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Louis Pasteur was born in 1822 in Dole, France, the only son of a poorly educated tanner, Jean Pasteur. Louis was not an outstanding student during his years of elementary education, preferring fishing and drawing to other subjects. In fact, young Louis drawings suggested that he could easily have become a superior portrait Artist. 

The Senior Pasteur, however, did not see his son ending up as an Artist, and Louis, himself, was showing increasing interest in chemistry and other scientific subjects. The highest wish Father Pasteur had for his son was that he completes his education in the local schools and become a professor in the college at Arbois. However the headmaster of the college recognized that Louis could do much better and convinced father and son that Louis should try for the Ecole Normale Sup rieure in Paris. This most prestigious French University was founded specifically to train outstanding students for University careers in science and letters. And it was here that Pasteur entered and began his long journey of scientific discovery. 

In 1847 at the age of 26, Pasteur did his first work (doctorate experiment) on molecular asymmetry, bringing together the principles of crystallography, chemistry and optics. He formulated a fundamental law: asymmetry differentiates the organic world from the mineral world. In other words, asymmetric molecules are always the product of life forces. His work became the basis of a new science -- stereochemistry. To Pasteur this discovery had a deeper meaning. He proposed that asymmetrical molecules were indicative of living processes. In the broadest sense, he was correct. 

We know today that all of the proteins of higher animals are made up of only those amino acids that exist in the left-hand form. Human or animal cells do not use the mirror image right-hand amino acids. Likewise, our cells burn only the right-handed form of sugar, not the left-handed form that can be made in the test tube (vitamins). It was the discovery of asymmetry of organic molecules that provided Pasteur with the "inescapable forward moving logic" that enchained him as he began his studies on alcoholic fermentation. 

Pasteur developed such a reputation, that in 1854, aged just 32, he became Dean of the Faculty of Science at the University of Lille. At this time, Lille was the center of alcohol manufacture in France. In 1856, Pasteur received a visit from a man called Bigo who worked at a factory that made alcohol from sugar beet. Bigo’s problem was that many of his vats of fermented beer were turning sour and, as a result, the beer had gone off and had to be thrown away. From a business point of view, this was a disaster. Bigo asked Pasteur to find out why this was happening.  The Minister of Public Instruction (university president) was not completely sold on "science for science's sake". He reminded university faculty "whilst keeping up with scientific theory, you should, in order to produce useful and far reaching results, appropriate to yourselves the special applications suitable to the real wants of the surrounding country."

After using a microscope to analyze samples from the vats, Pasteur found thousands of tiny microorganisms. After careful examination, he found that the fermenting solution contained optically active compounds and concluded that fermentation was a biological process carried out by microorganisms. He became convinced that they were responsible for the beer going sour. Pasteur believed that they caused the putrefaction of the beer – not that they were the result of the putrefaction.

Pasteur continued his work on this theme by studying other liquids such as milk, wine and vinegar. In 1857, he was appointed Director of Scientific Studies at the Ecôle Normale in Paris. Between 1857 and 1859, Pasteur became convinced that the liquids he had studied were being contaminated with microbes that floated in the air. The medical establishment ridiculed him.

To better appreciate the discoveries to follow, we should understand what was believed at that time about alcoholic fermentation. Chemistry was emerging as a true science, freed from the pseudoscience of the alchemist. The mysterious chemical processes of living animals were slowly being unraveled in strictly chemical terms. Lavoisier had shown that chemical combustion in living animals was quantitatively identical to that occurring in a furnace. Lavoisier also showed that sugar, the starting product of fermentation, could be broken down to alcohol, CO2 and H2O by simply dropping a sugar solution on heated platinum. Woehler startled the scientific world by synthesizing the organic compound urea, showing for the first time that organic compounds, believed up to then as capable of synthesis only by living animals could be made in a test tube. And due, in no small part to Pasteur's work on crystals, internal structure and analysis of complex organic compounds was becoming routine. 

In this light, fermentation leading to production of wine, beer and vinegar was believed to be a straightforward chemical breakdown of sugar to the desired molecules. The chemical experts (Justus von Liebig) of the day proclaimed that the breakdown of sugar into alcohol during fermentation of sugar to wine and beer was due to the presence of inherent unstabilizing vibrations. One could transfer these unstabilizing vibrations from a vat of finished wine to new grape pressings to start fermentation anew.  

Pasteur was vilified in public but rather than give up, he determined to fight for what he believed in. Pasteur started to devise tests to prove that he was right. 

This hypothesis, called the germ theory, was followed by many elegant experiments that showed unequivocally the existence of microorganisms and their effect on fermentation He was able to prove that:

Air contained living organisms 

That these microbes can produce putrefaction 

That these microbes could be killed by the heating of the liquid they were in (Pasteurization)
That these microbes were not uniformly distributed in the air. 

Pasteur delivered the fatal blow to the doctrine of spontaneous generation, the theory held for 20 centuries that life could arise spontaneously in organic materials. At the same time, he discovered the existence of life without oxygen: "Fermentation is the consequence of life without air". The discovery of anaerobic life paved the way for the study of germs that cause septicemia and gangrene, among other infections. Thanks to Pasteur, it became possible to devise techniques to kill microbes and to control contamination. 

Up to 1865, Pasteur’s work only involved beer, wine and milk. In 1865, he was asked to investigate his first disease called pébrine that affected the silkworm industry. Within a year, Pasteur had established that a living organism caused the disease and he now became convinced that microbes could also affect humans as well as beer and silk worms. In this sense, Pasteur believed that microbes could spread diseases among humans. Three of Pasteur’s daughters had died between 1859 and 1865; two from typhoid and one from a brain tumor.  In 1865, a cholera epidemic hit Marseilles. Pasteur carried out a number of experiments in a hospital in the hope of finding the germ that caused this feared disease. He was not successful.  In 1868, Pasteur suffered from a brain hemorrhage (stroke) that affected the left side of his body. This affected his ability to work but the work that he had done up to 1868, had inspired a number of younger scientists.

Pasteur developed his work by finding out ways humans could be prevented from getting a disease. 

He was inspired by his own desire to develop his knowledge but also by patriotism. Robert Koch was getting a great deal of attention throughout Europe for his discoveries and the French versus German rivalry that occurred provided a great spur to medical advances. In 1881, Pasteur met Koch at a meeting in London when the German was giving a lecture on what he had discovered up to that date. Koch had gathered around him a team of skilled research scientists. Pasteur frequently worked by himself. He realized that this was not the way to proceed and he also gathered around him a team of research scientists. Pasteur had always lacked detailed medical knowledge. Because of this he introduced into his team two brilliant young doctors, Emile Roux and Charles Chamberland. The first disease this team worked on was chicken cholera – a disease that affected many poultry farmers.

Pasteur knew about the work done by Edward Jenner regarding smallpox. Pasteur reasoned that if a vaccine could be found for smallpox, then a vaccine could be found for all diseases. Pasteur did not know how Jenner’s vaccination worked so he had to proceed searching for a chicken cholera vaccine using a process of trial and error.

In the summer of 1880, he found a vaccine by chance. Chamberland had inoculated some chickens with chicken cholera germs from an old culture (weakened) that had been around for some time. The chickens did not die. Pasteur asked Chamberland to repeat what he had done but with a fresh culture of chicken cholera germs. Pasteur reasoned that a new culture would provide more potent germs.

Two groups of chickens were inoculated; one that had been given the old culture and one group that had not. Those chickens that had been given the old culture survived, those that had not died. The chickens that had been inoculated with the old culture had become immune to chicken cholera. Pasteur believed that their bodies had used the weaker strain of germ to form a defense against the more powerful germs in the fresher culture.
In April 1881, Pasteur announced that his team had found a way to weaken anthrax germs and so could produce a vaccine against it. Despite his fame, there were still those in the medical world who mocked Pasteur.

Rossignol was the editor of "The Veterinary Press" and in 1882 he challenged Pasteur to a public test of his anthrax vaccine. The tests were held in May 1882. Sixty sheep used in the test. Pasteur kept ten as they were and divided the other fifty into two groups of twenty-five. One group was inoculated with his vaccine while twenty-five were not. All fifty were then injected with the anthrax virus. Those that were not inoculated died within two days. The inoculated group suffered no ill effects and was described as being "sound, and (they) frolicked and gave signs of perfect health". They proved that Pasteur was not exaggerating the powers of his vaccine. "The Times" in Great Britain called Pasteur "one of the scientific glories of France".
Pasteur and his team turned next to the disease of rabies. Most human victims of rabies died a painful death and the disease appeared to be getting more and more common in France. Though the team could not identify the germ, they did find that the rabies germ attacked the nervous system only after it had made its way to the brain. The team traced the germ to the brain and spinal cord of infected animals and by using dried spinal cords, they produced a vaccine for rabies. The vaccine was first tried out on animals.

Pasteur injected ‘clean’ animals with the rabies germ found in spinal cord that was fourteen days old. At this age, the germ was relatively weak and unlikely to threaten the life of the animals. He then used spinal cords that were thirteen days old, twelve days etc. on the animals until they were injected with the most virulent germ found in infected spinal cord that was fresh. All survived this. But Pasteur faced a serious problem. What worked on animals might not work on humans.
In 1885, a young boy, Joseph Meister, had been bitten by a rabid dog, and was brought to Pasteur. The boy almost certainly would have died an agonizing death if nothing was done so Pasteur took the risk on using his untested vaccine. The boy survived and Pasteur knew that he had found a vaccine for rabies. Three months later, when he examined Meister again, Pasteur reported that the boy was in good health.
Ironically, though Pasteur and his team knew that the vaccine worked, no one then in the world of science knew how it worked!

On March 1, 1886, Pasteur presented the results of his rabies treatment to the Academy of Sciences and called for the creation of a rabies vaccine center. An extensive, international public drive for funds financed the construction of the Pasteur Institute, a private, state-approved institute recognized by the President of France, Jules Grévy, in 1887 and inaugurated by his successor Sadi Carnot in 1888. In accordance with Pasteur's wishes, the Institute was founded as a clinic for rabies treatment, a research center for infectious disease and a teaching center. 
The 66-year-old scientist went on to dedicate the last seven years of his life to the Institute that still bears his name. During this period, Pasteur also came to know the joys of fame and was honored throughout the world with prestigious decorations. 
Pasteur's achievements seem wildly diverse at first glance, but a more in-depth look at the evolution of his career indicates that there is a logical order to his discoveries. He is revered for possessing the most important qualities of a scientist: the ability to survey all the known data and link the data for all possible hypotheses, the patience and drive to conduct experiments under strictly controlled conditions, and the brilliance to uncover the road to the solution from the results. 

On the discipline of rigid and strict experimental tests Pasteur commented, "Imagination should give wings to our thoughts but we always need decisive experimental proof, and when the moment comes to draw conclusions and to interpret the gathered observations, imagination must be checked and documented by the factual results of the experiment." The famous philosopher Ernest Renan said of Pasteur's method of research, "This marvelous experimental method eliminates certain facts, brings forth others, interrogates nature, and compels it to reply and stops only when the mind is fully satisfied. The charm of our studies, the enchantment of science, is that, everywhere and always, we can give the justification of our principles and the proof of our discoveries." 

Test Essay Question #7

· Describe the contributions to science Pasteur made. 

· Discuss these contributions in the context of the scientific method (observations, hypothesis, collection & analysis of data, conclusion) 

Also include in your discussion the historical and cultural context in which these discoveries were made.

