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health herd status pigs, yet very little is known about its pathogenesis. What is known is that
the organism affects the swine population worldwide and is typically observed in pigs from 5
to 8 weeks of age, although it has been described in pigs from 2 weeks to 4 months of age
(34). Infection can be acute or chronic, depending on the immunological status of the herd.
Affected animals can show clinical signs of acute septicemia, and death can occur within 2
days post-infection (30). Because of the age that the piglets are commonly affected,
outbreaks could be caused when some pigs don’t receive protective antibodies from
colostrum or when the passively transferred antibodies are decaying. The source of the
organism in such situations is apparently piglets that have been infected while nursing the
sow. In addition, outbreaks may occur when piglets are immunosuppressed by other
pathogens such as the PRRS virus (PRRSV), Mycoplasma hyopneumoniae or porcine
circovirus 2 (PCV-2) (13, 36, 17).

Serotyping has been the traditional method used in epidemiological studies of H.
parasuis (29). The most commonly used method of serotyping is the scheme proposed by
Kielstein and Rapp-Gabrielson (KRG) in 1992. The KRG typing system uses agar gel
precipitation and heat-stable antigens which undoubtedly include some proteins, capsular
polysaccharide, and lipopolysaccharides. A total of 15 different serotypes have been
identified with this system. In the United States, approximately 40% of the H. parasuis
isolates are serotypes 4 or 5; another 35% are serotypes 2, 12, 13, or 14; 15% are non-
typeable; and the remaining 10% are the other 9 serotypes (18). While the prevalence of the
minor serotypes varies slightly from country to country, serotypes 4 and 5 are the most
prevalent in Spain (34), Japan (20), Germany (15), and the United States (15). Differences in

virulence have been observed between the different serotypes (29, 32).
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Haemophilus parasuis is considered to be an early colonizer of the mucosal flora of
the pig (4, 18). Although little is known about the initial colonization events, Vahle et al.
(39, 40) were able to determine that H. parasuis associates with the nasal mucosa and
induces a suppurative rhinitis with resultant mucosal epithelial cell degradation. In fact, the
authors noted that Haemophilus influenzae produces similar changes in humans. This is an
interesting observation given the fact that more is known about the colonization events in H.
influenzae. For instance, pili, capsulation, fimbrae, and outer membrane proteins (OMP)
have all been identified as colonization factors in H. influenzae (12).

The role of outer membrane proteins in colonization and virulence is of particular
interest to this study. Protein profiles have been analyzed by a number of groups looking for
differences in virulence in H. parasuis. Nicolet et al. (26) found that pathogenic H. parasuis
isolates displayed a major protein at 37 kDa. They classified these isolates as
polyacrylamide gel electrophoresis (PAGE) type II. Isolates that lacked this specific protein
were classified as PAGE 1. Two reports looked at both pathogenic strains and normal nasal
isolates (20, 21). They found that nearly all of the pathogenic strains were PAGE II while
the majority of the normal nasal isolates were PAGE 1. However, reports by Rosner et al.
(33) and Kielstein et al. (16) did not agree with these observations. In fact, they found that
most pathogenic isolates were classified as PAGE I. Ruiz et al. (35) used both OMP and
DNA profiles to compare H. parasuis isolates from diseased and healthy pigs recovered from
systemic or respiratory sites. They concluded that the homogeneity of OMP and DNA
profiles of strains isolated from systemic sites strongly suggested the existence of clonal
relationships between virulent strains and also that the expression of certain OMP profiles

may be related to virulence.
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A further corroboration of the existence of unique proteins or protein groups that
identify virulent H. parasuis isolates was recently described by Oliveira and Pijoan (31). The
authors used a computer-based analysis method to compare the whole-cell protein profiles of
H. parasuis field isolates. This method generated a dendogram clustering of two major
groups (PAGE type I and PAGE type II). The PAGE type Il isolates were characterized by
the presence of major proteins in the 36 to 38 kDa molecular weight range and included 90.7
% of the infectious, systemic isolates. The PAGE type I isolates were characterized by the
absence of the 36 to 38 kDa proteins and included 83.4% of the isolates recovered from
healthy animals.

Many outer membrane proteins have been identified and characterized in H.
influenzae including; surface-exposed high molecular weight proteins (HMW1 and HMW?2),
Hia, HAP, OapA, and the major outer membrane proteins (P1, P2, P4, P5, and P6). The most
abundant major outer membrane protein is P2. The P2 protein is a porin and is strongly
immunogenic (11). Surface exposed regions of P2 vary greatly in sequence and this
antigenic drift allows the organism to evade immune clearance contributing to the
development of chronic infection (6, 7, 38). Synthetic peptides of these surface exposed
regions have also been shown to activate the mitogen-activated protein kinase (MAPK)
cascade (9). The PS5 protein is another major outer membrane protein which is heat
modifiable and shares significant homology with OmpA from E. coli (23, 24). Like P2, the
surface exposed regions of the P5 protein are variable from one strain to another and this
variability is proposed to help the organism evade the immune response (5, 41, 28). In fact, a
recent report indicates that region 4 of P5 contains a highly immunodominant but

nonprotective epitope which dampens the immune response to a subdominant but protective
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epitope in region 3 (27). In addition, P5 has been shown to bind a member of the
carcinoembryonic antigen family, CEACAM1 (CD66), and P5-expressing strains are capable
of efficient adherence to CHO cells expressing CEACAM]1, whereas P5-deficient strains
demonstrated minimal adherence (41). A recent report demonstrating immunosuppression
by a Neisseria gonorrhoeae opacity protein when bound to CEACAMI1 speculated that the
observed immunosuppression is likely similar in H. influenzae (3).

The variability of the P2 and PS5 proteins of H. influenzae have been well
characterized. The P2 protein has been shown to be highly variable in both size and amino
acid sequence by a number of researchers (2, 8, 25, 37). In addition, variation in P2 sequence
occurs within a clonal population during the course of infection and at a very high frequency
(6). The changes are linked to the surfaced-exposed loops of the porin protein and are
primarily found in loops 5 and 6. These loops appear at the carboxy terminal end of the
protein and the changes have been shown to render the original host antibodies ineffective
.

Like the P2 protein, the H. influenzae PS5 protein is believed to be a -barrel (23). An
schematic representation of the P5 protein in the membrane has been published by Webb et
al. (42). The PS5 protein has been shown to be variable in patients during the course of
infection and during chronic infection (10, 14). These authors concluded that the variation
suggests that P5 is an important target of the immune response. Duim et al. (5) studied the
nucleic acid sequences of five different strains with seven P5 variants recovered from
persistent infectioh. They found that point mutations and codon deletions were associated

with persistent infection and they were able to determine the distribution of the sequence
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diversity. Interestingly, the mutations and deletions were attributed to the surface-exposed
loop regions similar to the P2 protein.

Given the similarities that exist between members of the genus Haemophilus, the
intent here was to characterize the P2 and P5 proteins in Haemophilus parasuis. Specifically,
the objectives of this study were to purify the P5 protein using traditional chromatographic
techniques and to characterize it by N-terminal sequencing, IEF, and MALDI-TOF. In
addition, we sought to determine the interaction between the P2 and P5 proteins with

carcinoembryonic antigen (CEA) by developing an immunoblot method.

Materials and Methods

Bacterial strains. Sixteen Haemophilus parasuis strains were studied. Fifteen of the strains
were reference strains obtained from Richard Ross (College of Veterinary Medicine, lowa
State University, Ames, Ia). The remaining strain was a field isolate (serotype 5) from the
lung of an infected piglet kindly provided by Vicki Rapp-Gabrielson (Shering-Plough,
Omaha, Ne). The anatomic and geographic origins of these strains were reported by
McVicker and Tabatabai (19). Strains were grown on Casman agar, supplemented with 5%
horse serum (Gibco-BRL, Carlsbad, Ca), and overlaid with 0.016% NAD (Sigma Chemical
Co., St. Louis, Mo.) using 5% CO; at 37°C. Colonies were selected and grown in a liquid
media consisting of Freys medium (Sigma Chemical Co., St. Louis, Mo.) supplemented with
20% horse serum (Gibco-BRL, Carlsbad, Ca) and 0.016% NAD (Sigma Chemical Co., St.
Louis, Mo.). Strains were stored in this media with 10% glycerol at -80°C. Haemophilus
influenzae strains d1 (PS5 positive) and d2 (P5 negative), which are isolates from sputum

samples of a single patient with chronic bronchitis, were also used (6). The H. influenzae
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strains were cultured in BHI with 10 pg/ml haemin (x-factor) and 10 pg/ml NAD. Outer
membrane protein fractions were prepared as described earlier (6). The Haemophilus
influenzae DNA (25 ng/ul) used as a control was kindly provided by Michael Apicella
(University of Towa, Iowa City, Ia).

Anion exchange and size exclusion chromatography. The H. parasuis serovar 5 field
isolate (IA84-29755) was sonicated for 5 minutes on ice, using a Branson sonicator (Branson
Ultrasonics Corp., Danbury, CT) equipped with a microtip. The supernatant was recovered
after centrifugation at 4,000xg for 20 minutes and dialyzed against 12.5 mM N-
tris[hydroxymethyl]Jmethyl-3-aminopropanesulfonic acid (TAPS), 10 mM NaCl, 0.05% 3-
[(3-Cholamidopropyl)Dimethyl-Ammonio]-1-Propanesulfonate (CHAPS), pH 8.5. The
dialyzed supernatant was applied to a Quartenary Methyl Amine (QMA) anion exchange
matrix (Millipore, Billerica, Ma). Fractions were collected and monitored by absorbance at
280 nm. Bound proteins were eluted with a gradient elution to 12.5 mM TAPS, 400 mM
NaCl, 0.05% CHAPS, pH 8.5. Fractions were analyzed by immunoblotting with the anti-P5
monoclonal antibody and pooled based on reactivity. The pooled fractions were then applied
to a Sephacryl-100 HR matrix (Pharmacia, Uppsala, Sweden). Again, fractions were
collected and monitored by absorbance at 280 nm as well as by immunoblotting with the
anti-P5 monoclonal antibody.

Extraction of P5 from polyacrylamide gel. After purification by the QMA and Sephacryl-
100 HR matrices, fractions were pooled and applied to an 4-12% SDS-PAGE gel
(InVitrogen, Carlsbad, CA). The 32 kDa P5 protein band was cut from the gel and minced
into smaller pieces. The minced pieces were placed in a Nanosep 100 kDa centrifugal device

and 0.5 ml of elution buffer (125 mM Tris with 0.5% SDS, pH 6.9) was added. The device
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was centrifuged at 8,000xg for 20 minutes. The filtrate was recovered and a second elution
was performed. Again, the filtrate was collected and added to the filtrate from the first
elution. The pooled filtrate was concentrated using a 3 kDa centrifugal concentrator
(Millipore, Billerica, Ma) and analyzed for purity by sodium dodecyl polyacrylamide gel
electrophoresis (SDS-PAGE) and immunoblotting.

Protein determination. The protein concentrations were determined using a bicinchoninic
acid reagent kit (Pierce, Rockford, I1) according to the manufacturer’s protocol. Bovine
serum albumin (Pierce, Rockford, I1) was used as the standard.

SDS-PAGE and immunoblotting. Samples were boiled for 5 minutes in a SDS treatment
buffer consisting of 62.5 mM Tris, 10% glycerol, 5% 2-mercaptoethanol, 1% SDS, and
0.001% bromophenol blue prior to electrophoresis through 4-12% gradient SDS-
polyacrylamide gels (InVitrogen, Carlsbad, Ca). Gels were stained with Coomassie Brilliant
Blue R250 or transferred electophoretically to 0.45-pum polyvinyledene diflouride (PVDF)
(Millipore, Billerica, Ma) for immunoblotting. Immunoblots were blocked with 0.25% fish
gelatin in wash buffer consisting of 1.5 mM KH,POy4, 20 mM Na;HPOy4, 125 mM NaCl, 3
mM KCl, 0.05% Tween-20 (pH 7.2). For the blots aimed at detecting P35, the blocked
membranes were incubated with 1:5,000 dilutions of anti-P5 monoclonal antibody (4BF8§),
and 1:5,000 dilutions of rabbit anti-mouse IgG horseradish peroxidase-labeled (Jackson
ImmunoResearch, West Grove, Pa) sequentially. For the blots aimed at detecting
recombinant protein expression, the blocked membranes were incubated with 1:5,000
dilutions of horseradish peroxidase labeled anti-V5 monoclonal antibody (InVitrogen,

Carlsbad, Ca). The membranes were washed between steps by rotating with 0.05% Tween
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20 in PBS. Blots were developed with 3,3’,5, 5’-tetramethylbenzidine (TMB) (Kirkegaarde
and Perry Labs, Gaithersburg, Md) as the substrate.

Protein sequencing. Following SDS-PAGE, gels were blotted electrophoretically to PVDF
(Millipore, Billerica, Ma) and stained with Coomassie Brilliant Blue R250. Bands were
excised from the PVDF and sequenced with a model 494 Procise protein/peptide sequencer
(Applied Biosystems, Foster City, Ca) at the Iowa State University Protein Facility.
Sequence homologies were determined by using the BLAST server of the National Center
for Biotechnology Information (1).

Carcinoembryonic antigen (CEA) immunoblot. SDS-PAGE gels were transferred
electophoretically to 0.45-pm PVDF (Millipore, Billerica, Ma) for immunoblotting.
Immunoblots were blocked with 0.25% fish gelatin in wash buffer consisting of 1.5 mM
KH,PO4, 20 mM Na,HPO,, 125 mM NaCl, 3 mM KCl, 0.05% Tween-20 (pH 7.2). The
blocked membranes were incubated with 0.5 pg/ml CEA (BioDesign, Saco, Me) diluted in
block buffer. The membranes were washed by rotating with 0.05% Tween 20 in PBS. After
washing, the membranes were incubated with a polyclonal goat anti-CEA (BioDesign, Saco,
Me) diluted 1:25,000 in block buffer. After washing again, the membranes were incubated
with a horse-radish peroxidase labeled, polyclonal mouse anti-goat IgG (Jackson
ImmunoResearch, West Grove, Pa) diluted 1:10,000 in block buffer. After another washing
step, the blots were developed with 3,3°,5, 5’-tetramethylbenzidine (TMB) (Kirkegaarde and
Perry Labs, Gaithersburg, Md) as the substrate.

Isoelectric focusing. The purified P5 protein was subjected to isoelectric focusing using a
Novex IEF system, pH 3-10 (InVitrogen, Carlsbad, Ca). The gel was run for one hour at 100

V, one hour at 200 V, and finally 500 V for 30 minutes. Fixing was accomplished with
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sulphosalicylic acid and TCA for 30 minutes followed by Coomassie R-250 staining. The
gel was destained until clarity was achieved.

Mass spectrometry. The purified P5 protein was analyzed by matrix-assisted laser
desorption ionization-time of flight (MALDI-TOF) using a ThermoBioanalysis Dynamo
(AmphoTec Ltd., Beverly, Ma) at the Iowa State University Protein Facility for molecular
weight analysis.

Monoclonal antibody. The cross reactive monoclonal antibody (4BF8) used here has been
described earlier (5). It has been shown to react with several variants of P5 suggesting that it

does not react with the variable surface exposed loops.

Results

Purification of P5. Using the QMA anion exchange method with an equilibration buffer of
12.5 mM TAPS, 10 mM NaCl, 0.05% CHAPS, pH 8.5 resulted in the fractionation of the
higher pl proteins, including the PS. The optimum resolution was achieved with a load rate
of 2.5 mg of total protein per ml of QMA resin. At this rate, the P2 protein was observed in
the unbound fraction while the P5 protein bound to the QMA matrix and was eluted with a
gradient of NaCl equivalent to 150 mM. An additional purification step utilizing size
exclusion chromatography was employed. However, the use of the Sephacryl 100-HR matrix
did not result in the isolation of pure P5. Instead, the PS protein was repeatedly co-purified
with a 60 kDa protein identified by N-terminal sequencing as an immunoglobulin heavy
chain variable region (Figure 3.1). Isolation of the pure P5 protein was only achieved by
excising the 32 kDa band from an SDS-PAGE gel and extracting it using ultrafiltration

techniques (Figure 3.2).
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Identification of P5 and P2 by N-terminal sequencing. Two of the H. parasuis type
strains, one virulent (SV2) and one avirulent (SV3), and the H. influenzae d1 outer
membrane protein preparation were analyzed by SDS-PAGE and blotted to PVDF. Protein
bands that were identified with the P5 monoclonal antibody were excised from a separate
Coomassie Brilliant Blue-stained PVDF and the N-terminal sequence of each band was
determined. A total of five protein bands were sequenced, two from the H. parasuis SV2
(virulent strain), two from the H. parasuis SV3 (avirulent strain), and one from the P5
positive H. influenzae strain d1. Homology searches with the BLAST server found that 32
kDa protein bands from both of the H. parasuis strains were homologous to H. influenzae P5
protein (Table 3.2). However, the PS band from the H. influenzae d1 strain was found to be
48 kDa. Other reports have estimated the molecular weight of the H. influenzae P5 protein to
be 35 kDa after boiling (22-24). Identity to P2 was also found in both H. parasuis strains
although at different molecular weights. The P2 protein from the virulent strain (SV2) was
48 kDa, whereas the P2 protein from the avirulent strain (SV3) was 55 kDa. Other reports
have estimated the molecular weight of the H. influenzae P2 protein to range from 36 to 42
kDa (12), while in this study it was found to be 55 kDa (McVicker and Tabatabai, 2004).
Physical characterization of purified P5. SDS-PAGE analysis of the purified P5 protein
showed a single band by Coomassie blue staining (Figure 3.2). The molecular weight of the
band was 32 kDa and was identified as P5 by N-terminal sequencing. Isoelectric focusing
produced a pI of 5.5 for the native protein Figure 3.3). Immunoblotting with the protein and
the monoclonal anti-P5 antibody also resulted in the identification of a single band of 32 kDa

(Figure 3.4).
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CEA immunoblot. The purified P5 protein as well as type strains from all 15 serovars were
assayed with the CEA immunoblot method in order to assess their ability to bind with the
CEA protein (Figure 3.7). CEA binding was observed in all of the type strains.
Interestingly, a pattern was observed with the binding. A 48 kDa protein from all of the
virulent type strains, except SV4, bound to the CEA. Likewise, a 55 kDa H. parasuis protein
from all of the avirulent type strains, except SV7, bound to the CEA. Subsequent N-terminal
protein sequencing revealed that the 48 and 55 kDa proteins from the H. parasuis type strains
were homologous to a H. influenzae P2 protein. No interaction was found with the H.
parasuis P5 protein. Even the purifed P5 protein did not bind the CEA (Figure 3.8).
Discussion

This report describes the purification and characterization of a P5 protein in
Haemophilus parasuis as well as the development of a CEA immunoblot method to
determine if CEA binds any of the membrane proteins.

In a previous study (19), a P5 proteih was identified in H. parasuis homologous to the
PS5 protein in H. influenzae. One of the aims of this study was to purify the P5 protein from
the outer membrane of a virulent H. parasuis field isolate. The theoretical pl of the P5 and
P2 proteins were determined using published sequences (H. influenzae accession numbers
NP438308 and U32796) and the Expasy Molecular Biology Server prior to any attempt at
purification. The pI’s were found to be 9.0 and 9.5 for the P2 and PS5 proteins respectively.
The high pl values were consistent with membrane proteins and allowed for their separation
with anion exchange chromatography using an equilibration buffer with a pH near the pI of
the P2 protein. While the P2 and P5 proteins could be separated with the anion exchange

method, a number of other proteins were co-purified with the P5 protein. Further purification
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was accomplished by size exclusion chromatography. However, the P5 protein could not be
isolated by itself with this method either. In order to obtain a pure PS5 protein, it was
separated electrophoretically and excised, then eluted from the gel. The purified P5 protein
was analyzed by SDS-PAGE for purity and a single band was found at 32 kDa. The band
was identified as P5 by N-terminal sequence analysis and homology searching. This is
comparable to the molecular weight of the H. influenzae PS5 protein which is reported to be
heat modifiable so its molecular weight is reported as a range of 27 to 35 kDa (12).
Isoelectric focusing produced a pI of 5.5 for the native protein. This is much lower than the
Expasy Molecular Biology Server predicted pl for the H. influenzae PS protein (9.5) but it
does explain why the protein required 150 mM of NaCl to elute from the anion exchange
column. Immunoblotting with the protein and the monoclonal anti-P5 antibody also resulted
in the identification of a single band of 32 kDa.

A recent report by Oliveira and Pijoan (31) identified the existence of a group of
major proteins unique to virulent H. parasuis isolates. The authors compared the whole-cell
protein profiles of H. parasuis field isolates and, by using a computer-based analysis, they
were able to generate dendogram clustering of similar protein profiles. A unique group of
major proteins with molecular weights between 36 to 38 kDa were found in 90.7% of
virulent isolates. The PS5 protein purified and characterized here, could represent one of these
major proteins.

Also, since the H. influenzae PS5 protein is known to bind CEA (14, 41), an
immunoblot method was developed here to assess the ability of the outer membrane proteins
to bind CEA. The outer membrane preparations from H. influenzae served as controls for

this assay and reactivity was observed to the P5 and P2 outer membrane proteins. However,
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no reactivity was observed to the H. parasuis P5 protein from the type strains or the purified
PS5 protein. Perhaps antigenic variability is responsible for the lack of binding observed here.
The PS5 protein is known to be highly variable in H. influenzae and the CEA antigen used
here was human source. Since H. influenzae affects human hosts, perhaps this makes it
specific for human CEA. It would be interesting to isolate CEA from pig lymphocytes and
substitute it in the assay to see if the H. parasuis P5 would bind. Reactivity was observed
between the H. parasuis P2 protein and CEA. In fact, the H. parasuis P2 reactivity varied
between the virulent and avirulent serovars suggesting that it could potentially be used in
discriminating between virulent and avirulent strains of H. parasuis.

These data confirm and further characterize the presence of a PS protein in H.
parasuis. The difference in apparent molecular weight of the P2 protein and its ability to
bind CEA certainly warrants additional studies. Additional studies should also be planned to

examine whether or not porcine CEA binds to the H. parasuis P5 and P2 proteins.
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Figure 3.1. Composite SDS-PAGE gel illustrating the purity of fractions after the varied
purification steps. Lanes: 1, whole cell sonicate supernatant (H. parasuis 1A84-29755); 2,
post anion exchange chromatography; 3 & 4, post Sephacryl-100 HR chromatography; 5,
post PAGE gel extraction; 6, molecular weight standard. Samples were separated with a 4-
12% SDS-PAGE gel and stained with Coomassie R-250 as described in the text. Molecular

weights are indicated in kilodaltons.
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32

Figure 3.2. SDS-PAGE gel illustrating the purity the P5 protein after extraction from the
SDS-PAGE gel. Lanes: 1, molecular weight standard; 2, H. influenzae strain d1 (P5
positive); 3, H. influenzae strain d4 (P5 negative); Extracted P5 protein from H. parasuis
[IA84-29755. Samples were separated with a 4-12% SDS-PAGE gel and stained with

Coomassie R-250 as described in the text. Molecular weights are indicated in kilodaltons.
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Figure 3.3. IEF gel illustrating the pl of the P5 protein after extraction from the SDS-PAGE
gel. Lanes: 1 & 2, IEF standard; 3, Extracted P5 protein from H. parasuis 1A84-29755.
Samples were separated with a pH 3-10 IEF gel and stained with Coomassie R-250 as

described in the text. Numbers in the margin are pl values.
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Figure 3.4. Anti-P5 (4BF8) immunoblot of H. influenzae strains d1 and d4 and the P5
protein after extraction. Samples were separated with a 4-12% SDS-PAGE gel, blotted to
PVDF, and probed with anti-P5 monoclonal antibody (4BF8) as described in the text.

Molecular weights are indicated in kilodaltons.
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Figure 3.5. Anion exchange chromatography. H. parasuis (1A84-29755) whole cell sonicate
supernatant was loaded onto the QMA anion exchange column, equilibrated with 25 mM
TAPS, 10 mM NacCl, 0.05% CHAPS, pH 8.5. Bound proteins were eluted with a gradient
elution to 12.5 mM TAPS, 400 mM NacCl, 0.05% CHAPS, pH 8.5. The P2 protein was

found in peak 1, while the P5 protein eluted in peak 3. The run was monitored at 280 nm.
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Figure 3.6. Size-exclusion chromatography. Pooled fractions from the anion exchange
chromatography run were loaded onto a Sephacryl 100-HR column, equilibrated with 0.2 M
Tris, 0.3 M NaCl, 0.1% sodium azide, pH 7.4. The P5 protein was found in peak 2. The run

was monitored at 280 nm.
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Figure 3.7. CEA immunoblot of H. influenzae strains d1 and d4 and all 15 H. parasuis
reference strains (SV1-SV15) focusing on the 47.4 to 60.7 kDa molecular weight range.
Whole cell proteins were separated with a 4-12% SDS-PAGE gel, blotted to PVDF, and
probed with human CEA, goat anti-CEA antibody, and peroxidase labeled mouse anti-goat

IgG as described in the text. Molecular weights are indicated in kilodaltons.
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Figure 3.8. CEA immunoblot of H. influenzae strains d1 and d4 and the purified P5S protein.
Proteins were separated with a 4-12% SDS-PAGE gel, blotted to PVDF, and probed with
human CEA, goat anti-CEA antibody, and peroxidase labeled mouse anti-goat IgG as

described in the text. Molecular weights are indicated in kilodaltons.
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CHAPTER 4. GENERAL CONCLUSIONS

4.1  General Discussion

The present study identified two colonization/virulence proteins (P2 and P5) in A.
parasuis and found that the molecular weight of the P2 protein varied in virulent and
avirulent reference strains. In addition, the PS5 protein was purified and characterized by
SDS-PAGE, N-terminal sequencing, [EF and MALDI-TOF. And finally, an immunoblot
method was developed to determine the interaction of the P2 and P5 proteins with
carcinoembryonic antigen (CEA).

Chapter 2 describes the identification of both P2 and PS proteins. The P5 protein was
initially sought after using the polymerase chain reaction technique (PCR). Several attempts
were made using this method with little success. The difficulty may be due to the
hypervariability in the P5 protein. This hypervariability has been well documented (Hardy et
al., 2003; Tagawa et al., 2000; Roggen et al., 1992; Zucker et al., 1996; Duim et al., 1994,
Duim et al., 1996) and is likely one method that the organism uses to evade immune
recognition. Using primers described by O’Rourke et al. (1995), the subsequent PCR
product was identified as an aspartokinase rather than the sought after PS5 protein.

Ultimately, a report by Duim et al. (1997) was used to design primers that represented
portions of the P5 nucleic acid sequence that appeared to be constant among numerous H.
influenzae isolates. Three such primers were designed. One forward primer representing the
N-terminus end of the protein (P.5.1), and two reverse primers representing the middle
(P.5.1r) and carboxy terminus regions (P.5.2r). A singular PCR product was observed with

the P.5.1r primer while a number of PCR products were observed with the full-length P.5.2r
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reverse primer. The multiple products observed with the P.5.2r reverse primer were
presumed to be false priming sites caused by binding to a portion of the chromosome other
than the target site. Therefore, I concentrated on using the P.5.1 and P.5.1r primers
throughout the rest of the testing even though the PCR product did not represent the entire PS
sequence (see Chapter 2, Figure 1).

The singular PCR product obtained with H. parasuis isolate IA84-29755 (serotype 5)
was approximately 550 bp. This is roughly 100 bp smaller than the 674 bp predicted by the
H. influenzae P5 sequence (Munson et al., 1993). Using the same primers and H. influenzae
DNA, the PCR product was as expected (650 bp). This difference in size between the H.
parasuis and H. influenzae PCR products makes one wonder if the primers are identifying
the same gene. The fact that only one PCR product was found was no reason to assume
identity. However, a single PCR product is unusual if the gene does not exist. Sequencing of
the PCR products would enable us to determine if they were homologous.

In order to sequence the entire PCR product, it was transformed into a pPBAD TOPO
TA expression vector. This expression vector allowed for direct insertion of the Taq
polymerase-amplified PCR products into a plasmid vector (pBAD). The pBAD expression
vector was chosen for two reasons; 1.) the transformed plasmid could easily be recovered for
sequencing, and 2.) it could be used to produce recombinant P5 protein when grown in the
presence of arabinose. Both the H. parasuis and H. influenzae PCR products were
transformed into separate compotent E. coli. Selecting positives clones was accomplished by
isolating the plasmids of individual colonies and having them sequenced. This turned out to
be very time-consuming as the majority of the transformants were found to have inserted the

PCR product in the wrong orientation. However, positive transformants in the correct
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orientation were isolated and sequenced. Homology searches with the sequences using the
BLASTN server found identity homology to H. influenzae PS (accession U32796). The
identity homology of the H. influenzae PCR product was 83% throughout the entire
sequence. However, the identity homology with the H. parasuis PCR product was found
only at the 3’ end. Very little homology was observed at the 5> end. This could explain the
difference in the apparent bp size of the PCR products.

Recombinant proteins were expressed with the H. parasuis and H. influenzae
transformants and identified by immunoblotting with a monoclonal antibody to an epitope
added to the recombinant protein by the pBAD vector (V5 region). A single 28 kDa band
was detected from the H. influenzae transformant. This was the exact size predicted by the
translating tool from the ExPasy server. The anti-V5 immunoblot of the H. parasuis
transformant revealed two protein bands, one at 19 kDa and another at 14 kDa. The 14 kDa
protein could be a breakdown product of the 19 kDa band as the result of the denaturing
conditions of the immunoblot. It is also possible that the PCR product has a start codon
interior to the pBAD start codon and this produced a protein of 14 kDa. The fact that the
recombinant protein of the H. parasuis transformant was a lower molecular weight than the
H. influenzae recombinant protein seems logical since the PCR product was smaller.

In order to assess whether or not P5 could be found in all of the 15 different H.
parasuis serotypes, an immunoblot method was developed with a H. influenzae anti-P5
monoclonal antibody (4BF8) obtained from Muriel van Schilfgaarde (Netherlands Vaccine
Institute). The type strains were obtained from the College of Veterinary Medicine of lowa
State University and a summary of their country of origin, isolation site, and virulence can be

found in Table 1, Chapter 2. Reactivity with the monoclonal antibody was observed with all
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of the serotypes. In fact, the antibody appeared to cross-react with a large number of proteins
(Figure 4, Chapter 2). In the midst of all the cross-reactivity, and interesting pattern was
observed. All of the virulent isolates, except SV4, displayed a 48 kDa band. Likewise, all
avirulent isolates, except SV7, displayed a 55 kDa band. Additional blots were run and
subsequent N-terminal protein sequencing of the 48 and 55 kDa bands from SV2 and SV3
revealed that the bands were not due to P5 reactivity, but rather the anti-P5 monoclonal
antibody was recognizing P2. This was a very interesting observation.

So the search to identify a P5 colonization protein in H. parasuis resulted in the
identification of both P5 and P2 proteins. The fact that the PS protein was found in all
isolates, virulent and avirulent, was not entirely unexpected as it seems to exist in all H.
influenzae strains (Hardy et al., 2003). However, even though it exists in all H. influenzae
strains, its nucleic acid, and therefore its amino acid sequence is hypervariable (Duim et al.,
1997). This hypervariability is believed to be the reason that some H. influenzae strains are
more virulent than others and could likely be the reason that it is often reported to be of
different molecular weight. Does this mean that the P5 protein identified here is less variable
than the H. influenzae P5 protein as it appears to be the same molecular weight in all
isolates? And ifit is less variable is it less important in colonization? If the P5 protein is
indeed helpful to the initial colonization of H. parasuis, it’s identification at exactly the same
molecular weight in both virulent and avirulent isolates is unexpected. In other words, if the
proteins were variable, as in H. influenzae, the amino acids would be different and thus one
would expect the molecular weights to vary as well. Unless, of course, the variability is due

to just a few amino acids. A comparison of the P5 DNA sequences of multiple H. parasuis
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isolates would help answer this question, in addition to IEF characterizations of the P5
proteins from multiple strains.

The differences observed in the molecular weights of the H. parasuis P2 proteins
between the reference strains is what would be expected of a protein that plays a role in
virulence and/or colonization. These variations in molecular weight are due to the variability
of the amino acids that comprise the protein and likely play a role in the proteins function.
These changes in amino acid sequence likely result in subtle differences that affect the
protein structure subsequently preventing the recognition of these proteins by previously
generated host antibodies. A number of outer membrane proteins from members of the
Haemophilus genus have been identified as such, including proteins from; H. influenzae, H.
somnus, H. ducreyi and H. parasuis (Hardy et al., 2003; Tagawa et al., 2000; Roggen et al.,
1992; Zucker et al., 1996). In fact, the P2 protein has been shown to be highly variable in
both size and amino acid sequence by a number of researchers (Bell et al., 1994; Sikkema
and Murphy, 1992; Forbes et al., 1992). In addition, variation in P2 sequence occurs within a
clonal population during the course of infection and at a very high frequency (Duim et al.,
1994). The changes are linked to the surfaced-exposed loops of the porin protein and are
primarily found in loops 5 and 6. These loops appear at the carboxy terminal end of the
protein and the changes have been shown to render the original host antibodies ineffective
(Duim et al., 1996).

While the identification of the P5 and P2 proteins was accomplished with both
molecular and protein based techniques in Chapter 2, it was decided to purify and
characterize the native P5 protein by traditional protein chemistry methods. Chapter 3

describes the purification and characterization of the P5 protein from H. parasuis isolate
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1A84-29755 (serotype 5). The PS5 protein was purified by using sonication, anion-exchange
chromatography, size-exclusion chromatography, and polyacrylamide gel extraction
sequentially. Similar methods were used to purify the H. influenzae P2 and P5 proteins
except that detergent solubility was also employed (Munson and Granoff, 1985; Murphy and
Bartos, 1988). For instance, Munson and Granoff (1985) found that PS5 was insoluble in
octylglucoside-NaCl and could be extracted with 1% SDS at pH 7.5 prior to chromatographic
separation. Murphy and Bartos (1988) used Zwittergent 3-14 to extract P2 from ethanol
precipitated outer membrane proteins. The detergent extraction was not used here because
the use of such detergents tends to co-purify polysaccharides and lipopolysaccharides
(McVicker and Tabatabai, 2002). Instead, whole cell sonicated supernatant was applied to an
anion exchange chromatography matrix (QMA). The P2 protein was observed in the
unbound fraction while the PS5 bound to the matrix and was eluted with a gradient of NaCl.
The P5 protein was eluted with approximately 150 mM NaCl and further purified with a size
exclusion matrix (Sephacryl 100-HR). Unfortunately, these methods did not result in the
isolation of a pure P5 protein. Instead, the P5 protein was repeatedly co-purified with a 60
kDa protein identified by N-terminal sequencing as an immunoglobulin heavy chain variable
region. Numerous attempts were made to separate the two proteins with the size exclusion
matrix using different equilibration buffers. One such attempt included the use of a low pH
glycine buffer with 0.5 M NaCl in an effort to disassociate any ionic or hydrogen bonding
attraction between the proteins. Not only was this attempt unsuccessful, but the proteins
apparently bound to the matrix as they would not elute from it under these conditions.
Isolation of the pure P5 protein was ultimately achieved by excising the 32 kDa band from

SDS-PAGE gels end extracting with ultrafiltration techniques.
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Once the P5 protein was purified, it was characterized by SDS-PAGE, IEF, N-
terminal sequencing, MALDI-TOF, and immunoblotting. The molecular weight of the
purified P5 protein was confirmed as 32 kDa and the N-terminal sequence also confirmed
that it was P5. Isoelectric focusing found that it had a pI of 5.5. Immunoblotting with the
monoclonal anti-P5 antibody resulted in the identification of a single band of 32 kDa while
no reactivity was observed with the CEA immunoblot.

Comparison of the P5 protein characterized here with the H. influenzae P5 protein
reveals that the proteins are very similar except in their pI values. The theoretical pl value
for the H. influenzae protein is 9.5 using accession number U32796 and the ExPasy
Molecular Biology Server. This pl value is consistent with other outer membrane proteins.
The pl value of the H. parasuis P5 protein is much lower (5.5) indicating that the protein
consists of more acidic amino acids than the H. influenzae protein. Whether these acidic
amino acids are important to the proteins’ function would be an interesting continuation of
the project.

The molecular weight of the H. parasuis P5 protein is certainly within the 27 to 35
kDa range reported for the H. influenzae P5 protein (Hardy et. Al, 2003). However, the P2
protein found in the H. parasuis reference strains is higher in both the virulent and avirulent
strains. For instance, the molecular weight of the P2 protein in the virulent reference strains
was found to be 48 kDa. The molecular weight of the avirulent strains was found to be 55
kDa. In H. influenzae, the P2 protein has been reported to be between 36 and 42 kDa. So the
P2 protein in the virulent strains is closer in size to the reported H. influenzae P2 protein.

Why the molecular weight of the P2 protein is different between the virulent and avirulent
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reference strains is very interesting. Perhaps this could used in the future as a means of
screening for virulence.

A recent report by Oliveira and Pijoan (2004) identified the existence of a group of
major proteins unique to virulent H. parasuis isolates. The authors compared the whole-cell
protein profiles of H. parasuis field isolates and, by using a computer-based analysis, they
were able to generate dendogram clustering of similar protein profiles. A unique group of
major proteins with molecular weights between 36 to 38 kDa were found in 90.7% of
virulent isolates. The P5 protein purified and characterized here, could represent one of these
major proteins.

Further characterization of the H. parasuis P5 protein was accomplished by
developing a CEA immunoblot method for determining the its interaction with CEA. Since
the H. influenzae PS5 protein is known to bind CEA, outer membrane preparations from a P5
positive and a P5 negative strain were used to develop this method. Although two methods
had already been described for accessing CEA binding, they were bacterial adherence assays
that used PS5 negative H. influenzae constructs as negative controls (Virji et al., 2000; Hill et
al., 2001) . Such negative constructs have yet to be prepared with H. parasuis making it
impossible at this time to adapt these methods to H. parasuis. Also, these methods are very
time-consuming and inefficient for large scale screening.

Therefore, an immunoblot method was developed that used human CEA and a
polyclonal anti-CEA antibody to build a sandwich assay. First, outer membrane proteins are
separated using a gradient SDS-PAGE electrophoresis gel and blotted to a PVDF membrane.
The separated proteins are then incubated with the human CEA antigen and any proteins with

an affinity for the CEA bind the protein. Next, a goat polyclonal antibody to CEA is added
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which binds to the CEA already bound by the outer membrane proteins. The addition of a
peroxidase-labeled anti-goat IgG completes the sandwich by binding to any sites identified
by the goat polyclonal antibody. Finally, visualization is accomplished with a peroxidase
substrate. This method is much more efficient for screening large numbers of isolates than
the bacterial adherence assays previously described.

Using the CEA immunoblot, no binding was observed with the purified PS5 protein, or
with P5 in the reference strains. Perhaps antigenic variability is responsible for the lack of
binding observed here. The PS5 protein is known to be highly variable in H. influenzae and
the CEA antigen used here was human source. Since H. influenzae affects human hosts,
perhaps this makes it specific for human CEA. It would be interesting to isolate CEA from
pig lymphocytes and substitute it in the assay to see if the H. parasuis PS5 would bind.
Reactivity was observed between the H. parasuis P2 protein and CEA. In fact, the H.
parasuis P2 reactivity varied between the virulent and avirulent serovars suggesting that it
could potentially be used in discriminating between virulent and avirulent strains of H.
parasuis.

These data confirm the presence of PS5 and P2 proteins in H. parasuis, as well as
characterize the P5 protein. The difference in apparent molecular weight of the P2 protein in
virulent and avirulent type strains, in addition to its ability to bind CEA, certainly warrants

additional studies. This report is important as it is one of the first to identify and characterize

two colonization/virulence proteins in Haemophilus parasuis. It is also unique as it
borrowed information from another member of its Haemophilus genus (Haemophilus
influenzae) to aid in this identification and characterization. With such a limited amount of

information available for H. parasuis researchers, it is imperative to use any and all
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information available to further the understanding of this important and re-emerging

pathogen. Toward that end, this report also serves as a reminder that we as researchers must

not become so focused on our work that we lose sight of the big picture and all that we can

gain from researchers outside of our area.

4.2

General conclusions

Considering the conditions in which the experiments reported in the present thesis are

performed, the following can be concluded:

The development of a PCR test for the identification of the PS gene in Haemophilus
parasuis isolates.

Both P2 and PS5 proteins were identified in virulent and avirulent reference strains of
Haemophilus parasuis.

The P2 protein is present as a 48 kDa protein in all virulent Haemophilus parasuis
reference strains, except serovar 4.

The P2 protein is present as a 55 kDa protein in all avirulent Haemophilus parasuis
reference strains, except serovar 7.

The PS5 protein is present as a 32 kDa protein in all Haemophilus parasuis reference
strains.

The P5 protein can be purified using a sequential combination of anion exchange
chromatography, size exclusion chromatography, and SDS-PAGE gel extraction.

The P5 protein has a pl of 5.5.
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8. The P5 protein does not bind to human CEA in an immunoblot method while the P2

protein does bind to human CEA.

Recommendations for future research

Considering the conclusions of the present thesis, a number of additional points need

to be addressed in subsequent research:

Chromatographic purification of the P2 and P5 proteins from both virulent and
avirulent Haemophilus parasuis strains would be a great benefit to this research.
While the extraction method described here is useful to characterize the proteins, it is

not practical for obtaining quantities useful for further experimentation.

. A CEA immunoblot using porcine CEA rather than human source antigen could

greatly increase the understanding of the interaction.

. Once the P2 and PS5 proteins were purified, their role as potential vaccine antigens

could be evaluated. This could help define whether or not these proteins could confer
protection that is free of the serotype-associated or strain-associated protection

observed currently.

. Also, a complete sequence of the P2 and P5 proteins would be beneficial. This

information could be used to design subunit vaccines like those being designed for
Haemophilus influenzae.

The development of an immunoblot that included an isoelectric focusing method
rather than SDS-PAGE could be developed to help characterize any differences in the

P2 or P5 proteins from different isolates.



103

6. The role of these proteins in the immune response to Haemophilus parasuis also

needs further characterization.



104

4.4 References

Bell J., Grass S., Jeanteur D., Munson R.S.Jr. (1994) Diversity of the P2 protein among

nontypeable Haemophilus influenzae isolates. Infect Immun. 62:2639-43.

Duim B., Bowler L., Eijk P., Jansen H., Dankert J., van Alphen L. (1997) Molecular
variation in the major outer membrane protein P5 gene of nonencapsulated Haemophilus

influenzae during chronic infections. Infect. Immun. 65:1351-1356.

Duim B., van Alphen L., Eijk P., Jansen H., Dankert J. (1994) Antigenic drift of non-
encapsulated Haemophilus influenzae major outer membrane protein P2 in patients with

chronic bronchitis is caused by point mutations. Mol. Micro. 11:1181-1189.

Duim B., Vogel L., Puijk W., Jansen H., Meloen R., Dankert J., van Alphen L. (1996) Fine
mapping of outer membrane protein P2 antigenic sites which vary during persistent infection

by Haemophilus influenzae. Infect. Immun. 64:4673-7679.

Forbes KJ, Bruce KD, Ball A, Pennington TH. (1992) Variation in length and sequence of

porin (ompP2) alleles of non-capsulate Haemophilus influenzae. Mol. Microbiol. 6:2107-12.

Hardy. G., Tudor S., St. Geme J. (2003) The pathogenesis of disease due to nontypeable

Haemophilus influenzae. Meth. Mol. Med. 71:1-28.



105

Hill D., Toleman M., Evan D., Villullas S., van Alphen L., Virji M. (2001). The variable P5
protein of typeable and nontypeable Haemophilus influenzae target human CEACAM1. Mol.

Microbiol. 39:850-862.

McVicker J., Tabatabai L. (2002). Isolation of immunogenic outer membrane proteins from
Mannheimia haemolytica serotype 1 by use of selective extraction and immunoaffinity

chromatography. Am. J. Vet. Res. 63:1634-1640.

Munson R., Granoff D. (1985) Purification and partial characterization of outer membrane

proteins P5 and P6 of Haemophilus influenzae type b. Infect. Immun. 49:544-549.

Munson R., Grass S., West R. (1993) Molecular cloning and sequence of the gene for outer

membrane protein P5 of Haemophilus influenzae. Infect. Immun. 61:4017-4020.

Murphy T., Dudas K., Mylotte J., Apicella M. (1983) A subtyping system for nontypeable

Haemophilus influenzae based on outer membrane proteins. J. Infect. Dis. 147:838-846.

Murphy T., Bartos L. (1988). Purification and analysis with monoclonal antibodies of P2, the

outer membrane protein of nontypeable Haemophilus influenzae. Infect. Imuun. 56:1084-

1089.

Oliveira S., Pijoan C., (2004) Computer-based analysis of Haemophilus parasuis protein

fingerprints. Can. J. Vet. Res. 68:71-75.



106

O’Rourke M., Ison C., Renton A., Spratt G. (1995). Opa-typing: a high resolution tool for

studying the epidemiology of gonorrhea. Mol. Microbiol. 17:865-875.

Roggen EL, De Breucker S, van Dyck E, Piot P. (1992) Antigenic diversity in Haemophilus

ducreyi as shown by western blot (immunoblot) analysis. Infect. Immun. 60:590-5.

Sikkema DJ, Murphy TF. (1992) Molecular analysis of the P2 porin protein of nontypeable

Haemophilus influenzae. Infect. Immun. 60:5204-11.

Tagawa Y, Bastida-Corcuera F, Corbeil LB. (2000) Immunological characterization of the

major outer membrane protein of Haemophilus somnus. Vet. Microbiol. 71:245-54.

Virji M., Evans D., Griffith J., Hill D., Serino L., Hadfield A., Watt S. (2000)
Carciniembryonic antigens are targeted by diverse strains of typeable and nontypeable

Haemophilus influenzae. Mol. Microbiol. 36:784-795.

Zucker B. A, Baghian A., Traux R., OReilly K. L., Storz J. (1996) Detection of strainspecific
antigenic epitopes on the lipo-oligosaccharide of Haemophilus parasuis by use

of monoclonal and polyclonal antibodies. Am. J. Vet. Res. 57:63-7.



107

ACKNOWLEDGEMENTS

First, I would like to thank my Major Professor, Louisa Tabatabai, for all the help and
support during my time at Iowa State University. I feel very fortunate to have such a patient,
caring and courageous person as my mentor. Through your intelligence and innovation, you
inspire all those around you to become better scientists. Through your understanding and
compassion, you inspire all those around you to become better people. Thank you for
sharing your gifts with me.

This project was progressing very slowly in November of 2002 when Dr. Tabatabai
informed me she would be traveling to The Netherlands to visit relatives. At that time I had
just finished reading several manuscripts about P5 research and Haemophilus influenzae by a
group located in The Netherlands. I mentioned this to Dr. Tabatabai and she was able to
arrange a meeting with one of the members of the group, Dr. Muriel van Schilfgaarde, and a
wonderful collaboration was begun. Dr. van Schilfgaarde has been a great help to me. She
has contributed outer membrane preparations of H. influenzae, a monoclonal antibody, and
answers to many of my questions. Although I have never met Dr. van Schilfgaarde in
person, I owe her a great deal of thanks.

I would also like to thank all the members of my committee, Dr. Harris, Dr. Lamont,
Dr. Thacker and Dr. Tyler. Itruly appreciate your guidance and support. You are all
brilliant teachers and each one of you have touched my life in a unique way. Itried to gather
a committee that consisted of individuals that were not only outstanding researchers but

wonderful people. Iam certain that I did just that. Thank you all.



108

I am very grateful to all of my classmates and labmates that have shared the ups and
downs of graduate research. Without your encouragement and support, it would have been
difficult to persevere. I have been fortunate in having the resources and personnel of the
National Animal Disease Center available to me. Especially Emilie Zehr and Dr. Briggs
who were ever so patient while showing a protein chemist that molecular biology can be
iteresting to. Thank you.

A special thanks to Midland BioProducts Corporation and it’s President Richard
Jorgenson. It was Dr. Jorgenson who initiated the tuition reimbursement program that
enabled me to pursue my degree. Your desire to build a company that looks out for its
employees is refreshing and your ability to run a successful company is admirable. I have
also been fortunate enough to work with some outstanding scientists through Midland
BioProducts, most notably Denny Barrantes. I have enjoyed the discussions we have had
about manuscripts, projects and protein chemistry theory. Le debo mucho a mi amigo.

And to my wonderful family and friends that have been supportive of me throughout
my life, I am sincerely grateful. Ithank my father, Jim McVicker, for being a role model and
for silently pushing me to be the best person I could be. Thank you for being an excellent
example of perseverance, work ethic and pride. I would also like to thank my mother,
Lorraine McVicker, for everything you have given me. You are a very patient and loving
person that truly lives the golden rule. I can’t thank you enough for all that you have done
for me or all that I have learned from you simply by observing your actions.

Thanks also to my wife’s parents, Richard and Julie Duffy. Ican’t begin to describe
how important you have both been in my life. You welcomed me into your family with open

arms and treated me like a son. Your support and heartfelt advice have helped guide me



109

through many decisions. Your love and kindness have influenced my entire family and I
look up to you both.

Most of all, I would like to thank my wife, Cindy McVicker, and my children,
Nicholas and Abby McVicker, for putting up with me throughout these years at Iowa State
University. You were all very understanding when I had to run off to the lab, when I had to
study for an exam or when I had to prepare a presentation. Without this type of support, it
would not have been possible for me to complete the program. Thank you Cindy for
everything you do, including chasing down a professor in his tractor so that you could get a
POS signature for me. You are my inspiration and you have taught me more about life than
any degree program possibly could. Your intelligence, wit, humor and love of life are
infectious and you make everyone around you glad to know you. The following is an excerpt
from a poem written by Abby that does a wonderful job of explaining Cindy’s influence on
our lives,

My mother is filled with laughter and pride
I will always look up to her as a role model
and guide

To Nicholas and Abby, I owe a great deal. You may think that you have learned
things from me, but I must tell you that I have likely learned more from you both. I feel

blessed that you are my children and I hope that life holds as much joy for you as you have

given me. Thank you, I love you all.



110

I once read a quote that seems very appropriate here, “No matter what you
accomplish, someone has helped you”. In my opinion, this is an absolute truth. To all of you

that have helped me accomplish my Ph. D., I thank you from the bottom of my heart.



