Production of Insulin Using Recombinant DNA
Technology

1 Introduction

Insulin is a peptide hormone essential for regulating blood glucose levels, pri-
marily used to treat diabetes mellitus. Before recombinant DNA technology, in-
sulin was extracted from animal pancreases (e.g., pigs or cows), which posed
risks of allergic reactions and limited supply. Recombinant DNA technology, in-
troduced in the late 1970s, enabled the production of human insulin in microor-
ganisms, offering a safer, scalable, and cost-effective alternative. This method
involves inserting the human insulin gene into a host organism, typically Es-
cherichia coli or yeast, to produce insulin. Below, we outline the detailed process
of insulin production using recombinant DNA technology, including a diagram
illustrating the key steps.

2 Process of Insulin Production Using Recombinant DNA Tech-
nology

2.1 Gene Isolation

* Objective: Obtain the human insulin gene for insertion into a host organ-
ism.

* Process: The human insulin gene is isolated from pancreatic beta cells or
synthesized chemically based on its known DNA sequence. Alternatively,
complementary DNA (cDNA) is created from insulin mRNA using reverse
transcriptase. The gene encodes preproinsulin, which is later cleaved to
produce mature insulin (51 amino acids).

« Example: In the first recombinant insulin production by Genentech (1978),
the insulin gene was chemically synthesized and split into A and B chains
for expression.

2.2 Vector Construction

* Objective: Insert the insulin gene into a plasmid vector for expression in
a host.

* Process: The insulin gene is ligated into a plasmid vector (e.g., pBR322) us-
ing restriction enzymes and DNA ligase. The plasmid contains regulatory
elements like promoters (e.g., lac or trp promoter) and a signal peptide se-
quence to direct insulin secretion. The vector also includes a selectable
marker (e.g., antibiotic resistance gene) for identifying transformed cells.

« Example: In E. coli, the insulin gene is fused with a bacterial signal se-
quence to facilitate export to the periplasm, simplifying purification.
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2.3 Transformation of Host Organism
* Objective: Introduce the recombinant plasmid into a host organism.

* Process: The plasmid is introduced into a host, typically E. coli or Saccha-
romyces cerevisiae (yeast), via transformation (for bacteria) or electropora-
tion (for yeast). Transformed cells are selected using the plasmid’s antibi-
otic resistance marker.

» Example: E. coli K12 strains are commonly used due to their well-characterized
genetics and ease of manipulation.

2.4 Expression of Insulin
* Objective: Induce the host to produce insulin protein.

» Process: Transformed cells are cultured in bioreactors under controlled
conditions (e.g., temperature, pH, nutrients). The promoter is activated
(e.g., by adding IPTG for lac promoter) to express the insulin gene. The
host produces preproinsulin or proinsulin, which includes a signal peptide
and C-peptide.

« Example: In yeast systems, proinsulin is secreted into the culture medium,
reducing the risk of inclusion body formation seen in E. coli.

2.5 Harvesting and Purification
* Objective: Isolate and purify recombinant insulin from the host.

» Process: Cells are lysed (for intracellular insulin) or the culture medium
is collected (for secreted insulin). The proinsulin is cleaved enzymatically
(e.g., using trypsin and carboxypeptidase B) to produce mature insulin.
Purification involves techniques like centrifugation, chromatography (e.g.,
ion-exchange, affinity), and high-performance liquid chromatography (HPLC)
to remove impurities.

« Example: Humulin, the first recombinant human insulin, is purified to re-
move bacterial endotoxins and ensure safety for human use.

2.6 Quality Control and Formulation
* Objective: Ensure the insulin is safe, pure, and effective.

* Process: The purified insulin undergoes rigorous testing for potency, steril-
ity, and absence of contaminants (e.g., endotoxins, host DNA). It is formu-
lated with stabilizers (e.g., zinc, glycerol) and packaged into vials or pens
for clinical use.

« Example: Insulin formulations like Humulin R (rapid-acting) and Humulin



N (intermediate-acting) are tailored for different therapeutic needs.

3 Advantages of Recombinant Insulin

» Safety: Human insulin eliminates allergic reactions associated with animal-
derived insulin.

 Scalability: Microbial systems allow large-scale production to meet global
demand.

* : Recombinant insulin has a uniform structure, ensuring predictable ther-
apeutic effects.

* : Modifications (e.g., insulin analogs like Lispro) can be engineered for faster
or longer action.

4 Challenges

» Folding and Processing: Proinsulin must be correctly folded and cleaved
to produce mature insulin, which can be challenging in bacterial systems.

 Purification Costs: Extensive purification is required to remove host-derived
impurities.

» Regulatory Compliance: Strict quality control is needed to meet standards
set by agencies like the FDA or EMA.

5 Diagram of Insulin Production

The following figure illustrates the key steps in the production of insulin using
recombinant DNA technology.

6 Conclusion

Recombinant DNA technology has transformed insulin production, making it
safer, more accessible, and adaptable to clinical needs. By leveraging microor-
ganisms like E. coli and yeast, this method ensures a reliable supply of human
insulin and its analogs. The process, from gene isolation to formulation, exem-
plifies the power of biotechnology in addressing global health challenges like
diabetes.
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Figure 1: Schematic representation of insulin production using recombinant
DNA technology.



