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ABSTRACT

Microbial infections are typically initiated by the colonization of tissues by a specific mechanism that promotes adher-
ence to host cells or tissues. In this work, we characterized the ability of Gallibacterium anatis F149" to express fim-
briae that may be involved in mucosal attachment. Using transmission electron microscopy, the fimbriae-like structures
could be observed on the surface of negatively stained G. anatis F149", and these structures were further visualized
after being released by physical shaking. When the fimbriae-like structures were separated by SDS-PAGE, the proteins
comprising them were isolated and sized at 13 and 25 kDa. G. anatis F149" was able to adhere to chicken oropharyn-
geal epithelial cells. Adhesion could be completely inhibited by pretreatment of the bacterial cells with trypsin, whereas
25% inhibition was attained after pretreatment with an antiserum against the 13 kDa protein. We demonstrated by im-
muno-gold electron microscopy that the antibodies from the antiserum were specifically associated with the fimbria-like
structures on G. anatis. These results indicated that G. anatis F149" expresses fimbriae that contribute to its adhesion to
chicken oropharyngeal epithelial cells and may be important for colonization of the upper respiratory tract.
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1. Introduction the most important factors during interaction with the
host. We recently used scanning electron microscopy to
demonstrate the ability of G. anatis to adhere to plastic
surfaces and form a biofilm on glass; this work also in-
dicated the presence of at least two different fimbriae-
like structures [12].

In this paper, we show that G. anatis F149" expresses
fimbriae that contribute to adhesion to chicken oropha-
ryngeal epithelial cells and may be important for the col-
onization of the chicken upper respiratory tract.

Gallibacterium anatis belongs to the Pasteurellaceae
family and is a common bacterium found in the upper
respiratory tract and lower reproductive tract of healthy
chickens and turkeys [1-3]. Several authors have associ-
ated G. anatis to pathological conditions, such as sal-
pingitis, peritonitis, septicemia, pericarditis, hepatitis, en-
teritis, and respiratory tract lesions [4-6]. Most recently,
Neubauer and co-workers [7] found that G. anatis was an
agent that was very frequently associated with peritonitis
and/or salpingitis in free-range laying hens showing cli- .
nical symptoms of the above mentioned lesions. 2. Materials and Methods
Limited insight has been obtained into the factors that 2.1. Bacterial Strain and Media

allow the persistence of G. anatis on the mucosal mem- . . ) ] o
branes of its host and the factors that affect its ability to ~ 1n€ non-hemolytic type strain Gallibacterium anatis bio-

. T T . .
occasionally cause disease. The ability to secrete IgG ~ Var anatis F149° (ATCC 433297) was used in this study.
degrading proteases [8], agglutinate red blood cells [9], Propagation of bacteria on solid media was performed

and produce a cytolytic RTX-toxin [10,11] appear to be ~ using 5% sheep blood agar (BD Bioxon, Becton Dickin-
son, Cuautitlan Izcalli, Mexico, Mexico). Bacteria were

"Corresponding author. incubated at 37°C overnight in an incubator (Lab-Line)
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with 5% CO,. Brain-heart infusion broth (BHI; BD Bi-
oxon) was used for propagation of bacterial cultures in
liquid media.

2.2. Fimbrial Protein Isolation

Isolation of G. anatis F149" fimbrial proteins was per-
formed by transferring bacterial cells that were incubated
in BHI overnight to a 1 L flask containing 500 mL of
BHI medium supplemented with 1% sheep blood. This
mixture was incubated at 37°C without shaking for 48 h.
Subsequently, bacterial and blood cells were collected by
centrifugation at 8000 % g for 20 min. The cell pellet was
washed 3 times with 50 mM phosphate buffered saline
(pH 7.4) to eliminate red blood cells. The bacterial cells
were resuspended in 20 mM Tris-HCl, 25 mM NaCl, pH
8.0, followed by 10 minutes of vigorous shaking by hand
to release surface structures. The bacterial cells were
removed by centrifugation at 5000 X g for 30 min at 4°C.
Proteins from the clear supernatant were concentrated by
precipitation with 2% polyethylene glycol (PEG) 8000
and 5.8% NaCl at 4°C overnight. Precipitated proteins
were collected by centrifugation at 11,000 x g for 30 min
at4°C [13].

2.3. Electrophoresis

The protein preparations were boiled for 5 min in a sam-
ple buffer containing 5% 2-mercaptoethanol and subse-
quently separated by electrophoresis on a 15% sodium
dodecyl sulfate-polyacrylamide gel in a buffer system as
previously described by Laemmli [14]. After electropho-
resis, polyacrylamide gels were stained with Coomassie
Brilliant blue solution.

2.4. Polyclonal Antibodies

A polyclonal antiserum against G. anatis was obtained as
follows: 4-week-old SPF chickens were experimentally
infected with a G. anatis field isolate (249101) obtained
from the kidney of a 24-week-old commercial Leghorn
laying chicken. An overnight culture (10° CFU/mL of
this bacterium was prepared as described above, and an
aliquot (0.2 mL) was injected intravenously into each bird.
Inoculated birds were kept for 10 days post inoculation.
To obtain polyclonal antibodies against G. anatis
F149" fimbriae, polyacrylamide gels bands containing
the 13 or 25 kDa proteins were cut, dried, and suspended
in a 0.85% saline solution. Proteins were mixed with
Freund’s complete adjuvant, and 30 - 40 pug of protein
was then injected subcutaneously into Wistar rats. These
rats received three booster injections of 30 - 40 pg of
protein mixed with Freund’s incomplete adjuvant at two-
week intervals as previously described [15]. Experimen-
tal work followed the guidelines of the Norma Official
Mexicana Guide for the use and care of laboratory ani-
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mals (NOM-062-ZO0-1999).

2.5. Western Blotting

The fimbrial preparations were electrophoresed and
transferred to nitrocellulose membranes (Bio-Rad) as
previously described [15]. Membranes were blocked with
5% skim milk and incubated with rat polyclonal sera
against the 13 or 25 kDa proteins, or a pooled serum
from the chickens experimentally infected with live G.
anatis. Specific binding of the sera was identified with
peroxidase-labeled rabbit IgG anti-chicken or goat anti-
rat antibodies using diaminobenzidine and H,O, as sub-
strates.

2.6. Transmission Electron Microscopy

G. anatis strain F149" was incubated on 5% sheep blood
agar or in liquid BHI medium under stationary conditions.
Bacterial cells were suspended in 50 mM Tris-HCI pH
8.0, 25 mM NaCl containing 5% glutaraldehyde (Sigma),
incubated at room temperature for 2 h and washed 3
times with 50 mM Tris-HCI pH 8.0, 25 mM NacCl (2000
rpm/10 min each time). Fixed whole bacterial cells or
aliquots containing the putative fimbriae were placed on
carbon- and formvar-coated copper grids, stained with
1% (wt/vol) phosphotungstic acid, and visualized using a
JEM 2000 EX transmission electron microscope (TEM)
at 80 V [15]. For immunoelectron microscopy, gold-
immunolabeling was performed as described by Levine
et al. [16] using 2% P-formaldehyde (Sigma) fixed cells,
anti-13 kDa protein rat serum (1:10 dilution) and 10 nm
colloidal gold-labeled goat anti-rat IgG (Sigma). To pre-
vent nonspecific labeling, 5% bovine serum was added to
the wash solution.

2.7. Chicken Oropharyngeal Epithelial Cells
(COPEC)

COPEC were obtained from different chickens by swab-
bing the oropharyngeal mucosa with a sterile, cotton-
tipped swab and processed as previously described [17].
Cell suspensions were washed five times with 0.1 M
Tris-HCI, pH 7.2, to reduce the number of resident bac-
teria, and adjusted to 2 x 10* cells/mL by counting in a
Neubauer hemocytometer. Experimental work followed
the guidelines of the Norma Oficial Mexicana Guide for
the use and care of laboratory animals (NOM-062-ZOO-
1999).

2.8. Adhesion Assays

Adhesion assays were performed as previously described
[17]. Briefly, G. anatis F149" were incubated at 37°C
overnight in BHI medium supplemented with 5% sheep
red blood cells, collected and washed five times with 0.1
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M Tris-HCI pH 7.2 to remove sheep red blood cells, then
re-suspended to a concentration of 7 x 10° CFU/mL. The
number of bacteria attached to each of 40 COPEC was
recorded. A negative control consisting of COPEC with-
out bacteria added was used for comparison.

3. Results

3.1. Visualizing Fimbriae by Transmission
Electron Microscopy

Fimbrial structures approximately 1.2 um in length and 5
nm in width were observed on the surface of G. anatis
F149" (Figures 1(a) and (b), respectively). In addition,
bundles of putative thin, long fimbriae (>3.0 um) were
visualized. When G. anatis F149" surface proteins were
extracted and purified, fragments of fimbriae were ob-
served (Figure 1(c)) along with bundles of long pili
similar to type IV pili (Figure 1(d)). Long fine fibers
were observed protruding from the surface of G. anatis
F149" by immuno-gold labeling when polyclonal antise-
rum against the 13 kDa protein was used (Figures 1(e)
and (f)).

3.2. Purification of the Putative Adhesins

The extracted surface proteins of different sizes (13, 18,
23, 25 and 28 kDa) were concentrated by precipitation
with 2% polyethylene glycol (Figure 2(a) lanes 2 and 3).
When the sample containing the aforementioned proteins
was re-precipitated with 6% polyethylene glycol, two
proteins (13 and 25 kDa) became clearly visible (Figure
2(a), lanes 4 and 5). When electroeluted and re-electro-
phoresed, the two proteins appeared form multimers at a
higher molecular weight; however, if they were electro-
phoresed in the presence of 3 M urea, they retained their
original sizes of 13 and 25 kDa.

3.3. Immunorecognition of Fimbrial Proteins

Denatured proteins of 13 and 25 kDa were recognized by
the serum of chickens that had been experimentally in-
fected with G. anatis, suggesting that the proteins had
been expressed in vivo. The 13 and 25 kDa bands were
recognized individually by their corresponding anti-rat
serum (Figure 3(a)), although all the anti-sera also seem-
ed to cross-react weakly with two additional bands of ap-
proximately 75 and 60 kDa. These two larger bands were
mainly recognized if urea was absent during electropho-
resis (Figure 3(b)). In the Figure 3, the immune recog-
nition of the 13 kDa protein by three different antisera is
shown. Similar results were observed with the 25 kDa
protein (data not shown).

3.4. Adhesion Assays
When G. anatis F149" was incubated with COPEC, the
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average number of bacteria adhered per cell was 250.1 +
32.1, whereas only 35.7 + 10.6 indigenous bacterial cells
adhered to each COPEC when no G. anatis was added (P
= 0.01). When bacterial cells were treated with trypsin
prior to mixing with epithelial cells, the number of bacte-
ria adhered per cell were similar to the negative controls,
indicating that surface proteins participated in adhesion
(Table 1). However, when bacterial cells were incubated
with antibodies against the 13 kDa protein prior to mix-
ing with epithelial cells, adhesion was not completely
inhibited (189 + 23 bacteria adhered per cell), indicating
that fimbriae formed by this protein are not the unique
adhesin that promotes adherence.

4. Discussion

In this study, we described the presence of fimbriae on
the surface of G. anatis and tested their role in adhesion
to COPECs. Using negative staining, two different types
of fimbriae were observed by TEM. One of the observed
fimbriae appear to be a type IV-like pili because of the
thin filaments forming bundle structures, similar to other
pathogenic microorganisms expressing type 1V pili [18].
Type IV fimbriae are considered appendages that par-
ticipate in motility, microcolony formation, the secretion
of proteases and colonization of host tissues [19]. Further
characterization of the putative type IV pilus from G.
anatis is required before its role in host colonization and
pathogenesis can be determined.

The different protein bands (13, 18, 23, 25 and 28 kDa)
extracted from F149" could be different components of
the same fimbria. All of these bands, including two that
were approximately 35 and 50 kDa in size, were recog-
nized by serum from chickens that were experimentally
infected with G. anatis. This indicated that these proteins
are immunogenic and expressed in vivo. Several of these
proteins were also recognized by the sera against the 13
and 25 kDa proteins, suggesting there is immune cross-
reactivity between them. Hyperimmune serum against
the 13 kDa protein joined to long, thin fibers located on
the surface of G. anatis when immunogold electron mi-
croscopy was used. This indicates that the 13 kDa G.
anatis protein is either part of or constitutes a putative
fimbrial subunit. Although thicker fimbriae were also
observed by electron microscopy, these were not identi-
fied by immunogold-labeled antibodies against the 13
kDa protein. This result suggests that more than one type
fimbria exists on the surface of G. anatis.

In this work, we show that G. anatis F149" is able to
attach to COPEC in numbers > 250 bacteria per cell,
whereas an average of 35 were observed as indigenous
bacteria. This bacterial attachment was blocked if G.
anatis cells were pretreated with trypsin, indicating that
surface proteins take part in this process. Thus, it is
probable that the adhesion of G. anatis, as with other
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Figure 1. Electron micrographs showing fimbriae on the
bacterial surface of G. anatis F149" (a) and (b), and fim-
briae released after shaking the bacteria and concentrated
by precipitation with PEG (c) and (d). In parts (e) and (f),
the immunogold labeling using the polyclonal serum against
the 13 kDa protein from G. anatis can be visualized.

bacteria, is the first step in tissue colonization [20].
Treatment of G. anatis cells with serum against the 13
kDa protein diminished bacterial adhesion to COPEC by
25% (Table 1), indicating that bacterial adhesins other
than the 13 kDa protein also participate in the adhesion
of G. anatis to COPEC. This interpretation is in good
agreement with the four annotated genes encoding puta-
tive fimbrial proteins in the genome of the hemolytic
strain G. anatis 12656-12. It would be very useful to ob-
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Figure 2. Purification of adhesions: (a) Fimbriae preparations electrophoresed in 15% polyacrylamide gels. Lanes 2 and 3
correspond to two different samples precipitated with 2% PEG; lanes 4 and 5 correspond to the same samples after precipi-
tation with 6% PEG. Arrows indicated the 13 and 25 kDa proteins; (b) 13 and 25 kDa proteins bands electroeluted and elec-

trophoresed in the presence of 3 M urea.
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Figure 3. Immune recognition of the putative fimbrial proteins electroeluted and re-electrophoresed with (a) or without (b) 3
M urea using 1): Serum from chickens experimentally infected with G. anatis; 2): Rat serum anti-13 kDa protein; and 3): Rat

serum anti-25 kDa protein.

Table 1. Adhesion of G. anatis to chicken oropharyngeal
epithelial cells.

Strain added ~ Treatment Number of bacteria per cell Mean + SD
None None 35.7+£10.6
None 250.1+32.1"
Gallibacterium .
anatis F1497 Trypsin 362+ 11.5
Anti-13 189.5+23.2

*Signiﬂcantly different from negative control (P = 0.01).

tain a G. anatis mutant deficient in the 13 kDa protein
and compare its adhesion to COPEC against the wild
type strain in order to determine the role of the 13 kDa

Copyright © 2012 SciRes.

protein in adhesion. We are currently working towards
generating G. anatis mutants deficient in the four puta-
tive fimbrial proteins.

We also observed that the 13 and 25 kDa proteins have
auto-aggregative properties because when they were
eluted from a polyacrylamide gel and re-electrophoresed,
bands were observed at higher molecular weights (75 to
60 kDa), suggesting oligomerization of these proteins.
The 75 - 60 kDa bands were also recognized by the poly-
clonal sera against the 13 or 25 kDa proteins, and by the
serum from chickens experimentally infected with G.
anatis (Figure 3(b)). However, when the proteins were
electrophoresed in the presence of a denaturing agent
such as urea, they conserved their molecular weight, in-
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dicating that the larger proteins could be multimers com-
prising one or two protein types.

The presence of putative fimbria on the surface of G.
anatis could contribute to chicken tissue adhesion and
the potential to infect susceptible hosts
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