation not 

only in the gamma region but in the alpha, beta and alburnin 

regions as well. The albumin line was particularly strong. 

It was assurned that the results were probably due to 

inadequate washing of the irnrnunoadsorbent-antibody complexe 

A repeat of the experiment in which washing was done for a 

much longer time gave similar results. other experiments 

were done to rule out technical errors which rnight have 

occurred in filling the antigen wells when preparing for 

electrophoresis. Again the results were similar. 
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Since molecules of the size of globulins a~e not 

expected to penet~ate Sephadex G-25 (used to dispe~se the 

immunoadso~bent), it was unlikely that the contaminating 

p~oteins we~e ~eleased f~om the gel beads during elution. 

~~eove~, the 1ength of the washing time and the volume of 

wash fluid should have been adequate fo~ a co1umn of the 

size used (45 x 1.5 cm - I.D) to al10w fo~ ~emoval of any 

proteins which might have penet~ated the gel. It was, there-

·fo~e, conc1uded that p~oteins we~e being bound non-specific­

ally. This was confi~med by the authors (Centeno and Sehon) 

(Pe~sonal communication). The~eafte~, aIl expe~iments were 

pe~fo~med with a 33% ammonium sulphate p~ecipitated f~action 

of se~um. It should be mentioned that these impu~e p~epa~a­

tions gave good lines of precipitation with antigen in double 

diffusion. It is known that non-antibody serum proteins help 

to increase precipitation. 

When expe~iments we~e done using a globulin fraction 

and the effluent from the column was concentrated by sucrose 

or po~yethylene glycol (PEG), no lines of precipitation were 

detected on immunoelectrophoresis. The sugar concentrated 

p~epa~ations we~e assumed to be too dilute to allow detection 

by this method of the umount of globulins p~esent. With the 
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PEG p~epa~ations, globulins had probably been aggregated 

and removed when the preparations were filtered •.. 

Immunoelectrophoresis patterns of purified prepara­

tions obtained by elution with urea and glycine-Hel buffer, 

and concentrated by ultrafiltration are shown in F.ig. V. 

\fuole antiserum or an ammonium sulphate precipitated frac-

tion were included as references. Lines of precipitation 

appeared in the gamma region in all cases. 5ince the serum 

\".'as obtained three weeks after primary stimulation and the 

IgM globulins have a short half-life none or only a very 

small amount of this class of globulins would be expected 

to be in these preparations. The lines, therefore, were most 

likely produced by antibodies of the IgG type. Results of 

ultracentrifugal analysis tend to support this view. 

Urea eluted prepar.ations showed an additional small 

line over the antigen well which was not seen in the acid 

eluted preparations. The line has not been identified • 

. Some amount of heterogene.ity in electrophoretic 

mobility has been révealed in the acid eluted preparations. 

IgG (75) globulins have electrophoretic mobilities extending 

from the slow gamma through the beta region and into the 



- 106 -

alpha region. with the scheme of acid elution used, anti­

bodies having the slowest mobility were eluted first 

(pH 3.0). The faster moving molecules could be eluted 

onlyat a lower pH (2:5 and 2.0). 8ince the pattern of 

elution is assumed to reflect the relative binding strengths 

of the antibodies, one could possibly make an association 

between charge and affinity to antigen. In a recent study 

Carter and Harris (1967) isolated rabbit non-precipitating 

antibodies and showed that they had a faster' electrophoretic 

'mobility than the precipitating antibodies resulting from a 

greater net negative charge. In their study antibodies of 

the non-precipitating type displayed properties similar to 

IgA globulins. They suggested that in view of reports 

(Onoue et al, 1964, 1966) that IgA globulins were associated 

with both a 78 and 9S compo~ent, that the non-precipitating 

antibodies of rabbits are IgA globulins. If these obser­

vations are correct, then perhaps the preparations obtained 

by acid elution do contain a high p~oportion of non-preclpi­

tating antibodies whicn might account for the relatively 

weak reactions of these fractions in double diffusion'. 

The diffuseness of the lines i9 due probably to 

tne concentration of antibodies in the preparations or to 
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heterogeneity of the antibody mo1ecules. 

The pattern of urea eluted globulins is somewhat 

different, and resemb1ès more closely that of the whole 

antiserum. Only one peak of material absorbing at 257 m~ 

was eluted by urea, and it is possible that urea elutes a 

different class of antibodies. ~rovided that the eluting 

agents did not alter the antibody molecules to cause changes 

in their electrophoretic mobilities, it is apparent that urea 

elutes much less of the faster migrating antibody molecules. 

The fact that better lines of precipitation were obtained in 

double diffusion with this preparation might suggest the 

absence of inhibition by non-precipitating antibodies. 
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Pige V. Immunoelectrophoresis of antibodies purified 

by EI1A. immunoadsorbent. Slide 5': Abs eluted by 

phosphate-buf.Eered 8 M urea pH 7.4. Upper well con-

tained (NH4)2S04 ppt'd globuli,n fraction. 

Slides 6, 7', 8: Abs eluted by glycine-Hel buffer pH 

3.0, (6) i 2.5 (7) i and 2.0 (8). Upper wells coritained 

whole anti-BSA. All troughs contained goat anti-

rabblt serum. 
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Pig. v. D~munoelectrophoresis of antibodies purified 

by EI1A immunoadsorbent. Slide~': Abs eluted by 

phosphate-bufEered 8 M urea pH 7.4. UppeJ:: well con-

tained (NH4)2S04 ppt'd globuli.n fJ::action. 

Slides §., l, Q..: Abs eluted by glycine-Hel buffeJ:: pH 

3.0, (6) i 2.5 (7) i and 2.0 (8). Ul?peJ:: wells coritained 

whole anti-BSA. All tJ::oughs contalned goat anti-

r.abbit seJ::Uffi. 

( . '\ 
• • • 1 
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c. Disc Electrophoresis 

since separation of molecules in disc electro­

phoresis is a function of "molecular .filtration" and electro­

phoretic properties, it produces a degree of resolution that 

cannot be obtained by other electrophoretic procedures. 

For this reason it was chosen as an additional method to 

determine the purity of our preparations. Like the other 

methods, it cannot differentiate between antibody globulins 

and 'normal' globulins. 

Disc electrophoresis was perforroed in polyacrila­

roide gel using Tris-glycine buffer pH 8.3. lfuole antiserum 

and an ammonium sulphate precipitated globulin fraction were 

included for comparison. The results are shown in Fig. VI. 

Gawna globulin. appeared as a diffuse band at the uppermost 

end of the separation gel. Except for one or possibly two 

narrmoJ bands (not clearly shown in 3,4,5 of Fig. VI) which 

appeared in all cases at the juncture of the spacer and 

separation gels, only gamma globulin could be detected in 

the preparations purified by the immunoadsorbent. These 

bands might be either lipoproteins or glycoproteins, or per­

haps small aggregates, although the latter should be retained 
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in the sample gel. These mate~ials we~e not detected by 

immunoelect~opho~esis possibly because of the smallamounts 

p~esent. Little diffe~ences in elect~opho~etic mobilities 

we~e detected by this method. The ammonium sulphate f~action 

showed an additional band mig~ating faste~ than the gamma 

globulin and was absent f~om thepu~ified samples. 

Since globulins of the 19S type would be ~etained 

at the lower end of the sample gel, most of the globulins in 

the diffuse band a~e p~obably of the 7S type. 
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Fig. VI. Disc elect~opho~esis of whole anti-BSA (1),. 

(NH4)2S04 p~ecipitated globuli'n f~action (2), and 

antibodies pu~ified by immunoadso~bent (3,4,5). 

Antibodies we~e eluted with glycine-Hel buffer 

pH 3.0 (3), pH 2.5 (4) and pH 2.0 (5). Elect~o­

phoresis was done in 7% polyac~ilamide gel using 

t~is-glycine buffe~ pH 8.3. 
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;~ig. VI. Dise c Il~ct :r.a~)hores i8 of: \'/hole ant i-13SA (1), 

antibodies purified by immunoadsorbent (3,4,5). 

~\nt .ibodics Vlcre elu ted wi t 11 glycine -IIel buE Eer 

pH 3.0 (3), pH 2.5 (4) and pH 2.0 (5). Electro-

phore:d.:J was donc in 7 I~ polyacr. tlè.mide gel using 
( 
\ '. tris-glycine buffer pH 8.3. 
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d. Ultracentrifugation 

Fractions of antibodies obtained by elution with 

glycine-HCl buffer at pH 3.0 and 2.5 were submitted.to ultra-

centrifugation, and their sedimentation coefficients cal-

culated. The sedimentation co-efficient for fraction l was 

estimated to be 7.328 5 while that of fraction II was slightly 

higher being 7.416 S. The sedimentation pattern showed a 

single sharp· peak for each fraction, and no significant dif-

ferences were apparent from the photographs. 

The values are somewhat higher than those reported 

for rabbit antibodies. Normal rabbit globulin has been cal-
',-" 

culated to have a sedimentation coefficient of 7.055 (Phelps 

and putn~, 1960), and 6.5 5 for antibodies to ovalbumin . 

(Kabat and Mayer, 1961). 5mall amounts of aggregats could 

be expected to be present since the suspending buffer was of 

a low ionic strength, and \\Te had observed the occurrence of 

aggregation previously, when the preparations were allowed to 

stand at 4oC. The fact that the photographs gave no indi-

cation of the presence of aggregates might have been due to 

the globulin concentration, the degree of sensitivity of the 

procedure, or both, and does not prove their a:psence. 

However, if these were aggregates, the sedimentation co-
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efficients would probably be much higher. 

Values reported for sedimentation coefficients are 

known to vary with the method of- preparation of the globulin, 

and it is possible that this might account for the differ­

ence between the values obtained and those reported. The 

possibility of technical errors cannot be ruled out sinc~ 

.calculations were made on the basis of a 1% solution and our 

preparations contained only 5 mg per ml proteine 

2. Investigation of the Batchwise E1ution Procedure and 

Comparison with Column Elution Procedure 

Differences in weights of immunoadsorbent and 

Sephadex made it difficult to prepare large columns in which 

the adsorbent would be ~e11 dispersed. Slow packing resulted 

in a band of adsorbent on the top of the co1umn, and this 

greatly reduced flow rates. As will be pointed out later 

high f10w rates are needed to get good yie1ds. With a batch· 

wise procedure this difficu1ty wou1d be avoided, and so it 

was investigated witu a view to using it if resu1ts compar­

able to, or better than those of the column procedure could 

be obtained. 

Optimal conditions for the procedure were deter­

mined by pre1iminary experiments (Materia1s and Methods, 
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Section G, Part 2c). In these experiments it was found that 

'although the immunoadsorbent could be centrifuged at a high 

speed during the washing procedure following reaction with 
, . 

antibodies, a much lower speed had to beused during elution 

with acid (batchwise elution with 'urea was not done) in 

order to resuspend the immunoadsorbent-antibody complexe 

This might have resu'lted from conformational changes caused 

by the acid. A reaction time of 25 minutes was found to be 

adequate for complete adsorption of antibodies. 

For experiments designed to investigate the possible 

use of the procedure, 5 ml globulin was reacted with 100 mg 

immunoadsorbent for 25 minutes, and antibodies eluted with 

glycine-HCl buffer. Protein determination was do ne colori-

metrically according to the method of Lowry and calculated 

by comparison with a standar~ curve prepared with BSA. 

In order to determine if and how the protein fractions 

should be diluted to be within the sensitive range of the 

colorimetrie test O.D. 280/260 ratios were taken and protein 

determined by the procedure of Warburg and Christian (l942). 

Protein content of antibodies obtained by column elution was 

dete~mined in a similarmanner. Table IV gives the amount 

of protein eluted by bathwise and eolumn procedures. Values 
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obtained by the 0.0. 280/260 Iatios ale inc1uded fOI com­

palison. 

The figules show that the amount of plotein e1uted 

by the batchwise plocedule was only about one-ha~f that 

e1uted using co1umn e1ution. Mouga1 et al (1963) a1so 

obtained loweI yie1ds flom batchwise e1ution. The plocedule 

was therefole considered 1ess efficient. MoleoveI, it was 

mOle time consuming, less convenient, and was accompanied 

with a greateI Iisk of 109ing antibodies and of contaminating 

the antibody prepalation with antigen. It, howeveI, had the 

advantage over column elution that antibodies could be 

Iecoveled in a mole concentrated forme 

3. Yield and PUlity of Antibodies 

In the expeliments pleceding those done fOI quan­

titative detelminations, antibodies were eluted by glycine­

Hel buffeI and dialysed against borate-buffered saline 

pH 8.4. However, an excessive amount of precipitation 

developed during dialysis, due possibly to aggregation or 

to precipitation with contaminating antigen. Phosphate buf­

fered 8 M urea was suggested as an alternative eluting agent 

(Sehon, 1967) and it was decided to try this.· At that time 

no quantitative detelminations had been done on antibodies 
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Table IV. P~otein Dete~mination by the Low~y Method 
and by the O.D. 280:260 ~atio 

l-1ethod of· E1ution 
Low~y O.D. 280:260 

pg. p~otein/m1 fl9 p~otein/m1 

Co1umn: 
.b'~action l 1600 1700 

F~action II 3487 3000* 

F~action III 13 150 

Ave~age . 1700 1600* . 

, 

Batchwise: 
F~action l 0 0 

F~action II 625 780 

F~action III 495 670 

Ave~age: 560 725 

* App~oximatio"n 
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eluted by acid. Subsequently, experirnents were done with 

this .in mind, but due to inadequate binding of antibodies 

by the new preparations of irnrnunoadsorbent, the concentra­

tions of antibodies recovered were not sufficiently high 

to give reasonable arnounts of precipitate for a quantitative 

precipitation test. Therefore, yield and purity are reported 

for preparations obtained by urea elution only. Typical 

patterns of elution by glycine-Hel buffer and by urea are 

shown·in Fig.Vlt. 

The capacity of the columns used in these experi­

ments was not high enough to give sufficient antibodies in 

one run for a complete quantitative test,and it was decided 

to pool material from two runs on the same column if repro­

ducible results could be obtained on reuse of columns. A 

preliminary experiment show~d that the elution pattern 

obtained from a column being used for the second time was 

similar to that obtained from its first use under similar 

conditions. AlI quantitative work.was, therefore, done on 

pools of antibodies, obtained from a preparation of irnrnuno­

adsorbent used up to four times. 

mlen antibodies were to be eluted by urea, the 

'packed column was washed with about 200 ml 8 M urea in phos-
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phate buffeJ: pH 7.4 followed by extenslve washing with phos,­

phate buffeJ: to J:emove all the uJ:ea. AfteJ: such a tJ:eatment 

the immunoadsoJ:bent has a gel-like consistency due to swel­

linge When-a globuliri sample was applied to such a column 

a significant amount of pJ:otein passed thxough unbound. A 

concentJ:ate of this effluent, when tested in double diffusion 

gave stxong lines of pJ:ecipitation indicating the pxesence of 

much antibody. In pJ:evious expeJ:iments, when a similaJ: sample 

fxom the same batch of globulin was applied to a column of 

immunoadsoJ:bent in its acid foxm (MateJ:ials and Method, Sec­

tion G, PaJ:t 1) only a small amount of ~xotein passed thJ:ough 

unbound. Since the only diffeJ:ence between the two pxepaxa­

tions was the method of txeatment, it was decided to see if 

the same immunoadsoxbent, when converted to the acid form 

would give results similar to those of earlier experiments. 

\1hen this was done, the u.v. recorder showed that only a 

small amount of protein was not bound. This was taken as 

evidence that the differences in ac~ivities were due to the 

treatment. 

Antibodies were eluted with urea fxom immuno­

adsoxbents in both forms, the effluents were dialysed, con­

centrated to their original volumes and analysed for their 
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nitrogen content. Table V shows the results obtained. 

Precipitin curves are included in Fig. IV. 

Yield was calculated as the percentage"of precipit­

able antibodies recovered from the sample applied to the 

immunoadsorbent. On this basis,the figure obtained for the 

unmodified method was 32~ and for the modified method 42%. 

The amount of antibodies recovered by the modified method was 

therefore 10~ higher than the original method, and the degree 

ofpurity was the same for both methods. Purity was 50% and 

was calculated as the proportion of the total nitrogen (in 

the recovered material) which was precipitable. It is pos­

sible that at alkaline pH when the immunoadsorbent is a gel, 

the conformation of the complex is such that sorne antigenic 

sites are concealed. Acid probably causes a change in con­

formation, antigenic sites b~come more accessible and con­

sequently more antibody is bound. 

precipitable antibody nitrogen and total nitrogen 

were also determined on fraction 1 of the DEAE-cellulose 

preparation for comparison of the degree of purity obtained 

by the use of a non-specifie method of antibody purification 

with.that obtained from the immunoadsorbent. The results are 

shown in Table le. The purity of this preparation was 25~. 
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Table Va. Determination of antibody nitrogen by addition 
of increasing amounts of BSA to a constant 
volume ofrabbitanti-BSA - Antibodies purified 
by immuno-adsorbent-unmodified method •. 

Total nitrogen - 244 pg / ml 

Ag N added . Total N ppt 'd Ab N by Supernatant 
pg/ml pg/ml diffeJ:ence Tests 

pg/ml 

8.4 67 ·59 No excess Ab 

21.0 143 122* Trace Ag excess 

42.0 140 98 Excess Ag 

60.0 105 45 Excess Ag 

* Antibody nitrogen at equivalence 

Table Vb. DeteJ:mination of antibody nitrogen by addition 
of increasing amounts of BSA to a constant 
volume of rabbit anti-BSA - Antibodies purified 
by immuno-adsorbent-modified method. 

Total nitJ:ogen - 320 pg / ml . 

Ag N added Total N ppt'd Ab N by SupeJ:natant 
~9/ml 119/ml difference Tests 

119/Ml 

8.4 69 60 ,No excess Ab 

21.0 181* 160* -
42.0 170 128 Excess Ag 

60.0· 150 90 Excess Ag 

84.0 112 28 Excess Ag 

* Antibody nitJ:ogen at equivalence calculated by extrapola­
tion from precipitin curve Fig. IV. 
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4. Non-Specifie Adso~ption 

Because of the ~e1ative1y low deg~ee of pu~ity 

obtained compa~ed to that ~epo~ted by the autho~s (Centeno 

and Sehon,19661 Sehon, 1967) fo~ antibodies purified with 

this immunoadso~bent, we deeided to investigate whethe~ it 

might have been due to non-specifie adso~ption. Fo~ this, 

no~ma1 ~abbit globu1in p~epa~ed by ammonium su1phate p~eci­

pitation, wàs passed th~ou~h a eo1umn of the adso~bent. 

The ~esults of these experiments we~e suggestive but not 

conclusive. 

In the fi~st of these expe~iments, the abso~banee 

patte~n ~evealed that a substantial amount of p~otein was 

being retained. This was subsequent1y eluted by u~ea. The 

nit~ogen content of the e1uted mate~ia1 was app~oximate1y 

660 ug per ml'. It showed no antibody aetivity when tested 

in double diffusion. 

The experiment was repeated with a globulin samp1e 

from a different ~abbit, and the co1umns ''lere e1uted '''Iith 

both urea and glycine-Hel buffe~. On1y a t~ace amount of 

prote1n was eluted. The results of the latte~ experiments 

suggest that the h1gh amount of adsorption obse~ved in the 

first exper1ment was p~obab1y not due to a p~operty of the 
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immunoadso:rbent, but :rathe:r to the globulin pI:epa:ration. 

It is possible that the :rabbit f:rom which the globulin was 

p:repa:red, might, at some time, have been immunized either 

with BSA o:r some othe:r mate:ria1 which c:ross :reacts with it. 

On the othe:r hand, the fact that anothe:r immuno­

adso:rbent p:repared at the same time displayed poo:r binding 

capacity, it can be assumed that fo:r the same :reason (see 

Discussion) .the adso:rbent used in these latte:r expe:riments 

·was also not binding. It is, the:refo:re, not known whethe:r 

a well functioning adsorbent would behave in a similar 

manner toward non-specifie globulins. In this ~espect it 

isinte:resting to note that in ea:rlier experiments when 

whole antiserum was used instead of a globulin fraction, 

p:roteins other than specific globulins were adsorbed and 

eluted with glycine-Hel buffer (Results, Section D, Part lb). 

The question 'of non-specifie adso:rption by the immunoadso:r­

bent, the:refore, requires further investigation. 
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DISCUSSION 

A method of purification was desired which would 

give large amounts of antibodies essentially free of other 

serum proteins and of globulins which were not specifie 

for the antigen of choice. Several methods able to meet 

these requirements have been reported (Isliker, 1957, 

Welikyet al, 1964, Sehon, 1967). Immunoadsorbents prepared 

by chernically attaching soluble antigens to insoluble car­

riers seemed to offer the most advantages and therefore 

this procedure was chosen for investigation. A number of 

the methods developed, however, are tedious and complicated 

and we preferred to use one which was fairly simple, yet 

satisfactory. The two methods chosen seerned easy enough, and 

were reported to have given good results. 

In the method of Weliky and his co-workers, BSA 

was attached to CM-cellulose by a coupling agent DCC. How­

ever, our attemps to produce a similar ads~rbent were 

unsuccessful. A possible cause of failure might reside in 

the cellulose itself. The activity of celluloie is greatly 

influenced by the type of treatment it has undergone during 

processing. Thus, the authors found that with a new batch 
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of cellulose in which changes in processing were made, 

satisfactory coupling was obtained only if the cellulose 

had been converted to its acid form by treatment with 

4N HCl. 

The cellulose used in this study \Vas obtained 

from a different manufacturer, and nothing is known of the 

manner in which it has been processed. Nevertheless, it 

was given the acid treatment as recommended. The length 

of time required for conversion was not known, but it was 

assumed that stirring for a few minutes in an excessof acid 

would be adequate. In a recent report (Campbell and Weliky, 

1967) one-half ta one hour was suggested by the authors. 

On one occasion the resin was left in acid overnight, sa 

it seems that conversion should have occurred. 

Assuming that the cellulose was in a react~ve 

state, then failure of the adsorbent ta remove antibodies 

from solution may h~ve resulted from the fact that either 

antigen was not coupled, or that antigen was coupled but 

for sorne reason failed to bind antibodies. One possible 

explanation for the latter suggestion is the fact that in 

coupling reactions sorne antigenic determinants might be 

involved sa that sorne or aIl the antigenic properties of 

~ 
...... 

?~.ft~ 
" 
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the molecule are lost. 

Although one cannot completely rule out the latter 

possibility, we suggest that no "antigeri was coupled to the 

cellulose. The extent to which antigen was coupled, if 

at all, could have been determined by the use of isotopically 

labelled antigen, but this was not done, so that we have no 

experimental evidence to support our view. 

In their recent report, the authors stated that 

the coupling reaction occurred to a greater extent in water 

at pH 3.0 to 5.0 than in tetrahydrofuran. In sorne cases 

water soluble di imides were used, and were added directly 

to the reaction mixture. If water insoluble DCC were used 

as in our studies, it was dissolved in a volume of THF 

amounting to 10-20% of the water used. In our experiments 

the ratio of THF to water was 1:2 as outlined in the pro-

cedure. From the report it seems that the amount of water 

in the reaction mixture is a critical factor. After standing 

at toom temperature for two days, the preparation should" 

still flow if the flask were tilted. It was suggested that 

a dry preparation should be discarded. In the procedure 

used, the amount of water which should be used for preparing 
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the pz:otein solution was not given, howevez:, in most cases, 

ouz: pz:epaz:ations wez:e st~ll moist aftez: two days. 

The extent to which any of these factoz:s may have 

contz:ibuted to the z:esults of the expez:iment is not known, 

and we cannot explain why even a small amount of antigen 

should not have been coupled since aIl the details of the 

pz:oceduz:e and the z:ecommended modifications wez:e followed 

closely. 

There was sorne measuz:e of success with the method 

of Centeno and Sehon, although the z:esults wez:e not as 

satisfactoz:y as we would have liked them to be. 

One pz:opez:ty of this immunoadsoz:bent which makes 

it unsatisfactoz:y foz: pz:epaz:ative work is its affinity for 

albumine It was found that a significant amount of albumin 

binds to the adsorbent and so, of necessity, the starting 

material has to be a globulin fraction. From quantitative 

data it can be seen that when globulins are prepared by 

anunonium sulphate pz:ecipitation about 40'/0 of the antibodies 

in the antiserum is lost, so that one starts with only 60%. 

This mcans that even with a high z:ecovery from the immuno-

adsorbent large quantities of antiserum would be required 
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to prepare any appreciable amount of purified antibodies. 

The yield of antibodies from the EMA-BSA adsorbent 

was only 4210 and this further reduced the efficiency of the 

overall procedure. Yields of this order have been reported 

for polyaminostyrene (Gynnes and Sehon, 1960), and cellulose 

(Weliky et al, 1964). With these.immunoadsorbents, the star-

ting material vias whole antiserum, and these figures represent 

overall yield. In our system, overall yield would be about 

14%. 

One factor which contributed to the low yield was 

incomplete adsorption of antibodies. When antibodies were to 

be eluted with urea, the adsorbent was maintained in an alka-

line form, and it was observed that a large amount of unbound 

mater ial absorbing at 257m)l passed tlu:ough the column. When 

this material was concentrated and tested in gel diffusion 

for antibody activity, strong precipitation lines developed. 

If, however, the adsorbent was converted to ~ts acid form as 

outlined in Materials and Hethods, ver.y little absorbing 

material passed thr.ough and the yield of antibodies was 

increased by 1010. One"could speculate that in the alkaline 

form when the conjugate is swollen, sorne of the antigenic 
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sites are blocked. Yield was calculated as the percentage 

of precipitable antibodies recovered from the amount 'app1ied 

to the column and did not take into account that 'amount 

which had not been adsorbed. Had calcu1ations been'made on 

the basis of the amount adsorbed, yield would have been 

higher and would perhaps be a more accurate index of the 

efficiency of the adsorbent. 

A portion of antibodies not recovered could pos-

sibly be accounted for by incomplete elutionfrom the ad-

sorbent. In no instance has there been a report of complete 

recovery of antibodies, and it has been suggested that a 

small amount of ant ibüdies ahlays remains adsorbed to an 

immunoadsorbent. These antibodies presumably represent 

mo1ecules having a high affinity for the antigen. Our 

findings seem to support this view. \'le found, in our system, 

that the ease with which antibodies weJ:e e1uted and the ex-

tent of recovery of bound antibodies were influenced by the 

length of time antibodies remained Gomplexed with antigen. 

Antibodies which remained complexed for more than two and 

one-half hours were more difficult to elute and this was more 

pronounced with those antibodies which were eluted at pH 2.0 
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and 2.5, and p~esumed to ~ep~esent antibodies of high affinity. 

If an adequate f10w ~ate was achieved, antibodies e1uted 

afte~ two hou~s came off in sha~p peaks as compa~ed to a 

f1at, sp~eading pat'te~n at th~ee and one-ha1f to fou~ hou~s. 

On occasions the~e was a complete absence of the thi~d and 

sometirnes second peaks. 

A simi1a~ obse~vation was ~epo~ted by Campbell, 

Luescher and Le~man, 1951) fo~ cellulose immunoadso~bents. 

Isliker (1957) suggests that on1y that po~tion of antibodies 

which is combined with antigen in the 1ast stages of adsorp­

tion and whose attachment is 1ess fi~m due to ste~ic hin­

d~ance, might be ~ecovered. In one of ou~ experiments in 

which antibodies we~e comp1exed for about six hours a much 

lowe~ than usua1 recove~y was obtained. In aIl p~evious 

experiments the~e was evidence fo~ complete abso~ption of 

antibodies, and so we had ~eason to be1ieve that the anti­

bodies had not been e1uted. It was reasoned that it might 

be possible to determine this if the antibodj_es cou1d be 

removed by sorne other eluting agent, even if antibody acti­

vit Y were dest~oyed. l'7e1iky et al (1964) had reported that. 

anti-dinitrophenyl (DNP) antibodies which cou1d not be 
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e1uted from a DNP-ce11u1ose adsorbent at pH 2.3, \'lere reIl)ov-

able with O.lN sodium hydroxide pH 12.0. Antibody activity, 

however, was 10st. Mlen our adsorbent was treated with D.1N 

sodium llydroxide a substantia1 amount of protein materia1 

as measured by the Biuret reagent, was recovered. It had no 

antibody activity but at least part was suspected to be anti-

body proteine Simi1ar treatment of the EMA-BSA conjugate 

a10ne did not re1ease a measurab1e amount of protein so that 

the protein in the test samp1e was probab1y not due to dis-

solution of the antigen. Furthermore, the appearance of the 

conjugate after tl1is treatment and after subsequent treatment 

with acid, was similar to that observed under normal condi-

tions of use. ''le conc1uded then, that for best results with 

this system the time between loading and eluting snou1d not 

exceed tnree hours. 

It is tempting to suggest tuat part of the 10s8 of 

antibodies was due to the conditions of elution. It has been 

documented that most eluting agents which will dissociate 

antibodies with high efficiency will also destroy antibody 

activity. The use of acid has been criticized for this 

reason. We have no quantitative data for comp~rison, but 

by spectrophotometric scanning 'l(le observed that acid released 
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a greater amount of protein than did urea. However, fre-

quently a significant amount of precipitate formed during 

dialysis when the antibodies were dissociated by acid. Under 

normal conditions, globulins have a tendency to aggregate, 

and it is possible that in a purified state when the physical 

environment has been greatly altered this tendency may be 

more pronounced. 

The possibility that the precipitate seen may not 

have been due to denaturation but to formation of antigen-

antibody complexes due to the presence of contaminating anti-

gen cannot be dismissed. There are numerous reports of this 

occurrence. Although this happens more frequently in methods 

in which insoluble precipitates were dissociated, the authors 

of the EI1A method expressed the vie\v that under conditions 

of low antigen concentration the conjugate might not be exten-

sively crosslinked and would have a tendency to become soluble. 

It was found that dialysing the antibody preparations against 

a buffered 0.3 to 0.4M sodium chloride solution would sub-

stantially reduce the amount of precipitate formed. This 

suggested that aggregation might have been the principal 

cause of precipitation. A high concentration of salt,however, 
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would also inhibit lattice. formation of any soluble complexes 

that might have been present and add impurity to the prepara-

tion. 

Yields cou Id also be reduced if in quantitative 

tests precipitation of antibodies was incomplete. This could 

happen if there were a high concentration of non-precipitating 

antibodies, or if the treatment altered the combining sites 

so that they could no longer be precipitated. Immunoadsor-

bents are capable of removing non-precipitating antibodies 

from solution since the isolation of antibodies by this tech-

nique does not depend on precipitation. In a preparation con-

taining precipitating and non-precipitating antibodies, the 

latter could combine with antigen to form soluble complexes 

and block the reaction of antigen with the precipitating 

antibodies. If this happened, one would expect that either 

no zone of equivalence would be reached, or the zone of 

equivalence would be at a high concentration of antigen. 

The results of tests on the supernai;ant fluids from quan-" 

titative precipitation gave no indication that precipitation 

\\Tas inhibited by non-precipitating antibodies. l-10reover, 

Carter and Harris (1967) showed that rabbit non-precipitating 
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antibodies could largely be coprecipitated with antigen when 

mixed with precipitating antibodies. 

Precipitation of a very small amount of. antibodies 

may have been inhibited by the concentration of salt in the 

preparation. Heidelberger et al (1936a) showed that at high 

salt concentrations precipitation of rabbit antibodies was 

inhibited. The concentration of salt used in these experi-

ments was lower than those which were reported to cause 

inhibition. When the preparation was dialysed against O.15M 

sodium chloride before use, it was found that there was an 

increase at equivalence of about 20% over that obtained at the 

higher salt concentration. This represents an increase in 

yield of only 510, so that it is not likely that the salt by 

itself could have accounted for the proportion of antibodies 

not recovered. 

The purity of our preparation was far below that 

reported for this method. There are numerous reports of 

immunoadsorbents giving preparations. of pur ity approaching 

100'10. Our figure of 5010 is, therefore, weIl below average. 

Sorne of the factors that might have accountèd for 

the low yield could also have affected the purity. Non-
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pxecipitating antibodies fox example would add to the total 

nitxogen content but would not have been included in the 

yield \-Ihich was based on precipitable antibodies. The 

same \-lould be true of any antibodies which might have 1bst 

their ability to precipitate with antigen. Haxrack and 

Oxlans (1954) have shown that acetylated antibodies lose 

their ability to precipitate with their homologous antigens 

but were still able to bind haptens. This was confirmed by 

Nisonoff and Pressman (1958) who sU9gested that the effect 

was probably due to the attachment of the acetyl group to 

a portion of the antigen combining site. If this is so, then 

it is conceivable that any treatment which might cause alter-

ation in the combining site might be expected to interfere 

with the precipitability of the antibody. 

As suggested previously, dissociation of antigen 

could occur under certain conditions. Antigen could then 

form soluble complexes and in this way add to the total nitro-

gen of the preparation. Studies on the action of urea on BSA 

(Perris and Katz, 1966, Katz and Dennis, 1967) revealed that 

treatment of BSA with SM urea for as little as four minutes 

resulted in the appearance in electrophoresis of at least 

three fractions. Although the attachment of BSA to a matrix 
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might alter its susceptibility to this action of urea, the 

possibility of this happening has to be considered. We 

thought that if antigen were present in 'the antibody prepara­

tion we might have been able to detect it by immunoelectro­

phoresis. The preparation was therefore submitted to 

electrophoresis and developed with anti-BSA. However, we 

were unable to detect any antigen. This might have been due 

to the lack of sensitivity of the method, the concentration 

of anti-BSA or to the fact that the antigenic sites were 

destroyed or unavailable to combine with the anti-serum. 

l1oreover, if the electrophoretic mobility of the soluble 

complex were similar to that of free antibody it would not 

be detected in electrophoresis. 

Another point for consideration is the possible 

presence of complement. Complement is adsorbed to antigen­

antibody complexes formed on immunoadsorbents, and although 

an ammonium sulphate precipitated globulin f.raction of 

inactivated serum was used, at least sorne of the components 

of complement might be expected to be in this preparation. 

However,· complement represents only about 0.7810 of the total 

serum protein in guinea pigs and probably less in rabbits 
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(Rabat and Maye~, 1961). It would the~efo~e, not be expected 

to cont~ibute significantly to the total nit~ogen of the 

p~epa~ation. 

The~e is more conce~n about the amount of 'non-

specific mate~ials that might be p~esent as a result of 

di~ect adsorption to the immunoadsorbent. The ~esults of 

experiments designed to dete~mine this were inconc1usive and 

no estimation has been possible. This is unfortunate since 

the~e is no other way to determine if and how much non-spe-

cific globulin might be present. The methods of ult~a-

centrifugation and immunoe1ect~ophoresis do not diffe~entiate 

between specific and non-specific globulins. 

On the basis of precipitable nit~ogen, sorne increase 

in purity was obtained ove~ DEAE-cellulose chromatog~aphy by 

the use of the immunoadsorbent. The results obtained from 

quantitative precipitation on the DEAE-cellulose preparation 

indicate that about 25:~ of the g10bulins represented precipit-

able antibodies. This means that tl1e imnmnoadsorbent gave .. 

about 25% increase in purity 

Apart from high yield and purity, it is desirable 

that an immunoadsorbent should have a high capacity for anti-
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bodies. The adsorbent, as prepared by us displayed a rather 

low capacity, again much lower than reported. Our prepara-

tions could bind only about 20 milligrams antibody nitrogen 

per, gram of adsorbent as opposed to a reported 700 mg. 

On the basis of a publication (Levin et al 1964), two pos-

sible explanations are offered. One concerns the activity 

of the ethylene rnaleic anhydride copolymer. Levin and his 

co-workers found that El1A DX-840 undergoes spontaneous 

hydrolysis when it absorbs moisture to produce maleic acid, 

and that theamount of active protein (trypsin) bound was 

proportional to the content of anhydride in the polymer. 

About 9010 of the hydrolysed groups could be converted back 

to anhydride by heating to llOoC for 24 hours in vacuo. 

Since we had not previously been aware of this 

(Levin et al, 1964) no special precaution was taken to 

avoid adsorption of moisture. There is suggestive evidence 

that we might have been using E~~ which had lost sorne 

activity. In the latter stage of experimental work we foUnd 

that conjugates which had been prepared in the usual way 

with the same proportions of reactants failed to bind'sig-

nificant amount of antibodies from a preparation of globulin 
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which was the same as used in previous experiments. This 

suggested"that either antigen was not bound or antigenic 

sites were being blocked. 

The next aspect concerns the proportion of copo-

lyroer ta protein. The same workers found that adsorbents 

of highest capacities were obtained when the ratio of pro-

tein to copolymer was 4:1 (w/w). Preparations with a low 

protein content had low capacities. A 1:1 ratio of protein 

to copolyroer was used by us, and this may have been the reason 

for the low capacity of our immunoadsorbent. 

In the reaction between protein and copolymer 

cross-linking of the carrier is effected oy the protein 

molecules thernselves, so tnat antigenic groups of tue protein 

could possibly be blocked by unfavourable proportions of the 

reactants. In addition, a residue of EMA has four sites 

capable of entering into covalent bonding under proper con-

ditions. If there is an excess of copolymer one might 

envisage free carboxyl radicals which co~ld probably bind 

other rqolecules by electrostatic forces. Although the BSA 

system might not be dirf;ctly comparable to the enzyme system 

of Levin's the principle is the same and therefore these two 
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factors might be well worth investigating. 

The results obtained by us suggest that the immuno-

adsorbent used was not very efficient. However, in view of 

the recent information evaluations have to be made with 

reservations. If the observations of other workers are con-

firmed, and if those discussed above were the basic problems 

involved in our system, then it is possible that a highly 

efficient immunoadsorbent might yetbe produced once these 

factors are corrected. 
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SUMMARY 

1. Rabbit antise~a to bovine se~um albumin we~e 

p~epa~ed, pooled and the antibody content dete~mined by 

quantitative p~ecipitation. Nit~ogen was dete~mined by 

the Kjeldahl p~ocedu~e. 

2. A 33% ammonium sulphate f~action was obtained 

f~om the pooled antise~um and the antibody content dete~-

Inined. A pottion of the p~~pa~ation was f~actionated on 

DEAE-cellulose and a po~tion was pu~ified by immunoadso~bent. 

3. The immunoadsorbent was prepa~ed by reacting BSA 

o 
with ethylene maleic anhydride copolyme~ at 0 C. It was 

washed extensively, mixed with Sephadex G 25 (coarse) and 

used in column forme Antibodies we~e eluted with phosphate 

buffe~ed 8 11 urea pH 7.4 o~ stepwise with 0.35 N glycine-Hel 

buffe~ pH 3.0, 2.5 and 2.0. The effluent was dialysed against 

0.3 M sodium chloride buffe~ed with phosphate at 7.4, con-

cent~ated by ultrafilt~ation and the antibody content estim-

ated. 

4. Double diffusion in aga~ was used to assay fo~ anti-

body activity, whi1e imrnnnoelectrophoresis, utt:racentrifuga-

tion and disc e1ectropho~esis we~e uscd to cha:J;:acte~ize the 



antibodies, and to establish thei:r: pu:r:ity. 

5. Based on the amount of p:r:ecipitable nitrogen 

:r:ecove:r:ed compa:r:ed to that contained in the sample applied 

to the immunoadso:r:bent', a yield of 4210 was obt ained·. This 

:r:ep:r:esented 50~ of the total p:r:otein :r:ecove:r:ed f:r:orn the 

immunoadso:r:bent. 

6. The pu:r:ity of the antibody p:r:epa:r:ation obtained 

fz:om the immunoadsoz:bent was compa:r:ed with that of one 

obtained by a non-specifie rnethod. A p:r:epa:r:ation obtained 

by f:r:actionation of an ammonium sulphate f:r:action on DEAE-

cellulose, and containing gamma globulin only as detected 

by immunoelectrophoresis was found to contain 25% precipit-

able antibody ni trogen compared to 50;'0 in the prepar ation 

fz:om the immunoadsorbent. 

7. Non-specifie adsorption \Vas determined by sub-

stituting n6rmal z:abbit globulin for anti-BSA. The results 

of the experirnents \Vere not conclusive but suggested that a 

negligible amount of non-specifie pz:otein '.vas bound by the 

adsorbent. 

8. Columns of immunoadsorbent were rcused and it was 

established that the irnmunoadsorbent \vas st able wi th re-use 

and would give reproducible results when used foz: up to four 

times. 



9. The results suggest that the efficiency of the 

immunoadsorbent as prepared for use in these experiments 

was somewhat lower than that reported. Possible explana-

tions for the relatively low yield and purity of anti-

bodies, as also the low capacity of the immunoadsorbent 

were offered and discussed. 
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APPENDIX 

Solutions, Stains and Reagents 

1. Barbital Buffer for Agar-gel Electrophoresis 

(Hirschfeld, 1960) 

(a) Barbital Butfer for Agar - stock Solution 

Barbitone Sodium 10.51 g 

Barbitone 1.66 9 

Calcium Lactate 1.54 9 

Distilled water to 1000.00-ml 

Adjust pH to 8.6 

Before use, the buffer is diluted by mixing 

two parts with one part distilled water. 

(b) Barbital Buffer for Electrodes 

Barbitone Sodium 8.76 9 

Barbitone 1.38 9 

Calcium Lactate 0.38 9 

Distilled water to 1000.00 ml 

Adjust pH to 8.6 

..---" 
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2. Borate-buffered Saline 

Borie Acid 

Sodium Tetraborate (Borax) 

Sodium Chloride 

Distilled water to 

Adjust pH to 8.4 

6.184 9 

9.536 9 

4.384"" 9 

1000.00 ml 

For use, 5 parts of the buffer i5 mixed 

with 95 parts saline. 

"3. Glycine-Hydrochloric Acid Buffer (0.35M) 

Stock A: 

Glycine 

Sodium Chloride 

Distilled water to 

Stock B: 

Hydrochloric Acid(con.) 

Sodium Chloride 

Distilled water to 

Appropriate volumes of A 

to obtain the desired pH. 

E!! A* 

3.0 80.8 ml 

2.5 66.8 Il 

2.0 52.3 Il 

*App:r::oximation 

7.5 9 

8.5 9 

1000.00 ml 

8.6 ml 

8.5 9 

1000.00 ml 

and B are mixed 

B* 

19.2 ml 

33.2 Il " 

47.7 Il 
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5. 
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Biuret Reagent 

Sodium or Potassium Tartrate 9.0 9 

Potassium iodide 5.0 9 

0.2 N NaOH (carbonate-free) 1000.00 ml 

The tartrate is dissolved in 400 ml NaOH. 

Cupric sulphate is then added and dissolved, 

followed by potassium iodide. The solution 

is made up to 1000 ml with the NaOH. 

Test 

1.5 ml Biuret reagent is added to 1.0 ml protein 

sample and blanks, incubated at 37°C for 30 minutes 

and read at 555 mu in a Beckman spectrophotometer. 

Phosphate Buffer for washing Immul1oadsorbent 

stock A: 

Potassium Dihydrogen Phosphate 
(KH

2
P0

4
) 68.05 9 

Sodium Chlolide 5.85 9 

Distilled water to 1000.00 ml 

stock B: 

Disodium Hyà:t:ogen Phosphate 
(Na2HP04 ) 

Sodium Chloride 

Distilled water to' 

71.00 9 

5.85 9 

1000.00 ml 

b'or use, mix 10.3 ml of A with 30 ml of Band 
make up to 1000 ml with 0.1 M sodium chloride 
solution. Adjust pH to 7.4 
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6. Phosphate buffered 8 M Urea 

Urea 480.47 9 

Phosphate buffer as prepared for 

use in (5) above to 1000.00 ml 

Adjust pH to 7.4 

7. Sodium Chloride Solution for Dialysis (0.3M) 

Sodium Chloride 17.55 9 

Distilled water to 1000.00 ml 

Adjust pH to 7.4 with stock solution B in (5). 

8. Bor ic Acid-Hethyl Red Indicator for Ni trogen Deter­
mination - Kjeldahl procedure 

Saturated Borie Acid 1000.00 ml 

Saturated Solution of Methyl Red 

(2x crystallized)in 5010 Ethanol 20.00 ml 

20r use, 5 ml of borie acid-methyl red ~o1ution 

are mixed with 5 ml glass disti11ed water for 

each sample" analysed. 

9. N/70 Hydrochlor~c Acid 

Hyd:roehloric acid was prepared f:rom a coneentrated 

volumetrie solution (British Drug Houses) which 

gives a 0.1 N solution when made up to 500 ml 

acco:rding to directions. The 0.1 N solution was 

diluted 1:7 using vo1umet:ric flasks. Glass distilled 

vlater was used. 
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10. Satu~ated Sodium Hyd~oxide 

Satu~ated NaOR was p~epa~ed and filte~ed by g~avity 

th~ough Whatman filter paper. Glass distilled wate~ 

was used. 

11. Polin-Ciocalteu Phenol Reagent fo~ P~ôtein Determination 

0.1 N Sodium Hydroxide 500.00 ml 

Sodium Ca~bonate (Anhydrous) 2.00 9 

0.50 9 

Sodium or Potassium Tartrate 1.09 9 

Distilled wate~ 100.00 ml 

~olin ~eagent tit~ated and diluted 

to 1.0 N 0.10 ml pe~ sample 

Dissolve sodium tart~ate in distilled wate~. Add· 

cup~ic sulphate and dissolve. 

Dissolve sodium carbonate in 100 ml 0.1 N NaOR. 

Just before use, l ml of the copper solution is 

added to 50 ml of the ca~bonate-sodium hydroxiàe 

solution. For details of the test see Materials 

and Hethods, Section C. 



- vi -

12. Disc Elect~opho~esis 

(a) Tris-glycine Butter for Rese~voir 

Tris* 6.0 9 

Glycine 28.0 9 

Distilled water to 1000.0 ml 

Adjust pH to 8.3 

Fo~ use dilute 1:10 

(b) stock Solutions 

Solution A Solution B 

1.0 N HCl 48.00 ml 1.0 N HCl 48.00 ml 

TRIS 36.60 9 TRIS 5.98 9 

TEHED** 0.23 ml TEMED 0.46 ml 

Wate~ to 100.00 ml Wate:r to 100.00 ml 

pH 8.9 pH 6.7 

Solution C Solution D 

Ac~ylamide 28.00 g Acrylamide 10.00 9 

BIS*** 0.735 9 BIS 2.50 9 

\'iater to 100.00 ml Water to 100.00 ml 
(Brown Bottle) (Brown Bottle) 

Solution E Solution F 

Riboflavin 4.00 mg Sucrose 40.00 9 

Water to 100.00 ml \vate:r to 100.00 ml 
(Brown Bottle) 

@). 
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(c) Working Solutions 

Small Pore Solution No.l Small Pore Solution No.2 

1 part A Ammonium persulphate 0.14 9 

2 parts C Water to 100.00 ml 

1 part water 

pH 8.9 

For use mix equal parts of solutions 1 and 2. 

Large Pore Solution for Wash Large Pore Solution 

1 part B 1 part B 

1 part E 2 parts D 

6' parts water 1 part E 

4 parts F 

pH 6.7 

Fixative-Stain 

Arnidoblack 1.00 9 

Acetic acid 7/0 100.00 ml 

Destaining Gel 

Acrylamide 6.00 9 

Riboflavin 0.50 mg 

TEMED 0.05 mi 

Water to 100.00 ml 

Expose to fluorescent light in a 100 ml beaket at 
a distance of 3 inches for l~ hout. Dilute with 
equal volume of water. store in dark bottle. 
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Destaining and Sto~ing Solution 

Glacial acetic acid 

Wate~ to 

70.00 ml 

1000.00 ml 

* T~is (Hydroxymethyl) Aminomethane 

** N,N,NIN I - ,Te.:tramethylethylenediamine 

*** NIN I - Methylenebisac~ylamide 
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