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Abstract 

One of the significant aspects of the production of proteins is the discussion of their stability 

and solubility. Studying the stability of proteins and identifying factors that increase their 

stability, is one of the important and interesting topics in scientific societies. The production of 

biotech medicinal proteins plays an important role in the fight against diseases. Proteins are 

stable only in a limited range of temperature and acidity conditions and are very susceptible to 

physical and chemical degradation. Today, various solutions have been proposed to increase the 

solubility and stability of proteins, which include guided changes in the protein molecule and 

optimization in the instructions for expression, purification, and the solubility process of 

proteins, which most of the time, the first approach is not possible and achievable. This review 

study provides solutions to increase the stability of proteins at different levels, including 

investigating the impact of the design of the expression structure, sequence, and protein 

sequences on stability, the optimal selection of the host cell, and the improvement of the 

expression conditions be also discussed. In addition, the effect of optimization of buffers used 

in pharmaceutical formulations, such as the selection of suitable amino acids and osmolytes to 

increase protein stability, and the effect of sugars and polyols on the stability of recombinant 

pharmaceutical proteins are also investigated. 
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Introduction 

One of the significant aspects of the production of proteins 

is the discussion of their stability and solubility. The 

stability of proteins during the process of expression and 

purification is one of the important and challenging issues, 

because many recombinant proteins are unstable under the 

conditions they are expressed and lose their correct folding 

or undergo proteolytic failure, and finally, their stability 

decreases at the spatial structure level. Therefore, studying 

the stability of proteins and identifying factors that 

increase their stability, is one of the important and 

interesting topics in scientific societies [1-4]. In the 

production of recombinant proteins, it is very important to 

produce a stable protein with correct folding and proper 

function for medicinal use [5-7]. Today, various strategies 

have been proposed to increase the solubility and stability 

of proteins, which include directed modifications. It is in 
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the protein molecule or the optimization is done in the 

expression protocols, purification, and solubility process 

of proteins, which is often not possible and achievable in 

the first approach [1, 8, 9]. One of the problems faced by 

the production of recombinant proteins is the production 

of a protein with correct and active folding in the host cell. 

Unfortunately, many recombinant proteins are not 

expressed in a stable and soluble folded form, and this 

issue is a big obstacle in the pharmaceutical and 

biotechnology industry. The production of biotechnology 

medicinal proteins plays an important role in the fight 

against diseases. In recent decades, the growth of research 

on these products has significantly outpaced that of small-

molecule drugs, and this trend is expected to continue in 

the coming decades [10-13].  

The production of a biological drug is not a direct path, 

because on the one hand, this process requires a lot of 

work, and on the other hand, there is the issue of product 

instability during the process and storage; In addition, 

there are other challenges such as the need for strong laws, 

the scrutiny of Good Manufacturing Practice (GMP) 

regulations and fierce competition in the consumer market. 

Therefore, one of the significant aspects of the production 

of proteins is the discussion of their stability and solubility 

during the process of expression and purification. Because 

proteins are only stable in a limited range of temperature 

and acidity conditions (marginal stability) and are very 

susceptible to physical and chemical degradation. Many 

recombinant proteins are unstable under the conditions 

they are expressed and lose their correct folding or 

undergo proteolytic failure which eventually decreases 

their stability at the spatial structure level. In addition, 

medicinal proteins have a great tendency for aggregation, 

especially when they are kept at high concentrations 

required for doses; therefore, the main problem in the 

production of medicinal proteins, which are a large class 

of drugs, is the issue of stability and maintaining their 

activity [14-18]. 

Factors affecting the stability of proteins  
In addition to temperature and the presence of stabilizers, 

other variable factors that affect the stability of proteins 

can be the effect of acidity, pH, salts in different 

concentrations, and the help of solvents, osmolytes, 

preservatives and surfactants [10, 11]. A change in each of 

these factors can in some cases cause a change in the 

folding and condensation of proteins and, as a result, cause 

a decrease in their stability and loss of activity [19]. In 

general, with some exceptions, electrostatic interactions 

play a minor role in protein stability in the native state. The 

binding of ligands, such as inhibitors to enzymes, also 

increases the stability of proteins. The number of disulfide 

bonds in extracellular proteins is high. This is even though 

intracellular proteins with disulfide bonds are less 

common in them. The presence of a large number of 

disulfide bonds in proteins increases the stability in the 

natural state of proteins, and as a result, reduces the 

amount of structural entropy of proteins. Considering that 

each of the amino acid roots in the protein sequence has 

different properties, hence they do not have the same 

contribution to the stability of proteins. Studies have 

shown that the lack of access of the amino acid roots 

located on the inner side of the protein to the solvent 

molecules has caused these amino acid roots in the 

primary structure to contribute more to the stability of 

proteins than the amino acid roots located on the outer 

side. They are located outside the proteins. 

Solutions to increase the stability of proteins  

The effect of structure design, T sequence 

expression, and protein sequences on the stability 

of proteins  
The solutions that are offered to increase the stability of 

proteins are sequential and serial methods. Genetic 

engineering of protein production is a general approach to 

increase the stability of proteins, through which 

expression, purification, and protein activity can be 

increased. This topic is a wide and widely used field that 

has received a lot of attention today. Among the methods 

used in this field are targeted mutations (site-directed 

mutagenesis, addition or removal of segments (segment 

domain deletion and ligation), optimization of amino acid 

codons (using novel non-native amino acids), chemical 

modifications and additives and containment methods 

with the help of nanoparticles (confinement in 

nanoparticles) [20].  

Designing an expressive structure  
Designing the expression structure is the first step that 

structural biologists must be sure of to increase stability in 

the process of protein expression and purification. For 

example, the structural stability of proteins may be 

affected due to the presence of proteolytic cleavage sites. 

The presence of these sites has caused the proteins to be 

more affected by the proteases that exist inside the host 

cell. The process of proteolysis can be reduced with the 

help of genetic engineering techniques or the removal of 

breakpoints from the expression structure during the 

production of recombinant protein. Because of removing 

these breakpoints, proteins are produced with real size and 

on a large scale [21, 22]. First Structure Some proteins are 

inherently unstable and have a short half-life. For example, 

proteins whose sequences are rich in the amino acids 

proline, glutamate, serine, and threonine (PESTS) often 

have half-lives of less than two hours [23, 24]. In addition, 

the N-terminal sequence is an important factor for 

measuring the half-life of a protein in vitro. For example, 

if this N sequence is rich in amino acids methionine, 

serine, alanine, glycine, treolin, valine, or proline, the half-

life of the protein is more than 20 hours and the protein 
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becomes stable. On the other hand, if this sequence 

consists of phenylalanine, aspartate, lysine, or arginine, 

the protein becomes unstable and its half-life is less than 3 

minutes, and the instability in this method is through the 

ubiquitin pathway. Therefore, the effect of the N terminus 

on protein instability is not significant in bacterial 

expression systems. Therefore, to increase the stability of 

this type of protein, using genetic engineering techniques 

and optimizing the codons of amino acids in these 

proteins, their half-life can be increased [25, 26]. 

The effect of protein sequences on the stability 

and increasing the solubility of proteins 
Many recombinant proteins are produced in bacterial 

systems such as Escherichia coli, and the main challenge 

in the production of these proteins is the formation of 

inclusion bodies and the transformation of proteins into 

insoluble structures. With the help of genetic engineering 

techniques, sequences can be used in the design of gene 

structures expressed in bacteria, which not only help to 

increase the solubility of proteins but also make it easier 

to purify proteins. Another point to be noted here is that 

the N sequence, whose sequence affects the stability of 

proteins, is covered in systems that use (TAG) sequences; 

therefore, these sequences cannot affect the stability of 

proteins. In addition to the effect that sequences have on 

increasing the stability of proteins, they can also be 

considered as a factor for increasing the solubility of the 

target protein. Like MBP TAG (Maltose Binding Protein), 

which increases the solubility of the target protein and, like 

a chaperone, induces the correct folding of the target 

protein in Ecoli bacteria. Protein sequences are also 

effective in the process of separation and increasing the 

purification efficiency of recombinant proteins. After the 

completion of purification, the general method to remove 

desired sequences is to use proteases such as thrombin and 

factor a, because of which a non-specific fragmentation is 

performed and a decrease in stability is created in the 

target protein. Therefore, using sequences in purification 

can increase structural stability if these sequences 

themselves can be separated from proteins without the 

need to use proteases. Sequences such as intein-based tags, 

which themselves can be separated from proteins, prevent 

this type of instabilities created under the influence of 

proteases in proteins, which can also be used to separate 

from nickel without the need for internal proteases [27]. In 

bacterial expression systems, to prevent the formation of 

inclusion bodies and considering that some proteins are 

not stable in the cytoplasmic space, the pMal vector 

system (NEB)) pal in connection with the malk marker to 

transfer the protein from us between the membrane 

Cytoplasmic to periplasmic space are used. As a result, 

proteins are transferred to other parts of the cell; therefore, 

their proteolysis is prevented and increases the 

compositional stability. In addition, the use of chaperones 

such as Fab antibody fragments, which increase the 

stability of membrane proteins, also helps to increase the 

stability of proteins. Other chaperones that increase the 

stability of proteins during expression include DnaK and 

GroEL. Today, the use of advanced genetic engineering 

methods to create changes in the expression plasmid and 

the host cell is considered; therefore, there is a need for 

accurate and fast methods that can record the folding 

events in the early moments and directly in the living cell. 

These selective methods have the necessary efficiency to 

check the folding and solubility in the environmental 

conditions of living cells. They can also be used to 

investigate compounds that inhibit aggregation and factors 

that increase solubility naturally or with the help of 

mutation [21]. All these methods, despite being valuable, 

are very time-consuming and require complex and precise 

designs. In addition, if there is a change in any of the 

amino acids of the protein, detailed simulations should be 

done regarding the effect of this change on the entire 

complex, which makes the process of stabilization by this 

method difficult. On the other hand, in pharmaceutical 

proteins, it is preferred that there is not much change 

compared to the biological system. Because any change 

requires heavy and expensive studies and checking the 

effects of these changes on the body. To replace this 

method, it is possible to use permitted additives, suitable 

buffers, surfactants, ions, and osmolytes to increase 

protein stability. 

Host cell selection and protein stability  
Recombinant proteins may be affected by intracellular 

proteases and thus cause structural instability in them, or 

the protein itself may be toxic to the host cell; therefore, 

the choice of host cell type has a great impact on the 

stability of recombinant proteins. The toxicity caused by 

the expression of proteins in the host cell is controlled by 

the precise regulation of the level of expression with the 

help of regulatory promoters, and the expression level of 

internal proteases and in general, proteins within the host 

can be controlled. For example, with the help of pLys S 

plasmid, which expresses T7 lysozyme, it acts as a natural 

inhibitor of the T7RNA polymerase enzyme and stops its 

activity. In addition, this promoter is used in the pET 

(Vector) system and reduces the expression of internal 

proteins [28, 29]. Using mammalian expression systems to 

express human proteins is better and more practical. 

Because the codons in these expression systems are 

optimized and post-translational modifications are also 

applied to the proteins; as a result, the proteins expressed 

in these systems have the correct folding, are stable, and 

have maintained their activity [30]. 

Improving expression conditions and stability of 

proteins  
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To ensure the production of a protein with correct and 

stable folding that has activity, it is necessary to provide 

suitable conditions by the host cell. Many of these factors 

are provided by the culture medium and host cells during 

the expression process. However, many others are not 

synthesized by the host cells or in sufficient quantities; it 

is not available and must be provided to the cell. The 

solubility of proteins increases during the expression 

process with the help of additives to the culture medium, 

such as trehalose glycine, proline, mannitol, L-arginine, 

potassium citrate, xylitol, and potassium phosphate [31]. 

In addition, temperature is considered a factor to increase 

protein solubility and stability. Among the other benefits 

of this system, it can be pointed out that at low 

temperatures, cell proliferation is stopped and the 

expression of internal proteins such as proteases is 

reduced; Therefore, the target protein is more protected 

and its purity increases [32]. 

The effect of buffer optimization on the stability of 

proteins  
Choosing the type of additive and their concentration to 

increase protein stability is a difficult and complex task. 

Because the number of additives that can be added to 

buffers to increase protein stability is many and varied. 

Optimizing the buffer conditions to achieve the best 

solubility and stability in the protein is obtained with the 

help of screening. The need to optimize the buffer for 

proteins with low initial solubility and stability is felt more 

and more screening should be done. Since the buffer 

compounds, ligands, and reducing agents in the buffer in 

which the protein is dissolved and stored have a great 

impact on the stability of proteins, screening the type of 

buffer used is a very efficient method in protein stability 

and crystallography and it is their biological formulation. 

One of the primary methods used in the screening of 

buffers is Thermofluor. In this method, various buffers 

with different compositions and different pH are examined 

and finally, their effects on the stability of proteins are 

determined by measuring the protein melting point (Tm). 

The screening of ligands and additives is also effective in 

the stability of proteins. The binding of ligands 

specifically increases the stability of proteins, especially 

increases the structural stability. In addition to the effects 

of small molecules on the stability of proteins, ions or 

other organic additives also cause the stability of proteins 

[33]. 

Selection of suitable amino acids and osmolytes to 

increase protein stability  
The solubility and stability of proteins can be significantly 

increased with the help of additives such as ionic 

compounds, salts, and osmolytes in the buffer [20, 34]. 

Today, amino acids and osmolytes are used to increase the 

stability of proteins. The amino acid arginine is used as an 

active molecule involved in pharmaceutical formulation 

because it increases the solubility of proteins from inside 

the Incologne and prevents protein condensation during 

purification. Unlike common denaturants, such as urea and 

guanidinium hydrochloride, this amino acid does not 

affect the stability of proteins by increasing their 

solubility. Adding charged amino acids such as arginine 

and glutamate to the buffer increases the solubility of 

proteins, but does not affect the protein structure and does 

not prevent protein-protein and protein-RNA interactions. 

In addition, the addition of apple charged amino acids 

increases the life span and stability of proteins and 

prevents their breakdown and sedimentation over time. As 

a result, in their presence, proteins with high concentration 

and solubility can be obtained. The mechanism through 

which arginine increases solubility without affecting 

stability is still unknown and debatable. Therefore, if the 

effect of arginine on protein and its solubility were fully 

determined, this amino acid could be used as a reliable 

additive to increase protein stability [35]. In order to check 

the effect of these additives, they can be added to the 

environment with different concentrations and finally the 

stability of the proteins can be measured. 

The effect of sugars and polyols on protein stability  
The reason for using the term osmolyte for such 

compounds is that these substances were first known as 

osmotic pressure regulators in the biological system and 

later their effect on the structure of cell proteins was 

proven. Using temperature-sensitive polymers, degradable 

polymers, and nanoparticles also helps to increase the 

stability of proteins [36]. Sugars have been introduced as 

an efficient additive to protect proteins against loss of 

activity and chemical and thermal denaturation. Among 

sugars, trehalose is a suitable stabilizer to protect 

biological materials against water loss and desiccation. 

This sugar is a compatible osmolyte in organisms whose 

synthesis rate increases under stress conditions. Due to 

these unique characteristics, there is a great desire to 

understand the mechanisms that occur in organisms [37]. 

Trehalose, due to its unique physical and chemical 

properties such as low chemical reactivity, high non-

reduction property of glass transition (Tg), high tendency 

to bond with water molecules, and its existence as a 

polymer structure, as a stabilizer is suitable to protect the 

protein structure. Trehalose is very effective in the 

stability of proteins during lyophilization. In addition, 

when the proteins are exposed to high temperatures in the 

solution, it prevents their aggregation and folding. Sugars 

generally protect proteins from water loss. They can make 

hydrogen bonds with proteins instead of water molecules. 

Sugars replace the water molecules lost in dried protein 

[38]. Many studies conducted by Timasheff and his 

colleagues have shown that sugars and polyols stabilize 

the folded structure of proteins in solution. Therefore, in 
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the folded state where water coverage is less, sugar 

molecules enter into hydrogen bonds with protein 

molecules As a result, it makes them stable. Proteins are 

expected to interact with solvents in different ways, which 

depends on their physicochemical properties. In general, it 

has been observed that apple trehalose protects proteins in 

different ways, and the efficiency of this protection 

depends on the structure of proteins. Despite the existence 

of such information, the exact role of proteins and their 

physicochemical properties in the environment in the 

presence of trehalose to increase stability is not yet clear 

[39]. 

Results and Discussion 

One of the main problems in the production of medicinal 

proteins, which are a large class of drugs, is their stability. 

Medicinal proteins have a very high tendency to condense, 

especially when they are kept at the high concentration 

required for doses [40]. Considering that the activity of 

proteins depends on their structure and flexibility, any 

connection between proteins and other molecules may 

cause changes in their conformation. Potentially, 

perturbations that alter protein flexibility may also 

interfere with their function, and how protein function, 

flexibility, and stability are related is still hotly debated, 

and a deep understanding of The relationship between the 

properties of proteins is not only a scientific issue, but also 

has a great impact on the design of the function and 

application of proteins [41]. Although protein stability has 

a different meaning for many scientists, in general, protein 

stability can be defined as the ability of proteins to 

maintain their structure and function in different 

environments. In addition, if the proteins are in normal 

physiological conditions and the sum of all contributing 

forces is negative towards G, then the folded protein is 

stable. Although not all proteins are located in 

physiologically stable environments, they tend to be 

unstable. Since the introduction of the first therapeutic 

recombinant protein to the market in the 1980s, many 

products have been successfully commercialized and other 

new drugs are in clinical trials. Since protein, products 

have shown beneficial therapeutic effects in human 

diseases and abnormalities, there is a lot of luck for them 

in the consumer market. Meanwhile, protein drugs must 

go through the process of production, transportation, 

maintenance, and storage without being destroyed. 

Providing these conditions is very difficult because 

proteins are vulnerable to chemical and physical 

degradation and are exposed to many damaging factors. 

Therefore, studying the stability of proteins and 

identifying the factors that increase their stability is one of 

the important and interesting topics in scientific 

communities and is the main challenge in the production 

of medicinal proteins, which has attracted a lot of attention 

today. Because many recombinant proteins become 

unstable under the conditions, they are expressed, lose 

their folding, or undergo proteolytic failure, which 

ultimately causes a decrease in the stability of the spatial 

structure of the protein. Therefore, in the production of 

recombinant proteins, it is very important to produce a 

stable protein with proper folding and function that can be 

used medicinally. Unfortunately, many recombinant 

proteins are not expressed in a stable and soluble folded 

form, and this issue is a big obstacle in the fields of 

pharmaceuticals and biotechnology [35]. In this era, with 

the advent of bioinformatics and the creation of genomic 

changes, along with the efforts and research that has been 

done on proteomics, many advances have been made in 

the use of protein sequences, which can be used to produce 

proteins at a high level and purify them to the condition of 

maintaining their structure and function is effective. It also 

has a very influential role in structural biological studies. 

The use of these protein sequences has made the process 

of purification and isolation of these proteins easier and 

economical. They also have positive effects on the 

pharmaceutical industry and drug design. It is also 

predicted that in the field of protein sequences, many 

developments will be made in the future. By using this 

technique, which has a high efficiency, it is possible to 

investigate the relationship between the communication 

networks of proteins and offer new protein drugs. In 

addition, the ability to understand the relationship between 

the structure and function of proteins increases in places 

that are not available due to limitations in techniques and 

information. The study of host cells has also developed 

greatly in recent years. All high-volume production lines 

appear to be cell lines that have been genetically 

engineered to increase viability or carry growth-inducing 

transgenes. Reports from academic laboratories show 

many examples of how it is possible to increase the 

growth, viability, and production of recombinant cell lines 

with genetic engineering methods. Proto-oncogenes, cell 

cycle control genes (cyclins), growth factor genes (such as 

insulin and growth factor), and antiapoptotic genes are 

inserted into cell lines to produce high-production hosts 

[42]. 

Conclusion 

In this review study, various strategies have been 

presented to increase the solubility and stability of 

proteins, which include guided changes in the protein 

molecule or optimization in the expression protocols, 

purification and solubility process of proteins, which are 

carried out in most of the time, the first approach is not 

possible and achievable [1]. Therefore, it can be said that 

a complete investigation of the environment around 

proteins to increase their stability can be efficient enough 

and a uniquely stable protein is provided to us, without the 
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need for complex methods. Genetic engineering. 

Therefore, the different influencing factors that are 

examined during the expression and purification of 

proteins to increase their stability are nowadays mostly 

used as a combination design approach. In this approach, 

methods with high efficiency and capability are combined 

and used to obtain a suitable strategy to increase the 

stability of proteins in different optimal conditions [5, 17]. 
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