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Abstract - Biotechnology is a branch of biology concerned with technology. It has so many applications in the field of 
agriculture, pharmaceutical industries as well as medical science. GEI. is one of the best inventions in the field of 
biotechnological applications in medical science & medicine. Insulin is a kind of hormone made up of peptides and produced 
by islets of Langerhans in the pancreas to regulate the amount of sugar in the blood to prevent diabetes in individuals. Most 
commonly it produces naturally inside the body but due to some genetic and another factors the production of insulin is 
affected that cause ir-regulation of sugar level in blood to avoid that condition GEI. Were prepared in lab under in vitro 
conditions by the help of recombinant DNA technology (RDT). Which is used to treat various diseases and has wide use in 
clinical research industries. 
 
 
I. INTRODUCTION 
 
The advances in recombinant DNA technology have 
occurred in parallel with the development of 
biological process and genetic medicines. The 
development of new technologies have resulted into 
production of large amount of biochemically defined 
proteins of medical significance and created an 
enormous potential for pharmaceutical industries (1). 
Insulin is one of them, source of beta cells and 
composed of 55 amono acid recidues and devided 
into two chain chain A (21 AA) and chain B (30AA) 
held together by the help of peptide bond. It is water 
soluble in nature and having half-life of 5-10 minutes 
and significane to regulate the amount of glucose in 
our body. It can be produced artificially as well as 
naturally inside the body. In artificial condition the 
genes that are capable to produce insulin are isolated 
from human cells and transferred into plasmids of 
E.coli and then they strains are grown in a specific 
culture media which results production of prosinsulin 
which may convert into insulin in lab via several 
changes and can used as a natural isulin to treat 
various of diseases such as diabetes and other 
biochemical reactions. 
WHY GENETICALLY ENGINEERED 
INSULIN? 
As we know insulin is a kind of hormone that 
regulate the amount of sugar or glucose in our body 
and also participates in other biochemical activities. 
Most commonly it produces naturally inside the body 
but due to some genetic and another factors the 
production of insulin is affected that cause ir-
regulation of sugar level in blood to avoid that 
condition GEI. Were prepared in lab under in vitro 
conditions by the help of recombinant DNA 
technology (RDT). 
WHY ESCHERICHIA COLI? 
Cows & pig – immunogenic in nature, Yeast cells are 
costly, plant cells are not fully developed. Hence 
E.coli is preferred to use. They are most commonly 
used in insulin production because they contains 

simple, well-understood genetics, very easy to 
manipulate, culturing cost is minimal, high level of 
expression, easy to ferment and scale up, inclusion 
bodies are easy to purify. 
 

 
 
II. BASIC PROTOCOL 
 
ISOLATION: To produce Genetically Engineered 
Insulin, firstly the genes that are capable to produce 
insulin are isolated from human cells and they are 
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subjected to Recombinant DNA Technology for this 
purpose they are inserted into the plasmids of two 
different E.coli through the process of transformation. 
INSERTION: Insertion of gene into plasmid carried 
out into two different steps. The first one is 
fragmentation or restriction in which plasmid is 
restricted by the help of restriction endonuclease 
enzymes and the second step is ligation which is done 
by the help of ligate enzyme. 
CULTERING: And then they E.coli containing 
insulin producing genes are grown and cultured into 
fermenters having specific culture media for the 
growth of E.coli. At that condition proinsulin is 
formed inside the bacterial strains as the product of 
insulin producing genes 
COLLECTION OF PROINSULIN: After the 
appropriate growth of E.coli they broken down and 
proinsulin is collected containing chain A, B, and C 
CLEAVAGE: Site-specific cleavage: two enzymes- 
trypsin & carboxypeptidase B used to cleave the 
proinsulin at specific site & convert the proinsulin to 
native insulin & C-peptide. 
PURIFICATION: For purification of C-peptide & 
human insulin than Reverse Phase liquid 
Chromatography is very effectively used, due to high 
pressure, which increase the speed & purity of C- 
peptide & human insulin. 
 

 

III. METHODS AND MATERIALS 
 
Upstream Processing 
Step 1: Obtaining of human insulin gene two general 
strategies are commonly used to obtain the human 
insulin gene. They are: Complementary DNA 
(cDNA) obtaining from messenger RNA (mRNA) of 
the two chains using enzyme reverse transcriptase 
cloning of cDNA of both chains using polymerase 
chain reactions (PCR). This involves amplification of 
the cDNA sequences as not every gene yield 
measurable amounts of Mrna 
Step 2: Insertion of cDNA of both chains into 
plasmids Bacterial plasmids are being cut using 
specific restriction enzymes for the insertion of the 
two DNA molecules into separate plasmids. Each 
cDNA is extended at its 5' terminus with an ATG 
(methionine) initiation codon for start of translation, 
and a translation termination signal at its 3' with the 
sticky ends EcoRI and BamHI (later as restriction 
sites). Two vector plasmids are made for both the 
cDNA. They are inserted in the plasmids at the EcoRI 
and BamHI sites next to the lacZ gene which encodes 
for the enzyme β-galactosidase. In E. coli, β-
galactosidase is the enzyme that controls the 
transcription of the genes. To make the bacteria 
produce insulin, the insulin gene needs to be tied to 
this enzyme. The cut plasmids are re-ligated by 
specific DNA ligases. 
Step 3: Transfection Recombinant plasmids enter the 
bacteria in a process known as transfection. Methods 
such as the use of CaCl2 treatment and 
electroporation can be used. These cells are later 
known as transformed cells. 
Step 4: Media and equipment preparation The LB 
broth is prepared using the LB powder. It is 
antoclaved and ampicillin and lactose are added (after 
the sterilization to prevent denaturation or 
destruction). Inoculation is done by adding the 
transformed bacteria into the media. Preparation of 
the bioreactor is done too. Parts of the bioreactors are 
fixed and checked such as the calibration of the pH 
electrode, pO2 probe, exhaust condensers and air 
inlet. The bioreactor is then sterilized. 
Step 5: Fermentation This stage consists of small 
scaling (enrichment liquid culture in shake flask) to 
large scaling (fermentor). The two chains are grown 
separately. Small scaling (early stage) uses shake 
flasks to do the enrichment culture method for 
selecting the desired type of E. coli for fermentation. 
The fermentation broth contains two unique 
components - an antibiotic known as ampicillin and 
lactose. Bacterial cells that have sucessful 
transformation will contain the plasmic gene which 
contains the ampicillin resistance gene and the lac Z 
gene which encodes for β-galactosidase in the 
presence of lactose. These cells therefore can grow in 
the ampicillin environment and the transcription of 
the lac Z gene will in turn result in the transcription 
of the human insulin chain DNA. Bacterial cells that 
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have failed the transformation do not contain the 
ampicillin resistance gene and the lac Z gene. As a 
result, the growth of these cells will be suppressed by 
ampicillin and will not replicate during the 
fermentation process. Moving on to the large scale, 
where transfected bacterial cells are transferred from 
the small flask and replicated under optimal 
conditions such as temperature, pH in fermentation 
tanks. This step involves process monitoring and 
control. The bacterial cell processes turn on the gene 
for human insulin chains and then insulin chains are 
produced in the cell. 
 
Downstream Processing 
Step 6: Isolation of crude products Cells are removed 
from tanks and are lysed using different methods such 
as enzyme digestion, freezing and thawing and 
sonication. For enzyme digestion, lysosome enzyme 
is used to digest the outer layer of the bacterial cells 
and detergent mixture is subsequently added to 
separate the cell wall membrane. 
Step 7: Purification of crude product Centrifugation is 
conducted to help separate the cell components from 
the products. Stringent purification of the 
recombinant insulin chains must be taken to remove 
any impurities. This uses several chromatographic 
methods such as gel filtration and ion-exchange, 
along with additional steps which exploit differences 
in hydrophobicity. 
Step 8: Obtaining of insulin chains The proteins 
isolated after lysis consists of the fusion of β-
galactosidase and insulin chains due to the fact that 
there is no termination or disruption to the synthesis 
of these two proteins as the genes are linked together 
therefore, cyanogen bromide is used to split the 
protein chains at methionine residues, allowing the 
insulin chains to be obtained. 
Step 9: Synthesis of active insulin Two chains (A and 
B) forms disulfide bonds using sodium dithionate and 
sodium sulphite, and the chains are joint through a 
reaction known as reduction-reoxidation under beta- 
mercaptoethanol and air oxidation, resulting in 
Humulin - synthetic human insulin. 
Step 10: PR-HPLC to obtain highly purified insulin 
Reverse-phase high performance liquid 
chromatography (PR-HPLC) is performed lastly to 
remove almost all the impurities, to produce highly 
purified insulin. The insulin then can be polished and 
packaged to be sold in the industires. 
 The Proinsulin Process In 1986, another method 

to synthesize human insulin using the direct 
precursor to the insulin gene, proinsulin, was 
popularized. Many steps are the same as when 
producing insulin with the A and B chains, 
except for mostly in the downstream process. 
Insulin is naturally synthesized as pre-proinsulin 
in the pancreas. It is converted to proinsulin with 
the N-terminal signal peptide enzymatically 
removed. Proinsulin is composed of the amino 

acid chains that will form insulin and a 
connecting 30 residue peptide that joins one end 
of chain A to chain B. Enzymatic proteolysis 
removes the peptide chain to produce insulin. 

 
STORAGE OF GEI: 
Saline dilution  and Zn+3 complexion is used to keep 
insulin useful for longer periods of time is by 
blocking its immediate use by cells, & stabilizing the 
protein. And stored at 40 C, in which the insulin is 
not allowed to completely come out of solution. 
 
DISCUSSION 
 
The use of biotechnology in medicine permits the 
synthesis and purification of human proteins in 
heterologous cell systems which are potentially useful 
for basic research or for many medical applications 
such as diagnostic assay systems. Many proteins such 
as human preproinsulin cannot be obtained from their 
natural sources in suitable quantities because of their 
low abundance or difficulty of purification by 
conventional methods from human tissue samples, 
organs or cell lines (3). Hence they are produced in 
lab for the purpose to treat various deficiency and 
disease that occur in our body it can also be used to 
treat some genetic disorders by gene manipulation. 
 
REFERENCES 
 
[1] RECOMBINANT DNA TECHNOLOGY:  APPLICATIONS IN THE 

FIELD OF BIOTECHNOLOGY AND CRIME SCIENCES Pandey 
Shivanand*, Suba Noopur Smt. R. B. P. M. Pharmacy College, Atkot-
360040, Rajkot, Gujarat. India. 

[2] Human insulin prepared by recombinant DNA techniques and native 
human insulin interact identically with insulin receptors (genetic 
engineering/biotechnology/monoiodinated insulin), LINDA NI. 
KEEFER, NIARIE-AGNES PIRON, ANI) PIERRE DE MEYTS 

[3] (Gceral Pathology Unit, Intctriationial Instititte of ('liillar and 
MIolectIlar Pathoilmo. UCL-7529. Avnime Iliippocrate. 75. B-12(X) 
Brisscls. Belgium Comlumllicatecd by Christiani de J) le, Novemlber 
4. 1980. 

[4] Recombinant human preproinsulin, Expression, purification and 
reaction with insulin autoantibodies in sera from patients with insulin-
dependent diabetes mellitus 

[5] Heike Berg a, Michael Walter u, Ludwig Mauch a, Jochen Seissler c 
and Wolfgang Northemann a 

[6] a Department of Molecular Biology, ELIAS Entwicklungslabor, D-
79114 Freiburg, Germany, b Institute of Genetics, University of 
Diisseldorf, D-40225 Diisseldorf,, Germany, and c Department of 
Internal Medicine I, University of Ulm, D-89081 Ulm, Germany 
(Received 9 December 1992, revised received 19 March 1993, 
accepted 10 May 1993). 

[7] Insulin, History, Biochemistry, Physiology and Pharmacology 
Shashank R. Joshi*, Rakesh M. Parikh**, A. K. Das*** 

[8] Crea, R., Kraszewski, A., Hirose, T. & Itakura, K. (1978) Proc. Nati. 
Acad. Sci. USA 75, 5765-5769. 

[9] Goeddel, D. V., Kleid, D. G., Bolivar, F., Hevneker, H. L., Yansura, 
D. G., Crea, R., Hirose, T., Kraszewvski, A., Itakura, K. & Riggs, A. 
D. (1979) Proc. Nat. Acad. Sci. USA 76, 106--10. 

[10] Frank, B. H. (1980) Diabetes 29, Suppl. 2, 106A (abstr.). 
[11] Chance, R. E., Kroeff, E. P. & Hoffinan, J. A. (1981) in Insulins, 

Growth Hormone, and Recombinant DINA Technology, eds. 
Gueriguian, J. L., Miller, H. I., Schaffenburg, C. A., Gregoire, A. T. & 
Sobel, S. (Raven, New York), in press. 

[12] De Nlevts, P. (1976) in Methods in Receptor Research, ed. Blecher, 
MI. (Dekker, New York), Vol. 1, pp. 301-383. 

[13] Gavin, J. R., III, Roth, J., Neville, D. NI. Jr., De Nlevts, P. & Buell, 
1). N. (1974) Proc. Natl. Acad. Sci. USA 71, 84-88 

[14] De Nlevts, P., Bianco, A. R. & Roth, J. (1976)]. Biol. Chem. 251, 
1877-1888. 

 


