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Characterization of a Gallibacterium Genomospecies 2 Hemagglutinin
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Abstract: The hemagglutinin of Gallibacterium genomospecies 2 strain CCM 5976 was purified by affinity to
Glutaraldehyde-Fixed Rabbit Erythrocytes (GFRE) using trypsin-treated bacteria. Two protein bands of
approximately 23 and 26 kDa were consistently observed using 12% SDS-PAGE. Other protein bands were also
associated to GFRE but disappeared when heated up to 120°C while the hemagglutinating activity remained.
Hemagglutinating activity by Gallibacterium was not inhibited by mannose or other carbohydrates tested yet
both proteins and carbohydrates were consistently found in samples of purified hemagglutinin. These findings
suggest that the Gallibacterium genomospecies 2 hemagglutinin 15 a glycoprotein-like molecule consisting of

at least two subunits of 23 and 26 kDa and that are thermostable, trypsin-resistant and mannose-resistant.
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INTRODUCTION

The Gallibacterium genus belong to  the
Pasteurellaceae family and mcludes bacteria of avian
origin previously reported as avian Pasteurella
haemolyvtica, Actinobacillus salpingitidis, P. anatis,
taxon 2 and 3 complex of Bisgaard. Currently, the genus
mcludes four named species and three genomospecies
(Christensen et al, 2003, Bisgaard et al, 2009).
Gallibacterium anatis biovar haemolytica has been
assoclated with egg production drop in layer flocks due
to reproductive disorders mn hens (Neubaver ef af., 2009).
The bacterium has been associated to pathological
lesions mcluding salpingitis, peritonitis, septicemia,
pericarditis, hepatitis, enteritis and respiratory tract
lesions (Bisgaard, 1993) but has also been considered as
part of normal upper respiratory and lower reproductive
tract flora of chickens (Bisgaard, 1977). Recently, it was

determined that Gallibacterium genomospecies 2, strain
CCM 5976 1s capable of causing primary infection in
chickens  underlining its pathogenic  potential
(Zepeda et al., 2010). Previous studies have demonstrated
that this stran has hemagglutinating activity and 1s
capable to adhere to tracheal and oviduct epithelial cells
of hens (Ramirez et al., 2007, Zepeda et al., 2009) which
support the 1dea that the strain CCM 5976 has one or more
adhesins allowing it to adhere to host epithelial cells.
Among members of Pasteurellaceae, a variety of adhesins
such as fimbriae, fibrils, outer membrane proteins,
lipooligosaccharides, lipopolysaccharides and capsular
polysaccharides have been described (Jacques and
Paradis, 1998) however, the adhesin through which
Gallibacterium adheres to eukaryotic cells 13 unknown.
The purpose of the present study was to purify and
characterize the hemagglutinin of the stram CCM 5976 of
Gallibacterium genomospecies 2.
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MATERIALS AND METHODS

Bacterial strain: The well-characterized reference strain
CCM 5976 of G. genomospecies 2, obtained from a
chicken oviduct with salpingitis was mcluded in the study
(Christensen et al., 2003, Zepeda et al., 2009, 2010).

Media: The bacteria were cultivated on 10% sheep blood
agar (BD Bioxon, Becton Dickinson, Cuautitlan Tzcalli,
Mexico, Mexico) at 37°C and incubated overnight m a
candle jar. Brain-heart infusion broth (BD Bioxon) was
used for propagation of bacterial cultures. For improved
growth, this medium was supplemented with 1% (¥/v)
filter-sterilized, heat-inactivated horse serum (BIOCEL,
Zapopan, Jalisco, Mexico) as described previously
(Zepeda et al., 2009, 2010).

Rabbit  erythrocytes: Glutaraldehyde-fixed rabbit
erythrocytes were prepared as described previously
(Soriano et al., 2001). Briefly, rabbit blood was collected
and mixed with Alsever’s solution. The erythrocytes were
harvested by centrifugation and washed three times in
0.15 M NaCl. A 1% glutaraldehyde solution was prepared
by dilution with a solution containing 0.01 M Na,PO, (pH
8.2) (1 volume) and 0.15 M NaCl (9 volumes) in distilled
water (5 volumes). A 1% erythrocytes suspension was
prepared in the 1% glutaraldehyde solution and held at
4°C for 30 min. Fixed-erythrocytes were centrifuged,
washed 5 tumes with 0.15 M NaCl and suspended in
distilled water. A 0.01% (w/v) thimerosal was added and
the suspension was stored at 4°C.

Hemagglutinin purification: Bacteria grown on 10%
sheep blood agar were harvested in PBS pH 7.2 and
washed 3 times by centrifugation. The bacterial
suspension was treated with 0.25% trypsin (Sigma, St.
Louis, MO) and incubated at 37°C for 45 min with shaking
(Tritani and Hidaka, 1976). The bacterial suspension was
centrifuged at 8000=g for 10 min and supernatant was
collected, the trypsin activity was blocked with 1% of
proteases intubitor solution (0.06 M PhenylmethySulfonyl
Fluoride in isopropancl [PMSF; Boehringer, Mannheim]).
A volume of 5% of GFRE was added to the supernatant
and mcubated at 37°C for 35 min. The GFRE was collected
and washed 3 times with PBS by centrifugation. The GFRE
was mixed with a glycine buffer (0.4 M) pH 2.8 and
incubated at 37°C overnight. Supernatant was separated
by centrifugation and concentrated using a centrifugal
vacuum concentrator (Vacufuge Plus, Eppendort) at 45°C
and this concentrate was termed purified hemagglutinin.
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Hemagglutination test: The hemagglutinating titers were
determined by performing the assays in 96 well micro-titer
plates. A volume of 50 pl. of purified hemagglutinin
sample was 2 fold serial diluted in PBS and 50 ul. of 1%
GFRE was added. The hemagglutinating titer was the
reciprocal of the highest dilution of antigen showing
complete agglutination of the erythrocytes after
incubation for 30 min at room temperature (Soriano ef al.,
2001).

Sodium  Dodesyl  Sulfate-Polyacrylamide  Gel
Electrophoresis (SDS-PAGE): SDS-PAGE analysis was
carried out as previously described by Laemmli (1570).
Briefly, a volume of 20 ul. of purified hemagglutinin
solution containing & hemagglutinin units was mixed with
5 pl of leading buffer (0.5 M tris, pH 6.8, 10% SDS,
glycerol and bromophenol blue as the dye) in the absence
or presence of 1% reducing agent (dithiothreitol). The
proteins were resolved m 12% SDS-PAGE and the gels
were stained with Coomassie brilliant blue.

Effect of carbohydrates on the hemagglutinating activity:
The effect of carbohydrates on the hemagglutinating
activity of the purified hemagglutinin was determined as
reported elsewhere (Tritani et al., 1981). Briefly, 50 pL of
purified  hemagglutinin  sample  containing  one
hemagglutinin umt was mixed with an equal volume of 1%
solution of the relevant carbohydrate (Fucose, galactose,
galactosamine, N-acetyl glucosamine, marmose, glucose,
xylose, salicin, sucrose and sorbitol) and ncubated at
37°C for 15 min. After this, 50 pl. of 1% GFRE were added
after incubation and the hemagglutinin activity was
recorded 1 h later. Assays were carried out in triplicate.

Heat treatment: To determine the influence of temperature
on hemagglutinating activity of Gallibacterium, 50 ul.
volumes of purified hemagglutinin solution containing
eight hemagglutinin units were heated for 30 min at 37, 50,
60, 80 and 96°C and 15 min at 120°C (Jaramillo ef al., 2000).
Subsequently, hemagglutination assays were performed
as mentioned before.

Protein and carbohydrate determination: Protein
concentrations were estimated by the Bradford assay
using bovine serum albumimn as the standard and the total
sugar content was estimated by the Phenol-Sulfuric Acid
Method using glucose as the standard (Mikcha er af.,
2006). The assays were carried out in triplicate.

RESULTS AND DISCUSSION

The hemagglutinin purification method resulted in
five bands of approximately 9.1, 23, 26, 36.6 and 47.5 kDa
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Fig. 1. Coomassie brilliant blue stained SDS-PAGE
showing purified hemagglutinin of Gallibacterium
genomospecies 2 stram CCM 5976, Line 1,
molecular size marker (kDa); line 2, sample without
heat-treatment; line 3, sample with heat-treatment.
Each sample contamed 8 hemagglutimn umits.
Letters on line 2 and 3 indicates the bands
obtained without or with heat treatment,
respectively A, 47.5 kDa; B, 36.6 kDa; C, 26 kDa;
D, 23kDaand E, 9.1 kDa

as separated by SDS-PAGE. The protein bands of 23, 26
and 36.6 kDa were the most abundant (Fig. 1). No
differences were observed in the purified sample profile
with or without reducing agent. The different tested
carbohydrates including mamnose did not miubit the
hemagglutinating activity of the purified hemagglutinin.
The hemagglutinating activity was retamned after heat
treatment up to 120°C for 15 min showing no decrease in
hemagglutinating titers. Furthermore, the proteins bands
of 23 and 26 kDa were still present whereas the remaining
three protein bands disappeared (Fig. 1). The total
protein/carbohydrates contents of purified hemagglutinin
samples were approximately 50% as determined by the
phenol-sulfuric acid method with 62.3 and 48 ug mIL.™" of
protein and total carbohydrates contents, respectively.
The ability of pathogenic bacteria to adhere depends on
the expression of adhesive molecules or structures named
adhesins which attach to receptors on the host mucosal
surface (Jacques and Paradis, 1998). The bacterial
adhesins may also agglutinate red blood cells of some
animal species and these adhesins, termed hemagglutinins
are important in avian respiratory tract infections
promoted by for example, Avibacterium paragallinarum
(Yamaguchi et al., 1993), Escherichia coli (Maurer et al.,
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1998) and Bordetella avium (Temple ez al., 1998). A wide
variety of adhesins from members of the Pasteurellaceae
family have been characterized (JTacques and Paradis,
1998) however, this is the first report on purification and
characterization of hemagglutining from a member of the
Allibacterium genus, represented by G. genomospecies
2 strain CCM 5976,

In this study, two proteins bands of around 23
and 26 kDa were consistently 1dentified by SDS-PAGE. In
addition, three protens of 9.1, 36.6 and 47.5 kDa,
respectively associated with GFRE were identified.
However, these protein bands were not detected in
samples heated to 120°C for 15 min although, showing
intact hemagglutinating activity thus, mdicating that
these three proteins are not required for the
hemagglutination. Other g-negative bacteria express outer
membrane proteins or surface exposed glycoproteins with
hemagglutinating activity that are thermostable at high
temperatures and involved in bacterial adhesion to
HelLa, human colon adenocarcinoma and Hep-2 cells
(Lutwyche er al, 1994, Mikcha et al, 2006,
Rocha-De-Souza ef al., 2001).

The different carbohydrates used in this study did
not inhibit the hemagglutinating activity. However, this
result does not exclude the involvement of sugar moieties
i the hemagglutimn-erythrocyte interaction since,
alternative disaccharides, monosaccharides or
polysaccharides might inhibit the hemagglutination.
Similarly, some adhesins (Glycoprotein ~ or
lipopolysaccharide) identified in other bacteria were only
inhibited by porcine or bovine mucin, thiroglobulin,
fetuin, asialofetuin and lamimn (Alam ef al, 1996,
Meng et al., 1998; Sarmn et al., 1999). However, none of
these potential mhibitors were tested in the current study.
The protein bands of 23 and 26 kDa did not seem to
underge conformational changes affecting their activity
when heated in the presence of SDS or dithiothreitol.

This 1s unlike the Outer Membrane Proteins (OMPs)
previously reported from members of Pasteurellaceae
family which are heat-modifiable (Beher er al, 1980,
Blackall et al., 1990). Beher et al. (1980) obtained the
smallest molecular weight protein bands of OMPs from
treating samples with trypsin compared to samples heated
at 100°C, tlus fact likely explains the finding of trypsin
treated hemagglutimins that did not modify further despite
high temperature treatment.

CONCLUSION

Researchers have identified a glycoprotem-like
hemagglutinin 1 Gallibacterium genomospecies 2, strain
CCM 5976 which 15 constituted by two subumts of 23 and
26 kDa, respectively. The hemagglutinin is thermostable,
mannose-resistant, trypsin-resistant and likely located in
the outer membrane. Due to the selective purification
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method performed in this study, the presence of other
hemagglutining in Gallibacterium cannot be ruled out and
further studies are needed to clarify the adhesins
mvolvement in hemagglutination and thewr role in
adhesion to epithelial cells of chickens.
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