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ABSTRACT 

A specific, antibody to immune globulin was produced by inject

ing six rabbits with autologous erythrocytes that had been coated with 

specific guinea pig anti-rabbit erythrocyte agglutinin. 

Increased precipitin ring titers using the six homologous guinea 

pig antisera as antigens and the six rabbit immune sera as antibodies 

indicated the presence of anti-antibody in each of the six sera. The 

functional activity of the agglutinin content of the guinea pig antisera 

could be partially removed in adsorption-inhibition tests. 

The anti-antibodies demonstrated cross reactivity in the pre

cipitin ring tests and in the adsorption-inhibition tests with heterolo

gous antigens. When guinea pig normal euglobulin was used as an 

antigen a cross reaction also occurred with the anti-antibodies. 

Each rabbit's immune serum produced identical results with 

all the antigens in immunoelectrophoretic studies. Individuality 

among rabbits could be demonstrated with this technique. 

ix 



INTRODUCTION 

Many attempts have been made to produce antibody in a pure 

form. Sternberger and Pressman (1), commenting on the difficulties 

of the specific purification of antibody, stated that methods available 

for accomplishing this were dependent upon certain unique properties 

of the antigen. 

Since antibody is known to adsorb to particulate matter, wood 

charcoal has been used (2) to adsorb antibody from a serum. The im

mune body reacted as well in this adsorbed state as it did in solution. 

Collodion particles coated with globulin from immune serum could be 

agglutinated in appropiate antiserum (3). 

Eagle (4) has shown that globulin adsorbed on erythrocytes was 

not an impurity associated with a relatively minute quantity of active 

antibody in the serum, but was actually the substance which determined 

the subsequent agglutination of erythrocytes in the presence of immune 

serum. Adler (5) was able to produce tanned erythrocytes according 

to Boyden's technique (6). These cells were then coated with rabbit 

immune globulin made in response to pneumococci and were treated 

with guinea pig anti-rabbit immune globulin serum. Agglutination of 

the cells occurred in the presence of the guinea pig antiserum. Adler 

also demonstrated that the guinea pig antiserum contained antibodies 
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to constituents of rabbit serum other than the globulin but these were 

not identified. A technique was developed by Milgrom, Luszczynski, 

and Dubiski (7) to prepare anti-globulin serum for the Coombs' test. 

Rabbits were immunized with rabbit erythrocytes agglutinated by 

hemagglutinins from normal human serum. The immune sera thus 

produced were directed against antibody and normal human globulins. 

By coating a rabbit's own erythrocytes with normal human serum and 

human complement, Stratton and Gunson (8) produced five antibodies 

to human serum. Altmann (9) immunized rabbits with rabbit erythro

cytes sensitized with goat anti-rabbit serum. The rabbit immune 

serum when combined with the goat antiserum was now able to produce 

a precipitin reaction and to bind complement. 

Coupling of various antigens to diazotized p-aminobenzenarsonic 

acid or diazotized o-aminobenzoic acid (1), styrene polymers (10) and 

to polystyrenes (Dow 'Styron PS-2') (11) produced conjugates that re

moved antibody from specific antiserum. The antibody could then be 

dissociated from the conjugated antigen. A complex prepared in this 

manner has been shown to protect guinea pigs and rabbits from the 

lethal effects of anthrax organisms (10). 

Antibody has also been purified by adsorbing it to a specific 

adsorbent and then eluting it by means of chromatography (11). Speci

fic antibody of high purity has been obtained by linking the antigen 

irreversibly to an ion-exchange resin. Instead of exchanging ions, the 
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antigen-resin adsorbs only specific antibody which then can be eluted 

to a certain extent (12). Freedman, et al (13) used ion-exchange 

chromatography and 8 M urea to purify rabbit antibodies to proteins. 

A good yield of antibody was recovered which had high precipitating 

activity and was of the immunoglobulin G class. 

The dissolution of antigen-antibody precipitates can also pro

duce relatively pure antibody. This can be accomplished by the use 

of dilute hydrochloric acid and subsequent neutralization (14) or by 

dilute hydrochloric acid itself (15) or by washing precipitates in 0. 9% 

saline (16). Solutions of 16—32% urea and of 10% sodium salicylate 

131 were used to separate I labeled rabbit anti-rat organ antibodies 

from insoluble rat organ residues acting as antigens (17). This sepa

rated antibody retained its specificity for rat organs as measured by 

in vitro and in vivo techniques. 

Antibodies to type 1 pneumococcus were purified by a complex 

fractionation procedure by Chow and Goebel (18). The end product was 

an antibody pure enough for chemical analysis. Jenkins (19) employed 

the technique of elution to obtain antibody in a pure form. When Sal

monella typhosa organisms were chilled before the addition of the 

antiserum, the adsorption of the antibody by the bacterial cell was 

increased. The antibody could then be eluted from the washed sensi

tized mass by heating it for fifteen minutes at 56 C. This method 

produced a low yield of antibody. 
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Ando, Kee and Komiyama (20) postulated that immune bodies 

were modified globulins and therefore, it should be possible to pro

duce precipitins against this immune globulin. Using flocculi made 

from diphtheria organisms and toxin-antitoxin and specific precipi

tates of pneumococcus specific soluble substance (SSS) with its anti

serum, they were able to evoke in rabbits antibody against the horse 

serum used as the source of antibody for the original antigens. By 

combining pneumococcal type III polysaccharides with type III anti-

pneumococcal horse serum, precipitates were prepared and these were 

then injected into rabbits to produce "anti-floccule" serum (21). Rab

bits were immunized with a precipitate formed by combining anti-

pneumococcal type II horse serum with type II pneumococcal specific 

carbohydrate (22). The results of this work suggested that antigenic 

specificity demonstrable for the antibodies produced in the rabbit was 

due to the common origin of the constituents of the antigenic precipi

tates that contained the original antibody. In a later experiment, 

Treffers and Heidelberger (23) concluded that the antigenic specifi

cities of the antibodies from the horse and the rabbit are not influenced 

by their particular antibody function. 

Another method demonstrating the production of antiserum 

against immune globulin was that of Adler (5). Precipitates formed 

by combining rabbit serum and guinea pig antiserum against rabbit 

serum were used to immunize rabbits. This antiserum against immune 
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globulin was tested by the hemagglutination-inhibition reaction using 

sheep erythrocytes sensitized with guinea pig anti-sheep erythrocyte 

serum. Relatively high titers were reported against this guinea pig 

immune globulin present in the rabbit immune serum. The globulin 

fractions of antisera against several strains of acid-fast bacteria have 

been used to sensitize homologous organisms (24). This combination 

of antibody and antigen was found to be serologically specific and in

creased the susceptibility of the bacteria to phagocytosis. 

In addition to the in vitro evidence (24) that antigens acquire 

properties of immune serum, this phenomenon can also be demon

strated by in vivo experiments. Braun (25) showed anaphylaxis when 

he administered horse serum to guinea pigs which had been injected 

with bacteria sensitized by horse serum. Besredka (26) prepared 

what he termed a "sensitized vaccine. " He combined living typhoid 

bacilli with "the useful constituents of immune serum. " Metchnikoff 

and Besredka (27) found this vaccine effective in experimental typhoid 

fever. A similar vaccine was used by Ichikawa (28) on typhoid fever 

patients with good results. During the 1916 cholera outbreak in Japan, 

Shiga and Yabe (29) worked successfully with a cholera sensitized 

vaccine. Gay and Checkering (30) prepared a precipitate by adding an 

extract of pneumococci to anti-pneumococcal serum. This precipitate 

when injected into mice was able to offer the same protection against 

pneumococcal infection as the antiserum itself. 
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The term "anti-antibody" has been proposed for the antibodies 

which were first detected by Milgrom, Dubiski and Wozniczko (31). 

An antibody was produced against the immune globulin of the subject's 

own species. They were able to show the presence of an "anti-anti-

body, " i. e. an anti-globulin antibody against human immune globulin 

which had become denatured as a result of a serological reaction. 

"Anti-antibody" as a term was proposed with the knowledge 

that it did not satisfy all the requirements involved in the definition of 

a true anti-antibody (32). Kryzhanovsky, Fontalin and Pevnitskii (33) 

were unsuccessful in their attempt to form true anti-antibodies by im

munizing rabbits with purified anti-tetanus horse serum. 

In studies with "anti-antibody, " Dubiski, Dudziak and Skalba 

(34) produced iso-precipitin sera by injecting rabbits with immune 

complexes of bacteria and corresponding immune rabbit serum. The 

immune serum, however, was produced by injecting another group of 

rabbits with the heat killed suspensions of one of several different 

organisms. 

In reviewing most of the experimental work described above, 

one notices that with the exception of the work of Milgrom and his 

colleagues (7) (31), little attempt was made to utilize purified antibody 

in vivo to produce antibody to immune globulin. The work of Altmann 

(9) and Stratton and Gunson (8) were perhaps the best examples of anti

body bound specifically to a substance that would not be foreign to the 

animal being immunized. 



Perhaps the first difficulty most investigators have encountered 

was the preparation of antibody that was relatively free of contamina

tion with extraneous substances which could be used as an immunizing 

antigen. A second problem was the introduction of this antigen (anti

body) to the animal on a carrier which was not antigenic to the animal 

being immunized. The present investigation was undertaken in an 

attempt to produce a true anti-antibody by immunizing rabbits with 

specific antibody in a relatively pure form and to characterize it with 

respect to function and specificity. 



METHODS AND MATERIALS 

Animals 

Rockefeller and Amana female albino guinea pigs weighing 

450-1200 g from departmental colonies were used in this study. They 

were maintained on Purina guinea pig food and water ad libidum and 

given ascorbic acid daily in their water. Cabbage was offered every 

other day. 

New Zealand male albino rabbits weighing between 2. 5-5 kg 

were also employed in this study. They were maintained on Purina 

pellets and water ad libidum. 

Saline 

Saline used in all the experiments was 0.15 M NaCl which was 

adjusted to pH 7. 0 -7.2 with 0.1 N NaOH. It is referred to as NaCl. 

Blood 

Blood was obtained by cardiac puncture from all guinea pigs. 

Ether was used as the anesthetic. Serum was collected and frozen at 

-20 C until used. Whole blood suspensions were made in Alsever's 

solution (35) and stored at 4C. Rabbit blood was taken from the cent

ral ear artery and by cardiac puncture. Rabbit sera and whole blood 

suspensions were prepared and stored in the same manner as for the 
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guinea pigs. The anesthetic used for exsanguination of the rabbits was 

Nembutal sodium (Abbott Laboratories), 25 mg/kg. 

Guinea pig anti-rabbit erythrocyte sera 

Rabbit erythrocytes were collected and washed three times with 

NaCl. A 20% suspension in saline was prepared after washing. One-

half ml of this red cell suspension was mixed with an equal volume of 

Freund's incomplete adjuvant (1.5 ml Arlacel A and 8. 5 ml mineral 

oil). The mixture was inoculated intradermally on the shaved backs 

of several guinea pigs. Approximately ten such injections (0.1 ml per 

site) were given per guinea pig. The inoculation procedure was re

peated one week later. The animals were sacrificed eleven days after 

the second immunization. Antisera were collected and pooled and 

stored at -20 C for further chemical and immunologic studies. These 

antisera are referred to as the specific antigens in future studies. 

Guinea pig anti-bovine serum albumin 

Bovine serum albumin (BSA) was purchased from the Pentex 

Corporation, Kankakee, Illinois. Each guinea pig in the pool was 

immunized with a single dose of 10 mg BSA mixed with an equal volume 

of Freund's incomplete adjuvant. When the precipitin titer reached 

800, the animals were exsanguinated. The pooled sera were stored at 

-20 C. 
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Guinea pig anti-Salmonella typhosa 0-901 sera 

A vaccine was prepared from heat killed Salmonella typhosa 

strain 0-901 which was obtained from the stock culture collection of 

the Department of Microbiology and Medical Technology. A twelve-

hour starter broth culture was prepared from an initial slant culture 

made from a lyophylized preparation of the organism suspended in 

broth. An inoculum of the starter culture was then transferred to 

Kolle flasks containing the growth medium. 

The medium employed was fresh beef infusion agar. Stock 

beef broth was prepared by heating 500 g of lean beef for one-half 

hour in one liter of distilled water at 80 C. The broth was cleared by 

filtration through a double thickness of gauze and brought to the origi

nal volume of 1000 ml. The following ingredients were added to one 

liter of broth: 1) 15 g Bactopeptone; 2) 5 g tryptose; 3) 5 g gelatin; 

4) 5g NaCl and 5) 15 g Difco agar. The pH of the fresh beef infusion 

agar was adjusted to 7. 5 with 0.1N NaOH. The medium was sterilized 

by autoclaving for 15 minutes at 121 C at 18 pounds of pressure. Cool

ing resulted in the formation of a precipitate which was removed by 

filtering through a 0. 45 y. Millipore filter into a sterile flask. 

The bacterial cells were washed from the Kolle agar flasks 

with NaCl and boiled for two and one-half hours. The suspension used 

for immunization was prepared by diluting with NaCl until it compared 

with a McFarland #3 nephelometer tube. The animals were given the 



11 

vaccine intraabdomenally according to the following schedule: 

Day Vaccine 
1 0.1 ml 
3 0.1 ml 
5 0. 2 ml 
7 0.2 ml 
9 0.4 ml 

11 0.4 ml 
13 0. 8 ml 
15 0. 8 ml 
17 1. 6 ml 
19 1. 6 ml 
25 3.2 ml 
33 2. 5 ml 

The animals were bled when the agglutinin titers reached 80 

and the pooled sera were stored at -20 C. 

Guinea pig anti - Salmonella typhosa (Felix and Pitt strain) serum 

This was prepared by growing the organism on a slant of blood 

agar base without blood (Difco, Detroit, Michigan) for eighteen hours. 

The cells were washed off the slant with 70% ethyl alcohol. This sus

pension was then heated for one hour at 60 C. The bacterial cells were 

washed three times with the 70% alcohol and dried under vacuum. The 

dried cells were resuspended in saline and injected by the subcutaneous 

route into guinea pigs. The immunization schedule was as follows: 

Day 
1 20 /ug 
3 40 /ug 
5 200 /ug 
7 400 jug 
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The animals were rested for one week and then given a booster 

dose of 1 mg on day 16. The animals were exsanguinated on day 20 

when the agglutinin titer was 80. 

Normal guinea pig serum 

Serum collected from three normal guinea pigs was pooled and 

stored at -20 C. 

Guinea pig normal euglobulin 

Precipitation of the euglobulin from two volumes of pooled 

guinea pig normal sera was accomplished by the addition of one volume 

saturated ammonium sulfate. Thiis brought the final concentration of 

the ammonium sulfate to one-third saturation (35). The mixture was 

placed on a magnetic mixer for three hours. It was then centrifuged 

for 30 minutes at room temperature at 2, 000 x G in an International 

centrifuge. The precipitate was resuspended in NaCl in one-half of 

the volume of the original sample. This was placed in a dialysis bag 

and dialyzed in the cold against NaCl until the dialysate gave a negative 

reaction for the sulfate ion when tested with barium chloride. 

Antibody 

The term antibody in this investigation is used to denote anti

body made in the rabbit against guinea pig anti-erythrocyte serum. 

Guinea pig anti-erythrocyte serum was inactivated at 56 C for 30 
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minutes to destroy complement. The amount of antiserum used was 

determined empirically by using that portion containing 10 mg of anti

body protein. This was diluted 1:10 or 1:20 with NaCl. An equal 

volume of thrice washed rabbit erythrocytes suspended to give a 2% 

suspension in NaCl was added to the serum dilution. This mixture 

was incubated at 37 C for 30 minutes and overnight at 4 C in 250 ml 

centrifuge bottles. On the next day the bottles were centrifuged in an 

International model PR-2 refrigerated centrifuge at 600 x G for 30 

minutes at 4C. The washed agglutinated mass was used for the first 

injection. The supernatant fluid was inactivated at 56 C for 30 minutes 

and the same volume of 2% suspension rabbit erythrocytes as used on 

the previous day was added. Only erythrocytes autologous for each 

individual rabbit were used to prepare the agglutinate. The agglutinate 

was washed 3-4 times in 10 volumes of NaCl. It was then mixed with 

an equal amount of Freund's incomplete adjuvant and injected subcu-

taneously into the nape of the rabbit's neck. A second injection was 

made on the next day with the agglutinated mass prepared from the 

supernatant fluid in exactly the same manner. Precipitin titers 

reached 4, OOO inabout 21-35 days. 

Total protein determinations and electrophoretic studies 

Total protein estimations were made on all pre- and post im

munization guinea pig sera using the quantitative biuret method of 



Gornall, Bar daw ill and David (36). 

Electrophoretic studies were done with a Spinco Model R elec

trophoresis system. Veronal buffer, pH 8. 6 with an ionic strength of 

0. 075 was used. The paper strips were developed by using a 0.1% 

concentration of bromphenol blue and adsorptions were read on the 

Analytrol Model RBt 

Immunoelectrophoresis (IEP) was performed using the LKB 

6800 A equipment. The technique employed is a modification of the 

method introduced by Scheidegger (37), of the original method describ

ed by Grabar and Williams (38). A veronal buffer, pH 8. 5 with an 

ionic strength of 0.1 was employed. Current (50 millamperes and 

250 volts) was applied for one hour. The protein in the agar gel was 

stained with amido blue-black aniline dye. 

Agglutination tests 

Sera for all agglutination tests were inactivated at 56 C for 30 

minutes. Two-fold serial dilutions were made. A 2% suspension of 

thrice washed erythrocytes was used. When bacterial agglutinations 

were done, the suspension of bacterial cells used was comparable to 

the McFarland Nephelometer tube #3. All tubes were incubated at 37 C 

from 30 minutes to 2 hours and then refrigerated at 4C overnight. 

All tests were read macroscopically. 
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The presence of precipitins was demonstrated by the inter-

facial precipitin technique (35). 

Photography 

The IEP slides were photographed on Kodak high contrast copy 

film (Eastman). A Wratten #25 filter was used to enhance the contrast. 

The film was developed in Acuafine, 1:1 dilution, for 9 minutes at 

70 F. Prints were made on Brovira grade 6 paper (Agfa) and develop

ed in Dektol. 



RESULTS 

Since the guinea pig is noted as a poor producer of antibody (39), 

a study was done to determine the time required for the production of 

the highest titered sera. Animals were immunized with rabbit eryth

rocytes as indicated. They were then test bled on days 10, 14 and 21 

following the final immunizing dose. Agglutinin titrations were per

formed. There was no apparent rise in titer from day 10 to day 21. 

Therefore, all guinea pigs used in this study were exsanguinated on 

the eleventh day after the second immunizing dose. 

Six groups of guinea pigs were used to produce the anti-rabbit 

erythrocyte serum. Each group was matched with one rabbit. Fol

lowing injection of the rabbit erythrocytes mixed with an equal volume 

of Freund's incomplete adjuvant, areas of necrosis appeared. To 

determine the cause of this reaction, guinea pigs were injected with a 

2% rabbit erythrocyte suspension without adjuvant and with adjuvant 

only. Neither substance by itself produced necrosis. Thus necrotic 

areas appear to be caused by an inflammatory response due to the 

combination of cells and adjuvant given together. 

Guinea pig pool A consisted of five guinea pigs: pool B, five 

guinea pigs; pool C, four guinea pigs; pool D, three guinea pigs; 

pool G, four guinea pigs; pool H, 4 guinea pigs. All animals were 

16 
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bled prior to immunization. The sera were pooled and frozen at -20 C 

to serve as normal controls. 

Animals were then immunized with rabbit erythrocytes. Each 

group of guinea pigs received erythrocytes from a single rabbit. 

On the eleventh day following the second immunizing dose, all 

guinea pigs were exsanguinated. The sera were pooled from each 

group and frozen at -20 C. All guinea pig serum pools produced an 

anti-rabbit agglutinin titer of 80 with the exception of pool G where the 

titer was 40. The normal guinea pig pooled sera were used as controls 

and no agglutinins were detectable prior to immunization. 

Electrophoretic studies and total protein determinations were 

performed on all normal and immune guinea pig serum pools. The 

results are given in Tables 1 and 2. It maybe seenthat the total protein 

content of the guinea pig sera appears to vary over a wide range 

(48 mg/ml - 61 mg/ml). Relatively small increases in the gamma 

globulin levels were noted following immunizations (Table 2). Even 

though the agglutinin titers were not very high, the agglutinates 

(agglutinin and antigen combination) were very large and there was no 

problem in determining the end point of each titration. The antibodies 

produced by the guinea pigs under the conditions of the experiment 

were quite reactive in these titrations. 

Antibody protein values were determined from the electro

phoretic patterns and total protein evaluation. From these values an 



TABLE 1 

ELECTROPHORETIC PROTEIN ANALYSIS OF NORMAL POOLED GUINEA PIG SERA 
mg/ml 

T. P.* Albumin o(( Cjrlobulin oc^Globulin ^Globulin if Globulin 

Guinea Pig 
A pool 

61.0 34.0 3.0 

i 

11.0 6.0 7.0 

Guinea Pig 
B pool 

73.0 27. 7 1.8 25. 2 7. 7 10.5 

Guinea Pig 
C pool 

52.0 17. 7 3.0 9. 6 8. 6 13.0 

Guinea Pig 
D pool 

47.0 16. 9 2. 8 8. 6 9. 3 9.4 
• 

Guinea Pig 
G pool 

49.0 19.1 4.7 

<N • 

O
 

T"̂ 

4. 7 9.8 

Guinea Pig 
H pool 

48.0 17.8 3.0 12.0 5. 3 9.9 

* T. P. Total protein as determined by the biuret method. 



1 

TABLE 2 

ELECTROPHORETIC PROTEIN ANALYSIS OF IMMUNE POOLED GUINEA PIG SERA 
mg/ml 

T. P.* Albumin ©(^Globulin o^Globulin ^Globulin y Globulin 
mg/ml increase 

in Globulin 

Guinea Pig 
A pool 

55.0 27.0 3.0 
l 

9.0 5.0 8.7 1. 7 

Guinea Pig 
B pool 

59.0 24. 5 2. 5 12. 2 8. 5 11. 1 0.6 

Guinea Pig 
C pool 

54.0 17. 6 2. 7 13.2 6.4 14.6 1.6 

Guinea Pig 
D pool 

54.0 17.5 3.4 11.0 10.6 12. 1 2. 7 

Guinea Pig 
G pool 

53.0 17.8 3.8 12.0 8. 3 11.2 1.4 

Guinea Pig 
H pool 

54.0 18.6 2.7 14.3 5.4 12.9 3.0 

* T. P. Total protein as determined by the biuret method. 
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immunizing dose of 10 mg immune guinea pig antibody protein could 

be empirically determined for each rabbit. 

The agglutinate used for rabbit A was prepared by diluting 6. 0 

ml (1. 7 mg/ml antibody protein) of guinea pig anti-rabbit erythrocyte 

group pool A serum to a final volume of 120 ml with NaCl. One hund

red-twenty ml of a 2% rabbit erythrocyte suspension was used in pre

paring the agglutinate for the second immunizing dose. 

The immunizing agglutinate for rabbit B was a combination of 

18 ml (0. 6 mg/ml antibody protein) guinea pig anti-rabbit erythrocyte 

serum diluted to 360 ml with NaCl and an equivalent volume of 2% rab

bit B erythrocyte suspension. 

The antibody protein content of guinea pig pool C serum was 

1.58 mg/ml. Therefore 6.4 ml of serum was diluted 1:20 (121. 6 ml) 

and combined with an equal volume of 2% rabbit C erythrocyte suspen

sion for the preparation of the agglutinate. 

Two and seven-tenths mg/ml of antibody protein was present 

in the guinea pig sera of pool D and 3. 8 ml of the sera were diluted 

to 76 ml, and 76 ml of 2% rabbit D erythrocyte suspension was added 

to form the agglutinate. 

Since the agglutinin titer of guinea pig pool G sera was 40, 

the agglutinate was prepared by using 7. 6 ml of serum (1. 33 mg/ml 

antibody protein) and diluting it 1:10 to a final volume of 76 ml. To 

this was added 76 ml of 2% rabbit G erythrocyte suspension. 
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The immune sera of guinea pig pool H contained 2. 9 mg/ml 

antibody protein; and3. 5 ml of this was diluted 1:20 to a volume of 70 

ml with NaCl; and 70 ml of 2% rabbit H erythrocyte suspension was 

added. 

All the agglutinates were prepared as described and injected 

into the corresponding rabbits. The supernatant fluids of all prepara

tions were re-inactivated, and the same volume of 2% rabbit erythro

cyte suspension that had been added the day before was added again. 

This formed very strong agglutinates which were administered to the 

rabbits. 

When the rabbit serum reached a precipitin titer against the 

antigen of 2000-4000, the rabbits were exsanguinated. 

Rabbit A was test bled on day 17 and day 36. Interfacial pre

cipitin tests were performed. Using guinea pig anti-rabbit erythro

cyte pool A sera as the antigen, the rabbit's serum did not show a 

titer exceeding 100. On day 42, the titer was 2000, and the animal was 

exsanguinated. The serum containing the anti-antibody was stored at 

-20 C. 

On the 21st day following immunization rabbit B had produced 

a precipitin titer of 1000. By day 27 the titer had increased to 4000 

and the animal was exsanguinated. The serum was stored at -20 C. 

Interfacial precipitin tests performed on serum from rabbit C 

on the 21st day following immunization exhibited a titer of 1000. By 
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day 28 the titer had risen to 2000. The animal was exsanguinated on 

day 35 when the titer reached 4000. 

On day 21 serum from rabbit D showed a precipitin titer of 

only 1000. Successive test bleedings on days 27, 34 and 41 exhibited 

an increase to 2000. This rabbit received a booster dose of the anti

gen which was prepared exactly as the initial immunizing dose. Four

teen days later the precipitin titer had risen to 8000 and the animal 

was bled. The serum was frozen and stored at -20 C. 

Upon reaching a precipitin titer of 16, 000 by the 20th day fol

lowing initial immunization, rabbit G was exsanguinated. 

Thirty seven days following initial immunization, rabbit H pro

duced a precipitin titer of 8000. On days 21 and 28 the titer was only 

2000. 

To determine the specificity of the six antisera which were pro

duced in the rabbits to guinea pig anti-rabbit erythrocyte globulin, 

interfacial precipitin tests were performed. Antigens used were guin

ea pig anti S. typhosa (Felix and Pitt strain) serum, pre-immunized 

guinea pig pooled sera, guinea pig anti-bovine serum albumin (BSA) 

serum, and normal guinea pig euglobulin. The results are presented 

in Table 3. 

Apparently there is some cross reactivity by the six antibodies 

with all of the antigens. The guinea pig anti BSA serum demonstrated 



TABLE 3 

INTERFACIAL PRECIPITIN TITERS OF ANTI-ANTIBODY 
(rabbit anti-guinea pig anti-rabbit erythrocyte serum) 

AGAINST VARIOUS ANTIGENS 

Antigen 
Guinea pig 
anti- rabbit 
rbc serum 

Normal guinea 
pig euglobulin 

anti-guinea 
pig BSA 
serum 

*anti-guinea 
pig S. typhosa 

serum 

Normal guinea 
pig serum 

Rabbit A 4,000 2, 500 100 1, 500 1,000 
immune serum 

Rabbit B 4, 000 1, 500 100 1, 500 2, 000 
immune serum 

Rabbit C 4, 000 2, 000 2,000 1, 500 1, 500 
immune serum 

Rabbit D 8, 000 2,000 3,000 3,000 4, 500 
immune serum 

Rabbit G 16, 000 1,000 5, 500 3, 500 4, 500 
immune serum 

Rabbit H 8, 000 2, 000 1,000 6,000 2, 500 
immune serum 

* S. typhosa (Felix and Pitt strain). 
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very little activity with rabbits A and B antibodies. The reactions 

with the homologous antigens gave the highest titers. 

An attempt was made to determine whether the antibody would 

combine and remove the antigen from the serum. Equal volumes of 

the undiluted antibodies and undiluted guinea pig anti S. typosa 0-901 

serum were incubated overnight at 4C. After centrifugation, super

natant fluids were then serially diluted and incubated with S. typhosa 

0-901 cells for agglutinin studies. Controls were done at the same 

time. Normal guinea pig sera were incubated with their respective 

antibodies, i. e., normal guinea pig group A sera pool was incubated 

with antibody A, etc. Their supernatant fluids were treated in the same 

manner as described for the immune sera. Normal guinea pig sera 

pools D and H exhibited agglutination of the bacterial cells only with the 

1:2 dilution. All the other normal serum pools showed no agglutination. 

The antiserum to S. typhosa 0-901 had a titer of 80. Antibodies A and 

D were able to remove only part of the antigen since the titer decreased 

by only a two-fold dilution. The other antibodies removed enough anti

gen to reduce the agglutinin titer five-fold (Fig. 1). 

The same procedure was repeated using guinea pig anti-BSA 

serum as the antigen. Interfacial precipitin tests were performed 

using the supernatant fluids. The results are given in Fig. 2. The 

control system consisted of guinea pig anti-BSA serum incubated with 

an equal volume of normal rabbit serum. As seen in the graph, there 

was a definite decrease in the titer due to the presence of the antibody. 



After adsorption with normal rabbit serum 

After adsorption with immune rabbit serum 
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I. Adsorption studies with guinea pig onti-S.typhosa 0-901 serum 
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After adsorption with normal 
rabbit serum 

After adsorption with immune 
rabbit serum 
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FIG. 2. Adsorption studies with guinea pig anti-BSA serum 
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Antibodies D and H appeared to be the most efficient in combining with 

the antigen since no precipitin bands were formed. The antibodies 

displayed greater reactivity against the anti-BSA serum than with the 

anti S. typhosa 0-901 serum. 

Antibody sera were incubated with their respective antigens 

(guinea pig anti-rabbit erythrocyte serum) with the exception of guinea 

pig anti-rabbit B erythrocyte serum since it had been completely used 

up in the above experiments. In these experiments serum from anoth

er pool that had not been tested before was substituted (pool M). Un

diluted serum with antibody was incubated with Undiluted serum con

taining antigen. Precipitation occurred overnight at 4 C. After 

centrifugation, the supernatant fluid was inactivated at 56 C for 30 

minutes and then serially diluted. An equal volume of a 2% normal 

rabbit erythrocyte suspension was added. The tubes were incubated 

two hours at 37 C and held overnight at 4C. All agglutinating titers were 

more than 80. The antigens used in a control system produced an 

agglutinin titer greater than 60. 

The procedure was repeated using varying dilutions of the anti

gen H (1:2, 1:4, 1:8) with undiluted antibody H. As a control these 

dilutions of the antigen were incubated with normal rabbit H sera. 

After incubation and removal of the precipitate by centrifugation, each 

supernatant fluid was serially diluted, inactivated and then incubated 

with 2% normal rabbit erythrocyte suspension. All the dilutions used 
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in the control exhibited an agglutinin titer of 128. This was consider

ably higher than that of the undiluted antigen. The 1:2 antigen dilution 

with antibody H produced a titer of 64; the 1:4 dilution gave a titer of 

128; the 1:8 dilution gave a titer of 256. 

To determine whether a factor was present in both the antigen 

and antibody sera that could be producing the increase in the agglutinin 

titer, the individual antibody sera were serially diluted, inactivated 

and incubated with a 2% normal rabbit erythrocyte suspension. All 

tubes gave negative results with the exception of one. The agglutina

tion in this tube disappeared when warmed to 37 C. The agglutination 

thus was due to the presence of a cold agglutinin in this one tube. 

Antigen H was then diluted 1:2 and an equal volume was added 

to a 1:2, 1:4, 1:8 and 1:16 dilution of antibody H. After incubation the 

supernatant fluids were serially diluted and incubated with 2% normal 

rabbit erythrocyte suspension. The 1:2 dilution of the antibody re

sulted in an agglutinating titer of 1:256. All the other dilutions were in 

excess of 1:1024 with very compact cell aggregates. 

Since the titers were increasing as the systems were becoming 

more dilute, the antigens were diluted 1:40 and 1:80 and equal volumes 

of the homologous undiluted antibody were added (except B--see above). 

Following incubation, centrifugation and inactivation, the supernatant 

fluids were serially diluted and incubated with the 2% normal rabbit 

erythrocyte suspension. 
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The results are presented in Fig. 3. Both antigen dilutions 

gave comparable results. Antibodies A and D were effective when 

their antigens were diluted 1:40; antibodies C, G and H were effective 

at an antigen dilution of 1:80. A repeat experiment of the B system 

demonstrated the antibody's ability to prevent agglutination when the 

heterologous antigen was diluted only 1:20. The aggregates occurring 

in these experiments were very fine. As a control, a 1:10 dilution of 

each antigen was incubated with an equal volume of homologous normal 

rabbit sera. After incubation, the supernatant fluids were serially 

diluted. All tubes except that of antibody B gave agglutinin titers of 

160 (Fig. 3). 

Adsorptions studies were also done using 0. 5 ml of each of the 

immune sera. Three successive adsorptions were required for each 

adsorption to remove or combine with all of the antigen contained in 

0. 5 ml of the corresponding serum. Precipitate appeared in each of 

the three successive adsorption procedures. The fourth adsorption 

of each serum did not exhibit any agglutinins and no precipitates ap

peared in the bottom of the tubes after centrifugation at 6000 x G in a 

Servall SSII centrifuge for 20 minutes. 

In the next series of experiments, immunoelectrophoretic 

studies were performed. Antigens used in this study were normal 

guinea pig euglobulin, guinea pig anti-S. typhosa (Felix and Pitt strain) 

serum, guinea pig anti-BSA serum, normal guinea pig serum pools 



After adsorption with normal rabbit serum 

After adsorption with immune rabbit serum 

160 

120-

80 

40 

IU Questionable agglutination 

I 

i 
p 

1 
i i 

B H 

R A B B I T  
FIG. 3. Adsorption studies with guinea pig anti-rabbit erythrocyte sera 
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A, B, C, D, G, and H sera. The antigens were placed in the wells 

on the agar covered slide and allowed to migrate in an electrical field 

for one hour using the Veronal buffer. 

Using rabbit anti-guinea pig anti-rabbit A erythrocyte serum 

as the antibody, two precipitin arcs appeared in the same area in all 

preparations regardless of the antigen used (Fig. 4). These arcs may 

be considered in the immunoglobulin region. 

The same reaction occurred with rabbit B serum (Fig. 5). 

The band closest to the well was very fine. Three precipitin arcs ap

peared when immune rabbit C serum was used as the antibody (Fig. 6). 

The two bands which appeared to be in the immunoglobulin area are 

intense and distinct whereas the lighter staining band appeared to be 

in the IgG region. In the rabbit D system, multiple bands appeared 

(Fig. 7) in all the antigenic reactions. One very light pr ' ritin arc 

and one that is a little darker showed when immune rabb serum 

was used as the antibody (Fig. 8). 

No reaction occurred when normal guinea pig pool H serum 

was the antigen with immune rabbit H serum (antibody). The other 

antigens produced identical precipitin bands. However, guinea pig 

anti-BSA serum and normal guinea pig euglobulin produced bands that 

were more intense in their staining reaction. Again these bands ap

peared in the immunoglobulin area (Fig. 9). 
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Fig. 4. --Typical precipitin lines developed during IEP by the 
interaction of an antigen (placed in wells) and rabbit A anti-guinea pig 
anti-rabbit erythrocyte serum (in trough). 

Fig. 5. - -Typical precipitin lines developed during IEP by the 
interaction of an antigen (placed in wells) and rabbit B anti-guinea pig 
anti-rabbit erythrocyte serum (in trough). 
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..x * 

Fig. 6. - -Typical precipitin lines developed during IEP by the 
interaction of an antigen (placed in wells) and rabbit C anti-guinea pig 
anti-rabbit erythrocyte serum (in trough). 

I 

Fig. 7. - -Typical precipitin lines developed during IEP by the 
interaction of an antigen (placed in wells) and rabbit D anti-guinea pig 
anti-rabbit erythrocyte serum (in trough). 
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Fig. 8. - -Typical precipitin lines developed during IEP by the 
interaction of an antigen (placed in wells) and rabbit G anti-guinea pig 
anti-rabbit erythrocyte serum (in trough). 

Fig. 9. --Typical precipitin lines developed during IEP by the 
interaction of an antigen (placed in wells) and rabbit H anti-guinea pig 
anti-rabbit erythrocyte serum (in trough). 
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Each individual rabbit's serum (antibody) reacted in an identi

cal manner with each of the antigens. Differences occurred in the 

individual rabbit's response to the antigens rather than the rabbit's 

response to the individual antigen. A control composed of guinea pig 

serum and rabbit anti-guinea pig serum was also done (Fig. 10). The 

bands appeared primarily in areas that are not evident in the experi

mental work. 
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Fig. 10. - -Precipitin lines developed during IEP by the inter
action of normal guinea pig serum (antigen placed in wells) and rabbit 
anti-guinea pig serum (in trough). 



DISCUSSION 

The method of producing an anti-antibody employed in this 

investigation was developed so that the carrier (the erythrocyte) for 

the antibody was autologous for the animal immunized. This permit

ted the animal to produce antibody only against a comparatively pure 

antibody (antigen) coating the rabbit erythrocytes. That anti-antibody 

was actually produced to the immune globulin coating the erythrocytes 

can be seen in the results obtained in the precipitin interfacial tests 

(Table 3) and to some extent in the adsorption-inhibition tests (Fig. 3). 

Even though there were reactions with heterologous immune sera, the 

precipitin titers (Table 3) were highest when the homologous antibody 

was tested with homologous antigen. The adsorption-inhibition tests 

indicated that the antibody adsorbed less homologous antigen than het

erologous antigen. This may be explained on the basis of the weakness 

in reactivity of the antibody in that it may not be a "good" antibody in 

vitro. 

It is not surprising that the six antisera did react with all the 

antigens in the precipitin ring tests and that they produced similar 

precipitin arcs in the immunoelectrophoretic studies. Evidence has 

been accumulating which shows that antibody is not homologous and 

what can be considered a pure antigen may contain several 

37 
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determinants. Heidelberger and Kendall (40) in their studies on the 

precipitin reaction using a relatively pure antigen as egg albumin, 

concluded that the antibody produced may not be homologous. 

Two 7-globulins have been isolated by Jager et al. (41) and 

found to be immunologically homogeneous. These researchers be

lieved that the homogeneity represented the 7-globulins and not unre

lated extraneous proteins. Both of the 7-globulin fractions behaved 

as homogeneous antigens with rabbit antisera. Even though four dif

ferent samples of human globulin produced identical quantitative 

precipitin reactions with adsorbed antisera containing antibody only to 

7g-globulin, there also was cross reaction between these sera and 

7^-globulin (42). 

Cohen, Deutsch and Wetter (43) studying the immunochemical 

behavior of four 7-globulin fractions found that none of these gave evi

dence of being a pure protein. Each preparation consisted of several 

antigens and the immunological behavior of each fraction was deter

mined by the relative proportions of the various components present. 

The guinea pig antibody that was used to coat the erythrocytes 

injected into the rabbit in itself could have heterogeneity. Guinea pig 

7-globulin may produce antibody 7-globulin with heterogeneity of anti

body activity against a given pure protein antigen (44). Pooled sera 

also demonstrate the same heterogeneity. This may help to explain, 

in part, the cross reactions of the antibody with the unrelated antigens. 
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Antibodies are globulins of constant composition and they are specific 

for determinant groups on the antigens and not for the antigen as a 

whole (45). In other words, molecularly different antibodies may be 

produced by immunization with molecularly homogeneous antigens (46). 

When normal guinea pig euglobulin served as an antigen in the 

precipitin ring tests, titers were obtained with all the antibodies. In 

the immunoelectrophoretic studies the euglobulin produced identical 

bands to those of the other antigens with each individual rabbit anti

serum. Watson and Collins (47) have found that animal sera in gener

al, may contain substances which react with 7-globulins. Research 

into the structure of the globulin molecule may provide some informa

tion in explaining the heterogeneous response seen. In 1959 Porter (48) 

digested immune rabbit globulins with the enzyme papain in the pre

sence of cysteine. The molecule of rabbit globulin while radically re

duced in size retained its biologic activity. Further experiments by 

Edelman and Benacerraf (49) demonstrated that the molecule was com

posed of two types of polypeptide chains, H(heavy) and L (light). While 

all 7-globulins of a given size class and immunoelectrophoretic type 

have similar or identical heavy chains, they differ in their L chains. 

Normal heterogeneous 7-globulins and specifically isolated anti

body molecules were dissociated by cleavage of the disulfide bonds (50) 

(51). On starch gel electrophoresis both normal heterogeneous7-globu

lins and specifically isolated antibody possessed slow bands of 
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similar mobility. This suggested that 7-globulins possess one or 

more chains which are similar or identical from molecule to molecule. 

Data from this experiment indicated that antibody of different specificity 

consists of different types of polypeptide chains, although certain 

chains may be common to all antibody molecules of a given animal. 

One can observe that while each rabbit's antiserum responds 

basically in the same manner to the several antigens employed in this 

study, there is a difference in response between each of the rabbits. 

It is known that while all rabbits will form highly sensitive specific 

antibody to albumin, the response to globulins varies considerably (38). 

The heterogeneity of normal 7S 7-globulins may be considered 

to result from the great variety of L chains composing the different 

molecules. Further evidence favoring heterogeneity of antibody has 

been obtained with individual human antisera directed to or 1-6 linked 

dextrans (52). It must be remembered that the antigens used in this 

investigation were primarily antibodies with the exception of the normal 

guinea pig euglobulin. Guinea pig 7S antibody against ovalbumin has 

been shown to be electrophoretically different (53). A possible expla

nation for the heterogeneous reactions observed in all aspects of this 

investigation may be that few antisera are actually unispecific (54). 

The majority of anti-7 globulin sera also contain antibody against 

|3 globulins. 
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It was shown in the work of Ando, Takeda and Hamano (55) and 

Treffers and Heidelberger (23) that the antigenic activities of function

ally different antibodies were the same. We have shown in this inves

tigation that antibodies (anti-BSA, S. typhosa (Felix and Pitt strain), 

S. typhosa 0-901 and anti-rabbit erythrocyte serum) derived from the 

same species and functionally different are antigenically alike. This 

can be seen in the results of the immunoelectrophoresis and precipitin 

.tests. True anti-antibody has been produced. A true anti-antibody 

according to Landsteiner's definition (32) is one which would bear a 

relation to the specific antibody function. This was demonstrated to 

some extent in the inhibition-adsorption tests. The method developed 

in this investigation for the production of the anti-antibody can be uti

lized to produce antibody which is primarily directed against globulin. 

Heterologous specificity was shown by use of the anti 7-globulin sera 

with several different types of antigens (antibodies). One may con

clude that the functional activity of the anti-antibody is a weak one. 



SUMMARY 

These experiments were performed to develop a method for 

the production of a specific anti-antibody to immune globulin and to 

determine the specificity of the anti-antibody. 

Autologous rabbit erythrocytes coated with specific agglutinins 

were injected into the rabbits. Experimental evidence that antibody 

to the immune globulin was produced was indicated by the increased 

precipitin ring titers using homologous guinea pig antiserum and by 

the partial removal of the functional activity of the agglutinin content 

of the guinea pig antiserum in adsorption-inhibition tests. Cross re

activity of the six anti-antibodies with heterologous antigens was evi

dent in the serological tests. Reactions also occurred when normal 

euglobulin served as an antigen. 

Immunoelectrophoretic studies pointed out that the individual 

rabbit's anti-antibody reacted in the same manner with all the antigens 

employed, whether they were homologous or heterologous. However, 

there were differences between the individual rabbit's reaction to the 

antigens with IEP. The heterogeneity of these reactions was explained 

on the basis of the structure of the immunoglobulins. 
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