THE PRODUCTION OF INSULIN USING RECOMBINANT
TECHNIQUES

By 1982 the production of biosynthetic human insulin (BHI) through recombinant
DXNA technology had replaced purified pork insulin (PPIy! methods in the regulation
and maintainence of diabetes. Diabetics, who cannot maintain glucose homeostasis
require daily injections of insulin in order to ensure survival.

During the production of insulin, a genetically engineered product, a plasmid (a
circular DNA molecule) is removed from a bacterial yeast cell and opened by a spe-
cial enzyme in the process of enzymatic restriction. Additionally. DNA encoding the
required protein (synthetic insulin DNA) is inserted into the opened plasmid. This plas-
mid is then closed once more by a another special enzyme through recombination*2.
The recombined plasmid is then implanted into a host yeast cell which undergoes
binary fission resulting in identical daughter cells, which then produce insulin.

This method, compared to previous techniques, has a greater success rate, reli-
ability, biodegradability, and ability to produce virtually an unlimited supply of
insulin.*3 Furthermore, recombinant technology manufactured BHI is identical to pan-
creatic human insulin produced by a non-diabetic+t. Also,the genetically engineered
yeast cells are biodegradable, containing no detectable yeast polypeptides and are
free of E.coli and animal source contaminents, thus can be destroyed after use by
heat and alkali treatments5.
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Genes. pieces of DNA deoxyribonucleic acid) coding for sequences of amino
acids are inherited instructions controlling the structure and function of cells. Within
DNA'Is where an organisins genetic information is held.*s While DNA'S structure is uni-
versal within all cells. each cell has a unique base structure coding for a specific
amino acid. Hence synthetic DNA can be produced identical to the original. DNA con-
sists of two parallel polynucleotide chains arranged in a double helix.DINGRAM 1 ywhere
cach DNA molecule is made of a smaller unit called a nucleotide strand. The strands
form by a sugar and a phosphate. the first strand being called a template and the sec-
ond. a complementary strands7. The base structure consists of four bases: Adenine
(A). Cytosine (C). Guanine (G) and Thymine (T), bonded together by weak hydrogen
bonds in a scries called complementary base pairing, where A binds with T. and G
binds with C. The sequence of AT and GC pairs is important in determining the struc-
ture of a gene and its function.-8 DNA's significance in insulin's production is substan-
tial due to the fact that a strand of DNA. complementary to RNA (ribonucleic acid, con-
sisting of a single chain of nucleotide subunits. A.U.G.C). is cut. combined into plas-
mids. and introduced back into bacteria.

WORDS: 220
DOUDBLE HELIN STRUCTURE OFF DNA

Pho:phﬂk@

Deovunose Sugar
z J

NUCLEOTDES

(omplement o | Bae Pange

*DIAGRAM |
REFERENCE #*6

TCMp‘ate {{/and
Comp\emm{auj Shand Cnuckoh‘dg“,

{nucleol de)

REFERENCE:

*G ADVANCED BIOLOGY, PRINCIPLES & APPLICATIONS
CJ Clegg with DG Mackean
1994

*7 IBID )

tsi

© The School For Excellence 2019 www.tstx.com.au Free Exclusive Online Resources



A plasmid, the small circular DNA molecule within a cell, is used as the site of

insulin synthesis. TRANSCRIPTIONDPIAGRAM 2) jg the first stage in processing the protein
(insulin), as DNA is copied and transcribed into MRNA (messenger RNA) carriying
information from the nucleus to cytoplasm. Attached to DNA is the enzyme RNA poly-
merase which breaks weak hydrogen bonds, causing double stranded DNA to unwind
and expose the bases. The complementary copy of mRNA is built by base sequence
of DNA to act as a template. The mRNA is constructed by bringing complementary
nucleotides into place and joining them to form a chain. The RNA polymerase enzyme
connects nucleotides to form a single stranded molecule called pre-mRNA (called so
because it involves introns)s. Pre-mRNAs base sequence is complementary to DNA'S
base sequence in the sense strand. Next, corresponding regions of pre-mRNA to
introns in the coding region of the gene are cut out, leaving shorter, more accurate
MRNA molecule«10. A copy of DNA template's information is carried by mRNA and
read by ribosomes (place of transportation for protein synthesis), where amino acids
are properly sequenced with correct tertiary structures and disulfide bridges.
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The process of TRANSLATION of mMRNA in cytoplasm of the ribosomes, occurs
thus. Codons comprising the mRNA are read, each codon coding for a specific amino
acid. The first codon is a ‘start translation putting the first amino acid into the chain.
As each codon is translated a tRNA (consisting of a single strand of RNA coiled at one
end incorporating three bases constituting an anti-codon) collects the corresponding
amino acid. At the opposite end, the anti-codon has a region attaching to a specific
amino acid. As each codon is read, the tRNA consisting complementary anti-codons
pairs momentarily with mRNA*!1. Addition of amino acids continues until a ‘stop’
codon is reached, halting additional amino acids to insulin production.*i2
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THE AMINO ACID SEQUENCE OF INSULIN
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The process used to change the DNA-encoded

GENETIC DNA

hereditary characteristics of an organism so that it will SEQUENCE FOR THE

produce foreign proteins is called recombinant DNA
technology#*13. Therefore the gene used for insertion
into an organism for the production of insulin is done
by synthesising the gene. The steps involved are as
follows:

* A plasmid from a yeast cell is removed via restric-

tion enzyme BamH1 (Bacillus amyloliquefaciens).Dia-
GRAM 4

“Mini-proinsulin’ (produced in yeast), a genetically engi-
neered insulin gene, is inserted into a yeast plasmid.
The yeast plasmid is made by implanting a piece of
DNA carrying the code for human insulin.*DIAGRAM 5&6
Then by transformation the resulting recombinant plas-
mids are introduced back into host yeast cells.

*The synthetic DNA inserted into the yeast plasmid is
made by using reverse transcriptase, obtained from a

retrovirus, to make a strand of DNA complementary to
H;\'“\_'Ulf\(iﬂ\.\'l 7

*The “leader protein” informs the cell that insulin is to
be transported out of the cell and into a growth medi-
un.

*Insulin is a ‘pro-insulin,” meaning it contains an addi-
tional amino-acid sequence helping dictate the final 3-
dimensional structure of the protein. This sequence,
known as the ‘C-segment. is discarded before the cell
becomes fully functional. The two remaining chains of
insulin, A and B, stay cross-linked and locked in stable
tertiary structure by disulfide bridges formed when the
proinsulin molecule was formed.* 14

*The host yeast cell produces an RNA strand contain-
ing the same information as the DNA sequence of the
gene, called messenger RNA (consisting of codons for
insulin protein). MRNA is transprted to ribosomes,
where the genetic code is read. The protein produced
by the cell then folds to correct tertiary structure and
disulfide bridges are established in the molecule. The
process is termination of the gene expression, and
thus coding for the production of insulin.*1s
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The application of recombinant DNA technology into human insulin production
has biological implications are beneficial to diabetics. Potential shortages of insulin,
predicted for 19905, have since been dispelled since the replacement of PPl with
BHIL*16 Supplies of PPl were limited but BHI provides unlimited provisions. It has been
found that insulin extracted is substantially pure and physically identical to human

pancreatic insulin. The insulin is accepted by the body, and reaction to existing insulin-
antibodies is marginal.*17

Diabetics chances of survival are improved via both these advantages. The
quality of life of diabetics is enhanced due to reduction in eye and Kidney disorders
which were previously common.. No toxic chemicals are used to produce or purify
genetically engineered insulin, thus the ability of yeast cells to establish in nature, in
competition with naturally occurring yeasts and other microorganisms, is extremely
proficient. “Genetically engineered yeasts die out quickly in natural biotopes, and are
thus harmless to the environment.™18

A potentially dangerous biological implication of genetically engineered insulin
is a mutation in the insulin gene that could occur in bacteria plasmid used to produce
insulin. Every insulin batch is analysed, ensuring conformity to pancreatic insulin. The
chances of mutant genes are reduced, as genotypes of the genes are not adjust(‘d
and bacteria used in biosynthesis is not from “succeeding generations.™19
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An issue directly related to this application is the decision to allow the only two
insulin companies in Australia, NOVO-NORDISK and ELI-LILLY, to control technology,
by administering the process whereby insulin is produced. To patent an item is to pro-
duce a new concept with new principles. The companies have not produced anything
new’ but merely manipulated an insulin gene, via improved methods, to produce
insulin. The power to own the techniques gives the companies the capacity to
monopolise insulin costs, making future companies wishing to produce insulin, liable.

However, research into developing insulin using recombinant DNA technology
costs millions of dollars. Therefore companies should have the right to patent
research in order to remain a viable business. The research has been effective in
reducing insulin cost. In comparison, biosynthetic human insulin is cheaper for
consumers; $37.55/10ml. than the purified pork insulin; $40.20/10ml.*19 The research
done by ELILILLY “effectively preluded the worldwide insulin shortage forecast for the
1990s.™20 The capacity to reap rewards of discoveries provides them with the incen-
tive to try harder and search for more convenient ways to help dlabencs and pro-
vides better quality control monitoring.*2!
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