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ABSTRACT

Key words. pertactin, PCR

Pertactin alone has been demonstrated to be effective in protecting mice and
piglets against aerosol challenge with Bordetella pertussis strain 18323. In order
to explore the immunological activity of pertactin, in this study, we intend to
excise pertactin coding region to three regions (i.e. N-terminus, M-terminus, and
C-terminus, approximately 1 kb each), separately amplified by PCR, and
expressed the corresponding peptides in E. coli. The recombinant partial
peptides are then subjected to aerosol challenge to isolate the protective region
of pertactin. To the region that exhibits the protection activity, we will further
cut it into three smaller regions and repeat the aerosol analysis until the small
peptide epitope being isolated. Due to very high GC content (>80%), we found
that the C-terminus of pertactin can be amplified by PCR only when 15 %
glycerol is present. In addition, in the N-terminus amplification, the amino
acid (i.e. Asp.Trp.) right next to initiation codon (i.e. AUG) were mutated to Ala.
Ser. codons (i.e. GCAAGC) to be overexpressed by pET system. Unfortunately,
al peptides are produced as inclusion bodies in E. coli. And, only a trace
protection activity was observed when these inclusion bodies were used as
antigens in the aerosol challenge assay. An improvement in the production of

soluble recombinant peptides may be required to solve this problem.



INTRODUCTION

In order to prevent various adverse reactions [1-3] resulted from the
vaccination of whole cell pertussis vaccines, several effective acellular vaccines
which were demonstrated to be much safer have been developed sine 1980s [4].
The analysis of all commercialized vaccines revealed that the purified pertussis
toxin [5] is an essential component. However, two other pertussis proteins, i.e.
filamentous hemagglutinin (FHA) [6] and a 69 kDa outer membrane protein
(named pertactin) [7-9], which were previously demonstrated to be associated
with the cell adhesion in the early stage of infection, were found to be able to
enhance the immunogenicity of vaccine. Because of this, in the receipt of at
least three commercialized acellular vaccines (i.e. Biocine, Connaught Ltd,
Leclele/Takeda), either or both these non-toxin antigens were added. Although
the exact immunological mechanism is not yet clear, based upon their biological
activity (i.e. cell adhesion), it is believed that FHA and pertactin may provide
vaccine in the function of infection prevention. While the primary antigenic

activity of pertussistoxin may be more related to disease prevention.

In spite of the similarity in the cell adhesion properties of FHA and pertactin,
unlike FHA, the immunization with pertactin alone has been proved to be
effective in protection of mice [10,11] and piglet [12] against aerosol challenge
with virulence B. pertussis strain 18323. In human, following infection, both
antibodies against pertactin and the specific T cells [13,14] were significantly
elicited. Although the nucleic acid sequence [15] and the three dimensional
structure [16] of pertactin has been published, little of biological activity of
pertactin (including the immunological mechanism) has been developed. In our
previous studies, we have cloned the coding region of pertactin from B. pertussis

ATCC 9340 strain, and successfully overexpress the recombinant protein (> 100



mg/L of culture) in E. coli [17]. In addition to the usage of recombinant pertactin
in the formulation of acellular vaccine, it was also used in the biological activity
assay. Recently, we have demonstrated, in another study, that the recombinant
pertactin exhibit a remarkable adhesion activity and effectiveness in the
protection activity in aerosol challenge. The activities in both aspects are at least

eguivalent to the authentic pertactin isolated from pertussis.

Based on the facts that no Cys. residue was found in pertactin and the
effectiveness of recombinant pertactin produced in E. coli (lack post-tranlational
modification), it was expected that pertactin possess a linear epitope (not
comformational epitope as in pertussis toxin). By using the strategy of peptide
screen, the antigenic epitopes should thus be able to be isolated. In the current
study, we propose to generate partial peptide sequences from pertactin, rather
than adopt the conventional and costly “peptide mapping”, to map the antigenic
epitope of pertactin. By using the developed technologies in recombination
protein expression, cell adhesion, and aerosol challenge, we would assay and
narrow the possible region of pertactin that may represent as an antigenic
epitope. Hopefully, the isolated peptide would be applied in the development of

new diagnosis reagents for the future epidemiological studies.



MATERIALSAND METHODS

Pertussis strain and genomic DNA isolation

Similar to our early studies, Bordetella pertussis strain ATCC 9340 was
cultivated as described in previous study [18]. The genomic DNA was prepared
by using Qiagen Genomic-tip (c.a. 10223) by the procedure as described in the
supplied instruction. Prior to polymerase chain reaction, the genomic DNA was

re-centrifuged to pellet the insoluble substance.

Partial coding sequence amplification by PCR

Based on the coding sequence of pertactin (approximately 1.8 kb) [15], we
have design three pair of primers to separately amplify three regions of pertactin
(i.e. nucleotide sequence corresponding to the C-terminus (from nucleotide 1250
to 2052; 802-bp fragment), middle M-region (from nucleotide 750 to 1665;
915-bp fragment), and N-terminus (from nucleotide 250 to 1250; 1000-bp
fragment)). The M-region was designed to encompass a 500 bp and 415 bp
overlapped region with N-terminus and C-terminus regions respectively. The
primers for N-terminus was upstream sense primer 5 -ATATCCATGGC-
AAGCAACCAGTCCATCGTCAAG-3 and downstream antisense primer 5'-
ATATCTCGAGTTAGTGGTGGTGGTGGTGGTGCGCTTTCCCCTGGGCA-
TG-3'. For M-region, the upstream sense primer was 5 -AAAACCATGGT-
GCTGCGCGACACCAAC-3, and the down stream antisense primer was
5 -GATCCTCGAGTTAGTGGTGGTGGTGGTGGTGGCCGCTGGCGTCCTG
CATG-3'. For C-terminus, the upstream sense primer was 5-AAAGC-
CCATGGCCCAGGGGAAAGCGCTGC, and the downstream antisense primer
was 5 -ATATACTCGAGATTGCTTTCGGCGTACCAGAG-3. All sense

primers incorporated a restriction recognition site of Ncol and trandglation



initiation codon ATG All antisense primers introduced an Xhol site and a
termination codon TAA into the PCR products. However, only the antisense
primers that were used for M-region and N-terminal incorporated six His. The
PCR reaction condition for N-terminus fragment amplification was performed as:
initial denaturation for 5 min at 94 °C, followed by 25 cycles of 94°C for 20 sec,
50 °C for 20 sec, and 72°C for 1 min 30 sec. For M-region, the initial
denaturation was followed by 25 cycles of 94°C for 20 sec, 55°C for 20 sec, and
72°C for 1 min 20 sec. And for C-terminus, the cycling parameters were 94°C
for 30 sec, 55°C for 30 sec, and 72°C for 1 min 30 sec. The PCR products were
electrophoresis on a 0.8 % agarose gel and the desired fragments were € uted
from the gel. Following the extraction with phenol/chloroform/isoamyl alcohol

and chloroform, the DNA fragments were precipitated by 2.5 vol. of ethanol.

Recombinant plasmid construction and expression

The three PCR amplified DNA fragments (corresponding to three regions of
pertactin coding regions) were digested with restriction enzymes Ncol and Xhol
in a total volume of 30 uL solution and the resulted fragments were ligated to
pPET-22b that were digested with the same enzymes. The ligation mixtures were
used to transform the competent bacteria DH5a. The resulted recombinant
plasmids were analyzed by electrophoresis on a 0.8% agarose gel.

Recombinant constructs were expressed in LB media containing 50 png/mL
ampicillin. A single colony from each construct was cultivated in a 10 mL
culture media and grown at 37 °C overnight. The culture was diluted with 100
mL culture media and continuously grown at the same temperature until ODggg
reach 0.6-1.0. To the culture, 1 mM IPTG (final concentration) was added, and
the induced expression was conducted for anther 3 h under the same conditions.

Bacteria cells were collected by centrifugation and resuspended in a 2 mL



solution containing 20 mM Tis-HCI, pH 8.0 and 2 mM EDTA. Cells were then
lysed by sonication with 30% output level for 15 sec each cycle and totally for
three cycles. The lysed total lysate was analyzed by a 12% SDS-PAGE. In order
to determine the solubility of recombinant protein, the total lysate was also
centrifuged (12,000 rpm for 10 min) to separate the soluble and insoluble
fractions of lysate, and separately analyzed by SDS-PAGE.

Aerosol challenge analysis by using recombinant proteins

In order to analyze the protection activity exerted by each recombinant
peptide, the inclusion bodies of each peptide was assayed by aerosol challenge.
Groups of six mice were immunized with 0.5 ug of recombinant N-terminus,
M-region, and C-terminus peptide. A reference group of mice without
vaccination was used as control. The procedure for aerosol challenge was
similar to that has been developed in our laboratory. Seventeen days after
immunization, mice were aerosol chalenges by nebulizing with 2 mL of 1.5
ODgso (approximately 1 x 10° cfu for one ODgso ) of virulence B. pertussis strain
18323, using Inhalation Exposure System, Model 099C A4212, Glas Col, USA).
Mice were sacrificed at day 12 after challenge, lungs were collected and
homogenized in 1% casamino acid, and appropriated amount of cell suspensions
were plated on blood agar plates. The B. pertussis colonization was observed
after 2 to 3 days incubation at 37 °C. The colony formation unit from each

mouse was counted, and averaged in the group of six mice.



RESULTSAND DISCUSSION

Immunological studies of pertactin, compared with that of pertussistoxin, is
quite limited. Due to the lack of cysteine residues and previous studies by others,
It is believed that pertactin possess a linear epitope. Because of this, certain
recombinant peptide derived from intact pertactin was expected to exhibit
immunogenicity. In this study we attempt to divide the coding region of
pertactin to small peptides and use aerosol challenge to analyze their protective
activity against pertussis infection. As the period of study has been shorten to
one year (originally, two years were proposed), we can actually carried out a
preliminary study by a rough division into three fragments. Pertactin coding
region was divided into three coding regions and separately amplified by PCR.
As shown in Fig. 1, pertactin could be amplified as C-terminus, M-region, and
N-terminus with the sizes of 802, 915, and 1000 bp, respectively. It was noted
that the coding region of C-terminal region of pertactin was rather difficult to be
amplified in spite of agreat effort has been made. The similar difficulty has been
encountered in our early studies “ genetic variation of local pertussis strains’.
Among the PCR effectors that commonly used to enhance the sensitivity and
specificity of PCR, we found only in the presence of 15% glycerol C-terminus

could be amplified.

Following the construction of recombinant plasmid containing three partial
coding regions, the putative constructs were confirmed by restriction analysis
with the same enzymes that were used for subcloning, i.e. Ncol and Xhol. As
indicated (Fig. 2), the corresponding fragments (i.e. 1000 bp, 915 bp, and 802 bp)
were obtained. Instead of subjecting to DNA sequencing, we directly used these

constructs in the expression in E. coli.
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The obtained constructs were expressed in bacteria as described in
“Materials and Methods’. As shown in Fig. 3, al the recombinant peptides
could be over-produced in E. coli with molecular weight about 44 kDa, 40 kDa,
and 37 kDa corresponding to N-terminus, M-region, and C-terminus
recombinant peptide respectively. The expression level al reached
approximately 20 to 30 percent of total cellular protein content. In fact, the
expression of N-terminus was initially rather unsuccessful. As the first two
codons are either charged or bulky amino acids (Asp. and Trp.), these may result
in avery low gene expression with pET system. We therefore substituted these
two codons with GCA and AGC (corresponding to Ala. and Ser.). This
modification in fact greatly improved the production of N-terminal recombinant
peptide expression. Similar to our early studies (including pertactin and pertussis
S1 subunit expression), unfortunately, all these recombinants were produced as
inclusion bodies. As inclusion bodies were reported to be effective in eliciting

the protective antibodies, we thus used them directly for aerosol challenge assay.

In aerosol challenge, similar to the results of our previous studies, the
observed colony formation unit (cfu) was greatly varied among individual
mouse in the same group. The non-immuized control mice was approximately
2.1 x10° per lung, while the average cfu of mice immunized with C-terminus,
M-region, and N-terminus were 2.3, 1.4, and 1.6 x10° per lung. Only the mice
immunized with M-region and N-terminal revealed a dlightly decrease in
colonization of virulence strain. However, the deviation of cfu (data not shown)
in each mouse is too big to make data very persuasive. We currently not clear if
the low protective activity of recombinant peptide possibly resulted from the use
of inclusion bodies as antigen. To address this issue, we may need to modify the
expression conditions in order to obtain soluble proteins that may confer a more

reliable analysis. In spite the results were not as good as we expect, the two

11



regions (M-region and N-terminus) that exhibited a slightly protection activity
also encompassed the RGD domain, which has recently been reported to be the
essential region for the cell adhesion as well as the pertactin immunological

activity [19]. This however isin consistent with our results.
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Figure 1. Polymerase chain reaction amplification of three regions of pertactin.
The coding region of pertactin were separately amplified by PCR as
described in “Materials and Methods’ (A) 1020 bp N-terminal region,
(B) 915 bp M-region, (C) 800 bp of C-terminal region
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1000 bp

Figure 2. Agarose gel analysis of recombinant constructs of three peptides of
pertactin. The recombinant partial protein constructs were prepared by
subcloning of PCR products into pET-22b vector. The isolated
recombinants were confirmed by digestion with Ncol/Xhol. Lanes N,
M, and C indicate the results from constructs N-terminus, M-region,

and C- terminus respectively.
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Figure 3. SDS-PAGE analysis for the expression of recombinant peptides of
pertactin. The recombinant constructs were expressed in E. coli DH5a
as described in “Materials and Methods’ (A) recombinant M-region
and (B) recombinant C- and N- terminal proteins. Arrows indicate the
overproduction of these polypeptides.
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