
 

Advancements in Life Sciences  |  www.als-journal.com  |  May 2024  | Volume 11  |  Issue 2                    533 

 
als 

 

 

 

 

 

 

 
Developing a Nano Platform for Bovine Brucellosis Diagnostic 

Product 

Gulmira Tulepova1*, Edil Makhashov1, Loukia Ekateriniadou2,3, Nurzhan Nurkhojayev4, Sagypash Sadiev1 

 

ackground: Brucellosis is one of the most common zoonoses caused by Brucella species. Brucella is an 

intracellular pathogen that causes abortion in domestic animals and brucellosis in humans. The 

disease has no specific pathognomonic signs; hence a prompt and accurate diagnosis of the disease 

plays a very critical role in preventing brucella transmission and treating the disease. 

Methods: Research was carried out at the Department of Veterinary Science of Kazakh National Agrarian 

Research University and in the Molecular Biology laboratory of the Institute for Plant Biology and 

Biotechnology under the Committee of Science of the Ministry of Education and Science of the Republic of 

Kazakhstan. Studies were carried out on a killed culture of the vaccine strain Brucella abortus RB19, genomic 

DNA of B. abortus RB19, Grapevine virus A, plasmid vectors for DNA cloning, a fluorescent nano marker, and 

Brucella membrane proteins. 

Results: The research demonstrated that brucellosis remained one of the most common zoonotic diseases 

worldwide. This disease not only resulted in significant economic losses in agriculture but also posed a 

serious threat to public health.  

Conclusions: The study successfully established prokaryotic expression vectors for efficient protein 

production, validated through sequencing and Western blotting, and proposed a promising nano-platform for 

plant-based synthesis of brucellosis proteins, with potential implications for diagnostic kit development and 

vaccine research in agriculture. 
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Introduction 

Brucella abortus is a gram-negative facultative 

intracellular bacterium of the genus Brucella that is a 

common cause of brucellosis in cattle [1-3]. Brucellosis 

is characterized by several symptoms including fever, 

headache, joint pain, and fatigue [4-6]. The disease can 

persist for weeks to months and can lead to serious 

complications if left untreated [7-9]. Brucellosis poses a 

serious public health problem, especially in developing 

countries where control measures are limited and 

where the disease can have a significant impact on both 

human health and livestock productivity [10-13]. 

Despite advances in veterinary medicine, diagnosing 

brucellosis remains challenging due to its non-specific 

symptoms and the complexity of differentiating 

between vaccinated and infected animals. Recent 

advancements in nanotechnology and genetic 

engineering offer promising avenues for developing 

more accurate diagnostic tools. 

Brucellosis presents a serious problem for the 

livestock industry [14-16]. It can give rise to 

reproductive problems in animals such as abortion, 

stillbirth, and infertility [17,18]. In dairy cattle, infected 

cows may show decreased milk production [19,20]. In 

addition to economic losses, infected animals end up 

being culled, which affects the genetic potential of the 

herd [21]. Animals with brucellosis produce antibodies 

against the field strain of the brucellosis pathogen 

[22,23]. Vaccinated animals also produce antibodies 

against brucellae of the vaccine strain [24,25]. 

However, diagnostic drugs on the global market are 

unable to differentiate antibodies produced to the 

vaccine strain from those produced to the brucellosis 

field strain [26]. As a result, vaccinated animals are 

diagnosed with the disease and slaughtered as per 

veterinary requirements [27-29]. 

This study aimed to create a platform for the 

development of brucellosis antigens in plants for a 

future diagnostic kit for bovine brucellosis. 

Methods 

Research was carried out at the Department of 

Veterinary Science of Kazakh National Agrarian 

Research University and in the Molecular Biology 

laboratory of the Institute for Plant Biology and 

Biotechnology under the Committee of Science of the 

Ministry of Education and Science of the Republic of 

Kazakhstan in 2018-2021. 

The research protocol was discussed and approved at 

a meeting of the Ethical Commission of Kazakh 

National Agrarian Research University, Department of 

Obstetrics, Surgery, and Biotechnology of Reproduction 

on January 4, 2021. 

The objects under study include a killed culture of the 

vaccine strain B. abortus RB19, genomic DNA of B. 
abortus RB19, Grapevine virus A, plasmid vectors for 

DNA cloning, a fluorescent nano marker, and Brucella 

membrane proteins to create a diagnostic test and a 

vaccine against brucellosis in cattle. 

Detection of antibodies 

The study employed a wide range of biochemistry, 

molecular biology, and bioinformatics methods. 

Importantly, the research methodology relies on VLps 

virus particle/antigenic peptide production technology 

and fluorescent polarization technology for the 

detection of antibodies against brucellosis in blood, 

serum, plasma, and milk. The diagnostic kit is based on 

peptide sequences mimicking B. abortus Rb19 vaccine 

strains, which are coupled to regions of viral VLP 

particles for subsequent synthesis in plants. A new 

Viron-Brucella diagnostic kit produced by a plant is 

purified and used as a viral protein diagnostic kit. The 

gene encoding the brucellosis surface antigen Omp16 is 

introduced into the plant using Grapevine virus A 

(vector). 

Detection of brucellosis 

The outer membrane protein (Omp) is an important 

organelle of Gram-negative bacteria that performs 

many tasks and is crucial as a protective antigen. A 

universal method used for molecular weight separation 

and protein analysis is sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE). 

To detect brucellosis based on recombinant B. 
abortus outer membrane protein 16kDa (rOmp16) as an 

antigen, the Omp16 gene of B. abortus was first 

synthesized and cloned in the pET-19b vector and then 

expressed in Escherichia coli cells. The expression was 

subjected to SDS-PAGE, immunoblotting, and western 

blotting. 

Omp16 for diagnostic purposes proved to be a 

valuable marker for serological diagnosis of brucellosis. 

The immunogenicity, specificity, and susceptibility to 

various diagnostic methods contributed to the 

effectiveness of Omp16 in detecting brucellosis in both 

humans and animals. 

The surface antigens Omp16 and Omp25 of the 

brucellosis vaccine strain RB19 were cloned in a 

bacterial system and their nucleotide sequences were 

sequenced. Their expression was also obtained. 

DNA manipulation 

DNA was extracted from a killed culture of B. abortus 

19 vaccine strain using a DNA extraction kit 

(PureLink™ Genomic DNA Mini Kit, Invitrogen). E. coli 
strain TOP10F was used as a host for gene cloning, 

sequencing, and storage of the recombinant plasmid. 

The pET-19b cloning vector was employed for the 
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cloning and sequencing of the amplified gene. The full-

length open reading frame of the Omp16 gene (530 bp) 

was amplified using Taq DNA polymerase (Thermo 

Fisher Scientific) and genomic DNA of B. abortus as a 

template. Specific primers were designed based on the 

DNA sequence of Omp16 retrieved from the NCBI 

GenBank database. Polymerase chain reaction (PCR) 

was conducted using a Real Time StepOnePlus 

thermocycler (Applied Biosystems), following the 

manufacturer's instructions for preparing the reaction 

mixture. DNA denaturation was performed at 94, 62, 

and 72°C, and the final DNA extension was performed 

at 72°C over 10 minutes. 

Prokaryotic and Soluble Expressions 

In the process of the research, the prokaryotic 

expression vectors pET-19b-OMP25 and Omp16 were 

established and induced for expression in E. coli. 
Prokaryotic expression has simple requirements and 

high expression efficiency, but some proteins can 

integrate with host cell membrane cells, thereby 

reducing the expression level of foreign proteins in 

cells. Because of the importance of high levels of 

recombinant protein production in immunological 

studies, this hybrid was cloned into the pET-19b 

expression vector. 

The expression of soluble proteins is influenced by 

several factors, such as enhanced aeration of the 

bacterial mass, its volume, and alterations in induction 

conditions and incubation temperature. Improved 

aeration of the bacterial culture contributes to elevated 

expression levels and solubility of the target proteins. 

The integrity of the cloning was validated through 

sequencing of the cloning product. 

Results 

The validation of our Omp16 and Omp25 was 

confirmed through sequencing, SDS-PAGE, and 

western blotting analyses. The Omp25 gene was 

amplified, and its accuracy verified via agarose gel 

electrophoresis (Figure 1). Following successful 

amplification, the products were ligated into the 

cloning vector pET-19b and transformed into 

competent TOP10F E. coli cells. The integrity of the 

recombinant plasmids was confirmed through 

restriction enzyme digestion (NdeI and XhoI). 

Subsequently, sequencing of pET-19b+Omp25 was 

conducted using specific primers. The size of the Omp 

25 gene is 642 bp, while the size of the 

noncomplementary primer nucleotides matrix 

containing restriction sites is 38 bp. 

Western blotting using antibodies has shown specific 

reactivity with the purified rOmp25 produced in E. coli 
cells. The Omp16 family may not only play a part in 

protective humoral immunity but also induce specific 

cellular immunity. This brucella outer membrane 

protein can be recommended as a basis for the 

development of diagnostic and vaccine preparations, a 

brucellosis subunit vaccine, or a DNA vaccine. 

 
M – marker 1Kb plus DNA ladder (Thermo Fisher Scientific); 
1-2 – amplified fragment of Omp25 gene DNA; 
3 – negative control. 
Figure 1: Amplification of the Omp25 gene with specific primers. 

The expression and purification of the recombinant 

protein were successful. Upon induction with IPTG, the 

expected size of the rOmp25 protein, 42 kDa 

(comprising 25 kDa for Omp25 and 17 kDa for pET-

19b), was observed. Analysis of lysate from induced 

TOP10F E. coli and the purified protein through SDS-

PAGE (10%) revealed the presence of the expected 

recombinant protein with a molecular mass of 

approximately 42 kDa (Figure 2). 

 
M – marker PageRuler™ Plus Prestained Protein Ladder (Thermo 
Fisher Scientific); 
1-3 – negative controls; 
4 – expression control, clone 1; 
5 – expression test, clone 1; 
6 – expression control, clone 2; 
7 – expression test, clone 2. 
Figure 2: Electrophoresis of proteins isolated from E. coli cells in 
denaturing PAG (12.5%). 

Discussion 

In recent years, there have been many attempts to 

identify novel immunogens in the proteome of bacteria 

of the genus Brucella using immune proteomics 

approaches [30, 31]. The selection and production of 

new candidates for the development of diagnostics are 

the principal practical steps in the introduction of new 

diagnostic drugs and vaccines [32]. The major OMP 

proteins in Brucella spp. perform the role of 

immunogenic and protective antigens. Omp25 is one of 

the chief proteins in the OMP class in Brucella spp. 
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The research indicates that Omp25 plays a role in 

virulence, as evidenced by the weakening of B. abortus 

when infected with the B. abortus Omp25 mutant. 

Previous studies have reported that Omp25 inhibits 

TNF-α production in human macrophages infected with 

B. suis [33]. Previous reports have indicated that the 

DNA vaccine Omp25 from B. melitensis provides 

protection against infection with a wild-type virulent 

strain of B. melitensis in mice [34]. In our investigation, 

we selected the Omp25 gene, a dominant antigen of B. 
abortus RB19, for cloning, expression, and molecular 

analysis as a crucial component of the nano-platform 

alongside Grapevine virus A. To achieve high 

expression of the recombinant protein for immunologic 

studies, we used the positively charged expression 

vector pET32(a)+. The pET plasmid vector is widely 

recognized as the most efficient system for cloning and 

expressing recombinant proteins in E. coli. Specifically, 

the pET32 vector is optimized for high-level expression 

of peptide sequences when fused with Tha•Tag™ 

proteins, which consist of 109 amino acids. 

Cloning sites embedded in crosslinked proteins for 

expression also contain sequences of His•Tag® and 

S•Tag™ for cutting, which is essential for marker 

identification and subsequent purification. The target 

genes are inserted into pET plasmids, which contain 

robust bacteriophage T7 transcriptional and 

translational signals, allowing for controlled 

expression. Expression is triggered by the presence of 

T7 RNA polymerase in the host cells. This polymerase 

is highly active, such that upon full induction, nearly 

all cellular resources are devoted to expressing the 

target gene. The results show that brucellosis remains 

one of the most prevalent zoonotic diseases on the 

planet that not only causes large economic losses to 

the livestock industry but also poses a significant 

public health problem [35]. In our study, the 

prokaryotic expression vectors pET-19b-OMP25 and 

Omp16 were established and induced for expression in 

E. coli. Prokaryotic expression has simple requirements 

and high expression efficiency, but some proteins can 

integrate with host cell membrane cells, thereby 

reducing the expression level of foreign proteins in 

cells. Because of the importance of high levels of 

recombinant protein production in immunological 

studies, this hybrid was cloned into the pET-19b 

expression vector [36]. 

Soluble protein expression is associated with many 

factors, including increased aeration of the bacterial 

mass, its volume, and changes in induction conditions 

and incubation temperature. Increased aeration of the 

bacterial culture enhances both the expression level 

and solubility of target proteins. The integrity of the 

cloning was confirmed through sequencing of the 

cloning product. Additionally, sequencing results, 

along with SDS-PAGE and western blotting analyses, 

validated the expression of Omp16 and Omp25. 

The creation of a nano-platform where genes 

encoding surface antigens can be expressed in plants, 

specifically a nano platform to synthesize brucellosis 

proteins in plants, will enable the development of a 

diagnostic kit that will differentiate infected animals 

from those vaccinated against brucellosis. The 

proposed platform relies on VLps virus 

particle/antigenic peptide production technology and 

fluorescent polarization technology for the detection of 

antibodies against brucellosis in blood, serum, plasma, 

and milk. 

The platform combining the gene of Grape virus A 

and the gene of brucellosis antigen is a unique 

development, as it allows the synthesizing of Brucella 

membrane proteins in plants. This, in turn, provides a 

basis for developing a diagnostic kit against brucellosis 

in agricultural animals. The described platform may 

also provide a foundation for developing other chimeric 

proteins important for agriculture, including vaccines 

against particularly dangerous animal diseases. 
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