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ABSTRACT

Monoclonal antibodies specific for epitopes on the perstussigen 

molecule, s-1, were developed by the Fetuin-ELISA test, radio

immunoassays and Western Blott(27). Hybridoma fluids already established 

for specificity on s-2, s-4 and the undigested molecule were exposed to 

pertussigen to detect the neutralization of agglutination to Chinese Hamster 

Ovary (CHO) cells. The results showed that no appreciable neutralization 

occurred. Many more monoclonals need to be developed and tested to 

find the critical epitope or epitopes which cause agglutination to CHO cells. 

This research may provide a clue to the specific antigenic site which causes 

toxicity attributed to whooping cough in humans.
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INTRODUCTION AND LITERATURE REVIEW

Whooping cough is an inflammation of the lining of the respiratory tract 

caused by infection with the bacterium Bordetella pertussis. The most 

significant symptoms of this infection in man are a prolonged whooping 

cough and chronic infection of the whole respiratory tract characterized by 

severe paroxysms of coughing interrupted by inspiratory whoops. It is 

especially dangerous to very young and malnourished children. It can occur 

in epidemics but mass vaccination limits its spread. The present vaccine, 

which is marketed by many large drug manufacturers around the world, has 

been under close investigation since the mid seventies(28).

The pertussis vaccine, (the P in DPT), has been blamed for causing 

serious side effects and even death. Some of the side effects seen in 

children include high temperature, screaming fits with redness and swelling 

at the site of injection. Many doctors feel that this vaccine can also cause 

permanent brain damage(1). The Department of Health and Social Security 

(DHSS) was so alarmed at this trend that it commissioned the National 

Childhood Encephalopathy Study in 1976. It reviewed the cases of children 

with severe neurological disorders who were seen in British hospitals 

between certain dates. The conclusions were that there was indeed an 

association between vaccination and irreparable brain damage among 

infants. The chances of suffering damage were 1:100,000 an incidence 

which makes it very much worth the risk of vaccination as opposed to 

contracting the disease(2).

The harmful side effects of the vaccine are a result of the way in which it 

is prepared. In most countries, vaccination against whooping cough 

involves an injection of small doses of dead cells of the bacterium to provoke
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immunity to the disease. The toxins associated with the live bacterium may 

also cause harmful side effects even if the bacteria are injected after they

* have been killed , especially in young children.

The goal in developing a safer vaccine lies with a new type of 

approach utilizing an "acellular vaccine" containing only those parts of the 

cell which cause an immune response. This can be done by digesting the 

toxin into smaller units and finding the most immunogenic portion of the 

molecule. The most important endotoxin produced by B, pertussis has been 

under close investigation for the past several years. This toxin is known by 

many names including lymphocytosis promoting factor (3,4), histamine 

sensitizing factor (5), islet activating protein (6), pertussis toxin (7), and 

pertussigen (8), the name used in this paper. This toxin has been of much 

investigative interest not only because of its ability to cause whooping cough 

symptoms, but also because it induces a variety of other responses in 

laboratory animals. These responses include delayed type hypersensitivity 

(DTH)(9,10), increased inflammatory response (11), elicitation of 

experimental allergic encephalomyelitis (EAE)(12,13,14), necrotic effect on 

the skin and spleen (15), increased vascular permeability (16), and 

increased antibody formation (17).

As recently as 1983, investigations have manipulated the DNA of 

Bordetella pertussis with the use of a Tn5 transposon delivery system. 

These single site mutations are deficient in virulence-associated factors of B. 

pertussis(18). The usefulness of the mutants will be helpful in determining 

the relative contribution of each virulence factor to pathogenicity as well as

* to determine the identity of the antigens important in protective immunity. 

Much has been learned about the molecular characteristics of pertussigen 

including its sub-unit make up, their molecular weights and possibly the
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biochemical activity of the subunits. Pertussigen has been prepared in pure 

form by crystallization (19). The toxin has been broken down into its 

constituent subunits using sodium dodecyl sulfate. The molecule appears to 

contain five subunits, all of which are dissimilar with the exception of s-2 and 

s-3. They have a very similar molecular weight s-2, 23,000 s-3, 22,000 and 

similar shape. Subunit-one has a molecular weight of 28,000, s-4 11,700 

and s-5 9300 as revealed by polyacrilamide gel electrophoresis.

By analogy to diphtheria toxin, Pseudomonas toxin. Cholera toxin, and 

Escherichia coli heat-labile toxin, pertussis toxin is structured in an A-B 

model(20). In this model, the A-moiety (s-1 in pertussigen) contains 

enzymatic activity responsible for the ADP-ribosylation of specific regulatory 

proteins(21). The B moiety (s-2 through s-5 in pertussigen) is responsible 

for attachment of the toxin to the host cell membrane and internalization of 

the A-protomer into the target cell(22). Once inside the host cell, s-1 

(dissociated from the B-oligomer) catalyzes the transfer of the ADP-ribonyl 

moiety of NAD+ to the membrane-bound guanyl nucleotide-binding 

regulatory protein (Ni or Gi) of the adenylate cyclase complex(23,24). This 

covalent modification of Ni results in an uncoupling of Ni from inhibition 

receptors. Thus, activation of the adenylate cyclase catalytic subunit by 

stimulatory receptors cannot be reversed by inhibitors and this permanant 

activation subsequently results in an increase of entracellular cAMP(25). 

This increase in cAMP may be the cause of many of the biological effects 

associated with pertussigen.

At the present time, monoclonal antibodies specific for pertussigen 

include s-1, s-2 and s-4. One of the goals in my study was to develop a 

monoclonal antibody specific for either the s-3 or s-5 subunits . The antigen 

used, however, was not the subunit itself, rather the dead whole cell bacteria
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which were injected into mice. This means that if the production of 

antibodies specific for the s-3 or s-5 subunits were to occur, then these 

segments of the toxin must be totally or at least partially exposed to promote 

immunogenicity.

The eventual goal of these investigations is to develop a "new 

generation" vaccine for whooping cough by molecular cloning and genetic 

manipulation of the genomic DNA of B. pertussis. The monoclonal 

antibodies should provide information as to the location and make up of the 

extremely specific antigenic components of the toxin. Once this is known, a 

mutation can be introduced into the bacteria that will alter the production of 

toxin so slightly that it will block its toxic effects yet provide antigenic 

response and protection from the disease.
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MATERIALS AND METHODS
i

t
PPEPAPATION OF HYBFUHtliMAS

The mice used to obtain specific immunoglobulin production in spleen 

cells were CFW and Balb/c obtained from Jackson Labs (New York), in 

1985. The hybridoma clones producing monoclonal antibodies for 

pertussigen were prepared by taking approximately thirty-two-day-old mice 

and injecting them with crude pertussigen (ZnCl2 precipitated as 

described)(26). One mg/ml pertussigen was mixed with formic acetic 

alanine buffer (FAAB) and tris buffer with sodium chlorice salt (TNB)(1:1). 

One-tenth ml of this mixture was added to 4.9 ml Phosphate Buffered 

Saline(PBS), containing 0.2% Formalin at 20 pg/ml. One ml of this mixture 

was added to 1 ml of complete freunds adjuvant. One-tenth ml of this was 

injected into five CFW (female) mice. Four-hundreths ml were injected into 

each hind foot pad and 0.02ml in the nape of the neck. They were sacrificed 

3 days after boost.

The spleens were removed from the mice and single cell suspensions 

were eventually prepared using RPMI supplemented with 15% fetal calf 

serum(Gibco Labs, Grand Island N.Y.). The cells were fused with NS-1 

myeloma cells in the following procedure. The tumor cells were washed 2x 

in RPMI and suspended in 10 ml of media with a count of 107 cells. The 

spleen cells after being aseptically harvested were teased apart with a small 

screen and suspended into a 15-ml tube to remove hunks of tissue. When 

the hunks were removed, the cells were again washed 2x with RPMI and 

resuspended in 10 ml media with a count of 108 cells. The spleen cells and 

myeloma cells were combined and centrifuged. The supernatant was 

aspirated and 2 ml of 35% polyethylene glycol were added while the cells
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were re-suspended very gently by hand for 2 min. The suspension was 

spun at 1500 rpm for 3 min and were allowed to fuse by sitting at room

* temperature for another 3 min. Fifty ml of RPMI were added and the pellet 

was gently re-suspended by hand. The suspension was spun again at 750 

rpm for 5 min and the supernatant was aspirated and replaced with 26 mis of 

RPMI with 15% fetal bovine serum.

One ml of the hybridoma suspension was placed into each of 24 wells 

and incubated at 37° , 10% CO2 for 24 hr. Then the supernatant was 

removed and screened for viable hybridomas with the HAT selection 

technique for 2 wk. Immediately upon confirmation of antibody production 

by the ELISA, a viable well was cloned. On day 14, HT media was used for 

2 wk then replaced with RPMI 15% fetal bovine serum for the remainder of 

incubation. The clones were then placed in a 96 well flat bottom tissue 

culture tray. Each well was given 0.1 ml of feeder spleen cells from a normal 

syngeneic mouse at a concentration of 105/0.1 ml. The cells were taken from 

the 24-well tray and placed in the 96-well tray at 104 cells/ml(0.5 ml vol). 

The clone suspension was diluted in successive stages from 100 cells/well 

to 0.3 cells/well and then incubated. The wells were checked 

macroscopically for growth and /or contamination. The supernatants of the 

wells which most likely contained only one hybridoma colony were screened 

using the Elisa-Fetuin method and the radioimminoassay technique.

ELISA-FETUIN

In the E-F test a 96-well polyvinyl chloride microtiter plate was coated

• (Dynatech Laboratories Inc., Cambridge Mass.) with 10Opil of 100pl/ml 

Fetuin in 0.1 ml Carbonate buffer pH 9.6 at 4°C overnight. The wells were 

then washed in PBS Brig 0.1% and incubated for 30 min. The PBS was

6



removed and pertussigen (ptx) was added at 50pl/well with 3pl/ml and 

incubated for 1.5 hr. The plates were washed 4x with PBS Brig and 50pl of 

various hybridoma fluids were placed in the trays followed by 2 hr of 

incubation. The trays were washed 3x in PBS Brig and rabbit anti mouse 

conjugated to alkaline phosphatase (50pl) was placed in the wells and 

incubated for 1 hr. The trays were emptied and alkaline phosphatase 

substrate was added (50pl) and incubated for 1 hr. The plates were then 

read for reactivity by spectrophotometry.

PROTEIN A -1125

This assay was also used to test clones for pertussigen (ptx) reactivity. 

The 96-well plates were coated with 25pl ptx(1O pl/ml in PBS) overnight at 

4° C. the plates were washed 3x in PBS 0.5% gelatin allowing the last 

wash to sit 20 min at room temperature. Then 10Opl hybridoma fluid was 

then added and incubated at 37° for 45 min. The plates were then washed 

3x and 50pl/well of PBS-gel were added . Protein A-l125 was added and 

the wells incubated at 37° for 45 min. The plates were then washed 4x in 

PBS-gel and dried under a heat lamp. The positive colonies were nurtured 

in RPMI (15% FBS) and used for further testing with CHO cells. This was 

done to determine whether or not the immunoglobulin could counteract the 

agglutinating effect of ptx on CHO cells.

CHO CELL TEST

Chinese Hamster Ovary cells were obtained from the American type 

culture collection (ATCC No. CCL-61) and were maintained in Ham's F-12 

medium containing 10% FBS (heat inactivated at 56° C for 30 min) plus 

gentamycin at 50pl/ml. They were grown in 75 cm flasks in 10% CO2 at
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37°C. The cells were washed twice with 12 ml of trypsin (.25%) buffered in 

saline. The trypsin was added and dispersed over the monolayer of cells by 

gently tilting the flask while incubating for 5 min at 37°. After the cells were 

detached from the flask, they were placed in 50 ml of sterile DPBS. The 

suspension was centrifuged at 1500 rpm for 5 min. The supernatant was 

aspirated and 10 ml CHO medium was added and the suspension was 

diluted until cell concentration was 105 cells/ml. One hundred pi of this 

suspension were added to each well in addition to the ptx, which was 

diluted in successive dilutions in a 1:1 ratio, and 1:2, 1:4, etc...1:2048. Fifty 

microliters at a concentration of 1000pg/50pl were placed in each well 

except in the negative control wells. The plate was put in a shaker for 10 sec 

and incubated for 48 hr at 37°.

STAINING CHO CELLS

The tumor and spleen cells were then fixed and stained by removing 

the medium and adding 150pl DPBS to each well. The PBS was removed 

and 150 pi methanol was added to each well for 5 min. The methanol was 

decanted and 100 pi giemsa stain (diluted 1:50 in demineralized water) was 

added for 20 min at room temperature. The morphology was then scored as 

(+) if agglutination had occurred and (-) if it had not.

*
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RESULTS

a

The CHO test was found to run most effectively when pertussigen was 

used at a concentration of 1000 pg/50 pi. A test run was conducted which 

showed the CHO cells threshold sensitivity to pertussigen. The threshold 

was consistently close to 160pg/50ul. The data is shown in table IV. The 

pertussigen concentration for the CHO neutralization test was 1000pg/50ul 

to insure positive reaction. It was also run in successive wells of diluted 

pertussigen from 1:2, 1:4, ... etc to 1:2048 ratio. All of the CHO cells 

displayed a negative response to the various antigens listed in Table 3. The 

positive control did show a strong positive reaction to the pertussigen, a 

result which gave credibility to the test.
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DISCUSSION AND CONCLUSION

The monoclonals used for the CHO cell assay were part of a 

monoclonal library developed by John J. Munoz at the Rocky Mountain 

Laboratories in Hamilton Montana. The antibodies were specific to three of 

the five subunits in the pertussigen molecule(Table 3). It is suggested that 

the s-1 has the active toxic site which causes ribysolation in specific 

proteins(21). I had hoped that a monoclonal antibody specific for this site 

might neutralize the activity of ribosylation, thus neutralizing the 

agglutination of CHO cells. The results indicate, however, that this site was 

not blocked and pertussigen still caused clumping in the cells.

What will be needed in the future is a much larger library that not only 

spans all five subunits but also includes many that are specific for s-1. This 

is important because s-1 has many epitopes, and the greater number of 

monoclonals specific for it, the greater chance there is of blocking the active 

site.

Another important aspect of this experiment was the selection of the 

CHO cells. They were chosen because of their high sensitivity to the effects 

of pertussigen. In a special assay performed with pertussigen and CHO 

cells, the cells responded to as little as 80-160 pg/ml. It is not presently 

known why the cells change morphology upon exposure, but one may 

speculate that the reason may be related to the toxicity of the substance.

* It is hoped that this work will give some indication of the monoclonal

antibodies that do not work. By a process of elimination the effective 

antibody specific for the desired epitope will be found. Some of the present
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work being done at the Rocky Mountain Laboratory involves creating 

mutants of B. pertussis that may not have the enzyme responsible for ADP 

ribosylation of regulatory proteins. In another approach at the Hamilton Lab, 

fragments of the pertussis genome are screened with a synthetic DNA probe 

constructed using the bases of the genetic code and amino acid sequence 

data from pertussigen subunits(unpublished).

Further research may also lead into studies involving allergic reactions. 

The reason for this is that many of the physiological reactions induced in 

laboratory animals by the introduction of pertussigen are similar to reactions 

experienced by an allergic reaction in these same animals. Hypersensitivity 

to any antigen can be caused by introducing a combination antigen and 

pertussigen. Once this response is induced it may be examined carefully to 

discover the biochemical reasons about why the condition is so dangerous 

and the reaction so strong to the antigen.

The understanding of the structure and function of pertussigen is very 

nearly complete. It is known that s-1 is most likely responsible for the toxic 

effects of the toxin. It may also be responsible for the other reactions 

induced in experimental animals such as increased susceptibility to shock 

and increased antibody formation. It is hoped that this knowledge coupled 

with more investigation in the future will find a nontoxic antigen that could 

lead to the development of a safer whooping cough vaccine.
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Hvbridoma Monoclonal Identification subunit specificitv

19-1 B1 S-1
19-2 A2 S-1
19-2 A5 S-1
19-2 A6 S-1
1&2 B2 Sri

TABLE 1: Monoclonal antibodies developed 6/87 at Rocky Mountain 
Laboratory including the hybridoma they were cloned from and their subunit 
specificity.

Monoclonal identification Subunit soecificitv

B2F8A4 S-1
P11B10 S-2
A2B5C12 S-4
Polyclonal S-1. S-2. S-4

TABLE 2: Established monoclonals and their subunit specificity developed by 
John J. Munoz at the Rocky Mountain Laboratory. The polyclonal was a 
mixture of the established monoclonals.

<
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TEST FLUID___ AQQLUT.I NATION_________ DILUTION

SJ___________________________________ 1:1 to 1:2048
-

S-4__________________ -
B1 -
A2 -
A5 -
A6
B2 -
SheeD antibodv -
Rab FHA -
Rab HSF -
Normal Rab -
Normal SheeD -
RPMI -
2.5 ul Ptx +
Normal Mouse -

TABLE 3: The results of the CHO cell test using the new specific
monoclonals, established monoclonals, sheep antibodies 
specific for S-1, rabbit antibodies specific for the whole 
molecule, normal rabbit, mouse and sheep antibodies 
taken from non-injected animals, and pertussigen used as a 
positive control.

COSETTE LIBRAfo 
CARROLL COLIEGf
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FIGURE I. Schematic structure of pertussis toxin
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