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Ernst Mach, Die Mechanik in ihrer Entwickelung:
Historisch-kritisch dargestellt, 3rd ed., Introduction (1897)

They that know the entire course 
of  the development of  science, 
will, as a matter of  course, 
judge more freely and more 
correctly of  the significance of  
any present scientific movement 
than they, who limited in their 
views to the age in which their 
own lives have been spent, 
contemplate merely the momen-
tary trend that the course of  
intellectual events takes at the 
present moment.

Jeder, der den ganzen Verlauf  
der wissenschaftlichen Ent-
wickelung kennt, wird natürlich 
viel freier und richtiger über die 
Bedeutung einer gegenwärtigen 
wissenschaftlichen Bewegung 
denken als derjenige, welcher, in 
seinem Urtheil auf  das von ihm 
selbst durchlebte Zeitelement 
beschränkt, nur die augen-
blickliche Bewegungsrichtung 
wahrnimmt.
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Mitchell Ash 
Philipp Aumann 
Umberto Bartocci 
Christian Bergner 
Alexander Blum 
Stefan Brauburger 
Casey Clarke 
Rita Costa-Hollmann 
Brian Dempsey 
Frank Döbert 
Anne-Katrin Ebert 
Gernot Eilers 
Silke Fengler 
Friedrich Georg 
Amy Gerber-Stroh 
Annette Gowin 
Thore Grimm 
Charlie Hall 
István Hargittai 
Rudolf Haunschmied  
Gunther Hebestreit 
Marko Herceg 
Karl-Heinz Huhn 
Guy Inchbald 
Rainer Karlsch 
Thomas Köhler 
Volker Kösling 
Adam Kretschmer 
Wolf Krotzky 
Tom Kunkle  
Norberto Lahuerta 
Martín López-Corredoira 
Jaroslav Mareš 
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Deutsches Museum (Munich) 
Deutsches Technikmuseum (Berlin) 
Foundation Centre for German Communication (Netherlands) 
Friedrich Loeffler Institute (Riems) 
Gedenkdienstkomitee Gusen (Austria) 
Herder-Institut für historische Ostmitteleuropaforschung (Marburg) 
Jonastalverein (Arnstadt) 
Ludwig-Maximilians-University (Munich) 
Max-Planck-Institut für Wissenschaftsgeschichte (Berlin-Dahlem) 
Mendel Museum (Brno) 
Robert Koch Institut (Berlin) 
Sachverständigenbüro Staude (Limbach-Oberfrohna) 
Schering Archiv, Bayer Pharma (Berlin) 
Schweizerisches Bundesarchiv (Bern)  
Schweizerische Nationalbibliothek (Bern)  
Staatsarchiv, Staatskanzlei Obwalden (Sarnen, Switzerland) 
Technisches Museum Wien (Vienna) 
U.K. Imperial War Museum Archive (Duxford) 
U.K. National Archives (Kew) 
University of Vienna 
U.S. Air Force Historical Research Agency (Alabama) 
U.S. Holocaust Memorial Museum (Washington, DC) 
U.S. Library of Congress 
U.S. National Archives at Atlanta (Morrow, Georgia) 
U.S. National Archives at Boston (Waltham, Massachusetts) 
U.S. National Archives at College Park (Maryland) 
U.S. National WWII Museum (New Orleans) 
Villa Folke Bernadotte (von Ardenne house, Berlin) 
Yad Vashem Holocaust Resource Center (Israel) 

Thomas Mettenleiter 
Marek Michalski 
Günter Nagel  
Kärin Nickelsen 
Douglas M. O'Reagan 
William Pellas 
Heiko Petermann  
Irene Püttner 
Elke Reinking 
Georg Ribienski  
Matthias Röschner 
Rolf-Harald Ruthke 
Wolfgang Schinhan 
Jörg Schmalfuß 
William Schneck 
Henriette Senst 
Ray Smith 
Henry Stevens  
Antje Stritzke 
David Strozzi 
Andreas Sulzer  
Helmuth Trischler 
Heide Tröllmich 
Matthias Uhl 
Elisabeth Vaupel 
Stephen Walton 
Hubert Weitensfelder 
Kevin, Cathy, 
     and Peter Wilson 
Tiziana Zugaro 
Benjamin Zusman 
My family for their 
     patience and support 



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. Biotechnology, 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. [...] 

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. 

Most historians believe biotechnology was a postwar U.S./U.K. invention and the German-
speaking world was very late and far behind in pursuing biotechnology. Luitgard Marschall 
wrote [Margit Szöllösi-Janze. 2001. Science in the Third Reich. Oxford: Berg. pp. 112–114]: 

In fact, evidence shows that biotechnology was developed by the German-speaking world in 
the 19th and early 20th centuries, then transferred to the U.S., U.K., and other countries. 

The Reason for This Presentation 



Predominantly German-Speaking Scientific World 
of the Nineteenth and Early Twentieth Centuries 

Germany 

Poland 

Switzerland 

Austria 

Hungary, esp. Budapest 

Czechia (Bohemia/Moravia) 

Netherlands—closely coupled 

Outsiders who came for 
education and/or work 
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8.  Other biomolecules 
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Diffraction-Limited Optical Microscopes (1870s–1880s) 



Ultraviolet and Fluorescence Microscopes (1904–1908) 



Phase Contrast 
Microscopes (1933) 

Karl Bratuschek (1865–1913) at Zeiss was developing phase 
contrast microscopy before his death. Frits Zernike’s phase 
contrast microscopes were mass produced by Zeiss. 



Electron Microscopes (1931) 

Manfred von Ardenne 
(1907–1997) 

scanning electron 
microscope (1937) 

Ernst Brüche 
(1900–1985) 

A. Jakob 
(19??–19??) 

E. Johannson 
(19??–19??) 

Hans Mahl 
(1909–1988) 

Allgemeine Elektrizität Gesellschaft (AEG) 
electron microscopes (1931–) 

Carl Ramsauer 
(1879–1955) 

Hans Boersch 
(1909–1986) 

Reinhold Rüdenberg 
(1883–1961) 

Heinz-Otto Müller 
(1911–1945) 

Walter Glaser 
(1906–1960) 

Siemens & Halske electron microscopes (1931–) 

Ernst Lubcke 
(1890–1971) 

Technische Hochschule Berlin 
electron microscopes (1931–) 

Helmut Ruska 
(1908–1973) 

Ernst Ruska 
(1906–1988) 

Bodo von Borries 
(1905–1956) 

Max Knoll 
(1897–1969) 



Fritz Pregl 
(1869–1930) 
developed 

micro-pipetting 
and micro-analysis 
tools and methods 

Micro- 
Pipetting 

and Micro- 
Analysis 
(1910s) 



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. [...] 
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 sufficiently 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. [...] 
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. [...] 
The ultracentrifuge can be used for the investigation of the most varied range 
of substances. Doubtless 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. 
The work on the proteins has shown that the naturally occurring proteins are, 
in respect of molecular 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 different species have led to interesting genetical 
relations. In the examination 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. ([…] Reference 12). 

Ultracentrifuges (1920s) 

BIOS 1487. Chemical 
Laboratory Instrumentation 

in Germany. Appendix 2.



Sonicators 
(1930s) 
BIOS 1504. Industrial 

Applications of Ultrasonics.



Julius Elster (left, 1854–1920) and 
Hans Geitel (right, 1855–1923) 

Photoelectric Cells (1893) 

Annalen der Physik 284:4:625 (1893) 



Robert 
Havemann 
(1910–1982) 

Invented 
Spectro- 

photometers 
(1936 or 
Earlier) 



P. H. Keck (19??–19??) 
Invented Luminometers 

(1943 or Earlier) 

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 millilampert. 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. 

FIAT 871. The Luminometer. 



Ultraviolet 
Light for 

Rapid 
Sterilization 
of Liquids 
or Other 
Materials 

(1940) 
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Classifying Bacteria 



Discovering Major Types of Bacteria (1 of 3) 



Discovering Major Types of Bacteria (2 of 3) 



Discovering Major Types of Bacteria (3 of 3) 



Ignaz Semmelweis 
(1818–1865) developed 

and demonstrated 
antiseptics to prevent 
bacterial infections.  

Semmelweis made his 
discovery nearly two 

decades before Joseph 
Lister’s much better 
known work (1865), 
and Semmelweis’s 

chlorine-bleach-based 
solution was safer and 

more modern than 
Lister’s phenol solution. 

Antiseptics 
(1847) 

Streptococcus bacteria, 
the cause of 

“childbed fever” 



Salvarsan: 
The First Antibiotic 

(1909) 

Paul Ehrlich 
(1854–1915) 



Sulfonamide 
Antibiotics 

(1932) 

Gerhard Domagk 
(1895–1964) 



Penicillin 
(purified in 1940) 

Ernst Chain (1906–1979) 
purified penicillin in 1940, 
taking penicillin from an effect 
that could only be 
demonstrated in Petri dishes to 
an effective antibiotic that 
could be mass-produced and 
administered to people. 



Richard Kuhn (1900–
1967) produced and tested 
synthetic antibiotics such 
as “3065” during WWII, 
using massively parallel 
chemical synthesis and 
testing to carry out very 
modern methods of 
structure-activity 
relationship (SAR) 
optimization of the drug 
molecules [BIOS 219, 
BIOS 395, BIOS 1320, 
CIOS ER 1, CIOS ER 10]. 

3065 & SAR 
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Walther Hesse (1846–1911) 

Petri Dishes (1881) Robert Koch (1843–1910) Julius Petri (1852–1921) 

Nutrient Agar (1881) 

Fanny Hesse (1850–1934) 
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Franz Schardinger 
(1853–1920) 

Used Bacterial 
Fermentation to 
Produce Acetone 

(1903–1904) 



Otto Röhm 
(1876–1939) 

Otto Haas 
(1872–1960) 

Developed industrial-scale culture of microorganisms for the 
production, purification, and commercialization of enzymes 
for applications such as: 

     Leather production (1906)       Pharmaceuticals (1920) 

     Washing detergents (1914)       Juice processing (1934) 

Röhm also invented transparent polymethylacrylic plastic 
(plexiglass, 1928). 

Röhm and Haas 



FIAT 910. Production of Pharmaceutical and Industrial Enzymes in Southern Germany 



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

FIAT 195. Yeast and 
Nutrition Targets in Germany. 

Bioreactors for 
Continuous Liquid Culture



Bioreactors for Continuous Liquid Culture [BIOS 236] 



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 reproduce under 
laboratory conditions. 

Tissue Culture 
of Animal and 

Plant Cells
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Peter Plett (1766–1823) developed and successfully demonstrated 
a cowpox-based vaccine for smallpox virus beginning in the 1780s, 
roughly a decade before Edward Jenner. 



Adolf Eduard Mayer (1843–1942) Martinus Beijerinck (1851–1931) 

Heinz Fränkel-Conrat (1910–1999) Gerhard Schramm (1910–1969) 

Tobacco Mosaic Virus (1886–) 



Foot-and-mouth 
disease virus 

(discovered 1897) 

Otto Waldmann 
(1885–1955) 

Erich Traub 
(1906–1985) 

Paul Frosch 
(1860–1928) 

Friedrich Löffler 
(1852–1915) 

Carl Hecker 
(1868–1910) 

Friedrich Hecke 
(18??–19??) 

Foot-and-Mouth Disease Virus (FMDV): Characteristics, Vaccines, 
Therapeutic Antibodies, Immunoassays, Tissue Culture (1897–) 



Erwin Popper (1879–1955) 
discovered poliovirus 

Karl Landsteiner (1868–1943) 
discovered poliovirus 

Poliovirus (1908) 

Marguerite Vogt (1913–2007) 
cultured poliovirus in cells 



Some Other 
Contributions 

to Virology 

Max Delbrück 
(1906–1981) 

Bacteriophages 

Eugen Haagen 
(1898–1972) 

Viral handbook 

Emil Pfeiffer 
(1846–1921) 

Epstein-Barr 
virus 

Helmut Ruska 
(1908–1973) 

Electron microscopy 
for viruses 
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Gregor Mendel 
(1822–1884) 

Mendel’s 
1864 manuscript 

about his 
genetics 

discoveries 

The Brno 
monastery 

where Mendel 
conducted his 
experiments 

Genetics 
(1864) 



Johannes Friedrich 
Miescher (1844–
1895) extracted and 
purified DNA from 
human white blood 
cells and proposed 
that DNA is involved 
in heredity (1869). 

DNA Extraction and 
Purification (1869) 

Medicinisch-chemische Untersuchungen 4:441–460 (1871) 

Bericht über die 
Verhandlungen 

der Naturforschenden 
Gesellschaft in Basel 

6:138–208 (1874) 



Walther Flemming 
(1843–1905) 

Detailed 
observations of 
chromosomes 
during mitosis 
(1873 onward, 

published 
1878 onward) 

Mitosis (1870s) 



DNA and 
RNA Bases, 

Sugar-
Phosphate 
Backbone, 

and Histones 
(1870s–1880s) 

Beginning in the 1870s, 
Albrecht Kossel (1853–
1927) showed that DNA 
and RNA contain five 
different 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). 



Wilhelm Weinberg 
(1862–1937) 

Discovered the 
equilibrium 
distribution 

of alleles 
(different 

versions of 
a gene) 
within a 

population 
(1907) 

Population Genetics (1907) 

Jahreshefte des Vereins für vaterländische 
Naturkunde in Württemberg 64:369–382 (1908) 



Individual Genes Encode 
Individual Proteins (1933) 

Ernst Caspari (1909–1988)Adolf Butenandt (1903–1995)

Alfred Kühn (1885–1968)

Caspari (2nd from left) with others from Kühn’s genetics lab



Described and demonstrated the structure of chromosomal DNA, 
methods and consequences of inducing point mutations in DNA, 
and forced genetic recombination of different pieces of DNA. 

Max Delbrück 
(1906–1981) 

Nikolai 
Timoféeff-Ressovsky 

(1900–1981) 

Karl Günter Zimmer 
(1911–1988) 

Chromosome/Gene Structure and Mutations (1935) 

Nachrichten von der Gesellschaft der 
Wissenschaften zu Göttingen pp. 189–245 (1935) 



Hans Friedrich-Freksa 
(1906–1973) 

Proposed that the 
structure of DNA is 

double-stranded with 
electrostatic attraction 

between complementary 
sequences (1940) 

Die Naturwissenschaften 
28:376–379 (1940) 

Double-Stranded 
DNA Structure (1940) 



Gerhard 
Schramm 

(1910–1969) 

Experimented 
with tobacco 
mosaic virus 
(1940–1942): 

•  Identified RNA  
   genome 

•  Showed protein  
   subunits are  
   identical 

•  Mutated RNA  
   to create  
   mutant 
   proteins 

RNA, Translation to Proteins, 
and Viral Engineering (1940–1942) 

Die Naturwissenschaften 31:94–96 (1943) Die Naturwissenschaften 30:48–51 (1942) 



Some Other 
German- 
Speaking 
Pioneers 
of DNA 

and RNA 
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Theodor Boveri (1862–1915) 
discovered that cancer is 

caused by pro-mitotic 
mutations from radiation, 

chemicals, or viruses (1902) 
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Smoking Causes 
Cancer (1920s) 
Fritz Lickint (1898–1960) 

Began studies of smokers 
vs. nonsmokers (1920s) 

Published evidence (1929) 

Published >1200 page medical 
book on detailed pathology (1939) 



German-speaking scientists identified specific carcinogens 
from the 1870s through World War II and developed 
methods to control and prevent exposure. 

BIOS 784



By the early 1940s, 
German scientists developed 

therapeutic antibodies 
against cancer-related 

antigens.  

Such therapeutic antibodies 
are currently one of the most 

modern and most effective 
methods of treating cancers 

in patients. 

BIOS 449, pp. 47–48 
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In Vitro and in Vivo Immunoassays (1896 Onward) 



Franz Hofmeister (1850–1922) 

Peptide bonds in proteins 

Effect of salts on proteins 

Protein solubility 

Protein purification 

Protein crystallization 



Röhm and Haas Enzyme Production/Purification (1906–) 
[FIAT 910] 

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 substance (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 obtained 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 obtained. 
Many of these agents are comparatively new, all of them are 
valuable assets in this particular 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 developing 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 standardized 
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. 

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. 



In 1912, Leonor Michaelis and Maud Menten developed 
experimental and theoretical methods to analyze the 
chemical reaction rates of enzymes. 



Enzymes in Mitochondria and Cellular Respiration 



Enzymes in Mitochondria and Cellular Respiration 



Max Bergmann 
(1886–1944) 

Leonidas Zervas 
(1902–1980) 

Starting in the 1910s, Max 
Bergmann created methods of: 

•   Determining the amino acid 
    sequences of natural proteins. 

•   Artificially synthesizing  
    proteins with specific 
    amino acid sequences. 
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Max Perutz (1914–2002) developed and 
demonstrated methods of determining detailed 
3D protein structures such as hemoglobin. 
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Production of Fats via 
Industrial Chemical Synthesis 

[BIOS 805] 



Production of Fats via Biotechnology 
(For Fuel or Food) 

From cultured yeast 
[BIOS 236] 

From cultured algae 
[BIOS 691] 



Steroid Hormones 

Ernst Laqueur (1880–1947) 
U. of Amsterdam/Organon 

Leopold Ružička (1887–1976) 
ETH Zurich/CIBA 

Karl Slotta (1895–1987) 
University of Vienna 

Adolf Butenandt (1903–1995) 
Butenandt/Schering 

Johannes Schultze working on 
chemical synthesis of steroid 
hormones at Schering (1935)  



Steroid 
Hormone 

Production 
[FIAT 996] 



Pregnancy Test (1927) and Oral Contraceptives (1930) 



Insulin to Treat Diabetes (1906) 
Paul Langerhans 

(1847–1888) 
Joseph von Mering 

(1849–1908) 
Oskar Minkowski 

(1858–1931) 

Insulin-producing cells in the islets of Langerhans of the pancreas 

Max Dohrn (1874–1943) Anton Marxer (1880–19??) 

Georg Ludwig Zülzer 
(1870–1949) 

Erich Leschke (1887–1933) Helmut Zahn (1916–2004) 





Vitamins Christiaan 
Eijkman 

(1858–1930) 
Vitamin B1 

Casimir Funk 
(1884–1967) 

Vitamins 
B1, B2, B3, C, D 

Paul Karrer 
(1889–1971) 

Vitamins 
A, B2, C, E 

Richard Kuhn 
(1900–1967) 

Vitamins 
A, B2, B6 

Albert Eschenmoser 
(1925–) Synthesized 

vitamin B12, 
nucleic acids, etc. 

Tadeusz Reichstein 
(1897–1996) 
Vitamin C, 
cortisone 

Albert Szent-Györgyi 
(1893–1986) 
Vitamin C, 

muscle, Krebs cycle 

Adolf Windaus 
(1876–1959) 
Vitamin D, 
cholesterol 

Feodor Lynen 
(1911–1979) 
Vitamin B7, 
cholesterol 



Preservatives 



Artificial 
Caffeine 

From 
chemical 
synthesis 

[FIAT 885] 

From conversion 
of uric acid 

from snake urine 
[BIOS 449] 



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



Conclusions 
The available evidence shows 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.  

The evidence also shows that knowledge, methods, and materials for biotechnology and 
molecular biology were transferred to other countries: 

Due to length constraints, I have only briefly mentioned individual discoveries and cited a 
small number of examples. Other authors should more fully investigate and report the 
history and contributions of German-speaking scientists to the development of 
biotechnology and molecular biology. 

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 scientists (e.g., Carl and Gerty Cori, Chaim Weizmann) 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 
Chargaff, Max Delbrück, George Gamow, Richard Goldschmidt, Hans Krebs, Max 
Perutz, Albert Szent-Györgyi, Leo Szilard, 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. 
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