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Penicillin: The Discovery That Changed the World of Medicine


Penicillin was discovered by Alexander Fleming in August 1928.  His discovery was totally accidental, but one that had a major effect on the world of medicine.  One day he “returned from a vacation to his usually messy, disordered laboratory.  In one of his Petri dishes that had not been touched by the Lysol, he noticed an unusual phenomenon: separate colonies of staphylococci and, near the dish’s edge, a colony of mold approximately 20 mm in diameter” (Ligon 52).  He immediately knew that this “unusual phenomenon” was one worth studying.  Once Fleming established the bacteria fighting qualities of this new substance, he knew his discovery was an important one.  He excitedly presented his findings to the world, only to have them virtually ignored for a decade.  Scientists finally took notice of Fleming’s discoveries, and worked to create the antibiotic Penicillin that millions of people use today.  “Without a doubt, the discovery and development of penicillin changed the entire direction of approaches to treating infectious diseases and saved the lives of millions of people” (Ligon 58).   


Alexander Fleming was involved in medical science for a large portion of his life.  He was born in 1881 to a very large family, and grew up in a close family and attended school in London.  He excelled in all areas of study, and eventually found he was interested in science the most.  “He won numerous awards in chemistry, biology, physiology, and anatomy before finishing his preclinical studies in 1904” (Ligon 58).  He eventually became a physician with a special interest in surgery.  He also studied bacteriology for awhile, and was an integral part of vaccinating soldiers during the in the early 1900’s.  He worked at determining exactly what bacteria was infecting a soldier and then deciding the best way to treat this disease.  He got married in 1915, and in 1921 discovered a substance he called lysozyme.  He presented his findings to the Medical Research Club, but “his delivery style was so unimpressionable and his presentation was such an almost inaudible mumble that no one paid any attention to his presentation and dismissed his findings” (Ligon 61).  This did not discourage Fleming as he continued to work on his interest in bacteriology.  

In 1928 he found the Petri dish with the Penicillin in it, but he did not pursue this discovery.  Instead, he coauthored a book with G. F. Petric called Recent Advances in Vaccine and Serum Therapy, which has “been heralded as Fleming’s best literary contribution to science” (Ligon 62).  His work with the penicillin was eventually advanced by two scientists who published their findings.  Fleming was instantly famous, and he won numerous awards, including the Nobel Prize.  In 1946 he became Principle of the Institute of Pathology.  For the remainder of his life he traveled extensively and continued to work in his labs.  He died of coronary thrombosis in 1955.  The discovery of Penicillin is his most famous contribution to the world of medicine.  

     In 1928 Alexander Fleming discovered penicillin while trying to find an antibiotic to treat a bacterial infection. One of the most serious bacterial infections at the time was called staphylococci. When returning to his lab one day Fleming, who was the usual messy scientist, noticed mold growing in one of the Petri dishes that he had forgot to clean well. Fleming noted that in the dish with the mold the staphylococci bacteria were not growing in close proximity to the mold, except for a few "semitransparent groups, described by his assistant as "ghosts" (Ligon 1). The mold secreted a substance that prevented the staphylococci from growing. Fleming named the substance penicillin taken from the name of the mold in the dish, "Penicillium notatum". Fleming then began to test the mold to see what diseases it could actually help prevent. 

He put the culture for the mold in another dish and let it grow for a few days before he added the microbes of bacteria. After adding these to the dish, Fleming noticed that the mold produced an antibacterial agent causing some of the microbes to stay away from the mold while others grew right up to it. Next Fleming tried his experiment in fluid to see if it would produce the same results. "He found that the microbes most powerfully inhibited were some of those responsible for the most common infections" (Ligon 1-2). Though the penicillin did not inhibit the growth of the stronger microbes, it continued to hinder the growth of staphylococci. "To this point, Fleming had demonstrated that penicillin was bacteriostatic (ie, it inhibits the growth of microbes), but he also showed that it was bactericidal (ie, it actually killed them)" (Ligon 2). Penicillin not only prevented the staphylococci bacteria from growing, but it actually killed the disease.  Another benefit of penicillin that Fleming noticed was that it held off bacteria without harming any of the other cells in the body: 

unlike all the chemicals that had been used as antibacterial agents, which at certain concentrations destroyed the leukocytes that constitute one of our most powerful defenses against infection while not interfering with growth of bacteria, penicillin completely inhibited the growth of staphylococci in a dilution up to 1 in 1000 when tested in human blood but had no more toxic effect on the leukocytes than did the original culture medium in which the mold had been grown (Ligon 2).

Basically penicillin was the drug that scientists had been looking for; it fought of the bacterial infections without having and adverse effect on the normal stability of human blood.

Penicillin works by inhibiting the growth of bacterial cell walls.   “Penicillin and other β-lactam antibiotics work by inhibiting the formation of peptidoglycan cross links in the bacterial cell wall. The beta-lactam moiety of penicillin binds to the enzyme that links the peptidoglycan molecules in bacteria and prevents the bacteria from multiplying (or rather causing cell lysis or death when the bacteria tries to divide)..  The name "penicillin" can either refer to several variants of penicillin available, or to the group of antibiotics derived from the penicillins (Wikipedia.com).  The molecular formula for penicillin is R-C9H11N2O4S, where R is a variable.  Below is a picture of the penicillin nucleus.
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(Wikipedia.com)

Figure A shows Penicillin in action.  It is a plate where penicillin was developed and then fungus was overlayed into it.  Figure B is a picture of the sporing structures of penicillin (Pharmactutical Information Network).

There are four variants penicillin.  They are Benzathine, Benzylpenicillin, Procaine, and Phenozymethylpenicillin.  This Benzathine (Benicillin) is used on patients suffering from rheumatiac fever and syphilis.  It is useful because it is effective for a long period of time.  Benzylpenicillin is used to treat endocarditis, meningitis, and pneumonia among others.  This form of penicillin cannot be taken orally because it is too unstable in the stomach.  It must be injected directly into tissue, which allows for more “antibiotic activity.”  Phenozymethylpenicillin is more commonly known as Penicillin V and is taken orally.  This is the most common penicillin and is taken to treat tonsilitis, pharyngitis, and skin infections.   Procain is a “combination of benzylpenicillin with the local anaesthetic agent procaine. This combination is aimed at reducing the pain and discomfort associated with a large intramuscular injection of penicillin” (Wikipedia.com).  This form of penicillin treats respiratory tract infections, syphilis, and cellulitis.  

Penicillin is a β-lactam antibiotic.  “All β-lactam antibiotics are bactericidal, and act by inhibiting the synthesis of the peptidoglycan layer of bacterial cell walls. The peptidoglycan layer is important for cell wall structural integrity, especially in Gram-positive organisms. The final transpeptidation step in the synthesis of the peptidoglycan is facilitated by transpeptidases known as penicillin binding proteins (PBPs)” (Wikipedia.com).  The bond that the penicillin proteins form with the bacteria is irreversitible.  This is the reason why it is so effective as an antibiotic.  The only time penicillin is not effective is when resistance occurs.  This happens when a bacteria secretes enzymes that break down the beta lactam ring.  This usually occurs in “hospital acquired bacteria” (Wikipedia.com).  

Fleming’s next step was injecting animals with a virus and then with penicillin to see how they would react. Fleming stated, 

It was the first substance I had ever tested which was more antibacterial than it was antileukocytic and it was this especially which convinced me that some day when it could be concentrated and rendered more stable it would be used for the treatment of infections (Ligon 2). 

During Fleming’s tests with penicillin he learned that it was difficult to concentrate and make a strong enough form because it was an unstable substance. So after numerous tries, he decided to preserve the culture and save it for someone who would be better equipped to work out the details of making penicillin into a helpful antibiotic. Fleming’s discovery would go untouched for over a decade before any further progress was made.

Over the ten-year gap between substantial progress towards the formation of penicillin into a useable agent Fleming tried to promote his discovery with no avail. He held conferences discussing his findings, but no one seemed to show much interest in the little know substance. Fleming knew that he needed to enlist the help of a chemist in order to purify penicillin, and form a way to produce greater amounts of it. For the next couple of years several chemists got involved with working on penicillin, and for some reason or another all of them ended up giving up. Around 1935 Fleming himself finally gave up the search for help, and limited himself to providing cultures for those interested in testing them. 

Meanwhile at Oxford, Howard Florey became Chair of Pathology and took on the responsibility of advancing the research on penicillin. Florey made Ernst Chain the organizer of the biochemical department. Together the two men did substantial work on the purification process of bacteriolytic agents. When they came across Fleming’s research on penicillin they chose to work to purify it because, “its relative instability indicated that it might have interesting chemical properties, and because it was stated to be active against the staphylococcus, against which no other effective remedy was known at the time” (Ligon 3). So on May 25, 1939 the first animal trials were conducted. Eight mice were injected “with a virulent strain of streptococcus” and then four of the mice were treated with penicillin while the other four were kept as the control group. That night the four untreated mice all died, while the four treated with penicillin remained alive and healthy. The animal trials continued throughout the next year and in the end penicillin was deemed effective in treating and protecting animals from several different bacterial viruses.

After the progress made at Oxford, several clinicians, led by Henry Dawson, continued to work on purifying penicillin until it was suitable for trial on humans. Dawson’s work on penicillin is not widely recognized because he died early on in his experimentation; however, he was “the first person to use penicillin systematically in a human patient” (Ligon 4). Back at Oxford a group of scientists, including Florey and Chain, formed what would be known as the “Oxford team”. “The work of developing penicillin into an agent of practical use was entirely that of the Oxford group” (Ligon 4).  Clinical trials followed this discovery starting on February 12, 1941 with the first patient to be injected with penicillin. The man was very sick with staphylococcal osteomyelitis, but after the initial penicillin treatment he seemed to be making satisfactory progress. However, five days later the penicillin supply was depleted and the man ended up dieing. The next step the “Oxford group” took was producing enough penicillin to treat a group of five severely ill patients. Of this group only two ended up dieing. The biggest problem the scientists faced was producing enough penicillin to keep the patients alive.

Florey decided he would move his research to the United States with fellow “Oxford group” member Norman Heatley, in hopes of coming across a way to produce the larger amounts of penicillin that were needed. Once relocated to Peoria, Illinois Florey and Heatley got back to work and put together a new group of scientists to work on the production process.

The Peoria group already had estimated that 200,000 L of mold filtrate would be needed to treat 100 patients; Heatley’s extraction apparatus at Oxford could only process 12 L of crude broth per hour. The triumvirate in Peoria found that a deep fermentation technique with use of corn-steep liquor led to an exponential increase in the penicillin content of the mold infiltrate in comparison with the surface culture method used at Oxford (Lingon 4).

Once this discovery was made, penicillin became much easier to produce in its purest form and in mass quantity. Even after this discovery many pharmaceutical companies were still holding off on producing the drug, but once Florey received government funding several of the companies decided to back penicillin.


When the United States went to war on December 7, 1941 the increased demand for penicillin helped to boost the production rate. Researchers came up with a way of producing the mold using “deep-tank fermentation”. The government then took over production and relied heavily on the medicine to help treat the troops. In September of 1943 the United States had formed a reliable production method and produced enough penicillin to take care of their troops and their allies. 

The discovery of penicillin was purely accidental, but is one of the most important “accidents” that ever happened.  Penicillin is used to treat many infections today that were deadly before penicillin treatment became available.  In a test of 91 people with a staphylococcal infection, penicillin reduced the mortality rate from an expected 100% to 40%. Penicillin also dramatically increased the survival rate of soldiers to an astounding 95% (McGrew 250). These figures prove just how important this discovery was.  While penicillin does not kill all bacterial infections, it is instrumental to the development of other medicines that treat bacteria.  More and more strains of penicillin have become available over the years.  Due to the scientists Fleming, Chain, and Florey penicillin was pushed from an experiment in bacteria to a world changing, life saving medicine. In 1945 Fleming received the Nobel Prize for his discovery, an award he shared with Florey and Chain without whose work penicillin would never have reached the masses. “The world owes a tremendous debt to all three men, who together helped change the course of medicine and were instrumental in saving the lives of innumerable individuals” (Ligon 57).  Penicillin has proved to be a useful and powerful antibiotic. 
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