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Abstract :  Native Chemical Ligation reactions are known from last two decades and it emerge tremendous scope for chemical 

synthesis of large proteins. Proteins are the building blocks of any biological systems.  Native chemical ligation provides platform 

to prepare homogeneous proteins with or without post-translational modifications. Here we summarize how native chemical 

ligation evolved and overcome limitations of conventional chemical ligation. In this review we discussed utility and various types 

of Native chemical Ligation reactions. Further this reactions leads to applicable in development of protein therapeutics. 

Application of Protein therapeutics discussed with its pro and cons.  

 

IndexTerms – Native Chemical Ligation, Post-translation modification, Proteins, Therapeutics. 

I. INTRODUCTION 

Proteins are the large molecules present in the biological system made up of small peptide fragments. From last few decades 

protein can be synthesized chemically with the help of unprotected peptide fragments by ligation strategy in aqueous media at 

neutral pH1. 

  

In 1982 approval of recombinant human insulin change the scenario towards protein  therapeutics2. A protein drug becomes 

popular due to its highly specific functions and unique structural features emerging by sequence of amino acids. Proteins occur 

naturally in the any biological system and it is determined by its amino acid sequence3. A post translational modification at 

proteins can be done by enzymes after ribosomal translation. Such modification in proteins leads to produce inseparable 

heterogeneous mixtures which are not suitable for activity and as a result loss of functionality occurs. Therefore a 

homogeneous form of modified protein is needed and this could be done by chemical synthesis4. 

 

In 1992, Kent and Schnolzer demonstrate novel synthesis of proteins by unprotected peptide coupling in aqueous media. That 

mthod is known as Chemical Ligation. The chemistry used by kent and schnolzer is involving nucleophilic substitution 

reaction of SH group of peptide fragment to the N-terminal of second end. During this reaction thioester is generate as an 

intermediate. Such reaction can be easily feasible at neutral pH. Chemical Ligation overcomes all the limitations of previously 

conventional methods for peptide synthesis. Kent and Schnolzer prepared first protein named as human immunodeficiency 

virus-1 protease (HIV-1 PR) with the help of Chemical Ligation. This HIV-1 PR is very large protein with 99 amino acid side 

chain. Preparation of such a large protein only took 3hr and resulted protein has same biological activity as the original ones5. 

 

Chemical ligation also has disadvantage of unnatural structure formation at ligation site which was later overcome by second 

generation of ligation strategy demonstrated by Dawson in 1994 known as Native Chemical ligation. In this methodology 

coupling of two peptide leads to formation of native amide bond at ligation site. As shown in (Scheme-1) the first step is 

transthioesterification followed by S to N acylshift. During the reaction thioester cannot be isolated but evidence for its 

formation has been obtained with the help of N-acetylcysteine for the ligation reaction6. 

 
pH plays very important role during the native chemical ligation reaction because at pH 7 the coupling proceeds very fast and 

reaction completed within 5-6 min. If we lower the pH then reaction will take double time i.e. 10 min. This proves that ionize 

form of thiol group of cysteine fragment readily involves during the reaction6. 

 

Along with the various developments in Ligation Chemistry different research groups reported novel thioester surrogates at the 

C-terminal. Recently in protein chemical synthesis design of several O, S, N, S or N,Se-acyl shift acts as thioester surrogates. 

Some of these systems can be combining with NCL and thus researchers would able to synthesize difficult protein     

assemblies 7,8. 
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Native chemical ligation (NCL) has demonstrated its efficacy in the preparation of peptides, cyclic peptides, proteins and 

glycoproteins through synthetic or semi-synthetic processes which is shown in (figure 1). 

 

II.  A VARIOUS TYPES OF NATIVE CHEMICAL LIGATION STRATEGIES AND ITS APPLICATION. 

 

Early efforts sought to extend the methodology via change of the thiol institution after ligation. In one study, Tam and co-

workers tested that homocysteine may be able to participate in a ligation reaction and could be transformed into a local 

methionine residue via alkylation (Scheme-2a) 9.  

 
However, the use of this approach on unprotected peptides can result in methylation at undesired web sites. Okamoto et. Al10. 

Later stated an alternate strategy in which cysteine residues could be transformed into serine after ligation (Scheme-2b) 10. 

Initially, a selective S‐methylation of cysteine was conducted using methyl four‐ nitrobenzene sulfonate. Which is followed by 

further reaction with cyanogen bromide in formic acid, the resulting sulfonium cation facilitates assault of the adjacent amide 

carbonyl to form a five‐membered ring intermediate. 
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Following conversion to the O‐acylisopeptide, rearrangement via an O‐to‐N acyl switch below simple conditions results within 

the formation of the native amide bond. Alternative processes have investigated removable thiol containing auxiliaries to 

obviate the requirement of cysteine (Scheme-2c)11-13. Although used efficaciously in some of polypeptide examples, 

auxiliary‐mediated ligations are often restrained to certain unhindered junctions. 

 
Firstly, strength and usefulness of native chemical ligation is demonstrated in the synthesis of human interleukin 8 (IL-8) by 

Kent and co-workers. In that synthesis, a seventy two-amino acid containing peptide chain along with 18 of the 20 common 

proteinogenic amino acids and four Cys residues, which form disulfide cross linkages within the local protein. This became 

completed through systematic ligation of a 33-amino acid peptide fragment having a C-terminal benzyl thioester 1 with a 39-

residue peptide 2 containing an N-terminal Cys residue. The reaction was performed in aqueous buffer solution having pH 7.6 

containing a denaturing chaotropic salt (6 M guanidine hydrochloride) and afforded an unmarried peptide product three, 

notwithstanding along Cys moiety without any protection group in both peptide chains (Scheme 3)6. 

http://www.jetir.org/


© 2020 JETIR July 2020, Volume 7, Issue 7                                                              www.jetir.org (ISSN-2349-5162) 

JETIR2007172 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 1397 
 

 
In the synthesis of a plethora of protein moieties, the potential of native chemical ligation has  been harnessed, such as the ones 

containing posttranslational modifications. The approach has also been extended in the direction of protein semi synthesis14. 

The subject matter of local chemical ligation has been explored through others, consisting of Kemp and co-workers , Liu and 

Tam , and Schno ¨lzer and Kent for the development of spine-modified proteins15 and  a number of exceptional opinions,  

hence will no longer be discussed right here in detail. The notably low abundance of cysteine (1.3%)16 in peptide sequences 

limits the extensive software of this response, particularly, in cases where there aren't any naturally occurring cysteine’s or 

while those residues are unfavourably positioned within a polypeptide sequence to enable synthesis through native chemical 

ligation.  

 
Hua Chai, Kim Le Mai Hoang and their colleagues have shown that 3-nitro-2-pyridinesulfenyl is known for quick disulfide 

exchanges during NCL (Scheme-4). This scaffold is consequently capable of acting ligation to provide the glycan-related N-

terminal asparagine oligopeptide3, accompanied by using a 2nd ligation with C-terminal thioester oligopeptide 4 to offer the 

glycopeptide 5. Subsequently, the auxiliary is without difficulty cleaved following treatment with TFA and deacetylation to 

supply glycopeptide 6 17. 
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III. PROTEIN CHEMICAL SYNTHESIS IN DRUG DISCOVERY 

Proteins have the most dynamic and diverse role of any macromolecule in the body, catalyzing biochemical reactions, forming 

receptors and channels in membranes, providing intracellular and extracellular scaffolding support, and transporting molecules 

within a cell or from one organ to another. It is currently estimated that there are 25,000–40,000 different genes in the human 

genome, and with alternative splicing of genes and post-translational modification of proteins (for example, by cleavage, 

phosphorylation, acylation and glycosylation), the number of functionally distinct proteins is likely to be much higher17-20. 

 

Viewed from the perspective of disease mechanisms, these estimates pose an immense challenge to modern medicine, as 

disease may result when any one of these proteins contains mutations or other abnormalities, or is present in an abnormally 

high or low concentration. Viewed from the perspective of therapeutics, however, these estimates represent a tremendous 

opportunity in terms of harnessing protein therapeutics to alleviate disease21. The system of choice can be dictated by the cost 

of production or the modifications of the protein (for example, glycosylation, phosphorylation or proteolytic cleavage) that are 

required for biological activity  Protein glycosylation patterns can have a dramatic effect on the activity, half-life and 

immunogenicity of the recombinant protein in the body. For example, the half-life of native erythropoietin, a growth factor 

important in erythrocyte production, can be lengthened by increasing the glycosylation of the protein22. 

IV. ADVANTAGE AND DISADVANTAGE OF PROTEIN THERAPEUTICS 

Protein therapy has a number of benefits than small molecular medicines. Proteins often serve a very complex and highly 

specific set of features that cannot be compared with easy chemical compounds. Since protein action is extremely specific, 

protein therapeutics often has less ability to interfere with ordinary biological procedures and produce negative impacts. As we 

know that the body produces many of the proteins used as medicinal agents naturally, these agents tend to be well tolerated and 

have less risk of causing immune responses.  Protein therapeutics can offer efficient substitute treatment for illnesses in which 

a gene is mutated or deleted without gene therapy that is presently not accessible in most genetic disorders.  

 

There are now many examples for successful therapeutic use of proteins. Nevertheless, prospective protein therapy, which has 

failed to a large extent, is partly due to a number of difficulties in protein treatment growth and use. The development of 

protein therapeutics is also a challenging task because of protein solubility, route of administration, distribution and stability 

and Body's immune reaction towards it. Another problem is that post-translation changes like glycosylation, phosphorylation, 

and proteolytic cleavage are often needed to make a protein physiologically active. The cost of creating protein therapies is a 

significant task. Finally, computer science technologies and experimental high-performance techniques for protein engineering 

have provided tremendous possibilities for developing secure, efficient and more comfortable protein therapies. These 

possibilities have favourable and negative prospects, but fast developments in new technologies and the underlying sciences 

indicate that these hazards can be managed23. 

V. CONCLUSION 

Native chemical ligation overcomes limitations of chemical ligation and proves very much useful technique in chemical 

synthesis of proteins. A key success to NCL is it can be performed at neutral pH and in aqueous media. Proteins are the key 

component of biological system. NCL helps to prepare homogenous proteins. Post-translation modification and chemical 

synthesis of large peptide molecules emerged a new field of protein therapeutics. Preparation of protein therapeutics by NCL 

represents a tremendous opportunity in the field of drug discovery. Proteins are highly structured and because of that their use 

and growth as therapeutics have its own limitations. Now a days Computational chemistry is a new growing field so with the 

help of this new chemistry protein engineering have tremendous possibilities to develop as therapeutics. 
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