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Es läßt sich wohl behaupten, daß die
Geschichte der Wissenschaften die Wis-
senschaft selbst sei. Man kann dasjenige, was
man besitzt, nicht rein erkennen, bis man das,
was andere vor uns besessen, zu erkennen weiß.

It can be argued that the history of science
is science itself. One cannot recognize clearly
what one has found until one knows what oth-
ers found before us.

Johann Wolfgang von Goethe [Schwenk 2000, p. 7].
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Appendix C: Advanced Creations in Directed Energy p. 2605

Appendix D: Advanced Creations in Nuclear Engineering p. 2811

Appendix E: Advanced Creations in Aerospace Engineering p. 3653
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1. In order not to obscure the book’s arguments by simply referring readers to numerous docu-
ments that may be di�cult to obtain, relevant excerpts from a large number of key sources
are presented in the appendices.

2. To make the contents computer-searchable for readers and internet search engines, most
documents have been retyped (with annotations as appropriate) instead of being reproduced
as photographs.

3. Where I have retyped documents, I have tried to preserve the formatting of the original
documents (underlining, etc.) as much as possible.

4. To avoid variant spellings that would not come up in a computer text search, I have silently
corrected some obvious typographical errors in some of the quoted source documents. U.S. and
U.K. documents that were typed during and shortly after World War II were often careless
in their spellings of the German names of people and places.

5. In order to avoid increasing the length of this already enormous book by a factor of several
fold, I have abridged portions of the documents that seemed less relevant, as denoted by [...]
in the quoted text.

6. Where I wanted to add emphasis to passages in quoted documents to draw the attention of
readers, I have displayed those passages in red. Even passages not in red are relevant, though,
which is why I have taken the time to type them up and include them too.

7. To add my own commentary regarding quoted documents yet clearly distinguish my com-
mentary from the text of the source documents, [my commentary appears in blue text inside
square brackets].

8. Key sources not in English are presented in both their original language and a parallel English
translation.

9. Citations direct interested readers to the original sources of these documents in case readers
would like to verify their authenticity and read them in full.

10. Each source quote has been placed in the most relevant section, but it may be germane to
other sections as well, as indicated by cross-references.
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Advanced Creations in Biology and
Medicine

Was war also das Leben? Es war Wärme,
das Wärmeprodukt formerhaltender Bestand-
losigkeit, ein Fieber der Materie, von welchem
der Prozeß unaufhörlicher Zersetzung und
Wiederherstellung unhaltbar verwickelt, un-
haltbar kunstreich aufgebauter Eiweissmolekel
begleitet war.

What then was life? It was warmth, the
warmth generated by a form-preserving insta-
bility, a fever of matter, which accompanied
the process of ceaseless decay and repair of pro-
tein molecules that were too impossibly com-
plicated, too impossibly ingenious in structure.

Thomas Mann. 1924. Der Zauberberg [The Magic Mountain]. Chapter 5.
English translation adapted from H. T. Lowe-Porter.

This appendix presents portions of archival documents from during and immediately after World
War II. These documents suggest that Germany:

A.1. Had the largest and most advanced biotechnology programs in the world at that
time.

A.2. Was developing neural interfaces to control prosthetic limbs and weapons systems.

A.3. Possessed a significant o↵ensive program in biological warfare.

A.4. Discovered advanced V-series nerve agents during the war.

Much more archival research is needed to elucidate the complete history and accomplishments of
these programs.
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A.1 Biotechnology

[A widely held view among historians of science is that German-speaking scientists lagged signifi-
cantly behind other parts of the world in the field of biotechnology. For example, historian of science
Luitgard Marschall summarized this view of biotechnology in Germany [Szöllösi-Janze 2001, pp.
112–114]:

Owing to their theoretical foundation in organic chemistry, the research and production
methods of chemical synthesis were regarded already at the beginning of the twentieth
century as extremely science-based and therefore as modern and innovative. Biotech-
nology, in contrast, was for a long time considered to be an empirical and backward
production technique, just because of its lack of theory and science-based methods [...]

[B]etween 1933 and 1945 biotechnological processes were used only to compensate the
deficits of chemical syntheses. Biotechnology was thus relegated to special processing
niches. However, this relegation of biotechnological processes in favour of chemical ones
had already started prior to 1933 and, after 1945, it culminated in further retardation.
This of course indicates a continuous process. Nevertheless, the development in the
Third Reich demonstrated particular features which had a lasting influence on the
further course of biotechnology. [...]

The metaphor of technological trajectories provides a viable explanatory model for the
development of industrial biotechnology in Germany. As is well known, the German
chemical industry decided early on to follow the path of chemical synthesis [...] This
decision proved to be extraordinarily successful and contributed to its gaining a leading
position in synthetic organic chemistry. It had some opportunity costs, however: up to
now the fact has been ignored that the early commitment to chemical synthesis and its
intensive expansion was detrimental to the development of biotechnology. For a long
period in the twentieth century biotechnology played the part of a ‘loser technology’.
Its academic and industrial development was neglected in Germany until the 1970s in
favour of chemical synthesis.

As shown in this section and in Chapter 2, there is a large amount of evidence that German-
speaking scientists actually led the world in developing much of the knowledge, tools, methods, and
applications of biotechnology and molecular biology:

1. German-speaking scientists invented and perfected instruments suitable for biotechnology:

(a) Carl Zeiss (German, 1816–1888), Ernst Abbe (German, 1840–1905), and Otto Schott
(German, 1851–1935) perfected di↵raction-limited optical microscopes by the 1880s (p.
1170).

(b) In 1908, August Köhler (German, 1866–1948) and Henry Siedentopf (German, 1872-
1940) invented the fluorescence microscope (p. 1173).

(c) Karl Bratuschek (German?, 1865–1913) at the Zeiss company was apparently moving
toward the development of phase contrast microscopy before his death. Frits Zernike
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(Dutch, 1888–1966) invented phase contrast microscopes in 1933, and they were mass
produced by Zeiss (p. 1174).

(d) In 1926, Hans Busch (German, 1884–1973) created the first electrostatic and mag-
netic lenses for electrons. From 1931 onward, four di↵erent groups, all in the greater
Berlin area, built and demonstrated electron microscopes: Technische Hochschule Berlin,
Siemens & Halske, Allgemeine Elektrizität Gesellschaft (AEG), and Manfred von Ar-
denne (German, 1907–1997). See pp. 1189–1195.

(e) Fritz Pregl (Austrian, 1869–1930) developed micro-pipetting and micro-analysis tools
and methods in the 1910s (p. 449).

(f) Robert Havemann (German, 1910–1982) invented spectrophotometers in 1936 (pp. 2140–
2150). He also conducted important research on colloids (p. 675).

(g) In 1940, Andreas Lembke (German, 1911–2002), Hellmuth Bayha (German?, 19??–19??),
Karl Krammer (German?, 19??–19??), Eugen Sauter (German?, 19??–19??), and other
scientists developed and successfully implemented methods of using intense ultraviolet
light to sterilize liquids and other materials (pp. 2129–2135).

(h) P. H. Keck (German?, 19??–19??) invented luminometers in 1943 (pp. 2173–2174).

(i) Theodor Svedberg (Swedish, 1884–1971) invented the ultracentrifuge in 1923, but then
German-speaking scientists developed greatly improved and diversified versions of ultra-
centrifuges and utilized them for a wide variety of applications (pp. 2156–2158).

2. German-speaking scientists developed methods of culturing and utilizing prokaryotic (bacte-
ria) and eukaryotic (yeast, animal, and plant) cells:

(a) Julius Petri (German, 1852–1921) invented Petri dishes. Spouses Fanny Hesse (born of
German parents in the United States, lived in Germany, 1850–1934) and Walther Hesse
(German, 1846–1911) developed agar nutrient gel to fill those dishes (p. 167).

(b) Carl Wehmer (German, 1858–1935) used yeast fermentation to produce citric acid in
1890 (p. 2082).

(c) Otto Röhm (German, 1876–1939) and his company Röhm and Haas developed industrial-
scale culture of microorganisms for protease production and other commercial applica-
tions during the period from 1906 through World War II (pp. 2175–2179).

(d) Chaim Azriel Weizmann (Belarus, educated and worked in Germany and Switzerland,
1874–1952) used bacterial fermentation to produce acetone in 1910 (p. 168).

(e) Ernst Chain (German, 1906–1979, working in the United Kingdom) and Leo Szilard
(Hungarian, 1898–1964, working in the United States) developed bioreactors for the
continuous liquid culture of microorganisms in the 1940s (p. 168). Similar methods were
also developed by scientists at Benkiser, Boehringer, I.G. Farben, Phrix, and other Ger-
man companies and laboratories by the early 1940s (pp. 2160–2163, 2171).
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(f) German-speaking scientists developed methods of isolating cells from larger organisms
and using “tissue culture” methods to keep those cells alive and even get them to repro-
duce under laboratory conditions (p. 81). Wilhelm Roux (German, 1850–1924) conducted
the first animal cell tissue culture experiments in 1885, removing medullary plate cells
from a chicken embryo and keeping them alive in culture for 13 days. Paul Grawitz
(German, 1850–1932) experimented with tissue culture of additional animal cell types in
the 1890s. Gottlieb Haberlandt (Austrian, 1854–1945) developed plant cell tissue culture
and also discovered totipotency, the ability of some “stem” cells to give rise to any type
of specialized cell in an organism, in 1902.

3. German-speaking scientists discovered and analyzed nucleic acids:

(a) In 1869, Johannes Friedrich Miescher (Swiss, 1844–1895) extracted and purified DNA
(which he called nuclein) from human white blood cells and suggested that DNA is
involved in heredity (p. 91).

(b) Beginning in the 1880s, Albrecht Kossel (German, 1853–1927) showed that DNA and
RNA contain five di↵erent bases (adenine, cytosine, guanine, thymine, and uracil),
demonstrated that those bases are connected via linkages of sugars and phosphates,
and isolated and studied proteins that bind to nucleic acids in the nucleus (histones and
other accessory proteins). See p. 93.

(c) In a revolutionary 1935 paper, Max Delbrück (German, 1906–1981), Nikolai Timofée↵-
Ressovsky (Russian but worked in Germany 1925–1945, lived 1900–1981), and Karl
Günter Zimmer (German, 1911–1988) at the Kaiser Wilhelm Society in Berlin described
and demonstrated the structure of chromosomal DNA, methods and consequences of
inducing point mutations in DNA, and forced genetic recombination of di↵erent pieces
of DNA (p. 95).

(d) In 1940 (under wartime conditions and 13 years before the discovery by Rosalind Franklin,
Francis Crick, and James Watson), Hans Friedrich-Freksa (German, 1906–1973) pro-
posed that the structure of DNA is double-stranded with electrostatic attraction between
complementary sequences on the two strands (p. 96).

(e) Also in 1940, Alfred Kühn (German, 1885–1968) and Adolf Butenandt (German, 1903–
1995) analyzed mutations in insects and concluded that individual genes produced indi-
vidual proteins [Deichmann 1996, p. xvi].

(f) By 1942, despite even more severe wartime hindrances, Gerhard Schramm (German,
1910–1969) identified the genome of the tobacco mosaic virus as RNA, showed that its
protein subunits are identical, and mutated the RNA to create mutant proteins (p. 97).

4. German-speaking scientists characterized and harnessed proteins and enzymes:

(a) Wilhelm Kühne (German, 1837–1900) was one of the first scientists to study proteins
in detail (p. 119). He discovered trypsin, a digestive enzyme or protease that degrades
other proteins, and in fact coined the word “enzyme.”
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(b) In the 1890s, Albrecht Kossel (German, 1853–1927) found that proteins are composed
of individual amino acids (p. 119).

(c) German-speaking scientists invented immunoassays (208). Max von Gruber (Austrian,
1853–1927) discovered the agglutination reaction, in which antibodies and pathogens
clump together, in 1896. Rudolf Kraus (Austrian, 1868–1932) used the agglutination
reaction to create an antibody assay for specific bacterial precipitins in 1897. August
von Wasserman (German, 1866–1925) used similar methods to create a complement
fixation test for syphilis bacteria in 1906.

(d) In 1912, Leonor Michaelis (German, 1875–1949) and Maud Menten (Canadian, worked
in Germany, 1879–1960) developed experimental and theoretical methods to analyze the
chemical reaction rates of enzymes (p. 131).

(e) Otto Röhm (German, 1876–1939) pioneered the industrial production, purification, and
use of enzymes for applications such as leather production (1906), washing detergents
(1914), pharmaceuticals (1920), and juice processing (1934). See pp. 2115, 2172, 2175–
2179.

(f) Starting in the 1910s, Max Bergmann (German, 1886–1944) created methods of de-
termining the amino acid sequences of natural proteins and of artificially synthesizing
proteins with specific amino acid sequences (p. 121).

(g) After World War II, Max Perutz (Austrian, 1914–2002) developed and demonstrated
methods of determining detailed three-dimensional protein structures (p. 300).

5. German-speaking scientists developed antibiotics to treat and prevent bacterial infections:

(a) Robert Koch (German, 1843–1910) and many other German-speaking scientists discov-
ered most of the common pathogenic types of bacteria (pp. 151–163).

(b) In 1847 (approximately two decades before Joseph Lister), Ignaz Semmelweis (Austrian,
1818–1865) developed and demonstrated antiseptics to prevent bacterial infections (pp.
151–152).

(c) Paul Ehrlich (1854–1915) discovered Salvarsan, the first major antibiotic, in 1910 (p.
170).

(d) Gerhard Domagk (1895–1964) discovered sulfa antibiotics in 1932 (p. 170).

(e) Ernst Chain (1906–1979) purified penicillin in 1940 (p. 171), taking penicillin from an
e↵ect that could only be demonstrated in Petri dishes to an e↵ective antibiotic that
could be mass-produced and administered to people.

(f) Richard Kuhn (1900–1967) produced and tested synthetic antibiotics such as “3065”
during World War II, using massively parallel chemical synthesis and testing to carry
out very modern methods of structure-activity relationship (SAR) optimization of the
drug molecules (pp. 171, 2087, 2114, 2151, 2165–2170).

6. German-speaking scientists made key discoveries regarding viruses:
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(a) Peter Plett (German states, 1766–1823) developed and successfully demonstrated a
cowpox-based vaccine for smallpox virus in the 1780s, roughly a decade before Edward
Jenner (p. 172).

(b) German-speaking scientists discovered and characterized tobacco mosaic virus from 1886
onward (pp. 175–176).

(c) From 1897 onward, German-speaking scientists discovered and characterized foot-and-
mouth disease virus, produced therapeutic antibodies for it, created vaccines for it,
demonstrated a tissue culture model for it, and developed immunoassays for it (pp.
177–179).

(d) German-speaking scientists discovered and characterized poliovirus from 1908 onward
(pp. 180–181).

(e) German-speaking scientists pioneered the study of bacteriophages, viruses that infect
bacteria (pp. 180–182).

7. German-speaking scientists pioneered the study, diagnosis, prevention, and treatment of can-
cer:

(a) Theodor Boveri (German, 1862–1915) realized in 1902 that cancer can be caused by
pro-mitotic (cell-division-inducing) mutations from radiation, chemicals, or viruses (pp.
105–109).

(b) German-speaking scientists identified specific carcinogens from the 1870s through World
War II and developed methods to control and prevent exposure (pp. 105–115, 2137–
2136).

(c) By the early 1940s, German-speaking scientists developed therapeutic antibodies against
cancer-related antigens (pp. 2116–2121). Such therapeutic antibodies are currently one
of the most modern and most e↵ective methods of treating cancers in patients.

8. German-speaking scientists made blood transfusions safe and practical:

(a) Karl Landsteiner (Austrian, 1868–1943) identified blood types in 1900 and helped con-
duct the first matched transfusion in 1907. Emil von Dungern (German, 1867–1961) and
Ludwik Hirszfeld (Polish, studied and worked in Germany then Switzerland, 1884–1954)
discovered the heritability of blood types. See pp. 308–309.

(b) Alfred Beck (German, 1889–1973) developed e�cient equipment for blood transfusions
(pp. 308–309).

(c) During World War II, German-speaking scientists developed freeze-dried human blood
for transfusions (pp. 2116–2120).

(d) Also during the war, German-speaking scientists invented and widely used periston syn-
thetic blood plasma (pp. 316–317, 2102–2113).

(e) German-speaking scientists created capain synthetic blood plasma (p. 318).
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9. German-speaking scientists used biological processes to produce and purify:

(a) Protein for human consumption and other applications.

(b) Specific enzymes (proteases, starch hydrolases, pectinases, lipases, etc.).

(c) Therapeutic and diagnostic antibodies against cancer-associated antigens, pathogenic
microorganisms, and toxins.

(d) Fats for human consumption and other applications.

(e) Algal biofuel.

(f) DNA and RNA.

(g) Small organic molecules (citric acid, acetone, ca↵eine, etc.).

(h) Antibiotics.

(i) Hormones.

(j) Etc.

From this evidence, it seems clear that most aspects of biotechnology and molecular biology were
developed in the German-speaking world, and that the German-speaking world was the leader
in those areas through World War II. Knowledge, methods, and materials for biotechnology and
molecular biology were transferred to other countries:

• Before the Third Reich, in the form of published and patented information, German-speaking
companies (e.g., Röhm and Haas) that transferred technologies to other countries, some sci-
entists (e.g., Carl and Gerty Cori) who moved to other countries, and scientists from other
countries who received part of their education in the German-speaking world.

• During the Third Reich, in the form of published and patented information and also many key
scientists (Charlotte Auerbach, Max Bergmann, Ernst Chain, Erwin Charga↵, Max Delbrück,
George Gamow, Richard Goldschmidt, Hans Krebs, Max Perutz, Albert Szent-Györgyi, etc.)
who fled to other countries.

• After the Third Reich, in the form of huge numbers of scientists who moved to other countries,
Allied seizures of German and Austrian plants and documents, and Allied reports (BIOS,
CIOS, FIAT, etc.) on German and Austrian technologies.

Due to length constraints, this section and Chapter 2 can only briefly mention individual discoveries
and cite a relatively small number of examples. Hopefully other authors will more fully investigate
and report the history and contributions of German-speaking scientists to the development of
biotechnology and molecular biology.]
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H. Benninga. 1990. A History of Lactic Acid Making: A Chapter in the History of
Biotechnology. Dordrecht: Kluwer.

In 1893 a short communication from the hands of Carl Wehmer appeared about citric acid fermen-
tation in the Bulletin de la Société Chimique de France[...] In the same year he applied for patents
in Great Britain (British Patent 5620, granted in 1893) and in Germany (German Patent 72,957,
granted in 1894); the “Fabriques de Produits Chimiques de Thann et de Mulhouse” was registered
as the owner of both patents.

In the communication to the “Bulletin” Wehmer reported that he had already begun the experi-
ments in 1890, and now was able to produce citric acid on a 10 kg scale. [...]

The first metabolic product obtained by Wehmer was oxalic acid. This acid is present in many
plants and in molds as well, which sometimes produce it in appreciable quantities.

The next metabolic acid of importance he discovered was citric acid. Two species of fungi which he
denominated Citromyces—but today are included in the genus Penicillium—were able to produce
interesting quantities of citric acid when grown on 10% sugar solutions. Wehmer immediately
recognized the practical importance of his findings and applied for patents.

[Wehmer also pioneered the use of cultured fungal cells to produce fumaric acid and possibly other
substances as well. See pp. 2083–2086.]
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Figure A.1: Carl Wehmer pioneered the use of cultured fungal cells to produce citric acid and other
substances [Bulletin de la Société Chimique de France 9:728–730 (1893)].
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Figure A.2: Carl Wehmer pioneered the use of cultured fungal cells to produce citric acid and other
substances [Bulletin de la Société Chimique de France 9:728–730 (1893)].
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Figure A.3: Carl Wehmer pioneered the use of cultured fungal cells to produce citric acid and other
substances [Bulletin de la Société Chimique de France 9:728–730 (1893)].
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Figure A.4: Carl Wehmer pioneered the use of cultured fungal cells to produce fumaric acid and
other substances [Swiss patent CH 90,955].
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BIOS 219. Work on Synthesis and Production of Drugs 3065 (2:21-Dihydroxy-5:51-
Dibrome Benzil) and 3214 (2:21-Dihydroxy-3:31-5:51-Tetrachlor Benzil).

The M.L.D. of 3065 is one gram per kilogram which is almost the same as sulphapyridine.

[Richard Kuhn] stated that 3065 is the first compound found to be e↵ective against Rickettsia virus
and Influenza virus strain A. These experiments have been carried out at Marburg. In a typical
experiment on mice infected with Influenza virus strain A, all the treated animals survived whereas
all the control group were dead within 6–7 days.

A number of cases of Gonorrhea had responded to treatment with 3065 after being unsuccessfully
treated with the sulphonamides.

The main clinical trials on 3065 have been on amputations, thoracoplastic work, and ruptured
appendices. Summaries of some of these clinical trials are given in Appendix II.

Prof. Kuhn stated that the drug was first prepared at the end of 1943, and asked about cost he
was of the opinion that it would be more expensive than the sulpha drugs.

After the discussion on the drug work inspection was made of the laboratories and the following
three items of general interest noted.

1. Prof. Zimmerman, who was working at the I.G. Farben in Ludwigshafen, developed during
the war an automatic micro-analysis apparatus which is capable of carrying out 16 micro-
analyses per day. Details of this apparatus have not been published and Prof. Kuhn was of
the opinion that it would be rather di�cult to obtain the essential details of construction.

2. The attack on potatoes by the Colorado Beetle has been a severe problem during the war. The
work carried out under the supervision of Kuhn has revealed that an alkaloid can be extracted
from the leaves of resistant types of potatoes, bred at an agricultural station near Heidelberg,
but there has been no evidence that this substance occurs in plants that are attacked.

3. Kapsenberg Caps. The caps have been developed and used as an alternative to cotton wool
plugs in bacteriological tubes and according to Kuhn have entirely supplanted the use of
cotton wool at the K.W.I. The caps are made from aluminium and the attached sketch gives
some idea of their construction.

[...] According to Ambros he was simply making 3065 as a personal favor for Kuhn since they
are close friends. [...]

In vitro experiments with 3065 and Burroughs-Wellcome penicillin which had been captured
from the British Army showed that 3065 was 300 times more e↵ective against staphylococcus
aureus. Ambros pointed out, however, that they did not know the history of [the] penicillin
so that it may have undergone some deterioration before they got it. Also the di↵erence in
solubility between the two compounds made comparison di�cult. A clinical test carried out
on a leg amputation wound has shown that 3065 was five to six times more e↵ective than
Marfinil.

Naturally he was not able to give any figures on cost since the material had only been made
in the laboratory, but he seemed to think that it would be produced for something like 10–20
Marks per kilogram.
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BIOS 236. Developments in Pure and Applied Microbiology (American, British and
French Zones) During World War II.

SECTION “A”

DEVELOPMENTS IN PURE AND APPLIED MICROBIOLOGY IN GERMANY
(AMERICAN, FRENCH & BRITISH ZONES) DURING WORLD WAR II

[...T]he study of industrial microbiology is really in its infancy, and developments are to a large
extent dependent on the outcome of fundamental investigations in research laboratories. A consid-
erable part of the work of the [BIOS] team was therefore concerned with the review of relevant
investigations in agricultural experiment stations, universities and other research institutions. [...]

Prof. [F.] Rindel’s interests cover a wide field. His earlier work was in the field of pure organic
chemistry, and he had within recent years revised Richter’s textbook on Organic Chemistry. From
a study of the chemistry of various microbiological products, his interests had extended to many
nutritional problems. A list of his publications during the war period is given below (5 to 10), but
his contacts with microbiological research extended beyond the subjects of these papers.

On the subject of food yeast and other protein preparations of microbiological origin he gave the
following information and opinions:

(a) Lactose-fermenting strains of yeast had been isolated which yielded 52 Kg of protein per 100
Kg lactose. These were of no use for bakery purposes, but other lactose-fermenting yeasts had been
isolated which would give good gas-production when whey is incorporated in bread dough.

(b) Yeast protein is lacking in cysteine and when fed alone to rats, causes liver damage. The
authority for this statement was given as Dr. Fink, who had been associated with the development
of the fermentation of wood sugar by Torulopsis utilis and was now stated to be with the Irex
Company at Fulbach. Later a similar view was expressed by Prof Lembke of Kiel (see report on
protein production by micro-organisms issued separately).

(c) Food yeast grown on waste sulphite liquor from wood pulp had frequently been found to contain
lead to the extent of 70 to 80 parts per million (determined by dithizone).

(d) Organisms other than Torulopsis utilis had been used to produce protein for food purposes, e.g.
Oidium lactis at a factory at Lenzing, Austria (reference to our visit to this factory is included in
our separate report), and Aspergillus sp. at a factory at Traunstein, between Salzburg and Munch.
(It was not possible to devote time to locating this factory). Prof Reindel was dubious about using
such protein preparations as food until it had been established that they are free from anti-biotic
substances. [...]

From the industrial standpoint, the work of most significance appeared to be that on fat production
by micro-organisms. An undeveloped observation was that yeasts of the genus Nectaromyces give
high fat yields (10 to 15 g per 100 g. sugar utilized) when cultivated by the aeration procedure used
for Torulopsis utilis and other yeasts used for food purposes or bread fermentation.
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Prof Rippel had recently completed an advanced textbook on the physiology and morphology of
micro-organisms which was to have been published by J. Springer of Berlin. [...]

Prof Dr. S. Strugger, however, had been transferred to this institute from the Botanical Institute of
the University of Jena, where his work had been financed by the firm Carl Zeiss. He is a cytologist
and one of the editors of the journal “Protoplasma”. During the war he had been developing the
technique of fluorescence microscopy, using Zeiss apparatus with quartz lenses [...], and had also
studied methods of vital staining of bacterial cells and spermatozoa using acridine-orange[...] The
technique was demonstrated to us and appear to be rapid and reliable for application to the control
of certain industrial fermentations. [...]

SECTION “B”

PRODUCTION OF PROTEIN BY MICROBIOLOGICAL METHODS

[...] During the war the German food economy was particularly short of proteins and fat. An
intensive e↵ort was therefore made to overcome part of this deficiency through the production of
micro-organisms which could be grown on carbohydrates present in whey or the waste liquors from
pulp mills. In addition plants were erected to hydrolyse wood cellulose to sugars for this purpose
and the necessary nitrogen was supplied in the form of inorganic ammonium salts. This report
summarises the processes used in three industrial plants for the production of proteins and does
not claim to be comprehensive. The first section deals with production of wood sugars by the
Bergius process using concentrated hydrochloric acid. Following this is an account of the Scholler
process in which dilute sulphuric acid is used to saccharify wood. On the medium obtained Torula
utilis was grown to produce proteins. The third section describes a process used in a wood pulp
plant whereby Oidium lactis was grown on waste sulphite liquor for the same purpose. The use
of this product as human food had not met with approval and, although on industrial scale, the
process was really still experimental.

The final report deals with some of the laboratory research leading up to the cultivation of moulds
for their nutritive qualities. [...]

A short interview with Dr. [Andreas] Lembke in the Sanatorium indicated that he had carried
on considerable research work on the question of cultivating mould for the production of protein.
He stated that during the first World War, his predecessor, Professor Henneberg had begun the
cultivation of yeasts for use in protein supplement while working in the Garungewerbe Institute of
Berlin. He had also discovered that urea could be fed to cows with beneficial results as a source of
nitrogen. After Prof. Henneberg’s death in 1936 his work was continued by Prof. Lembke in Kiel.

Prof. Lembke’s interest in this work centred around the nature of the amino acids produced by
yeasts and moulds. He cultivated many di↵erent strains of moulds but found that only a few
races were rich in cysteine, methionine and glutathione. Since most yeasts being grown for protein
production were very low in cysteine he was anxious to select other organisms which were rich in
this particular amino acid. He claims to have had success in obtaining cultures of several moulds
which met these requirements.
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Strains of Fusarium, Candida, Oidium, Endomyces and Rhizopus were cultured and both wet and
dry powdered preparations were made for use in feeding experiments. Some of these products were
smoked like bacon or sausages and he said they were quite edible. Being a doctor of medicine as
well as a microbiologist, he conducted nutritional studies and claimed that feeding up to 60 grams
per day for over 6 months had been beneficial. He stated that the general health of the group of
people fed on these proteins was better than the controls.

In feeding experiments he said that it was very important that the moulds should be heated or
autolysed before eating them, otherwise they caused diarrhoea.

Of the di↵erent moulds used in this work Prof. Lembke thought Fusarium was probably the most
satisfactory. He said the East Munich Dairy Station was growing Fusarium on whey. It was also
quite satisfactory when grown on waste sulphite liquor. [...]

SECTION “C”

PRODUCTION OF FATS BY MICROBIOLOGICAL METHODS

The process showed some novel feature with regard to the cultivation of a mould [Oidium lactis] for
high fat production and with regard to the combination of di↵erent types of waste material used.

SECTION “D”

ORGANIC ACID MANUFACTURE BY MICROBIOLOGICAL METHODS IN GERMANY

[...] This firm was equipped for preparing lactic, gluconic and citric acids by microbiological meth-
ods, but was not producing these at the time of the inspection, owing to shortage of fuel. The plant
had in each case been installed prior to the war, that for citric acid immediately prior to the war.
[...]

The firm Boehringer was established in Wurtemberg over a century ago and was concerned originally
with the manufacture of tartaric acid and tartrates from wine byproducts. A branch was established
in Oberingelheim in 1885 to manufacture lactic acid by a fermentating process and the firm claims
to be a pioneer in this field. Subsequently other fermentation processes were introduced, and a
large section of the firm is now concerned with the manufacture of pharmaceutical preparations by
chemical methods. This last aspect of the firm’s activities was outside the scope of our investigations.
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Figure A.5: Biotechnology methods for producing and purifying edible protein from cultured yeast
[BIOS 236].
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Figure A.6: Biotechnology methods for producing and purifying edible protein from cultured yeast
[BIOS 236].
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Figure A.7: Biotechnology methods for producing and purifying lipids from cultured yeast [BIOS
236].
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Figure A.8: Biotechnology methods for producing and purifying lipids from cultured yeast [BIOS
236].
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Figure A.9: Biotechnology methods for producing and purifying lipids from cultured yeast [BIOS
236].
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Figure A.10: Biotechnology methods for producing and purifying lipids from cultured yeast [BIOS
236].
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Figure A.11: Biotechnology methods for producing and purifying lipids from cultured yeast [BIOS
236].
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Figure A.12: Biotechnology methods for producing and purifying lipids from cultured yeast [BIOS
236].
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Figure A.13: Biotechnology methods for producing and purifying lipids from cultured yeast [BIOS
236].
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Figure A.14: Biotechnology methods for producing and purifying lipids from cultured yeast [BIOS
236].
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Figure A.15: Schematic overview of bioreactors and processing pipeline [BIOS 236].
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BIOS 266+Appendix. New Technical Applications of Acetylene.

[This report was based on interrogations of Walter Reppe, and outlined the large-scale production
of periston and many other products from acetylene.

Please see tables from this report on pp. 2103–2105.]

BIOS 354. Polvinyl Pyrrolidones. Translation of a Report by Dr. Fikentscher and Dr.
Herrle, Ludwigshafen, with an Addendum on Periston (Synthetic Blood Serum).

[Please see part of this report on pp. 2106–2113.]



A.1. BIOTECHNOLOGY 2103

Figure A.16: Large-scale production of periston and many other products from acetylene [BIOS
266 Appendix].
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Figure A.17: Large-scale production of periston and many other products from acetylene [BIOS
266 Appendix].
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Figure A.18: Large-scale production of periston and many other products from acetylene [BIOS
266 Appendix].
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Figure A.19: A report on periston [BIOS 354].
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Figure A.20: A report on periston [BIOS 354].
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Figure A.21: A report on periston [BIOS 354].
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Figure A.22: A report on periston [BIOS 354].
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Figure A.23: A report on periston [BIOS 354].
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Figure A.24: A report on periston [BIOS 354].
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Figure A.25: A report on periston [BIOS 354].
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Figure A.26: A report on periston [BIOS 354].
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BIOS 395. German Fluorescent Lamp Industry and Phosphor Chemical Manufacture.
pp. 1–2

Dr. Leonhard Birkofor was assistant to Prof. Richard Kuhn described as Director of the Institute
for Chemistry and Administrative Head of the Kaiser Wilhelm Institute.

[...] Dr. Leonhard Birkofor was interviewed during the period the investigating team was awaiting
Dr. Leibnitz. He volunteered the information that the work of Dr. Kuhn and himself was directed
largely to biological and biochemical research. He stated that they had developed a substituted
benzil compound of the following constitution:-

i.e., symmetrical 1.1. dihydroxy 4.4 dibrom benzil, which he stated had bacteriocidal properties
similar to those of penicillin. The compound MP 213oC consisted of yellow needles and a 5 gm.
sample was obtained.

Dr. Birkofor stated that so far 500 gms. had been distributed and tests in various hospitals had
shown positive reactions against streptococcus, staphylococcus, gonococcus and pneumococcus.
The medical investigations at these hospitals were continuing.
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BIOS 436. Enzyme Products and “Acrisin” Finishing Agents for Textiles: Rohm and
Haas G.m.b.H., Darmstadt. [Enzymes for washing]

[...] Concentrated preparations of pancreatic tryptase and diastase were prepared from an aqueous
extract by selective precipitation. The concentrated products were diluted with sodium carbonate
or sodium chloride respectively before being sold. [...]

No research had been carried out recently on enzyme products although the production of bacterial
enzymes had been considered. [...]

The rough powder is ground and laboratory tests are carried out to estimate the enzymatic activity.
The products are diluted, if necessary, in order that the final mixture will meet the standard
specification for rate of conversion of starch to sugar (diastase) or for rate of liquefaction of gelatine
(tryptase).

Care was necessary in handling the concentrated tryptase preparation in view of its rapid attack of
animal tissue. Gloves, goggles and dust masks were provided for the workers but it had not always
been possible to compel workers to wear them.

These highly concentrated works products are diluted between 40 and 50 times before being mar-
keted. The principle diluent for the diastase is sodium chloride and for tryptase, sodium carbonate
with or without sodium sulphate. With the diastase preparation, however, 5% calcium formate and
mono- and di-sodium phosphates are added. The calcium formate is used to avoid the e↵ect of
varying hardness of di↵erent waters and the phosphates bu↵er solutions of the product to pH 6.6
to 7. The diastase is marketed under the name “Degomma” for desizing cotton fabrics.

The tryptase products were used on a considerable scale for bating and de-hairing hides but a very
large mount was used for soaking articles before washing.

In the soaking powder, the concentrated tryptase is diluted with approximately 98% sodium carbon-
ate, and the product is called Burnus or Enzymolin. A 1⁄2% solution is used at 35oC (not exceeding
40 oC) for 10–15 minutes in commercial laundries whilst for household use an overnight soak is
given in a similar solution.

It is claimed that much of the soiling matter is attached to fabrics by means of protein, starch or
fatty matter and that these cementing materials are attacked and rendered soluble by the enzymes
thus simplifying the subsequent washing process.

The maximum production of Burnus has been about 170 metric tons per month.
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BIOS 449. German Medical Targets. [Pharmaceuticals, hormones, antibiotics, cancer, DDT]

[pp. 2–12:]

Report on the Researches of the Scientific Laboratory of C. F. Boehringer & Soehne,
Mannheim-Waldhof during the war 1939–1945

[...] The research on producing the thymus hormone was based on the studies of Bomskov, who
ascertained that extracts of the thymus glands of guinea-pigs are able to mobilize glycogen stored
in di↵erent organs such as heart, liver and muscles. [...] He found, that the thymus really is a
gland of internal secretion. Tests were made to concentrate the active substance and to establish
its constitution. Bomskov made acetone extracts and showed that the active substance, especially
after saponifying can be extracted with ether. We used glacial acetic acid and hydrocarbon chlo-
rides as extracting solvents, the latter proved especially advantageous, as shown by the following
examples[...]

Together with Prof. Brederick we elaborate a procedure for the manufacture of ca↵eine from uric
acid. The uric acid is to be added in a formamide-melt of about 200o and so transformed to xanthine,
which is easily converted to ca↵eine by methylating with dimethylsulphate [...]

The greatest obstacle in this process is to procure a su�ciently pure and cheap uric acid.

The process with serpents’ excrement which contains more than 80% of uric acid, is very easy and
needs no further purification. [...]

Manufacture of Malaria Remedies.

[...] The new compound designated “Amichin” is scarcely inferior to quinine, whilst in general varia-
tions in the quinine molecule result in diminishing the anti-malaria e�ciency. Many azo-compounds
of Amichin were prepare and tested. Of these “Amichinazokairolin” proved especially non toxic
and about 30 times more active than quinine in the canary test. This exceedingly favourable result
caused us to test this product on man in larger scale. [...] There it proved that the strong increase of
e�ciency shown in the canary test was not so marked in human experiments, whilst the good tol-
erableness was maintained. The augmentation of e�ciency compared to quinine amounted to only
about four fold in the same range of application (that is both compounds act against schizontes
only and not against gametes). [...]

In general the yeast was subject to an exact investigation. We are manufacturing on a factory
scale nucleic acid from yeast and the resulting protein products were worked up to an animal food.
As in wartime there is a large deficit in protein, we tried to transform the protein by-products of
the nucleic acid manufacture into products fit for human nourishment. We succeeded in extracting
albumen which can be whipped and which could replace the albumen in cooking and baking. This
chemical introduced in trade circles under the trade mark “Backalbin” was sold in many thousands
of kilos until the shortage of yeast stopped the manufacture. [...]

Furthermore we were producing a preparation of capsaicin to replace pepper. [...]
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Figure A.27: BIOS 449 described the industrial farming of uric acid from snake urine and the
conversion of the uric acid into ca↵eine.
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[pp. 21–23]

Schering A.G., Berlin N 65 Werk Müllerstr. 170/72 [...]

Penicillin This had been mainly on a laboratory scale. The strain they had used was supplied by
Prof. Rostock. It was suggested that he might have obtained it from Jena or perhaps Hanover. The
unitage they obtained was 5–20 units/c.c. on the 13th and 14th days on a Czapek Dox medium
with added lactose or glucose. Even though this was said to have been on a laboratory scale we
found that the autoclave they had used was said to weigh 18 tons. The standard used was captured
English penicillin and they used the inhibition of growth of Staph. aureus in 50 c.c. of medium.
They had supplied some clinics in Berlin and Leipzig with material for trial but there had been
little available for the chemical determination of the constitution of penicillin. (We think that this
statement is not quite accurate but Dr. Clerc himself was not involved in the various procedures
described.)

[p. 37]

EXPERIMENTAL TUMOURS

Various experiments to uncover possible immunity mechanisms were carried out (e.g., immune sera
(anti-Ehrlich carcinoma sera in rabbits, etc.) and attempts to breed tumour immune animals). The
Ehrlich ascites tumour was fractioned and of the various portions used as antigens the mitochondrial
fraction showed the most interesting results. The work ultimately had to be confined within very
narrow limits.

DRYING OF SERUM FOR THE WEHRMACHT

Work on the freeze drying of human serum started early in 1941. They were alive to the possibilities
for the use of this process not only for war purposes but also for various processes and products
required in peace. They devised an apparatus capable of drying some 20 litres a day by the beginning
of 1942. Finally in the first six months of 1943 they prepared 348 kg of dried serum and in 1944 607
kg. They planned to have a special serum drying plant at Luckenwalde. In the first three months of
1945 their output of dried serum dropped some 70%. The Military Medical Academy was interested
in the amino acid content of blood hydrolysates for use in hunger oedema.

[Please see the following pages for more information from this report on producing freeze-dried
human blood, therapeutic antibodies that target cancer cells, and other advanced medical thera-
peutics.]
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Figure A.28: A report on producing freeze-dried human blood, therapeutic antibodies that target
cancer cells, and other advanced medical therapeutics [BIOS 449].
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Figure A.29: A report on producing freeze-dried human blood, therapeutic antibodies that target
cancer cells, and other advanced medical therapeutics [BIOS 449].
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Figure A.30: A report on producing freeze-dried human blood, therapeutic antibodies that target
cancer cells, and other advanced medical therapeutics [BIOS 449].
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Figure A.31: A report on producing freeze-dried human blood, therapeutic antibodies that target
cancer cells, and other advanced medical therapeutics [BIOS 449].
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BIOS 691. Some Aspects of Microbiological Research in Germany.

[pp. 1–2]

Professor Lembke, formerly director of the Bakteriologisches Institut, Preussische Versuchs- und
Forschungsanstalt für Milchwirtschaft in Kiel, and now scientifically active again after a period
of detention, was interviewed in Sielbeck to obtain a general picture of the work which had been
carried out under his direction during the past six years. The Bakteriologisches Institut was totally
destroyed by bombing during the war, but a good deal of work was carried on elsewhere, notably
in Sielbeck at the temporary quarters of the Institut für Virusforschung of Kiel University. In the
past few months new quarters for the Bakteriologisches Institut have been found in Kiel, and its
work is gradually being reestablished there.

Professor Lembke and his associates have been active in a large number of fields, some of which
have already been covered by previous reports (e.g. ultra-violet pasteurization of milk). However,
two aspects of their investigations do not appear to have received detailed attention and seem worth
study. These are (a) protein synthesis by yeasts and molds and (b) the production of antibiotics,
notably of an alleged penicillin-like substance known as Mycoin C.

[...] The best organisms found for protein synthesis were Oospora lactis, Oospora amycelica,
Saccharomyces lactis and Torulopsis sp.

[pp. 13–14]

A visit was also paid to Prof R. Harder at the Botanisches Institut. [...]

The basic concept underlying this approach to the problem of microbial fat production is a fairly
obvious one. In the case of fat synthesis by non-photosynthetic microorganisms such as the yeasts,
carbohydrates must be used as the raw material, and the process is highly wasteful from the
overall standpoint, since a large part of the substrate is lost by respiration. Fat can undoubtedly be
obtained, but only by using large amounts of carbohydrate otherwise utilizable as human or animal
foodstu↵s. On the other hand, if one could find good fat-producing photosynthetic microorganisms,
fat could be obtained from them without any depletion of the carbohydrate supply.

Two good groups of fat-producing photosynthetic microorganisms were discovered: certain fresh-
water diatoms, and strains of Chlamydomonas. [...] After various techniques of cultivation had been
tried, the best proved to the use of tall glass cylinders, 5 cm in diameter and 80 cm high. They were
filled almost completely with the culture medium and a slow current of air bubbled through during
growth. [...] The algae grew luxuriantly and eventually underwent a “fatty degeneration”, the cells
becoming packed with large fat globules. In the case of Chlamydomonas this occurred after 10–14
days’ growth. [...] With artificial illumination there is also the possibility of obtaining a crop in
depth.
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Figure A.32: Fat production and extraction from yeast cultured in bioreactors [BIOS 691].
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Figure A.33: Fat production and extraction from yeast cultured in bioreactors [BIOS 691].
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Figure A.34: Fat production and extraction from algae cultured in bioreactors [BIOS 691].
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BIOS 710. Manufacture of Biolase (Starch-Hydrolysing Enzyme) at Kalle & Co. (I.
G. Farben A. G.) Wiesbaden, Biebrich.

The manufacture of Biolase, a starch-hydrolysing enzyme, was carried out by Kalle & Co., Wies-
baden. A request has been made for details of their manufacturing process, and this report describes
the information obtained as to the method used by Kalle & Co. as gained from an interrogation of
a member of the sta↵, Dr. Altgelt. A brief description of the plant used is also given, but as this
was not in operation when inspected in October 1945, it was not possible to check the statements
made. [...]

The capacity of the plant was stated to be 30 tonnes per month, concentrated material, equivalent
to 1350 tonnes per month of standard material.

In the building however, there were new plant items awaiting installation and the capacity of these
was stated to be four times greater than that of the existing plant. Dr. Altgelt stated however, that
the intention was to demolish the existing plant as soon as the new plant was in commission.

BIOS 766. The Manufacture of Pharmaceuticals and Fine Chemicals in the U.S. and
French Zones of Germany.

[Please see p. 2128 for the table of contents of this long report, which provides a good overview of
the range of biological and chemical pharmaceuticals that were being produced in Germany by the
end of the war.]
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Figure A.35: Table of contents listing many biopharmaceuticals being produced in Germany by the
end of the war [BIOS 766].
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BIOS 770. Further Developments in Dairying in Germany.

[In 1940, German-speaking scientists developed and successfully implemented the use of intense
ultraviolet light to sterilize liquids and other materials [BIOS 770; FIAT 50; FIAT 107; FIAT 257].

Some of the most important scientists in the project were Andreas Lembke (German, 1911–2002),
Hellmuth Bayha (German?, 19??–19??), Karl Krammer (German?, 19??–19??), and Eugen Sauter
(German?, 19??–19??).

See figures on pp. 2130–2135.

This approach is now widely used in modern biology laboratories to sterilize water, the interiors of
biosafety cabinets, safety goggles, and other materials.]
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Figure A.36: Andreas Lembke, Hellmuth Bayha, Karl Krammer, Eugen Sauter, and other scientists
developed and successfully implemented methods of using intense ultraviolet light to sterilize liquids
and other materials [BIOS 770].



A.1. BIOTECHNOLOGY 2131

Figure A.37: Andreas Lembke, Hellmuth Bayha, Karl Krammer, Eugen Sauter, and other scientists
developed and successfully implemented methods of using intense ultraviolet light to sterilize liquids
and other materials [BIOS 770].
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Figure A.38: Andreas Lembke, Hellmuth Bayha, Karl Krammer, Eugen Sauter, and other scientists
developed and successfully implemented methods of using intense ultraviolet light to sterilize liquids
and other materials [German patent DE 894,956, filed in 1940].
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Figure A.39: Andreas Lembke, Hellmuth Bayha, Karl Krammer, Eugen Sauter, and other scientists
developed and successfully implemented methods of using intense ultraviolet light to sterilize liquids
and other materials [German patent DE 877,100, filed in 1940].
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Figure A.40: Andreas Lembke, Hellmuth Bayha, Karl Krammer, Eugen Sauter, and other scientists
developed and successfully implemented methods of using intense ultraviolet light to sterilize liquids
and other materials [German patent DE 877,100, filed in 1940].
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Figure A.41: Andreas Lembke, Hellmuth Bayha, Karl Krammer, Eugen Sauter, and other scientists
developed and successfully implemented methods of using intense ultraviolet light to sterilize liquids
and other materials [German patent DE 885,954, filed in 1943].
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BIOS 784. Interrogation of Dr. Gross, Prof. Flury and Dr. Wirth on Industrial Hy-
giene and Toxicology.

[This report includes examples of studies of cancers due to workplace chemical exposure; see pp.
2137–2139.]

BIOS 1229. Wool—Its Chemistry & Modification by Chemical Treatment in Germany.
pp. 6–7.

Schöberl has been interested in the chemistry and enzymatic activity of papain as well as its
reaction on wool. In connection with the latter e↵ect, the activation of papain by bodies containing
mercapto and disulphide groups appears to be of interest. Natural, i.e., unpurified, papain contains
its own activators in the form of mercapto bodies. Removal of these, results in a purified papain
of increased sulphur content as sulphate and organically bound as cystine and to a less extent as
methionine. Studying the activation of the purified papain on the liquefaction of gelatin, Schöberl
observed that a mercaptan such as thioglycollic acid was a strong activator of papain and so also
was the disulphide dithioglycollic acid. [...]

This work is described in a paper by Schöberl and Fisch ‘Über Schwefelgehalt und Aktivierbarkeit
von Papain’—Biochemische Zeitschrift, 1939, 302, 310.
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Figure A.42: Examples of studies of cancers due to workplace chemical exposure [BIOS 784].
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Figure A.43: Examples of studies of cancers due to workplace chemical exposure [BIOS 784].
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Figure A.44: Examples of studies of cancers due to workplace chemical exposure [BIOS 784].
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BIOS 1253. A Photoelectric Colorimeter (Photoelectric Absorptiometer) Designed by
Professor R. Havemann, Produced by W. Kauhausen in Berlin-Dahlem.

1. GENERAL.

When visiting the Materialprüfungsanstalt, Unter den Eichen 86 Berlin-Dahlem, we found that the
firm W. Kauhausen, laboratory furnishers, has an o�ce in one of the many rooms of that building
not used any more for its original purpose.

This firm is producing a photoelectric Colorimeter (photoelectric absorptiometer), designed by
Professor R. Havemann, director of the Kaiser Wilhelm Institut für Elektrophysik.

The instrument was seen in the store rooms of the firm and, in operation, in the pharmacological
Institute of the University Berlin, the director of which, Professor W. Heubner, has been using it
on a large scale for many years and confirmed its excellent performance.

The writer things the instrument presents several interesting features worth reporting. [...]

3. PUBLICATIONS ABOUT THE INSTRUMENT.

The instrument is described in detail and illustrated in Kauhausen’s catalogue. Havemann has
published papers about it in Biochemische Zeitschrift, vol. 301, 1939, p. 105; vol. 306, 1940, p. 224;
310, 1942, p. 378; Angew. Chemie 54, 1941, p. 105; Zschr. f. physikal. Chemie A vol. 188, 1941, p.
182, Beiheft 48 zur Zeitschrift des Vereins deutscher Chemiker.

4. DESCRIPTION OF THE INSTRUMENT.

The instrument has the form of a horizontal cylinder mounted on short legs. As can be seen in
the diagram reproduced at the end as figure 1, the light source is in the left third; it is either a
100 Watt filament lamp, or a mercury, sodium or cadmium vapour lamp (Osram Spectral Lamps).
These lamps are easily interchangeable.

Monochromatic light of the following wavelengths (mu) [nanometers] becomes thus available: 326
(Cd); 365 (Hg); 435–6 (Hg); 509 (Cd); 546 (Hg); 577–9 (Hg); 589–95 (Na); 644 (Cd).

Two photocells of the barrier layer type are arranged on either side of the lamp. The left hand one—
the compensating cell—is permanently fixed and has an iris diaphragm. The other one, however,
on the side of the liquid under test, is mounted on a revolving spindle, the rotation of which varies
the distance of the cell from the light source. This is the measuring cell. [...]

Additional equipment for fluorescence measurements can also easily be fitted.

Light-absorbing filters can be inserted on either side, producing more or less monochromatic light
according to the light source chosen.

A shunt is provided for varying the sensitivity of the galvo. [...]

7. CELLS FOR THE LIQUID TO BE TESTED.

The cells taking the coloured liquid are kept in position by a spring-loaded ring, enabling a quick
interchange of cells of various sizes and guaranteeing exact location of the cell position.
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In addition to simple cells with depths of 5, 10, 20, 30 and 40 mm, several cells of special design
are available, as shown in figures 2 to 5.

Figure 2 shows a flow through cell with very wide inflow funnel; the side tube on the right is an air
outlet. The wide tubes and the absence of bends make the operations of filling and emptying rapid
and simple.

Figure 3 shows a cell with a jacket in which liquid from a thermostat fitted with a pump can be
circulated, so as to keep the liquid under test at a constant temperature, which is particularly useful
for physico-chemical measurements.

Figure 4 shows a cell specially constructed for photometric titrations. It is fitted with a stirring
device which is shewn more fully in figure 5.

The side of the cell is joined tangentially at point A and the stirrer thus acts as a centrifugal pump.
The contents of the cell are mixed very rapidly and this makes the photometric titration with this
apparatus much more speedy than a potentiometric or amperometric titration.

The photometric titration enables colour changes too indefinite or too delicate to be followed by
simple observation to be followed with ease and great accuracy. This allows very dilute solutions
to be used and the use of indicators becomes unnecessary in some cases, e.g. with iodometric and
bromometric methods. [...]

9. FLUORESCENCE MEASUREMENTS.

The light from the mercury lamp first passes the filter UG2, transmitting the UV line 365 mu and
some infra-red rays only. The transmitted light then passes the cell with the liquid under test and
then impinges upon a filter GG8 which absorbs the UV light but transmits the infra-red and any
visible fluorescent light produced in the solution. The infra-red light is then retained by a further
filter BG23, so that only the light produced in consequence of fluorescent material being present
impinges upon the photocell. [...]

Quartz cells are available for this type of work but it appears from the description, that glass cells
can also be used, although the fluorescence of the glass interferes to some extent.

10. ACCURACY CLAIMED.

An overall accuracy of 0.2 to 0.3% is claimed. [...]

[This instrument appears to be the first true spectrophotometer, and it has all of the essential
features of modern spectrophotometers. Robert Havemann (German, 1910–1982) invented spec-
trophotometers no later than 1936, as shown by the patents on pp. 2143–2150. This BIOS report
made clear that Havemann’s spectrophotometers had been extensively used in Germany for many
years before Allied investigators discovered them and sent detailed documentation (and perhaps
whole instruments) to the United Kingdom and United States, which presumably copied the tech-
nology. Such spectrophotometers are now used worldwide for a wide variety of biochemical and
chemical measurements.]
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Figure A.45: Robert Havemann invented the spectrophotometer in 1936 [BIOS 1253].
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Figure A.46: Robert Havemann invented the spectrophotometer in 1936.
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Figure A.47: Robert Havemann invented the spectrophotometer in 1936.
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Figure A.48: Robert Havemann invented the spectrophotometer in 1936.
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Figure A.49: Robert Havemann invented the spectrophotometer in 1936.
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Figure A.50: Robert Havemann invented the spectrophotometer in 1936.



2148 APPENDIX A. ADVANCED CREATIONS IN BIOLOGY AND MEDICINE

Figure A.51: Robert Havemann invented the spectrophotometer in 1936.
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Figure A.52: Robert Havemann invented the spectrophotometer in 1936.
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Figure A.53: Robert Havemann invented the spectrophotometer in 1936.
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BIOS 1320. Preparation of Biological Products at Selected Targets in Germany. [Lots
of vaccines, hormones extracted from organs, serums, etc.]

[pp. 81–82:]

Professor Kuhn was interviewed at FIAT Main-Hoechst[...]

3065 (i) Kuhn maintained that he at no stage proposed the oral administration of this drug. The
substance is inactivated by protein (e.g. broth) with which it combines, and must be tested in a
synthetic medium. It has been used e↵ectively in local applications particularly in combination with
sulpha drugs (for burns) as it is not inactivated by p-amino benzoic acid. Recent clinical reports
are very favourable and Kuhn promised to have a summary of these prepared.

(ii) For intestinal infections experimental work and clinical trials have been carried out with the
colourless diacetyl derivative of di-bromsalicil. This substance has a very low toxicity so that large
doses can be given. It is however, very rapidly hydrolysed in the gut and thus a high local concen-
tration of the hydrolysed drug can be achieved in amount above that rendered inactive by protein
combination. A clinical trial on children with intestinal infections is being carried out under the
supervision of Fr. Dr. Knöwenagel. Both drugs are, according to Kuhn, more expensive to produce
than the usual sulpha drugs.

Other Investigations:

(i) The alkaloid claimed by Kuhn and co-workers to be present in Colorado beetle resistant strains
of the potato plant and to be responsible for the protection of the plant has been isolated in a
crystalline condition. It appears to be of the solanine type. The pure alkaloid has been shown to
be markedly toxic to larvae of the Colorado beetle.

(ii) Work is being continued on the biochemistry of di↵erential growth control but this was not
discussed in detail. [...]

[pp. 85–86:]

Experimental work on the production of penicillin had been going on for at least 3 years at Elberfeld
under the direction of Dr. Auhagen. During this time little progress appears to have been made,
probably due to concentration by this firm on Marfanil [a sulfonamide antibiotic] and related
compounds. In previous reports Auhagen had claimed to have produced penicillin assaying 200
units per mg. and to have obtained 50 units per ml. in broth with surface cultures. [...]

The strain he was using had been locally isolated and had been identified in England as Penicillium
bruneo rubrum. [...]

It was intended to freeze dry the purified penicillin in bulk and weigh out into ampoules aseptically.

BIOS 1322. [Phase-contrast microscopes.]
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BIOS 1417. Food Preservation with Special Reference to Its Domestic Application.

2. Plenora-Werke, Neuekampstrasse, Hamburg.

Herr Speck, the Manager, took us round and explained the process very thoroughly. We also spoke to
several heads of departments, the laboratory director, and bakery manager. The firm was concerned
entirely with the manufacture of a dried egg substitute from blood plasma. The process was started
on an experimental scale in 1934, and went into production on a large scale on the outbreak of war
in 1939. The factory was almost completely destroyed by bombs but was largely rebuilt in 1943.
This was said to be the only factory in the world making this product from blood.

The blood came in from the slaughterhouses, some of which were close by, but a good deal also came
from Denmark in casks (aluminium or lacquered) and preserved with ammonia. Every animal was
vetted before slaughtering. The blood was first mixed with sodium phosphate or citrate to prevent
coagulation, strained, then separated by centrifuging into the red and white fractions. Both parts
were then cooled at a temperature of 2oC. to 4oC. in a refrigerator. It must not reach freezing
point. The blood was stored at this temperature until required. Blood received from any distance
was separated into red and white fractions and cooled before transport.

The two fractions were heated separately in an open steam-jacketed pan to remove about 50% of
the water. Each part was then dehydrated in a spray-dryer of the type generally used for drying
eggs or milk. The dried red fraction was sold for sausage-making[...]

The factory had been producing 5,000 Kg. of “Plenora” per day but could produce ten times that
quantity if su�cient raw materials were available.

This process certainly produces a very useful and nutritious substitute for egg from slaughterhouse
blood, which is wasted in this country [U.K.] in large quantities.

BIOS 1481. Albumen Substitutes from Fish: Further Report on Deutschen Eiweiss
Gesellschaft.

For the production of first grade high protein Eiweiss for medical and culinary purposes fresh
skinned fillets of cod and haddock are used. This raw material gives a final product of little taste or
smell and of high grade quality and solubility and is said to be better than egg albumen for most
purposes where this material was formerly used. [...]

The whole process can be separated into the following stages:

(i) Preparation of raw material

(ii) Initial cooking and washing

(iii) Pressing

(iv) Solvent extraction

(v) Solvent recovery

(vi) Hydrolization (i.e. conversion of insoluble protein into soluble Eiweiss)

and it is therefore proposed to deal with these stages in their respective order. [...]
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Figure A.54: Protein purification and processing equipment for industrial manufacturing of artificial
albumen products for medical and culinary applications [BIOS 1481].
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Figure A.55: Protein purification and processing equipment for industrial manufacturing of artificial
albumen products for medical and culinary applications [BIOS 1481].
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Figure A.56: Protein purification and processing equipment for industrial manufacturing of artificial
albumen products for medical and culinary applications [BIOS 1481].
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BIOS 1487. Chemical Laboratory Instrumentation in Germany. pp. 101–109.

APPENDIX 2

TRANSLATION

THE PHYWE Ultracentrifuge

Physikalische Werkstatten A.G. Göttingen (Hann.)

Development of the Ultracentrifuge

In 1923, The Svedberg and J. B. Nichols built a centrifuge in which optical observation of the
sedimentation of dissolved particles was possible during the rotation. [...]

Characteristics of the PHYWE Ultracentrifuge

Phywe A.G., Göttingen, and G. Schramm (Kaiser Wilhelm Institut für Biochemie, Berlin-Dahlem)
developed jointly an ultracentrifuge, with air drive, which is simple to operate and within the
means of every laboratory, but which, nevertheless, possesses a su�ciently high separating power.
The choice of an air drive, in conjunction with a special damping device, ensured smooth running
of the centrifuge. In its simplest form, the Phywe ultracentrifuge is suitable for preparative work.
It can, however, also be fitted with a second rotor for optical observation and hence for analytical
work. The optical method adopted is the “schlieren” method, but the apparatus is constructed so
that the scale method can also be used. [...]

General Considerations on Measurements with the Ultracentrifuge

The ultracentrifuge is one of the most important instruments for the investigation of high molecular
or colloidal substances. The field of application lies in the region where most chemical and physical
methods of separation and characterisation of the substances fail. The ultracentrifuge serves for the
determination of the size and the homogeneity of a molecular species. For this purpose two methods
are used: (1) Determination of the sedimentation velocity, (2) the sedimentation equilibrium. [...]

Applications of the Ultracentrifuge

The ultracentrifuge can be used for the investigation of the most varied range of substances. Doubt-
less the greatest successes have been obtained in the field of the proteins, but promising work has
also been done in the case of the carbohydrates, polystyrols, and similar organic products, inorganic
colloids and inorganic salts.
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The work on the proteins has shown that the naturally occurring proteins are, in respect of molec-
ular weight, always homogeneous substances. Even complex systems such as serum (References 9
and 10) or milk proteins (Reference 11) can be analysed with the aid of the ultracentrifuge. They
are always resolved into a limited number of homogeneous components. Systematic investigations
of the proteins from di↵erent species have led to interesting genetical relations. In the examina-
tion of enzymes, sera and antibodies, snake venom and other physiologically active proteins, the
ultracentrifuge has strikingly proved its value (Reference 3). The newer developments in the field
of virus proteins and bacteriophages would be inconceivable without the ultracentrifuge. (For the
application of the ultracentrifuge in virus research see Reference 12). [...]

References: [...]

3. T. Svedberg, Koll. Zeit., 1938, 85, 119.

9. P. von Matzenbecher, Biochem Z, 1933, 266, 226.

10. A. S. McFarlane, Biochem. J., 1935, 29, 660.

11. K. O. Pedersen, Biochem. J., 1936, 30, 948.

12. Handbuch der Virusforschung, R. Doerr u C. Hallauer, Julius Springer (1938).

[Theodor Svedberg (Swedish, 1884–1971) invented the ultracentrifuge in 1923, but then German-
speaking scientists developed greatly improved and diversified versions of it and utilized them for
a wide variety of applications. For example, this ultracentrifuge described in BIOS 1487 was one
of several that were developed by Gerhard Schramm for his groundbreaking research on viruses
and proteins. Such ultracentrifuges are now extensively used in biology and chemistry laboratories
worldwide.

The next page shows a diagram of the ultracentrifuge from BIOS 1487.]
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Figure A.57: Ultracentrifuge developed by Gerhard Schramm and collaborators beginning in the
1930s [BIOS 1487].
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Figure A.58: Protein purification and processing for industrial manufacturing of Milei artificial
albumen products [BIOS 1513].
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BIOS 1513. The Manufacture of “Milei” Egg Substitutes.

Milei G (gelb) is an egg-yolk or whole-egg substitute which is described as having the binding
properties of egg in bakery products and household cooking. To some extent these binding properties
are due to a vegetable constituent which is added. [...]

Milei W (Weiss) is an egg-white substitute which has the whipping properties of egg-white and is
used mainly for meringue-type bakery products. [...]

[See the figure from this report on the preceding page.]

BIOS 1776. Yeast and Citric Acid Production from Sugar Beet Molasses in Germany.

The following report deals with only two aspects of the industrial utilization of beet molasses,
namely the manufacture of yeast and citric acid. Yeast production is a relatively old and well-
established industry, hence only the processes used by one of the largest German firms in the field
were examined. In contrast to the yeast industry, fermentation citric acid production is of more
recent origin and only became established in Germany during the war. The first plant operated by
C. H. Boehringer Sohn, Ingelheim on the Rhine, started production in 1938–1939. Another entirely
independent company, the Chemische Fabrik J. A. Benkiser at Ladenburg, near Heidelberg, planned
erection of a new fermentation citric acid plant in the same year. This plant was built during the
war but did not get into production until January, 1945. Both companies had been familiar with the
chemical manufacture of citric acid for many years, importing calcium citrate as the raw material.
Research was carried out on the fermentation process and its results, combined with industrial
experience from Czechoslovakia, enabled each company to develop its own process. Contrary to the
history of most citric acid producers in other countries, both of the German plants were built for
the use of sugar beet molasses as a raw material and neither have operated with sugar in various
stages of refining.

[Please see figures from this report on the following pages.]
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Figure A.59: Large-scale production and purification of citric acid from yeast fermenters [BIOS
1776].
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Figure A.60: Large-scale production and purification of citric acid from yeast fermenters [BIOS
1776].
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Figure A.61: Large-scale production and purification of citric acid from yeast fermenters [BIOS
1776].
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CIOS ER 1. Professor R. Kuhn at the KWI, Heidelberg.

[Please see p. 2165.]

CIOS ER 10. K.W.I. für Medizinische Forschung, Heidelberg.

[Please see pp. 2166–2170.]
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Figure A.62: Richard Kuhn developed a synthetic antibiotic dubbed “3065” [CIOS ER 1].
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Figure A.63: Richard Kuhn developed a synthetic antibiotic dubbed “3065” [CIOS ER 10].
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Figure A.64: Richard Kuhn developed a synthetic antibiotic dubbed “3065” [CIOS ER 10].
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Figure A.65: Richard Kuhn developed a synthetic antibiotic dubbed “3065” [CIOS ER 10].



A.1. BIOTECHNOLOGY 2169

Figure A.66: Richard Kuhn developed a synthetic antibiotic dubbed “3065” [CIOS ER 10].
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Figure A.67: Richard Kuhn developed a synthetic antibiotic dubbed “3065” [CIOS ER 10].
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CIOS XXIV-16. Pharmaceutical Targets in Southern Germany.

FIAT 195. Yeast and Nutrition Targets in Germany. pp. 2, 4.

The targets concerned with growth of food yeast on wood sugars were those visited at the I.G.
Farbenindustrie (Bitterfeld), the I.G. Farbenindustrie Film Fabrik (Wolfen) and the Phrix, A.G.
(Hamburg). The first mentioned plant contained novel circulating aeration columns for keeping
down foaming which was of paramount importance when sulfite waste liquors were used. The
latter two plans also employed a foam-minimizing fermentation tank design. The large centrifugal
basket-type centrifuges use by the Wolfen plant for separation and washing of the yeast may have
application in the U.S. if larger production is anticipated. Most of the wood sugar yeast plants
plasmolyzed the cells by heating the pressed yeast with steam. This operation contributed somewhat
to an improvement in flavor as well as assured a non-viable product. The I.G. Farbenindustrie
plants used a strain of Candidia arborea and the Phrix plant claimed to use Torula utilis. Both
types ferment pentoses as well as hexoses. [...]

The research institutes visited included the Universities of Leipzig, Halle, Tübingen, and Kaiser
Wilhelm Institute (Heidelberg and Dortmund). The writer was impressed with the freedom the
research workers were given. Pure research studies were allowed to proceed practically unmolested.
During the first few years of the war some of the younger men were drafted for Army service, but
even in the last months of the war many of these were being returned to their laboratories.

[...] The German scientists, such as Kuhn, Butenandt, Aberhalden, Scheunert, certainly reflect the
vigorous scientific training characteristic of the German universities and serve to emphasize the high
level of achievement in their respective fields. It is noteworthy that the Army research program left
such men unmolested to continue their respective peace-time researches.

FIAT 371. Production of Fat by Oidium lactis.
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FIAT 545. Pulling Wool by the Use of Enzymes.

PURPOSE

To remove wool from pelts without detriment to the wool fibers nor to the hides.

SUMMARY

By the use of an enzymatic product called Arazym NSL, the above purpose appears to have been
accomplished with excellent results.

ARAZYM NSL

This process of pulling wool from sheep skins was developed by the Röhm and Haas Company of
Darmstadt who are the manufacturers of the enzyme product named Arazym NSL.

The process was explained by Dr. C. T. Kaulter, Technical Director of Röhm and Haas and is a
development of research carried on during the past five or six years.

Manufacture

Originally the enzyme used was produced from animal pancreas imported frozen from American
packing houses. When the war interrupted these importations, they began producing enzymes from
cultures in bran. Protease is the active principle. Production has been terminated at present due to
the destruction of the factory, but it is now being reconstructed and they expect to be in production
again by spring.

The mould, Aspergil paraciticus, is produced in pure strains in the laboratory. Trays of bran seeded
with the mould are cultured for five days at 20oC. to 22oC. The temperature must not be allowed
to rise above 28oC. Temperature is kept down by cold water which is circulated through the shelves
on which the shallow trays of bran rest.

No particular attention is paid to pH control but it normally runs around 6.8.

The mould culture is then extracted with water and precipitated with ammonium sulphate or
sodium sulphate or a mixture of both. It also may be precipitated with ethyl alcohol. The salts
used for precipitation are in 35% solution.

After the proteinic matter is precipitated out, it is put through a filter press and then dried under
vacuum at 30oC. A protease of high concentration which contains 40,000 enzymatic units is thus
obtained. [...]

COMPARISONS BETWEEN OLD AND NEW PULLING PROCESSES

The old lime process took only about 12 hours instead of 24 hours and could be used on cold skins.
Also the old methods with lime and sulfide were very cheap.

However, the resulting pulled wool by the enzyme process is much superior in handle and contains
no bothersome chemicals. The additional cost of the enzyme over the cheaper chemicals is more
than made up in the increased value and higher selling price of the wool as well as an estimated
increase in wool yield of approximately 10%.
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FIAT 570. Inoculation of Food Plant Seeds with Specific Strains of Microorganisms.

FIAT 871. The Luminometer.

ABSTRACT

A new visual photometer, called the Luminometer, was developed in 1943 by Carl Zeiss to measure
very faint brightnesses. In contrast to ordinary photometers it has a field of view of 30o and an
exit pupil 9 mm. in diameter. The measuring range covered by the Luminometer is 10�2 to 10�6

millilambert. At a brightness of 10�5 millilambert, for instance, the average error of matching
brightnesses in one operation is about 15 percent. The accuracy as compared with that of ordinary
photometers is about three times greater. [...]

P. H. Keck “Ueber die Genauigkeit visueller Photometer bei geringen Leuchtdichten”. Zeiss, Nachtrichten
Vol. 5, pp. 173–182, 1944.
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Figure A.68: Luminometer invented by P. H. Keck in 1943 [FIAT 871].
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FIAT 910. Production of Pharmaceutical and Industrial Enzymes in Southern Ger-
many.

ABSTRACT

In this report the processing methods are described for the manufacture of a number of enzymes.

Protease. The protein digestive enzyme was produced from special strains of Aspergillus parasiticus
for use, in varying proportions, in commercial preparations for the leather industry.

Pectinase was produced from Aspergillus wentii for use in the fruit industries in clearing juices,
prevention of jellying, etc.

Pancreatic amylase, called “Degomma”, was prepared before the war from beef pancreas and used
in the textile trade for destarching.

“Clauden” a styptic substance from beef lung tissue was a popular item for the pharmaceutical
trade for the control of hemorrhage.

Sanarthrit a cartilaginous extract was used pharmaceutically as an anti-arthritic injectable sub-
stance (non proteinaceous).

“Telatuten” another injectable substance was on the pharmaceutical market for the treatment of
arteriosclerosis.

“Luizyme” an enzyme mixture was a mixture of cellulases, amylases, proteases and esterases ob-
tained from Aspergillus uryceae and widely used in the treatment of digestive disorders.

The preparation of these enzymatic substances is recorded in detail. [...]

Evaluation:

Manufacturing processes of enzymes for pharmaceutical and industrial operation have been ob-
tained. Many of these agents are comparatively new, all of them are valuable assets in this par-
ticular field of chemistry. The source of some of them is unique and the whole field warrants the
attention of the American industry.

ENZYMATIC PRODUCTS OF RÖHM AND HAAS, DARMSTADT

General

Röhm and Haas at Darmstadt originally went into the enzyme field with the assumption of de-
veloping a pharmaceutical market. After some initial pharmaceutical enzyme production, it was
discovered that the scope of protease application in the industrial field was much greater, and
further production gradually turned entirely towards this field.

For the production of protease, special strains of Aspergillus parasiticus were utilized. Wheat bran
substances served as a medium. The filtrates of autolyzed cultures contain the active principles
which can be precipitated with ammonium sulphate. The precipitates are dried and serve in stan-
dardized solutions or powder mixes of varying percentages as the active agents in commercial
preparations. Some of these are sold under the trade names of Burnus, Oropon and Arazym.
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THE PRODUCTION OF PROTEASE

Fundamentally the production of protease consists of five steps:

Pure culture of Aspergillus parasiticus.

Production of initial spore yield for protease.

Production of technical spore seed for protease.

Volume culture of Aspergillus parasiticus and processing to liquid enzyme concentrates.

Production of dry protease, (enzyme-carrier) mixture and storage. [...]

[This report describes and shows large, advanced, industrial biotechnology installations for pro-
ducing and purifying a variety of di↵erent enzymes. Please see pp. 2177–2179 for some of the
illustrations from this report.]
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Figure A.69: Production and purification of enzymes from industrial fermentation [FIAT 910].
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Figure A.70: Production and purification of enzymes from industrial fermentation [FIAT 910].
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Figure A.71: Production and purification of enzymes from industrial fermentation [FIAT 910].
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FIAT 964. Regarding the Resistance to Temperature Variations of Zygotes of Chlamy-
domonas.

FIAT 996. The Commercial Development and Manufacture of Synthetic Hormones in
Germany.

FIAT 1014. Miscellaneous Pharmaceuticals and Pharmaceutical Intermediates Man-
ufactured at I. G. Farbenindustrie A. G., Elberfeld.

FIAT 1042. Miscellaneous Pharmaceuticals and Pharmaceutical Intermediates Mfgd.
at I.G. Farbenindustrie A.G. at Elberfeld.

FIAT 1046. Production of Crude Citric Acid by Fermentation in Germany.

FIAT 1059. The Phase Principle in Microscopy. With supplement.
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A.2 Prostheses and Neural Interfaces (Bionics)

[Due to the combination of strong support for scientific innovation and the large numbers of people
with war injuries, the German-speaking world led the development of prosthetic limbs. The devel-
opment of prostheses also overlapped with the development of methods for interfacing electrical or
electromechanical systems with the human nervous system.

In 1808, Albrecht Ludwig Berblinger (German states, 1770–1829) developed the first prosthetic legs
with movable joints, which made the legs much more practical to use. See p. 374. (Berblinger also
made early attempts at developing manned gliders.)

Jakob Riedinger (German, 1861–1917) developed a prosthetic arm with movable joints, the “Würz-
burg working arm.” See p. 375. He also established national programs to treat and to assist the
disabled.

During World War I, Ferdinand Sauerbruch (German, 1875–1951) invented the first prosthetic
arms that could be controlled by residual arm stump muscles, a design that became known as
the “Sauerbruch arm.” See p. 375. In 1904, Sauerbruch also invented a pressurized chamber (the
“Sauerbruch chamber”) for much more safely opening the thorax of a patient to conduct operations
on the heart or lungs.

Georg Schlesinger (German, 1874–1949) worked with Jakob Riedinger and Ferdinand Sauerbruch
to design and build improved prosthetic arms and legs during and after World War I. See p. 375.
Schlesinger also spent much of his career improving the standardization, testing, and calibration of
machine tools.

From the nineteenth century onward, numerous scientists from the German-speaking world ex-
perimented with electrodes to carry signals to or from the brains of animals or humans (pp. 212
↵). Those scientists included Gustav Fritsch (German, 1838–1927), Eduard Hitzig (German, 1838–
1907), Jacques Loeb (German, 1859–1924), Oskar Vogt (German, 1870–1959), Cécile Vogt-Mugnier
(French but worked in Germany, 1875–1962), and Walter Rudolf Hess (Swiss, 1881–1973).

In 1924, Hans Berger (German, 1873–1941) invented electroencephalography (EEG), the method
of detecting, measuring, and recording human brain waves. Napoleon Cybulski (Polish, 1854–1919)
and Adolf Beck (Polish/Austrian, 1863–1942) also carried out early experiments in electroen-
cephalography. See p. 237.

During and after World War II, Ulrich Henschke (German, 1914–1980) and Hans Mauch (German,
1906–1984) further advanced those two lines of research—prostheses and electrical interfaces with
the human nervous system. They also combined those two areas of research by trying to develop
prosthetic limbs or prosthetic sensory systems that could interface with the human nervous system,
creating a new field that later became known as “bionics.” (The term bionics was coined in 1958
at the U.S. Air Force laboratory where Henschke and Mauch worked—see p. 2188—and was sub-
sequently popularized by Martin Caidin’s 1972 novel Cyborg and the 1970s television series based
on it, The Six Million Dollar Man and The Bionic Woman).
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Also during the war, Ulrich Henschke and Hans Mauch headed an aviation medicine research
institute that aimed to improve the e�ciency of human-operated weapons systems. [There are brief
mentions of Henschke and Mauch and a group photo in Campbell and Harsch 2013.] It appears that
they explored neural interfaces for those applications as well, since such interfaces could improve the
response times for pilots and weapons operators and give them an advantage over their opponents
who had to physically move controls with their hands and feet, or help pilots respond more rapidly
in controlling high-speed jets, rocket planes, or rockets.

As an example of how pilot response times were considered a major factor and a research priority
at the highest levels, Heinrich Himmler’s adjutant, Werner Grothmann, reported that Himmler had
concerns about piloted long-range rockets (p. 3780):

Either someone pilots the rocket into the target, or it must go fully automatic. Himmler
was skeptical as to whether a pilot could react at that speed. I mean, the rocket was
supposed to fly several thousand kilometers.

(For fictional examples of how a neural interface system might be advantageous for a pilot’s reaction
times, see the 1977 Craig Thomas novel Firefox and its 1982 film adaptation.)

Some of the more advanced work of Henschke and Mauch was mentioned in the documents quoted in
this section, but detailed reports by Henschke and Mauch or detailed reports by others assessing that
work have never been publicly released. Can those reports be located in archives and declassified?
Just how far did their work progress, both during and after the war? What direct or indirect e↵ects
did it have on later work in this field?

Categories of users that were or likely would have been considered for the neural interface work
would have included:

• Handicapped or injured people (pp. 2184–2187).

• Pilots of manned airplanes, jets, rocket planes, and rockets (pp. 2184, 2188, 2198–2200, 2205).

• Operators of remotely guided missiles or other weapons systems (pp. 2184, 2188, 2198–2200,
2205) [NavTecMisEu 229-45].

• Operators of teleoperated robots (pp. 1116–1124).

Interface methods that were or likely would have been considered for the neural interface work
would have included:

• Signals in peripheral nerves (pp. 2184–2187).

• Brain waves or other signals in the central nervous system (p. 2185).

• Eye motions (pp. 2198–2200).
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Interfaced devices that were or likely would have been considered would have included:

• Prosthetic legs (pp. 2184–2187).

• Prosthetic arms (pp. 2184–2187).

• Visual prostheses (pp. 2184–2185, 2187, 2201–2205).

• Aircraft or other vehicle controls (pp. 2188, 2198–2200, 2205).

• Remotely guided missiles or other weapons system controls (pp. 2188, 2198–2200, 2205)
[NavTecMisEu 229-45].

Other work by Henschke and Mauch was better documented in publicly available sources:

• Henschke and Mauch developed what ultimately became known as the Swing-aNd-Stance
(S-N-S) hydraulically controlled prosthetic leg, which has been used worldwide for decades
since then. See pp. 2189–2196 and 2201–2205.

• Henschke and Mauch developed and patented a tachistoscope that could present high-speed
visual information to a user and monitor the person’s reactions (pp. 2198–2200). It seems
likely that the tachistoscope was part of a larger program to test and improve the reaction
times of pilots and weapons systems operators using neural interfaces as compared to manual
controls.

• During the war, Henschke also developed simulators for training operators of remotely guided
missiles [NavTecMisEu 229-45].

• Henschke and Mauch designed a variety of aviation control systems (pp. 2188, 2205).

• Henschke developed brachytherapy methods for treating cancer (p. 2206).

• Mauch played a key role in the early development of jet engines and jet aircraft (p. 1587).

• Mauch designed space suits (p. 2205).

• Henschke and Mauch conducted other work in aviation medicine (pp. 2184–2185, 2205)
[Campbell and Harsch 2013].

Was similar work on neural interfaces for prostheses and/or weapons systems conducted by other
German-speaking scientists? It seems likely, since the German-speaking world pioneered the relevant
fields, and there would have been strong demand for such applications.]
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Charles A. Lindbergh. 1970. The Wartime Journals of Charles A. Lindbergh. New
York: Harcourt Brace Jovanovich. pp. 977–978.

From Oberammergau Lieutenant Uellendahl and I drove to Garmisch-Partenkirchen to see the
Medical Research Institute operated by Dr. [Ulrich] Henschke, located on the slope of a mountain—
a small institute, simply built and simply but very intelligently run. Dr. Henschke, a man in his
mid thirties, turned out to be a great admirer of Dr. Carrel—had studied Man the Unknown with
care and understood it as no one else I have talked to. He had a copy of The Culture of Organs on
his shelves, and the Swiss edition of Listen! the Wind. He says his greatest ambition is to have an
institute such as Carrel wrote of.

We discuss a number of Dr. Henschke’s projects: gunnery sights, artificial limbs, hearing for the
blind, cellular emanations, etc. He shows us through his laboratories—small buildings like mountain
cabins—views of Alps and valleys through the windows—ideal places for creative work. In one he
is testing new methods of controlling guns in aircraft. “It is best to use only one group of muscles.”
He has a stick (pilot’s) with a bar on top which acts as a rudder, “so it is not necessary to use
the feet at all in aiming a fighter.” I protest, saying that I think we are getting too far away from
monkeys anyhow, and that I do not see why we should not also use our feet. He asks me to try it
out for myself—a rather crude a↵air made quickly out of plank and wire. I get down in the seat
while the apparatus is adjusted.

At one end of the room is a rotating stick, at the end of which a photoelectric cell is fastened. A
spotlight is fastened to the stick, and one is supposed to keep the light beam on the photoelectric
cell. As long as the beam covers half or more of the cell, a counter, set to the rate of fire of a machine
gun, is in operation. When the beam covers less than half the cell, the counter stops operating. By
means of a stop watch the number of hits per minute are counted.

I found that I made a much better score when using the stick alone, which I have never done
before, than when the spotlight was hooked up to the rudder and stick as in a normal fighter. The
di↵erence was several hundred per cent in favor of the former method! However, in fairness, it must
be said that the rudder hookup was cramped and jerky. But this is not enough to account for the
great di↵erence in the number of hits I made. I tried removing my heavy G.I. boots and doubled
my previous score with the conventional controls—one has a much better “feel” with his shoes o↵.
But the advantage of controlling everything with the arms, “one group of muscles alone,” was still
apparently great.

At another small building Dr. Henschke showed us where he was developing artificial limbs which
would be actuated by the nerves and muscles of the stump. He demonstrated with two German
soldiers, one of whom had lost an arm and the other a leg.
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Joyce Milton. 1993. Loss of Eden: A Biography of Charles and Anne Morrow Lind-
bergh. New York: HarperCollins. pp. 415–416.

Charles worked for United Aircraft in Connecticut until May of 1945, and shortly after V-E day,
he joined a Naval Technical Mission in Europe as a civilian representative of the corporation. [...]

Joining the Technical Mission in Munich, Lindbergh became part of a team of observers who
drove their jeeps into territory where the Wehrmacht, defeated but not yet demobilized, was still
in e↵ective control. [...] Lindbergh’s group located Professor Willy Messerschmitt, who was living
in a barn; Dr. Felix Kracht, the inventor of the rocket glider; Dr. Helmut Schelp, assistant head
of development of the jet and rocket propulsion program; Dr. Franz Josef Neugebauer, who was
working on a design for a nuclear-propelled aircraft; Dr. August Lichte, a developer of the Junker
JU 004 turbojet engine; and Dr. Ulrich Henschke, who was working on artificial limbs capable of
being controlled by neurological impulses.

CIOS ER 97. Luftfahrt-Forschungsanstalt München Medizinisches Institut Garmisch-
Partenkirchen. 14 June 1945. [This report is filled with spelling, capitalization, and grammatical
errors that have been silently corrected here to make it more readable. The Germans who carried
out this scientific work were conducting research decades ahead of their time. The Americans who
reported on this scientific work could not even spell.]

In 1942 a “Research Order” was given to Dr. U. Henschke to form a new Aviation Medical Research
Institute. It worked at first in connection with the Radiology Institute of the University of Berlin,
and in June 1943 it was designated as an aeronautical research institute of Munich and called
“Work-group Henschke.” It was evacuated in 1944 to Garmisch-Partenkirchen to devote full time
to aviation medicine. The institute now has departments in all major branches of aviation medicine,
but some department heads were away to their respective universities and private homes at the time
of German collapse and have been unable to return. The following research problems are among
those on which the institute had been working with a brief summary of the type of work: [...]

J. Research on Prostheses.

For the past few months this institute had devoted most of its time to work on “eye prostheses”
and extremity prostheses. Briefly, apparatuses have been constructed using selenium cells and
photoelectric cells which convert visual stimuli into auditory sense. In the problem of limb prostheses
the approach has been that of using the impulses of the amputated nerve to direct electro-mechanical
prostheses which will be controlled mentally. This problem is in the beginning stages but work on
it is going on at present. Beginning work on measurement of brain waves with apparatus capable
of focusing on certain parts of the brain has also started.
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Germans Tried to Develop Controlled Artificial Leg. St. Joseph Gazette (St. Joseph,
Missouri), 19 September 1946, p. 7 [https://news.google.com/newspapers?id=
zypaAAAAIBAJ&sjid=HkwNAAAAIBAJ&hl=es&pg=1168%2C1131947].

WRIGHT FIELD, Ohio, Sept. 18.—(INS)—An American intelligence team was reported tonight
to have learned that German scientists experimented during the war on an artificial leg activated
by impulses from the human brain.

According to information gained by an air materiel command technical intelligence team, the leg
used electro-mechanical devices wired to the severed nerve endings.

Tonight’s announcement from the Wright Field public relations o�ce added:

“The Germans believed that galvanic electricity flowing along the nerves would supply the power
impulses and that these could be controlled mentally, manipulating the leg according to the wishes
of the wearer.

“Investigators believe that varying degrees of concentration were to be employed by the amputee
on the theory that mental intensity would act like a rheostat, controlling the amount of nervous
electricity and moving the leg in the manner desired. The Germans were as much interested in
proving the disputed point of the existence of nervous electricity as they were in perfecting a
fool-proof artificial leg.

Moved to Mountain Haven

“Originally located in Munich, the Aeronautical Research Institute was moved in August, 1944 to
Garmisch-Partenkirchen, a mountain retreat where each scientist was given a combined house and
laboratory of his own.

“These units were located 300 feet apart so that the occupants could work undisturbed. The
mountain site was selected because its beauty lent itself to new ideas.” Physicians, technicians,
physicists, chemists, and psychologists were employed there. The institute was supported principally
by the University of Munich and the German air force.

“While the electrical leg was still in the experimental stage when the war ended, the institute had
completed work on an artificial limb, considered superior to any prosthetic device previously used.
This was a hydraulic leg depending on a hand-operated valve and a piston-like arrangement in the
calf.

Knee Controlled by Valve

“This artificial limb owes its success largely to the valve controlling the knee action. For standing,
walking, or ascending and descending inclines, the knee joint must be maintained at various angles.
The hydraulic system used in this leg does this with the voluntary control valve.

“A slight pull at the valve allows a slow knee flexion. A medium pull provides knee fixation, and
a strong pull permits its extension. The last is essential in climbing stairs or inclines and makes it
possible for the amputee to do this in a natural manner.

“Another interesting institute development was an artificial arm in which the hand was moved by
a magnet and controlled by the stump muscles. Magnets also were used in another type of knee
which was controlled in the same manner.”
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Ambitious Experiment: Brain-Controlled Artificial Leg was Goal of Nazi Scientists.
Press and Sun-Bulletin (Binghamton, New York), 19 September 1946, p. 1.

When V-E Day ended their work, German scientists were attempting to perfect an artificial leg
that could be controlled by impulses from the human brain. [...]

The scientists had also developed an artificial arm moved by magnets, and photo-electric and
selenium cells to convert visual stimuli into auditory channels for the blind.

[Versions of this story also appeared in many other newspapers, such as:

Austin American-Statesman (Austin, Texas), 19 September 1946, p. 21.

Muncie Evening Press (Muncie, Indiana), 19 September 1946, p. 6.

The Tipton Daily Tribune (Tipton, Indiana), 20 September 1946, p. 7.

Journal Gazette (Mattoon, Illinois), 19 September 1946, p. 1.

Press and Sun-Bulletin (Binghamton, New York), 19 September 1946, p. 1.

Journal and Courier (Lafayette, Indiana), 25 September 1946 p. 15.

The Dayton Herald (Dayton, Ohio), 19 September 1946, p. 24.

The Knoxville News-Sentinel (Knoxville, Tennessee), 22 September 1946, p. 36.

The Knoxville Journal (Knoxville, Tennessee), 2 December 1946, p. 14.

Dayton Daily News (Dayton, Ohio), 19 September 1946, p. 10.

Clarion-Ledger (Jackson, Mississippi), 1 December 1946, p. 15.

El Paso Herald-Post (El Paso, Texas), 20 September 1946, p. 12.

The Times Recorder (Zanesville, Ohio), 19 September 1946, p. 1.

The Billings Gazette (Billings, Montana), 20 September 1946, p. 5.

The Vancouver Sun (Vancouver, British Columbia, Canada), 20 September 1946, p. 14.

The Ogden Standard-Examiner (Ogden, Utah), 20 September 1946, p. 2.

Nashville Banner (Nashville, Tennessee), 19 September 1946, p. 1.

Tucson Daily Citizen (Tucson, Arizona), 20 September 1946, p. 3.

Fort Worth Star-Telegram (Fort Worth, Texas), 19 September 1946, pp. 7, 39.

Fort Worth Star-Telegram (Fort Worth, Texas), 20 September 1946, p. 11.

The Evening Review (East Liverpool, Ohio), 19 September 1946, p. 12.

The Evening Independent (Massillon, Ohio), 19 September 1946, p. 14.

The Zanesville Signal (Zanesville, Ohio), 19 September 1946, p. 15.

The Newark Advocate (Newark, Ohio), 19 September 1946, p. 2.

Bucyrus Telegraph-Forum (Bucyrus, Ohio), 19 September 1946, p. 8.

Lancaster Eagle-Gazette (Lancaster, Ohio), 19 September 1946, p. 13.

The Marion Star (Marion, Ohio), 19 September 1946, p. 5.]



2188 APPENDIX A. ADVANCED CREATIONS IN BIOLOGY AND MEDICINE

Ulrich K. Henschke and Hans A. Mauch. How Man Controls. In: Strughold, Hubertus,
ed. 1950. German Aviation Medicine, World War II. 2 vols. Washington, D.C.: U.S.
Government Printing O�ce. Vol. 1, pp. 83–91.

Starting from the need for better adaptation of aircraft controls to man, a new field of aviation
medicine, the study of human control, was established.

The best approach was found to be the investigation and description of the behavior of man,
while he controls, by the same experimental and mathematical methods as are used in regulator
mechanics.

From this viewpoint, the following was found concerning the behavior of man in control cycles:

1. The transition function of man in simple control cycles corresponds in principle to that of an
astatic transmission system with a delay time of about 0.2 second. It resembles in some respects
the transition function of a so-called sampling transmission system operating in a stepwise manner.

2. In other control cycles with more complicated mechanical elements, man can perform other
transition functions. The process of learning how to control can be interpreted by saying that man
tends toward a transition function which is best adapted to the other parts of the control cycle.

3. Optimal regulation by man is reached, if the other parts of the regulation cycle are designed
to make possible working of man with the same transition function as in simple control cycles
consisting of a man as regulator and of a lever system as regulation section.

4. The use of man in control cycles is more desirable than that of an automatic regulator only if
determination of the measuring value by the human eye and by the human brain takes an essential
part in the regulation process.

R. R. Roth. 1983. The Foundation of Bionics. Perspectives in Biology and Medicine
26:2:229–242 [https://muse.jhu.edu/article/403622/pdf].

The word “bionics,” as it appears today, originated with Maj. (later Col.) Jack E. Steele of the
Aerospace Division of the U.S. Air Force, from the Greek word for life and su�x “ic,” meaning
“having the nature of”. According to Steele, he coined the term in August 1958 to promote bionics
as a new science. The research program, which was to receive the name “bionics” in the spring of
1959, was inaugurated at the Wright-Patterson Center of the U.S. Air Force. Bionics was under
discussion, for the first time, at the Twelfth Annual Aeronautical Electronics Conference, held in
May 1960. One session of the meeting, under the chairmanship of Dr. John E. Keto of the U.S. Air
Force, was devoted to bionics. Four papers on bionics were read, including one by Major Steele. They
were published in August 1960 in Waveguide, Dayton Section of the Institute of Radio Engineers.
However, the o�cial launching of the new science took place in September 1960 when 700 engineers,
physicists, mathematicians, psychologists, psychiatrists, biologists, and biophysicists were invited
to a congress in Dayton, Ohio. About 30 participants spoke about bionics, and a 500-page volume
provides the record of the occasion.

[It is probably not a coincidence that the field of bionics was named and publicly inaugurated at
the Air Force labs at Wright Patterson where Henschke and Mauch worked or had worked. Could
future archival researchers investigate the possible connections between the work of Henschke and
Mauch beginning there in 1946 and the public launch of the bionics program in the late 1950s?]
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Figure A.72: Examples of patents by Ulrich Henschke and Hans Mauch on sophisticated prosthetic
legs.
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Figure A.73: Examples of patents by Ulrich Henschke and Hans Mauch on sophisticated prosthetic
legs.
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Figure A.74: Examples of patents by Ulrich Henschke and Hans Mauch on sophisticated prosthetic
legs.
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Figure A.75: Examples of patents by Ulrich Henschke and Hans Mauch on sophisticated prosthetic
legs.
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Report from Heidelberg: The Story of the Army Air Forces Aero Medical Center in
Germany 1945–1947. 28 February 1947
[https://collections.nlm.nih.gov/ext/dw/14130150R/PDF/14130150R.pdf].

Though of no immediate aero medical significance, one of the most interesting and valuable contri-
butions made by scientists working at the Aero Medical Center was the development of an artificial
leg with a hydraulic knee joint which could be controlled by the wearer [p. 2194]. This new type of
leg prosthesis, which was devised by Dr. Ulrich Henschke and Ing. Hans Mauch, was turned over
by the Air Surgeon, in the summer of 1946, to the Surgeon General for further development and
refinement in the United States. A 30-minute sound motion picture entitled “New Principles in
Lower Extremity Prosthesis” was produced in Heidelberg by the 8th Combat Crew Camera Unit
under the supervision of Major Sebon R. Wallace, former professor of psychology at Tulane Uni-
versity. This movie was presented to leading AAF flight surgeons at a conference in the Pentagon
Building in May 1946, and thereafter was made available to the Surgeon General. The hydraulic
type of artificial leg developed at the Aero Medical Center attracted considerable attention in the
U.S. press [p. 2195] and also was the subject of an article by General Grow in the AAF Review [p.
2196].

[For examples of additional reports on the Henschke-Mauch hydraulic leg, see:

New Artificial Leg Is Made in Germany. New York Times, 23 April 1946, p. 3.

Artificial Leg Explained. New York Times, 28 April 1946, p. 16.

Artificial Legs. Maryborough Chronicle, Wide Bay and Burnett Advertiser (Queensland,
Australia), 6 July 1946, p. 5.

New Hope for the Limbless. Cairns Post (Queensland, Australia), 9 July 1946, p. 3.

Abdominal Muscles Used to Work New Artificial Leg. Morning Bulletin (Rockhampton,
Queensland, Australia), 30 July 1946, p. 8.

Ad Hoc Committee on Fluid-Controlled Legs. 1960. Final Summary Report: Henschke-
Mauch “Hydraulik” System, Model B (Swing-Phase Control) for Above-Knee Prostheses.
Washington, D.C.: National Research Council.]
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Figure A.76: Ulrich Henschke (in the white lab coat) with an amputee demonstrating that the
prosthetic leg made it possible to jump or to walk down stairs without di�culty.
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Figure A.77: Examples of 1946 newspaper articles on the prosthetic and neural interface work of
Ulrich Henschke and Hans Mauch.
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Figure A.78: Malcolm C. Grow. Hydraulic Leg. AAF Review July 1946, p. 8.
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Figure A.79: Details of the hydraulic knee mechanism in the prosthetic leg.
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Figure A.80: Patent by Ulrich Henschke and Hans Mauch on a tachistoscope that could present
high-speed visual information to a user and monitor the person’s reactions.
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Figure A.81: Patent by Ulrich Henschke and Hans Mauch on a tachistoscope that could present
high-speed visual information to a user and monitor the person’s reactions.
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Figure A.82: Patent by Ulrich Henschke and Hans Mauch on a tachistoscope that could present
high-speed visual information to a user and monitor the person’s reactions.
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Bess Furman. 1962. Progress in Prosthetics. Washington, D.C.: U.S. Government
Printing O�ce. pp. 105–109 [www.oandplibrary.org/assets/pdf/ProgressInProsthetics.pdf].

As World War II drew to its close, the United States Army conducted a highly secret operation
which went by the code name “Paperclip.” [...]

One of the “Paperclip” scientists, Hans A. Mauch, head of the development of the V-l rocket used
in the bombardment of England, also happened to be an expert in technical medicine, particularly
prosthetic devices. His rocketry achievement won for him the highest decoration of the German
Government.

Indeed, War Department records show that Mr. Mauch was an expert in many things. As a youth,
he studied at the Institute of Technology, Stuttgart and Berlin, becoming a Diploma Engineer
in Electrical and Mechanical Engineering. From 1930 to 1935, he was chief engineer for technical
development at the Zwietusch Works, Berlin. From 1935 to 1939 he was with the German Air
Ministry where he first directed the development of testing installations for propulsion systems,
then of airfield equipment, and finally of rocket and jet engines. His initiative in the jet-engine field
is considered a major reason for the head start Germany had in this field during World War II.

From 1939 to 1945, he was an independent engineer for developments in half a dozen important
fields. These were: (1) Hydraulic, pneumatic, mechanical and electrical equipment used in aircraft
and motor vehicles, hydraulic-energy transmitting devices, pneumatic-energy-distribution systems,
high-performance mechanical-energy transmissions, electric controls and measuring devices; (2)
filters for liquid and gaseous substances; (3) airfield cranes, movable ladders and platforms; (4)
high-e�ciency heat exchangers having low air resistance; (5) the V-l , the ME 262 jet-propelled
fighter, and remote-controlled missiles; (6) technical medicine, especially prostheses.

The Army o�cer who drew these publishable facts from the still-secret files of Operation Paperclip
was moved to remark as he read them o↵: “This man seems to be able to do almost anything he
puts his mind on.”

When Mauch came to this country in December 1946, the Air Force claimed him for its experimental
work at Wright Field, Dayton, Ohio. He developed protective equipment for extending human
endurance at high temperatures. One such article of equipment was the United States Air Force
“Air Conditioned Suit” which he invented and which was the subject of an article in Life Magazine.
At that time, Hans Mauch firmly refused to permit his name to be used. For Hans Mauch is a
philosopher as well as an inventor, and his philosophy, given at that time, was: “Although I admit
it gives me great professional satisfaction to make contributions to the society I live in, I don’t
think it is essential for my work as a scientist to be known to a great many people. Much rather
than to be famous at the end of my days, I would like to be able to state that I have had one or
two dozen really good friends.”

While the work at Wright Field claimed all of Mauch’s regular employment time, the Air Force
encouraged him to continue his prosthetic research and development work in his spare time. This
he did in the basement workshop of his Dayton home. In this country, he had married an Austrian
woman “Paperclip” scientist, Tatjana Schmid.
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For some years, Mr. Mauch did his prosthetic research in collaboration with another “Paperclip”
scientist, Ulrich K. Henschke, now a cancer research specialist at Cornell University. The main
results of this work so far are two hydraulic systems for above-knee amputees, the “Henschke-Mauch
Hydraulic Swing-Control System” and the “Henschke-Mauch Hydraulic Swing-and-Stance Control
System.” These hydraulic legs, developed under contract with the Veterans’ Administration, were
accorded by New York University the full-scale testing reserved for highly important developments.

After eleven years of work as a civilian scientist at Wright Field, Hans Mauch resigned. Given as his
reason was the fact that private enterprise required his full-time duty. The Air Force immediately
appointed him a consultant to enable continuation of his work on the development of a highly
advanced environmental test chamber for the simulation of cockpit conditions in supersonic and
space vehicles.

The private enterprise to which he could at last devote his energies was the production of hydraulic
legs and other scientific inventions in the field of rehabilitative medicine and human-factors engi-
neering. The laboratory building he now has under construction at 3035 Dryden Road, Dayton,
will initially have 5,000 square feet of space on two floors and is so planned that it can be expanded
to 26,000 square feet.

In the prosthetics field Mauch is also working on a hydraulic ankle and on a chemical power
source for upper-extremity prostheses. He conducted the original investigation in Germany on
hydrogen peroxide as a possible energy source for artificial limbs. Other activities of his include
the development of a reading machine and of guiding devices for the blind, and work on a personal
type of air conditioning, an o↵shoot of his former Wright Field activities. Both the limb prosthetics
researches and the aids to the blind are sponsored by the Veterans’ Administration.

A visit with Hans Mauch was included in my trip through the Midwest. As pictured by his fellow
scientists all over the country, he turned out to be a rare raconteur who, however, abhors seeing
his own words in print between quotation marks.

Mauch sees a prosthesis as a device by which man regains lost abilities or provides himself with
abilities nature denied him. In this sense, an airplane is a flight prosthesis, a telescope is a vision
prosthesis, and an electronic computer is a brain prosthesis.

He calls the swing-and-stance control a “hydraulic brain” located in the artificial leg. He says that
throughout the twelve years of its development the initial plans remained unchanged—“just making
refinements so it will do everything the amputee wants it to do and nothing he doesn’t want it to
do.”

What the amputee wants the leg to do, he notes, amounts to quite a list: He wants the leg to
support him—even in its flexed position—when he stumbles. He wants the leg to yield slowly under
his weight when he walks downstairs or downhill. He would like the leg to have swing characteristics
of the good leg. He would appreciate it if the leg could be locked at any knee angle. He would like
it if all the control functions so far listed could be easily adjusted to match his particular gait and
his walking habits.
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The list of the things the amputee doesn’t want the leg to do, Mauch has found out in his researches,
is about as long. He doesn’t want the leg to make any noises. He doesn’t want it to be significantly
heavier than a conventional prosthesis or to have an inferior cosmetic appearance. He would prefer
it if the leg needed a minimum of maintenance and repair work. Its price should not be too high,
and its life expectancy should not be too short.

The list of what an amputee wants has been included in the new hydraulic leg. The list of what he
doesn’t want has been ruled out. That all this is nearing accomplishment in twelve years of mostly
spare-time activity makes the time period appear relatively short, after all.

Mauch says his World War II work on a rocket which hits the target without a man to guide it
is akin in its way to the hydraulic leg—both are simulations of the controls of the human brain, a
subject which so fascinated him from earliest youth that it has led him to make numerous inventions
in the control field.

In an amputation, he points out, the communication system from brain to leg or arm has been cut
o↵. The ideal thing, the path of the future, he says, is to catch the impulses of the nerve ends and
channel them into the prosthesis; and to put pressure and position sensors into the prosthesis and
channel their signals through the nerve ends back to the brain.
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Eugene Murphy. 1989. Hans Adolph Mauch 1906–1984. Memorial Tributes: Volume 3,
pp. 258–264. National Academy of Engineering [www.nae.edu/189294/HANS-ADOLPH-
MAUCH-19061984].

[...] Fortunately, the S-N-S, his well-known hydraulic artificial knee designed to control both swing
and stance phases of walking for above-knee amputees, was a well-established product here and
abroad (more than 12,000 had been sold). Voluntarily, Mauch had progressively lengthened the
warranty period to two years on this ingenious, complex, yet dependable mechanism. [...]

Mauch’s third major consulting activity was original research and development in the fields of
aviation medicine and prosthetic devices. In this bioengineering sector, Hans Mauch cooperated
closely with Ulrich K. Henschke, a radiologist with a Ph.D. in physics. Head of the Aeromedical
Institute in Munich, Dr. Henschke worked on a variety of physiological problems.

After World War II, the U.S. Air Force assembled many top German scientists and engineers
at Heidelberg. There, Henschke and Mauch collaborated on an important chapter, “How Man
Controls,” of a two-volume work, German Aviation Medicine—World War II. This chapter was
a pioneering e↵ort in what later became known as the fields of cybernetics and human factors
engineering. Henschke and Mauch also assembled an extensive bibliography of German work on
artificial limbs, designed a metal artificial leg that was intended for mass production of components
and easy assembly to an individually fitted socket, and constructed a series of models illustrating
various concepts for stabilizing the knee joint of an above-knee prosthesis.

In March 1946 the U.S. Army surgeon general sent a team to Europe to survey artificial limbs. In
addition to important information on various devices and procedures including the suction socket leg
and cineplastic surgery to control arms, the team brought back the Henschke-Mauch bibliography
and the concepts they developed involving knee control. Subsequently, Henschke and Mauch went
to Dayton, Ohio, late in 1946, to work as civilian employees at the Aeromedical Laboratory of
the Wright Air Force Development Center. Yet, they were able to devote only a small portion of
their e↵orts to prosthetics. Later, Mauch and several others worked evenings and weekends in the
basement of his small home with support by the Veterans Administration through its National
Academy of Sciences’ contract.

Hans Mauch became a naturalized U.S. citizen in June 1955. He left the Aeromedical Laboratory
in 1957 to set up his own organization, which was incorporated in 1959 as Mauch Laboratories, Inc.
The company engaged in research, development, and manufacturing in the biomedical engineering
field. [...]

Except for a classified project to develop a novel space suit for the Air Force and NASA, which
the company performed from 1959 to 1964, all of Mauch’s work until the mid-1970s was devoted to
rehabilitation projects sponsored by the Veterans Administration in coordination, through various
National Research Council committees, with projects of other agencies. In recent years, after ter-
mination of his VA contracts, further improvements in the company’s devices were made by Mauch
as proprietary developments.



A.2. PROSTHESES AND NEURAL INTERFACES (BIONICS) 2205

After exhaustive development and evaluation e↵orts that culminated in a nationwide clinical trial,
the original Henschke-Mauch Model A semivoluntary stance-and-swing hydraulic leg for above-knee
amputees was shortened, refined, and renamed the S-N-S. A simpler Model B to control only the
swing phase was produced briefly in 1963; it has been refined and is currently sold as Model S.
Several other companies produced swing-phase units under the Mauch patent, which was assigned
to the VA and licensed to others without royalties after training at Mauch Laboratories.

The Mauch swing control provides programmed resistance that automatically varies with knee
angle and walking speed, plus the possibility of independent adjustment of resistances to flexion
and extension. The stance phase control always allows extension, but automatically imposes a high
(but adjustable) resistance to knee flexion except after a brief application of a hyperextension
moment, normally after the heel leaves the ground.

The rigid locking of the device is normally undesirable (the residual limb could be injured after
stumbling), but it can be obtained voluntarily if desired— for example, for prolonged standing or
for driving an automobile with flexed knee. Conversely, very low resistance to flexion can also be
ensured for bicycling. These knee control features are superior to other brakes and locks that have
been disclosed in literature and patent applications here and abroad for well over a century.

The S-N-S is the sole survivor of many years of e↵ort by numerous capable engineers and interdis-
ciplinary teams supported by substantial government projects. The genius, persistence, and vision
of Hans Mauch are demonstrated by his eventual success with the S-N-S, the recent acceptance of
the hydraulic ankle, and his yearning to attain a truly voluntary yet subconscious control of swing-
and-stance phase movement.

Although this memoir focuses on Mauch’s contributions to hydraulic lower limb prostheses, he made
thoughtful, ingenious contributions in many fields, including aviation and aviation medicine, space
suits, and the human factors aspects of displays and controls. Mauch was the inventor or coinventor
of more than eighty patented inventions in nine countries and the author or coauthor of numerous
papers and reports. Under VA contract, he developed several types of personal reading machines
for the blind, another area he and Dr. Henschke had explored in Heidelberg. His audible-output
Stereotoner direct-translation reading aid, which was smaller, lighter, and lower in price than the
widely known tactile-output Optacon, reached limited commercial production.
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Otha Linton. 2006. Ulrich Henschke. Journal of the American College of Radiology
3:8:639 [https://doi.org/10.1016/j.jacr.2006.03.016].

For most of his career in cancer treatment, Ulrich Henschke was noted for mechanical e↵orts to
put exact amounts of ionizing radiation into the tumors of his patients. Notable to those who
saw his demonstrations of brachytherapy in the 1960s were afterloading devices to insert radon or
artificial isotopes into cervical or uterine cancers. The concept was to position applicators without
the radiation sources. Then, using air pressure or hydraulics, the sources would be forced into place
and then withdrawn after the intended doses were delivered. The combination of metal fittings,
pumps, and rubber tubes leading from radiation safes to the applicators in patients added an
unusual touch to a very serious solution to a di�cult problem.

Later on, Dr Henschke developed the Janus machine, using low-energy 60Co sources for treatment
facilities in rural areas and underdeveloped countries. The approach involved placing the cobalt in
a holder in the wall between 2 treatment rooms. The lead shielding could be revolved to treat a
patient in either room or to protect against exposures while people were working in both rooms.
The machines were installed in Nigeria, Liberia, Jamaica, Haiti, Tanganyika, India, and several
states in the United States. [...]

He donated Janus therapy machines for use in African countries, where the resources for modern,
high-technology treatment centers were not available. He managed to establish 10 centers in 9
countries.

It was on a trip to Africa in June 1980 that Dr Henschke was killed in a small-plane crash. He was
66.

[For more information on Henschke’s radioactive therapeutics for cancer, see for example:

New Device Tried in Breast Cancer. New York Times, 19 November 1961, p. 81.

Breast Cancer Work Is Cited at Parley. New York Times, 25 July 1962, p. 29.

Rise in Cancer Cures Shown in Iodine Use. New York Times, 11 April 1968, p. 26.

Dr. Ulrich K. Henschke, Noted for Cancer Work. New York Times, 1 July 1980, p. 31
[obituary].

Jesse N. Aronowitz. 2012. Whitmore, Henschke, and Hilaris: The Reorientation of
Prostate Brachytherapy (1970–1987). Brachytherapy 11:2:157–162
[https://doi.org/10.1016/j.brachy.2011.03.003].]
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A.3 Biological Warfare

[According to o�cial histories, the Third Reich did not conduct any significant work on o↵ensive bi-
ological weapons research. O�cially, what little work was conducted was merely defensive research,
aimed at finding methods of protecting against biological weapons in case they were developed and
employed by other countries.1

The conclusion that wartime Germany did not pursue o↵ensive biological weapons research is based
on two sources of information:

• German documents that were discovered and made public by the U.S. Alsos Mission, which
was tasked with finding out everything about any German weapons of mass destruction
(biological, chemical, or nuclear) during and immediately after the war. Considering that Alsos
(a) completely failed to discover Germany’s massive chemical nerve agent program during the
war, and (b) failed to investigate most of Germany’s nuclear program (Appendix D), historians
should not put much faith in Alsos’s discoveries or conclusions regarding Germany’s biological
weapons program. At best the information from Alsos can serve as a starting point for far
more extensive historical investigations of the biological weapons program.

• Postwar claims by German scientists and o�cers that they were conducting only defensive,
not o↵ensive, biological weapons research. Whatever the true nature of the wartime programs,
historians should not put much stock in the scientists’ and o�cers’ postwar denials, in view of
the fact that those individuals were on trial or in danger of being put on trial for war crimes.

There are a number of reasons to suspect that wartime Germany did actually have a large and
advanced o↵ensive biological warfare program:

1. German-speaking scientists had pioneered the whole fields of microbiology and immunology
from the nineteenth century through World War II (Section 2.2). Thus they would have been
well positioned to lead the world in developing biological weapons if they were so inclined.

2. Germany systematically harnessed scientific innovations to develop a wide variety of advanced
weapons during the war—rockets, missiles, jets, infrared night vision, nerve agents, directed
energy weapons (Appendix C), etc. It would have been inconsistent not to harness scientific
innovations in microbiology for weapons.

3. Germany aided and worked closely with Japan, which is well known to have possessed and
employed biological weapons during the war.

4. A number of wartime intelligence reports described the research, production, and even stock-
piling of biological weapons. For some examples, see pp. 2210–2216.

1 See for example: Barenblatt 2004; Blome 1941; Michael Carroll 2004; Deichmann 1996; Geißler 1998a, 1998b;
Gold 1997; Haagen 1941; Friedrich Hansen 1993; Kater 1989; Keremidis 2013; Klee 2001; Leitenberg and Zilinskas
2012; Posner and Ware 2000; Regis 1999; Reinhardt 2013; Vivien Spitz 2005; Tokyo War Crimes Trial 1950; U.S.
Army 1956.
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5. Alsos found many groups and individuals that were part of an (allegedly only defensive)
biological warfare research program called Blitzarbeiter (Lightning Worker) in some docu-
ments and Blitzableiter (Lightning Rod) in other documents. Much of their work could have
also been used for o↵ensive purposes, or Alsos might easily have missed groups, locations, or
scientists doing o↵ensive work. See pp. 2217–2227. Among the scientists mentioned by Alsos:

(a) Kurt Blome (German, 1894–1969) seems to have managed o↵ensive biological warfare
programs during the Third Reich, provided information and materials to build up the
wartime Japanese biological warfare program (Unit 731), and worked for the U.S. Army
to transfer related technologies after the war.

(b) Eugen Haagen (German, 1898–1972) was one of the preeminent virologists in the world
before the war, apparently tested biological warfare agents and novel vaccines on human
subjects during the war, and continued to conduct research after the war.

(c) Heinrich Kliewe (German, 1892–1969) seems to have played critical roles during the
Third Reich in developing greatly improved methods of growing and disseminating bi-
ological agents, revolutionary technologies that formed the core of postwar biological
warfare agent work in the United States, United Kingdom, Soviet Union, and other
countries.

(d) Walter Schreiber (German, 1893–1970) apparently managed defensive biological warfare
programs during the Third Reich (although that involved forced experimentation on
humans), then worked for the U.S. Air Force School of Medicine after the war.

(e) Erich Traub (German, 1906–1985) evidently developed and tested bacterial and viral
agents for military use against farm animals during the war, then after the war helped
to build up related programs at the U.S. Plum Island Animal Disease Center, Army
Biological Laboratories, and Naval Medical Research Institute.

(f) A number of other German-speaking biological warfare experts (e.g., Anna Bürger) were
identified and recruited by Allied countries after the war.

6. Some surviving and declassified documents show equipment for working with biological agents
and disseminating airborne biological agents with nebulizers and other aerosol sprayers. They
also show wind speed and animal information for field trials of biological warfare agents, and
test results for trials with at least seven biological warfare agents: a Staphylococcus species,
a Shigella species, typhus (Rickettsia prowazekii), cholera (Vibrio cholerae), plague (Yersinia
pestis), anthrax (Bacillus anthracis), and anthrax spores. See Figs. A.97–A.101.

7. The Reichsinstitut für Krebsforschung (Reich Institute for Cancer Research in Poznan, Poland)
was a specially built secure biological research facility that operated from 1942 until it was
taken over by the Soviet army in 1945. Virtually all documentation about the institute and its
work were destroyed by the Third Reich or captured by the Soviets. O�cially it was a cancer
research institute, but the facility’s design suggests that it was a biological warfare research
laboratory, arguably the most advanced facility of that type in the world at that time (Fig.
A.102).
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8. The Reichsinstitut für Grenzbereiche der Medizin in Geraberg (Reich Institute for Frontiers
of Medicine in Geraberg, Thuringia) was under construction and at least partially operational
from 1944 to the end of the war (Figs. A.103–A.105). It received many of the scientists and
supplies that had been evacuated from the Poznan laboratory.

9. Many other locations throughout territory controlled by the Third Reich may also have been
used to develop, produce, and/or test biological weapons—university laboratories, industrial
sites, government laboratories, military installations, and underground facilities. After the
war, much of that territory was occupied by Soviet forces and not open to investigations by
other countries.

10. Germany destroyed a large amount of documents and material at the end of the war in order
to preserve its secrets. It would be far easier to destroy biological weapons than chemical or
nuclear weapons—bleach or heat would kill bacteria or viruses to prevent postwar discovery
by Allied forces.

11. There were postwar reports about knowledge and/or agents surviving from the wartime bio-
logical weapons program. See p. 2234 for an example.

12. If Allied countries did discover evidence for wartime German biological weapons, they would
have had strong incentives not to make that evidence public, both to arm themselves against
rival nations and to claim that their own scientific prowess was greater than that of Germany
or other countries. In fact, a U.S. intelligence card catalog shows that there were a number of
wartime and postwar reports detailing German production of biological warfare agents, but
those reports are still classified and unavailable to the public (Figs. A.107–A.106).

Thus there is currently some evidence that Germany may have actually made major advances in
biological warfare research and development during the war, and that German-speaking scientists
may have subsequently transferred those methods and materials to postwar biological warfare
programs in the United States, United Kingdom, Soviet Union, and other countries. Much more
research should be conducted in archives and even at some of the suspected physical sites involved
in order to determine the true extent and history of biological warfare work in wartime Germany.
While bioweapon development may not be viewed as an honorable field of research (harnessing
microbiological knowledge to cause diseases instead of to cure them), the revolutionary nature of
the actual science is noteworthy, and the long-term impact on Cold War military programs, modern
concerns about bioterrorism, and even research on clinical pathogens and therapeutics has been
profound.]
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Concern for German Bacteriological Warfare [AFHRA 43811 electronic version p.
1075]

Start Record EE L/C Box 43 7.84

Concern for German Bacteriological Warfare

Memo from BG Tom White, AC/S Intelligence to [Henry] Arnold, Feb 8, 1944 quoting from a
special report on German secret weapons which indicated that Germany was capable of using BW
and had at least two suitable agents “X” and “N,” and that either could be dispersed from pilotless
planes. White said there were no methods of detection known and decontamination methods were
not known.

White reported that a special outlet valve filter for standard US gas masks would be available in
quantity to equip all US troops in the UK by May 1, 1944. Also that anti-toxin for up to 400,000
US troops against “X” would be available by May 1, 1944.

White also reported that o�cers specially trained in BW were being sent to various theater com-
manders within the next month.

From Bern, Switzerland to Shepardson, OSS. IN-8398. 25 April 1944 [NARA RG 226,
Entry A1-134, Box 216, Folder 1359 IN TOLEDO].

#3152-3. TOLEDO. In reference to our #2481 and #2750.

Through a trustworthy middleman we have received an additional short item from Briault indicating
that the information given earlier is still in e↵ect and that “when dogs are inoculated with serum
from Leporides infected with Tularemia, a dry bacillus is produced which is extremely poisonous
and contagious, and which causes terrific congestion.” We are also advised that in Paris dogs are
being requisitioned in large numbers, and that Tularemia is being studied by Japanese scientific
groups. The same informant declares that a bombing attack should be launched against St. Gobain
at Chauny where containers are produced. However, we are also advised that prior to the bombing
photographs should be made of the place so that new works buildings may be identified.
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From Bern to Shepardson, OSS. IN-8654. 28 April 1944 [NARA RG 226, Entry A1-
134, Box 216, Folder 1359 IN TOLEDO].

#3215. TOLEDO.

We have additional information on Doctor Briault to the e↵ect that he was placed under arrest
at the close of 1942, with the 2nd Bureau of Marine at Vichy, and was released in April of the
following year. We have heard that the Director of the Pasteur Institute at Tunis knows him, and
that perhaps he is known at the Pasteur Institute in Algiers as well.

The following information was supplied by an untried source: 6 months ago, the Germans took
over the brewery located in Weimar, at #9 Schuetsengasse, to convert it for bacteriological warfare
purposes.

From Shepardson, OSS to Ustravic, London. OUT-7967. 29 April 1944 [NARA RG
226, Entry A1-134, Box 216, Folder 1360 OUT TOLEDO].

#40034. TOLEDO. From 154 to Cecil.

Data compiled from 2 accounts indicates the following: The Nazis have commenced the propagation
of rats on a big scale at the Kastrup Airdrome. All the bigger airdromes in Denmark are equipped
with similar propagating stations. It appears that the Nazi plan to drop diseased rats on enemy
countries. These accounts are SL/67, from a trustworthy Polish source in London and dated the
25th of February and #1411/44 from Polish Intelligence and dated the 8th of January.

Is is possible to obtain an estimate of the rat population now at Kastrup and other airdromes at
present engaged in propagation?

Are these rodents gray, white or black in coloring? What shade is the most numerous and what
color is the second most prevalent? Do they treat the rats? Has the rodent population in these
various localities been allowed to increase; do they slaughter them and burn them; have the rats
been let loose in enemy territory?
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From Bern to Shepardson, OSS. IN-9714. 12 May 1944 [NARA RG 226, Entry A1-134,
Box 216, Folder 1359 IN TOLEDO].

#3418-22. TOLEDO. To Jackpost and Cecil, London, Action: Washington
Information: London In reference to your #1576 and #1591.

Further information on Dr. B. has been secured by 401 through an envoy who has just come from
France. This information will have to be checked, since it originated with Dr. B. himself. The doctor
is a personal friend of Labarthe, who is now in London, as well as of Louis Marin, who is in Algiers
at present. He was an assistant to Professor Wurmser and also worked under Professor Laugier who
are now in Rio and Algiers, respectively. He maintained contact with Bobschow (sic) at Vichy until
November 1942.

According to the notes which are not entirely clear, Dr. B seems to have been Laboratory Chief at
the Rothschild Foundation; he maintains that he was a “Fellow” of the Rockefeller Foundation as
well.

Concerning the bacteria: German war laboratories are experimenting with 5 elements as follows:
Melitococci, Typhus exanthematique, Bacillus tularensis, Morve and Peste pulmonaire. The chances
of these bacilli being used eventually are as follows: 3 out of 10 for the Melitococci, 6 out of 10 for
the Typhus, and 1 out of 10 for the other 3.

Mediocre success accompanied experiments with torpedoes and bacteria shells in Russia, tem-
perature conditions being a disadvantage there. Although a plan for large scale bombardment of
embarkation camps on the English coast has been considered it has not been put into e↵ect because
“the receptacle to hold the bacteria is being re-examined and ought to be modified. The germs are
preserved by drying and freezing. They should undergo an important change the moment they are
discharged because experiments with these toxic powders in Russia have been disappointing. They
catch on fire at the moment of deflagration (sic)”.

The St. Gobain factory has just been enlarged and receptacles are being manufactured in the
newly built additions. This factory seems to be the only one to manufacture these receptacles in
an unbreakable material.

A good many dogs were collected in Paris by the Germans for the purpose of experimentation in
bacteriology. German laboratories are actively engaged in the production of anti-typhus vaccine
and French professors who were deported to Germany are working on problems involving typhus
and the tissues. These professors are working in the laboratories at the Buchenwald Camp, which
is located near Weimar.

According to Dr. B., the Scientific Research Service of the German Army is the source of the above
information. Note from 110: I am sorry that I have no way of determining the dependability of Dr.
B.
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From Exdet, Algiers to Shepardson, OSS. IN-17824. 20 August 1944 [NARA RG 226,
Entry A1-134, Box 216, Folder 1359 IN TOLEDO].

#48364. Green and Mitchell to Washington, information Rome and Caserta. Relay of Bari #433.

We have received a report from English sources dated August 12 says that 1,000,000 bottles of
disease-producing germs, mainly cholera and plague, have been prepared in Osijek by the Nazis for
use against regions held by large forces.
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Figure A.83: March 1945 U.S. intelligence report on apparent large-scale o↵ensive biological warfare
preparations in Germany [NARA RG 165, Entry NM84-187, Box 137, Folder BW 55].
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Figure A.84: March 1945 U.S. intelligence report on apparent large-scale o↵ensive biological warfare
preparations in Germany [NARA RG 165, Entry NM84-187, Box 137, Folder BW 55].
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Figure A.85: March 1945 U.S. intelligence report on apparent large-scale o↵ensive biological warfare
preparations in Germany [NARA RG 165, Entry NM84-187, Box 137, Folder BW 55].
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Figure A.86: Organization chart for the World War II German biological warfare program, according
to the U.S. Alsos Mission [NARA RG 38, Entry P5, Box 8, Folder ALSOS Intelligence Report B-
C-H-H/305]. This chart may be highly incomplete, but it makes a good starting point for studying
the program.
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Figure A.87: Organization chart for the World War II German biological warfare program, according
to the U.S. Alsos Mission [NARA RG 38, Entry P5, Box 8, Folder ALSOS Intelligence Report B-
C-H-H/305]. This chart may be highly incomplete, but it makes a good starting point for studying
the program.



A.3. BIOLOGICAL WARFARE 2219

Figure A.88: Organization chart for the World War II German biological warfare program, according
to the U.S. Alsos Mission [NARA RG 38, Entry P5, Box 8, Folder ALSOS Intelligence Report B-
C-H-H/305]. This chart may be highly incomplete, but it makes a good starting point for studying
the program.
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Figure A.89: Examples of German-speaking scientists involved in developing and testing biological
warfare agents.
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Figure A.90: More examples of German-speaking scientists involved in developing and testing bio-
logical warfare agents.
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Figure A.91: More examples of German-speaking scientists involved in developing and testing bio-
logical warfare agents.
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Figure A.92: More examples of German-speaking scientists involved in developing and testing bio-
logical warfare agents.
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Figure A.93: More examples of German-speaking scientists involved in developing and testing bio-
logical warfare agents.
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Figure A.94: More examples of German-speaking scientists involved in developing and testing bio-
logical warfare agents.
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Figure A.95: More examples of German-speaking scientists involved in developing and testing bio-
logical warfare agents.
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Figure A.96: More examples of German-speaking scientists involved in developing and testing bio-
logical warfare agents.
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Figure A.97: Bacteria culture and laboratory equipment for biological warfare research [NARA RG
319, Entry NM3-82A, Box 4, Folder DCL-1].
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Figure A.98: Nebulizer (aerosol sprayer) designed and built for Heinrich Kliewe [NARA RG 38,
Entry P5, Box 8, Folder ALSOS Intelligence Report B-C-H-H/305]. Compare with lower right
photo of Fig. A.97.
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Figure A.99: Aerosol sprayers for disseminating biological warfare agents [NARA RG 319, Entry
NM3-82A, Box 4, Folder DCL-1].
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Figure A.100: Wind speed and animal information for field trials of biological warfare agents [NARA
RG 319, Entry NM3-82A, Box 4, Folder Biological Warfare/BW # 25].
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Figure A.101: Test results for trials with seven biological warfare agents: a Staphylococcus species, a
Shigella species, typhus (Rickettsia prowazekii), cholera (Vibrio cholerae), plague (Yersinia pestis),
anthrax (Bacillus anthracis), and anthrax spores [NARA RG 319, Entry NM3-82A, Box 4, Folder
Data/DCC-2].
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Figure A.102: The former Reichsinstitut für Krebsforschung (Poznan, Poland), which was a major
laboratory for biological warfare research during the Third Reich, as it appears now.
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Nazi Underground Leaders Captured. San Bernardino Sun. 24 February 1947 p. 1
[https://cdnc.ucr.edu/cgi-bin/cdnc?a=d&d=SBS19470224.1.1]

Nazi Underground Leaders Captured

Bacteria Weapon Reported Found in Group’s Hands

BERLIN, Feb. 23 (AP) American and British troops cracked down today on a widespread Nazi
underground movement which claimed possession of a secret bacteriological weapon to turn against
the occupying powers. A former colonel in the German army section that worked on war-with-germs
projects was among the “hundreds” seized.

It was the biggest push against the underground since the war ended, and the first on a bizonal
scale.

Authorities said they had not learned definitely whether the group actually possessed a bacteriolog-
ical weapon. Lt. Gen. Lucius D. Clay reported American authorities did not consider the movement
“particularly dangerous,” while a British spokesman said it was “silly and pretentious” but could
not be allowed to spread.

Moving swiftly over ice-glazed roads and in a snowstorm, soldiers and intelligence agents picked
up a number of former high ranking o�cers in the SS (elite guard) and other Nazi organizations.
The Americans reported the arrest of about 30 suspects in their zone but said most of the raids
were in British Germany. There authorities said hundreds of persons were seized by “thousands” of
allied troops in what was described as “Operation Selection Board.” With arrests continuing, they
disclosed no specific totals.

‘WAR’ IN RUSSIA

British o�cials said the movement had tentacles in the Soviet and French zones, and that its aims
included restoration of German militarism and a Nazi dictatorship “in order to lead the nations of
Europe against Russia.” The Russians and French were kept informed of the progress of the raids.

Among those arrested in the American zone were former SS Major Gen. Kurt Ellerick, Hitler Youth
Col. Walter Shimmelpfeng, Army Major Felix Buck, SS Major Martin Zinzt, SA (Storm Troops)
Major Fridolin Becker, SS Capts. Ernst Berndt, Siegfried Bettke and Werner Roepke, and SS Lts.
Hans Pavel and Hans Becker. Some were connected with other military men seized on similar
charges in the past three months, o�cials said.

GERM EXPERT CAUGHT

The British nabbed Col. Hans Eismann, former o�cer of the bacteriological warfare division, who
had been living under an assumed name; Col. Heinz Kling, former SS o�cer who headed a tank
regiment at the end of the war; Dr. Rolf Wilkenning, SS o�cer described as an important member
of the former German intelligence service and founder of the Koelner Kreis, prewar group used by
German intelligence for pre-invasion penetration of the Low countries.
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Figure A.103: Plans for the Reichsinstitut für Grenzbereiche der Medizin (Geraberg) biological
warfare laboratory [NARA RG 38, Entry P5, Box 8, Folder ALSOS Intelligence Report B-C-H-
H/305].
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Figure A.104: Plans for the Reichsinstitut für Grenzbereiche der Medizin (Geraberg) biological
warfare laboratory [NARA RG 319, Entry NM3-82A, Box 4, Folder DCL-1].
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Figure A.105: The location of the former Reichsinstitut für Grenzbereiche der Medizin (Geraberg),
which was intended to be a major laboratory for biological warfare research during the Third Reich,
as it appears now.
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Figure A.106: A U.S. intelligence card catalog shows that there were a number of reports detailing
German production of biological warfare agents, but those reports are still classified and unavailable
to the public [NARA RG 319, Entry A1-84E, Box 124].
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Figure A.107: A U.S. intelligence card catalog shows that there were a number of reports detailing
German production of biological warfare agents, but those reports are still classified and unavailable
to the public, except for the last one [NARA RG 319, Entry A1-84E, Box 124]. For S.D. 4701, see
the next page.



2240 APPENDIX A. ADVANCED CREATIONS IN BIOLOGY AND MEDICINE

S.D. 4701/MIS-926445 [NARA RG 319, Entry NM3-85M, Box 62, Folder 926445].

U.S. War Department General Sta↵, Intelligence Division. 29 January 1947. German
Production of Biological Warfare Agents.

1. The Intelligence Division has a specific requirement for the following:

Reference is made to a broadcast in German from Moscow to Europe, 15 January 1947, 9:00 a.m.
EST., commentary by Kubanin, “The Nuremberg Trial of Nazi Doctors.” The following is quoted
from a summary of this broadcast:

“Their (German) experiments had been designed to promote the scientific development of the
methods for killing people by the million. Thus the liberating Red Army had found at Poznan a
German factory manufacturing lethal bacteria on a mass scale.”

Latest information in I.D. indicates that the German project at Posen, Poland, had not begun op-
erations for the production of biological warfare agents although construction had been completed.

The following information is requested:

a. Who’s Who information concerning Kubanin.

b. Any information available on Russian knowledge of German BW with particular reference to
the installation at Posen, Poland.

c. What is the present condition of the installation at Posen and for what purposes is it being
used, if any?

d. Is there any other evidence concerning the manufacture of bacteria at the Posen installation
by the Germans?

2. To assist in satisfying this requirement, the following collection guidance is submitted for con-
sideration.

The installation at Posen, Poland, is referred to in German intelligence documents as the “Nessel-
stedt Project.”

3. As complete an answer to the requirement, as may be procurable, must be received in the
Intelligence Division on or before 1 Apr. ’47. [...]

4. Specific reference should be made to Control No. S-629 in all replies to this requirement. [...]

O�ce of the Assistant Chief of Sta↵, G-2, Headquarters, United States Forces, Euro-
pean Theatre, to Director of Intelligence, War Department General Sta↵. 12 March
1947.

No information is available in this headquarters at the present time pertaining to the request made
in basic communication, Control No. S-629. Any subsequent information will be forwarded. [...]
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A.4 Chemical Warfare

[Scientists in the Third Reich produced and tested a wide variety of organophosphate nerve agents,
and created several especially potent ones (which were given postwar codenames beginning with
G for German): tabun (GA), sarin (GB), soman (GD), ethylsarin (GE), cyclosarin (GF), and
isopentylsarin (GH). (The code name GC was not used, to avoid confusion with the U.S. code
name for phosgene, CG [Tucker 2006, p. 105]. GG was likely skipped because of the double letters.)
These agents were exclusively possessed by the Third Reich and were stockpiled but never used,
presumably due to fear that Allied nations would retaliate with much cruder but still e↵ective
first-generation chemical weapons such as mustard gas (which had also originally been created
by German scientists). The G-series nerve agents and information on how to produce them was
removed from Germany at the end of the war, and G-series agents have been mass-produced by a
wide range of nations ever since.]

BIOS 542. Interrogation of Certain German Personalities Connected with Chemical
Warfare.

PROFESSOR DR. RICHARD KUHN

(interrogated on 1–2 April 1946, at the K.W.I, Heidelberg)

[...] Pinacolyl alcohol gave compound 25075, SOMAN, which proved to be even more potent and
which has not, in fact, been surpassed so far. It was first prepared in the early spring of 1944.

To assist in the evaluation of these compounds as they were prepared, KUHN’s team used a test
based on the relative inhibition of choline esterase by the candidate agent, compared to that caused
by a standard agent in the methane-phosphonic ester series; in the later stages of the work compound
15146, SARIN, was used as the reference standard. Wa Prüf 9 were in the habit of sending to KUHN
compounds prepared in other laboratories for screening in this fashion; of these compounds sent in
from the outside, the SARIN-SOMAN analogue prepared with diethyl carbinol by HÜCKEL was
the most active, being but little less active than SOMAN itself.

Meanwhile, the general problem of the mechanism of action and pharmacological properties of the
TABUN (15083)–SARIN–SOMAN series was being tackled by the various members of the KUHN
team[...]

x Code numbers commencing with 25001 represent substances prepared by KUHN; 21001 by
HÜCKEL, and 14001 and 15001 by I.G.

KUHN’s work in this field was abruptly terminated by the HWA in September 1944, when they
carried o↵ all relevant documents and demanded the destruction of all laboratory notebooks, etc.
The complete set of these documents was stated by KUHN to have been buried in a mine shaft at
RÜDESDORF, ten miles east of BERLIN, either in the same shaft as that used for burying the
library of the German Chemical Society from the HOFFMANHAUS, or in one adjacent to it. Some
months ago, KUHN was informed by Dr. PFLÜCKE of KASTANIEN ALLE 35, POTSDAM, that
the entire contents of these shafts, presumably including the KUHN reports, were carried o↵ by
Prof. Col. KARGIN to the KARPOV INSTITUTE in MOSCOW. [...]
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KUHN also stated that, in accordance with the usual German practice, he was not in contact with
any other workers in the C.W. field, that he did not know the names of any such workers, and that in
particular he knew nothing of SCHRADER’s work. The last of these statements is almost certainly
true, for it was clear from one of his last remarks that he believed that iso propyl fluorophosphate
had never been prepared (he recommended its examination) whereas in fact SCHRADER has
described several ways of making it. [...]

[The above report, BIOS 542, stated that “the usual German practice” for secret military programs
such as nerve agent development was for individual scientists to know only their part of the program,
not other parts of the program or even other scientists who were working in those other parts. That
highly compartmentalized approach would also have been employed in the German nuclear program
(Appendix D).

BIOS 542 also showed that at least three di↵erent groups—Richard Kuhn’s group, Gerhard Schrader’s
group at I.G. Farben Leverkusen, and Erich Hückel’s group—were independently synthesizing large
numbers of novel nerve agents.

Finally, BIOS 542 revealed that all of Kuhn’s information on nerve agent synthesis, and perhaps
all of the information for the entire German nerve agent program, was captured and utilized by the
Soviet Union.]
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[A significant innovation in nerve agents first became publicly known after the war (see molecular
diagrams on p. 533). Although G-series agents were relatively small molecules that dispersed fairly
rapidly, if they were coupled to an oily hydrocarbon chain, they could persist on surfaces for
long periods of time and also readily penetrate through human skin. These improved nerve agents
became known as the V-series (for venomous); VX was the favorite in the United States and United
Kingdom, and the similarly acting VR was the favorite in the Soviet Union.

There are a number of reasons to suspect that the key innovation for the V-series may have been
a wartime German creation:

• Nearly three decades earlier, German scientists pioneered the method of linking a toxic agent
to an oily hydrocarbon chain in order to make the agent persist much longer in the envi-
ronment and to make the agent readily penetrate through human skin. That was the key to
mustard agent, by far their most successful previous chemical weapon.

• Beginning in 1943, the slow but inexorable Soviet push westward led Germany to further
accelerate its already well-funded and advanced scientific research and development programs,
in order to find military methods of countering the Soviet forces. Making the most toxic
German chemical agents persist much longer in the environment, so that they could be used
to contaminate areas and block a Soviet advance, would presumably be a very obvious and
very high-priority goal.

• After the war, Gerhard Schrader, Ernst Schegk, and Hanshelmut Schlör of Bayer in Leverkusen
(part of I.G. Farben during the war) filed patents on linking an oily hydrocarbon chain to
a toxic organophosphate molecular structure (see Figs. A.108–A.111 for examples), although
postwar restrictions both delayed public acknowledgement of that work and compelled them
to focus on insecticide applications instead of chemical warfare applications.

• After the war, V-series agents were not invented by one clearly defined Allied scientist or
group. Rather, they appeared almost simultaneously from several apparently independent
groups, making it seem more likely that they were based on wartime German work that had
been disseminated to all of those groups. In 1952, Ranajit Ghosh and J. F. Newman at the UK
Imperial Chemical Industries (ICI) Plant Protection Laboratory produced a potent V-series
agent, Amiton, that had been intended as an insecticide. Almost simultaneously, Lars-Erik
Tammelin of the Swedish Institute of Chemical Defense produced similar compounds that
came to be known as Tammelin esters. The United States began producing VX, and the
Soviet Union began producing VR.

• German experts such as Friedrich Wilhelm Ho↵mann were employed after the war to mass
produce V-series agents in the United States, and likely in other countries. Ho↵mann was
also responsible for postwar U.S. development (or recapitulation of wartime German work?)
of the Agent Orange defoliant, various toxins, attempts to harness LSD, and other chemical
agents [Albarelli 2009; Jacobsen 2014, pp. 384–389].]
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Figure A.108: Example from Gerhard Schrader’s postwar patents on V-series nerve agents, based
on wartime work.
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Figure A.109: Example from Gerhard Schrader’s postwar patents on V-series nerve agents, based
on wartime work.
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Figure A.110: Example from Gerhard Schrader’s postwar patents on V-series nerve agents, based
on wartime work.
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Figure A.111: Example from Gerhard Schrader’s postwar patents on V-series nerve agents, based
on wartime work.
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BIOS 714. The Development of New Insecticides and Chemical Warfare Agents

[Please see photographs of selected pages of this report in Figs. A.112–A.135.

This report demonstrates that Gerhard Schrader did in fact develop and test a wide variety of
V-series nerve agents during the war. While being imprisoned and interrogated by Allied forces at
Dustbin (see p. 1908) after the war, Schrader wrote several reports such as this that recounted his
wartime experiments and results. Many of Schrader’s agents listed in BIOS 714 possessed the same
key molecular features as VX and VR, such as using a nitrogen atom to attach two branches of
hydrocarbons to the toxic part of the molecule. Very unusually for this report series, the BIOS 714
report was issued in two versions, an original edition and a heavily censored “revised” edition that
omitted all of the V-series agents and was less than half as long.

It seems likely that there are other important reports about these V-series agents from Schrader, or
perhaps even reports about additional V-series agents that Schrader may have invented and tested.
It is also quite possible that other scientists such as Richard Kuhn, Erich Hückel, Friedrich Wilhelm
Ho↵mann, or Otto Ambros developed further V-series agents in Germany during the war.

The personal interrogations of Schrader and other German-speaking scientists by Allied chemists,
reports such as the uncensored original edition of BIOS 714, and other German information captured
by the Allies presumably led to the postwar production of V-series agents in the United States and
other countries. Much more archival research is needed to clarify the history of the development
and dissemination of knowledge about V-series agents.

For Gerhard Schrader’s original German manuscript of this report, as well as other related infor-
mation, see NARA RG 319, Entry A1-134B, Box 693, Folders XE171240 Gerhard Schrader (six
folders).]
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Figure A.112: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.113: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.114: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.115: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.116: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.117: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.118: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.119: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.120: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.121: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.122: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.123: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.124: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.125: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.126: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.127: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.128: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.129: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.130: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.131: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.132: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.133: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].



A.4. CHEMICAL WARFARE 2271

Figure A.134: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].
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Figure A.135: Excerpt from Gerhard Schrader’s description of the wartime development and testing
of V-series nerve agents [BIOS 714].


