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means: mutation and genetic recombination. In mutation, a gene is modified

either unintentially (‘spontaneous mutation’) or intentially (‘induced mutation’).
Although the change is usually detrimental and eliminated by selection, some
mutations are beneficial to the microorganism. Even if it is not beneficial to the
organism, but beneficial to humans, the mutation can be detected by screening
and can be preserved indefinitely. This is indeed what the fermentation
microbiologists did in the strain development programs that led to the great

expansion of the fermentation industry in the second half of the twentieth

century.

It was fortunate that the intensive development of microbial genetics began in the
1940s when the fermentative production of penicillin became an international
necessity. The early studies in basic genetics concentrated on the production of
mutants and their properties. The ease with which ‘permanent’ characteristics of
microorganisms could be changed by mutation and the simplicity of the mutation
techniques had tremendous appeal to microbiologists. Thus began the
cooperative ‘strain-selection’ program among workers at the U.S. Department of
Agriculture Laboratories in Peoria, the Carnegie Institution, Stanford University
and the University of Wisconsin, followed by the extensive individual programs
that still exist today in industrial laboratories throughout the world. It is clear that
mutation has been the major factor involved in the hundred- to thousand-fold
increases obtained in production of microbial metabolites and that the ability to
modify genetically a microbial culture to higher productivit_y has been the most

important factor in keeping the fermentation industry in its viable, healthy state.
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Nitrogen fixation and fermentation

Nitrogenous materials have long been used in agriculture as fertilizers, %% the

course of the 19th century the importance of fixed nitrogen to growing plants was
increasingly understood. Accordingly, ammonia released in making coke from coal was

recovered and utilized as a fertilizer, as were deposits of sodium nitrate (saltpetre) from

Chile. Wherever intensive agriculture was practiced, there arose a demand for nitrogen

compounds to supplement the natural supply in the soil. At the same time, the

increasing quantity of Chile saltpetre used to make gunpowder led to a worldwide

search for natural deposits of this nitrogen compound. By the end of the 19th century it
was clear that recoveries from the coal-carbonizing industry and the importation of
Chilean nitrates could not meet future demands. Moreover, it was realized that, in the
event of a major war, a nation cut off from the Chilean supply would soon be unable

to manufacture munitions in adequate amounts.

During the first decade of the 20th century, intensive research efforts culminated in the
development of several commercial nitrogen—fixation processes. The three most-
productive approaches were the direct combination of nitrogen with oxygen, the
reaction of nitrogen with calcium carbide, and the direct combination of nitrogen with
hydrogen. In the first approach, air or any other uncombined mixture of oxygen and
nitrogen is heated to a very high temperature, and a small portion of the mixture reacts
to form the gas nitric oxide. The nitric oxide is then cheni.ically converted to nitrates

for use as fertilizers. By 1902 electric generators were in use at Niagara Falls, New

York, to combine nitrogen and oxygen in the high temperatures of an electric arc. This

venture failed commercially, but in 1904 Christian Birkeland and Samuel Eyde of
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Norway used an arc method in a small plant that was the forerunner of Se\ceml{\%ggm

commercially successful plants that were built in Norway and other countries. ow /
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The arc process, however, was costly and inherently inefficient in its use of energy, and
it was soon abandoned for better processes. One such method used the reaction of

nitrogen with calcium carbide at high temperatures to form calcium cyanamide,

which hydrolyzes to ammonia and urea. The cyanamide process was utilized on a large
scale by several countries before and during World War I, but it too was energy-

intensive, and by 1918 the Haber-Bosch process had rendered it obsolete.

The Haber-Bosch  process directly synthesizes ammonia  from nitrogen

and hydrogen and is the most economical nitrogen-fixation process known. About 1909

the German chemist Fritz Haber ascertained that nitrogen from the air could be

combined with hydrogen under extremely high pressures and moderately high
temperatures in the presence of an active catalyst to yield an extremely high proportion
of ammonia, which is the starting point for the production of a wide range of nitrogen

compounds. This process, made commercially feasible by Carl Bosch, came to bc

called the Haber-Bosch process or the synthetic ammonia process. Germany’s

successful reliance on this process during World War I led to a rapid expansion of the

industry and the construction of similar plants in many other countries after the war.

The Haber-Bosch method is now one of the largest and most-basic processes of

the chemical industry throughout the world.




