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The House of Overmicroscopy Das Haus der Übermikroskopie


BODO VON BORRIES (1905 – 1956) — HELMUT RUSKA (1908 – 1973)





OVERMICROSCOPY AND THE NOBEL PRIZE


The title of the book demands to trace how the electron microscope came to Düsseldorf and how the relation to the Nobel Prize arose. The story began in Berlin in the twenties of the twentieth century and continued to develop in Düsseldorf in the postwar period. The main actors were the three spiritual fathers of the idea of examining objects under the microscope with fast electron beams: the brothers Ernst and Helmut Ruska and their brother-in-law Bodo von Borries. The unshakeable belief in achieving a better resolution through the use of the short-wave electron beam than that of the long-wave light made the three pioneers of electron-optical microscopy set one of the most thrilling stories of science between Berlin and Düsseldorf in motion.1


It became the story of three lives for electron microscopy. It is also the story of a pre-war technical achievement that succumbed to destruction at the zenith of its commercial success in wartime, to be revitalized in Berlin and Düsseldorf during reconstruction. The electron microscope, in its application to the human visual organ, the eye, brings about a valuable extension of cognition. This makes its importance. As a key instrument of research it has completed a triumphant march without equal and it has twice won the attention of the Nobel Prize Committee for awards, in Physics 1986 and in Chemistry 2017.




The Zurich lecture


On August 12th, 1938, a lecture of the medical scientist Helmut Ruska in Zurich provided the prelude to the success of this visual aid and new optical device in science—the electron microscope. He started his lecture on the topic “Overmicroscopy images of organic structures (from the Cell to Ultravirus)”2 saying that science always tries to break new ground in the visual reproduction of our environment, whether it is a macrocosm or a microcosm. He maintained that television, long-distance photography with ultra-red light, ordinary photography and microphotography with ultraviolet light, X-rays photography, and finally microscopy with electron beams had expanded our sense of sight in a variety of ways. He thought physicians and biologists were particularly interested in the penetration into the organs deeper in the body by X-rays and in the elucidation of the structure of organs, cells and cell components by microscopy. He said that in recent years these achievements had been greatly extended by the application of electrons as imaging rays and of magnetic fields as lenses.


From today's perspective the participants in the auditorium of the fifth international Cell Researchers Congress in Zurich witnessed a new scientific beginning that has not lost its significance historically. There, Helmut Ruska announced that the novel overmicroscope, “Übermikroskop”, from Siemens & Halske was able to make new findings on the structure of cells visible to researchers in all areas of biology, because it achieved more than the magnification and the resolution of light microscopes. A new era of scientific observation had begun. On June 22nd, 1938 Helmut Ruska had lectured on the same topic in front of the Berlin Medical Society. The press celebrated his published and presented results as a scientific sensation.3


1938 Helmut Ruska was a clinical assistant at the first medical university hospital of the Charité in Berlin. He did research under the electron microscope in the central laboratory for electron optics (LfE)316 of the Wernerwerk of Siemens & Halske AG in Berlin-Siemensstadt. His work with the overmicroscope was new territory for science. His microscopic images were not created by visible light, but by invisible electron beams. In the observation the bacterial images looked like shadows of floating particles.4 Ruska also informed his audience in Zurich about the disturbing side effects of overmicroscopy with the sentence: “The difficulties of overmicroscopy lie in the low penetration power of the applied rays and in their high energy content.”5 For decades, these harmful circumstances were to be the challenge for further development and application, especially for biology, which was to manifest itself in the research work in Berlin and Düsseldorf.




The Nobel Prize


On October 15th, 1986, forty-eight years after the presentation in Zurich, the Nobel Prize Committee from Stockholm announced the prizewinners for physics. Among them was Ernst Ruska. The eighty-year-old engineer was honoured for his research achievements in electron optics and for the invention of the electron microscope in 1931.6 At the same time the Nobel Prize committee honoured Gerd Binnig and Heinrich Röhrer for the invention of the tunnel electron microscope of 1981.


On the day of the announcement of his Nobel Prize awarding Ernst Ruska said: “»The prize is not only mine, my brother (Helmut Ruska, 1908 – 1973) and my brother-in-law (Bodo von Borries, 1905 – 1956) also contributed to the development—but both died already.«”7 Ernst Ruska was nominated for the Nobel Prize ten times and his brother-in-law von Borries three times from 1942 to 1966. The professor of pathology and clinical director Luigi Villa of the university of Milan (Italy) proposed the nomination of von Borries and Ruska for the Nobel Prize for Physiology or Medicine in 1942. In his letter Ruska's first name was given as “H”. The Nobel Committee did not associated the first name of his brother “Helmut” (the physician) with it, but thought the initial stood for the first forename of “Ernst”.8


After the Royal Swedish Academy of Sciences had classified the invention of the electron microscope as “one of the most important inventions of the twentieth century”, and related the Nobel Prize for Physics of 1986 to it, all the highest honours of this earth on this topic seemed to have been awarded.9 But thirty-one years later, on October 4th, 2017, the Nobel Prize committee once again used electron microscopy as an opportunity for its award, this time for the Nobel Prize for Chemistry.


The press releases of the “Frankfurter Allgemeine Zeitung” of October 5th, 2017 about the Nobel Prize for Chemistry brought back memories of names and people, and thus put the question where and when the author first had met the Nobel Prize winners of that year.10 11 In his archives he discovered an original conference booklet from Burg Gemen (Westphalia) from 1979.12 There he found, in the list of participants, the award winners, the Swiss Jacques Dubochet and the German-American Joachim Frank, and in the original conference booklet of 1980 from Maria Laach (Eifel) the British laureate Richard Henderson.FIG.12 - 15 p.→ - →; → p.→


The Burg Gemen and Maria Laach conferences were organized by the Düsseldorf “Institute of Biophysics and Electron Microscopy, (IfBuE)316”. At Burg Gemen all the experts involved in molecular microscopy worldwide came together. The Maria Laach meeting was held for experts in biological membrane research. With the 2017 award from Stockholm the former institute once again stood in the light of the Nobel Prize.13 14 Here is the occasion to take a closer look at the history of the Düsseldorf institute. However, the first historical station leads to Berlin in the twenties.
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THE BERLIN YEARS




The magnetic electron lens


The collaboration of the research trio Bodo von Borries, Ernst and Helmut Ruska began in the late twenties of the twentieth century in Berlin. That was thirty years after the Englishman Sir Joseph John Thomson had discovered the electron. The study of the use of the electron was accompanied by technological dynamics. One learned to release the electrons from matter and allow them to fly into a given direction in an air-free space. One learned to change their trajectories in the force field of deflection devices.FIG.1 p.→ Later one learned to unite the released electrons at a sharp point. The Braun's tube was such an apparatus: a vessel, emptied of air, in which the freed electrons, under the influence of electromagnetic deflection devices, were bundled to create a small sharp luminous point on a fluorescent screen. A vertical and horizontal electromagnetic deflection caused the electron dot to draw a curve on a luminescent screen. The cathode-ray oscillograph was such an apparatus. The next step was the use of the electron beam for optical applications.15; FIG.2 p.→; FIG.35 p.→-→


In December 1928 the engineering student Ernst Ruska worked in the research group of Max Knoll on the development of cathode-ray oscillographs in the high-voltage laboratory of the Technical University “Technische Hochschule” in Berlin. In his diploma thesis he measured and experimentally examined Hans Bush's theory from 1927, which postulated that the magnetic field of a coil acts like a converging lens on the electron beam and bundles it like the light through a lens.16 The discovery of “electron optics” by Busch was supplemented by two discoveries that together opened the way to overmicroscopy: the hypothesis of the wave character of the electron by the physicist de Broglie 1924 and the discovery of wave mechanics by the physicist Schrödinger 1926.17


In April 1929 Bodo von Borries began as one of the doctoral candidates of the university professor Adolf Matthias in the Berlin research group of Max Knoll. He first dealt with the problem of taking pictures of electron beam oscillograms on photographic plates.18 In the Easter week of 1931 the doctoral students von Borries and Ernst Ruska went on a cycling holiday on the island of Rügen and made friends.19 Their close experimental collaboration on the convergent lens for cathode-ray oscillographs between November 1931 and April 1932 brought the birth of the idea of the electron microscope.20 21 The much discussed optical character of electron radiation and the use of magnetic collecting coils as electron lenses gave them the idea to build an electron-optical device. In an internal colloquium of the institute at the beginning of June 1931 Max Knoll reported on an electron-optical apparatus built with Ernst Ruska in April. He showed pictures with seventeen-fold magnification of an aperture grid irradiated by electrons, taken with the apparatus. It was the first experimental proof of electron-irradiated objects with a kind of electron-optical bench (the first electron microscope). Ernst Ruska and Bodo von Borries, spurred on by their new pictures, calculated and worked inseparably together from then on. By the end of 1933 their first powerful electron microscope was designed as a prototype with a twelve thousand-fold resolution limit, better than a light microscope. So the two engineers succeeded with their revolutionary invention three centuries after that of the light microscope.22 23 24


After their doctorate the two inventors could not obtain the capital needed to continue their electron optical device development from the budget of the Berlin Technical University. Their fields of work separated. In April 1933 Bodo von Borries went to Essen to the electricity company “Rheinisch-Westfälische Elektrizitätswerke (RWE)”. But they continued to develop their design ideas of an overmicroscope on the basis of a lively correspondence. In January 1933 they agreed to publish several results together. At the end of 1933, however, Ernst Ruska submitted a manuscript on the progress in the construction of the electron microscope for publication alone.25 His solo effort strained his friendship with Bodo von Borries for some time.26 However, their close cooperation continued. In December 1933 Ernst Ruska took up a position for the development of image receivers and picture tube transmitters with the television company “Fernseh AG (FESE)” in Berlin.27


Encouraged by his brother-in-law Ernst, Bodo von Borries returned to Berlin in the summer 1934 to work as a laboratory manager for the development of overvoltage protection devices in the switchgear department of Siemens-Schuckert-Werke AG. Reunited, they continued their work for the development of a production-ready electron microscope with intensity.28 Ernst Ruska received his doctorate in August 1934 with his dissertation “On a Magnetic Lens for the Electron Microscope”.29 On his return Bodo von Borries made friends with Ruska's sister Hedwig and married her three years later.30


Much convincing work had to be done to win financially strong companies such as Siemens & Halske or Carl Zeiss for their commercial construction project. As is often the case with new technology, critics multiplied. They rejected the idea of imaging cell structures with the help of the high-energy electron beam. The evaporation of water from the sample by the vacuum provided the understandable objection. It caused irreversible damage to the biological components of the sample. Renowned biologists and physicists like Arnold Sommerfeld argued that a biological object could not be examined with this infernal apparatus.31 This basic situation became the hurdle to be overcome.


The Siemens-overmicroscope


The first electron microscope for the examination of biological objects built by Bodo von Borries and Ernst Ruska initially was a problematic construction in 1935.32 The microscopic images presented in Zurich were evidence of experimental preparation methods. First, the biological samples were badly maltreated under brutal preparation techniques (chemical, thermo-technical pretreatment). Second, the high vacuum in the microscope resulted in the evaporation of the cell water from the sample and the strong electron bombardment of the sample in its carbonisation. Third, the electron micrographs obtained were images of artefacts far removed from the original biological sample.


The application of electron optics attracted further researchers. The Belgian physicist Ladislaus Marton constructed a horizontal electron microscope with low resolution in 1932 and showed the first electron images of heavily destroyed biological objects (Neottia nidus-avis, Chromobacterium prodigiosum) in 1934. The interpretation of such images caused problems for the researchers. And yet, the first electron-optical images of a butterfly scale (Noctuide) showed new structural details compared to the light-optical images as a result of a higher resolution.33


After two years of persistent persuasion, the rejection front of the professional world was broken. In October 1936 the young hospital assistant Helmut Ruska finally won his renowned clinic director at the Berlin Charité Richard Siebeck as an advocate for the use of electron microscopy in biological and medical research.34 35 Siebeck wrote in his report: “If the possibilities of microscopic resolution can be increased up to the assumed magnification of about one hundredfold, the scientific consequences are not foreseeable.”36 With this document the two engineers were able to set a milestone and finally win the company Siemens & Halske AG over to their side in November 1936.37 It must be remembered that there was a competition in Berlin for the construction of electron microscopes between the v. Borries-Ruska group (Technical University), the Ernst Bruch group of the General Electricity Society (AEG) and that of the free entrepreneur Manfred von Ardenne.38; FIG.35 p.→-→
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In February 1937 the Laboratory for Electron Optics (LfE) of Siemens & Halske AG was founded in Berlin-Siemensstadt. Bodo von Borries and Ernst Ruska were entrusted with the construction and the leadership as senior engineers and authorized officers.39 Ernst Ruska was responsible for commercial development, Bodo von Borries for external representation, and a year later Helmut Ruska with Gustav Adolf Kausche for application development of the electron microscope.40 41 After they had reported on the latest development of the overmicroscope 1938 more and more press reports appeared about their work.42 The Berlin microscope was called an “Übermikroskop (overmicroscope)”.43 44 A deep look into the microcosm then opened up for medicine and biology.45 In the thirties the optical device also gained in importance in the field of colloid and colour chemistry, in dust technology and in the technology of stones and earths.46; FIG.5 p.→; FIG.39 p.→


The development work of the two relatives culminated in the first Siemens-overmicroscope (Übermikroskop, ”ÜM“316) in 1939. It was sold to the “I. G. Farbenindustrie” in Frankfurt (Main)-Höchst for the examination of dyes and was presented at the Leipzig Trade Fair. It reached a resolving power of 10 mμ (later, instead of “Millimü, mμ”, “Nanometer, nm” was used). It remained in use at Höchst until 1962 and has since been housed in the Deutsches Museum in Munich. The first order for four devices for the “Farbenindustrie” led to the first production series of 12 units. It is considered the world's first commercial series electron microscope.47 184; FIG.8 p.→


In the preparatory years of the first series production of devices, Siemens & Halske produced several experimental versions of the overmicroscope “ÜM 100”. The experimental unit was used to examine various electron-optical lenses for high-resolution transmission images. The properties of the different lenses were examined with colloidal silver images.48; FIG.4 p.→


For the first time it was possible to routinely research with the overmicroscope in industry, biology and medicine. At the same time the first application work on biological preparations (bacteria49, bacteriophages, viruses50, chloroplasts, erythrocytes, platelets, fibrin molecules, parasites) in the group of Helmut Ruska could begin with the electron microscope.51 With his brother-in-law Bodo von Borries he made fundamental improvements to the easy handling of the new device.52 The previous preparation techniques of light microscopy were no longer useful for overmicroscopy. They therefore developed and standardized a series of novel preparation methods (slide mesh and Zapon varnish film, i.e. nitrocellulose lacquer).53; FIG.38 p.→ Their electron micrographs of bacteria and viruses of the same year showed that such pathogens could be visualized by the overmicroscope.54 It was the birth of electron microscopic bacteriology and virology.


Overmicroscope and television in times of war


The Siemens & Halske AG application and guest research laboratory, “Laboratorium für Übermikroskopie (LfÜ)316”, founded on April 18th, 1940, supervised by Helmut Ruska and Gustav Adolf Kausche, was an effective marketing tool.55 The laboratory provided an increase in problem solving in various fields and secured the necessary customer training on the device. The LfÜ was equipped with four overmicroscopes.56 As a preparer of applied overmicroscopy Helmut Ruska encouraged important work for basic research in medical bioscience.57 This work took place initially in wartime during holidays from military service. The researchers were able to work concentrated and undisturbed in the realm of the smallest in biology.


In the summer of 1941 Bodo von Borries and Ernst Ruska were awarded the Leibniz-Medal in Silver by the Royal-Prussian Academy of Sciences “Königlich-Preußische Akademie der Wissenschaften” for their contribution to the development of electron microscopy.58 They recorded great progress towards the end of the war. Bodo von Borries lectured on the principle of the overmicroscope and its applications in research at a conference of the Federation of National Industries in Paris in November 1942.59; FIG.28 p.→ Because of the national importance of their research they were largely exempted from military service from the end of 1942.60
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Helmut Ruska was the first researcher to present electron micrographs of biological objects at a conference in Switzerland in 1938.61 With two research colleagues he had succeeded in producing the first electron micrographs of the tobacco mosaic virus.62 In 1939, for the first time, he was able to visualize bacteriophage lysis under an overmicroscope.63


Helmut Ruska habilitated in March 1943 at the medical faculty of the Friedrich-Wilhelm-University in Berlin about his results in bacteriophage research and their interpretation on the basis of morphological findings.64 His virological basic research between 1938 and 1945 in Berlin-Spandau culminated in a first morphological taxonomy for viruses.65 The first review article from the LfE on the importance of overmicroscopy for virus research appeared in the first issue of the international journal “Archiv für die gesamte Virusforschung” (today Archives of Virology). With this publication the three authors showed that the term “ultra-visible (invisibility) virus” was no longer justified. The micrographs of viruses brought great scientific recognition and gave electron microscopy wide acceptance.66


At this point it should be mentioned that in 1938 the television company “Fernseh AG (FESE)”, where Ernst Ruska was active, put the first small receiver with a Braun's tube on the market “Heimfernsehempfänger“. Two years earlier it had been presented for the 1936 Olympic games. In addition to the overmicroscope a system of television monitors for standard pictures was developed from the Braun's tube. In April 1943, eight years after the establishment of the first television service in the world in Berlin, the research trio appeared in the Berlin television studio of the “Paul Nipkow” broadcast on the science programme “The Overmicroscope”. Ernst Ruska stood, in the picture and in reality, face to face with another revolutionary device of optical technology of that time, the development of which he had participated in at the Fernseh AG, the modern television tube. The technical development from the Braun's tube made it possible to look into the distance with a television set and into the smallest with an overmicroscope.67; FIG.3 p.→


The bombing raids on Berlin in the autumn of 1943 prompted Siemens & Halske AG to seek a secure location for the LfÜ. In the winter of 1944 it was possible to move the Berlin laboratory, including equipment and two overmicroscopes, in safety to the research institute for animal diseases “Reichsforschungsanstalt Insel Riems” near Greifswald on the Baltic Sea.68 Helmut Ruska and his wife Carla, a chemist, were transferred there and also worked on foot-and-mouth disease viruses.69 Ernst Ruska received the Fritz-Todt Award in Gold for his achievements as engineer and inventor in April.70 Despite the advancing war, Helmut Ruska travelled to a weeklong lecture series in France to foster the German-French understanding between scientists and physicians in January 1944.71 In the summer the Siemens management decided on the local separation of development and production in Berlin-Spandau.72 Precautionary before the occupation of the capital of the Reich the most important technical documents for the construction of the electron microscope were brought to safety.73 As they had feared the LfÜ was bombed in the autumn. The buildings for production were spared. In March 1945 Bodo von Borries had two Siemens-overmicroscopes, complete with technical equipment and photo archives, delivered by rail to Westphalia and hid in a factory in Enger in time before the invasion of the Allies. In Berlin only the factory with the majority of employees remained. By the end of the war in 1945 the two Siemens & Halske Laboratories LfE and LFÜ had published over 200 works, 44 of them in the bio-medical sector.74


By February 1945 Siemens & Halske AG had built and sold approximately more 30 devices at home and abroad.47 75 The war brought a local separation of the two families of the inventors in the middle of 1945.76 Ernst Ruska stayed in Berlin-Siemensstadt, but the LfE was dissolved by the Russian occupying power in May and completely dismantled as reparations. The Russians planned to re-establish it under the direction of Ernst Ruska in Moscow. He evaded the plan by withdrawing from the Russian occupying power and went to constantly changing places. His brother Helmut and his wife Carla fled from Riems to the West and arrived in Preetz near Kiel in the British occupation zone. In July 1945 the British occupying forces interviewed him about his work on the electron microscope with regard to biological weapons.77


In the spring of 1945 Bodo von Borries and his family found refuge in his home village Leopoldshöhe near Bielefeld (Westphalia). In August Helmut Ruska followed with his wife. The access to foreign literature had collapsed in this time of confusion and the destruction of the printeries delayed the publishing of manuscripts. Both brothers-in-law used this period for editing publication manuscripts.78 Bodo von Borries feared a complete destruction of the capital by the Allies. In the hope of a new beginning in the West he stayed in touch with the management of Siemens in Munich.79


Reconstruction years


Thanks to its pioneering work Germany had achieved a worldwide lead in electron microscopy before the collapse. About 50 overmicroscopes were in operation in Germany at the time of the collapse. One third was in development laboratories and the rest in different research institutes. After the war the picture changed drastically to the favour of foreign countries. The USA had more than 300 devices, the United Kingdom had 30 to 40 and some foreign world companies were heavily involved in device development and manufacturing.80 In Germany only 6 devices remained.81


The post-war years were years of confusion and reorganisation. The destruction of the country and the military governments of the four powers forced new directions and a new beginning of German electron microscopy with relocation. The three kingpins took different routes, in Berlin, in Düsseldorf, in England and in the USA.


Ernst Ruska returned to Berlin in July 1946 after one year of escape from the Russian occupying power, hearing by the British in England and from a five-week American captivity.82 In view of an East-West division by the occupying powers the Siemens policy made sure of a resumption of the Berlin LfE in the spring of 1947. Ernst Ruska began to have restitution microscopes repaired in the factory. From 1947 to 1948 he also worked at the institute of medicine and biology at the German Academy of Sciences in Berlin-Bruch. In September 1948 Siemens decided to maintain the production site in Berlin. From then on the further development in the Siemenswerk took place without von Borries. Ernst Ruska led the LfE alone from 1949 onwards and led the successful production of the device Type ÜM 100. Under his directorship the first Siemens-Elmiskop was developed and presented in London in 1954. Siemens decided now not to continue the technical development of the electron microscope for reasons of cost.83 Because of this decision he left Siemens & Halske in 1955 and went to the Fritz-Haber-Institute of the Max-Planck-Society (MPG)316 in Berlin as head of department. In 1957 he became director of the institute for electron microscopy there. He became Honorary Professor at the free university “Freie Universität Berlin”. With his colleague W. Dieter Riecke Ernst Ruska needed ten years of development and five million Deutschmarks to construct the world's most powerful electron microscope (Super-Elmiskop), which Riecke presented in Kyoto on August 28th, 1966.84; FIG.73 p.→ Ernst Ruska retired as director of the institute in 1974.
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Bodo von Borries returned to Berlin in the spring of 1947.85 The Siemens management had promised him his pre-war position. He was initially to replace his brother-in-law Ernst, who was to spend six months in the USA. But it turned out different. Ernst Ruska decided to take over the management of the site LfE alone and did not go to the USA.86 Because of this breach Bodo von Borries left Berlin after seven weeks. He hoped to establish an institute for electron microscopy in Göttingen.87 But a permit was not given. In July 1947 he was brought to Hampstead in England by the British occupying forces for a hearing. From then on he worked for the National Institute of Medical Research in England. There he repaired a confiscated Siemens-overmicroscope from Riems. The pleasant working atmosphere helped him to think about international research cooperation in electron microscopy. During this time he got to know and to highly regard Vernon Ellis Cosslett, who had been in charge of the laboratory for electron microscopy in the Cavendish Laboratory since 1946. In 1981 Cosslett made the following statement about von Borries' stay: “«We in the Cavendish, relative beginners in electron microscopy, benefited greatly from von Borries' visit and later exchanges of information».“88 Von Borries gained his first experience with an electron microscope from the Radio Corporation of America (RCA)316 and was convinced by the quality of the Siemens devices in comparison. The very successful German overmicroscope was, in many respects, simpler than the American. The American manufacturing of electron microscopes began in 1940 and its commercialisation in 1941.89 The Metropolitan Vickers Electrical Company marketed the first British electron microscope in 1944. Von Borries finished the year 1947 with the publication of his habilitation thesis, submitted to the faculty of general sciences of the Technical University of Berlin (Technische Hochschule Berlin) in November 1944.90 He also wrote the first book on overmicroscopy with a complete overview of the device and its applications.91


Helmut Ruska stayed in Westphalia as an independent country doctor until July 1947.92 He wrote some publications from his time in Riems.93 He kept in touch with his brother in Berlin and travelled there again and again, hoping to get an employment.94 From July 1947 to November 1948 he worked at the institute for medicine and biology of the German Academy of Sciences in Berlin. In the autumn of 1948 he took up a lectureship in micromorphology at the Kaiser-Wilhelm-Institute for physical chemistry and electrochemistry in Berlin, a centre of electron microscopy for biomedical research. There he could resume his bacterial and viral pre-war research with the equipment of two electron microscopes. In America research in the biological-medical sector was increasingly carried out with the electron microscope. Inspired by attractive research perspectives in the USA he moved to New York in November 1951, where he led the guest department of micromorphology at the State Department of Health. At the same time and until 1958 he was professor at the Sloan-Kettering Institute for cancer research of the Union University Albany. There he worked on methods of specific immunolabelling microscopy, negative staining techniques and the important ultra-thin-layer microscopy, with which particularly the compartmentalisation of the cell was discovered.95 Thus the spatial divisions within the cells were described, which are separated as specific reaction spaces (i.e. endoplasmic reticulum) and morphologically divided from each other by membranes. This spatial construction in the cell allows the metabolic processes to happen simultaneously and spatially separated.


His research interest shifted to tissues such as muscles and nerves, to blood and kidney cells. In March 1956 Helmut Ruska visited his brother-in-law Bodo von Borries in Düsseldorf. He considered returning to Germany, but some unsuccessful interviews forced him to stay in the USA.96
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THE DÜSSELDORF YEARS




Bodo von Borries


The victorious powers controlled the reconstruction of the German society after 1945. Therefore the British, American and French military governments issued special laws. The industrial and research companies were not allowed to resume their work without authorisation. Law number 25 of the Control Council for “Regulation and Monitoring of Scientific Research” of April 29th, 1946 stipulated which scientific research was prohibited or permitted.97 At the beginning of 1948 the management of Siemens still considered establishing a part of the electron microscope production in Erlangen (Bavaria) and prospected Bodo von Borries a leadership position.98


Like his brother-in-law Ernst in Berlin Bodo von Borries wanted to scientifically continue the development and the applications of the electron microscope. In early 1948 he received an invitation from the Kaiser-Wilhelm-Institute for iron research in Düsseldorf-Düsseltal combined with a foundation offer.99 Initially it was planned to set up a department for electron microscopy in the local institute in cooperation with Siemens and under his direction. Finally the idea of founding an independent institute and only renting the rooms needed in Düsseltal succeeded. According to its statutes, the institute should promote the further development of overmicroscopy, support its dissemination, serve its application in the material and natural sciences, and promote the manufacturing of suitable equipment.100


First, financial backers had to be found for the private institute. Von Borries was able to win important industrial companies in the Rhineland such as Bayer, Henkel, K.G. Küllenberg, Titan Society Leverkusen, the Coal Mining Society and the Association of Iron Foundries in addition to Ernst Leitz, Siemens & Halske as patrons of the institute.101 After having founded the society for overmicroscopy “Gesellschaft für Übermikroskopie e.V. zu Düsseldorf, (GfÜ)316” in June 1948 he took over the management of the new private research institute for overmicroscopy, the “Rheinisch-Westfälisches Institut für Übermikroskopie, (RWIfÜ)316” with at the beginning eight employees.102 With this step German development and research in the field of overmicroscopy was revived in the state capital Düsseldorf. The institute of the entrepreneur B. von Borries was unique in the world. He succeeded in combining a modern form of cooperation of governmental, industrial and philanthropic sources to finance his independent research centre for overmicroscopy.103 141


The institute was inaugurated on February 15th, 1949 in the presence of the Minister of Culture Mrs Louise Teusch as well as other well-known representatives of the authorities, research institutes and industry (including the brothers Ernst and Helmut Ruska, Hermann von Siemens, Konrad Henkel).104 The ceremony took place in the large hall of the “House of Ironworks” on “Breite Straße” in Düsseldorf on the day after. On the occasion of this festive colloquium, the “German Society for Electron Microscopy (DGE)316” was founded. The founding members included Bodo von Borries and his two Ruska brothers-in-law and Walter Kikuth (Chancellor of the Medical Academy of Düsseldorf, 1952 – 1953). Düsseldorf thus became the third location of overmicroscopy next to Berlin (Ernst Ruska, Siemens & Halske) and Mosbach (Ernst Brüche, Süddeutsche Laboratorien-AEG-Zeiss).


In acknowledgement of his commitment to electron microscopy Bodo von Borries became honorary professor at the Medical Academy of Düsseldorf in June 1949, which was a member of the new GfÜ together with the city of Düsseldorf.105
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