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ABSTRACT

Increased production of the S1 subunit of the toxin secreted by 

Bordetella pertussis, the causitive agent of whooping cough , was 

attempted by two methods. The first method was to use phage to insert 

the sequence for the S1 subunit into IL coli so that this bacterium would 

produce the subunit. This method was used to replace an inefficient heat 

transduction method formerly used. The second method attempted to 

increase the S1 subunit production by inserting a termination sequence 

after the S1 subunit sequence. It was hoped that reading of the sequence 

would stop after the S1 sequence, disengage and go to the start of the 

sequence, thus eliminating the production of unwanted proteins. It was 

found that the phage expression system used did increase S1 subunit 

production. The insertion of the terminator to produce a new, more 

efficient construct, was not completed, so it remains unknown if this new 

construct would increase S1 subunit production.
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INTRODUCTION AND LITERATURE REVIEW

Bordetella pertussis is the agent of the upper respiratory tract 

infection commonly called whooping cough(1). It induces the disease by 

first attaching to the ciliated epithelial cells of the respiratory tract.

Then B. pertussis releases a chemical called lymphocytosis promoting 

factor (LPF) which inhibits the migration of macrophages to the site of 

the infection(1). Adenylate cyclase produced by ET pertussis also 

enters phagocytic cells and interferes with phagocytic function. These 

two chemicals protect EL pertussis from phagocytosis at the site of 

the infection(1). As the infection progresses, cilia of the respiratory 

tract stop beating and are shed by epithelial cells, and eventually the 

denuded cells drop from the epithelium into the lumen of the trachea 

or bronchus. At this stage, a host of systemic effects are produced by 

pertussigen, a toxin that is released at the site of infection. These 

effects include attenuation of febrile and inflammatory responses, 

lymphocyte death, upset of glucose homeostasis, and neurotoxicity (2).

The current vaccine used to combat this disease in the United 

States is of the whole cell variety grown in solid or liquid media.

Koplan (3) has stated that EL pertussis cells are harvested after 

growth and inactivated by a variety of methods such as mild heat, 

storage with
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thimersol, or storage with diphtheria and tetanus toxoid which may or 

may not contain adjuvant. The present vaccine is a compromise that 

accepts a certain level of toxicity to achieve potency. Several 

side-effects have been observed in children who have received the 

vaccine. The minor side-effects are reactions such as fever, soreness, 

malaise, and bodily aches lasting up to two days. These minor 

reactions occur in approximately half of the vaccinated children. Major 

side-effects such as seizures, shock, and encephalitis can also occur. 

However, these major symptoms occur infrequently. The occurrence is 

one in 3,000 vaccinees for the first two major symptoms and one in 

50,000 for encephalitis.

In Japan, an acellular vaccine is used. This vaccine is produced by 

purifying lymphocyte promoting factor (LPF) and filamentous 

hemaglutinin (a protein associated with the bacterial surface)(4). The 

LPF and filamentous hemaglutinin are later chemically inactivated. The 

Japanese have reported success in reducing the side-effects mentioned 

in the previous paragragh. One study showed that the number of mild 

reactions was reduced by one-third (4). These reports, however, could 

be affected by the age at which the vaccine is administered in Japan. 

Japanese children do not receive the vaccine until the age of two, as 

compared with the two- month vaccination schedule used in the United 

States (4).

In the United States there is currently an attempt to create an 

acellular vaccine genetically that will effectively eliminate 

side-effects

while retaining immunological effectiveness. The approach used is to 

alter the genes that produced ET pertussis toxin so that the toxin 

produced creates immunity without causing systemic illness (5). This
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could then be purified and used as a vaccine. A number of truncations 

and deletions of pertussis toxin are currently being tested in mice to 

see if an immunological effect is achieved without causing the disease 

symptoms (6,7). The reason for using genetics to inactivate the toxin, 

instead of chemistry as done in Japan, is that while the treatment the 

Japanese use to inactivate the toxin is rigorous, some active toxin can 

remain. Also, the treatment may alter the toxin in such a way that it is 

no longer immunogenic. Thus, genetic alterations would produce a 

safer and more potent vaccine (8).

A vaccine is needed even though there is a decline in the incidence 

of whooping cough as a result of whole cell vaccine. The public has 

become concerned that the vaccine may be a greater risk than the 

disease. However, if pertussis vaccination programs were cancelled, 

large numbers of nonimmune infants as well as adolescents and adults 

would be at risk (9).

In order to create an acellular vaccine, a knowledge of B. pertussis 

toxin is required. The toxin produced by EL pertussis has six subunits,

S1 through S5, with S4 being duplicated (10). Tamura (10) has 

proposed an "A-B" model to explain the damaging effects of the toxin.

In this model, the toxin has an A component that is enzymatically 

active and a B component that binds to the surface of host cells and 

allows the A unit to enter the cell. A lag time is required for the A 

subunit to enter the host cell. There is such a lag time in the case of EL
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pertussis toxin (11), making the "A-B model a feasible one. It has also 

been proposed that the A subunit in £. pertussis toxin is S1 with the 

other five subunits acting as the B component. Thus, an ideal genetic 

alteration would consist of a change in the active S1 component that 

would cause the subunit to be non-lethal while remaining immunogenic 

(11).

The current study explored two areas of vaccinology. First, the 

current system used for expression of desired genes is a complicated 

process. It involves growing at least two cell lines of E coli. one with 

the desired genes and one to receive the genes. Then a transformation 

is done to move the genes from one cell line to the other. Finally, heat 

inactivation of repressor genes must be done in the host cells so that 

the transformed genes are not destroyed in the host cell. There is also 

a low expression rate using this method. A better method for toxin 

gene expression would be to use a phage containing a plasmid with a 

gene, such as an altered toxin gene, to infect £ coli cells and get the 

plasmid into the E. coli cell. The bacteria would then continue to grow 

and divide and produce whatever the injected plasmid tells them to 

produce (12). It would make sense to use a phage to directly infect the 

bacteria with the wanted plasmid and avoid the complications of heat 

regulated induction. My research involved, in part, using phage 

infection as a means to cause expression of altered EL pertussis toxin 

genes.

Secondly, when a plasmid containing a desirable sequence is
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translated, the entire plasmid is read and a lot of time is wasted while 

non-desirable sequences are expressed. An attempt to alleviate this 

problem was tried by inserting a terminator sequence directly after the 

wanted sequence in the hope that reading would stop, back up, and start 

at the beginning of the sequence. In this way, useless information on 

the plasmid would not be read and time would be saved. The work done 

was with the S1 subunit sequence of the pertussis toxin.

The purpose of this paper is to discuss these two aspects of the 

genetic manufacture of acellular whooping cough vaccine: a new 

expression system using phage, and the creation of a new plasmid to 

increase S1 subunit production.
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MATERIALS AND METHODS

PHAGE EXPRESSION SYSTEM

M-13 phage was obtained from Dr. Stanley Tabor of Harvard

Medical School. It contained the PTXT3 plasmid. E. coli JM 101 was 

grown in 10 ml of nutrient broth (L-broth : 20 g yeast extract, 10 g 

Bacto-tryptone, 5 g NaCI, 8 ml 1 M NaOH in 1 L H2O) for 1 hr. Then 

three 400-ml L-broth samples were inoculated with 2 ml of the JM 101 

culture and allowed to grow until the ODggg was 0.1. Next, 23 ml of

plasmid M-13 were added and allowed to grow 12 hr. Simultaneously, 

IL coli were grown for 12 hr in 2 ml of L-broth (this E coli was the 

ODggg 0.1 culture). Then 24 g of NaCI were dissolved in the E coli

culture and centrifuged at 8,000 r.p.m. for 20 min. The supernatant was 

then transferred to a clean tube and 28 g of polyethyelene glycol were 

added slowly at 4°C. The sample was then decanted and the pellet was 

resuspended in 10 ml of phage dilution buffer. Then the sample was 

transferred to a clean tube, and 200 ml of chloroform were added.

DETERMINING INFECTION MULTIPLICITY

Cultures of the El coli sample were grown on L-broth plates. The

culture was titered and found to have 745 x 10"10 plaque forming units 

(PFU) per ml. A standard curve was found by growing a culture of El 

cgli K38 for 12 hr in 2 ml of L-broth. Fifty mg/ml of a caroxycillin 

solution were added to another K38 £i coli culture and grown for 1 hr. 

The ODggg of the 1 -hr culture was then found. Then serial dilutions of
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this sample were made, after which each of these serial dilutions was 

diluted to 1/105,1/107, and 1/1010 and plated on L-broth for 12 hr at 

37°C. The colonies were then counted and plotted versus the 

absorbance.

INDUCTION OF T7 RNA POLYMERASE

A single colony of K38 coli was grown for 12 hr in L-broth that

contained 25 mg/ml of ampicillin. These cells were then diluted 1:20 

and grown for 3 hr at 37°C with gentle shaking. The standard curve 

was used to determine how much phage was needed for successful 

infection. The proper amount of phage was added and incubated for 30 

min at 37°C. Then 200 mg/ml rifamicin were added, and the culture 

was incubated for an additional 30 min. Next, the culture was 

centrifuged for 20 sec at 8,000 r.p.m. and resuspended in 150 ml 

cracking buffer (60 mM Tris-HCI, pH 6.8, 1% 2-mercaptoethanol, 10% 

bromo-phenol blue). The samples were loaded onto an SDS 

polyacylamide gel, and a Western blot was done to determine if S1 was 

present in the E. coli sample.

MANUFACTURE AND INSERTION OF STOP SEQUENCE

A transcription terminator was synthesized on an Abi synthesizer

with the sequence:

5' AGCTTAGCCGCCTAATGAGCGGGCTTTTTTTTCG 3' 

and a complimentary strand was also made with the sequence: 

3'ATCGGGCCGATTACTCGCCCGAAAAAAAAGCG 5'

The terminator was made so that it had a Hind III linker site at the

5' end and a Cla I linker site at the 3' end.
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After the oligonucleotide had been synthesized it was protected by 

a methyl group left on the phosphates. This methyl group needed to be 

removed before the oligonucleotide would be biologically active. It 

was removed by soaking the oligonucleotide in concentrated ammonia 

four times with 15-30 min allowed for each treatment. The ammonia 

containing the deprotected oligonucleotides was saved after each 

treatment. Then the ammonia solution was flushed through an 

Oligonucleotide Purification Cartridge with High Pressure Liquid 

Chromatography grade acetonitrile and 2.0 M triethylamine acetate.

The oligonucleotide was then removed from the column by flushings 

with diluted ammonium hydroxide (1/10 dilution of concentrated 

ammonium hydroxide), deionized H2O, a 2% trifluoroacetic acid

solution, and a 20% acetonitrile solution.

An 0.8 % polyacrylamide gel was then run to confirm that the 

strands had been synthesized correctly. Next the two strands were 

joined by ligation. This involved putting 2 ml of each oligonucleotide in 

separate tubes containing 10 ml of 5 mM T4 kinase. These mixtures 

were incubated for 1 hr at 37°C, then were mixed and cooled. The 

mixtures were subsequently placed in a 69°C H20 bath for 5 min. This

sample was then cooled slowly to room temperature by placing it in a 

beaker of water at room temperature.

CONSTRUCTION OF PTXT6 PLASMID

A 25-ml culture of the E Coli containing PTXT3 (the plasmid with 

the S1 subunit from the insertion of PTXT3 by M 13 phage) was grown 

for 12 hr. These cells were centrifuged for 5 min at 10,000 r.p.m., then
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resuspended in ethyl alcohol buffer at pH 6.8. Then two ml of a 1 % SDS 

solution ( 0.4 g NaOH, 1.5 ml H2O, and 0.1 ml 20% SDS ) were added. The

sample was then mixed gently and placed on ice for 10 min. The sample 

was centrifuged at 10,000 r.p.m. for 5 min and the supernatant was 

transferred to a clean tube. Then 2.6 ml of isopropanol were added and 

the mixture was allowed to precipitate for 15 min. Once again the 

sample was centrifuged at 10,000 r.p.m for 10 min. The supernatant 

was discarded, and the pellet was dried in a Speed-Vac drying unit. The 

dry pellet was resuspended in 1 ml of H2O and extracted first with

phenol, then with chloroform. Next, 0.5 ml of 7.5 M ammonium acetate 

and 3.75 ml of 95% ethyl alcohol were added and the sample was 

allowed to precipitate at -70°C for 1 hr. The sample was then 

centrifuged for 10 min at 15,000 r.p.m. The remaining purified plasmid 

was dried in the Speed-Vac and resuspended in 0.100 ml of H2O.

The following diagram illustrates plasmid purified from E. Coli 

showing sites susceptible to digestion by various endonucleic enzymes.
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PREPARING PTXT3 FOR INSERTION OF TERMINATOR SEQUENCE 

PTXT3 was digested using the enzymes Bgl II, Hind III, and

Cla I. Thus, a Bgl II to Hind III section and a Bgl II to Cla I section were 

produced.

CREATING PTXT6

Fifty-five ml of H2O, 2 ml of 5 mM ligase solution, 0.5 ml of 5 mM

ATP , 2 ml of Bgl 11—Hind III section, 2.5 ml of Bgl ll--Cla I section and 

the terminator sequence were mixed. The terminator sequence had a 

sticky end corresponding to the Hind II site and the Cla I site so it 

would insert between these areas and the Bgl II site would reconnect 

via blunt end ligation and create a new plasmid (PTXT6).

(Note: the terminator was constructed in such a way that when it 

inserted, the Cla I site was changed to a Nru I site).
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TEST FOR PROPER CONSTRUCT

A Southern hybridization was done to see if the correct sequence 

was obtained by first running a sample of the construct (PTXT6) onto a 

0.1% agarose gel. The gel was then washed in 0.5 M Tris HCI at pH 7.4 

and 3 mM NaCI. Then nitrocellulose paper was pre-washed in the same 

solution.

The transfer solution moved the denatured protein from the gel to 

the nitrocellose over a period of 24 hr. Then the filter was washed 

with H2O and allowed to air dry. Next, it was exposed to UV light for

20 min to cross-link the DNA to the filter. Then the filter was placed 

in a heat sealable bag along with a solution of 0.5% SDS, 5X Denhardt's 

solution and 100 mg of denatured salmon sperm and incubated for 3 hr 

in a 65°C water bath. A radioactive probe (32P) was added (5ml at 

1,785,880 counts per min) and allowed to incubate for 12 hr. The 

labeled DNA was removed and allowed to air dry. And an overnight 

autoradiograph was made. A Western blot was prepared to see if the 

plasmid was constructed properly. (Western blot procedure from Darin 

Frank, Harvard University). After the western blot was run to see if 

the construct was correct, the oligonucleotide was dried in a 

Speed-Vac and resuspended in 25 ml of water.

♦
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The SDS polyacrylamide gel electrophoresis and western blotting 

verified that the M13 had infected the coli culture and inserted the 

desired genes. It also showed that the correct genes were being 

expressed, namely the S1 subunit of pertussigen (Figs. 2 and 3).

Fig. 2. SDS polyacrylamide gel electrophoresis of pertussigen (lane 2) and phage infected 
coli (lanes 3 and 4). Lane one is the marker.

Fig. 3. Western blot indicating presence of S1 subunit of pertussigen (lanes 2, 3, and 4). 
Lane one is the marker.

CORETTE LIBRARY 
CARROLL COLLEGE
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The polyacrylamide gel indicated that two oligonucleotides of the 

proper size to be the transcription terminator were inserted into the 

plasmid PTXT3 to form the plasmid PTXT6 (Fig. 4).

Fig.4. SDS polyacrylamide gel electrophoresis of transcription terminator oligonucleotides. 
Lane 3 is the marker

*
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The 0.8% agarose gel was done to detect the presence of DNA in 

the E coli colonies and to ascertain if PTX6 had been constructed and 

inserted. DNA was present (Fig. 5), but there is evidence that plasmid 

construction was not successful.

Fig.5 Agarose gel showing presence of DNA. Lane 1 (bottom) is a marker.

The Southern hybridization and overnight auto rad iog rag h showed 

conclusively that the proper construct had not been made.
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DISCUSSION AND CONCLUSIONS

The phage expression system I used was an effective means of 

introducing plasmids into E. Coli. This is important because it provides a
• means to get new constructs produced in vitro tested more rapidly in

animal models. The ultimate value is for use in vaccinology. In this case, 

it allows the altered S1 constructs that are being produced to be 

expressed rapidly so it can be determined if the altered toxin produces an 

immunological response while not causing whooping cough. The study 

showed that phage expression was approximately twice that of the heat 

regulated induction formerly used.

Further research into this method of expression will show it to be 

useful, not only in vaccinology, but anywhere the expression of a specific 

gene sequence is needed rapidly and efficiently.

The cloning section of the experiment was a partial success. The 

synthesis of the terminator was completed (Fig. 4). The PTXT3 was cut 

into the wanted pieces so that the terminator could be inserted after the 

S1 sequence. But the construction of PTXT6 by joining the terminator to 

the pieces of PTXT3 did not occur. The DNA was present (Fig. 5), but the 

pieces failed to ligate. Thus the original intention, to see if a construct 

could be made and inserted via the phage expression system and to 

ascertain if the terminator would increase the production of the S1 

subunit, remained unfulfilled. This does not indicate that the terminator 

sequence would not increase production of desired sequences and 

eliminate the production of useless sequences. It remains a technique
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worthy of further investigation. If this concept did prove useful in 

increasing the production of wanted cellular products, it would be an 

excellent tool in many areas of genetics where an increased yield is 

desired, but prevented by the presence of unwanted sequences.
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