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ABSTRACT

Common electophoretic and electroblot methods were 
used to differentiate between possibly different epitopes

• on digested whole pertussigen. In this study, S-l subunit
specific monoclonal antibodies were used. The results of
these tests indicate that these monoclonal antibodies
react with the same antigenic region and do not distinguish 
between any other epitopes that may be present on the S-l 
subunit. Further development and testing of monoclonal 
antibodies against the various subunits of pertussigen will 
be required to elucidate the nature and presence of other 
epitopes of pertussigen.
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LITERATURE REVIEW

It has long been recognized that certain species 
of the bacterial genus Bordetella cause acute and chronic 
respiratory diseases in many species of animals. In man,
B. pertussis produces whooping cough, a prolonged infection 
of the respiratory tract characterized by severe paroxysms 
of coughing interrupted by inspiratory whoops. Despite 
effective immunization programs in some countries, 
whooping cough remains a leading cause of childhood 
mortality (1).

The present vaccine which is currently marketed by 
several large drug manufacturers has recently been put 
under public scrutiny and has been vehemently attacked 
by several support groups against immunization. The 
pertussis vaccine (the P in DPT) has been purported to 
cause serious reactions (1:700 reported in the "Today 
Show"), high fever or convulsions, permanent brain 
damage, and even death in children (2). The degree of 
risk from immunization varies and is unsubstantiated, 
but it is clear that there may be considerable risk 
involved. However, the dangers of the disease far 
outweigh the risks of immunization (3).

The toxicity of the vaccine is a result of its 
make-up. Prepared by heat-killing B. pertussis cells, 
the vaccine contains toxins which are normally 
associated with the living infective bacterium which
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cause the characteristic symptoms of the disease. In 
small quantities these toxins may have various toxic 
effects, especially in young developing children.

One of the most important toxins produced by B. 
pertussis is an endotoxin which has been the cause for 
serious investigation in the last few years. The toxin 
known variously as lymphocytosis-promoting factor (4,5), 
histamine-sensitizing factor (6), islet-activating protein 
(7), pertussis toxin (8), and pertussigen (9) (as will be 
used in this paper) has been of. interest not only because 
it is in a large degree responsible for the manifest 
symptoms of whooping cough, but, also, because it has 
been reported to elicit a variety of responses in exper
imental animals. These responses include delayed-type 
hypersensitivity (DTH) (10,11), increased inflammatory 
response (12), elicitation of experimental allergic 
encephalomyelitis (EAE) (13,14,15), necrotic effect on 
the skin and spleen (16), increased vascular permeability 
(17), and increased antibody formation (18).

In addition to the biological activity of pertussigen, 
researchers have investigated the molecular activity of 
this substance, i.e. its mode of action, as well. The 
mechanism by which pertussigen acts has been hinted at 
from its biological activities (19), but direct work on 
this phenomenon has suggested its likeness to cholera 
toxin (20) and its conformity to the A-B Model (21).
An exciting new development has linked pertussigen to

o



the adenylate cyclase system (22,23) and continued research 
in this area may lead to other interesting knowledge of this
substance.

Pertussigen has been prepared in nearly pure form by 
crystallization (24). Working with pertussigen in this form 
it has been found that 1% SDS (sodium dodecyl sulfate)
caused its dissociation into five dissimilar subunits named
S-l (with a molecular weight of 28,000), S-2 (23,000), S-3 
(22,000), S-4 (11,700), and S-5 (9,300) as revealed by 
polyacrylamide gel electrophoresis. The molecular weight 
of pertussigen estimated by equilibrium ultracentrifugation 
was 117,000 which was not at variance with the value obtained 
by summing up molecular weights of constituent subunits. The 
preparative separation of these subunits was next undertaken: 
exposure of pertussigen to 5M ice-cold urea for 4 days 
followed by column chromatography with carboxymethyl-Sepharose 
caused sharp separation of S-l and S-5, leaving the other
subunits as two dimers. These dimers were then dissociated
into their constituent subunits, i.e., S-2 and S-4 for one 
dimer and S-3 and S-4 for the other, after a 16-hour exposure 
to 8M urea. These subunits were obtained individually upon 
further chromatography on a diethylaminoethyl-Sepharose 
column (21). Thus, pertussigen is an. oligomeric protein 
consisting of an S-l or A (active) protomer (the biggest 
subunit) and a B (binding) oligomer which is produced by

r *connecting two dimers by the smallest (S-5) subunit in a 
noncovalent manner (21). It is a unique molecule which is
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being studied for a variety of reasons, but clearly through 
this research we are gaining valuable insight into areas 
of biology and biochemistry that we had not anticipated.

The objective of the current study was to investigate 
the possibility of different epitopes on the S-l subunit 
using different S-l subunit specific monoclonal antibodies. 
Purified whole pertussigen was digested into various frag
ments utilizing two different enzymes: Staphylococcus 
aureus V-8 protease and trypsin, in order to obtain differ
ent kinds and sizes of pertussigen fragments. If S-l subunit 
specific antibodies react with different epitopes then they 
will react with different fragments produced by this diges
tion. If, on the other hand, any of the antibodies react 
with the same epitope they will react with the same fragments 
Utilizing common electophoretic, electroblot, and autoradio
graphic techniques results were readily obtained.
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MATERIALS AND METHODS

Antigens
Highly purified whole pertussigen (lmg/ml) was obtained 

• from Dr. John J. Munoz (24,25) of NIAID at Rocky Mountain.
Laboratories in Hamilton, Montana. Pertussigen and its five 
subunits were further broken down into smaller peptides using 
Staphylococcus aureus V-8 protease and trypsin obtained from 
Miles Laboratory.

Antibodies
Anti-pertussigen rabbit anti-serum (3-BR-12-78) was used 

as the polyclonal control. Monoclonals B2F8A4, B2F8B5, and 
.B2F8D2 specific for the S-l subunit were used for analysis. 
Anti-mouse Ig-G rabbit anti-serum (R4-6A) was used as the 
second antibody. All antibodies were developed by and ob^ 
tained from Dr. John.J. Munoz of Rocky‘Mountain Laboratories. 
125-I-Protein A used to label the immunological subunits 
binding to Ig-G was obtained from New England Nuclear.

■r •

Gel Electrophoresis
Electrophoresis in gels containing SDS (sodium dodecyl 

sulfate) was performed in a slab gel. For analysis of peptides 
generated by proteolysis, 15% polyacrylamide gels were used 
routinely throughout the experiment. Low molecular weight 
colored dye markers were used to follow the bands as electro
phoresis progressed.



Digestion Procedure for Purified Pertussigen
Whole pertussigen controls and samples containing 

either V-8 protease or trypsin were incubated at 37 C for 
1 hour. After incubation, samples were diluted 1:1 with

• water and then further diluted with 2X Laemli loading
buffer (26) which contains B-mercaptoethanol for reduction 
of the protein. The samples were then heated to 95 C for 
3 hours. About 10 ul of each sample were loaded into sep
arate sample wells on a 15% polyacrylamide gel and run in 
the usual manner at 40 milliamps overnight.

Western Blotting
Proteins were electrophoretically transferred to ETH- 

membrane (Baker P.P7556) by methods described by Towbin et 
al. (27), using a standard electroblot apparatus and a
buffer consisting of 25 mM NaPO^ pH 7.4 at 1 amp for approx
imately 2 hours. After the transfer, the ETH-membrane was 
blocked in BLOTTO (bovine lacto transfer technique optimizer) 
consisting of: 5% w/v nonfat dry milk, 0.01% Antifoam A 
(Sigma Chemical), and PBS (phosphate buffer solution) for 
1 hour. This blocker was found to be particularly well 
suited for the ETH-membrane as shown by the clarity of the 
results (Fig.l).

Testing Monoclonal Antibodies
After blocking with BLOTTO, the ETH-membrane was cut 

to shape, labeled, and placed into inexpensive 50-ml plastic,

6



capped test tubes. These were used to facilitate the mixing 
process. Ten ul of antibody and 5 ml of BLOTTO were added 
to the tubes which were then rotated slowly at room temper
ature overnight. Test tubes were then emptied of the anti-

• bodies, rinsed well with 10 ml of BLOTTO, and 10 ul of the
second antibody, anti-mouse Ig-G rabbit anti-serum (R4-6A), 
was added and rocked slowly at room temperature for 2 hours. 
The test tubes were subsequently rinsed well with BLOTTO to 
rid them of any excess antibody. The ETH-membranes were 
then radioactively labeled: The membranes were placed in a 
Seal-A-Meal bag in which 75 ul of 125-I-Protein A and 10 ml 
of BLOTTO were added. The bag was sealed three times on 
all sides to prevent any leakage that might occur. These 
were slowly rocked for 1 hour at room temperature. After 
thorough washing, rinsing, and drying of the membranes, 
autoradiography was performed.
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RESULTS

Throughout the experiment 15% polyacrylamide gels 
were routinely used. It was found that 20% polyacrylamide 
gels produce close spaced banding which made differentiation 
of the many peptides after digestion more difficult and 10% 
polyacrylamide gels produce uneven banding and were more 
difficult to handle than the higher percent gels. Thus,
15% polyacrylamide was optimal for our purposes.

Dr. John J. Munoz at Rocky Mountain Laboratories, using 
published procedures, developed a number of monoclonal anti
bodies against several different subunits of pertussigen. 
Figures 2 and 3 show results of the screening process which
was used to determine which monoclonals were active and which
were not. Table 1 summarizes the monoclonal antibodies which
were found to be active and which subunits they are active
for.

Results of digestion and antibody specificity are shown 
in Figs. 4 and 5. The left membrane in Fig. 4 shows the 
polyclonal control and the many bands formed from enzymatic 
digestion. The other three membranes show the effects of 
monoclonals B2F8A4, B2F8B5, and B2F8D2 on whole pertussigen, 
trypsin digested, and V-8 protease digested pertussigen.
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DISCUSSION AND CONCLUSION

BLOTTO (bovine lacto transfer technique optimizer) 
was used to block non-specific reactions, as an incubation

• medium, and for subsequent washing to remove untreated
reagents (28). Its low expense and reduced background 
over the typically used BSA (bovine serum albumin) or Tween 
blocking agents made it a logical choice and proved very 
effective on ETH-membrane (see Fig. 1).

Before any analysis of pertussigen could be begun, 
it was necessary to obtain a library of monoclonal anti
bodies that were specific to the individual subunits of 
pertussigen. Once this had been accomplished (see Table 1) 
analysis of pertussigen proceeded.

Two different enzymes, Staphylococcus aureus V-8 pro
tease and trypsin, were used for two reasons. First, they 
would yield different kinds and sizes of fragments, but 
some with identical epitopes. Second, because the dissimilar 
enzymes cause cleavage between different amino acids, an 
epitope in one fragment might be cleaved, thus rendering it 
inactive, while the other would remain intact. This would 
tell us something about the nature of-the epitope.

In this study, S-l subunit specific monoclonal anti
bodies were tested because they were plentiful and because 
it has been suggested that this subunit is the A (active) 
protomer (21).

Finally, we tested S-l subunit specific monoclonal
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antibodies on digested whole pertussigen. The results that 
all three monoclonals B2F8A4, B2F8B5, and B2F8D2 are spe
cific for the same antigenic site (see Figs. 4 and 5) is 
not surprising. The monoclonals, descendants of the same 
mice, are probably identical and simply demarcate separate 
cell lines after the second generation. Though we were 
unable to find different epitopes our work provides the 
preliminary steps necessary for continued research in this 
area. The importance of utilizing BLOTTO as a blocking agent 
was significant to our study and will be apparent to those 
continuing the work. Thus, it is hoped that this study on 
specific antigenic regions of pertussigen will provide useful
information for the continuation of this endeavor.

Research in this area is very new and will require 
extensive time and work. A complete and varied monoclonal 
library will need to be further developed. As well, all 
subunits must be analyzed and separate band excision is 
recommended to avoid any discrepancies of fragments from 
the various subunits after enzymatic digestion.

Research presently underway at Rocky Mountain Labs 
headed by Dr. Jerry Keith involves a cloned library of 
pertussis DNA fragments in a direct cloning-expression 
vector system (unpublished results). In a more direct 
approach, fragments of the pertussis genome are screened 
with a synthetic DNA probe constructed on the bases of the 
genetic code and amino acid sequence data from pertussigen 
subunits (unpublished results). Also, attempts at com-

l n



pletely sequencing the substance known as pertussigen are 
expected to be underway shortly.

We are very near a complete understanding of the 
structure and function of the endotoxin known as pertus-

• sigen which is an important factor in the disease whooping
cough and is responsible for a variety of responses in 
experimental animals. Continued research on this subject 
will lend insight into diverse areas such as the A-B model, 
increased susceptibility to shock, and increased antibody 
formation. And this knowledge will lead some day to a 
highly immunogenic, non-toxic antigen which could lead to 
the development of a safer pertussis vaccine.
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Table 1. Library of monoclonal antibodies and sub
unit specificity.

Monoclonal I.D.a Subunit Specificity

A2B5G9
...  „ L. ,lt >11. .. I.JP

S-5
B2F8A4 S-l
B2F8B4 S-l
B2F8B5 S-l
B2F8D2 S-l
D6F8E11 S-l or S-3 (?)

Monoclonal antibodies developed and obtained from Dr. 
John J. Munoz of Rocky Mountain Labs in Hamilton, Montana.

k Pertussigen separates into five dissimilar subunits on 

SDS polyacrylamide gels. Monoclonal antibodies react 
with only one subunit.
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Fig. 1. Comparison of BLOTTO, BSA, and Tween blocking 
agents on ETH-membrane. The reduced background and 
clarity of BLOTTO is apparent.

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59625
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Fig. 2. Screening test of monoclonal antibodies for 
subunit specificity. Lanes with multi-bands are poly
clonal controls. Lanes with only one band are positive
monoclonals.



Fig. 3. Screening test of monoclonal antibodies for 
subunit specificity-. Lanes with multi-bands are poly
clonal controls. Lanes with only one band are positive
monoclonals.
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Fig. 4. Results of autoradiography of the polyclonal 
control (3-BR-12) (left membrane) and monoclonal A2F8A4 
(right membrane) after reaction with ETH-membranes con
taining whole and digested pertussigen from Western blot
ting. Lane 1 designates 5 ul of 125-I-pertussigen.
Lane 2: 10 ul of whole pertussigen. Lane 3: 10 ul of

• pertussigen + 10 ug of trypsin. Lane 4: 10 ul of per
tussigen + 10 ug V-8 protease.
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Fig. 5. Results of autoradiography of monoclonal A2F8B5 
(left membrane) and monoclonal A2F8D2 (right membrane) 
after reaction with ETH-membranes containing whole and 
digested pertussigen from Western blotting. Lane 1 des
ignates 5 ul of 125-I-pertussigen. Lane 2: 10 ul of
whole pertussigen. Lane 3: 10 ul of pertussigen + 10 ug
of trypsin. Lane 4: 10 ul of pertussigen + 10 ug of V-8
protease.
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