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Abstract: 
Recombinant proteins are made into expression vectors that can be used to clone recombinant DNA. which enables messenger RNA to be translated and the gene to be expressed. A gene can be altered using recombinant DNA technology, which might cause a mutant protein to be produced. A modified form of natural protein is called recombinant protein, which is created in a number of ways to increase protein output, change gene sequences, and make useful commercial commodities. Production of recombinant proteins starts at the genetic level with the extraction and cloning of the desired protein's coding sequence into an expression plasmid vector. Although they are expressed in cultivated bacteria, yeast, animal cells, and plants, the bulk of therapeutically beneficial recombinant proteins are made by humans. Recombinant proteins have benefits for clinical diagnostics, including uniform production, scalability, and controlled quality, which result in more reliable and consistent test findings. They play a crucial role in tests such as immunoassays, molecular diagnostic methods, and others that rely on how precisely antigens and antibodies interact with other biomolecules. Recombinant technology has been used to make biopharmaceuticals like insulin, interferons, monoclonal antibodies, and cytokines effectively. With the development of more specialized and efficient medicines, these proteins have transformed the treatment of numerous illnesses, including genetic diseases, autoimmune disorders, and cancer.
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Introduction:
Clinical diagnostics has made significant strides in recent years thanks to the fusion of biotechnology and recombinant DNA technology. Recombinant proteins, created by altering an organism's genetic code, have transformed the precision, responsiveness, and specificity of diagnostic assays. This chapter examines the use of emerging recombinant proteins in clinical diagnostics, emphasizing their function in the early diagnosis, ongoing monitoring, and individualized therapy of diseases. [1]
The majority of biological operations in a cell are made possible by proteins, including gene expression, cell development, proliferation, food uptake, intercellular communication, and death, which are the workhorses of biological systems. The blueprint for making proteins is found in DNA. It also functions as a model for the highly regulated transcriptional processes that give rise to messenger RNA (mRNA). A protein is created by translating the message encoded in the mRNA into certain amino acid sequences. The two-step process used by all organisms to generate proteins involves the translation of DNA first into RNA and then into proteins.
Humulin was the first recombinant protein-based medication to receive FDA approval in 1982 [2]. There are hundreds of candidates approved and undergoing clinical trials for protein-based therapies today, which represent a market worth close to $400 billion [3]. The first medical Nobel Prize was awarded for the discovery of an antibody-based therapy for diphtheria in 1891 [4]. Horse serum that had been exposed to an attenuated strain was used to remove the antibodies of the bacterium that causes diphtheria. Twenty years later, another important development—taking insulin from the pig pancreas to treat diabetes mellitus—is an example of using an exogenous protein to address an internal shortage [5, 6]. But to create eight ounces of protein, two tons of pig pancreas were needed [7]. Additionally, using proteins derived from animals may cause patients to develop an immunological reaction and expose them to animal infections. In 1982, insulin was produced using recombinant DNA technology in a bacterial host (E. coli), marking a significant development [8]. Recombinant DNA technology was successfully used to get around problems with animal-derived protein scale-up and immunogenicity. Given that any protein with a known linked gene could theoretically be expressed, tiny molecules, the mainstay of therapy at the time, faced real competition. Since proteins are naturally prone to denaturation, aggregation, and the subsequent decrease of activity, there have been inherent problems that have required being overcome [9]. Additionally, non-specific distribution, immunogenicity, toxicity, and late clearance from the body also presented pertinent issues [10].
What are recombinant proteins, and how are they made?
 Recombinant proteins are made by an expression vector that can be used to clone recombinant DNA, which enables messenger RNA to be translated and the gene to be expressed. A gene can be altered via recombinant DNA technology, which could lead to the generation of a mutant protein. Recombinant protein is a type of natural protein that has undergone various modifications in order to produce more protein, alter gene sequences, and produce valuable products for the market [11].
Genetics is where recombinant protein synthesis begins with the extraction and cloning of the desired protein's coding sequence into an expression plasmid vector. Even if they are produced in bacteria that have been grown in yeast or animal cells, the bulk of therapeutically beneficial recombinant proteins are made by humans. The incredibly complex human genes frequently contain introns, which are non-coding DNA segments. In order to produce a gene without introns, cDNA is produced from mRNA. The promoter, ribosome-binding site, and terminator sequences are provided by the expression vectors because the cDNA lacks regulatory regions. The main variables affecting the synthesis of recombinant proteins for research are the production process's effectiveness, speed, and cost-effectiveness, as well as adequate product yields. Co-expressed proteins in bacteria wouldn't have phosphorylation and glycosylation because they need eukaryotic expression systems for such changes.
Numerous recombinant proteins call for changes, including glycosylation, that can only be carried out in eukaryotic cells. In yeast, insect cells, and mammalian cell culture techniques, these post-translational alterations can be observed.
 
The last ten years have presumably seen the development of efficient transient transfection techniques. Proteins are produced momentarily using cell lines derived from HEK293 cells. Mammalian cells are now used to synthesize the bulk of recombinant therapeutic proteins due to their capacity to produce high-quality proteins that are comparable to those found naturally. With its rapid expansion, thoroughly studied genetics, and enormous output, E. coli also produces a significant amount of approved recombinant therapeutic proteins [12]. Two of the top causes of death worldwide are cancer and infectious diseases. Mass production of therapeutic proteins for the treatment of diseases in millions of people is one of humanity's fundamental needs. Recombinant DNA technologies have recently advanced, enabling recombinant protein synthesis for the creation of pharmaceuticals, vaccines, and diagnostic instruments. Systems for expressing prokaryotic and eukaryotic organisms, such as bacteria, mammalian cells, yeast, insect cells, and transgenic plants, are frequently used in both commercial and scientific settings to create recombinant proteins for these purposes [13]. These proteins are used as tools to identify and quantify certain macromolecules or antigens in patient samples and support illness diagnosis [14].
 The contributions of each system to clinical diagnosis are summarized as follows:
Biotechnology frequently uses prokaryotic and eukaryotic expression systems to create recombinant proteins for a variety of uses. The decision between each system depends on various elements, including the complexity of the protein, post-translational changes, yield requirements, and intended usage. Each approach has pros and cons.
i) Prokaryotic Expression Systems:
Escherichia coli and other prokaryotic bacteria are frequently utilized as expression hosts for recombinant proteins. Prokaryotic systems have the following benefits:
Prokaryotic systems are very easy and affordable to work with because of their quick growth rates and minimal culture requirements.
Prokaryotes may swiftly create high protein yields because of their rapid rates of translation and replication. However, in prokaryotic systems, some proteins can organize into inclusion bodies (aggregates).
Plasmid-based cloning is effective in bacteria, making it simple to introduce and work with recombinant DNA there.
Prokaryotic expression systems have some drawbacks.
 Lack of Post-Translational Changes: Prokaryotes are unable to carry out various post-translational changes, including glycosylation, phosphorylation, and the creation of disulfide bonds, which are essential for the correct folding and operation of several proteins.
Protein Misfolding: In prokaryotic systems, certain complicated or structurally intricate proteins may not fold properly, resulting in the development of insoluble clumps.Limited Secretion: Since the majority of bacterial proteins are expressed in the cytoplasm, it is difficult to create membrane-bound or secreted proteins.
ii) Eukaryotic Expression Systems:
Higher organisms like yeast, mammalian cells (such as those from Chinese hamster ovaries), and insect cells (like those used in the baculovirus system) serve as hosts for eukaryotic expression systems. Eukaryotic systems also have a number of benefits:
Eukaryotic cells are equipped with the machinery to carry out a variety of post-translational modifications, resulting in the synthesis of correctly folded and functioning proteins.
Correct Folding: In eukaryotic systems, complex and physically intricate proteins are more likely to fold properly, producing physiologically active byproducts.
Membrane proteins and secretion: Eukaryotic systems enable the generation of membrane-bound and secreted proteins with the proper modifications.
Mammalian Cell Systems: Because they closely resemble human cells, mammalian cells can be used to make recombinant proteins that have therapeutic uses. Mammalian cells frequently synthesize proteins with human-like glycosylation patterns.
Eukaryotic systems, however, can have several disadvantages:
Cost and Complexity: Working with eukaryotic systems is more difficult and expensive than working with prokaryotic systems.
Lower Expression Levels: Compared to prokaryotic systems, eukaryotic systems typically express proteins at lower levels and with longer manufacturing durations.
Considerations Specific to Each Cell Line: Within eukaryotic systems, many cell lines have variable capacities for protein expression and post-translational modifications.
In conclusion, the decision among prokaryotic and eukaryotic expression systems is based on the unique needs of the recombinant protein, particularly its structure, function, and intended use. [15,16]
iii) Bacterial Recombinant Proteins:
In order to produce recombinant proteins, bacterial systems like Escherichia coli (E. coli) are frequently utilized because of their quick growth and ease of genetic manipulation. Recombinant proteins from bacteria are utilized in clinical diagnostics for a number of reasons, including Recombinant Enzymes: Bacterial enzymes like alkaline phosphatase and horseradish peroxidase are utilized in diagnostic assays to enhance signals, improving the detection of target molecules [17].
Recombinant Antigens: Recombinant proteins made by bacteria are designed to resemble particular pathogen antigens. These antigens are useful for diagnosing diseases like bacterial or viral infections by detecting antibodies against infectious agents in serological assays like ELISA and Western blot [14]. Protein Markers: Recombinant bacterial proteins can serve as reference markers for quality control and standardization in diagnostic assays [18].
iv) Yeast Recombinant Proteins:
Eukaryotic protein expression is possible in yeast systems, enabling the generation of complicated proteins with suitable post-translational modifications and folding. Saccharomyces cerevisiae is particularly useful for producing more complicated proteins with suitable post-translational modifications and folding. One of their functions in clinical diagnosis is [19]. Recombinant Antigens: Serological techniques to find antibodies against fungi like Candida or Aspergillus use yeast-expressed recombinant antigens.
Diagnostic Enzymes: To assist in diagnostic enzymology, yeast-produced enzymes, such as galactosidase, are utilized in colorimetric assays that identify particular substrates [20].
v) Mammalian Recombinant Proteins:
Diagnostic uses for mammalian cell systems include [21]. These systems are frequently employed for more complicated proteins that need appropriate folding and post-translational modifications.
Recombinant Monoclonal Antibodies: Mammalian cell systems are essential for the production of monoclonal antibodies used in immunoassays such as ELISA and flow cytometry, which allow the identification of certain antigens or markers in patient samples [22].
Recombinant Hormones and Cytokines: Recombinant cytokines and hormones from mammalian cells play a key role in diagnostic assays for endocrine disorders, autoimmune illnesses, and immune response profiling [23].
vi) Plant-Based Recombinant Proteins:
A special platform for protein production is provided by plant systems, which may also be more scalable and less likely to harbor human pathogens. [24]
Recombinant Antigens: In point-of-care testing for identifying antibodies against viral or bacterial infections, plant-expressed recombinant antigens are utilized. These tests provide quick and economical diagnostics in resource-constrained settings.
Recombinant allergens created by plants are employed in IgE antibody testing to determine a person's sensitivity to a particular allergen [25].
vii) Insect Cell-Based Recombinant Proteins:
Insect cell systems are useful for creating complicated proteins that need appropriate folding and are frequently used in conjunction with the baculovirus expression system. Their diagnostic responsibilities include [26].
Recombinant Glycoproteins: To create glycoproteins with the proper post-translational modifications, which are required for some diagnostic procedures, insect cell systems are used. [27].
Viral Antigens for Serology: To find antibodies to viruses like dengue, Zika, or influenza, serological assays use viral antigens made by insect cells. [28].
Recombinant proteins have benefits for clinical diagnostics, including uniform production, scalability, and controlled quality, which result in more reliable and consistent test findings. They play a crucial role in tests such as immunoassays, molecular diagnostic methods, and others that depend on the precise interaction between antigens and antibodies or other biomolecules.

 Advantages of Recombinant Proteins
It is possible to produce intricate and complicated proteins with suitable post-translational modifications and folding. In the field of clinical diagnosis, recombinant proteins are the preferred substitute if performance is homologous between the two, as they have numerous advantages over native proteins. The sustainability of the raw materials used to create recombinant proteins is one of their key benefits. Recombinants are produced from enlarged cell lines and collected as needed, making the pure protein accessible as required. Because it depends on the availability of certain donors, the procurement of native tissue is unpredictable. In recent years, it has been more challenging to obtain these raw materials, which has caused a reduction in supplies and an increase in demand for some native proteins. These issues already existed prior to COVID-19, but the pandemic and unanticipated occurrences like the Ukraine War have made them worse. As a result of the impact on the diagnostic market, many native proteins are currently in short supply.
The cost of generating native proteins is unstable and has been rising continuously over the past few years. There are no signs that this tendency will soon change during the next few years, as was already indicated. On the other hand, the price of making recombinant proteins is significantly more predictable. The cost of cell culture and fermentation reagents is far more stable than that of native tissues and is widely accessible. Numerous native proteins have been purified from raw materials, which also include proteins that mimic the protein that is being purified, so there are no protein contaminants present. These contaminated proteins can interfere with immunoassays and lengthen purification cycles, which makes them problematic. It's improbable that recombinant proteins will contain proteins that physiologically or physically resemble the purified protein. This expedites the purifying procedure and reduces the possibility of assay interference from contaminating sources. Since native human proteins are isolated from materials that may include pathogens that cause infectious diseases, no disease-state testing is done. As a result, proteins extracted from natural sources may pose regulatory difficulties for companies that produce diagnostic test kits. Recombinant proteins are extracted from non-human, non-biohazardous cell cultures or fermentation methods [12].
 
New recombinant proteins
Since the late 1980s and early 1990s, reproductive scientists have had access to recombinant versions of the hormones follicle-stimulating hormone, human chorionic gonadotropin, and luteinizing hormone. These three hormones are challenging recombinant targets because of their structural heterodimers. Recombinant hCG, FSH, and LH have not been utilized frequently in the diagnostic field, which is expected. For the evaluation of pregnancy, fertility, and ovulation, Scripps Laboratories created antibody-reactive, recombinant hCG, FSH, and LH using the aforementioned standards. Recombinant hCG is now receiving favorable evaluations. Recombinant FSH and LH are allowed to be used in many clinical immunoassays. The iron-accumulating protein ferritin, which is used as a biomarker for anemia, is one of the trickiest proteins utilized in medical diagnosis. The 24-subunit protein ferritin, which has heavy- and light-chain subunits, is released by the liver and spleen. Because the heavy and light chains have different compositions, it is known that there are several isoforms of ferritin. This presents an additional challenge for those working to produce recombinant proteins. For more than 30 years, recombinant ferritin has been produced, yet due to its intricate structural makeup, the diagnostic sector has only just begun to employ it. A multisubunit ferritin recombinant form has been created by Scripps for the diagnosis of iron-deficient anemia and other disorders. It functions incredibly well in a range of antibody-based test techniques and is composed of both heavy and light chains. The use of this recombinant version of ferritin in clinical immunoassays all around the world is now being evaluated [29, 30].
One of the main illnesses posing problems for public health around the world is dengue. Dengue virus is thought to cause 390 million infections annually, despite scientific advancements in the creation of vaccines against all of its serotypes. The key to the proper management and prevention of this condition has been laboratory diagnosis. The production of the non-structured 1 (NS1) antigen, which is utilized to capture the antibody seen in the serum of infected individuals, on a large scale is currently limiting the advancement of dengue diagnostic kits. In this study, we demonstrate that the non-structural proteins 1 (NS1-DENV1, NS1-DENV2, and NS1-DENV3) and NS1-DENV4 of the dengue virus (DENV) serotypes 1-4 may be produced by the methylotrophic yeast Pichia pastoris KM71H. Affinity chromatography was used to separate the secreted recombinant protein, and SDS-PAGE and ELISA were used to confirm its identity. Due to their efficient production in P. pastoris, the NS1 recombinant proteins have a substantial potential for use in diagnostic tests for dengue virus infections. In industrial-sized bioreactors, the altered yeast can be employed to make commodities. This study demonstrated a viable approach that could aid in the development of an efficient diagnostic test for upcoming investments: employing yeast to manufacture antigens to identify anti-dengue antibodies. The recombinant proteins NS1DENV1-4 thereby produced are intriguing test candidates because of their high yield, antigenic integrity, and inexpensive cost for industrial-scale production [31].
Animal and human populations have been devastated by coronaviruses, which have had a negative impact on both economics and public health. Humans must employ science and evidence-based methods to combat the economic and health dangers posed by coronaviruses as they continue to evolve and re-emerge. Biotechnology, namely the heterologous synthesis of therapeutic proteins, is one of these methods. Insect cell/insect expression systems and mammalian expression systems are the two most efficient means of delivering recombinant proteins utilized as protein subunit vaccines, particularly for COVID-19. They have a great secretion capacity, a high product yield, and the ability to create complex and high-quality proteins, which may be the reason for their success. As more proteins are created and evaluated for therapeutic, preventive, and diagnostic uses in human clinical trials, recombinant protein technology using diverse expression systems advances and becomes more complex. This is especially true when fighting viral diseases like coronaviruses, which globally pose severe dangers to human health [32].
Review of literature
Recombinant protein manufacturing and expression systems are frequently discussed in the literature. To manufacture recombinant proteins with enhanced productivity, quality, and functionality, researchers have looked into a variety of host organisms, including bacteria (Escherichia coli), yeast, insect cells, and mammalian cells. For recombinant proteins to be highly soluble and appropriately folded, expression system optimization is essential.
Recombinant therapeutic proteins have received a lot of attention recently. Recombinant technology has been used to make biopharmaceuticals like insulin, interferons, monoclonal antibodies, and cytokines effectively. With the development of more specialized and efficient medicines, these proteins have transformed the treatment of many illnesses, such as cancer, autoimmune conditions, and hereditary diseases. [33,34]. Recombinant enzymes are used in a variety of industries, such as food processing, agriculture, and the creation of biofuels. Examples include proteases for laundry detergents and cellulases for the generation of bioethanol. [35] The creation of vaccines has greatly benefited from the appearance of recombinant proteins. It is possible to build vaccinations that are both safer and more effective by using recombinant antigens from diseases. This strategy has been effective for hepatitis B, human papillomavirus (HPV), and influenza vaccinations. [36] In structural biology investigations, recombinant proteins have been crucial tools because they have made it possible to discover protein structures in three dimensions (3D), employing techniques like X-ray crystallography and NMR spectroscopy. These structures offer useful information for target identification and logical drug design. [37, 38] Novel recombinant proteins with specialized functions and features have been made possible by advancements in protein engineering and synthetic biology. The creation of artificial proteins with particular binding properties, enzymatic activity, and medicinal uses is highlighted in the literature. [39]
The literature on emergent recombinant proteins emphasizes their significant influence across a range of fields. Recombinant proteins have revolutionized how we approach problems and possibilities in biology, medicine, and biotechnology, from medicines to industrial uses.
Future Directions:
Modern Protein Engineering: Protein engineering is a rapidly developing field. Methods for creating and engineering proteins with enhanced stability, specificity, and novel functionalities are being investigated by researchers. [40] Rapid protein synthesis, effective isotope labeling, and control over reaction conditions are all benefits of cell-free protein synthesis, which enables protein manufacture without the need for whole cells. [41]
Synthetic biology methods the development of new biological systems for protein synthesis is made possible by synthetic biology approaches, which also allow for the effective tuning of cellular machinery for the synthesis of recombinant proteins [42]. Recombinant proteins can be customized for personalized medicine, in which certain protein variations are created to correspond to a patient's genetic profile, enhancing therapy effectiveness and reducing side effects. [30] Integrating data from many "omics" methodologies, such as proteomics, genomics, and others, can shed light on how proteins are expressed, folded, and modified, which can be used to improve production methods. [43]
Novel Expression Hosts: Investigating non-traditional expression hosts, such as yeast, algae, and insect cells, can have benefits for scalability, post-translational modifications, and protein folding. Moving from batch to continuous bioprocessing can boost output, save costs, and improve the quality of recombinant protein production. [44]
CRISPR/Cas-Based Methods: By using CRISPR/Cas systems for targeted gene editing in host cells, one can precisely control the amounts and alterations of protein expression. [45]. Biosafety and biosecurity: As the usage of recombinant proteins grows, it is crucial to take precautions to avoid unintentional exposure of information or improper use. [46]
Consequently, despite the difficulties that emergent recombinant proteins face, recent developments in synthetic biology, cell-free systems, protein engineering, and other fields show promise for overcoming these difficulties and realizing the full potential of recombinant proteins in a variety of applications.

Discussion
Therapeutic recombinant proteins are exogenous proteins produced by an organism that are utilized to treat or prevent illness in humans or other animals. Therapeutic recombinant proteins have emerged as the most significant advancement in pharmaceuticals since Escherichia coli produced human insulin for the first time in 1982 [47, 48]. Many recombinant proteins have been created, then medications with the potential to treat everything from cancer to arthritis have entered the market, and there are presently hundreds more being developed [49, 50, 51, 52, 53]. Recombinant proteins, in contrast to conventionally produced pharmaceuticals, are huge, complex, and able to behave in a variety of smart and specialized ways. Utilizing the protein production apparatus present in all cells, these innovative drugs must be produced physiologically due to the difficulty of chemically creating proteins due to their size and complexity [54]. The pharmaceutical industry has undergone a "major paradigm shift" as a result of the efficiency and scalability of production using plant expression systems [49].
Monoclonal antibodies (mAbs), which were initially cloned from human immunoglobulin G1 (IgG1), are some of the most potent therapeutic recombinant proteins because of their ability to target epitopes with high specificity. Thanks to technological improvements, mAbs today have the ability to accomplish a number of goals as therapeutic agents. For instance, mAbs can present an antigen or imitate a signaling ligand; they may stop the activity of other proteins or inhibit enzymes; and they can stimulate the host immune system to attack a specific cancer cell [55]. Today, therapeutic recombinant proteins are being generated and developed for use as vaccinations; serum proteins, enzymes, growth factors, cytokines, hormones, and growth factors are only a few examples [49, 50, 52, 53].
A sizeable part of therapeutic proteins are also made in the yeast Saccharomyces cerevisiae and murine myeloma cells, although the majority are made in (CHO) Chinese hamster ovary cultured cells or E. coli fermentations. [56] These expression systems are the ones with the best production of protein identification, and each system has benefits and drawbacks of its own. Other expression systems, which have not been used as much, might be able to create novel therapeutic medications or enhance the synthesis of already existing proteins. More than 130 RPs have been given clinical use approval by the US FDA since 1982. The production and usage of more than 170 RPs in medicine are widespread, though. Recombinant human insulin was a very early example of how biotechnology was being used in the creation of pharmaceuticals. Recombinant proteins are more quickly developed than tiny compounds and are powerful medications free from unintended side effects. A multibillion-dollar market, all Big Pharma now develops RP as medications [57]. The bulk of human illnesses are caused, in whole or in part, by the malfunction of certain proteins. Diabetes, viral diseases, hemophilia, and anemia are just a few of the conditions that can be treated with therapeutic proteins. Antibodies, interleukins, enzymes, fc-fusion proteins, hormones, and anticoagulants are typical therapeutic proteins. The market for therapeutic pharmaceuticals is mainly reliant on genetically engineered human proteins. The Hepatitis B vaccination is one of the many RP vaccinations that the FDA has authorized, which guards against illness brought on by every known subtype of the Hepatitis B virus [58].
For the treatment of severe conditions such as cancer, asthma, rheumatoid arthritis, cerebral apoplexy, myocardial infarction, Crohn's disease, neutropenia, thrombocytopenia, anemia, hepatitis, and dwarfism, recombinant proteins are also used in the clinic [12]. Recombinant proteins are used in agriculture, bioengineering, and the manufacture of food. Enzymes, for instance, can be used in animal feed in the breeding business to improve animal performance, support animal gastrointestinal health, lower feed and waste management costs, and boost the nutritional content of feed materials. Furthermore, the manufacture of fermented foods has long been accomplished using lactic acid bacteria (LAB). Recently, LAB has been modified to express recombinant proteins, which have a variety of uses, including enhancing human and animal digestion and nutrition [59].
	 


Conclusion
The creation of recombinant proteins for various uses has increased and been facilitated by developments in the field of biotechnology. For the development of medicinal medications, diagnostic tools, and basic life science research, RP's significance has grown quickly. Their contribution to biotechnology is indispensable. Other scientists anticipate further advancements in the use of recombinant proteins to treat a variety of ailments. Continuous research improves production processes, broadens uses, and opens up new opportunities for these adaptable compounds.
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