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ABSTRACT

Mannheimia haemolytica (M. haemolytica) is an organism causing pneumonia in
ruminants. M. haemolytica causes severe economic losses to the global livestock
industry. Several diagnostic methods have been developed, including bacterial

: culture, bacterial DNA detection and serological assays. Diagnosis of M. haemolytica

: is based on the bacteriological methods such as isolation of the microorganisms from
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: clinical samples. Available methods are time consuming and not easy to perform.
: Serological tests based on recombinant proteins may provide higher sensitivity and

specificity than culture tests. There is a need for new diagnostic methods to detect

: M.haemolytica -specific antibodies. In this study, a latex agglutination test (LAT)

: was developed based on recombinant outer membrane pasteurella lipoprotein E
: (rPIpE) for detecting specific antibodies against M. haemolytica. Expressed
: recombinant PIpE was coated with latex particles for a latex agglutination test. The
: recombinant PIpE was able to detect anti-M. haemolytica 1gG in positive sera, but
: showed no immunoreaction with Pasteurella multocida and negative samples. These
¢ results suggest that the rPIpE can be used to detect the specific anti Mannheimia
: haemolytica - IgG Antibodies. Because the recombinant proteins can be produced
: efficiently and are inexpensively, their use in diagnostic kits such as LATSs as
: reagents can reduce the cost of them. This rapid and specific anti M. haemolytica
: antibody detection method using recombinant proteins can save cost and be widely
¢ applied for efficient and practical detection of. M. haemolytica.
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1. Introduction

M. haemolytica is a gram-negative bacterium that causes
pneumonia, mastitis and septicemia in cattle and small
ruminants (1). Therefore, fast detection of M. haemolytica
is critical. e Several diagnostic methods have been
developed, including bacterial culture, bacterial DNA
detection and serological assays. Conventional M.
haemolytica identification methods are based on evaluation
of bacterial growth evaluation under optimal conditions.
The culture-based method takes days to detect M.
haemolytica. The aim is to achieve fast and accurate
diagnosis in clinical practice. Since PCR requires less time,
it is considered as a valuable technique to identify M.
haemolytica in clinical specimens. Several serological tests
have been evaluated and used worldwide such, as the tube
agglutination  test, indirect hemagglutination,  dot
immunablotting and ELISA. The latex agglutination test
(LAT), as a simpleand fast method, has been widely used
for testing of various clinical samples from medicine and
veterinary medicine (2-7). M. haemolytica outer membrane
proteins (OMPs) have the ability to induce high antibody
responses (8). There are several candidate M.haemolytica
proteins as immunogens, such as outer membrane
pasteurella lipoprotein E (PIpE), which is found in all
serotypes of M. haemolytica (9). Recombinant antigens
have been developed to perform serological studies in using
different outer membrane proteins. There is a need for new
diagnostic methods for specific and rapid detection of
M.haemolytica specific antibodies. In this study, we aimed
to generate recombinant PIpE as an antigen to describe its
application as an Indigenous latex agglutination assay
reagent for the detection of anti- M. haemolytica
antibodies.

2. Materials and Methods

2.1. Bacterial isolation

Pneumonic lunas of sheep were collected from
slaughterhouse. Lung tissues were  examined and
sampled.Colonies on blood acar was examined for the
presence of hemolysis. Identification of the M. haemolytica
was based on biochemical tests (1).

2.2. Gene Construction of Recombinant Protein
Bacterial DNA was extracted from colonies by the boiling
method. The PCR amplification of the Lkt cgene with
primers (F) GCAGGAGGTGATTATTAAAGTGG and
(R) CAGCAGTTATTGTCATACCTGAAC and HP gene
with primers (F) CGAGCAAGCACAATTACATTATGC
and (R) CACCGTCAAATTCCTGTGGATAAC were
performed with PCR master mix (Takara, Japan) and
bacterial DNA per reaction. The reaction mixture solution
for PCR was prepared using 12.5 ul Mastermix. 0.5 ul
each of M. haemolvtica primers, 0.2 ul of Taa DNA
polymerase, 6.3 ul H20. and 4 ul of DNA template to give
a final volume of 25 ul. PCR thermal cycling conditions
consisted of an initial denaturation at 95°C for 5 min for
one cycle followed by 30 cycles of denaturation at 94°C for
60s, annealing at 58°C for 45 s, and extension at 72°C for

60 s. A final extension step was performed at 72°C for 10
min (one cvcle). The PIpE aene was amplified from the
agenomic DNA of M. haemolvtica usina the followina pair

of olioonucleotide primers:
CTCTAATTAGAATTCCGGAGGAAGCGGTAGCGG
and

GCCGGCCCTCGAGTTTTTTCTCGCTAACCATTAT.
The amplified DNA fraoament was cloned into the bET26b
(+) vector to obtain His-tagged protein (pET26b-plpE)
(Novaoen, USA) (10).

2.3. Production of the Recombinant Protein

The recombinant plasmid encodina the PIDE protein was
expressed in E. coli BL21 (DE3). Protein expression was
induced with a final concentration of 1 mM isopropyl-D-1-
thiooalactopvranoside (IPTG). Hiss-tacoed PIPE was
purified usina a nickel affinity column (Qiagen, Germanvy).
The purified protein was evaluated by SDS-PAGE and
Western  blottina. Recombinant  protein  was
electrophoresed by SDS-PAGE usina 4% stackina and
12% separatina acrvlamide oels, and then transferred to
nitrocellulose membrane usina a semi-dry system. The
membrane was blocked with 3% skim milk in PBS and
then incubated overniaht. After three rounds of washing
with PBS containina Tween 20 (PBST buffer). the
membrane was incubated with a 1:10000 dilution of mouse
antihistidine monoclonal antibody (Siama Aldrich, USA)
for 1 hour at room temperature. After washina with PBST.
the membrane was developed with substrate (0.5 ma/ml
Diaminobenzidine, DAB, 0.005% H.O;) (Sigma Aldrich,
USA) (10).

2.4. Rabbit Polyclonal Antibody Production

Four adult male New Zealand White rabbits (2 + 0.2 ka)
were acclimated in the animal house for at least two weeks
in the animal house. On dav zero.1 ml of the inactivated M.
haemolvtica (4 x 109 CFU/mL) emulsified with 1 ml of
Freund’s complete adiuvant (Sigma-Aldrich, St. Louis,
MO, USA) was injected subcutaneously. From the second
to the fourth immunization Freund’s complete adjuvant was
replaced by Freund’s incomplete adiuvant. The control
aroup (four rabbits) received 1 mL of sterile PBS plus 1 mL
adiuvant. Blood samples were collected from the rabbits
before each immunization and one week after the last
booster (11).

2.5.ELISA

ELISA plates (Greiner Bio-One. Austria) were coated with
100 ul/well of protein fractions of whole M. haemolvtica at
0.1 ug/ml in 50mM carbonate / bicarbonate buffer (PH 9.6)
at 4°C overniaht. After blockina with 3 % skim milk and
washina three times with PBS containina 0.05% (v/Vv)
Tween 20, 100 ul of rabbit sera diluted 1:50 in 1% BSA
were incubated for one hour at 37°C. Horseradish
peroxidase anti-rabbit 10G coniuoate (Siama-Aldrich, St.
Louis, MO. USA) diluted at 1:6000 was added and
incubated for Thour at 37 °C. 100 ul of the substrate buffer
containina O-phenvlenediamine dihydrochloride (OPD)
(Siama Aldrich, USA) and 30% H202 were added to the
plate wells. Finally, the optical density (OD) was read on an
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ELISA reader (Immunoskan BDSL, Thermo Lab. Systems,
Finland) at 450 nm (11).

2.6. Western Blot Analysis

Crude cell lvsate of M. haemolvtica and purified rPIpE
were resolved by 12% SDS-PAGE and transferred to a
nitrocellulose membrane. After blockina with 5% skim
milk in PBS overnioht at room temperature (RT).
themembrane was washed with PBST and incubated with
rabbit polvclonal antibody at 1:50 dilution for 1 hour at RT.
After washina, horseradish peroxidase anti-rabbit 1aG
conjuaate (Sioma-Aldrich, St. Louis, MO, USA) diluted at
1:2000 was added and incubated with shakina for 1 hour at
RT. Finallv. the membrane was washed and placed into a
substrate solution (H.O2/ DAB) (Sigma-Aldrich, St. Louis,
MO. USA) (11).

2.7. Coating of Polystyrene Particles with Recombinant
Protein

Coatina of the purified PIpE on the surface of white-colored
polvstvrene particles of identical size (0.3 um) was
conducted. 100 uL of latex beads were added to 20 ul of
purified recombinant PIpE protein. The mixture was then
incubated with aentle stirrina at 37°C for two hours, after
which it was subjected to centrifuoation at 5,000 rom for 10
min. The supernatant was then carefully aspirated out. The
pellet was resuspended in blockina buffer (10 mM PBS,
pH 7.4, containina 3% BSA) with gentle stirring at 37°C
for 45 minutes and then centrifuaed at 5,000 rom for 10
minutes. The blocked beads were washed twice with PBST
buffer (obH 7.4) and centrifuaged at 5.000 rom for 10
minutes. Finally, the coated beads were resuspended in a
storage buffer (0.1 M alvcine saline buffer, pH 8.6, with
0.1% sodium azide.) and stored at 4°C.

2.8. Latex Aaalutination Test

A 20 ul volume of sensitized latex suspensions and a 40 uL
anti-M. haemolvtica laG-positive serum were mixed on the
aqgalutination card for 2 minutes. The sensitized latex beads
were simultaneously mixed with a serum sample that was
neaative for M. haemolvtica. The aaalutination results were
classified as positive (+) or neaative (-). To ascertain the
specificity of the LAT. the cross-reactivity was evaluated
with an anti- Pasteurella multocida-positive serum. To
ascertain the stability of the latex beads, they were stored at
4°C for 1-4 months.

2.9. Statistical Analysis

The statistical analysis was carried out using the IBM SPSS
version 16. All data were expressed as the mean + standard
deviation (SD). A p-value of less than <0.05 was
considered as statistically significant.

3. Results

3.1. Identification of M. haemolvtica

M. haemolvtica was distinquished phenotypically by the
presence of small gray circle colonies with B-hemolvsis and
rod-shaped bacilli in the Gram staining. The catalase and
oxidase tests vielded positive results, whereas the indole
returned a neaative outcome. The PCR-amplified products
of the M. haemolvtica Lkt and HP aenes were visualized as
206 and 90 bp bands, respectively (Figure 1). These

findinas corroborate the hvpothesis that the isolated
microoraanism in the study samples is indeed M.
haemolvtica.

3.2. Expression and Purification of the Recombinant
Protein

The results of the SDS-PAGE analvsis showed the rPIpE
with a molecular weiaht of 48 kDa (Fiaure 2). Western blot
analvsis revealed that the, anti-His monoclonal antibody
was specifically reacted with a protein of approximately 48
kDa, which corresponded to rPIpE (Figure 2).

3.3. Indirect ELISA

Specific antibody against M. haemolytica was generated
from a heat -inactivated immunogen. The presence of anti-
M. haemolytica antibodies was detected in all immunized
rabbits, with levels significantly higher than those observed
in the control group throughout the experiment. This
outcome substantiates the efficacy of the immunization
procedure (p<0.05). The presence of anti- M. haemolytica
antibodies was seen on days 7, 14, 21 and 28, with a
notable increase in antibody levels on day 28 (Figure 3).
Non-immunized rabbits showed low antibody titers (p <
0.05).

3.4. Western Blot Detection of Rabbit pAbs Specificity

The specificity of produced the anti-M. haemolytica
antibody in the immunized groups was also confirmed
using Western blot analysis. The antibody generated against
the whole cells of M. haemolytica exhibited reactivity with
the protein fractions of M. haemolytica and purified rPIpE
protein but not with the control sera. The results showed
that the produced anti-M. haemolytica antibodies were able
to specifically detect the rPIpE protein.

3.5. Latex Agglutination Test Using Recombinant
Protein

The PIpE-LAT demonstrated apositive agglutination
pattern with an anti-M. haemolytica IgG-positive serum.
The test was confirmed to be highly specific for M.
haemolytica, as there was no false-positive reaction with
positive serum for Pasteurella multocida. No agglutination
was observed for negative samples and PBS after 2 minutes
(Figure 4). The stability of the sensitized latex beads was
found to be at least 4 months after storage at 4°C.

4. Discussion

Diagnosis of M. haemolytica is based on bacteriological
methods such as the isolation of the microorganisms from
clinical specimens. The currently available methods are
time-consuming and not easy to perform. It is imperative to
develop optimized tests for the rapid and simple detection
of antibodies against M. haemolytica with high sensitivity
and specificity. In a study conducted by Haji Hajikolaei et
al. (2010), bacteriological investigations and indirect
hemagglutination test (IHA) were compared on the
nasopharyngeal and nasal samples from slaughtered cattle.
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Figure 1. PCR amplification of the Lkt and HP genes. The 100 bp DNA Ladder (Lane M) was used as a reference for the amplicons of Lkt
and HP (206 bp and 90bp) (Lanes 1,3,4,5,6,7). Lanes 2 and 8 were used as negative controls.

Figure 2. SDS-PAGE of rPIpE (A) and Western blotting with anti-histidine antibody (B). Purified rPIpE (Lane 1). Pre-stained protein ladder
(Cinnagen PR911654 [SL7012 ]) (Lane M). The samples derived from the same experiment and gel/blot were processed in parallel
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Figure 3. The serum antibody titers in the immunized rabbit with the whole-cell antigen of M. haemolytica were measured by ELISA after
five injections (1 mg/animal) with one-week intervals.
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Figure 4. Slide latex agglutination test with latex beads coated with rPIpE. (A)The results demonstrated a positive agglutination reaction
with anti- M. haemolytica 1gG-positive serum. (B) and (C) exhibited negative agglutination with negative samples (serum control) and PBS
(D) demonstrated the absence of false-positive reactions with anti-Pasteurella multocida -positive serum.

The results showed the isolation of M. haemolytica from 4
(1.6%) of these animals. The IHA test yielded a positive
result for antibody against M. haemolytica in 71.6% of the
sera. In comparison with IHA test, the results obtained by
culture of M. haemolytica (1.6%) were relatively low (12).
Tabatabaei et al. (2018) reported that culture and PCR
methods are practical to identify the bacteria but culture is
more time-consuming (13). In a recent study,Ashrafi et al.
(2022) employed the bacteriological examination of the
samples obtained from the lungs of slaughtered cattle, in
Golestan province, northeastern Iran. Of the isolates, 14
(11.6%) and 22 (18.3%) were positive for P. multocida and
M. hemolytica, respectively. The isolates were identified
through a combination bacteriological culture, biochemical
tests, and polymerase chain reaction analysis (14). Soliman
et al. (2023) identified the presence ofbacteria producing
decarboxylase enzymes in minced meat by cultural and
biochemical tests. The most isolated bacteria were
identified as belonging to theSalmonella species
(specifically,Salmonella Typhimurium, and S. Arizonae),
E.coli “serotype O44:K74 and O125:K70”, Klebsiella
pneumonia, Enterobacter spp, S. aureus, Aeromonas
hydrophila, Proteus mirabilis, Pasteurella multocida and
Lactobacillus species. The implementation of various were
the most isolated bacteria. VVarious methods for the specific
identification of bacteria necessitates the use of expensive
laboratory equipment. For example, ELISA can be
sensitive for detection but this test is requires special
equipment. The LAT is simple, rapid, and much less
expensive than other methods which can be for detection in
laboratories. LAT is easy to perform with no requirement
for expensive equipment and results can be obtained within
several minutes (2). This test can be used as diagnostic tool
for the rapid and specific detection of M. haemolytica.
Serological tests based on recombinant protein may provide
higher sensitivity and specificity than culture tests. Because
the production of recombinant proteins is cost-effective,
their utilization in LATs can reduce the cost of the
diagnostic kits. Outer membrane proteins (OMPs) of M.
haemolytica are the best known stimulators of immunity in
pasteurellosis (5). Recombinant PIpE was evaluated to be

potent immunogen that induced effective immunity against
M. haemolytica (14-19). This study aimed to evaluate the
efficacy of rPIpE, as one of the outer membrane proteins, is
conserved among M. haemolytica strains, in latex
agglutination test (LAT) for detection of Mannheimia
haemolytica specific antibodies (17-19). In the present
study, PIpE was expressed as recombinant protein and
utilized for developing a latex agglutination test.
Escherichia coli is one of the best expression systems for
the production of recombinant proteins. These proteins can
be produced more easily and economically in this
expression system. The PIpE gene for high-level expression
was sub cloned into pET26b (+) in E. coli. Bacterial
expression systems are used frequently due to their rapid
growth rate, capacity for continuous fermentation, and
relatively low cost (19,20). The pET expression vectors
have been widely used for the production of a large number
of proteins. (20,21). It was shown that recombinant protein—
coated particles were able to give a good agglutination
reaction with antibody. Here we describe the development
of a simple and and rapid test based on recombinant
protein. This test does not require any special equipment.
The use of the rPIpE purified recombinant antigen leads to
a more standardized diagnostic test with an improved the
stability and specificity of the test. The latex agglutination
test in association with the bacterial culture and biochemical
tests could help the rapid detection of M. haemolytica
specific antibodies. In this study, we generated recombinant
PIpE and used as antigen for LAT, resulting in high
specificity for detecting M. haemolytica antibodies. This
rapid and specific anti M. haemolytica antibodies detection
method using recombinant proteins can save cost and be
widely applied for efficient and practical detection of. M.
haemolytica.
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