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interested in Japanese coniributions to the West in science, industry and
culture. in 1884 he married an American girl whose father helped him financially
start the Takamine Ferment Company in Peoria in 1890. This company's
business was to produce "diastase,” a mixture of glucoamylase and u-amylase.
This mixture of amylases was produced by the koji molds {Aspergifius oryzae and
A. soyae) and it was here in Peoria that fungal amylase was first introduced to the
West. In the production of alcohol from grain, it is necessary to break down the
starch to sugar, which is then fermented to alcohol. Up to this time the starch
conversion step of grain was brought about by the use of malt produced by the
germination of grains.

In Takamine's process the malt was replaced with fungal c-amylase and,
therefore, was a process in direct competition with malt utilization. Apparently this
new innovation was greeted with apprehension by the malt manufacturers. There
was labor agitation and a propaganda campaign against Takamine. In 1894 the
distillery where he worked was burned {o the ground. Arson was suspected but
never proven. The distillery which used fungal amylase was rebuilt, but the
company dissolved the Takamine corporation and Takamine left Peoria in 1894,
fn 1894 Takamine obtained a U.S5. patent on his enzyme diastase preparation
called Taka-Diastase.

Later Takamine founded the Takamine Laboratories in the East and the Sankyo
Pharmaceutical Company of Tokyo. He also isclated crystallized adrenaline at the
same time that this was done by J. Abel at John Hopkins. Takamine obtained
patents on adrenaline. He is known also for arranging for three thousand cherry
trees for planting at the Tidal Basin in Washington. Recently a book on Dr.
Takamine was prepared and printed by the Miles Company, which some years
ago had bought the Takamine Laboratories. The book contains his writings
translated into English along side the original Japanese.

Northern Regional Research Center

The Northern Regiona! Research Center {(NRRC) when it was started, had the
responsibility for industrial fermentation development. |t is significant that the first
Director was Orvifle £. May, a man who had worked in the fermentation field and
had published on such fermentations as gluceonic, lactic, and koji acids along with
the development of rotary aluminum fermentors. He later went to Washington
D.C. and subsequently became Chief of the Bureau of Agriculture and Industrial
Chemistry. The second Director, H. T. Herrick, likewise had experience in the
fermentation process used to convert tannin to gallic acid using Aspergiflus. He
proposed that the Center concentrate on mold fermentation. He, in turn, later
went o Washington, D.C. The Chief of the Fermentation Laboratory was Dr.
Robert Coghill, a former Professor of Organic Chemistry at Yale University. This
laboratory consisted of the Culture Collection (Kenneth B, Raper), Chemical
Section (Frank Stodola) and the Survey and Development Section (George
Ward).






agents. Many new antibiotics were found. Even to this day corn steep liquor is
used in the production of many antibiotics and all, as far as | know, incorporate the
use of agitated liquid media in fermentation processes as discovered at NRRG.

The value of penicillin and other antibiotics totals billions of dollars and accounts
for the saving of countless lives. This pioneering work resulted in the
development of a whole new billion-dollar industry that still utilizes the
discoverties of Dr. Moyer.

Dr. Moyer grew up as an orphan and had to struggle to obtain an education. As a
result of his childhood struggle, he was always rather suspicious of others. As a
scientist he was a careful worker who spent a great deal of time planning his
research and rechecking and evaluating his data. Because of his poor
background he was not a good speaker or writer, but this was compensated by
his clear thinking and his dedication and enthusiasm for research on meid
metabolites.

As a result of this work, Dr. Moyer, in 1987, was honored by being postumously
elected to the Inventor's Hall of Fame, 28 years after his death. Only two
microbiclogists, Louis Pasteur and Moyer, have ever been elected to the
Inventor's Hall of Fame. One of the requirements to be elected is that the person
honored tiold patents that are the basis of a whole new industry; thus, people
such as Edison, Bell and the Wright Brothers are in the Hall of Fame. At the time
of Moyer's election, 3 other people were seiected, namely, W. S. Burrcughs
(adding machine), Beckman {pH meter) and Sikorsky (helicopter}. As far as |
know, Moyer is the only government employee ever to be selected. At the time
of Moyer's election only 44 people had been honored. When he retired in the
early 1950's he held only a GS-12 rating in the government service.

Penicillin - Others

Other individuals involved in the penicillin eftort who are not alive should be
named. One of these was Dr. Kenneth Raper who isolated improved penicillin
producing strains, which gave both higher yields and which wouid grow in
submerged culture. Another person was Dr. Charles Thom who was instrumental
in getting the fermentation research placed at NRRC and who was the world's
expert at this time on the classification, biclogy and ecology of Peniciflium. Both
were recognized as outstanding mycologists, and both were elected to the
National Academy of Science. Three microbiologists from Peoria have been
slected presidents of the Society of Industrial Microbiology and the Mycological
Society of America. The penicitiin teamn received numerous awards including the
Lasker Group Award of the American Public Health Association in 1946.

ARS Culture Coellection
One of the unigue fermentation fealures in Peoria is the collection of living

microorganisms maintained at the Northern Regional Research Center (NRRC) of
the U.S. Depariment of Agriculture. The ARS Culture Collection is only one of



two large culture collections in the U.S | and its primary function is to find and
maintain useful or potentially useful microbiat genetic and taxonomic material.

This collection dates back to 1804 when Charles Thom was hired by USDA to
investigate the mold-cheeses. In making these studies Thom secured several
hundred strains of Peniciflivm angd Aspergifius which became the nucleus of the
ARS Culture Collection. At first Thom was at the Connecticut Experiment Station
but in 1913 he moved to Washington, D C. taking his cuitures with him, The
oldest moid culture in the Collection is a strain of Actinomucor elegans isotated in
1892. Thom's collection had no formal recognition, and the stary is told how
Thom worked in the laboratory on weekends to transfer his collection. In 1940
when the Fermentation Laboratory was established at NRRC, the Thom
Collection was moved from Washington, D.C. to Peoria and was formally
recognized as one of the fermentation groups with Dr. K. Raper in charge. Dr. J.
Wickerham joined the group to be curator of the Yeast Collection, and W. C.
Haynes was selected to maintain a Baclerial Collection. Since then the number of
curators have increased from 3 to 6. Some famous private collections were
added in 1940, including the Harvard Collection which had strains isclated before
1900. The yeast collection nucleus was composed of the many yeast cuftures
brought by Dr. Wickerham from the Universily of lllinois. Besides this valuable
cottection of yeasts, Wickerham developed a new technique for the preservation
of microbial cultures with the lyaphilization process. This technigue was used for
the entire culture collection and was adopted on a worldwide basis. 1t made
possible the assembling of large collections of microorganisms which could be
preserved for years under refrigeration, thus reducing the number of
generations and minimizing ihe possibility of spontaneous mutation.

This process of preservation has now made it possible for the collection to
maintain over 80,000 pure cullures of yeast, bacteria, and fungi and maintain
almost alt strains of microorganisms that produce useful producis by
fermentation.

In the late 1940's the U.S. Patent Office decided that to make a fermentation
patent operable the organism must be available to the public. This mean that a
producing strain, not necessarily the best producer, had to be deposited in a
permanent culture coliection which would make cultures available 1o the public.
The practice of depositing microorganisms in culfure collections began in 1949
with the deposit of Streptomyces aureofaciens by Lederle Laboratories as NRRL
2209 in the ARS Cutlture Collection. This deposit was in connection with the
fermentation production of aurecomycin and the procedure established by NRRC
for depositing cultures has been followed ever since. Today, only two U.S.
Collections are recognized as suitable places for depositing cultures to satisty
the U.S. Patent Otfice requirements. These are the ARS Culture Collection and
the American Type Culture Collection. This palent law practice has now become
estabiished on a worldwide basis.

Cultures are made available upon request at no cost except that there is a
deposit charge for patent deposils and a charge for securing patent deposit



cultures. In addition to the extensive taxonomic studies on various industrial
groups of microorganisms, the curators recently established methods based on
nuclear DNA and ribsomal BNA similarities for solving difficult classification
problems. These new technigues offer solutions to problems of taxa which
cannot be resolved with conventional taxgnomic methods. These new molecular
approaches have attracted persons from all over the world te learn the
technigues at NRRC.

The outstanding reputation of the ARS Cufture Collection is, in part, due to the
fact that each curator has a research project on the group of micrcorganisms he
maintaing and assists with other projects in biotechnoiogy.

Polysaccharides

For many years polysaccharides, produced by bacieria and yeasts have been
investigated as to their chemical structure, their fermentation production, their
classification and their physiclogical effect on animals. Two commerciatized
preducts developed by the Center are dexiran and xanthan gum. Another group
of polysaccharides, the phosphomannans, are of great interest because of their
medical implications.

Polysaccharides of microorganistas are of three types with respect to their cellular
location, namely intracellular, cell wall and exocellular. The last type is preterred in
production because he cells can be separated easily from the polysaccharide.

As a result of the need for a blood-plasma volume-expander during the Korean
War, a search was made for a icrobial polysaccharide that could do this. Dextran,
as produced by Leuconostoc masanteroides NRRL B-512F, a strain isclated
from a spoiled can of soft drink, was selected and is used commercially. Now
there is an enormous amount of literature on the immunochemistry of NRRL
dextrans. These siudies have contribuled significantly to understanding
reactions with antibodies and with animal and plant lectins.

Xanthan gum, on the other hand, was discovered in a survey of microbial gums
with no specific activity in mind. Although Xanthomonas campestris was known to
produce polysaccharides, no information existed on their properties or their
chemistry, The pelysaccharide, xanthan, was recognized as having great
industrial potential because of its unique properies including teing stable at
high temperatures and acid pH's, colorless, nol contributing calories to food,
viscus at low concentrations, yielding high viscosities and is resistant to shear-
thinning. FDA approved its use as a thickening agent in foods: and today # is
widely used in many foods. A second industriat use, in its crude form, is as a
petroleum recovery agent. A third class of polysaccharides are the
phosphomannans produced by yeasts, especially species of Hansenula. Today
phosphomannan fragments are used to characterize and isolate mammalian
phosphomannosy! receptors, the peripheral lymphocyle homing receptor, and to
study lysosomal enzyme targeting. Virtually all publication in these fields employ
material provided by NRRC.



One of the dextran research team won the Garvan Award. In 1979 production of
xanthan gum was 12 million pounds. It is now estimated that the industry has the
termentation capacity to produce 30,000 metric tons per year.

Mycotoxins

Mycotoxins are toxins produced by fungi and may be carcinogens, teratogens
and mutagens. The modern mycotoxin e¢ra started when it was discovered in
Great Britain that Aspergiffus flavus, growing in peanuts, produced very toxic
materials called aflatoxins. This group of toxins were very carcinogenic
compaounds which were heat stable and caused thousands of deaths in poultry.

Initial work in the U.S. was carried out at MIT, Food and Drug Administration,
Southern Regional Research Center and al Northern Regional Research Center.
Surveys conducted by the Center showed that the problem commodities were
corn and milk contaminated with aflatoxin as a result of cows consuming
contaminated grain. Peanuts and coltonsecd were found to be sometimes
contaminated with aflatoxins. Our work showed that there did not appear to be a
probiem in soybeans and wheal. Three types of assays were developed: one
was a rapid presumptive test using the black light; the second, a more precise
test used to detedt aflatoxing; and the third, quantitative methods to determine
the amount of toxin down to parts per bilion. The black light method is universally
used in monitoring com both in the U.S. and abroad. A method of producing
aflatoxin using an agitated solid-state fermentation was developed to satisty the
needs for large animal and poultry feeding studies. This fermentation process
was unique in that the solid substitute is constantly shaken

Once a bin of corn is contaminated one needs to have a method for destroying
aftatoxin. Work at the Center led to the development of a method using ammonia
which destroys the aflatoxin. For example corn with 1,200 ppb of aflatoxin, when
treated with ammonia, had its aftatoxin level reduced to 5 ppb. As far as | know,
this is the only economical and sale method for destroying aflatoxin in corn on
the farm. Feeding trials have shown that no toxicity develops in animals fed this
detoxified corn.

Recently a fungus ecologist working at the Center has worked out the life cycle
of Aspergillus flavus in the corn field. The fungus produces sclerotia which over-
winters in the field and then sporutates in the spring; picnic beetles then carry the
spores to the corn ears in the field.

Work on other mycotoxins produced by Aspergifius and Fusarium species is
ongoing with the emphasis on those toxing most commonly encountered, such
as zearalenone that interferes with reproduction, especially in swine. This
mycotoxin work has resulted in two team awards.



Fermented Foods

Down through the years, research on utilization of soybeans has been assigned
1o the NRRC. Large amounts of soybeans are exported each year to the Crient
wheare beans are used exiensively for food. Soybeans, because of some
undesirable characteristics, are fermented to produce healthfut and pleasing
foods. An exception is the production of tofu, a precipitation of soybean milk.
The conditions for making different kinds of tofu were known by the tofu makers
but not availabfe to the public. The conditions required to make various kinds of
tofu were studied at NRRC and the information published. Other foods such as
miso, shoyu, tempeh, ontjom, and natto are all made by fermentation. USDA, as
early as 1920, conducted research on soybean fermentation, especially soy
sauce. Qurresearch on miso fed to explaining why U.S. soybeans were inferior to
Chinese beans and the problern was overcome by using grits which brought
about a more uniform colored product and a much faster fermentation. Weork at
the Center showed the principal yeast in shoyu and miso is heterothallic;
therefore, breeding for improved strains was possible. This information was used
commercially to improve the miso fermentation product. Finally, we developed a
pure culture inoculum for the miso fermentation that avoided the problems
associated with using old contaminated inoculum. Today this method is accepted
and used extensively commoearcially in Japan.

A second fermented food which we studied was the fittle know Indonesian
tempeh. This fermentation intrigued us because all the beany flavor of soybeans
was destroyed and the fermentation lasted only 24 hours compared to weeks for
miso. Tempeh is made by the fermentation of whole soybeans to produce a cake
which is then fried or cooked. Cur contributions to this fermentation were: 1) after
a survey of many tempeh factories in 'ndonesia, we determined that only
Rhizopus oligosporus was required; 21 a method for pure culture fermentations
on an industrial scale was developed; 3) fermentation could occur in plastic
containers, and this is used widely in Indonesia; 4) a method was developed to
preduce pure-culture dry inoculum of the mold; 5) we developed and patented
fermentations of cereals and mixture of cereal and soybeans; 6) we discovered
that the tempeh mold produced an antibiotic against some bacteria and, hence,
explained why it is considered as a good food tfor people with intestinal
infections; 7) demonstrated that in soybeans there is a mold inhibitor that is heat
stable and highly water soluble: 8) we elucidated the presence of proteclytic and
lipolytic enzymes in this soybean fermentation. Finally it should be menticned
that we made extensive studies on sufu (fermented tofu), ontjom {fermented
peanut press cake) lao-chao (fermentad rice or cassava) and ragi {an inoculum for
various starch fermentations for food and alcohol). Besides research papers and
patents we alse published a book on soybean fermentation.

Fermentation in Peoria Today
Today, Peoria has 2 large fermentation companies. Archer Daniels Midland

Company uses corn to make alcohol presumably for industrial uses, including as
a gasoling additive. it utilizes the old Hiram Walker distillery. PMP Fermentation
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12. The Pubiic Television Network Show, Nova, had considerable footage about
NRRC work on penicillin in a recent program.

It also should be mentioned that there has been a constant flow of scientists and
technicians from alt over the world working with us and contributing to our work
and they, in exchange, learning our techniques. Most of the money for this work
was provided by the foreign country from which the individual came.

| believe | have now made the case thal Peoria has become a Center of
fermentation excellence and is known worldwide for its leadership in applied
microbiology and fermentation.
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