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Insulin: The Key Protein
Insulin Gene

When you consider insulin, what comes to your mind? Do
you see it as a lifesaving molecule in the sense that it constantly
lowers your glucose levels, or is it just another protein? Well, it
is both of these, and much more. The insulin gene is coded by
the gene 11p15.5 on Chromosome 11. Insulin is used by our
bodies to filter blood sugar (glucose). If a person is healthy, then
the process works perfectly; however, people with a terrible
disease called Type I Diabetes cannot produce their own insulin.
Instead, they must constantly inject genetically modified
“insulin” into their bodies in order to bring down their glucose
levels. If they don’t take the insulin, their bodies will constantly
break down their fat and muscle tissue, resulting in weight loss
and an eventually fatal condition called diabetic ketoacidosis.
Unfortunately, before 1922, people had to suffer and die from
their diabetic conditions. But, in that year, a breakthrough was
made. The first insulin dose (from a dog) was given to 14-yearold Leonard Thompson1, who was dying from Type I Diabetes. It
actually ended up saving his life and the lives of thousands of
others in the following years.

History of Insulin
It all began in Germany. In 1869, Paul Langerhans2, the
son of a well-known physician in Berlin, was viewing the
pancreas (the organ we now know makes insulin) under a light
microscope and noticed a few isolated, small, circular masses
within the pancreas that no one had noticed before. He dubbed
them the “Islets of Langerhans3” after himself, although no one
could figure out their purpose. That didn’t happen until 1921,
when Frederick Banting4 and his colleague Charles Best5
discovered the insulin molecule, and that it was somehow
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produced in the Islets of Langerhans, which put making insulin as the pancreas’s most
important observable task.
The discovery then paved the way for Best and another colleague, James Collip6 to
extract insulin from dogs and pigs and sell it. For a long time, insulin was taken in this
way from dogs, pigs, and sheep and given to people. While it did help people survive
longer, it still contributed to other health problems in people, and sometimes, their
bodies even tried to fight off the insulin since it came from a different species.
Something had to be done. But no one could artificially produce insulin until its amino
acid sequence was properly identified, and until the gene that codes for it could be
cloned and put into the genome of another organism which could “foster” the human
insulin produced by the gene. In 1955, British scientist Frederick Sanger7 did manage to
detect the amino acid sequence of insulin. The copying of the 11p15.5 gene, however,
was delayed until 1978, when Genentech scientist Dennis Kleid8 was finally able to clone
the gene and put it into the Escherichia Coli bacteria species for mass production of the
first artificial human “insulin!”

How Insulin is Made Artificially
Insulin is still made artificially in much the same way today as it was in 1978.
First, the 11p15.5 gene is duplicated. Next, it is put into the genome of E. Coli bacterial
chromosomes using the “recombinant DNA” technique. Then, because they have the
gene, the Escherichia Coli bacteria begin mass producing insulin. Finally, the insulin is
“harvested” from the bacteria and is ready to be injected into patients at a moment’s
notice.

How Insulin is Made Inside the Pancreas
How is the insulin actually made naturally? you might ask. Insulin is made in the
pancreas, which is the large, oval organ squeezed in between the stomach and small
intestines. There are, however, specific glands within the pancreas, known as the Islets
of Langerhans (as previously referenced) that actually produce the insulin. Within the
Islets, there are five types of cells: a cells, b cells, d cells, e cells, and PP cells. The b
cells take up most of the room in the Islets (around 70%) and produce insulin, so they
are the ones we will focus on. They begin to produce large numbers of insulin when
calcium ion (Ca2+) levels rise. Calcium is necessary for producing insulin. Without it,
your cells stop producing insulin and your blood sugar levels rise (this is the most
common cause of Type I Diabetes). With the proper supply of calcium, the b cells
commence producing insulin. Let’s follow one particular insulin molecule as it leaves the
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pancreas and enters the bloodstream. First, the insulin leaves a b cells through
exocytosis and diffuses into a capillary of one Islet. Once it has arrived at the end of the
Islet, the molecule turns onto one of the larger pancreas capillaries. Then, it flows into a
venule. Finally, enough similar venules come together to make a large vein, and the
insulin flows out of the pancreas and into the bloodstream. This happens to billions and
billions of insulin proteins every day as they leave the pancreas to lower glucose levels
in the bloodstream.
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Insulin in the Future
Believe it or not, there are types of “insulin” that truly are fake, and not just
cloned and grown in another organism. There is a common one right now called “analog
insulin.” The first such “analog” was produced by Eli Lily & Co.9 in 1996. It was made by
reversing the penultimate lysine and proline residues on the C-terminal end of the Bchain on the insulin protein. The reason this was good is because it prohibited the
formation of dimers and hexamers, which allowed larger amounts of it to be taken after
meals. Later on, another company, Novo Nordisk10, made another version of this analog
insulin dubbed “ASPART” by replacing the B28 proline with an aspartic acid. This also
inhibited the formation of hexamers, which allowed the “insulin” to work faster. There
are still more analog insulins available now, and even more will be available in the near
future. So, what’s next for insulin in the coming years? Maybe you will only have to take
an insulin dose once in your lifetime before it automatically starts working indefinitely.
Maybe scientists will be able to figure out how to make the pancreas secrete insulin on
its own even in people with diabetes. Maybe the next generation will even discover
another use for insulin that is unknown to us now. All the functions, all the wonders, and
all the what-ifs of insulin truly have made it the key protein.
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