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ABSTRACT   25 

Introduction Fowl cholera is a significant global disease affecting birds, caused by Pasteurella 26 

multocida. Vaccination is the primary prevention strategy. This study aimed to investigate 27 

potential molecular-level inter-strain variations between the avian vaccine strain and wild isolates 28 

of P. multocida. 29 
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Methods Three P. multocida field isolates collected from deceased birds, along with the vaccine 31 

strain Razi Pm0002 Asara were assessed. Protein analysis of the whole-cell extract from bacterial 32 

mass cultures was performed using sodium dodecyl sulfate-polyacrylamide gel electrophoresis 33 

(SDS-PAGE). 34 

 35 

Results The SDS-PAGE profiles revealed a variety of major and minor polypeptide bands, with 36 

molecular weights ranging from 36 kDa to 105 kDa. A high level of common dominant proteins 37 

was detected across the strains. Notably, only five major and minor protein bands exhibited 38 

differences between the vaccine strain and field isolates. The identified polypeptide variations 39 

indicate a clear opportunity for further comprehensive proteomic and genomic analyses to improve 40 

the currently available fowl cholera vaccine in Iran. Furthermore, all three field isolates displayed 41 

identical protein profiles, a likely (but not certain) confirming of their classification as the same 42 

serotype. Additionally, we assessed the effects of three different liquid broth culture media (PPLO, 43 

BHI, and TP) on the mass culture of the vaccine strain and found no changes in the protein profile 44 

of the resulting bacterin. 45 

 46 

Conclusion From the perspective of the vaccine manufacturer, these preliminary findings suggest 47 

that any of the three examined media may be used interchangeably for large-scale bacterin 48 

production, though further evaluations are warranted to validate this conclusion. 49 

 50 
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1 Introduction   52 

Pasteurella multocida, a gram-negative aerobic bacterium characterized by its short rod/coccoid 53 

shape, is responsible for causing hemorrhagic septicemia (HS) in ruminants, fowl cholera (FC) in 54 

avian species, and atrophic rhinitis in swine (1). Between 2005 and 2019, approximately 106 55 

million cases of HS were reported among ruminants across 41 countries. Of these, roughly 100,000 56 

animals (0.1% of those affected) succumbed to the disease, resulting in an annual economic loss 57 

estimated at USD 700,000 (2). Fowl cholera affects a wide range of avian species globally, 58 

presenting symptoms that can vary from chronic or localized infections to acute septicemia, which 59 

can lead to morbidity and mortality rates as high as 100%. The primary strategy for disease 60 

prevention is vaccination with inactivated or live vaccines; however, these biological options have 61 



 

 

limitations that can render them less than ideal. The poultry sector continues to expand and 62 

industrialize on a global scale (3). In Iran, poultry production is a vital component of national food 63 

security, with the trade—almost entirely managed by the private sector—contributing significantly 64 

to the country's GDP (projected at 2.5% in 2025). Approximately 1.2 billion chickens are raised, 65 

generating an annual revenue of around 9 billion USD. Most, if not all, of the northern provinces 66 

of Iran, such as Gilan, Mazandaran, and Golestan, are reported to be endemic to the disease (4-6). 67 

In 1972, Bozorgmehri Fard and colleagues were among the first to highlight the seriousness of this 68 

disease in these regions (7). Some researchers believe that P. multocida is the primary culprit 69 

behind the mysterious illness outbreaks that sporadically impact northern Iran. The disease 70 

severely affected a substantial number of migratory wildlife birds in the Miankaleh nature 71 

conservation area recently in 2020 (8) and 2021, although it had been documented there as early 72 

as 2006 (4). 73 

The observation that some vaccinated animals remain unprotected against subsequent infections 74 

with P. multocida, even shortly after vaccination, may indicate either insufficient immunity 75 

conferred by the bacterin vaccine or the emergence of infections caused by strains that differ 76 

antigenically from those used in the vaccine formulation (9). Consequently, the development of an 77 

effective vaccine for any specific area relies on selecting vaccine production strain(s) that are both 78 

antigenically similar and immunologically homologous to the strains that are epidemiologically 79 

prevalent in that region (10). 80 

 81 

Traditionally, the diversity of P. multocida has been assessed through serotyping, which is based 82 

on the antigenic properties of the capsule polysaccharide and the composition of 83 

lipopolysaccharides (LPS) (1). However, this method is often time-consuming and labor-intensive, 84 

as it necessitates specific antisera that can be challenging to prepare. 85 

To address these challenges, alternative methods such as sodium dodecyl sulfate-polyacrylamide 86 

gel electrophoresis (SDS-PAGE), which analyzes bacterial protein profiles, and random amplified 87 

polymorphic DNA (RAPD) have been employed for biodiversity analysis (1) across various 88 

bacterial pathogens. Despite the studies conducted on P. multocida, the full extent and richness of 89 

its biodiversity have yet to be comprehensively analyzed (7, 11, 12). 90 

Polyacrylamide gel electrophoresis (PAGE) is a widely utilized technique across numerous 91 

scientific disciplines, including biochemistry, molecular biology, forensics, biotechnology, and 92 



 

 

genetics. This method facilitates the separation of biological macromolecules, particularly proteins 93 

and nucleic acids. The separation occurs according to electrophoretic mobility (13), which is 94 

influenced by the length, conformation, and charge of the molecule (13). Over the past several 95 

decades, SDS-PAGE has gained prominence in bacterial classification (14) and the identification 96 

of protective antigens (15). This technique is relatively straightforward to perform and can 97 

accommodate a large number of samples in a single run (16). 98 

The application of SDS-PAGE for polypeptide mapping of P. multocida isolates has revealed 99 

varied protein band profiles, with sizes ranging from 16 to 104.71 kDa (17, 18). Among these, the 100 

immunoblot assay identified several immunogenic bands, specifically at 82 kDa, 44.37 kDa, 37 101 

kDa, 32 kDa, and 30 kDa (19).  102 

In this study, we aimed to investigate potential inter-strain variations at the molecular level 103 

between the avian vaccine strain and field isolates of P. multocida, focusing on protein fractions 104 

using the SDS-PAGE technique. 105 

 106 

2 Materials and Methods 107 

2-1 Isolation and Identification Four indigenous P. multocida strains were utilized, including 108 

two recently collected (2024) isolates from birds that succumbed to fowl cholera (designated as 109 

strains 55 and 56) and the Razi Pm 0003 Shoushkaleh isolate, which was collected from a deceased 110 

bird circa 2015, along with the commercial vaccine strain Razi Pm 0002 Asara. The identity of 111 

these strains was confirmed through Gram staining, conventional biochemical tests, and KMTC-112 

PCR (20). 113 

2-2 Sample Preparation for SDS-PAGE Technique The Razi Pm 0002 Asara strain was 114 

obtained from a blood agar plate sourced from the Pasteurellosis Vaccine Production Department 115 

at RVSRI. Similarly, the other three strains were obtained on blood agar plates from the Avian 116 

Disease Diagnosis Department at RVSRI. These plates were then used to inoculate culture bottles. 117 

The bacterial biomass for all strains was cultivated by inoculating 50 mL of pure tryptose 118 

phosphate broth (TPB) in blue screw-capped 100 mL glass bottles (Fig 1). 119 
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 127 

Fig 1. Mass bacterial 128 culture of Razi 

Pm0002 Asara strain 129 and Razi Pm0003 

Shoushkaleh, 55, 56 130 Pasteurella 

multocida isolates in 131 Tryptose Phosphate 

Broth medium. 132 

 133 

Overnight incubation 134 of the cultured 

bottles at 37°C 135 continued until a 

culture optical density of 1.0 was reached. This strategy ensured the incubated culture bottles 136 

carried not less than 1.0 ×109 CFU/ml cell mass of the bacterium. The bacterial lawn from each 137 

bottle was checked for purity by microscopy and culture on a blood-agar plate. To stop the growth 138 

and lyse the bacterial cells culture, bottles were subsequently submerged in a water bath and 139 

received a single round of heat-treatment at 65°C for 30 min. The complete inactivation of bacteria 140 

was tested by inoculation of blood-agar plates with 1ml of culture bottle contents and incubation 141 

at 37°C overnight. 142 

For gel electrophoresis, the Laemmli sodium dodecyl sulfate-polyacrylamide gel electrophoresis 143 

(SDS-PAGE) technique was performed using a discontinuous buffer system in vertical mode. 144 

Briefly, whole cell proteins were analyzed with a 4% stacking gel and a 12% separating (resolving) 145 

gel. The resolving gel was prepared at a pH of 8.8, while the stacking gel was set to a pH of 6.8, 146 

and the tank/running buffer achieved a pH of 8.3 through the addition of NaOH and/or HCl 147 

solutions. Samples were mixed with a 2x treatment buffer (0.125 M Tris-Cl pH 6.8, 4% SDS, 20% 148 

glycerol, and 10% 2-mercaptoethanol) and heated for three minutes. Following a 5-minute 149 

centrifugation at 150 g, the supernatant was collected for loading. For each sample, 10 µL of the 150 



 

 

prepared sample was loaded into the gel. Additionally, a molecular weight marker, ranging from 151 

14.4 KDa to 116 KDa (Bio-Basic, BSM0431), was loaded into a separate well. The electrophoresis 152 

was conducted by applying 100 V for 60 minutes. After electrophoresis, the separating gel was 153 

immersed in a staining solution of Coomassie Brilliant Blue R-250 (Bio-Rad, 1610786), followed 154 

by destaining with Coomassie Brilliant Blue R-250 Destaining Solution (Bio-Rad, 1610438). The 155 

gel was shaken continuously for several hours until clear protein bands were visible; it was then 156 

rinsed with distilled water and photographed in white light using a gel documentation system. 157 

Protein band molecular weights were estimated by visual comparison with the protein marker used. 158 

The entire SDS-PAGE experiment was conducted in quadruplicate to ensure accuracy of the 159 

findings and to achieve optimal resolution. 160 

 161 

3 Results  162 

An analysis of the protein profiles of field isolates and the vaccine strain of P. multocida, based 163 

on Coomassie blue-stained gels, revealed that the differences in polypeptide profiles among these 164 

isolates were minimal. The vaccine strain exhibited a total of 32 polypeptides with molecular 165 

weights ranging from 22 to about 140 kDa. The three field isolates, namely Razi Pm 0003, 166 

Shoushkaleh, and isolates 55 and 56, displayed identical protein profiles, also comprising 32 167 

polypeptides within the same molecular weight range of 22 to about 140 kDa. 168 

While most protein bands were detected in the upper segment of the gel between 45 and 116 kDa, 169 

notable differences in protein profiles between the vaccine strain and field isolates were identified. 170 

The most significant distinctions were observed at five positions corresponding to major proteins 171 

within the 45 to 95 kDa range. Nevertheless, three proteins, with molecular weights at the ranges 172 

of 90-95 kDa, 30-40 kDa, and 20-23 kDa, were common to all field isolates as well as the vaccine 173 

strain of P. multocida (see Fig 2). 174 
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 186 

Fig 2 (Run A & Run B): SDS-PAGE Whole-cell protein fingerprinting of representative P. 187 

multocida isolates. Lane F contain the Protein Marker (Bio-Basic, BSM0431). Lane A: Razi 188 

Pm0002 Asara strain, Lanes B, H, I J and K: Razi Pm0003 Shoushkaleh, Lane C: isolate 55, Lane 189 

D: isolate 56. Protein marker band sizes (KDa) are marked. 190 

 191 

4 Discussion 192 

The protein repertoire profiling of P. multocida bacteria was conducted using SDS-PAGE, with 193 

measurements taken against a known protein marker. A review of the published literature on P. 194 

multocida reveals a varied number of polypeptide bands and a wide range of molecular weights 195 

reported from SDS-PAGE analysis of whole-cell bacterial mass. Numan (17) and Munir (21) 196 

identified 7, 6, and 8 bands within a molecular weight spectrum of 15 to 104.7 kDa. Similarly, 197 

Srivastava (22) and Sridevi (9) detected 12 protein polypeptides within the ranges of 16-150 kDa 198 

and 26 to 120 kDa in their whole-cell lysate analyses, respectively. Johnson (23) and Singh (24) 199 

reported 13, 12, and 15 bands in their investigations, respectively. In contrast, Lee (25) identified 200 

twenty-six polypeptides in the 14 to 200 kDa range, while Nawaz (26) discovered 31 bands ranging 201 

from 11 to 125 kDa.  202 

In Iranian studies, Jabbari, utilizing a Coomassie blue-stained gel, reported over 30 protein bands 203 

ranging from 24 to 174 kDa in the whole-cell protein lysate of P. multocida. As illustrated in Fig. 204 

2, and consistent with Jabbari's findings, we have similarly detected more than 30 bands in the 205 

whole-cell protein repertoire of both vaccine-derived and field isolates of P. multocida. As noted 206 

by researchers in this field, the findings of SDS-PAGE polypeptide separation are expected to 207 

exhibit considerable variability based on experimental conditions, techniques employed, and the 208 

background of the isolates (10). Additionally, researchers such as Irfanullah (27) argue that the 209 

culture medium used for bacterial mass growth and the sample processing strategies are significant 210 

factors contributing to the variations observed in the polypeptides detected by SDS-PAGE. In 211 

contrast, our findings indicate that the culture medium has little to no significant impact on the 212 



 

 

number or size of detectable bands. We observed no differences in the polypeptide bands produced 213 

by the Razi Pm 0003 Shoushkaleh strain when grown in Tryptose Phosphate (TP) broth, 214 

pleuropneumonia-like organisms (PPLO) broth, and Brain Heart Infusion (BHI) broth (Fig 2). 215 

However, we believe this observation merits further comprehensive investigation.  216 

 217 

Utilizing SDS-PAGE to explore inter-strain differences in whole-cell preparations of the vaccine 218 

strain and various field isolates revealed two complex yet distinct protein profiles. While most of 219 

the major and minor proteins were shared between the profiles, several unique bands enabled 220 

differentiation between the two patterns. Notably, these differences included three major bands at 221 

approximately 50, 38, and 22 kDa, in addition to several minor bands primarily located within the 222 

55–95 kDa range. 223 

Regarding the molecular evaluation of the prepared inactivated bacterin, the SDS-PAGE results 224 

demonstrated that all three field isolates exhibited a distinct 38-kDa band with high staining 225 

intensity and an overexpressed pattern. The pronounced density of this band may indicate 226 

alterations in the protein composition or structure of these isolates, a finding that has been 227 

previously noted in other studies (28). To determine whether this dominant protein plays a 228 

significant role in antigenic cross-protection among P. multocida serotypes, further 229 

complementary studies at both molecular and immunological levels are necessary to validate this 230 

hypothesis. 231 

A further intriguing observation from this study was the identification of an identical protein 232 

profile among isolates collected from the Miankaleh Peninsula over a ten-year period. The first 233 

isolate, referred to as Razi Pm 0003 Shoushkaleh, was received in our laboratory in 2014 after 234 

being collected from a deceased bird. The subsequent two isolates, designated 55 and 56, arrived 235 

in 2026, having been collected from two autopsied dead birds presumably infected by P. 236 

multocida. 237 

 238 

5 Conclusion  239 

If confirmed through molecular genotyping, the presence of a particular serotype of avian P. 240 

multocida that has been circulating in the region for over a decade may indicate the existence of 241 

an epidemiologically significant strain. This strain appears to have successfully dominated the 242 

area, showing resistance to vaccination efforts and continuing to affect avian hosts in the region. 243 



 

 

 244 

Acknowledgments   245 

The authors express their gratitude to the Razi Vaccine & Serum Research Institute for their 246 

logistical and administrative support. We also extend our thanks to Dr. Mohsen Bashashati from 247 

the Poultry Disease Diagnostic Laboratory for kindly providing the P. multocida isolates 55 and 248 

56, Drs Maedeh Samianifard for her excellent work with SDS-PAGE experiment and Reza 249 

Najafpour for his assistance with bacterial mass cultures, all from RVSRI, Karaj.  250 

 251 

CRediT authorship contribution statement 252 

ShKh developed the study concept and performed the laboratory work, including bacterial 253 

cultures, antimicrobial susceptibility testing and molecular analysis. AZM and MSh supervised, 254 

designed, drafted, and revised the manuscript. PKh and KT helped with data curation, writing, 255 

reviewing, editing and submitting of the manuscript for publication. 256 

 257 
Data availability 258 

Not applicable. 259 

 260 
Declaration of Competing Interest 261 

The authors declare that they have no known competing financial interests or personal 262 

relationships that could have appeared to influence the work reported in this paper. 263 

 264 

Funding 265 

Not applicable. 266 

 267 

Ethics approval 268 

Not required. No work with live vertebrates was conducted. Isolates used here were recovered 269 

from previously collected bacterial archives. 270 

 271 
Declaration of Generative AI and AI-assisted technologies in the writing process 272 

Not Applicable.  273 



 

 

References:  274 

 275 

1. Desem MI, Handharyani E, Setiyono A, Safika S, Subekti DT, Ekawasti F. Morphology, biochemical, 276 
and molecular characterization of Pasteurella multocida causing hemorrhagic septicemia in Indonesia. Vet 277 
Med Int. 2023(1):1-9. 278 
2. Almoheer R, Abd Wahid ME, Zakaria HA, Jonet MAB, Al-Shaibani MM, Al-Gheethi A, et al. Spatial, 279 
temporal, and demographic patterns in the prevalence of hemorrhagic septicemia in 41 countries in 2005–280 
2019: A systematic analysis with special focus on the potential development of a new-generation vaccine. 281 
Vaccines. 2022;10(2):1-17. 282 
3. Nassar FS. Strategic role of poultry production sciences in shaping the future of global food 283 
security and strengthen sustainability. Poultry Sciences. 2026;105(5):1-11. 284 
4. Fereidouni S, Modir Rousta H, Azin F. The first report of avian cholera in Miankaleh Wetland, 285 
Southeast Caspian Sea. Podoces. 2006;1(1/2):71-5. 286 
5. Ghadimipour R, Ghorbanpoor M, Gharibi D, Mayahi M, Jabbary A. Pheno-and genotypic 287 
characteristics of Pasteurella multocida avian isolates in selected provinces of Iran. 2017. 288 
6. Poorghafour Langeroodi P, Valadan M, Mohamadiyan B. Isolation and Identification of Pasteurella 289 
multocida from backyard poultry in Golestan Province, Iran. New Finds Vet Microbiol. 2023;5(2):11-8. 290 
7. Jabbari A, Saharee A, Esmaily F. Characterization of avian Pasteurella multocida isolates by protein 291 
profiles and restriction enzyme analysis of chromosomal DNA. Arch Razi Inst. 2002;54(1):1-16. 292 
8. Maken Ali A, Heidarnejad O, Keshavarz Zamanian V, Habibi M, Rabiei K, Talifar H, et al. A 293 
comprehensive monitoring of the high mortality rate of wild waterbirds in Miankaleh Wetland in 2020. 294 
Veterinary Research & Biological Products. 2020;33(3):130-9. 295 
9. Sridevi B, Rao AS, Dhanalakshmi K. Antigenic profiles of Pasteurella multocida (bovine) vaccine 296 
strain P52. Indian Veterinary Journal. 1999;76(9):771-5. 297 
10. Kamran M, Ahmad M, Anjum A, Maqbool A, Muhammad K, Khan H, et al. Antigenic variation 298 
among Pasteurella multocida isolates from diseased buffaloes by protein profiling and cluster analysis. J 299 
Anim Plant Sci 2014;24(4):1101-9. 300 
11. Nemati M, Pooladgar A, Borun F. Comparative study of Outer Membrane Protein profiles in some 301 
Pasteurella multocida strain and Pasteurellosis vaccine strain by SDS-PAGE in Ahwaz-South West of Iran. 302 
Journal of Experimental Zoology. 2011;14(1):263-6. 303 
12. Vasfi Marandi M, Dubreuil J, Mittal K. The 32 kDa major outer-membrane protein of Pasteurella 304 
multocida capsular serotype D. Microbiology. 1996;142(1):199-206. 305 
13. Roy S, Kumar V. A practical approach on SDS PAGE for separation of protein. Int J Sci  Res Arch. 306 
2014;3(8):955-60. 307 
14. Yao X, Yi Z, Xu M, Han Y. A Review on the Extraction, Structural Characterization, Function, and 308 
Applications of Peptidoglycan. Macromol Rapid Commun. 2025;46(5):2400654. 309 
15. Sun H-J, Sun X-Y, Shen H-Y, Zhang J-F, Guan L-J, Dong F-M, et al. Comparison study on 310 
immunoprotective efficacy of five antigenic proteins of Pasteurella multocida. Chinese Journal of 311 
Preventive Veterinary Medicine ( Zhongguo Yufang Shouyi Xuebao). 2025;47(1):63-70. 312 
16. Yin H, Liu Y, Zhao Y, Chen P, Chang Z. A FtsZ cis disassembly element acts in Z-ring assembly during 313 
bacterial cell division. Nat Commun. 2025;16(1 (5194)):1-16. 314 
17. Numan M, Iqbal M, Aqil K, Habib M, Yousaf M. Polypeptide mapping of different isolates of 315 
Pasteurella multocida bovine origin. J Vet Anim Sci. 2008;1:37-9. 316 
18. Pal A, Srivastava S, Singh V. Heat modifiability of outer membrane protein of Pasteurella multocida 317 
serotype B: 2. Indian journal of experimental biology. 2002;40(1):106-8. 318 



 

 

19. Tan H, Nagoor N, Sekaran S. Cloning, expression and protective capacity of 37 kDa outer 319 
membrane protein gene (ompH) of Pasteurella multocida serotype B: 2. Tropical Biomedicine. 320 
2010;27(3):430-41. 321 
20. Townsend KM, Frost AJ, Lee CW, Papadimitriou JM, Dawkins HJ. Development of PCR assays for 322 
species-and type-specific identification of Pasteurella multocida isolates. JCM. 1998;36(4):1096-100. 323 
21. Munir R, Shahwar D, Farooq U, Nawaz I, Shahzad I, Khanum A. Outer membrane protein profiling 324 
of Pasteurella multocida. Pakistan Veerinary Journal. 2007;27(1):1-4. 325 
22. Srivastava S. Outer membrane protein of Pasteurella multocida serotype B: 2 is immunogenic and 326 
antiphagocytic. Indian J Exp Biol. 1998;36(5):530-2. 327 
23. Johnson RB, Dawkins HJ, Spencer TL. Electrophoretic profiles of Pasteurella multocida isolates 328 
from animals with hemorrhagic septicemia. Am Vet Med Assoc. 1991;52(10):1644-8. 329 
24. Singh R, Tewari K, Packiriswamy N, Marla S, Rao VD. Molecular characterization and 330 
computational analysis of the major outer membrane protein (ompH) gene of Pasteurella multocida P52. 331 
VETERINARSKI ARHIV. 2011;81(2):211-22. 332 
25. Lee MD, Wooley RE, Brown J, Glisson JR. A survey of potential virulence markers from avian strains 333 
of Pasteurella multocida. Vet Microbiol. 1991;26(3):213-25. 334 
26. Nawaz I, Munir R, Farooq U, Kausar R, Khanum A. Whole cell protein profiling of Pasteurella 335 
multocida field isolates in Pakistan. Pakistan Veerinary Journal. 2006;26(4):157-62. 336 
27. Irfan Ullah IU, Abubakar M, Durrani R, Anjum R, Ayub N, Ali Q. Differentiation of closely related 337 
vaccinal strains of Pasteurella multocida using sodium dodecyl sulphate-polyacrylamide gel 338 
electrophoresis (SDS-page). 2008. 339 
28. Khair SM, Abdelmottileb TY, Shahata MA, Hassan AK. Preparation, experimental and molecular 340 
evaluation of fowl cholera chicken embryo derived inactivated bacterin. J Adv Vet Res. 2024;14(1):218-341 
22. 342 


