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1. Abstract

Porcine Reproductive and Respiratory Syndrome (PRRS), caused by Porcine
Reproductive and Respiratory Syndrome Virus (PRRSV), is a global swine population
endemic that costs the United States swine industry 560 million dollars annually.
Currently, there are no effective vaccines that can slow down the spread of the PRRSYV,
let alone eradicate it. Through the Bacillus Endospore Antigen Display System
(BEADS), which utilizes endospores produced from organisms of the genus Bacillus as
vaccine vehicles, this study proposes a possible vaccine against PRRSV that can be
used in the future. In this study, mice were vaccinated with UV killed B. thuringiensis
spores that expressed PRRSV-ORF5, an antigen of PRRSV. After several weeks, the
mice’s sera was collected and used as in several western blots that tested the
effectiveness of the vaccine. The study’s results show that the vaccine can be
considered a success as it elicited an immune response in the mice in the form of
antibodies to PRRSV. However, further refinements are necessary, such as an increase
of the PRRSV-ORF5 expression on the B. thuringiensis spores, before the vaccine can

be tested in the field.
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2. Introduction

Estimated to cost 560 million dollars annually to the United States swine industry,
Porcine Reproductive and Respiratory Syndrome (PRRS) is a global swine epidemic
(Cho et al., 2006). Firstisolated in 1990 in the Netherlands, the Porcine Reproductive
and Respiratory Syndrome Virus (PRRSV) is a RNA virus that is a member of the family
Arteriviridae, which is known to persist in tissues of the host for several months after the
acute stage of infection (Wensvoort et al., 1991, Cavanagh et al., 1997). The virus was
shown to be able to be isolated from experimentally infected pigs 157 days post
infection (Wills et al., 1997). However, the duration of the infection is related to the age
of the pig when it is initially infected. Specifically, younger pigs tend to have longer
infections than that of older pigs. During the period of infection, PRRSV-infected pigs
represent a source of infection for other healthy pigs (Cho et al., 2006). The virus itself
can be further divided into the North American strains, subgroup A, and the European
strains, subgroup B. Although these two groups are different in terms of virulence,
antigens, and genome, they are clinically similar on both continents (Prieto et al., 2005).

Clinical signs of a PRRSV infection include a reduction in growth, performance
decrease, and heightened mortality (Keffaber et al., 1989, Loula et al., 1991).

Specifically, in the sow, PRRS is known to reduce conception rates and to cause

reproductive failure such as abortions and stillborn pigs (Terpstra et al., 1991, Lager et
al., 1996). The virus is also known to cross the placenta during gestation and to infect
the fetus often leading to fetal death. Otherwise, PRRSV-infected sow are likely to give
birth to infected pigs (Terpstra et al., 1991). In the boar, PRRS is known to cause

anorexia, loss of libido, and lethargy (Hopper et al., 1992, Feitsma et al., 1992). In
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some cases, the seminal quality of the boar will be altered and may contain the virus
itself (Prieto et al., 2005). Various studies have shown that depending on which
particular isolate infects the host, the intensity of the clinical effects of PRRS will
change. Particularly, more virulent isolates of PRRSV will have more intense effects on
the host such as lethargy and anorexia when compared to a transient fever and
shortness of breath (Cho et al, 2006).

The virus is also known to be highly transmissible among swineherds with
several routes of infection such as oral and intranasal. PRRSV can also shed from
infected pigs via saliva, urine, feces, semen, and mammary gland and nasal secretions.
PRRSV can also be transmitted mechanically via needles, fomites, contaminated hands
of staff, and insects including mosquitoes and houseflies. However, PRRSV cannot be
transmitted by aerosols. Even so, direct contact among pigs is the primary mode of
transmission of PRRS (Prieto et al., 2005). Given the high infectivity rate and great cost
of this virus, it is essential that vaccines are developed that will protect our swineherds
from infection from PRRSV.

For a long time, spores of Bacillus origin have been used in both animals and
humans as probiotics. Furthermore, spores are used in some vaccines against anthrax
in animals (Oggioni et al., 2003). However, recently a study made the first steps in the
development of a B. subtilis spore based vaccine (Duc et al., 2003). These spores are
neither pathogenic nor commensal in humans (Barnes et al., 2007). Through genetic
engineering, Duc et al. developed B. subtilis spores that were made into oral and
intranasal vaccines vehicles. These recombinant spores, as Duc et al. reported, were

able to produce immunity against a lethal dose of tetanus toxin in mice (Duc et al.,
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2003). A later study performed by Barnes et al. confirmed these results. In this study,
B. subtilis spores were used to explore their ability to initiate the immune responses of
mice and their subsequent magnitude and diversity to tetanus toxoid fragment C and
ovalbumin. Barners et al. reported that the spores are effective adjuvants that initiate a
broad and diverse immune response to the antigens expressed on the spore whether
administered nasally or systemically (Barnes et al., 2007).

Of the genus Bacillus, over 368 species are aerobic, gram-positive, rod shaped
bacteria that form endospores (Sinchaikul et al., 2002). Of these bacteria, include B.
anthracis, B. cereus, B. subtilis, and B. thuringiensis. These endospores are an inactive
form of the Bacillus cell that will eventually germinate into a vegetative Bacillus cell
given the right growing conditions. The endospores these bacteria are produced when
growing conditions become unfavorable and are considered to be extremely resistant to
heat and other environmental insults (Thompson et al., 2008). In addition, spores of
Bacillus origin can be viable for extremely long periods and have immunostimulating
properties. Such properties include interaction with antigen presenting cells and
proinflammatory cytokine induction. These characteristics make Bacillus spores of
particular interest to vaccine development, especially considering the need to develop a
long lasting viable vaccine that is not plagued by complicated storage and transport
conditions (Oggioni et al., 2003). Furthermore, the spore’s ability to remain viable
despite adverse conditions makes ideal for delivering antigens to areas such as the
gastrointestinal tract, an extreme environment (Zhou et al., 2008).

On the exosporium of the members of the Bacillus cereus faimly are hair-like

projections that are formed by the glycoprotein BclA. In a recent study, Thompson and
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Stewart found the portion of the bclA gene that is used to express BclA on the
exosporium. In addition, they found that by linking the bclA gene with foreign vaccine
genes, one could fuse foreign vaccine proteins onto the hair-like projections on the
outside of the endospore (Thompson et al., 2008). Such is the basis of the Bacillus
Endospore Antigen Display System (BEADS). In the BEADS vaccine platform, the bcla
gene is altered with a given antigen so that, upon sporulation, the spores produced will
express the given antigen. These spores can then be used in a vaccine against the
matching pathogen. In this study, bcla was fused with the PRRSV ORF5 gene so that
the Open Reading Frame 5 (ORF5) protein will be expressed on the exosporium of B.
thuringiensis spores to create a safe vaccine candidate.
3. Materials and Methods
3.1 Vaccine Production

Polymerase Chain Reaction (PCR) was used to amplify the Bacillus thuringiensis
bclA gene and the PRRSV orf5 gene. Next, using a PCR technique called splicing by
overlapping extension (SOE), the Bacillus bclA gene was fused to the PRRSV orf5
gene. The bclA-orf5 fused gene was cloned into a plasmid and then was transformed
into E. coli to enhance recombinant gene copy. Plasmids were then purified from E. coli,
and electroporated into B. thuringiensis. After electroporation, B. thuringiensis was
placed into BGGM media for one-hour incubation with shaking in order to allow the cells
to recover after the process of electroporation. Upon sporulation of B. thuringiensis
onto nutrient agar plates at 30°C, the bclA-orf5 fused gene is expressed, and this fusion
protein will be placed on the outside of the exosporium. Next, the BclA-ORF5 spores

were harvested and counted. The spores were killed with ultraviolet radiation to prevent
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survival in the host; therefore, no infection will occur with the UV killed spores. ORF5
will be maintained on the exosporium along with BclA.
3.2 Vaccine Inoculation and Sera Extraction

Three sets of mice were vaccinated with different vaccines. One set of mice
received the UV killed BclA-ORF5 spores produced in the previous steps, another set
received only UV-killed control B. thuringiensis spores, and the last set received PBS as
a control. The mice were given a booster shot 3 weeks later and sera were extracted
from the mice 6 weeks after the initial inoculation.
3.3 Protein Production

The orf5 gene was cloned into a protein expression vector plasmid containing the
His® tag at 5’ end of cloning site and then was transformed into E. coli for protein
production. When protein-encoded E. coli culture at 37°C reaching an ODgg of 0.600, 1
mM IPTG was added to the culture to induce protein expression. The recombinant His®-
Orf5 protein was then released from the IPTG induced E. coli culture through cell lysis
by bead beating and collected by centrifugation. The recombinant protein was then
purified from the rest of the E. coli proteins by eluting it from a nickel His® tag affinity
column. The purified protein was used in western blots to test the vaccine.
3.4 Brightfield Micrographs and Immunofluorescence Micrographs

Two sets of micrographs and immunofluorescence micrographs were taken.
Both sets contained B. thuringiensis spores that were altered through the BEADS
platform so that they would express PRRSV ORF5. Either pig pre-immune or pig

immune sera were then added to each set. This was followed by the use of an anti-pig
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goat antibody conjugated with a green fluorescence molecule (FITC) and examined
under the microscope.
3.5 Western blots

Multiple western blots were performed for purposes such as checking for correct
protein expression during vaccine and protein production and checking for the
effectiveness of the vaccine. In order to separate and break down protein complexes,
proteins were boiled in SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel
electrophoresis) sample loading buffer for approximately five to ten minutes. The boiled
protein was then loaded on either a 4-20% or 15% Tris-Glycine protein gel. The
proteins were then transferred onto nitrocellulose (NC) paper, which would be placed in
a blocking buffer overnight. Afterwards, the blot was incubated with the immune or pre-
immune mouse sera with rocking. Following this were several washing with PBS and
another incubation period with Rabbit anti-mouse IgG conjugate with rocking. In each
Western blot, a protein molecular weight ladder was loaded along with protein samples.

All of Western blots were developed on films.
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4. Results

Two western blots were ran to show that the B. thuringiensis tagged with
PRRSV-ORF5 through the BEADS platform properly expressed PRRSV-ORF5 on the
outside of the spores and that there is no cross reactivity between the pig immune sera
and the pig preimmune sera. Both western blots contain 2 lanes; the first of which is
loaded with proteins extracted from wildtype B. thuringiensis spores and the second of
which is loaded with proteins extracted from PRRSV-ORF5 tagged B. thuringiensis
spores. Each western blot used different primary antibodies: Figure 1A used pig
preimmune sera while Figure 1B used pig immune sera to PRRSV-ORF5. These
western blots compare how certain antibodies from naive pigs and pigs that have
recovered from PRRS will react to wildtype B. thuringiensis spores and B. thuringiensis
spores tagged with PRRSV-ORF5.

The pig preimmune sera was used in Figure 1A to show if the sera from naive
pigs could not react either to wild type spores or to the PRRSV-ORF5 tagged B.
thuringiensis spores, meaning that naive pigs do not already have antibodies to
PRRSV-ORFS5 or spore itself. The pig immune sera in Figure 1B were used to show that
pigs that have recovered from PRRS will have antibodies to PRRSV-ORF5 tagged B.
thuringiensis spores but not to the wild type spores. It was expected that naive pigs do
not have antibodies to the spores used as the vaccine delivery vehicles in the
experiment and if any reaction to the PRRSV-ORF5 tagged B. thuringiensis spores with

immue sera, it is due to PRRSV-ORF5, not the B. thuringiensis spore.
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Figure 1. Two western blots to show the antibody to PRRSV-ORF5 production
by vaccination in pig. figure 1A and figure 1B are blotted with pig preimmune
sera and pig immune sera, respectively, to test the expression of PRRSV-
ORF5 on the B. thuringiensis spores and to show that there is no cross
reactivity between the pig immune sera and the pig preimmune sera. Lane 1
in both, wild type B. thuringiensis spores were loaded. Lane 2 in both,
PRRSV-ORF5 tagged B. thuringiensis spores were loaded. The upper band in
Figure 1B lane 2 is approximately 190 kDa and is the exosporium of B.
thuringiensis and PRRSV-ORF5. The lower band in figure 1B lane 2 is
approximately 60 kDa and is PRRSV-ORF5 removed from the spore.

Out of the two western blots, the only bands that showed were on Figure 1B in
lane 2. The upper band is at approximately 190 kDA and is PRRSV-ORF5 attached to
the exosporium of B. thuringiensis. At approximately 60 kDA there is a band that is
PRRSV-ORFS5 that has been removed from the B. thuringiensis exosporium due to the

boiling in the SDS sample loading Buffer before the spores were loaded on the SDS-
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PAGE. The results in figure 1A confirm that naive pigs do not have antibodies to either
B. thuringiensis spore or PRRSV-ORF5 protein. The results in figure 1B confirm that
pig sera that have been recovered from PRRSV-ORF5 would not react to the vaccine
delivery vehicle, B. thuringiensis spore, but would react to PRRSV-ORF5 on the tagged
spore. The results also proved that PRRSV-ORF5 is expressed on the spore due to the
band reacted to the immune sera.

Two brightfield micrographs and two immunofluorescence micrographs were
taken to show that the B. thuringiensis tagged with PRRSV-ORF5 properly expressed
PRRSV-ORF5 and that there is no cross reactivity between the pig immune sera and
the pig preimmune sera (Figure 2). In these micrographs, PRRSV-ORF5 tagged B.
thuringiensis spores were treated with two different antibodies, pig immune sera (Fig.
2A,C) and pig pre-immune sera (Fig. 2B,D). The pig preimmune sera were used to
show that naive pigs to PRRSV would not react to the PRRSV-ORF5 tagged B.
thuringiensis spore, resulting from that naive pigs don’'t have antibodies to PRRSV-
ORF5. The pig immune sera were used to show that pigs that have recovered from the
virus would react to the PRRSV-ORF5 tagged B. thuringiensis spores once again
demonstrating that the PRRSV-ORF5 protein is on the spores. Fluorescence
conjugates were added after both sera reactions so that they can be viewed under a

fluorescent microscope.
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Figure 2. Brightfield micrographs and immunofluorescence micrographs with either
pig immune sera (A,C) or pig preimmune sera (B,D) to test expression of PRRSV-
ORF5 on the B. thuringiensis spores. PRRSV-ORF5 tagged B. thuringiensis
spores are present on all four figures, but cannot be seen on figure 2D.

Both brightfield micrographs showed the presence of B. thuringiensis spores
regardless of what antibody was used. However, when under a fluorescent microscope,
B. thuringiensis spores can only be seen in immunofluorescence micrographs with
immune sera labeled (Fig. 2C). The B. thuringiensis spores were not detectable in
immunofluorescence micrographs, Fig. 2D, with pre-immune sera labeled. Therefore,
there is no cross reactivity between the pig immune sera and the pig preimmune sera,

which allows us to use these tagged spores for further experimentation of the produced
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vaccine. The immunofluorescence micrographs show that B. thuringiensis properly
expressed PRRSV-ORF5 and, as a result, is a proper vaccine delivery vehicle.
One western blot was performed to demonstrate whether the recombinant

PRRSV-ORF5 protein is expressed and produced by the IPTG induced E. coli properly.
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Figure 3. Western blot with mouse anti-His® igM to test the presence of recombinant protein with His® tag.
Lane 1, the western blot protein molecular weight ladder was loaded. Lane 2, recombinant PRRSV-ORF5
protein was loaded and it also contained remaining prokaryotic proteins from E. coli. The primary antibody
used was mouse anti-His® igM while the secondary antibody used was goat anti-mouse IgG conjugate.
The upper band in lane 2 is approximately 30 kDa, which is a nonspecific band. The lower band in lane 2
is fairly faint, approximately 28-29 kDa, which is PRRSV-ORF5 recombinant protein.

The western blot contains 2 lanes; lane 1 is loaded with the western blot molecular
ladder and lane 2 is loaded with recombinant PRRSV-ORF5. The primary antibodies
used were mouse anti-His® tag sera. The secondary antibodies were goat anti-mouse
lgG conjugates. The mouse anti-His® tag antibodies were used to detect the His® tag on
the recombinant PRRSV-ORFS5 protein. The His® tag should only be present on the
PRRSV-ORF5 protein and anti-His® antibodies would react and bind to it, producing a
band on the western blot. If not, the protein produced may need to be altered.

There are two bands of importance in lane 2 of figure 3. The upper band is
approximately 30 kDa in size and, although was at first thought to be PRRSV-ORF5,

was later determined to be a nonspecific band containing remnants prokaryotic proteins
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from the E. coli cells used to produce the recombinant PRRSV-ORF5. However,
because these proteins were nonspecific and will react and bind to virtually anything,
these proteins were identified as proteins with a His® tag by the His tag affinity column
purification. Therefore, these proteins avoided purification and were present in several
western blots. The second band of importance is a faint band that is directly below the
nonspecific band. It is approximately 28-29 kDA, the size expected as PRRSV-ORF5,
and was later confirmed in future western blots to be the recombinant PRRSV-ORF5
protein. This proves that the PRRSV-ORF5 produced from the E. coli is suitable for
testing the sera collected from the mice vaccinated with the PRRSV-ORF5 tagged B.
thuringiensis spores.

The western blot in Figure 4 was performed to test the sera collected from the
vaccinated mice with recombinant PRRSV-ORFS5 protein. In figure 4, lane 1 contains
recombinant PRRSV-ORF5 and lane 2 contains the western blot molecular ladder.
However, unlike the previous western blot, instead of using goat anti-His® antibodies,
pig PRRSV-ORF5 immune sera is used. This allows us verify that the PRRSV-ORF5
produced from the E. coli is even recognizable from a pig that has recovered from the
virus. If it is recognizable, the E. coli produced PRRSV-ORF5 may be used in further
experimentation. If not, the protein produced may need to be altered. The secondary

antibody was changed to goat anti-pig IgM conjugates.
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Figure 4. Western blot with pig immune sera to test the presence of
recombinant PRRSV-ORF5. Lane 1, the western blot molecular ladder, which
faintly appeared on the blot, was loaded. Lane 2, rPRRSV-ORF5 and other
prokaryotic proteins produced by E. coli were loaded. The primary antibody
used was pig immune sera while the secondary antibody used was goat anti-
pig IgM conjugate. The most intensive band in lane 2 is approximately 30
kDa, which is proved to be a nonspecific band. The band below itin lane 2 is
fairly faint, approximately, 28-29 kDa, which is the PRRSV-ORF5 recombinant
protein.

Once again there are two bands of importance on the western blot (Figure 4),
both in lane 1. The most intensive band is 30 kDa and was determined to be the
nonspecific band with all other faint bands above it. Although at this point in time, it was
not possible to determine whether the band was PRRSV-ORF5 or remnants of
prokaryotic proteins, later western blots show that it is indeed the latter. The other band
is a faint 28-29 kDa band, directly under the previous band, and was confirmed to be
recombinant PRRSV-ORF5. Because recombinant PRRSV-ORF5 was recognizable by
both the mouse anti-His® antibodies and actual antibodies from pigs that have
recovered from PRRSV, the recombinant PRRSV-ORFS5 is appropriate in testing the

sera collected from the vaccinated mice.
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Figure 5. Western blot as a control with mouse preimmune sera to test the
effectiveness of the vaccine. Lane 1, the western blot molecular ladder was
loaded. Lane 2, recombinant PRRSV-ORF5 and other prokaryotic proteins
produced by E. coli were loaded. The primary antibody used was mouse
preimmune sera while the secondary antibody used was goat anti-mouse I1gG
conjugate. The only band in lane 2 is approximately 30 kDa, which is proved
as a nonspecific band.

In order to determine the effectiveness of the vaccine produced, a control
western blot was necessary. In figure 5, the control western blot, lane 1 contains the
western blot molecular ladder and the second contains the recombinant PRRSV-ORF5
as well as other proteins produced by E. coli. However, for the western blot to be an
effective control, the primary antibodies had to be preimmune sera containing no
antibodies to PRRSV. In this western blot, mouse preimmune sera collected from mice
that were not vaccinated with anything during the vaccination step were used. The
secondary antibodies used were goat anti-mouse IgG conjugates. Because there are
no antibodies to PRRSV in the mouse preimmune sera, as proven in figure 1, there
should be no binding to the PRRSV-ORF5 in lane 2.

The western blot results only show one band in lane 2. This one band is

approximately 30 kDa and is the nonspecific band that has appeared repetitively in
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every western blot of this project. Because there are no antibodies to PRRSV-ORF5 in

the mouse preimmune sera, it proves that the 30-kDa band is non-specific.
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Figure 6. Western blot with immune sera to test the effectiveness of the
vaccine. Lane 1, rPRRSV-ORF5 and other prokaryotic proteins produced by
E. coli were loaded. Lane 2, the western blot molecular ladder was loaded.
The primary antibody used was mouse immune sera while the secondary
antibody used was goat anti-mouse IgG conjugate. The most intensive band
in lane 1 is approximately 30 kDa, which is a nonspecific band. The band
below it in lane 1 is fairly faint, approximately, 28-29 kDa, which is the
PRRSV-ORF5 recombinant protein.

In order to prove that the vaccine produced an antibody response in the
vaccinated mice, another western blot was performed (figure 6). This western blot
contains 2 lanes, the first of which contains recombinant PRRSV-ORF5. The second
lane contains the western blot molecular ladder. However, instead of using mouse
preimmune antibodies like the previous western blot, mouse immune sera collected
from the mice vaccinated with PRRSV-ORF5 tagged B. thuringiensis were used
instead. Because the immune sera have antibodies to PRRSV-ORF5, there should be
bound to the recombinant PRRSV-ORF5 in lane 1. In addition, if the nonspecific band
is indeed nonspecific, there should be binding at approximately 30 kDA, like all the
previous western blots. The secondary antibodies used the same as previous blot,

goat anti-mouse IgG conjugates.
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The western blot results show two bands of interest. The first band is 30 kDA
and was confirmed to be the nonspecific band. More important is the faint band that
appeared directly under the nonspecific band. This band is approximately 28-29 kDA in
size and is PRRSV-ORF5. Because this band is present on the mouse immune sera
blot and not on the previous blot, the mouse preimmune blot, it can be concluded that
the vaccine produced in this study produced an immune response, although weak, in
form of antibody production against PRRSV-ORF5 in the vaccinated mice.

5. Conclusion and Future Direction

Because an immune response in the form of antibodies towards PRRSV-ORF5
was produced, as proven in figures 5 and 6, the vaccine produced through the BEADS
platform can be considered a success. However, many refinements are still necessary
before the vaccine can be utilized in the field. An important issue to attend to is the
faintness of the 28-29 kDA band. Because the band itself is so faint, especially when
compared to the other bands on the western blots, it can be concluded that the antibody
response produced by the vaccine is not very strong. Therefore, it can be concluded
that the vaccine, in its current form, would not be effective in slowing the spread of the
virus, let alone eliminating it. In order to judge the antibody counts of the current
vaccine, an enzyme-linked immunosorbent assay (ELISA) would need to be performed.
From there, an antibody count goal can be decided upon whereupon refinements would
be made on the vaccine so that the antibody count goal can be reached. Such
refinements include increasing the expression of PRRSV-ORF5 on the B. thuringiensis
spores so that more antibodies would be produced towards the virus protein. Once the

vaccine has been refined so that it produces a large enough immune response, it can
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be tested on actual pigs. After several weeks, the sera of these pigs would be sampled
and experiment conducted here would be repeated again, except with vaccinated pig
sera instead of vaccinated mouse sera. If this proves to be a success, the vaccine can
be used on naive pigs to see the effectiveness of the vaccine in protecting these pigs
against PRRSV. If the vaccine is effective, the BEADS platform can be further
expanded so that it can be applied to other animal viruses other than PRRSV. It should
be noted that other BEADS vaccines for other animal viruses have been successful,
with the proper amount of antibodies. To match the other BEADS vaccines, the vaccine
presented here needs to be optimized.
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