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INTRODUCTION

In general, scientific experiments are attributecbmpulsory character, to which the gain in
logical knowledge of nature is owed. Methods fag Hppropriate control and execution of
procedures and their repetition are understoodnasaas of eliminating differences of opinion
as to what may be considered the "right" extensfatientific knowledge (see Collins 1985b:
137). In evaluating an instrument, its reliabilis/ considered a key criterion for enabling
information transformation, the transformationmgbut information from the outside world into
outputs that can be absorbed by our sensory apgaratview that is cultivated in education
and wherever spectacular experiments are usedeimoustration purposes. For "normal”
science, this understanding, which avoids refl@otio assumptions of reality, has proved to be
very useful. From this point of view, the developrnef scientific knowledge presents itself as
a process of a progressive elimination of subjecierceptions in favour of measurable
quantities and theoretically founded invariantsagsocess in which subjective constructions
are continuously replaced by objective knowledgent@ry to this, the more recent sociology
of science, when expressing itself on the connedigiween empirical laboratory practice and
theoretical knowledge, works towards an understapdccording to which objects of research,
as they are "given", cannot be distinguished frbenwtay in which they are recognized.

Scientific meanings are not something that is dlyezontained in the facts and is unalterably
predetermined for researchers, as if experiment abbsirvation not only help to develop
practical skills for reproducing the phenomena unstedy, but at the same time reveal
otherwise hidden "information” to the senses oéaeshers, which could be led to an adequate
(with the phenomena "coinciding") theory-languagpression (see Latour 1987: 27 and 30;
Latour/Bastide 1986; Collins/Pinch 1982: 7 ff.Ca#lil985a, 1985b; Krohn/Kluppers 1989: 28;
Woolgar 1988: 28 1.).

The development of scientific knowledge is not tuéhe adaptation of interpretation patterns
to found phenomena. Rather, what is investigated iaterpreted is shaped according to
patterns by the researchers themselves. Resedreityas instructed by given theories and

Jorg Rheinberger, to whom he owes the friendlytatidin and many suggestions. He also owes muchr.to D
Skuli Sigurdsson and Dr. Ton van Helvoort, who wal&ays willing to discuss and critically reviewshi
manuscripts.

2 ,The history of instruments shows that a genepgkaach to improve the reability of an instrumesitoi narrow
its application scope, that is, to make it spefaah limited range of subjects ... The prolifesatdf instruments
provides a material base for the specializatiogcignce” (Chen 1997: 271).
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methods of a discipline, so that the results aredertain extent guided back to the conditions
of research. If discrepancies are found betweert wha observed in the experiment and what
should have occurred according to the theory, t&ffare made to change the experimental
procedures and conditions so that the objects exahbbehave as expected. This connection
can be fixed in abstraction as a cycle; Collinsakpén this respect of an "experimental cirdle".
This also applies to the so-called key experimdaithert and Mulkay describe how different
the stories that researchers tell about such arrement turn out to be when the circle of
addressees changes, and it turns out that thedsffenent ways in which key experiments are
used to construct stories: They can be presentddlesy had necessarily led to a theoretical
version, but they can also be described as evid®endke validity of an already preconceived
theory (Mulkay/Gilbert 1984: 117 ff3.

3 He explains this using the example of the histifrsadio astronomy: In the late 1960s, the US ptigsWeber
claimed that an instrument he had constructed doeilgsed to measure gravitational radiation, ottvitiwas
not known at the time whether it actually exist€dere was no unanimous opinion on the part of [istsi
Some agreed with Weber, others considered hisapia be an unproven assertion. To prove it, thécde
developed would have had to be proven reliablethisitvould have depended on whether it actuatijstered
what was to be registered - gravitational radiatibomust therefore deliver "correct” results. Buttat is a
"correct” result had to be made dependent on wheffavitational radiation actually exists, whictowever,
should first be determined with the device (Collir@85a: 79 ff.).

4 From which part of the circle the story is startedbe told is influenced by social conditions (te&ationship of
the narrator to the audience). There is a notieediflerence whether the circle of addressees enugp of
closer professional colleagues with whom inforn@iversations can be held, or whether it is a natlese
audience, an audience with whom only text-langueg@mmunication takes place. In the latter case, the
contingent stories of origin of the experiments faged out, in the other case "those experimentefined
as key, not because of any particular objectiviufea of the experiment itself or the receptionakgeriment
received, but by the way they are presented wheticipants construct a particular kind of justifiosy
historical account" (Gilbert/Mulkay 1984: 117 f.).
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Concepts that are debated in the professional @ublia scientific discipline can only be
justified by reference to applied technical progeduSince reality is thus always experienced
concretely only through information processing esses, guided by the experiences and
processing rules established in the subject, tbpgstion of what is realistic can never be
precisely determined (see Graber 1984), so thatpéréection or further development of
experimental techniques in the hope of a bettercqopation to "reality” cannot be understood
as something that would reduce the "blind spotstenamd more. Thus it cannot be determined
once and for all which is the one correct theoryimch a phenomenon, an object is to be
described. Empiricism does not control the diseewkresearchers in a way that excludes
rivalries about how to understand the nature aflgact. And thus the interpretation of findings
can never be brought to a final conclusion. For given set of experimental results and
empirical data there is not only one theory that eaplain them, and the question arises
whether - if observations are theory-driven - tle¢ioal differences in a given field can be
understood at all as different interpretationshefsame observational data (see Hanson 1969:
18).

From the foregoing, a number of questions ariseatdhives the development of theoretical
knowledge if experimental and other empirical datanot sufficient to determine the theory
in which they can be explained? And what exacttiiés"part” that perfection and improvement
of research techniques and methods play in this® ifdependence of the structure of
theoretical knowledge from empirical knowledge dnesmean that progress achieved in the
development of knowledge that instructs practicivdies is irrelevant to the development of
theory. How the transition from the level of emgali knowledge to the level of logical-
theoretical knowledge takes place when empiricsdaech practice cannot be understood as an
effective test of the validity of assertions separftom the wishes and intentions of the
researcher, when the idea that the repeatabilitgsilts in experiment would create a fixed
relationship between theory and observation mudidwarded is a question that still provokes
controversial debate. It will be examined belowngsan example from the history of science.

We refer to sections of the earlier history of egsh on viral infections.
THE DISCOVERY OF A FILTERABLE INFECTIOUS AGENT AND ARGUES ABOUT WHAIT IS:

A CHEMICAL SUBSTANCE OR AMICRO-ORGANISM

The virus is defined as a biological entity consgsiof nucleic acid and protein, as a complex
of macromolecules whose genetic material consistsitoer DNA or RNA and for whose
replication suitable host cells must be presenis dkfinition (which is not reproduced here in

5> According to Bijker (1994: 242), the functioningmon-functioning of a technology is not an inhéren
characteristic, but the result of social constarcti
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full) differs markedly from the one that still apgd in the early 20th century: the virus was
determined as a filterable, submicroscopic pathagieinfectious diseases that could not be
cultivated on inanimate culture medfaln aetiological disease research, two further
characteristics were added, the ability to repreducthe infected organism and unlimited
transferability from one susceptible organism tothar. This definition boils down to the
verbal manifestation of a specific research pradbg explaining the pathogen by its reactions
to bacteriological experimental conditions commbtha time. We are mainly interested in the
transition from the early to the modern virus cgoicand the role that the development of
procedural conditions played in this process.

From the beginning, very different views were takarthe nature of the virus. It was thought
of either as a soluble substance, an enzyme, aferimigh molecular weight proteins that can
survive a series of chemical processes withoungpsieir infectivity (i.e. that are organic
substances without life of their own), or the vinas thought of as a particularly tiny microbe.
Plant pathologists in particular concluded thatlalsle substance or an enzyme was a microbe.
The history of their subject led them to think paimity of chemical compounds. Animal and
human pathologists, who were more closely conndctéacteriology and cytology, favoured
the microbial concept.

In 1879, Adolf Mayer discovered the infectious matwf tobacco mosaic disease at an
agricultural experimental station in Holland. Howevhe did not succeed in isolating a
pathogen causing this disease. He initially consdi¢hat the disease might have been caused
by nutritional deficiencies. However, after a comgt@e chemical analysis of the healthy and
diseased tobacco leaves, he found that the dispém@d did not lack nitrogen, potash, lime or
other substances. Nor could the soils have calsedisease; they were uniformly fertilised
and suitable for growing tobacco. Modificationghe layout of the forcing beds (for example,
variation of the heat) could not provide informatieither. Targeted injuries to the roots of
young plants also proved harmless (Mayer 1886:f45Mayer then made the discovery that
"the sap of diseased plants obtained by frictiom $afe infective agent for healthy plants. If a
diseased leaf is finely rubbed with the additionaofew drops of water and the resulting
emulsion is allowed to soak up through finely drasapillary glass tubes and pierced into the
leaf veins of an older leaf, the disease can esitnited to healthy plants (ibid., 461 f.). Mayer
was now looking for "formed content bodies". Bue timfectious substance proved to be
something that could not be examined under a nuomes Robert Koch's methods of
cultivation on inanimate nutrient substrate - thétieation of pure cultures was, according to

8 In the second half of the last century, at thghiedf bacteriology, the term "virus" was assoaatéth any type
of infectious microscopic agent. Shortly before then of the century, however, it was used, follogyi
Beijerinck (1899), only with regard to filterableféctious agents.
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Koch, the actual "main focus of all studies on atifeus diseases” (Koch 1912: 131) - also
failed.” Mayer ruled out the possibility of a ferment, hesmthen the reproduction of the agent
could not be explained. He substantiated this detisith a filtration experiment: when using
double filters (consisting of filter paper) he dbtd a clear filtrate and assumed that a non-
cellular substance had passed through the layersapér. According to Mayer's report,
however, the filtrate was not infectious (loc. ,c#65). "This would already rule out the
possibility of an infectious effect by an enzymieelibody; for it is almost contradictory to all
known properties of these strange substances itenbeved from a liquid by simple filtration.
His observation that the infectiousness of theguwi@s destroyed by heating it to 80° Celsius
after several hours, he interpreted as meaningth@pathogen organizes that it must be
cellular. Mayer finally thought of a bacteriallyused disease, although "a closer knowledge
of the form and way of life of the guilty bacteriumof the guilty bacterium cannot be obtained
in this way" and must be reserved for future redeébid., 466).

Contrary to Mayer, who had only discovered thedhéris nature of tobacco disease, but not
the pathogen itself, the Russian plant physiologishovskij (1892) was able to prove that it
is the liquid filtered from mosaic-diseased tobatzaves that causes the infectious effect.
Ivanovskij presented the results of his observationan essay entitled "O dvuch boleznjach
tabaka", where he critically evaluated the obsé&matmade by Mayer in Holland and based
on his own studies in Crimea and Bessarabia, destthe mosaic disease of the tobacco plant,
ascertained its infectious character and annoutieedurprising fact that the cell sap with the
pathogen passes through bacteria-proof filtersomitbosing virulence (lvanovsky 1892). Such
a phenomenon had not been encountered before whestigating the transmissible agents
known up to that time, and it immediately posedosey problems in explaining bacteriology.
With the filtration technique used in this fieldfectious material was to be sifted out of liquids,
so that only sterile filtrates were to be expectedste products” which were produced when
handling infectious material and therefore seermduktof no importance.

The Dutchman Beijerinck (1899) noticed a littleelatwithout knowing Ivanovskij's discovery,
that the examination of sick tobacco leaves produaefiltrate that ran contrary to this
expectation. He too succeeded in spreading thaskseith filtrates from diseased plants. In
his experiments, Beijerinck drew juice from mosdiseased tobacco leaves through porcelain
filters, after microscopic examinations of the gea$juice and cultivation had always produced

7 Behring emphasised in 1894 that Koch's methodsvell "the targeted search and identification ofalé
animal species for experimentally produced infextjathe separation of the various microorganismbén
disease products by breeding on solid culture metie excretion of those microorganisms, which are
insignificant for the emergence of the specificreleter of the disease, the artificial generatiothefsuspected
pathogens in pure culture and the exact morphagiridy of them, finally the arbitrary generatiohan
infection by the pure cultures of the parasitichogen" (1894; quoted after Zeiss / Bieling 1941). 31
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negative results and biological manifestationshefpathogen could not be detected. After an
unsuccessful search for anaerobic bactré might have passed through the filter (which
were known to have extremely small, filterable g8yt and the fact that no corpuscular

pathogens could be detected under the microscajeriBck denied the agent a cellular nature
and characterized it as a living liquid contagiuvuwm fluidum, a substance that, in order to

replicate, exerts its influence in solutions. Hasidered water solubility to be a characteristic
of all filterable contacts. As molecular agentsal@p of replication, they should only be

effective when incorporated into the living protagn of the cell.

The assumption that the pathogen was a living tidfies substance in the form of a liquid met
with widespread resistance at the time, becaus@stdifficult to imagine a dissolved living
substance, a substance which, although non-celtdatd reproduce. A number of researchers
were more inclined to assume that there was a Gmainanimatum. Centanni, who had
identified an infectious filtrate as the causeld# thicken plague, considered the possibility
that the pathogen might be a chemical agent oathecatalyst type, capable of irritating the
host cells and, by a pathogenic deviation of thetabolism, stimulating them to produce a
substance identical to it. However, he did not ¢ the possibility that his investigations
might have led to the discovery of a reproducing organism (1902: 198).

At about the same time as Beijerinck, the Amerigkamt pathologist and physiologist Woods
(1899) was also studying this phenomenon. He usextynee research to explain the
phenomenon and came to the conclusion that theiondisaase of tobacco was not infectious
at all, but the result of the overproduction oftasr oxidising enzymes in the plant, which
could also be detected in increased quantitielarsick tobacco leaves. For him, the aim was
therefore to find the cause of the tobacco mosaeade in the plant itself and not in an
exogenous agent. Woods was particularly interastéfie role of enzymes in cell physiology.
In the late 1990s, he studied the relationship betwcertain enzymes and plant diseases that
were associated with chlorophyll destruction. Omdhe subjects of his research was the
discoloration of chlorophyll, the green dye in placells. Woods believed that the
discolouration of the leaves in autumn could bexshto be an effect of oxidising enzymes. In
certain disorders such as tobacco disease, whien@phyll degradation is clearly visible - the
stains on the leaves could be seen as symptorhatalégradation - the enzymes oxid4s@ad

8 In the absence of oxygen (under exclusion ofgainyving microorganisms, which gain their vital epyethrough
fermentation. When respiration is carried out undeaerobic conditions, inorganic compounds serve as
hydrogen acceptors instead of oxygen.

9 He also found that infectivity could be eliminategapplying heat once, at a level where sporeklaunt yet
be destroyed.

10 Enzymes that activate oxygen and transfer hydrageriectrons directly to molecular oxygen, formingter
or hydrogen peroxide.
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peroxidas# could be the cause of the disease. Although thgnees in question could not be
filtered, they switched to the culture medium (agesed for cultivation.

A microbial nature of the virus was also deniedHunger (1905), but Woods' position was
rejected by him on the grounds that the unlimitadgmissibility of the tobacco mosaic disease
pathogen speaks against the assumption of an mgdenzyme. Instead, he proposed to
assume a non-living "phytotoxin". This toxin, whishnormally a harmless metabolic product
of the plant cell, causes physiological disordsusk as mosaic disease) when it is accumulated
as a result of a very high plant metabolism. Thétoan then penetrate into normal cells where
it induces a multi-product of toxin via a physioicaj contact effect. The transferability was to
find its explanation in the fact that the poisoml lae property of acting in a physiological-
autocatalytic form (1905: 415 f.). That the virdsttoe mosaic disease is a metabolic product
of the tobacco plant itself (the stimulation seqeerof a pathogenic deviation of the
metabolism, which is accompanied by the new foromatif the irritant substance), that it has
an endogenous history of origin as a product ofrtfexted host body, was later advocated by
Doerr (1923), among others. Accordingly, resulttabbratory experiments on the production
of diseases such as tobacco mosaic disease wargarpteted as the result of activating latent
infections by means of any kind of intervention{ lmuthe sense of stimulating a pathological
deviation in the metabolism of the respective orgran(see Fust 1944: 202 f.).

Neither Ivanovsky, Beijerinck, nor Woods were atdesatisfy those demands on which the
probative force of claims of infectious diseases wsade dependent at the time, demands
which are recorded in the so-called Koch postul@esh 1881). In th¥ following period,
such difficulties were also encountered in the stigation of other diseases, and not only in
plant pathology, but also in animal and human datho The work of Loeffler and Frosch on
the etiology of foot-and-mouth disease, which tpeplished in 1897 and 1898, played an
important role in further virus research. They fddhat animals treated with bacterially sterile
filtrates derived from lymph became ill in the sam&y as control animals treated with non-
filtered lymph. Spoonbills and frogs had initiakxpected to obtain a toxin similar to the

11 Enzymes which oxidise substrates with hydrogenxide, whereby hydrogen peroxide is reduced to mate
the hydrogen split off from the substance to beydedted.

12 Koch had already noticed that a large number fetctious diseases, which were later frequentlyftified as
virus-induced, elude bacteriological understandig early as 1881, he warned against the assumibtain
all causes of infection were of a bacteriologicaiune. Other microorganisms could also be effedtivihe
animal body. At a congress in 1890, he explainatl acteriological research had failed in the adgbose
infectious diseases which, because of their procedimfectiousness, seemed to offer particularby ¢éargets
for research. "This concerns first and foremoskanthematic infectious diseases... Not a singéearthem
has been able to find even the slightest clue #¥etoature of the pathogens that cause themvould like to
incline to the opinion that the diseases mentiaarechot bacteria at all, but organized pathogernshitelong
to completely different groups of microorganismisd¢h at the 10th International Medical Congres$880,
quoted from Gildemeister 1939: 1; see also KocH)1896).
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diphtheria toxin when they discovered that labaratanimals injected with bacteria-free
filtrates from calf lymph became ill in the sameywas the control animals. Bacteria as the
pathogen of foot and mouth disease could not bexdoun bacterially sterile lymph,
morphological elements of various kinds could ptidpae found. However, it was not possible
to detect any structures that could be regardepa#isogens. The surprising result that the
effectiveness of the lymph was not influenced hiydfiion could be reproduced by experiments
on numerous calves and pigs: Again and again,aime linical picture could be produced in
animals infected with foot-and-mouth disease wilddtder contents from animals suffering
from foot-and-mouth disease, which had been fittehgough diatom candles. Spoonbills and
frogs saw two possibilities to explain this phenaore Either the bacteria-free filtered tissue
fluid contained a dissolved, extremely effectiveing or the undetectable pathogens of foot-
and-mouth disease were so small that they weretalgass through the pores of a filter that
could retain the tiniest known bacteria. The disgevs of the filterable agent of foot-and-
mouth disease chose the latter option. In 1898, neport of the German Commission for the
Study of Foot and Mouth Disease, they wrote thiofahg: "If the further investigations of
the Commission were to confirm that the filtratkeefs are indeed, as it would appear, caused
by such minute organisms, it is reasonable to thinak the pathogens causing many other
infectious diseases of humans and animals, susmallpox, cow pox, scarlet fever, measles,
typhus, rinderpest, etc., could also be the catiieese diseases, which up to now have been
searched for in vain, belong to the group of thessg smallest organisms" (1898: 371).

Ivanovsky had not continued his observations ofpirenomenon that the juice of the mosaic
leaves retained its infectious properties aftérafilon through porcelain filters for a number of
years. He did not tackle them again until 1897/1BB8he context of his habilitation thesis,
which was published in 1902 (on the basis of thisknahe published an essay in a German
journal in 1903). In this work he also dealt witketobservations and views of Beijerinck
(1899), Woods (1899) as well as Loffler and Fro€308), which were already available to
the public at that time. He was particularly instegl in the first two researchers, both of whom
- as explained above - were convinced of the narebbi@al character of the cause of tobacco
mosaic disease, which was beyond our control. Ivskipconsidered Beijerinck's concept,
which suggested the assumption of a non-corpuschiaracter of the pathogen, to be not
compelling. He also considered Woods' view to biwmded. The artificial transmission of
the disease by inoculating healthy plants overgel@opulation and several generations was
not compatible with the assumption that the disees® caused by a plant-specific enzyme,
because the infectious effect would have to be @stied at some point. On the basis of his own
research, he was convinced that it was an infeztexogenous pathogen which must be of a
corpuscular nature but could not be cultivated mifi@al media. lvanovsky alternately called



The history of early virus research

the pathogen a virus or a microbe, although heim@med to believe that the agent he was
looking for might be a bacterium with spore forroati

Ivanovsky carried out various experiments to sufigite his view that the pathogen had
particle character. And so he looked for microorgas that were small enough to pass through
filters. As a result of microscopic studies he oedi inclusions and crystalline deposits in the
cells of diseased leaves in the form of colourlesses (see 1953: 109-110), in which he
believed to have found the pathological origin @bdacco mosaic disease. However, their
discoverer did not yet suspect that these "lvanpes¥istals” - as they would later be called -
could be the virus themselves. In his opinion,dhestalline inclusions showed a reaction of
the cells to the irritation caused by the pathogetmsvever, the small amoeba-like structures
discovered in fixed and stained cells and belidwetlim to be the causal pathogen of tobacco
mosaic disease, which he called "zooglea", couldb®isolated. Ivanovsky proposed to
understand the agent as a spore-forming microasganiThe spores, and not the
microorganism itself, could be filtered. He wantedexplain the infectivity of a filtrate that
could not be cultivated on artificial culture medithe spores could only germinate in living
plants or generally only under optimal conditiathss would also explain the failure of attempts
to cultivate the microbe in vitro from infectioustriate. In heat resistance and resistance to
dehumidification, lvanovsky saw further evidencatttinere could be spores in the filtrates.

The view that the virus was not a living organisntiy bacterium, an "ultra-microbe™) but an
enzyme-like substance was closely linked to theeetgtion that a chemically pure virus could
be obtained. The understanding that viruses wezenal molecules and that they appeared
spontaneously in host bodies without exogenouciioie gained plausibility after Stanley
succeeded in 1935 in presenting the tobacco masais in crystalline form. The virus
revealed itself to him as something that behavedlliits properties like a chemically pure
protein, without admixtures of fat, lipoids, carlydmates and salts. Such a body could hardly
be imagined as an individual organism. The viresented itself as an elongated molecule of
very high molecular weight. The substance obtainectystal form proved to be something
between 100-1000 times more infectious than tha wilant raw material from which it was
obtained. Even repeated recrystallization did edtice the infectious power. Stanley identified
the virus as a globulin or protein molectigifter this discovery, other types of plant viruses

13 Bawden, Pirie et al. argued somewhat later (1988&) they had discovered phosphorus in the crirstall
substance extracted from mosaic-diseased tobaaeotspnd that this element was contained in thae fufr
nucleic acid. They wondered whether the crystabimestance they had isolated was the virus itselbb For
them it had not yet been proven, "that the pariele have observed exist as such in infected shyl.,(
1052). Stanley conceded that the isolated subst@noet just protein. After that his research wadely
recognized. A few years later, Schramm reportetittetobacco mosaic virus is still capable of pidg a
new generation of viruses even after its proteiretape has been chemically modified and piecesdwralut
of it. Schramm decomposed the particles with weahlia Nitrous acid was then added, after which the
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proved to be crystallizable. Finally, it was regarthat chemical structure research had also
shown that a number of animal viruses had a defmatkrial composition. "Viruses such as
foot-and-mouth disease and rabbit papilloma ardes®uniform than the tobacco mosaic virus.
The investigation of the polyhedron disease ofdtsehowed that the polyhedra occurring in
the virus diseased caterpillars can probably bardegl as crystallisates of pure viral proteins.
These animal viruses are therefore chemical cong®and not organisms,” said Schramm
(1942a: 258). And in another essay of the same iyesrstated that a protein substance of
completely uniform molecular weight was isolateohirthe vesicles of cattle suffering from
foot-and-mouth disease. A uniform protein was alstained from the warts of the cottontail
rabbit. They had to be regarded as chemical masgelven if it had not yet been possible to
obtain them in crystallised form (Schramm 1942(8)79

The disease-causing effect of filtrates was submettyu demonstrated in a number of other
types of infection, but the accumulation of emp@ali&knowledge has not led to a uniform
understanding of the nature of these pathogensmained open whether such tiny infectious
agents are really microorganisms or mere chemidadtances. Whether this or that position
was taken or rejected - in any case, empiricalenséd could be presented for both defence and
attack purposes.

The microbial nature of the virus was demonstrdtgdthe unlimited transmissibility of
infectious diseases caused by filterable pathoffens one susceptible individual to another,
whereby only minimal amounts of substance wereiredweach time, which had to undergo a
very considerable dilution in the body of the réeip. It could be thought that even the most
effective substance would be rendered ineffectmeneédiately by this continued dilution,
unless an oppositely directed process intervenedpeasatory, the ability to increase in
guantity from within, to multiply by assimilationf doreign substances while constantly
maintaining the original properties, which was, leeer, exclusively considered an attribute of
living substance (see Doerr 1923: 909). "That agamamolecule should grow out of itself and
divide is still incomprehensible with the previoudsw of life and reproduction”, as Seiffert
explains (1938: 9).

particles were restored to their original form. Blwey no longer contained nucleic acid, and theyew®
longer capable of reproducing, which led to theatasion that the protein in the virus does not aomthe
information for its reproduction. In 1955/56, Saira and Gierer together succeeded in obtaining biein-
free RNA of this virus by adding phenol to a tobaawosaic virus suspension. With this "pure" RNAduld
be shown that it alone contains all the informafmmvirus replication (note from Munk 1995: 37rig sources
given). Independently of these investigations, fkaéConrat at the Virus Laboratory in Berkeley mea
Stanley came to the same conclusion.

1 The crystallization of an animal virus was noteassful until 1955, namely the polio virus (Schaffechwerdt

1955).

10
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Because the various types of virus could be inatdtv ("killed") by certain physical and
chemical influences (so that the altered mater&d no longer infectious) without affecting the
chemical and serological properties and the sh&afigeanicroscopic crystals - they remained
intact - this also helped to understand the virssaamicrobe: The fact that bacteria are
considered to have the ability to reproduce ancktbee their

Microbiologists and immunologists were familiar wvihfectiousness by killing without visibly
modifying the chemical composition of their bodystances and without affecting the antigen
functions in any way.

Burnet and Andrewes referred to "the occurrendenafunologically or functionally different
types, the transmission of which, within fairly widimits, always maintains the initial type.
Each type of foot-and-mouth disease virus causesdme clinical picture in the guinea pig,
and yet the immunological character of the differgipes remains unchanged, whether the
passage occurs in the guinea pig or in anotheeptibte animal” (1933: 169; see also Munk
1995: 7 ff.). In the case of herpes, Burnet andrAwes continue, it is possible, "by means of
suitable passages, to obtain strains that ... apeotropic or dermotropic and are ... ... and
reproduce with these properties." Avian tumor \esugind bacterial viruses had the same
property (these species are discussed below), dpeptly probably common to all living
organisms of any species. Each pure passage sithirave certain inheritable traits that are
characteristic of it. ...that are independent & shirrounding environment and distinguish it
from other strains." The occurrence of such tymkviduality in transmissible pathogens of
the species in question suggests "that these aep@mdent microorganisms with self-
multiplication” (ibid.).

Gratia (1921: 217 ff.) considered the idea of thrasras a metabolic product to be justifiable
only if it could be shown that the process alwayslves host cells of the same type; how else
could one and the same protein, when acting asnailsts, modify the metabolism in a
constantly identical way and with the formationidéntical metabolic products? Viruses,
however, would retain their original character dgrserial transmission even when the host
species changes - an unmistakable sign of autor®imehiaviour. The fact that, for example,
herpes viruses only ever become herpes virusesrdiegs of whether they reproduce in human
skin or in the rabbit brain, was for him proof agsithe concept of endogenous virus formation.
He did not want to succeed in empirically provingteemical or serological relationship
between the virus protein and the normal proteithefhost, which would have supported the
hypothesis of endogenous virus production. Chgdt@86) was initially convinced that he
would have been able to prove cross reactions leetweystalline mosaic virus protein and
normal tobacco plant protein by means of complenfigation and anaphylaxis. However,
subsequent tests showed that the preparationseofiths protein were contaminated with
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normal protein (see Doerr 1938: 36). Seiffert neferto immunity research: "On the basis of
immunity research, we know that every virus invgated so far has its own antigen structure.
Vaccine virus, obtained from humans, cattle, rahldiom tissue cultures, from egg culture,
always produces the same specific reactions withune sera. Biologically, it would be even
more difficult to understand that a virus of themsaprotein structure should be formed
uniformly in cells of such different animals. Biiiet same applies to the very small virus of
foot-and-mouth disease. It is quite unlikely thatthree types, whose structure can be sharply
separated serologically, can be produced quiteotmlfy in cattle, guinea pigs and cultures.
Such a development of a virus from the compondrtseocells is much more difficult to grasp
than the equally incomprehensible self-prolifenatod vira, which are apparently pure protein
molecules” (1938: 9).

Cases have also been known of one and the santebpiag infected with two or more types
of virus at the same time, for example tobacco withsaic virus and ring spot virus. In such
cases, in line with the idea of endogenous virneld@ment, one would have to assume that
the pathogenic protein metabolism is capable oflygcmmg several types of high-molecular
proteins in the same host, but which nevertheletssir their special properties, since they can
be isolated by a number of methods. This maddfitdit to adapt the observed facts to the
idea that virus species are nothing more than protelecules (see Smith 1935: 21 ff.).

The view that the filterable pathogen is a microbeld be supported by reference to its ability
to change and adapt. With regard to tobacco diséaseuld be said that "in addition to the

usual light and dark green patches, yellow pataiaesly occur. If these are cut out and
inoculated on other plants, only the yellow variappears. Now it could be that the first plant
had three different types of the virus from theibeng. But if the green virus, which always

remains green on the same type of tobacco, isféi@ad to another type of tobacco, yellow
spots will suddenly appear. So environmental chatays a role” (Heilmann 1940: 657).

However, there were also empirically based argusnentlefend the concept of endogenous
virus production and the idea that the virus iscat@gium inanimatum, a single protein that
acts as an organic autocatalyst. The understarafinige virus as a filterable microbe was
already doubted by many virus researchers becanséheir opinion, submicroscopic

dimensions were not compatible with the minimumoajanisation and structure that was
required for a living "wholeness" according to wedeead opinion. Guided by the prevailing
doctrine that living things must be organized ifiudar form, it seemed more plausible to

interpret the phenomenon as a chemical substamoaube such tiny cells, as would be
assumed in the case of the microbial nature @réhle viruses, were difficult to imagine. The
filterable agent also seemed to be much too sroadlatisfy the "space requirement of the
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protein” (Errera 1903: 73), without which it wasgassible to think of life. Even in the 1930s
it was still a mystery to many how a particle catiag of a few molecules could be made in
such a way that it was able to carry out all thenglex functions of a living, autonomous
organism. Elementary organisms seemed to have tat beast large enough to meet this
requirement* Andriewsky (1915: 90) found that the chicken pésis passed through filters

which retained haemoglobin. The diameter of thertaagobin molecules was given as 2.32.5
mu, and Andriewsky concluded that the moleculesnaelles of the virus must be even
smaller, so that the virus particles could not tpecsures similar to the animal or plant cells
known to date!®

The existence of living beings with submicroscagiimensions could also be questioned with
the argument that the pathogenic ultra-microbeghély should exist, would have to be
contrasted with saprophytic organisms that couldeasily cultivated in vitro. It could be
pointed out that all the efforts made at that timdetect them had not been successful (Molisch
1919).16

14 Later studies by Stanley (1935), Best (1936), Beard Wyckoff (1937), however, proved that even $mal
virus types such as the mosaic disease virus attabor Shope's rabbit papilloma contain protegtokding
to another variant, the impossibility of imaginiagell of such tiny dimensions that not even tlitsipensable
protein, the absolutely necessary building matexiavery cell, would find room to be no longerratgem,
seemed to be impossible if one were allowed to rstded the elementary particles not as cells but as
molecules.

The idea that the cell was the most primitive, wilble basic form of all life had largely been aaned.
Initially, structures of the cell plasma such as ginanula (mitochondria) were defined as indepeniiéng
beings (symbionts) which were originally foreignthe cell but had become dependent on it (Buch&af1
809 ff.). Or the cell structures were probably seethe cell's own form elements, which howeverdeertain
independence of life functions within the cell goouMorphological cell research and, above all, the
investigation of the processes involved in mitat&l division and in the fertilisation of oocytesadto
constantly give new impetus to the idea that thieis@ot a unit but already a complex of much deralnits.

It was also considered that life on earth did regib with a cell.

15 In view of this he felt tempted to agree with then@gium vivum fluidum hypothesis. However, thevitig
protein molecule" hypothesis was linked to theiciifty of how to attribute to isolated protein moldes the
ability to feed, multiply, inherit and adapt. It svalso sometimes considered that the virus magspond to
a borderline state between the animate and inaejrtfet they are equivalent to mere molecules decodar
assemblies.

16 For Doerr, this is not a compelling conclusion, dese it cannot be excluded that only pathogeni@-ult
microbes exist. "...these life forms then sink tereregressions in phylogenetic observation and havlost
the significance of the question of the originifi Bnd the problem of abiogenesis as the operpngf a world
of ultra-microbes" (1923: 910).

In defence of the view that viruses are microbhs, ittlea was also developed that viruses were pgssib
incapable of saprophytic growth because they h#fdred an unusually high loss of the enzymes reguior
this during development, so that they had becontigaibry parasites - an explanation variant thas wil
being advocated in the 1950s, according to Pirg¥81 45, note from: van Helvoort 1994a: 199; sew al
Hershey 1957: 230 f.), which made it possible ioksto the understanding of the virus as the sistpierm

of life despite the lack of evidence of saprophgtiowth, which included the idea, already criticise the late
1940s, that virus reproduction is achieved by deikion.

The fact that infectivity could only be transmitteg artificial means was also used as an
argument against the assumption of a microbialreadfi the virus. In view of the artificial
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transmission, it seemed more appropriate to asstirak a toxin capable of causing

physiological contact action in normal cells, witte result that the same toxin is produced
there secondarily, was hungrier. The toxin of mosksease has the property of acting in a
physiological-autocatalytic way (1905: 296). Balgoaconsidered the artificial transmission

of the disease to be incompatible with the microh&ure of the virus (1904).

Virus species such as cowpox exhibited a behaw@gamst mechanical, osmotic and
chemical influences that made the existence offac@ membrane appear questionable, but
which most microorganisms exhibit (see Schramm 1©9294).

The type of composition was considered to be aremxntally testable criterion for the
assignment of viruses to organisms or to chemigahts, whereby uniformity and a defined
chemical composition suggested the latter variahigreas a dimensional variability of the
virus elements, which some researchers claimeaue bbserved, was more likely to give these
entities the character of organisms. Reproductigncéll division would have led to
heterogeneous virus particles, whereas the exensomogeneity which Svedberg and
Erikson-Quensel claimed to have determined fotadbacco mosaic virus in the ultracentrifuge
and electrophoresis (1936; note from: van Helva®&6: 2883)°was regarded as a property of
a chemical substance. The fact that viruses cool be represented in the form of
macromolecular proteins - that is, of proteins véhiasge molecules could be identified with
the viral elements in the solution state - meaat those researchers who were convinced of an
endogenous virus origin had discovered that thectidus agents, according to Schramm
(1942b: 791), "are uniform among themselves anthééfin their chemical composition, so
that they must be regarded as chemical agents afteFhe ability to crystallize "comes ...
generally only chemical molecules, but not orgasisshcomplex composition” (ibid., 792).
The chemical composition of the agent would haveettvariable within certain limits and not
defined in such a way that the assignment of a a@erormula appears to be meaningful”, if
it was a question of individuals of "a weighableaqtity of microorganisms of one and the

15 Against the idea that with the crystallizabilityet virus proved to be something inanimate, sewaralogies
could be put forward, which spoke for the fact thatrystalline structure can be quite compatibli wital
properties and functions. "One of the best knowergxes of 'biocrystals™, according to Doerr (1944),
"are the muscle fibres... ; the carriers of coriiiacare the elongated filamentary molecules ofasin, a
globulin-like, highly birefringent protein, whichia suitable experimental arrangement provide dingesX-
ray images as the muscles themselves ... EveB% solution, the myosin ... shows the ability tbdify into
a gel if left standing for a long time; shaking tegs this regular arrangement by throwing thenfidant
molecules into disarray, thus liquefying the jellp. a similar way, the elongated and thin partictds
phytopathogenic viral proteins are stored ... éveed parallel to each other, only that higher emiations
are required than for myosin ... Therefore, if éhare multiple and remarkable relationships betwegosin
and crystalline viral proteins, this applies ta@ajer extent to another biological counterpameig the heads
of spermatozoa, whose substance has the propettiek prove the para-crystalline structure and =ie®f
nucleoproteins, probably in the form of filamentaunslecules.
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same species". The construction of a crystal Btimwever, presupposes a large degree of
agreement and regularity in the structure of tlokvidual particles (ibid., 791).

THE DISCOVERY OF'BACTERIOPHAGY

A special chapter in the history of virus reseanas heralded at the end of the 19th century
with the discovery of bacteria-dissolving substancdhe dissolving element, the
"bacteriophage”, also known as "lytic agent" orcteaophages lysate" (von Preisz 1925: 2),
had dimensions that were also attributed to théghasize of a large number of animal and
plant pathogenic virus species (see, among otkéfgd/Andrewes 1932; Schlesinger 1932).
It passed through porcelain filters and requiredgtesence of bacteria to grow, just as a virus
could only be cultivated in the presence of livicglls. And with the same techniques that
allowed the chemical purification of different typef viruses, it was also possible to obtain
purified concentrates from phage suspensions fteetweness of which was up to six powers
of ten greater than that of the starting solutsee(Schlesinger 1934; Northrop 1938), and like
animal and plant viruses they seemed to be chemmiatilar, i.e. to consist of nucleoprotein
(see Alloway 1933: 255). Some researchers therefmmsidered the phage to be a virus-like
phenomenon (see Seiffert 1938: 194; Bloch 1940) mawtied it a "bacterial virus". The
analogies mentioned suggested investigations td baot to what extent processes of
bacteriophagy can be equated with infection inluiiseases and whether the phage also
behaves in a virus-like manner in other, more lgjiial respects (see Bloch 1940: 48%).

Bacteria-modifying (-"damaging" and -dissolving)stances were first observed in the late
80s of the last century. Nuttal (1888) and Buch{tt8B9) reported a bacteria-destroying effect
of the blood serum on the typhoid bacillus, wherty effect was attributed to the protein it
contained. Kruse and Pansini (1892) reported tkapgiearance of pneumococci in older
bouillon cultures that had come to a standstithieir growth. In 1899 findings were reported
that bacteria would dissolve by pyocyanase (Emrherlooew 1899).1° Conradi and
Kurpjuweit were able to prove the presence of $eiely growth-inhibiting, thermolabile
substances in the cultures of bacteria of the tigpboli group, which were also found in the
intestinal contents of humans, substances whichhkéeved were formed by the bacteria in
the course of their growth and were closely relatedtracellular enzymes. To name such
“inhibitors" they proposed the term "autotoxins9Qba: 1764; see also Conradi/Kurpjuweit
1905Db).

In 1915, Twort, a British bacteriologist, reportibaét he had come across the phenomenon of
transmissible bacterial dissolution, the continued transmisgibdf antibacterial effects from
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one quantum of culture substrate to another. Tleentblabile agent capable of bacterial
dissolution (lysis) was still effective in high dilons (transfer of small amounts of a lysed to a
fresh broth culture) and was filterable throughgsoof porcelain candles (Berkefeld candles).
Twort initially aimed at the following: It was torgve the existence of filterable
ultramicroscopic microorganisms20 , i.e. virusegt,only in pathogenic material (for example
in calf lymph), but also in soil, dung, etc. Thestence of saprophytic ultramicrobes was
considered very likely at the time. Since it wasumsed that for every pathogenic
microorganism, in addition to ordinary bacteria,npaon-pathogenic variations of the same
type occur in nature, it was obvious to assumefthatable viruses behaved in a similar way
(Twort 1915: 1241), despite the fact that it wd§alilt to support the assumption

18 There was also a practical research interest irgtiestion of whether the phage could be used asdelm
object for virus research, where essential asp#otsus behaviour could be studied. A large anig@bny
was required to test a virus suspension that haeé tested against animals. In addition to the@ated costs
and the problems this posed for the controllabditgxperimental conditions, a relatively long timas needed
for a single test, whereas only a few hours weeglad to test a phage suspension. "Working witht piamses
such as the tobacco mosaic virus was very limitetgims of the time required and the amount of atooy
equipment needed... ... was halfway between animaes and phages. So it was clear that the baptexge
was by far the best material from this point ofwidt was therefore sensible to try to learn evaing possible
from this easy-to-handle experimental subject efopving on to more difficult viruses requiring plaor
animal substrates for testing," said Ellis, who bBpdcifically studied virus-induced cancer growvti 66>
1972: 63).

19 Antibiotically acting metabolic product of Pseudamas seruginosa, a species of the genus Pseudortikeas,
inflammatory, mixed pathogens. Emmerich and Loewtineed the following experiment with red pig bécil
In broth culture of these bacteria, agglutinatiod aedimentation occurred over time. If 1 cm3 &f liquid
above the sediment, clouded by agglutinated batti#akes, was brought into new broth, agglutinatamnd
sedimentation also occurred during incubation gutarly shorter time periods. Repeated transfesslted in
a dissolution of the entire sedimented bacillus sn&s the end (as Emmerich and Loew thought, due to
accumulation of bacteriolytic enzymes) the transfehe culture was not successful at all.

20 According to Burnet and Andrewes (1933: 162), alises "that are smaller than 0.2 p" could be desdras
"ultra-microscopic". This did not mean, howeveagttthey had to be outside of the visualisation eaoijthe
light microscope. "Characteristic tiny corpusclesébeen observed in several virus diseases andtedme
causally related to the infectious properties efitmterial. They can be brought into the visibitapge of the
microscope in various ways" (ibid.), for exampledujtable staining methods in smears.

empirically justified. Twort's original assumptiowas that if non-pathogenic variations
occurred in nature, they would probably be easi@uttivate than pathogenic ones. Attempts
have been made to grow them from such materiatsaamire, grass, water, etc. on tested and
specially prepared media (agar, serum, etc.). ariamounts of chemicals or extracts
(mushrooms, seeds) were added to them. The matehal tested for viruses was mixed with
water, heated to 30° Celsius (also at differentenand then filtered through a candle.
Afterwards different media were inoculated with thigate.

However, these experiments did not result in growftithe filterable virus. In the hope of

inducing the virulence of the filter-passing virmMarious animal experiments were also carried
out. But the results were always negative. It wagen possible to grow a filterable microbe ("a
true filter-passing virus") from the filtrates bg-mnoculating them on the various culture
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substrates. However, results were obtained whiate wet originally intended, results which
were obtained during the investigation of the breggossibilities of filterable microbes, for
which Twort had sown glycerized calf lymph on agaoculated agar tubes, after being
warmed up to 37° Celsius for one day, showed a tir@ivcolonies of coccus, which at first
looked white and opaque (watery looking areas),afier some time most of them appeared
glassy. When smears were applied from the coldhaswvere only slightly glassy, opaque and
glassy colonies were formed. If, on the other hardace of a glassy colony was applied to the
edge of an opaque colony, the glassy dissolutioth@fcolony started from this point. The
whole colony appeared glassy after a short time mitoscopically consisted of finest
granules (and no longer of coccus) which couldtamed according to Giemsa. Twort proved
that the effective agent of such transparent celms filterable. Experiments with certain
bacilli of the typhus coli group led to comparaldsults.

Twort also noted that these processes are fasianare comprehensive when fresh and young
cultures are used instead of old ones, and thalyhanything was happening with dead or
young, recently killed cultures. The glassy matevidaen diluted with water, passed the finest
filters with ease. And one filtrate drop, transéeito an agar tube, was sufficient to make the
tube unsuitable for micrococci. At first growth oced, but soon glassy spots appeared, which
then expanded. The score depended on the dilutihre @lassy material. In some cases it was
so active that growth stopped and the phenomencante directly effective. It turned out that
the effective agent could be carried on from gamardo generation of bacteria and that it was
not capable of growth by itself.

Twort had initially considered that he had detec¢hedeffect of an ultramicrobe when trying to
draw definitive conclusions from the results. Ire tend, however, he regarded this as an
autolytic principle (ibid., 1242 f.).

A few years later, the phenomenon of transmisdibteerial dissolution was also described by
the Canadian bacteriologist d'Herelle. He had ofeserthat the filtrate of dysentery
convalescent stool is able to dissolve living dysenbacilli in culture (1917; published in
1922). D'Herelle carried out the following expermmse Drops of a dysentery patient's bowel
movements were added to a sterile broth. The naxtwas then placed in an incubator for a
whole day. He then filtered it through a Chambetleandle, which retained all bacteria. In the
next step, part of the clear filtrate liquid (10ops) was added to a fresh sterile broth tube
previously inoculated with bacterial dysentery jpains (Shiga bacilli) and also incubated.
Initially, normal darkening occurred in the tuberaultiplication of the added dysentery germs
(after incubation). Afterwards, the sample wagféd again and a part of the filtrate was added
to a new tube and so on. Surprisingly, one dayube of the last experiment remained clear
(sterile). In a control tube (without addition dfriite), which had also been loaded with bacilli,
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the germs reproduced normally and the broth cloutled proved for d'Herelle that something
could be filtered out in the faeces which wouldsdise the bacilli and which, as could be
deduced from the dilution series, would multiply.

D'Herelle determined that this substance couldrbd Im series. If a suspension of fresh Shiga
bacilli (obtained from an ordinary agar culture)sasown into the tube in which growth had
ceased, these bacteria were dissolved after sdvaues; the tube appeared completely clear.
In detail: D'Herelle added a drop of the dissolgelture to a fresh broth culture of bacilli After
15 hours this was also dissolved. In the same wadded another drop of the dissolved culture
to a new suspension and so on. Instead of weakethi@dytic activity accelerated after each
passage. In other words, the more passages tltdec the dissolution, the less time it took
for the dissolution to reach a minimum level thatlonger changed. This serial continuation
of the lytic principle and its multiplication whehe bacteria dissolved was now evaluated by
d'Herelle in the opposite direction to Twort's vieas proof that this was a being living at the
expense of the bacteria, a parasite of the badi@'tkerelle 1922), so that its study was the
study of "the pathology of the bacteria” (d'Herdl821: 665). The size of this "ultra-microbe",
which he also calls "a living collodial micelle” mne of his essays (1928: 541), would not
exceed that of a protein molecule (1921: 664).

A further experiment was intended to substantiai® thesis, an attempt to make visible the
bacteria-dissolving effect on solid culture me@aierelle added a small amount of a dissolved
culture (about 0.00001 cm3) to a bouillon cultufeRuhr bacilli. Immediately and after
incubating for one, two and three hours, one dif@aoh culture was spread on a bacillus lawn
(on sloping agar tubes). The variation of the contiane led to the following results: In the
first tube (without incubation) the agar was codendth a normal bacillus lawn with two holes,
i.e. places where no bacterial growth could be esk The tube inoculated after one hour of
incubation had six holes, the tube inoculated after hours had only one hole, and the tube
inoculated after three hours had no culture atlfafl.tube containing shiga bacilli and a few
drops of a dissolved culture was left to itsel§@®lary turbidity occurred some time later after
the clarification, which indicated sterility, cadsby shiga bacilli that were or had become
obviously resistant to the dissolving effect. D'ellr interpreted the results of his experiments
as confirmation of his view that what dissolves Haeteria multiplies and takes on visible
forms. From the "holes" he concluded that colofoesied as they multiplied, and therefore it
could only be a corpuscular organism. The lyticragerhich he assumed was not only found
in the chairs of dysentery convalescents, but viss widespread in nature, he first called
"Bacteriophagum intestinale", later "Protobios kBadphague”, meaning an ultra-microscopic
(invisible) microbe which acts against bacilli grakses through the pores of a porcelain filter.

18



The history of early virus research

The opponents of d'Herelles’ position - after HqA&B2: 4), Otto and Munter (1928: 410) and
von Gutfeld (1925: 413) they formed the majorityretearchet§ - saw a bacterial decay
product in the phage. And so a large number ofarebers also reported that they had produced
"lysine" from bacteria alone: Gildemeister and Hberg reported in the mid-1920s that they
had investigated "spontaneous lysine formation"eunthe influence of varied culture
conditions (culture media, temperature and timeswaried), and the investigations had shown
that the bacteriophages had developed in a bagterge-sterile reaction chamber, whereby
spontaneous lysine formation was primarily goverbgdemperature (1925). It was claimed
by Rosenthal (1926: 612) that he had obtained nomsephages from phage-free cultures
(dysentery, typhus, coli, etc.) after a few passage that spontaneous phage formation must
be assumed. Bordet and Ciuca, who attributed tHerelles phenomenon to a metabolic
disorder of the bacterium ("viciation nutritive$tated that after repeated injections of normal
coli bacteria into the abdominal cavity of guinemsp pretreated with colic culture, a
transferable lysine for the cola strain used waséa which could be easily obtained with the
exudate. In other words, they claimed to have abthilysine directed against coli bacilli
experimentally without using stool filtrates fronmat peritoneal exudate (1921). The
experimenters then identified this or that conditiahereby normal bacteria were to be placed
under special conditions which would influence th®ing conditions in a certain direction
and which would enable or favour the formationysihe (addition of immune serum, weak
sublimate solution, leucocyte enzymes, certain@gusetc.), and such factors were also the
subject of controversy (see Otto 1923: 255).

Researchers who were convinced of endogenous fammation relied mainly on concepts of
a biochemical nature (fermentation theory, catalysory, protein theory, etc.).According to
Hoder (1932: 13), an analogy to secretion processgsast species could be used and the
autolytic enzyme effect in yeast cultures (see2r&b25: 90) or the lytic ability of some fungi
(self-digestion) could be referred to. Some redeascpresented the phage as a bacterial toxin
that changes the metabolism and is regeneratduehyiseased bacteria (e.g. Doerr 1922). For
Kabéshima (1920) this was just a normal, inaninbatgerial ferment, which was released by
autolysis. He suspected that the bacterial digsolutas caused by leucocytes. Kuttner (1921a:
1921b) reported that he had obtained a bactersoldisg filtrate from leukocytes, from
intestinal mucosal cells and from liver cells ofrgga pigs, which had a dissolving effect on
typhoid and dysentery germs (shigabacillus). Accmydo Proca (1926: 125, 153), lysine was
one of the endotoxins or intracellular enzymes. Byaber and von Angerer saw in "lysine"
digestive enzymes which were already present imabbacteria, but which were not normally

18 According to Doerr, however, the majority of phageearchers were undecided (1923: 909).
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effective (von Gruber 1923: 204 f.; von Angerer 39205 f.). Von Gruber recalled the self-
digestion of the yeast juice by endotryptase aredrtpid melting of the yeast under the
influence of small amounts of benzene, ether, ldére, Ehrenberg's observations on protein
enzymes could be referred to (1922: 432). In hpeerents, Ehrenberg was able to artificially
“cultivate” and continue a certain degree of spatyf in the protein enzymes, whereby
filtration proved to be beneficial to the formatioh fermentations. Based on this, Otto and
Munter determined the "biological nature of bacehagous lysine... due to its chemical-
physical behaviour as a high-molecular solutiorbatterial protein ..., whose properties ...
...can be explained by laws governing how they gowslloidal solutions..." (1928: 400).
Bacterial dissolution was to be initiated and maimed by the decomposition of living bacteria
into inanimate, fermentatively active protein pads (Otto/Munter 1923: 403); Otto and
Munter determined the bacteria-dissolving substnae the "smallest bacterial protein
particles equipped with fermentative propertie®28: 410 ff.). Bail (1925), who was inclined
to the idea that the bacteriophage was a parteofjfimerative substance of the bacterial body,
thought of released fragments of cells (espec@ilpmosomes): The protective forces of the
body cause the bacilli to be broken down, wher&lgé certain properties are lost, and in some
cases they are reduced in size to the "size offrfeas” so that they can pass through bacteria-
tight filters. If such splinters, which are probgbtill viable, were brought together with normal
bacilli, they would remove the substances lostrdudecomposition and turn these bacilli back
into splinters.

A further representative of an enzyme-theoreticalypported understanding of phage
reproduction is Northrop, who in the 1920s was gedan kinetic enzyme studies, in a period
when the protein nature of the enzymes had only q@evenl’ For the isolation and

purification of enzymes, Northrop worked with medscand procedures that had previously
proved their worth in the chemical isolation of ymes (such as crystallisation and salt
fractionation). The investigations produced crystal products, but these did not show any
enzymatic activity. It was discovered that thesalpcts were precursors of proteins with such
activity, and their autocatalytic properties weemnstrated® For Northrop, autocatalytic

processes provided a suitable starting point fetiriterpretation of biological phenomena such
as protein synthesis and propagation in the coofdxbchemistry and physiology. And similar

17 Sumner (1926) was the first to succeed in isajdtie urea-cleaving enzyme urease, presentingitystalline
form and identifying it as a protein. It was notilthe early 1930s that Northrop was able to destiate the
same for crystalline pepsin and trypsin. Crystatien of the proteolytic enzymes pepsin, trypsid ather
proteases was widely recognised as a significavaraz® in the study of biochemical processes. This w
because, in the 1930s, it was not yet possiblerta Elear ideas about protein formation in genanal enzyme
formation in particular. One possible explanatiaswhat the proteolytic enzymes involved in therdégtion
of proteins also played a role in their synthesis.

18 1n other words, in some enzymes the precursdrdrenzyme was transformed under the influenceedéttive
enzyme, which allowed the conclusion that the fdiomeof these enzymes is an autocatalytic process.
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to the way active enzymes are formed by autocaslferthrop also imagined the formation
of phages (Northrop 1937; see Olby 1974: 149 tjctvfor him and his colleagues could not
be a living and complex organism (Krueger/ Northt®B81; Krueger/Scribner 1939; note from:
van Helvoort 1994b: 108). According to this con¢cdpe phage develops from a precursor
already present in the bacterium in a reactionaguals to the conversion of pepsinogen and
trysinogen into the relevant enzymes in vitro (geeger 1937: 379%° Doerr (1938: 65)
believed that dormant bacterial cells produce pisars of phage which are transformed into
active phage in the presence of active phage,taelraoubtful hypothesis". But even if one
did not agree with it, one would have to acknowketltge importance of the experimental results
"if they were to stand up to careful scrutiny; myaase, they argue against the possibility that
the phages could be exogenous parasites of therl@acAppropriate investigations were
carried out to isolate the phage in pure form angrove the existence of phage precursors.
The results of investigations for which a staphglomus strain had been used were used to
justify the judgment that when staphylococci rejuwa a phage precursor stage develops in
them which, when brought into contact with phagamverts itself into phage$.Phage
formation was determined by a rapid increase irptiege titer in the precursor phage mixture.
Northrop turned to the phage because the bacterna offered him a prototype for studying
protein synthesis, especially since he could relyesearchers such as Twort, Gratia, Bordet
and others who believed that phages were enzyroesiged by bacterid.

A number of researchers soon inclutfetiservations of variability phenomena in bactemia i
their investigations of the bacterial dissolutidiepomenon, following the idea that bacterial
properties were caused by phage action, propen@isvere retained over several generations,
so that it also seemed permissible to "speak @ritdnce of properties and assume a genotypic

19 According to Krueger (ibid.), the conversion imtbages could either be based on hydrolytic pratiEiavage
or be regarded as the final phase of a synthesikiich the full phage would act as a catalyst. Elstatements
were mainly based on investigations which succeededolating staphylococci phages in the form of a
nucleoprotein, so that their precursor could als@$cribed protein character.

20 However, the theory of the existence of a phageumsor was only based on work with one and theesam
staphylococcal strain and an associated phagee Tvere no attempts to detect precursor stagebémn phage
species.

21 The multiplication of bacteriophage during ba@ehagy, combined with the supposed non- livinguref
bacteriophage, constitued an interesting issudléothrop” (van Helvoort 1994b: 106).

22 The first detailed observation of the variabilitgs, as Fleck explains, related to the so-calletidxi mutabile.
The observers (Neisser and Mansini 1906) had exatrgaltures after 24 hours as well as after a feary,
contrary to dogma. Today, this observation is ratled "'classical’ ... variability, but as bact@tage effect”
(<1934> 1980: 122 f.). Certainly, the possibilifyrmticing a bacteriophages dissolving and modiyagent
and its relationship to certain chemical and plaisstibstances had arisen with changes in the wagirte
bacterial strains were created and cultivated aititl tve application of certain chemical and phyisfoeces.
The obtaining of pure cultures of lubricating piat@itially, mixed or lubricating cultures weretamed in
the case of smears), which were needed, for exarptest the virulence of suspicious germs. lijthere
stored for a corresponding period of time, varigbibf the bacteria could develop, which are leiséble on
lubricating plates.
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change in the bacterium by the phage in questibtddér 1932: 10). That phages were
supposed to cause a change in bacterial chardgiceasd the emergence of new types had to
be asserted contrary to the prevailing doctrinbadteriologists at the time, who adhered to a
rigid scheme of groups of bacteffaThat new (lysine-resistant) bacterial strains ¢seary
cultures) with different morphological charactaast with different fermentative capacity,
fermentative behaviour, etc., could emerge in therse of experiments, that as a result of
lysine action bacteria disappeared and returnexh as colibacillus at the onset of dysentery,
cholera, etc. disappearing and reappearing withralescence, "disrupted" the bacteriological
practice, which aimed to extract a well-defined nmiorganism from pathogenic material (e.g.
pus) and to detect the quantity and distributiothefbacteria to interpret the signs of dis&ase
Since the bacteriologists were primarily interesteddentifying bacteria as pathogens - for
which the stability of the morphological charactéos had to be assumed to be unaffected by
experimental access to the cultures - they werdlhamterested in variability phenomena.
Findings which seemed to indicate such phenomenativerefore often attributed to the effect
of technical error§®

Bordet and Ciuca (1920) assumed that bacteriophggeduction is initiated by leukocitic
elements (that leukocytes could cause bacteriabtlison was - as mentioned above - also
assumed by Kabéshima 1920). In order to explairctiitinued effect of this stimulus, they
used the concept of heredity: Under the influenica stimulus emanating from leukocytes
(which are abundant in the Ruhrstuhl, for examplajiants would form in the colony forms
containing the lytic agent. Under the damagingu@fice of the cells, variants of the dysentery
bacilli containing an autolysis-promoting substameauld appear. The autolysing variants
should be able to inherit this property. When theilb die, the autolytic ferment would be
released, which could attack normal dysentery bagvhich would then also develop a
tendency to autolysis. Gildemeister (1917) deteeatithat in a number of cases a group of
strangely irregularly shaped colonies formed omlssmear plates (including dysentery and
colibacillus), the main characteristics of whichrevthe same for the different types of bacteria.

23|t failed "because of the resistance of natur@hich does not tolerate schematization” (Hoder21935).

24 Also, the "self-healing” hoped for by the lyticifmiple - the therapeutic efficacy of the bactatissolving
parasite with regard to bacterial infections - doubt easily be reconciled with the idea of a chilsaapy of
infectious diseases by isolating, identifying ahdrmcterising a pathogen. However, the expectationany
physicians that phages could be successfully used fargeted therapy against some infectious sksewas
later not fulfilled.

25 |n the "classic age of Pasteur cooking ... a igidteriological way of thinking developed”, salddk, "because
only a strictly orthodox method was recognized,rd®ults were very close and uniform. For exampuhy a
24-hour inoculation of the cultures was generaligd) very fresh, approximately 2-3 hour old cukuaad
very old (approximately 6 months old) cultures waot considered worthy of investigation. Therefatk,
secondary changes of the cultures, which are #iréirsi point of the theory of variability in the westyle,
escaped attention" (Fleck, loc. cit., 122).
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In these colonies a more or less restricted grofvthe bacillus was observed. Individual forms
of this group constantly turned over into each ptheing further breeding, and the "constantly
turning over clans" split off normal forms (ibicc4). Gildemeister inoculated them with a
bacteriophagous "lysine" (as he called this phemmumgfrom bacterial suspensions to which
he had added a bacteriophagous "lysine" (as hedctills phenomenon), and he received the
same forms of colonies (ibid., 56). He called th#hnter forms", which he later claimed to
have discovered even before d'Herelle that the Bgient formed colony forms (1923: 181).
After d'Herelle's work had become known to himassumed that bacteriophagy had entered
the field of

Variability phenomena belong (ibid.).

The investigations of the bacteria-dissolving phaffect, the proof of which, according to
Hoder, "is a considerable complication of bacteggland ... a definitive breakthrough in their
all too rigid systematics”, "which, thanks to midatresearch... which had begun to falter
thanks to mutation research anyway, and which sd@laming gaps” (1932: 100 f.), did not
immediately lead to a unanimously accepted newrthetth which the crisis situation could
have been ended. That both the "d'Herellesian ghenon" (brightening of the bouillon
cultures without visible residue) and the "Twontsghenomenon” (a glassy material that was
formed during the dissolution of cocci coloniesegul out on agar) would refer to the "same
natural phenomenon” was not accepted by all.a. fayi&(Gratia/Jaumin 1921: 880); he was
able to transfer the one phenomenon into the dther in contradiction to d'Herelle, who at
first had been of the opinion that the phenomerehdd discovered was not identical with the
Twisted phenomenorif.However, this did not at all level the rift betwethe views of both
discoverers. Rather, a controversy developed betwapporters of Tworts and followers of
d'Herelles' view, which was to be renewed againagan with empirical advances in phage
research. "The polemic that revolved around the rirdiélerellesian phenomenon was
pointless,” Anderson said in retrospect (<1969>2192), "lasted several decades and only
became irrelevant with the advent of molecular genghage research. The results obtained
were not such that they spoke unambiguously fagarnst the animate nature of the phage, so
that "many assessments of the nature of the baptexge are subjective”, as Gildemeister and

%6 In the early 1920s, he had proposed the term &hactasis" to describe the Tworts phenomenon, ingan
fragments, tiny granules that could be stainedistddith Giemsa, whereas what he had discoveredigho
be called "bacteriophagis" because it was somettlsgy Lysis, for example, was of an extension légfano
residual, the phenomenon extending to the wholei@jlwhereas the phenomenon he discovered wasairc
stable plots on the culture (1923). This view wagated by Gildemeister (1923: 182), among othEhe
objections raised by d'Herelle to the identity isfdiscovery with the Twort phenomenon were notsadered
valid; the phenomenon should therefore be named aftort and d'Herelle. However, in an essay bylis
(1925), published a few years later, it is stateat tlifferent strains of Bac. pyocyaneus showeddistnct
phenomena which corresponded to the Twort and dildephenomena. A transition between the two
phenomena could never be observed. It seems as #fdhe phenomena is a solution of the oldewriddals,
while the other is an inhibition of growth or dias.
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Herzberg had to conclude in the mid-1925s (1928).4Dhe fact that the bacteriophage effect
could be observed with the eyes to a certain extentould be detected as inhibition of
turbidity in broth cultures or as brightening oétalready turbid broth and as the formation of
growth-free spots in bacterial lawns on agar platig not contribute to a generally accepted
understanding. "Neither the one nor the other wiaypaking the bacteriophage effect visible
is completely suitable”, said Hoder in the mid 182%or the determination of bacteriophages”
(1925: 424). Each side was able to give experintigraapported reasons for its position, so
that the decision for or against the living beihgdry "ultimately depends on the position of
the author, how he evaluates his results”, as vatfied judged in 1925 (1925: 427). In the
same way, the thesis that bacteriophages couldtapeously appear in pure cultures was
evaluated "by the various authors according ta tiiitude to the virus theory of d'Herelles...".
(Gildemeister/Herzberg (1925: 406). Doerr (192238)5describes the situation as follows:
"...between an ultramicrobe that is only pathogénidacteria, microscopically invisible and
only capable of reproduction within living bactérieells, and an inanimate, colloidally
dissolved substance that is toxic only to livingo{ging) bacteria and is reproduced on an
enormous scale by the bacteria influenced by @reths de facto such a sum of relationships
that it must be possible to interpret many obseyaatand experimental results in both senses.

The understanding of the virus as a parasite edefiom the fact that the filterable agent
reproduced only at the expense of living bact&iace the effect claimed to be parasitic could
spread to several species of bacteria, it was na#é® to assume that adaptation would
probably be necessary. According to Bruynoghe (1 98& virulence of the individual phage

strains had to be regarded as different and passeya possibility for increasing virulence.
According to Hoder (1932: 10), only one speciegroup was attacked at a given time. In this
case, the intensity with which the individuals loé igroup are attacked is not the same for all.

The formation of aseptic spots in the bacterialafter a drop of bacterial suspension to which
a small amount of virus has been added is apptiealgar, could be understood as colony
formation of the virus, brought about by phage mlittation. It could be assumed that the
phage develops here at the expense of the baateich were inoculated at the same time. The
formation of the peculiar holes, which appearedmilgsine solutions mixed with bacteria were
spread on the surface of solidified culture mediiee ("colonies” of the bacteriophages),
supported the argument that they could only forrmabee germs remained in these places,
which then found the possibility to multiply by edting the surrounding bacteria. The
possibility that the sterile spots, instead of simgwcolonies, could have been formed by
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bacteria which were weak and therefore unable weldp was refuted by d'Herelle in one of
his experiments’

It has been shown that serial breeding of bacteuiflires preserves certain properties of phage
obtained at different times against certain oredléht bacterial strains, just as certain species
characteristics are preserved or inherited oveegions. Based on their work, D'Herelle and
his followers saw an agar passage or passage anagwsomething analogous to a generation
of specimens of an animal species. In vitro, onfigster generation sequence was aimed at (by
increasing virulence).

It was pointed out that the phage can be destrdyedhloroform and glycerine, i.e. by
substances which are particularly capable of aittgckving elements (other researchers, in
turn, attributed glycerine resistance to all visjsgee Gildemeister 1939b: 103). Phages also
proved to be very little resistant to quinine.dutd be shown that neutral quinine salts in a 1%
concentration of the solution can render the bactissolving agent ineffective within a few
hours (in higher, 3% concentration even within 3@utes). This was taken as proof that the
lytic principle must be a microorganism, since Guénis probably toxic for bacteria and
protozoa, but has no harmful effect on diastasdg@nns (see Doerr 1922: 1537).

Evidence has been provided that the phage wassened"” to certain conditions under which
it was not originally able to develop its lytic eft. Prausnitz, for example, had succeeded in
making phages insensitive to the neutralizing ¢féédheir antiserum by habituation, i.e. to
produce antiserum-resistant "lysine" (1923: 187%).iAcrease in the resistance of the phage to
the effect of antiseptics has been reported whéred in cultures (Prausnitz 1922). Janzen
and Wolff (1922) reported that the phages they bbthined at different times became
accustomed to antiseptics (achievement of "poissistance"). Asheshov announced that he
had succeeded in accustoming a phage to exeffets even in an acidic medium, which he
had not originally been able to do (1925: 643And under suitable breeding conditions, the
phage could gradually be made insensitive to certafluences or regain a partially lost
(bacteria-dissolving) effect. Such properties wenéy known from animate beings (see von
Gutfeld 1925: 426).

27 This attempt can be described as follows: If insheg amounts of bacteria and a constant dosectérii@phage
suspension are added to several bouillon tubesrendame amount is added to agar from each tube aft
shaking, the number of spots formed from each isikiee same. If, on the other hand, increasing tifiesof
phage are added to the same quantities of bactkeéajumber of stains is parallel to the quantitploage
used. If each stain was caused by the presencepaft@ularly weak bacterial cell, then in the fitest
arrangement the number of sterile sites shouldespond to the quantity of bacteria used, and irs¢#vend
arrangement the same number of sites should ogewywhere. But the experiment produced just theosjte
result: d'Herelle concluded from this that the beat suspension contained the element which predidoe
sterile sites and that the active element was asfiarof the bacteria, an ultra-microbe.
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When comparing these reasons for accepting d'l&rgibsition, it is striking that they are

those which, despite all their differences, cancbenpared with one another. They are
compatible with the understanding of the phage asray being, but with the understanding

one had of life at that time. "It is impossibledys von Gutfeld (ibid.), "to

to characterize the term "life". We call somethlngng when it has those qualities which,

according to our experience, belong to those benigsh we tend to regard as living. If these
are large enough, it has no difficulty. But it isapossible for beings below the visibility limit.

However, observation alone is not enough for thisut to examine the characteristics of the
being in question. The "experiences" that one hagkneral about the properties of life forms
were met by the proof of the adaptability of theagh to certain influencing factors

(assimilation, "habituation"), as well as by thetedmination of special characteristics
independent of the bacterial species at the expehséiich the phage reproduces, or the
retention of specific properties of phage againffer@nt strains, which made one think of
hereditability.

But there were also plausible reasons for the agsamthat the phenomenon was a bacterial
decay product. This was supported in particulathieydependence of the bacteriophage on the
metabolism of the bacteria, which, as many reseascthought, was hardly compatible with
the existence of a microbe (see Doerr 1922: 14808d.1537 f.; 1923: 909 ff.

Bordet, who had given the phenomenon the exprestiansmissible autolysis”, and Ciuca
(1920; 1921: 748 and 754; see also Bordet 1924:\@89Gutfeld 1925: 428) had combined a
small amount of lysine with a large amount of Ha@hd found that the lysine did not
regenerate under these conditions. They interprétisdas proof that the transferable lytic
principle is not organized, i.e. it is not a livifiging, but only a lifeless ferment, since no
reproduction had occurred despite the best nutrithaccording to Bordet and Ciuca (ibid.),
there is nothing more than a bacterial variatidhe product of a metabolic disorder of the
bacteria. This view was also made plausible byresige to reports that a lytic effect could
have been achieved after damage to bacteria (fanpbe colibacillus).

It was also known that certain inactivated enzyoesbe activated. This insight was based on
the fact that in the cultures prepared with heateatjes, lysine formation did occur again later
after initially negative results (see Otto/Munt828: 400). According to Otto, observations on

28 This argument could also be used to deny thaseswf any kind are alive. In order to rejectliporters of
the theory of living beings considered, among othegs, that filterable viruses could be a caseettbgrade
evolution, resulting from a process in which anamigm has lost some functions - and has becomdesmal
and simpler - which would explain the virus' depamzk on living cells. This assumption has beconuavkn
as the Laidlaw-Green hypothesis. It states th@réible viruses are unable to reproduce autonombeshuse
they have lost certain metabolic functions, so thay depend on certain growth substances avaifadhe
host cells (Green 1935; Laidlaw 1938).
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the formation of such enzymes from bacterial proteiovided plausible reasons for the
assumption that the bacteria-dissolving phenomesrannated from bacteria alone (1923:
257).

It was also reported that the "lysines" were higlegistant to higher temperatures that killed
living beings (according to d'Herelle, however, thecteria-dissolving substances lost their
biological effectiveness when heated to 60° Cel®u®ne hour) and that an ether treatment
that an animate being would not have survived coatchave destroyed the bacteria-dissolving
principle (see von Gutfeld 1925: 427 f.). The resise to chemical disinfectants also spoke
against d'Herelles' position. Kabéshima concludeunh fthe ineffectiveness of chloroform and
sodium fluoride on the bacteriophages that thedatiust not be an animate being but a ferment
(1920: 471).

If, as d'Herelle assumed, phages were able todapeoin an extracellular medium, respiration
processes would have been observed in them, aargiaad. Bronfenbrenner (1926) and other
experimenters had also tried to prove this, usisgecially constructed microrespirator that
was able to register even extremely weak amountadifon dioxide. But even after several
days of use, no traces of CO were detected iniltinaté. At the time, however, this failure
could still be explained by reference to inadegesan the design of experimental conditions,
so that the results of the experiments, accorairfgeiffert (1938: 7), need not yet be regarded
as final. It should be added that Breinl and Gldvyazelieved to have detected respiration in
vaccine virus purified by centrifugation, from whithey concluded that the pathogen causing
the vaccines must be a living being (1935: 114%hadugh these findings did not appear to be
certain to other researchers (Seiffert 1938: By thid nourish the idea that one day respiration
processes could be detected in phages as well.

Werthemann found that "intravenously injected lggliisappears from the circulation of guinea
pigs, rabbits and frogs according to the laws deitezd for collodially dissolved proteins, but
not suddenly ‘critically’, as is usually the casthwltramicrobes” (1922: 255).

ON RESEARCH INTO THE VIRUS AS A TUMORIGENIC AGENT

The controversy surrounding the filterable virusl éime phenomenon of bacterial dissolution
also had a certain impact on cancer research, aftreumber of researchers reported that
malignant tumours from chickens, rats or other afsncould be transferred to healthy
carcasses using cell-free substances from tumoterialaobtained by filtration and other
methods: The fact that vaccination with filtratdstwomour juice in turn produced tumours -
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even with tumour tissue dried and pulverised irmauam over sulphuric acid, and also when
the tumour material was kept in glycerine for maveeks - suggested that viruses were the
cause of tumour formation. However, there were \different views on the nature of the
"cancer virus". A number of researchers regardedstipposedly cell-free tumour filtrates as
an endogenously produced and subsequently autgtozddly and intracellularly multiplying
element, while other researchers saw the agenh ax@genous pathogen. A concept that
attributes the development of tumours to virus-ldgents did not oblige us to regard this
process as aexogenous infection. Even researchers who rejected the qurafean exogenous
pathogen of cell-free transmissible sarcomas oeratancerous growths and instead thought
of a substance that develops in the host orgarisheved in the viral nature of cancer-causing
agents, although the question of how the tumowrsvis formed in an organism could not yet
be answered (see Doerr 1938; Graffi 1940)hey considered the cell to be the origin of the
virus, which, however, was transmissible throughfcee filtrates. The majority of the cancer
researchers, however, rejected both the one andthiee variant of the virus concept, in the
conviction that all phenomena of cancer prolifenatwere due to the spread of cancer cells,
that the cancer problem was a problem of regulaifarellular processes in the organi¥m.

In a certain sense, the search for filterable ageas linked to the direction in cancer research
in which the formation of malignant tumours wasamtpd as an infectious disease caused by
parasites that needed to be clarified, combinel thi¢ idea that therapies could be developed
that were directed against a pathogen insteadeofuimour cells. That an invigorating agent
would cause cancer was accepted by clinicians aetbs in particular. It was considered
whether it could cause certain worms (nematodesfFgager 1921), blastomycetes (Roncali

29 However, there have also been individual reseascivbo equated the virus with an exogenous pathagdn
therefore refused to give it a role in cancer. &@ample, Murphy, who believed that he had prodditeable
tumours from chicken germ cells, believed that turmgenerating agents were something that would be
fundamentally different from the types of virus base tumours developed endogenously and were dbe to
effectiveness of the body's own chemical substgl®®5; note from: Seiffert 1938: 9). He comparezldgent
causing avian tumours with the transforming priteigf pneumococci. He called these two groups ehtgy
"transmissible mutagens".

30 A special hypothesis on endogenous cancer formatias put forward by O.Warburg (1926). He regarded
cancer as the result of irreversible damage talegltespiration. He examined the metabolism ofduncells
in comparison to normal cells and found significdiffierences. While normal cells gain the energgassary
for life through respiration alone, malignant cedleow another source of strength of their existenaenely
the ability to keep themselves alive even when eryig completely cut off, namely through the fertaéion
of sugar into lactic acid. Cancer cells have andiased consumption of sugar, so that the blooch#sapassed
through the tumours is richer in lactic acid thiaa blood that flows into them. Normal tissues dbfaoment
because their respiration is so great that thedatation of sugar into lactic acid in the cell ippressed. In
all growing cells, respiration produces orderlywtto. In cancer, however, respiratiand fermentation cause
disorderly malignant growth. Only when there isaakl of oxygen do normal cells also produce lactid a
from sugar. In tumour cells, however, respirat®narmally not large enough to suppress sugar featien.
All poisons and damages that damage artificiallymrad cells in their respiration change these dallsuch a
way that they finally derive their life energy panily from sugar fermentation. Thus the cancer fmobwould
ultimately be a metabolic problem.
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1914; Pentimalli 19183, cockroach larvae, mites (Saul; note from: GeriNationals 1927:
231; no source mentioned), protozoa (van Calcéereace from: Deutschlaender 1927: 225;
no source mentioned), certain strains of bact@ianienthal 1918; Reichert 1925) or other
organisms that cause tumours. And since bacteydhag existed, there have been repeated
attempts to detect specific carcinogens accordingach's postulates. The reports of alleged
carcinogens or sarcomere pathogens were sometimiesd Wwith the claim to have discovered
the sole "universal pathogef?t".

The idea of "injecting cell-free cancer juice" irer to trace the formation of tumours was first
put forward by Lubarsch in 1902 (reference fromutSehlaender 1927: 242; no source cited).
After Lewin (1925: 456 f.), Borrel (1909) was prdiha the first to discuss the etiological
significance of an invisible virus for the questiohtumour formation. However, he had not
achieved a positive result by experimental meanand@rlich and Uckert (1984. 7) cite
Ellermann and Bang in 1908 as the earliest evidehtiee viral nature of cancer diseases the
successful cell-free transmission of a chickendsis(see also Ellermann 19£8).

Observations that Rous had begun in 1909 provée foarticularly important for the further
development of this research direction. He stdtatiie had discovered in his experiments that
chicken sarcoma could be transmitted with filtra{@®11a; full text reproduced in :
Lechevalier/Solotorovsky 1965: 198 f.). In his fiexperiments, ordinary filter paper had still
been used, on the assumption that the thin layg@apér, which allowed the passage of red
blood cells and lymphocytes, would retain the tynsorthat a harmless filtrate would result,
especially since other researchers who had obséuears in mice and dogs thought that the
filtrates produced were sterile. But Rous foundtbat tumors could grow if he injected some
of the watery filtrate into chickens he used fas Bkperiments, and only a few drops were
enough. Even when, after centrifuging the tumowpsasion, he used the clear liquid above
the sediment for inoculation, he came to this aasioh, which prompted him to carry out
further experiments: Rous grinded tumour matesieén from the breast of chickens with sand,

31 Blastomycetes" are unicellular fungi that repraelby sprouting.

32 Ochsner described the streptococcus discoverddulzym in 1919 as "the ultimate cause of cancer"héatd
been able to regularly isolate the micrococcus flmmman breast cancer and produce carcinoma bytezpea
injections of pure cultures in mice and a dog. @ehseported similar success with the same micrmendn
1921 Glover reported the discovery of a micro-orgianwhich was said to have been cultivated not énolyn
breast tumours but also from tumours of the bladderus, lips, liver, even from lymph nodes of @am
patients and also from mouse tumours. Van Caloartsa cause of cancer in a protozoon (references:fr
Teutschlaender 1927: 225, 240 f.; without referghda the opinion of the Germans, tissue alterstiovere
often presented as cancer formation without regartheir histological behaviour, without proof thée
allegedly carcinogenic agent was not only capabbawosing atypical epithelial proliferation but@ldinically
and morphologically provable cancer formation (ibRR5 and 226).

33 According to von Hansemann, these experimentsviglo.. that chicken leukosis is an infectious akse...
(and) a communicable disease" (von Hansemann ¥FPot.).
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mixed it with Ringer's solution and shook it medkally for a while (20 minutes). The sand
and the tumor pieces were then centrifuged out theeicourse of 5 minutes (at a rotational
speed of 2800 per minute). The excess liquid wais tamoved with a pipette and centrifuged
for a quarter of an hour (at 3000 rpm). Sufficikeid for the vaccination was then taken from
the upper layers and injected into one side ottheken breast (0.2 cm3 each), while a small
piece of tumour tissue was injected into the oiide. Rous achieved positive results with the
tumor pieces in all (92) chickens, while in some@mens (7) sarcoma development was also
achieved with the filtrate. In another experimesge Rous 1911b) the liquid was passed
through Berkefeld filters after centrifugation. Bickens were injected 0.2 cm3 of the filtrate
into each side of the breast, 22 chickens onlyam® side, while some tumor tissue was added
to the other side. One of the 9 chickens graduhdiyeloped sarcoma on each side. And in 5 of
the 22 chickens, which had been injected with Hottate and tumor fragments, sarcoma
development was also observed on each side of thasty with the process occurring
particularly rapidly at the site injected with tunt@sue.

Rous regarded the results of his experiments, whauth received little attention from the
scientific public for a long time (see Studer/ChuthB80; note from: Fujimura 1996: 32), as
proof that after filtering a tumour emulsion anddanlating the filtrate into the breast muscles
of a healthy chicken, a tumour of the same typebmproduced in the same chicken. Rous
was able to point out some characteristics of digsnt which helped us to understand that it
was a living but extremely small microbe: one @& teasons for this was that saturation with
chloroform cancelled out the virulence of the mateMoreover, the agent was already
destroyed at a temperature of 55° Celsius in divelg short time (15 minutes). However,
Rous was not yet conclusive about the nature ofcéllefree filtrate of a chicken sarcoma,
which could be used to create sarcomas in othekehs. There was no proof that the agent
was animated; for this, it would have had to benshthat it could be cultured outside the body.
Nor did Rous see any valid reasons for the assompitiat the natural occurrence of chicken
tumors was due to an exogenous infection.

One of the researchers who, although the cultimghi@blem was still waiting for a solution,
took advantage of the fact that they had come aaasancer virus in their experiments was
Keysser, who even claimed to have discovered eafhd independently of Rous that the
tumour-causing agent was not carcinoma cells lilteeable virus (1913: 1665). Keysser had
started from the question whether "experimentailjitrating tumours...can be achieved in
mice, which can be regarded as equivalent to huomanurs” (ibid.,1664). In order to achieve
infiltrative growth of the tumours, however, he satered it necessary to carry out vaccinations
in organs instead of continuing the "previously gised subcutaneous transfer by
transplantation of tissue pieces or injection diluted, crushed tumour pulp”. As a result of
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this method, the subcutaneous tumours appearenreigrf bodies in the mouse, as it were,
which bear no resemblance to human tumours. Heidenesl the eye to be a particularly
suitable organ for his experiments, obeying the itkhat it is possibly mainly protective
substances in the blood and juices that preventtheurs from attacking. Now we have in the
eye a self-contained organism of which we know thatfluids of the vitreous body as well as
the anterior chamber contain no or only small an®wi protective substances, that the
proteins contained in the eye belong to the lowwr simple types of proteins which do not
have any specificity” (ibid.). In order to use gre€or another organ) in the indicated sense, a
method was required in his opinion with which grivggries to the test animals superimposed
on the intended experimental effect could be awihids was the case with the transplantation
of tissue pieces or injection with undiluted tumqgmulp. He therefore carried out the
vaccination with the thinnest possible suspensidssbcutaneous mouse tumours, which were
passed through hair-thin cannulas. According tadpsrt, inoculation of just one or two drops
of this thin emulsion was enough to cause tumaufsrm in the organs. Tumours inoculated
in this way grew after only 8 to 14 days and redchazelnut to walnut size in 4 to 6 weeks.
All organs were completely penetrated by the tumdure tumours grew in the same
percentage as the subcutaneous tumours after atmeulvith undiluted tumour mash, whereas
with subcutaneous inoculation with these thin emulsthere was never or only a very small
percentage of subcutaneous tumours.

In addition, Keysser started to carry out transmis&xperiments from mouse spontaneous
tumours as well as from human tumours to rats. Mations into the eye led to
macroscopically visible tumours. They could alscabbieved by vaccination into the spleen
of rats. In one case, this was also achieved bgirvation into the testicles. In these new
formations, cell complexes were found which hadsa#flthe same type as the original tumour.
Keysser also regarded the occurrence of necroti@ddmasses with small-cell infiltration as
characteristic for the development of organ tumaninsiice derived from mice. "... we have
the same microscopic picture of the developmeffbr@ign tumours as that obtained by organ
vaccination with mouse tumours in mice" (ibid., B6However, the vaccination of rat
tumours originating from mice and humans was onbycessful in one or two passages. And
the vaccination of foreign animals was only sucftgés$s 5 % of cases. Keysser explained that
when heterologous tumours are approaching, onehmaskon with still unknown dispositional
moments which can only be excluded for the timendpeby applying large series of
vaccinations.

Since the organ vaccination with such thin andeemaly small amounts of tumour juice helped
to induce tumour development, Keysser thoughtvtals to assume that the cancer cells might
not be important for the further vaccination. Irder to test this, he started to carry out
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experiments with vaccine material that he wantedneke cell-free by centrifugation. He
repeatedly inoculated organs with ascites from rfuwaéh a fluid that accumulates in the free
abdominal cavity in the case of dropsy), which Fadhed in the mice as a result of a large
liver tumour. It was possible to achieve tumoumifation in organs with the clear substance
centrifuged from liquefied tumours. In his opinighese findings suggested that in a material
in which macroscopically no cancer cells are preaad with which successful vaccinations
can be carried out, there must be virus presenthwisi capable of producing new tumours
independently of cancer cells. To substantiate dssumption, he extended the vaccination
experiments in a certain direction. He producetatiés of mouse tumours (using porcelain
filters) and used them to inoculate the animal® iotgans. He succeeded in obtaining a
macroscopically visible tumour in the eye of aaad in proving that a tumour had developed
from the filtrate which pathologically and anatoallg corresponded to the original tumour
from which the filtrate had been produced. In hpgnn, this finding corresponded to the
investigations carried out by Rous on the filtelibof a chicken sarcoma, which had shown
that sarcomas of the same cell structure couldbsgreed in chickens with one filtrate and that
new passages could be constantly further cultivadédthis filtrate.

The fact that a mouse carcinoma can be transmiityefiitered starting material was also
reported somewhat later by Henke and Schwarz (191y used a very virulent carcinoma
strain. Besides several failed attempts, they vabite to achieve a positive result once in 8
vaccinated mice in 3 cases. These animals had \me=inated with a filtrate produced as
follows: After trituration of two living mice of maoved tumors with quartz sand, a largely
homogeneous emulsion was suspended with 6 cm2 sallation and centrifuged for a longer
period of time. The already quite clear liquid abdke sediment was then filtered to achieve
cell-free conditions. Cells were then also no langsible under the microscope. Henke and
Schwarz were led to suspect that there might haen lpathogens in the filtrate which
reproduced the tumour in the new animal body. Tdwely formed tumours had formed at the
vaccination site itself. At the same time, Fujinammd Inamoto (1914) described a
myxosarcoma, with whose filtrate the same tumoutabe formed by inoculation. In the same
way, other sarcomas could be inoculated on chickdosris (1917) had been able to produce
new tumours in about 3000 rats and mice by filigtumour tissue, tumours which, however,
differed significantly from the original tumour imstological terms. Some of these animals
developed glandular carcinomas, some of which sH@awaucilaginous degeneration. Morris
also assumed that an invisible virus was the catisamor development. A similar view was
held by Teutschlaender (1920) with regard to cmckacomas (later he moved away from this
- see Teutschlaender 1925). According to him, pasttimour inoculations could be achieved
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with filtered tumour juice as well as with driedntour powder and tumour cells stored in
glycerine for weeks.

The idea that viruses could cause cancer had aleoged from another direction in cancer
research, namely from transplantation biology, Whiad already gained in importance in the
early 20th century, a direction which was concerwgtl answering the question of whether
tumours from one animal could in turn produce tursoun another animal or not. The
researchers were interested in the susceptiblitahcer and the development of specific types
of cancer, and in this context they thought abauttébility and transmission, so that it was
necessary to uncover genetic factors that mighhbelved in the etiology of tumours. The
question arose, among other things, because themre nesults of experiments according to
which tumours of rats and mice could only be tréasjed to animals of the same species. It
was therefore necessary to examine whether thenegdo tumours was a problem of genetic
control or not. In this case it was obvious to umlg experimental animals with a largely
identical genetic composition in the investigations make this possible, in the 1920s inbred
lines of mice (later also rats and guinea pigs)enaeated by sibling mating over several
generations. Genetically, inbreeding means theiphiciition of homozygous (homozygous)
gene pairs and the reduction of heterozygous (migede pairs. Populations with strongly
homozygous individuals also had a tendency to dgvidie same species and structures of
tumours. Two species were created, one with ag@od one with a weak tendency to develop
breast tumours. Individuals of the first were tihesiched with individuals of the second

Art crossed. After the crossbreeding experimerdasdver, it turned out that only offspring of
dams from the group suffering from breast tumowgetbped tumours again. When males of
this group were included in the experiment, themfhg remained free of tumours. This result
contradicted the thesis of the genetic inheritgbdf tumours: the sex could not play a role in
genetically controlled tumour formation, since nsasd females had the same genotype. It
was thought that the cancer was caused by a vinichwas passed on from mothers to their
offspring during suckling (see Bittner 1936 and 294

In the mid-1920s, it seemed that the difficultidset had only been suspected of the existence
of cancer-causing viruses - difficulties which tagsen in the visualisation of tumour-causing
agents and in attempts to cultivate them - hadlyib@en overcome. From the United Kingdom
came the sensational announcement to the pubiledhia theBritish press as a turning point
in cancer research, that it had been possible twoghaph something causing tumours in
ultraviolet light. Barnard (1925), who had develdpe technical conditions for this40 |,

34 The sensationalism of the daily press was the neaison for the publicity that Gyes and Barnardsk&/caused
at the time, and he feared that this could spreathfounded fear of infection and cancer.
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believed that he could distinguish it from otheniar bodies found in most organic liquids
after attempts to make it visible using variousrsitgy techniques had failed. It was possible to
identify granules on wafer-thin layers of tissuesbgining, but a number of researchers felt that
these could not be the viruses they were looking fo "The films," says Gye, "showed
innumerable pink granules on the border-line oblggn. Such experiences as these have led
me to the opinion that such granules are not thesviThe visual discovery of such small
organisms is obviously a special problem in opt{€&ye 1925: 114).

The messages were also of sensational importarcauige they brought to light successful
cultivation attempts. Gye (1925) reported thataswow possible to cultivate the agent of the
chicken sarcomas first described by Rous in vivith(the addition of rabbit serum), that the
filterable pathogen of the cancer disease coultimaa to reproduce from culture to culture in
specific nutrient media. It was based on the Ralissovery that filtrates and extracts from
pulverized chicken tumor, which should no longentatn living cells, injected into healthy
chickens, produce sarcoma-like tumors. Gye was tblaake the agent from the chicken
tumors multiply enormously by adding pieces oftilnaor to bouillon, to which he had added
potassium chloride, rabbit serum, and often suydragment of a 12 to 16-day-old chicken
embryo was added to such broth. The whole wasadmgatrobically at 35° and 36° Celsius. A
drop of the first culture was added to this mixtuf@ small amount of such a subculture was
repeatedly brought to new nutrient medium, the twnoould be produced again and again by
inoculating a healthy chicken with the liquid olniedl, despite the final dilution of the starting
material down to one quadrillionth. In another expent, Gye added pieces of various mouse
and rat tumors to the culture fluid described abgqueduced subcultures that were kept
anaerobically, and inoculated chickens with theime Tesults were negative. He then mixed
the culture with kieselguhr and filtrate from checksarcoma treated with chloroform. With
this mixture he was able to produce tumours inkdnes that showed the same structure as
Rouss' tumours. From this he concluded that hgohgmhgated the same virus from mouse and
rat carcinomas and sarcomas, which was the patheagesing the chicken tumours.

Gye had discovered that the agent under investigadist its effectiveness after a number of
culture passages, i.e. the tumor vaccine yieldrbedass and less. The fact that it was possible
to produce typical Roussarcomas was thereforealiyitjust as likely to be attributed to the
transfer of a chemical substance as to a filteridleg agent.

40 Barnard had already been working on the devedmprof microscopic techniques for making filterable
infectious agents visible from 1916 (see Barnargol13f.).

The results of dosed filtrate inoculations, whitlowed that the effectiveness of the filtrates
increases or decreases with their quantity, seeéongukak more in favour of the former variant.
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Vaccination with 1 cm3 of pure filtrate produceplapable tumour after only 2 weeks, whereas
with vaccination of 0.5 cm3 the tumour was appratiely the same size only after 3 weeks
and with vaccination of 0.25 cm3 after 4 weeks.H/ih even smaller quantity the tumour did
not develop. On the other hand, the fact that th@ence of the "primary cultures"” obtained in
the experiments to first grow the tumour in brotimt@ining potassium chloride was lost after
48 hours, and after one week if rabbit serum wagddr under anaerobic conditions, i.e. more
slowly than in the absence of serum or in the mreseof oxygen, spoke in favour of an
invigorated agent. In explaining the decreasingaiveness of the material, Gye now came up
with the idea that this phenomenon was not dueh® death of the virus, but to the
disappearance of a chemical substance originaliytagwed in the primary cultures and
originating from the tumour cells, on the preseoicerhich the infectivity of healthy cells with
the virus during vaccination depends (Gye 1925).1@6rtain chemical substances contained
in tumour tissue are necessary to maintain thelenne of the filterable pathogen. Neither
sterilised filtrate alone nor virus alone is cagabf producing tumours. "Neither of these
factors operating alone will cause the formatioa ercoma” (ibid., 113). The chicken tumours
would probably be transmitted by an animated voasable of multiplying, but the resistance
of the tissues would first have to be broken byanaical factor that could be extracted from
the tumours.

In order to regenerate the agent, therefore, itthde a matter - in accordance with this thesis
- of adding the substance in question to cultur@rag-resh tumour filtrate, in which the
pathogens had been killed by the addition of clitoro, was mixed with cultures that had
become ineffective, and this mixture of culturedhpgens and effective but killed extract
substance resulted in full vaccination yield agdihe subcultures containing the virus in
guestion, which was reproduced in them, were imteves ineffective, i.e. they produced
chickens injected, not a tumour. They only becaffeztive when, in addition to diatomaceous
earth, the filtrate pre-treated with chloroform vealed to them after the chloroform had been
expelled. In contrast, the experiments describedellid not succeed in treating tumours in
rats and mice. Gye suspected that the active claésubstance was apparently present in them
in too small quantities. However, with mixturescodtured rat and mouse tumor virus and the
active chemical factor of chicken tumors, he wds &b cause tumors of the chicken sarcoma
type in chickens. "This indicates", as Lehmann @ 226) concluded, "that the same virus is
present in all other malignant tumours, but thévaathemical substance must be specific for
each animal species and for each type of tumouith Ye introduction of such a species- and
tissue-specific factor, it was possible to take stcount that only the animal species and tissue
from which the tumour extract originated could bada infectious with the agent (otherwise
one would have to assume at least one group agegrtor each species and a specific virus for
each tissue; see Gye 1925: 110).
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At a cancer conference in Dusseldorf in SeptemB@7 1Blumenthal et al. reported that in
several cases they had succeeded "in producingunsnmoother healthy rats with injections of
spleen mush from tumour rats in which no metastasel be detected, which apparently
deviated in their histology from the injected tumsut was assumed that in these experiments
a transferred cancer cell could not be the cautieeafewly formed tumour, rather we believed
that a cancer agent was transferred with the spiegsh in these cases" (Blumenthal et al.
1927: 229; see also Blumenthal 1925: 1306). Therealso reports that a number of bacterial
strains could be isolated from malignant human wrs@nd from the malignant growth in
dogs (see Blumenthal 1925), some of which haveltiéy to produce malignant tumours in
rats. Reichert (1925: 449) saw in the fact thas¢hare, from a bacteriological point of view,
very different germs for the formation of tumouthe expression for the fact "that an
ultravisible virus originating from the tumour adés to the bacteria, which must be regarded
as the actual tumour pathog&nn the early 1930s, Shope (1932, 1933) reportatl rébbit
papilloma (a villi tumour) could also be succedsfilansmitted by cell-free filtered tumour
juice. In 1936 Bittner was able to trace the mansarainoma of the mouse back to a filterable
agent3®

The assertion that experimental transfers of cammfiltrates with the effect of new cancer
growth in previously healthy organisms had succeégde. the idea that malignant tumours in
animals could be transferred cell-free, which sgtgpk a virus-induced transformation of
normal into malignant cells, met with fierce reaiste in the 1920s from those researchers who
shared the traditional conviction that cancer dallag alone were capable of transferring the
tumour to other animals (see Daranyi 1937: 126f¢. tfansmissibility of transplantable animal
tumours should be linked to the presence of intadls in the vaccination fluid. This
understanding corresponded to the cellular thearycalular pathology represented by
Virchow, according to which the cell is the fundantad physiological and morphological unit
of the organism and disease is the disruptionsofid@rmal physiological processes (Virchow
1885)%7 In 1930, Ludford characterized the contrast benatee infection theory and the cell

35 Borrel (1909) had already previously proposedttlesis that higher ecto- and entoparasites coutdbsidered
as carriers of an as yet unknown, invisible virng that hair follicle mites in particular playedstiole in the
development of breast cancer.

36 In the early 1950s, such a connection was alsmdésed with regard to mouse leukemia (Gross 1951).

37 However, Virchow himself was not at all aversetite assumption of an infectious etiology of maligna
tumours: "The increasing number of parasitic micganisms in diseased parts of the body over thddas
years has led many people to hope with increasimfdence that it will also be possible to detecacer
bacillus. Up to now, the results of even the masgiee researchers have not yet been presenteainvancing
demonstration. However, the possibility of suchoaourrence is not easy to dismiss; indeed, oneadanit
that the discovery of a specific bacillus wouldresgent an important advance in the diagnosis aoghpisis
of carcinoma. The attempt to trace all phenomenzanter proliferation up to dissemination and ntats
back to the spread of cancer cells is by no maapmsted by anatomical and experimental findingsetiably
that no room would be left for another mode of arption. Conversely, the need for a cancer baddlust
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theory approach to cancer research as follows: Uhtéased critic will probably agree that the
filtrable tumours of the fowl afford the stronge$jection that can be raised to the acceptance
of the mutation theory of cancer, while the ardmhtocate of the theory will adduce evidence
to justify making the necessary assumptions thatequired to explain the filtrable tumours
by its aid3® The incompatibility of both theories is also emgihad by Gye and Purdy (1931):
"The one, which is inseparable from the cell the@ysumes that the cause of cancer is
something which is operative only at the time whienprimary cells of a cancer take on their
malignant qualities, the disease afterwards pregrgandependently; the other assumes that
cancer is due to the continuous action of somegterg cause, such for example as a living
virus. It will be seen that the two theories areumlly incompatible” (1931: 501, quoted after
van Helvoort 1994b: 138).

The Norwegian researchers Margit and Magnus HadlE31l7) were among those who resisted
the infectious theory of malignant tumours. Thewiewed Gye's attempts to use
centrifugation-derived, cell-free meat broth conitag pieces of tumor to inoculate mice with
tumors. For comparison purposes, cells were alsoulated. Suitable liquid culture media
(meat broth with addition of animal protein) wesadled with sterilely removed tumor material
(pieces of mouse tumors with part of the affecteghn) and incubated partly aerobically and
partly anaerobically (by pumping out the air anttdducing hydrogen into some test tubes).
The inoculation was carried out separately, bottinthe pipetted clear supernatant - which
should be infectious after gye - and with the seslihtontaining the remains of the inoculated
tumor. With a total of 168 inoculations with theat fluid, Haaland and Haaland could in no
case cause tumor growth in mice. The inoculatich@tumor piece after 24 hours of anaerobic
incubation was positive in 7% of the cases, afteegually long aerobic incubation in 11%.
The inoculation of the fresh tumor had a positiesutt in 95% of cases. These tumours also
grew faster than those obtained from the non-inmtbanaterial, which the two researchers
attributed to the fact that incubation had damadbeatells; they would partially dissolve, which
could be determined microscopically. However, tastainly to be expected that these are still
surviving cells - even in the anaerobically incéabatubes - which transmit the tumour. Where
these are missing, as in the clear supernatanireutuid, a successful tumour vaccination is
not possible. The fact that they only succeededumour transmission when cells were

so great that without it we would be deprived of apssibility of understanding. Animal or humanlggjust
like bacteria, have the ability to have a decisiviuence on metabolism and to produce effectiverete
substances of the most varied kinds" (Virchow 1888:

38 Jordan considered in 1939 that the contradictietween the two concepts could be eliminated: "Since
serological experience has shown a relationshipdst the viruses of avian tumors and componemntermfal
chicken cells, it is obvious that between the twmpeting interpretations of the cancer problem,atiom
theory and virus theory, a synthesis in the sefisgmoiting the similarities between virus elerrseand genes
could be considered" (1939: 12).
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inoculated - which maintained their growth capaeign after 24 hours of anaerobic treatment
- and that the cell-free fluid was not sufficieat fumour transmission, were sufficient reasons
for Haaland and Haaland to reject the assumptia@elbfree transmission of mouse carcinoma
and the associated ideas about the revived virus.

The cell-oriented interpretation of disease codilll Ise asserted despite those transmission
attempts, which were explained by the filterabte|l'parasitic” virus. On the one hand, it could
be argued that the pathological anatomy had natdoany parasites during microscopic
examination (see Pentimalli 1927: 3#8}hat there was no clinical evidence for the effec
presence of a specific microorganism and its trasshility, for example from person to
person, and thus the vaccination of the diseassedaby it. Ideas that parasites were
responsible for the growth of tumours have alwagsrbrejected: Researchers who believed
that they had microscoped protozoa, nematode egtss or something else as pathogens of
certain tumours were countered by the argumenttiiegt had in fact come across cork cells,
canvas fibres or other particles. Or what reseaschého understood cancer to be an infectious
disease, thought they had found as the cause eivdsrpreted in a cell theoretical sense: What
was presented as bacteria could be understoodcasdsgy elements that had penetrated the
tumours, or the protozoa and blastomycetes sedheircarcinoma cells could be seen as
degeneration products of a granular kind in thdeuscand cellib (see Roncali 1914: 152), as
degeneration products of the living cell substamcas atypical cell nuclear divisions, "cell
inclusions” discovered in carcinomas and attributednvading parasites as degenerated
leukocytes, as regressive metamorphosis (see verebel904: 308 f.) or as a secretion of
hyaline (glassy solidified) substances of the prtatem (see Honda 1903).

On the other hand, the concept of an infectiougldgwnent of malignant tumours was already
vulnerable as long as it was not possible to ovaecthe great difficulties of making a cancer
agent effective outside the tumours. According ticlks postulates, it was not possible to
separate an active tumour-generating agent fromtuheour cell, to isolate the parasite
completely from the host body and to re-cultivaténipure culture sufficiently often, thus
causing cancer anew. And this explains to a laxgené "why it was possible to maintain the
dogma that only the intact cancer cell in mammatiancers is capable of producing tumours
again”, according to Blumenthal et al (1927: 2Rgsearchers have also repeatedly come up

3% However, the question arose whether such metheds at all suitable for this purpose. "The problgfithe
relationships between impaired regenerative preseaad tumour formation is a biological problenm, tfe
solution of which, in my opinion, histological metlls have so far proved to be virtually insufficiesihce
such methods can never teach us what happens andrit why it happens when a regenerative element
transforms into a neoplastic, i.e. malignant elem@he cell physiological methods, in particulae gnergy-
supplying chemical reactions that have been deeeldp recent years and successfully applied to the
carcinoma problem," said Pentimalli (1927: 348).
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with findings which they believed proved the effegtcell or cell nucleus residues in the
filtrates claimed to be cell-free (see Lewin 19255; see also ders.1928: 466 ff.). Claims by
tumour researchers that they could have excludegrésence of cells in the experiment could
be questioned by referring to inadequacies of tleams used for filtering, pulverising the
tumour material or other techniques. The fact thateffective filtrates could have led to cell
transfer - even when using filtration techniquesolwhhad proved to be particularly effective -
could be reasonably assumed with reference to saperiments$® In 1924, Jung reported that
the filtrate contained at least cell debris, nutdevhich fragments of plasma were still attached.
A little later (1925), he reported that the filgator tumor powder, which was intended to
dissolve all cell structures, still contained igethcells or at least cell debris and germs. The
theory that carcinogenesis should depend on cells also supported by experiments, the
results of which suggested that the reduction dfroaterial in the vaccination fluid delays
tumour formation or increases the uncertainty shgh formation will occur. And it was also
reported time and again that only negative resultsd be achieved with cell-free filtrates. For
example, Loeb reported that in his investigatiohsab sarcomas he had not succeeded in
achieving tumour formation by filtration after tuomocells had been eliminated, whereas
control experiments had always produced positigalte. According to all experiments, "it can
be ruled out with a high degree of probability thayy microorganism which is able to exist
outside a cell and which can be filtered throughkBgeld filters is the cause of these
sarcomas... "™ (1903: 352 f.). Konigsfeld and Pratzs(1914), who had experimented with
mouse tumours, came to the same conclusion; tleegaold never observe tumour formation
when Berkefeld filters were used. Haaland and Ha&h(d927) also believed to have proved
the ineffectiveness of cell-free material (see &)ov

In support of the idea that the filterable agentso€h tumours as chicken tumours could
originate from the tissues of the tumour-affectadrals themselves, reference was made to
the pronounced tissue specificity of the transmrssiVith the idea that it is an independent,
autonomous agent, the pathogens must be assurbedutmquitous, which is "the best proof
for the weakness of the theory of infection”, according to Teutschlaender (1927: 247). "This
embarrassing hypothesis seems all the more alsusias we do not need it at all if deenot

see the specific moment of cancer development in a specific factor coming from outside, but in

a specific factor located in the affected body itself, which is already present in any organism in
some form or can be formed in any organism".

40 Deutschlaender argued that "anyone who is familitlt these things has experienced that quite densble
amounts of cancer cells have to be injected irfdh@a of tumour mash in order to induce tumour fotiora
...". With new observations it has been possibfeef@ubcutaneous injection with spleen mash t3géhes
real tumours, 2 of which could be further cultivcatey transplantation” (ibid., 229).
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It was considered not unlikely that tumour formatwas due to a ferment in the filtrates or to
toxins** In 1935, when chemical studies of the Stanleysvinu1935 succeeded in isolating a
crystalline protein with the properties of the tob@ mosaic virus, the assumption was
strengthened that the virus was an autocatalytitepr, an assumption which also referred to
the nature of cancer viruses. Fuchs, who had atezihrtp detect the agent of a type of cancer
with the same methods Stanley had used, reportadratrobiologists’ meeting in London in
1936 that he had obtained a crystalline substaioce €ell-free extract of a rabbit carcinoma
with which he could again produce histologicalipgar tumours in rabbits (note from: Seiffert
1938: 28; no source cited). It should be addedttiexe had been indications several decades
before that such a substance could be obtainedttroraurs. In an essay by Novell (1913: 682)
it is stated that a chemical, crystalline substastwracteristic of tumours has been isolated
from human carcinomas, which leads to multiple eafermation in a rabbit after vaccination.
Novell had prepared extracts from carcinoma tisoe) which he believed he had obtained
the crystalline substance by confining it in a wddath and shaking it with ether. However,
other researchers, such as Frankel and Klein i6,3%2questioned this statement.

A further factor in favour of an endogenous spedtictor was the fact that cancer formation
could not be equated with normal reactions agaisttious agents. The malignant tumours
could not be interpreted as defensive symptomsagaiternal stimuli, as is the case with
changes in infectious diseases. For Doerr it wasgmr that exogenous infection as a specific
cause of the spontaneously occurring, cell-freestrassible chicken sarcomas, for example,
did not exist at all (1938: 45 ff.). Cancer, acaeogdto Teutschlaender (1927: 247, 248), was
impressive as more or less derailed tissue formatwhich were only triggered by specific
external factors, whether parasitic or non-pam@gfor example, tar and pitch were used to
regularly produce canc®). Parasites did not have a direct carcinogenieceff'specifically"

in the usual sense of the word, but only indireethyl under special conditions dependent on
the organism itself (ibid., 249).

However, it was possible to object to the idearnéadogenously produced chemical substance
as tumour pathogen that, as in the case of chitk@ours, inoculation with filtrates of cell
emulsions hardly produces a considerably worseuiation result than the transfer of the cell
pulp usually used for inoculation, although, eviethe filtrates are not cell-free, only very few

41 According to Lewin (1925: 455), some tumours hagen removed from the group of malignant tumoues ov
time as undoubtedly toxic and infectious.

42 They expressed their doubts in an essay in thiscteift fir Krebsforschung, Vol.15, 1916 (noterfroLewin
1925: 463; no title given).

43 Carrel reported (1925: 1083) that the injectioemibryo mash, which he had mixed with tar, indolé arsenic,
could cause tumours in chickens whose virus coelttansmitted further through cell-free filtrat@sFischer
(1926: 1217; note from Seiffert 1938: 9, no titheay) believed that by treating tissue cultureswitsenic he
had created a filtrable, tumour-producing virus.
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cells could be contained in them (see Lewin 1983} 4In recognition of the fact that it is not
the tumour cell, but the virus that causes the tumo be inoculable, it could also be argued,
for example, that ultraviolet light kills the tumougells, but not the transmissibility of the
tumour (see Rous 1913). Another argument: Becausdgumour-exciting agent in Rouss'
chicken sarcoma was not only found in the primamdur but also in the metastases, it should
be considered possible that a foreign chemicaltanbs could proliferate in the organism, for
which no example was known.

Barnard (1925) reported that he was able to imageagent of Roustumor on agar plates by
ultraviolet light and with the wavelengths 275 pjihvthe help of a combined illuminator as a
round or spherical body on the photographic plales would indicate a corpuscular nature of
the agent. Evidence that the tumor pathogens atilpa of considerable and uniform size
made it difficult to imagine them as an endogenagent. After the results of a series of
investigations it could be assumed that the vilahents extracted from tumour material (in
the infectious sap of the Rous sarcoma) were ddlesjpe and had a particle diameter of about
60 to 70 mu (see Elford/Andrewes 1935 and 1936)chvizould be centrifuged at the
appropriate speed of rotation and presented asiigsm stained preparations of the ejected
sediment (see Ledingham and Gye 1935).

To justify the thesis that a living agent is presarthe filtrate, it could also be argued that the
addition of chloroform significantly impairs or cqetely cancels out the virulence of the
virus, so that it no longer has a tumour-forminfiget Or it was possible to refer to experiments
according to which the agent was still detectalenein extreme dilution of the starting
material. A chemical substance should have beeatugty depleted.

With regard to the tumour virus, it can therefoisode stated that controversies on
understanding of its nature by experimental medime doubts about filtrability did not
disappear, partly because individual authors aeewegative results in attempts to achieve
cell-free transmission of such tumours as chiclenana, and partly because positive results
could be mistrusted with reference to possible cgaiof error. However, the same can also be
said with regard to the other party.

THE DECONSTRUCTION OF THE BACTERIOLOGICAL PARADIGM OF THE FORNE
VIRUS RESEARCH AS A RESULT OF PROCESS DEVELOPMENT

The filterable, invisible agents did not immedigtielad to the development of a new theory for
their understanding. Initially, the predominantoeffwas to adapt the new phenomenon to the
outdated explanatory pattern of bacteriology. Evethe 1930s, most virus researchers were
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not inclined to attribute a biological charactecdsto viruses. It seemed to them that
investigations of a bacteriological nature coulthbbsh a continuous, seamless transition to
virus research and vice versa. Virus research weaslucted as "bacteriology without a
microscope”, or the dividing line between the twees seemed to result only from the physical
limitations of the microscop¥.Filterable agents were usually seen as sometii@grhinimal
bacteria”, "microbacteria” or "ultra-microbes" (8cdman 1927: 136 ff.; Levinthal 1930),
although they could not be treated like ordinargteaa without difficulty. But it was believed
that the difficulties could be overcome at somenpdt was foreseeable that one day the virus
could be made visible with improved microscopesstaining methods and separated from
liquids with finer filters. Moreover, observatiom®uld be made that there seemed to be
similarities between filterable agents and tinytbea in certain viral diseases. According to
Burnet and Andrewes, referring to photographs (198®), the small corpuscles of various
viruses - the vaccine, the mouse and the canang vishowed a structure and possibly even a
mode of reproduction "that is essentially simitattiat found in common bacteria. In vaccines,
the particles also release a characteristic, selsibstance that is similar in many respects to
that secreted by bacteria.

There was also the conviction that at some poitaréible agents could also be cultivated on
inactive culture media. And there were also researscwho claimed that they had cultivated
virus on cell-free culture media (see Eagles an@Man 1931, who claimed to have cultivated
the vaccine virus in such media; see also Eagl85)1®Reports of this kind, however, could
not be confirmed by other virus researchers (lengérmification experiments on the cultivation
of the vaccine virus on artificial culture mediareearried out by Haagen in 1933 and by
Rivers and Ward in 1933, among others). The fatghbccess in this respect had not yet been
achieved was interpreted as meaning that suitable sad not yet been found or that the
knowledge of the physiology and metabolism of tak was not yet sufficient to artificially
create the milieu conditions necessary for the ¢noand reproduction of viruses (see
Burnet/Andrewes 1933: 162). The search for suitabils continued undaunted until the early

44 There is no obvious dividing-line between Baatéwgy and the study of viruses; in fact, it appearsie that
the study of the one leads continuously and withwatk to the study of the other. The only demaitdér
dividing-line, if such there be, seems to be ongimally imposed by the available methods of study
arbitrarily imposed indeed by the physical limité the micro-scope itself. When disease agents were
discovered which were too small to be seen anduweddy the best microscopes then existing, mogahol
could offer no guidance as to the nature of thesg small agents. They were thought to be somettpiritg
different from ordinary bacteria. There is, | thinlo doubt now that had the microscope been maieyhi
developed in those days, much so-called virus weduld have been but a natural development of
bacteriology. It is a fact that the dividing-linetlween virus and bacteria is placed just whereettigting
microscope failed, so far as the observation déaal image is concerned” (Barnard 1939: 2).
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1930s*The emerging thesis that the virus could only belerta multiply in the presence of
living cells outside the animal or plant body, thesumption of an "obligate intracellular
parasitism” as the essential viral characteristitereas filterability and invisibility were no
longer to be regarded as decisive characteristicammediately spurred on to decisive
opposition (see Gildemeister 1939a: 9). Only a $empected that the presence of cells was a
condition of viral replication. At that time, nomdtivability was a thoroughly contestable
criterion for distinguishing the class of filterabViruses from other "microbes" as long as it
was not possible to decide whether it was causessbgntial features of the virus metabolism
or only by unsuitable breeding techniques. The rapsion that this was only a temporary
problem was supported by the fact that it was bbes$o refer to certain bacteria which could
only be propagated on artificial culture media deatain substrate was added to the nutrient as
a growth factor (for example haemoglobiAnalogous to the fact that there were bacteria
that needed special media to grow, in the cas@eWirus it seemed to be only a matter of
finding the right substrate that allowed the agerte cultured in vitro. There was no reason
to believe that the ability of a bacterium to mulitiin artificial media could depend on its size,
so why should there be deeper reasons than justitat deficiencies for the failure to grow
viruses, understood as ultra-microbes, in the &stednl way (see M'Fadyan 1908: 240 f.),
especially since there were also filterable agimta/hich this seemed to have been successful,
agents which at that time were still classifiedvasises (see Ruska 1950b: 6). Thus, the
pathogen of pleuropneumonia in cattle, which hashlsescribed in 1898 by Roux, Nocard et
al. in the form of tiny, fringed and mobile poirdEextreme thinness, was counted among the
few types of virus that could be bred on lifelessdoling grounds (see Roux/Nocard et al. 1898:
244; Haagen 1939: 176; Barnard 1939: 8), as weh@pathogen of agalactiaThey made it
appear possible that with further knowledge ofghgsiology and metabolism of the cell, i.e.
with a more intimate familiarity with the physiceliemical processes within the living cell, the
milieu conditions required for the growth and refrction of viruses could be created
artificially.

With the perfection of filtration technology (espaty with graduated membrane filters), the
separation of the infecting agent from liquids wasally successful. Filter types with
standardized pore sizes were developed so thatzbef different virus types - depending on

45 In the literature of twenty years ago it is natcommon to encounter reports in which it was clairtieat
viruses had been successfully cultivated on lielesedia. These reports have not been confirmedaaind
present such claims are rarely made”, so River321929).

46 According to Fildes, a substance or a chemicalignahich is involved in the synthesis chains neagsfor
bacterial growth as an essential factor, but wikatnot be synthesized by the bacterial cell itsk&lEtors of
this kind he called "essential metabolites" - gaimessignificance of a "growth agent" which musteled to
the nutrient medium if reproduction is to be madssgible (1940). Apart from growth-promoting substs)
attention was also paid to growth-inhibiting substs (see also Doerr 1944b).

47 Frequent disease of mother sows as a result@dtiohs of the suckling pigs at birth.
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whether the pores were passed or not - could beureé comparativel§? However, with
these improvements, it also became clear thatltbeability of a pathogen is largely dependent
on filter type and filtration conditions (e.g. psese, duration) and not only on the size and
surface area of the virus. Nor could collodion mesnks be regarded simply as sieves that
would retain particles whose diameter is largentieir pore size. As early as 1908, Prowazek
had emphatically rejected the idea, which in higiogp had already hardened into a dogma,
that it was possible to gain insights into the rataf the virus on the basis of filtration
experiments, because every filter was dependemganticular fluctuations in relation to its
stiffness (1908: 166). A few years later, Doerr la&b taken a critical stance on problems of
viral filtration at a meeting of microbiologists Dresden and had discussed the nature of the
medium (the nature of the liquid used for suspemsithe forces of molecular attraction,
capillarity, duration and pressure of filtratiorD(1l). With the further refinement of filtration
techniques, the process dependence of the faamettbecame increasingly obvious. "The
difficulties become insurmountable when the sucagfssaccination with the filtrates is
completely uncertain and fluctuates, as in the cas®luenza... All filters... physically follow
Poiseuille's law of filtration through capillarieshose average width is thus determined... The
retention of the pathogens occurs by surface atisarppartly by real blockage of the
‘bottlenecks'...The requirement of ‘isoporosityhaes practically a pious wish” (Schmidt
1935: 1661). Moreover, difficulties arose in didatiating viruses from other agents on the
basis of their filterability because some pathodetsbeen found that could pass through ultra-
filters but were classified as bacteria (such &sffeéf's influenza bacillus), while at the same
time it turned out that some ("larger") viruses avémpermeable to these filters. These
difficulties could not be overcome by the constiarttof new filters (membrane filters made
of collodion and other materials) and the approxerdetermination of their "effective pore
size".

And just as the property of filterability as a eribn for assessing viral nature lost its value to
the extent that the improvement in techniques nitadifficult to separate the empirical results
from the nature of the observation conditions, ghaperty of invisibility also proved to be
unreliable for the identification of infectious age as viruses with the perfection of techniques,
as will be shown below.

Originally, it was widely believed that the biolegl uniformity of viruses could be derived
from their dimensional coherence. Even in texttheflate 1930s, one still occasionally comes

48 The average pore size of a given membrane wasndetxl by the rate at which a certain amount ofewat
flowed through a membrane surface of known sizeeusthndard conditions, taking into account theewat
content of the membrane (see Burnet/Andrewes 1563).
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across sentences which express a connection betliféenences in the size of the agents and
the biological characteristics of the same. Thos,example, Haagen asserted in an essay
published in 1937: "The dimensional limitation updssimultaneously represents a biological
separation of the viruses from the other microoigyan, insofar as the Rickettsiae already
clearly differ from the former in their culturalasins” (1937: 4657° However, some ("small")
bacteria had already been encountered that coutllyh@e made visible, whereas there were
infectious filtrates ("large" viruses) that could bbserved by light microscopy.

For certain diseases where filterable viruses appea be involved, tHé&microscope revealed
the existence of so-called "inclusion bodies". 894, Borrel reported the presence of minute
copuscular elements in sheep pox and poultry pbiciwhe considered to be the pathogens of
these diseases. Similar observation results wpoetexl by Paschen (1906), who had examined
human pox material, which led to the assumption #hdeast some viruses could be made
visible using ordinary microscopic techniques. Tdigcovery was followed by a lively search
for morphological elements. Such findings were avgeed, for example, in a viral disease of
canaries (see Burnet 1933), in Molluscum contagid8Goodpasture/Woodruff 1931), in
psittacosis (Levinthal 1930) and in Ectromelia,i@lvdisease of the mouse (Barnard/Elford
1931: 530). To name such elements, von Prowazekljli@troduced the term "elementary
corpuscles”, which is still used today. Lipschitlegded in 1930 for naming them
"Chlamydozoae" and "Strongyloplasmas". Howevers throposal did not prevail. The
"elementary corpuscles" gave rise to a debatentasteveral years, in which it was disputed
whether these bodies were identical with the ra#thqqgens. Some researchers suspected that
the various cell inclusions were nothing more tepacial morphological virus forms, which
in this way met their intracellular reproductioneds. The virus particles attacked the cell,
injured it, and as a result inclusions were fornfi@an the cell material. Other researchers
regarded this as just a cellular reaction substartee particles would penetrate the cell, which
would react by forming a plastic material that wbobalesce around the virus and partially or
completely envelop it. Later, as a result of modstaining differentiation and tissue
engineering, the view spread that virus and cedhgles (inclusion bodies) should be strictly
separated from each other (see Haagen 1937: 468).

49 Rickettsiae were initially classified as bactetitowever, because they passed filters and onlyloped
intracellularly, they were later regarded as as/gpecies with specific characteristics (for thetdmy of the
classification of Rickettsia, see Weindling 199%:f§. This classification is no longer valid toddecause
Rickettsiae differ from viruses by their DNA/RNAm@nt and their cell wall containing muramic aditiey
are determined as a group of obligatory cell pggasvhich cannot be cultivated outside living calisl belong
to the class of Gram-negative eubacteria (see 5t86v: 405).

50 Contagious skin polyp.
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The visibility of virus species has been furthepmwved by the further development of optical
devices, the use of ultraviolet lightand special staining methods. In the 1920s anfs 9w
techniques such as dark field illumination and U\cnwmscopy became available. It was
possible to make virus particles indirectly visiddg working in the dark field of the
microscope, i.e. by using the indirect illuminatpwossibility to reflect the light rays hitting the
sides of the microscope. A number of more strongisactive particles could be detected in a
less strongly refractive matrix. Thus objects cooddperceived as bright points or spots of
light. The use of UV microphotography also made lenaarticles visible earlier than was
possible with normal light microscopic techniqubscause the resolution of a microscope
depends on the wavelength of the lighBut with these means the size of the particlesdcou
only be detected indirectly. As a result of thergased resolving power, impurities in the
cultures became much more disturbing than in phafts taken in ordinary light. Any other
morphological control was not feasible becauséhefultravisibility” of the agent, so that it
was not possible to decide with certainty whethbatwvas seen was the pathogen or an
impurity. The claim, for example, that the deepckléormations that could be discovered on
the photograph of the filtrate obtained from thieatious material of foot and mouth disease,
which was obtained with UV rays, were the pathogeee Frosch/Dahmen 1924 and Frosch
1924; Hinweis aus: Pfeiler/Simons 1925: 255, 25®) mot the bright formations on the plate,
could not be traced beyond doubt. "According toil®feand Simons (ibid.), "The greatly
increased capacity for resolution, however desr@hinay be to the morphologist, can under
certain circumstances be disastrous for the agiidbresearch of filterable virus species ...
With the current state of bacteriological cultueehnology, it is completely impossible to
produce pure cultures which do not contain anyrgplagticles at the colloidal boundary apart
from the pathogen in their medium, let alone '@dlycempty’; rather, such cultures inevitably
contain more or less large particles of dust artl medium, possibly also other living
filterable microorganisms. Whereas, moreover, itldonot be ruled out that the micro-
organisms might undergo morphological changes assalt of the chemical effects of
ultraviolet rays, that they might be largely dandgeKkilled during uptake

In the early 1930s, Zweibaum had used these tegbsitp investigate Rous sarcoma cells and
had seen something completely different than Barhad claimed to have seen in 1925 (see

51 For early attempts to use ultraviolet light, sa#hlker 1904.

52 To obtain clear images of virus particles, a lightirce was used whose wavelength is taken fromlttaviolet
part of the spectrum and which is not too largesiation to the size of the particle to be measuliedaddition
to a monochromatic ultraviolet light source, a qudens and quartz prism system is of course reduias
well as a device that allows the objects souglietdound in visible light. After the object has hesdjusted
with visible light, it is brought to the focus dfié ultraviolet rays selected for capture by cakedlaine
adjustment, and then the image invisible to the drumye is photographed with ultraviolet-light daks
illumination" (Burnet/Andrewes 1933: 164).
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above), namely abundant amounts of filaments irckvkiny round granules were embedded
and which could be stained and blackened duringos? He perceived the filaments as
certain cell organelles (cell structures which perf certain functions in the cell), namely as
mitochondria (mostly rod-shaped organelles whictuodn all eukaryotic cells, multiply by
division and possess their own genetic materialvamdh carry out substance transformations
and forming processe%) As he reported, the cell organelles would, whawed in the dark
field, very soon disintegrate into individual, sieat, illuminated granules as a result of the
influence of light, and after this disintegratidrey could not be distinguished optically from
the Rous gene corpuscles at all, which would sughes the filamentous elements and the
corpuscles in question are very closely relateddentical with regard to their chemical
structure and probably also in a genetic relatignghweibaum, 1933: 359). In some of his
illustrations one could get the impression thatfttEanentous mitochondria originated from
these small granules by stringing the latter togietAccording to Zweibaum, the mitochondria
of the Rous sarcoma cells show differences frorsdhad the homologous normal cells, which
can be seen in their staining behaviour (behaviowards vital dyes) and their rapid
disintegration into small single granules alreadyler the influence of light in dark field
observation. In the same way as the Rous agerit-8pged centrifugation), Amies also found
in the fraction of normal chicken tissue (leucosytepleen tissue) smallest corpuscles, which
could not be distinguished from the Rous agentusuoies neither in darkfield nor with regard
to their staining behaviour (Amies, loc. cit., @11 see also Graffi, loc. cit., 520).

The diffraction images produced by dark-field illumation did not allow the size of the
particles causing them to be determined directly. dEtermine the real size of the virus
particles, even the observation in the stainedismatcould not provide exact values. It was
known, for example, that in a Giemsa-stained srtteainfectious agents seem to have a much
larger diameter than in the unstained specimen.sti®unding colour envelope only brings
the pathogens into the visibility range of the tighcroscope. Thus, the only conclusion that
could be drawn from a stained specimen was thasieeof the particles is smaller than that
of the stained specimen.

53 Osmium is a precious metal belonging to the gmfyglatinum metals, and "osmic acid" is a compoused in
microscopy for staining and hardening biologicaparations.

54 This means that they show genetic continuity, they reproduce exclusively by self-division andsgess
autocatalytic growth capacity. It is assumed thaythave developed in the course of evolution fbacteria
that have migrated into the cell.
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The fact that in 1939 an immediately visible detstbf viruses was achieved with the aid of
electron microscopy (Kausche, Pfankuch, Ruska £93i@) which very fast electron beams
replace light beams, did not at all eliminate thféagdilties in determining the nature of the
virus. Damage was already observed in the firetgts to image biological objects by electron
microscopy. And changes in the objects were desdribhis had caused many biologists to be
very sceptical about the results of the "over-nscape”. And so Ruska et al. also had reasons,
when presenting their "over-microscopic” imagestake a precautionary approach to the
possible objection that "our newly found structunee artificial products that were created
by the vacuum or electron beams. In particularhsae objection is obvious if hitherto
unknown shells or capsules appear on the bactemai' Borries/Ruska/Ruska 1938: 923 f.).
The following difficulties arose for the examinatiof biological objects with radiation: "1. the
preparation must be in a high vacuum; this exclildegxamination of life processes from the
outset. 2. the preparation is heated slightly tocimn the strong radiation and is destroyed by
the radiation. 3. after passing through the objibat,electrons have lost different amounts of
speed, depending on the thickness of the layeensity of the preparation being irradiated.
However, electron beams of different speeds bekiavdar to light beams of different colours
in optics. They are deflected by the lens to déferdegrees, so that the chromatic aberration
of the lens prevents good imaging" (Ruchardt 19836).

The use of electron microscopy seemed to clouceratian sharpen the picture of the virus'
nature. The results obtained with the new methe&weska explained in 1950, led to the insight
"that the virus species show no biological coheeeiitiey proved to be partly macromolecular
infectious agents, partly very small organisms, @adtly structures for which only the
indefinite term virus is available for the time @i "Virus" is therefore not a term of biological
systematics, but a "collective term" for variousiag. Until the advent of electron microscopy,
forms of the smallest microbes would have beersiflad under the collective term "virus".
But 10 years after the beginning of electron micopsc work, all criteria based on
methodological peculiarities and considered to lnedémental limits had become obsolete
(Ruska 1950a: 223§.

5 Bacteria and viruses were among the first objet&slectron microscopy. Because the ability of &tats to
penetrate is extremely low, the usefulness of ksetin microscope was first demonstrated on suodilsand
thin biological objects (see Hoppe 1991: 330).

56 However, according to Ruska in another publicatidthough "virus" is not a concept of biologicgsematics,
"there is still a need for an order of the manifaidnifestations. The summary of all filterable sitypes in a
single order "viral" and their further subdivisiorio suborders, families, genera and species isitlogical"
in its present form. But it satisfies the practicakd for a general possibility of communicationgka 1950b:
57).
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The introduction of the tissue culture technique warticularly significant, which initially did
not necessarily mean that one knew about the ®ltcdar location of virus replication, which
could be taken into account with this techniquéidlty, this technique served only to preserve
the virus in the tissue, and at best it allowedvihgs to continue in an infectious form in a few
culture passages. The further development of ththadefinally enabled the continuous
breeding of virus, which was first succeeded bgaeshers who were completely familiar with
cell research, said Carrel (1925), who had proved the virus of Rouss' chicken sarcoma
could be quantitatively multiplied in tissue exglmnd continuously continued in culture
passages. However, the perfection of breeding igubas also caused problems. The
differentiation of viruses from bacteria accordingvhether or not an artificial cultivar could
be successfully cultivated proved to be unrelidideause some bacteria required special
culture media for growth, whereas some filteraldéhpgens such as mycoplasmas could be
cultivated without direct contact with living cellk was also found that some types of virus
lost pathogenicity if cultured continuously and tthBssues suppressed some viral
characteristics. In general, it was still largehclear what role tissue plays in virus replication.
It was known that a classification according to #ignity of the pathogens to the various
tissues of the organism and according to the @imtanifestations they cause could only be a
makeshift one (see Seiffert 1938: 15). It was alse of the first attempts to systematize the
virus types, guided by the experience that thergpédion of the virus types in the organism
seemed to obey a tissue specificity (Herzberg 193%.: The fact that virus replication was
only possible in the explant confirmed the insighined even before virus breeding that very
close relationships must exist between host angvidowever, it remained open whether intra-
or extracellular virus replication took place. Twwitually exclusive interpretations were still
possible, either that the virus feeds on the eelhe manner of an animated pathogen and
reproduces autonomously or that the virus is ayraezlike substance whose regeneration is
only possible through the living cell (see Hallad®88: 368). The uncertainty continued in
virus research for several years. In a work publisim 1950, Bedson argued that the different
types of viruses were not uniform in nature. "Whsrene to draw the line which is to separate
the microbial midgets from the unorganized, nonliyviautocatalytic infective agents ? It is
impossible to say be-cause, from the very smallpgb the largest virus, there is an unbroken
series, not only of particle size, but also of ctexjpy of structure; on merges into the next
with no clear indication of a gap suggesting disof the group” (1950: 18-19).

In 1938, Doerr attributed what in his opinion was anjustifiable adherence to the

understanding of the virus as a biologically hommagris entity to the fact that methods had to
be applied "which have only little contact with ttesearch means of microbiology; this must
finally have an effect on the idea that the spemnal uniform methodology must also include
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a special and uniform object (i.e. biologically mtieal or related objects of a special kind -
K.L.) corresponds to the special and uniform metihagly"”, a conclusion that is all the less
admissible since the methods used are initiallyoalmalways those that are to be characterized
negatively, such as the omission of (light) micogsc examination and the exclusion of larger
dimensions by filtration (Doerr 1938: 98; 13). Amfew years later: the object of virus research
is uniform only by the means necessary for itsradie penetration, "i.e. in methodological-
technological respect”, although it is understateldab a certain extent "if the constant
application of identical research means finallynt@ntionally leads to the idea of a not only
technical but also a scientific and technologiedearch...” (Doerr 1938: 98; 13) not only
technically, but especially biologically homogenspan idea which, once it has taken root,
one endeavours to justify afterwards, however thell may go” (Doerr 1944a: 7). In this essay,
Doerr criticizes that either conclusions are drésem considerations valid for individual virus
types to an allegedly intrinsically connected tibgabr that one looks around for more or less
hypothetical characteristics which could be attiloito all virus types and which seem suitable
as starting points for considerations about thaiure. In any case, one would deviate from the
facts in order to make general statements (ibidl), 7

From the fact that the groupings of virus typethay were formed at the time were ultimately
anchored in the applied research resources, avisliquite imperatively that the classification
could not have remained unaffected by changes inhade and procedures. The
methodological-technical uniformity of the objedtuirus research, which Doerr illuminated
in 1944, was dissolved with the further developneent application of new techniques. With
changes in the conditions of fact production, sgésation, improvement, modification and the
introduction of new experimental conditions or pmrdares, these could no longer act as
coherence conditions - as conditions for the estatlent of similarity relationships between
the agents under investigation. In #&930s, therefore, more and more judgments were made
on the state of virus research, according to wthieldevelopment of these and other procedures
had moved even further away from a general undedstg of the nature of the virus rather
than approaching it. In 1932 Rivers expressed tigpision that the "virus" was only a
collective term for very different things, a ternhieh would include both "microbes" and very
small inanimate agents. "The dividing lines (acaugydo which viruses could be separated

57 According to Buchwald, it strengthens the robussnef a taxonomy if it is not only due to the apation of a
specific instrument, but is consistent with maniyestinstruments used to pursue the classificatijaabive,
but in different ways (1992: 44). However, as asestudy shows, the opposite may initially ocfwiruses
could initially be described as filterable, lighiamscopically invisible agents that cannot beigated on
cell-free culture media, the coherence of the abueationed characteristics was subsequently weak&os
example, there were submicroscopic pathogens thald not be filtered, agents visible under the tligh
microscope that could not be cultivated on celéfealture media, etc. It took a long time for réswobtained
by different techniques to confirm each other dndthelp to establish a satisfactory classification
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from bacteria, protozoa, etc. - K.L.) are even mdtegred now than they were at the turn of
the century,” Doerr said in 1938 (1938: 25 f.). Apeiffert in the same year: "Virus is not a
scientifically founded biological term, as is soimegs believed, but only a methodologically
conditioned collective term” (1938: 1). Kausche @9t the present state of our knowledge,
the refinement of research methods seems to haselded this collective term, 'virus', to the
effect that we now have to distinguish between iggaghich are similar to a living being with
the characteristics of reproductive ability, reapon and its own metabolism, and those which
apparently lack these characteristics and which,tdiheir mode and conditions of action, are
to be assigned to the active substances of chdwicanimate nature" (1939: 9f.). And
Blumenberg (1943: 629): "The term virus is onlyagivthe unity it lacks by its name; the
guestion of the nature of a virus must be askecaasdered anew in each individual case. The
validity of the concept was put to the test, beeatne individual types of filterable viruses
differed greatly in their chemical nature, whichultbbe demonstrated thanks to improved
methods (for example, the perfection of centrifugesde it easier to separate viruses from
accompanying substances and thus make chemicgbaralccessible). It was found that many
plant viruses could be characterized as relatigatyple nucleoprotein molecules, whereas
animal viruses seemed to have a complex struaterehey evaded a molecular concept for
their understanding, as was shown by the resultscligmical and physicochemical
investigations (see Smadel/Hoagland 1942: 96). itlestess, the thesis that plant and animal
viruses differed from each other in the above-noewtil respect did not only meet with
approval. The fact that it was not possible, faaraple, to recognise characteristics of the flu
virus in leaf extracts of diseased plants coul@dpeding to Pirie, also be due to the methods
used at the time (1946: 575).

Attempts to focus virus phenomenology on furtheanmnt characteristics in order to develop
a more stable classification approximating the Uredtorder” have failed time and again. The
"similarity relationships" that were gained repé#gdell apart with further empirical progress:
Among other things, it was tested whether invar@aracteristics could be obtained from the
analysis of the immunity conditions, immunity agsirvirus infections, antigen functions
(whether viruses have a certain antigen structoaé gives rise to the formation of specific
antibodies) and the serological reactions of tmasvspecies, which differ substantially from
the conditions that could be observed with otheangmissible agents. In 1928, Schultz had
assumed that no type of virus was capable of fagnmicomplement-binding" antibodies or
"precipitins”, and that the so-called "virolicidlhmune substances were the only type of
antibody characteristic of the virus types (1928otgd after Doerr 1938: 90 f.). However, it
has been established that the immunizing poweheirifection process does not depend on
the fact that the agent is one of the virus tyaserr (1938: 86) judged the efforts to gain
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general aspects of a biological nature from thdystd immunity conditions to be unsuccessful

in that it was not possible to establish radicdfedences between virus types and other
infectious agents. The antigen functions of thas/types did not allow fundamental deviations
from the antigen functions of other infectious agesr microbes to be detected.

It was also tested whether viruses can be diffextat from other pathogens on the basis of
preferred hosts. However, no fundamental differsrmoeild be identified in this respect either.
It was not possible to classify viruses accordiaghbst affinity. Some viruses could be
propagated in several hosts, which led to theadiffy that different names were often used for
the same virus (see Ruska 1950b: 16), while otbeutd also lose the ability to infect a
particular host. In the same way, the same plaranamal host could also be infected by
numerous types of virus, which differed greatly other respects dimensionally,
morphologically, chemically and serologically (§&@enkel-Conrat 1974: 11).

Another attempt was to identify viruses as a sdparategory of infectious entities. Thus, in
1928 Rivers argued that viruses produce pathogfects in their host which, although not
entirely different from other diseases, "yet suéintly different from them in regard to
phenomena related to proliferation and degenerabiavarrant placing such agents in a group
by themselves". Based on the changes assumecdctmbistent, he came to the conclusion that
an "intimate type of parasitism exists in viraleises"” (1928: 111). Later Bedson could
counter this view by saying that what is commoth®virus types cannot be found on the level
of virus-related diseases: "...there is no funddaienlifference in the clinical and
epidemiological be-haviour of the diseases causethése viruses which might lead one to
think that some viruses were of an essentiallyed#fit nature from others” (Bedson 1950: 19).
Classifications based on symptomatology were regebyy Andrewes with the argument that
viral properties such as virulence, mobility andrspstence are largely unsuitable for
establishing a classification simply because oir thariability (Andrewes 1950: 165; quoted
in van Helvoort 1994a: 216). Ruska emphasizedwimat was obtained in this way were not
"systematic groups”. "The similar or dissimilareise symptoms caused by different types of
viruses cannot, in our opinion, serve to group tiogielarger virus groups, nor can they separate
individual species into widely differing groups. I@mwhere morphologically identical virus
forms are present can the dissimilar disease pattaused by them serve to separate closely
related virus types" (1950a: 389). Even before, taisnptomatology had been denied an
essential role in explaining the nature of the wibecause, according to it, it could only be a
matter of looking for common characteristics of hiofected organisms react to the viruses
(see Gsell 1967).
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TO SOME CONDITIONS UNDER WHICH THERE IS A CHANGE FROM
BACTERIOLOGICAL TO MOLECULAR GENETIC UNDERSTANDING OF VIRUSES

The history of virus research in the 20th centsrysually described as a continuous process,
a history of progressive revelation of the naturéhe virus (see Waterson 1978: xii; Hughes
1977: 75 ff.; for a critique of this concept sea \Helvoort 1994a: 187). Our analysis of the
case study material has, however, revealed mangghhat lead away from such a historical
picture. In particular, it has been shown that réftnement and expansion of experimental
means and procedures, which are generally seergaarantee for uninterrupted progress in
the knowledge of nature, had tended to lead taskthin the period under consideration (for
example, in the development of virus classificatiand had widened the gap between the
conflicting parties in virus research. With thdtérable" virus, something had been discovered
which, according to the traditional concepts, whadter all had mostly proved their worth in
research into infectious diseases, could not beridbes! in a way that all researchers could have
shared. Very different interpretations of the nataf this phenomenon arose, which were put
forward against each other. No experimental evidefoc this or that concept, which all
researchers should have accepted, could be prddantmy side. In other words, the decision
as to whether this or that explanation most acelya&xpresses the "true" nature of the virus
could not be "objectified" empirically. Every vessi of the interpretation of the phenomenon
remained open to attack, facts presented to theregpblic could often be reinterpreted into
fictions by opponents, who brought into play theeledence of the findings on the conditions
of observation, the local situation of the expenise the research-related nature of the
attributions of characteristics, etc. as sourcesrafr. For example, findings often reported by
certain virus researchers at the time were notigoall by other researchers as a result of their
own experiments, or the observations could notepeoduced by all scientists working with
the virus. Often, findings to the contrary wereaged, or the findings that had been examined
were considered artefacts. As with justificaticeggons of various kinds could be invoked to
reject the positions debated. Findings that wemsdu® empirically confirm a suspected
connection were often soon joined by negative figdireported by other researchers. However
carefully and deliberately the techniques usedhénexperiments were employed, and despite
the fact that each party could offer credible reador defending their respective positions and
provide empirical evidence - which explains whye'trarious opponents 'constructed' widely
diverging research objects which they identifiedres'virus™ (van Helvoort 1994a: 202) - at
no time did they offer compelling reasons that wichdve led the other party to finally abandon
artifact accusation® We will illustrate this with a few examples:

%8 Scientific facts that Knorr-Cetina (1984, 1985884b), Collins/Pinch (1982) and others have emefgsd
processes of social construction can be "decornstti@again. The transformation of fictions intottor of
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In defence of the concept that viruses originatdogenously, findings were frequently
presented with the claim that in organisms thatewmotected against exogenous infections
and were therefore free of virus in all parts, sioould usually be detected in abundance after
a few weeks. Against the concept of endogenous ¥oumation it could again be argued that
exogenous infections could not be completely ruetidue to technical inadequacies in the
experiments carried out and that laboratory infextihad to be expected (see Seiffert 1938: 9).
There were sufficient grounds for suspecting thatvirus had been present in the cultures
from the very beginning, but in such weak conceiuing that it had escaped identification (see
Smith 1936). Researchers who thought the virus avascrobe could not do without such
answers: With the understanding of the virus asramate agent, the theorem of the continuity
of all life must also apply to it.

The failure of attempts to prove respiration preessin viruses was attributed by researchers
who believed the virus to be a living being onlystidl existing experimental deficiencies or to
the fact that under the given artificial experinrentonditions the virus might have been
damaged (see Seiffert 1938: 7). Opponents, onthiex band, saw in the failure something that
spoke against a living nature of the agent.

The claim that numerous phages were obtained froagg-free cultures (dysentery, typhus,
coli, etc.) after a few passages, which was sugptseprove that the bacteria-dissolving
phenomenon is caused by bacteria alone (that$leldtion is caused by an autolysin produced
by the bacteria themselves), could always be coeditey the fact that many cultures contained
bacteriophages from the outset, which were oftdficdit to detect. Even the complete
dissolution of bacteria as claimed by d'Herelle wasunanimously confirmed. For example,
Gildemeister, who - as stated above - added thagshenon discovered by d'Herelle to the
variability of the bacteria, was unable to repraalthas result either by microscopic observation
or by using histological techniques (1923: 184¥.).

disputed points of discussion into undisputed faefsrs Latour to a process of "modalization”. Tlglo the
addition of modalities to factual assertions, thttelr gain the character of personal opinions ecsiations or
of ideas that are bound to local or temporal peciies of opinion formation. A sentence losesféstual
character if the readers go back to where the seat@as written, to the mouths and hands of thdsewvote
it (Latour, 1987: 25). Latour speaks of a senteatded "negative modalities" when an assertiontibated
to the conditions of production. In contrast, hikisdhose sentences "positive modalities” that keadssertion
away from its conditions of production, whereby #ssertion gains the status of a fact (ibid., 28; also
Latour/Woolgar 1980: 79 ff.).
.Scientists in current controversies construct antploy histories of medicine, technology, and sweto
support their arguments or to deconstruct opposeatjuments ... This is more than a debating glyate
Constructing history is one means by which scignh{i®)construct rules for verifying facts and fimgs; that
is, constructing history is part of the verificatiprocess in science” (Fujimura 1996: 53).

9| ater he expressed in a lecture that he had twiveinced of the complete dissolution of bacteftarall (1923:
184 1.).
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Time and again, the standards by which the reitglof the exclusion of cell residues from
tumour filtrates was measured, the reliability w€ls methods as filtration, pulverisation or the
use of (cell-dissolving) glycerine in the treatmeot tumour material prior to its
overvaccination on healthy animals, have been ntaglsubject of dispute. Researchers who
saw the origin of the virus in the cell could ohjdwat, even if cancer nests or areas that could
be identified as suspected tumours under the ntopescould not be found in the filtrates, it
could not be excluded that individual cancer ce#se still present in the circulation and that
these had changed their character within the plesisihits. Or one referred to experiences that
considerable amounts of cancer cells in the formuwfour mash have to be injected to cause
tumour formation. There have always been occadimrmdgtack or defend claims that tumour
transmission was initiated by cell-free filtratesdathus the viral nature of cancer was
demonstrated.

Statements about the fact that virus elements rddaby centrifugation from infectious juice
of the Rous sarcoma are of the same size as orteearand show up as granules in dyed
preparations of the ejected sediment were doubtadng other things, with the argument that
the fact that all particles are of the same sizapmroximately the same size as one another is
a natural consequence of the technique of fradti@eatrifugation. That the assumed
morphological homogeneity of the virus elements Mobave been produced by the
centrifugation experiments was justified, for exdnpvith the following arguments: From
normal tissue extracts by centrifugation (15,00@hations per minute), it is possible to obtain
tiny corpuscles of the same size which are sinmlavery respect to the elementary corpuscles
obtained from an active cell-free tumour juice (Rsarcoma) using the same technique. These
carriers of the specific viral action were in noyeifferent from other contaminating particles
of the same dimension (see Fraenkel/Mawson 1937).

These examples may suffice to illustrate that ttdles that the nature of the virus posed to
researchers during the period under consideratmdcnot be progressively unravelled in
accordance with empirical successes (in bactenyploi@gnt pathology, etc.). The improvement
of the technical conditions for research, the aadation of empirical data, the growing
number of virus discoveries - by the end of the(®%ell over 100 diseases caused by
pathogens that could be filtered but could notdtected by light microscopy (Heilmann 1940:
65) were already known - rather led to the uncetyaof what was already believed to be known
about the nature of the virus. With the furtherelepment of the methods used, it seemed less
and less possible to say how viruses should berstodel in a very general sense, regardless
of whether they were animal or plant, "large" omadl" viruses. Controversies on the
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understanding of viruses were not defused by thgirezal successes, not gradually reduced,
but rekindled again and agaih.

The guestion now is how modern (molecular geneticlerstanding of viral nature came about
when it could not have arisen from the empiricalaattes in virus research alone. The author
of these lines is not yet in a position to provadeexhaustive answer to this question, which
has been tested on the basis of scientific andrigat material. Further extensive studies are
required for this. However, it can at least be stidt the development of a modern
understanding of the virus has been helped by @eepsoin which virus researchers have used
terms from other disciplines (heredity researcb¢chemistry and other fields) to overcome the
problems of interpretation and to consolidate tbsitpns they have adopted in the debates.
They included the "gene", the "macromolecule" @r'thucleic acid" in the debates. This also
made the virus phenomenon interesting for gen&iatiemists, etc., and the dispute about its
true nature extended beyond the circle of virusaeshers$! Thus a development was initiated
at the end of which the borrowed terms were foumd theoretically ordered relationship to
each other, as expressed in the modern versidre ofitus term, a relationship which, however,
was theresult of a longer development process and not its precomditof which the
researchers would only have become aware stepepy At first, individual researchers only
suspected that the "virus" was somethsngilar to the "gene", the "macromolecule” or
something else, and it was a matter of free judgemlether or not to be guidétby such
similarity relationships constructed solely on aceptual level.

The motivation for such action arose from the ihgi@porn in the almost endless debates, that
a generally accepted understanding of the natuteeo¥irus would hardly emerge from the
traditional practice of research into viral infects. With experimental results and observations
structured according to this or that concept, theous parties created their own particular
areas of experience from which they then drew exdddo justify their concept. As each side

60 Konsens geht im Verstandnis der neuen Wissenssioafblogie aus einem KonstruktionsprozeR hen&inge
the settlement of a controversy is the cause ofifé&t representation, not its consequence, we eaernse
this consequence, Nature, to explain how and wegnéroversy has been settled” (Latour 1987: 258).

61 To fathom the origin and essence of life was mmdains the last and highest goal of science, lmngroperties
of the virus-like infectious substances, especidlig minimal and in the minimum but again limited
dimensions of their units, justify the expectatitm come closer to this goal. Only in this way is it
understandable that the results achieved by thaadist were able to arouse the interest of theegfidtircles
so quickly, and that not only biologists, but atd@mists and physicists began to concern themseftieshe
"true nature of the virus species" (Doerr 1944a: 1)

52 This is in contrast to the similarity relationshijm the early classifications. For example, cartliseases of
humans, cows, horses, sheep and pigs were grouped the term "smallpox" because they are sinmildnat
they are all characterized by rashes. From togmyjtst of view, it appears to be incorrect. "Sevarfathese
diseases were indeed caused by pox-viruses, bdefieencies of this symptomatological classificatare
highlighted by the inclusion of chickenpox and tireat pox' (syphilis) in the same category", awiée points
out (1988: 3).
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perfected its approaches, the dividing line betwé®n parties became sharper and the
controversies more radical. But at the same timmig, grocess also enriched conditions that
encouraged researchers to look for new referernpertsof research that would allow the virus
phenomenon to be observed and evaluated differénothy what was usual in conventional
activities. The change of perspective - the obsemaf the virus phenomenon from the point
of view of "outsiders" (geneticists, chemists, phigsts, etc.) - was linked to the expectation
that this would put an end to the controversiesuldhether viruses should be regarded as
living beings or as a soluble substance or enzyme.

The fact that virus researchers consulted ternms fhos or that discipline in order to overcome
problems of explanation cannot be seen as an aiggittonsequence that they should have
drawn from the results of their empirical work (@twise there could be no question of a change
of perspective)?® These Wertarms that had arisen independently of the comtexirus research.
"...our knowledge of viruses," Darlington said ineziew in the early 1950s, "has grown up in
the same half century as genetics. But the conaeggd have been quite independent until
recently” (1951: 321). The fact that the equatibthe virus with the gene as well as with the
macromolecule and other terms did not result dydcdm the empirical experience gained
when dealing with the virus is supported by théofeing:

These are terms that were still very controver3iaé answer to the question of whether viruses
are "organisms or... or chemical molecules... (&) difficult, since there is no generally
accepted definition of these two basic conceptsthrer chemistry or biology”, said Schramm
(1942b: 791).° There was no unanimous opinion on the applicgbiit the concept of
molecule, which was derived from the behaviour iaipte chemical compounds, to high-
polymer organic natural substances and especttigltoidally soluble proteins. According to
Doerr, it was left to "free discretion” whether omanted to speak of giant molecules or
molecular aggregates in the case of proteins, talhesince nothing more is known about
the bonds that hold the units together than they #eem to be rather loose and can easily be
broken" (Doerr 1944a: 11). Neither was there a galyeaccepted definition of the term gene,
so that in this respect, too, it was left to evexgearcher to certify or deny that the virus is
similar to the gene. ", ... depending on the ajsiar or professional attitude, the common and
sometimes the differing moments were brought tddhe ..." (eben-

69 The reception of the Fleck heritage is very helpdulthe analysis of such a process, which wagied by
the creation of new points of reference for redeanwhich owed their existence to the borrowindartign
disciplinary concepts - and which subsequently feda new coherent knowledge. He describes the
establishment of relationships between concepts fdifferent disciplines, which he examined using th
example of syphilis research, as "active couplingisexplaining why precisely these and not othmrmings
had arisen, he refers to the cultural-historicahtert that determined the biographies of the reseas
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involved at the time. With "active couplings" itégpressed that interdisciplinary connections ithitiate the
formation of a new discipline or a new scientiffgesialty are characterized by indeterminacy. Fléakvs
attention to such indeterminacy with regard toittierdisciplinary history of the development ofadegy. He
explains that the modern concept of syphilis watstine only logical possibility. If the pioneers thiis field

had fallen for other links than those they had tteaiized, one could have come up with completéferegnt

classifications of disease, so that other diseais, @among which syphilis as a disease unit caotce found
at all in the demarcations as they apply today 856$91980: 32 f.). Fleck explains these couplinga dsnot
point in the developmental lines of some collectivaceptions...". Furthermore, they functionedagliions
of the work of cognition, which consists in deteming the "inevitable results" that can be determlinader
the given conditions. In order to make it plausithlet the reference to concepts of other discipliseone of
the necessary preconditions for fulfilling the r@®# objective and adequately grasping the obggectsearch,
the subsequent assumptions that can be derivedifrenm - the "passive couplings", as they can Hedalfter
Fleck (ibid., 56) - must be empirically substar@tht The preconditions "correspond to the activeplings

and form the collective part of recognition. Theviable results resemble the passive couplingsfamd

what is perceived as objective reality" (ibid.).

70 Staudinger, who is considered the founder of maotecular chemistry, was initially denied general
recognition. Neither organic chemists nor colloidemists addressed his ideas on polymer structures,
especially as it did not seem very attractive atttme to deal with "smear chemistry" (see StaueliriP61:

77). At the beginning of the 1920s, an attempt prabably made to apply a new physical method tblpros
of structure elucidation of organic high polymetawever, the application of this method, X-ray stuse
analysis, led to contradictory results which spfiteand against Staudinger's ideas.

da, 63). "It is (only) certain that genes cannosken'," as Geitler was forced to state at the end
of the 1930s (1939: 144), and so, of course, allctharacteristics in which one wanted to see
analogies to the types of virus had to be hypathetit was still questionable whether genes
were real at all or mere fictions or entities withsubstance (see Morgan <1933> 1965: 315),
especially since one was not sure about the paitieir empirical research, which could have
been taken. " ... the material used by genatittee first half of this century (allowed) neithe

to study the substance (the genes K.L.) nor tositigate its mechanism of action”, says Jacob
(1972: 278). And Schrodinger (1951: 13): "After tiediscovery of Mendel's rules the science
of classical genetics had emerged, which... hathéela so to speak, everything about the
capacities of genetic material, but knew nothingulthe nature of the genes themselves."

That is why there were of course a number of rebeas who denied that the virus was similar
to the gene or macromolecule. For example, Darfimyught it was absurd to see only
macromolecules in viruses, "because molecule isemntcal term and not a life unit. The
protein molecule is not alive. In order to livemust also contain other substances (lipoids,
salts, carbohydrates etc. - K.L.), although thisgdonot change its size significantly" (Daranyi
1937: 1267). Doerr (1944a: 49) also turned agdhesgiant molecule concept. It was absurd
to interpret the pathogen of psittacose as a gieniecule, for example. "Not only the size of
these elements... would be inconsistent with suzdnaept, but also the size of the psittacose...
but also the high-grade pleomorphism. And propanefitequating the virus with the gene,
among other things, were cited: Genes are "fourdany living organism that reproduces and
passes its characteristics on to its offspring.aNproteins... are only found in diseased
organisms. Asked in this way, the question of thal@gy of these two elementary units is
therefore wrong", says Kausche (1939: 73). Dogira&ched researchers who held on to the
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presumed similarity of the virus with the gene, isgythat they had "tried to bridge all
objections that oppose the identification of vipasticles and gene by unrestrainedly piling up
hypotheses" (1944a: 69).

Supporters of the microbial virus concept saw res®uo the genetic concept of heredity
research as a way to refute the argument put to thetheir opponents that the minuteness of
filterable viruses was incompatible with the conxgjeand quality of organisation, which were
generally regarded as characteristics of livingaargms. How could such a tiny particle as the
virus contain all those partial structures that e carriers of the manifold vital functions
(respiration, assimilation and dissimilation, regwotion, inheritance)? Burnet and Andrewes
pointed out in 1933 that the individual virus pelgiof foot-and-mouth disease could not be
larger than 10-20 haemoglobin molecules. They fauddficult to understand how a particle
consisting of so few molecules could be organireslich a way "to be able to perform all the
complex functions of a living, independent orgarigi®33: 167)2 The thesis that the virus
was similar to the gene now seemed to render suektigns meaningless: as small as genes
are, heredity researchers ascribed them the raltile afits. They were presented not only as
mere components of cell substance, but as a funttain@roperty of living matter. In th&
early 1930s, suitable objects (gametes of Drosaphédlanogaster) were used to determine the
diameter of the volume of genes that corresponalétetdimensions of the smallest to medium-
sized virus elements, thus providing a point oftaonh According to Bail in 1925, certain
peculiarities of the bacteriophage, which had cdas#iculties for the supporters of the theory
of living beings, could also be explained in thghtiof the concept of genes: Genes "really take
a very independent position in the newer heredisgarch, they appear almost like organisms
in the organism", as he wrote (referring to an esg&dtten by Muller in 1922). "This makes it
possible to understand the peculiarities of thedsaphage, which on the one hand make it
appear similar to an organism, but on the othedmaake important characteristics of such an
organism missing”, such as the lack of independeptoduction (1925: 15). "It seems",
according to Daranyi in 1937, "as if such a unigase, virus, phag is generally the smallest
unit of life" (1937: 1267). The analogizing recoaite the gene concept was promoted by the
fact that heredity research attributed a high degfeautonomy and stability to genes, which
was accompanied by a certain plasticity charadteyiall organisms. The genes could be
induced to vary under artificial conditions (e.gy lrradiation), just as they would
spontaneously vary (mutation). And from a physiatagpoint of view, the growth of the genes

63 At the same time, however, they expected insurtale difficulties in an attempt "to interpret ahle
complicated phenomena of viral diseases as benggpdaby a non-corpuscularly organized agent" (jibid.

64 ... a gene is a minute organic particle*, wie @@at wenige Jahre vorher ausfihrt (1935: 271),habty a
single large molecule, possessing the power obdkpmtion, which power is one of the main charasti&s of
living matter. Changes in gens (mutations) arealigad as changes or re-arrangements within malecul
groups of a gene molecule.”
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in the cells appeared to be the proliferation dividual units, in which something very similar
to viral replication could be seen. And the fadtthn the course of propagation - judged by
their phenotypic effect - the genes showed conaldertenacity in the preservation of their
properties, combined with a certain degree of Walitg, as expressed in the spontaneous and
experimentally induced mutations, helped virus aedgers to understand the connection
between constant properties of the virus and taleilgy or variability of the symptoms (see
Melchers 1960: 973° Kausche saw the reason for this in the fact thawviruses, just like the
genes in the organism, "are able to initiate arcbareactions, at the end of which a manifested
characteristic, i.e. the symptom, comes into be(igiusche 1940: 362).

Developments in experimental heredity research At an impact on cancer research.
Initially, the classical ideas of genetics cam® iptay: one of the dominant themes was the
idea that pathological cell division can lead tdisc¢hat are still viable and capable of
proliferation and possess the properties that eanbiserved in tumour cells, that it is possible
that a factor exists within the cell that is subsidly involved in tumour formation. At the
beginning of this century this factor was callethraamosome™ (structures observed during
nuclear division). And so cancer was interpreted basng dependent on malformed
chromosomes in the cell nucleus (see Boveri 19B4s.d929). In detail, this approach
(described as the "somatic theory of cell mutafi@alys something like the following: Chronic
irritation causes a certain change in the chromesoontent of the cells, which is supposed to
explain the abnormal proliferation, the emancipabbthe tumour cells from the other cells of
the body, the change in cell function, the inhag&of the new properties to all cells newly
formed from such cells. When later the genes lacate the chromosomes were to be the
carriers of the hereditary dispositions insteactafceiving of the whole chromosome as a
single entity (see Sutton 1902; note from: Jahal.&982: 465 f., 737; Boveri 1909), cancer
formation could now be seen as a mutation of gdveesed on the general idea that it was an
irreversible change in the hereditary charactesstf a cell. A genetic transfer of tumour
characteristics was envisagéd.

Those researchers who were inclined to the viewttigvirus was not a living organism but
an enzyme-like substance and that one day it wbelgossible to obtain a chemically pure
virus, hoped above all that progress in macromddeahemistry would lead to an increase in
knowledge of the nature of the virus (see Schmatige 1943: 711). Although it was a
debatable consideration that the viral proteik® those of other proteins, were composed of
a number of identical subunits, there was no agee¢ron the structure, size and mutual
relationship of the units. In the first decadethef20th century, biochemistry was largely based

85"The mutations of the viruses manifest themseinedtered disease symptoms" (Melchers 1960: 97).

60



The history of early virus research

on the colloid and aggregate theory of living prdewhich stated that proteins and proteases
in the protoplasm of living cells were aggregateésmall molecules. It was widely held that
the colloidal stage of protein compounds was todgarded as a specificity of living cells to
which the chemical laws were not fully applicabknd thus, at that time there was no
justifiable reason to consistently attribute theygblogical processes of the cell, the
intracellular phenomena and the function of the oatleus or its material components to
chemical laws (see Olby 1974: 19). For the thedrgnmlogenous virus production, a gain in
plausibility could be expected if it were actugtlgssible to represent some virus types in the
form of macromolecular proteins, i.e. proteins whtasge molecules in the solution state can
be identified with the virus elements. The assuampthat viruses occur spontaneously in host
bodies without exogenous infection became moradiitre after Stanley succeeded in 1935 in
presenting the tobacco mosaic virus in crystalforen. The virus presented itself to him as
something that behaved like a chemically pure jpmateall its properties, which was contrary
to the understanding of the virus as a living belaglated protein molecules could be denied
the ability to feed, reproduce, inherit and adape ability to crystallise was generally denied
to organisms. It was pointed out that the structdiigecrystal lattice presupposes a large degree
of agreement and a great regularity in the strectdithe individual particles, but if the living
organism theory were correct, the chemical composibf the agent would have to be
characterised by a certain variability or the vipasticles would have to be characterised by a
certain heterogeneity.

The borrowing of terms found outside the field otig research did not immediately lead to a
levelling of the gap between the various groupghis research field. The fronts rather
hardened, there was a clash of genetic and bioclaémareas of experience” in the

interpretation and research of the

74 However, as Hildebrand objected in 1939, thizcept could not be reconciled with the long latepegiod in
tumour formation after contact with chemicals. Hoould a mutation, which was an immediate change, be
consistent with the slow development of tumorsétirand did not attribute the transformation obenmal
cell into a tumour cell to a somatic mutation, toua permanent modification, a change in the cyspic cell
components caused by a stimulus that attacks thplasma rather than the cell nucleus. With theuagption
that the malignant transformation of a cell is lohge a somatic mutation, i.e. a gene change, esvilemas not
compatible that carcinoma development in the skiemthe mouse is brushed with a tar solution tpkesse
in such a way that the uppermost cell layers (efiih of the deeper epidermal laygradually assume the
character of malignancy over numerous cell germmatand that the transformation to a carcinomatakds
place simultaneously, i.e. multicellularly and naéntrically, in many epithelia. Gene mutationsyewer,
always take place by leaps and bounds. This idg@igovhat Hildebrand was never able to determimghe
malignant transformation of the epidermal cellddelbrand 1939: 395).

In this context, the debate held at the time orgthestion of whether there might not possibly bati@nships
between the agents of the filterable chicken saasoamd the genes of the nuclei of certain chicledls,d.e.
whether the Rous agent could be genetically derik@a the nuclear genes of the chicken cell, i.eether
the Rous agent is a malignantly modified (mutatgdine of the chicken cell. On the other hand, the
incompatibility of the results of the above-mengdnduck experiment of Gye with Fujinami sarcomaladou
be argued. According to Graffi and referring totaer experiments, the nucleus and thus also thgithal
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nucleus genes are autonomous with regard to spgpésficity; the genetic material of a nucleusirs its
original species specificity in the plasma of d@arakpecies under all circumstances. If the agitieochicken
sarcomas were to be genetically derived from theetie material of the cell nucleus (genes), onelvbave
to expect that the Fujinami sarcoma would also taainits chicken specificity in the duck cell. Hoves,
according to Gye's experiment, the serologicallseasinable species specificity of the agent hasgad
from chicken specificity to duck specificity (Graffoc. cit., 545).

Virus origin and effect® And yet this initiated a development that rendeteticontroversial
questions irrelevant. With the turn to the "macrdenale”, the question of whether the virus is
a "contagium fixum" or something soluble appearea different light. In the light of advanced
colloid-chemical ideas, both versions had somettongffer. If it could be said that the virus
was in a molecularly disperse state, then theradtese - liquid infectious agent or corpuscular
pathogen - could be seen as a consequence oféheMeocome state of development of colloid
chemistry in the 19th century. Neither the equatibthe tobacco mosaic virus with enzymes
(Woods 1899) nor the understanding of the virus gmthogen external to tobacco plants
(lvanovskij 1902) can be judged in retrospect tabsolutely wrong (see Wegmarshaus 1985:
78 f.): In material terms, both enzymes and virwsesproteins, albeit with different molecular
weights, and viruses are proteins with an RNA orADébntent, but not a plant-specific
enzyme. The virus is actually a corpuscular agéa$ed on colloidal chemical considerations,
Beijerinck's theory of a liquid infectious agens@had something to offer - the virus was in a
molecularly disperse state. In the light of changexceptual guidelines, neither the organism
nor the molecular hypothesis could be fully supgdrany longer’® "The word organism
demands," according to Bawden (1964: 12; note frean:Helvoort 1994a: 217), "a wealth of
independent metabolic activities there was nevgreason to assume viruses possess, and the
word molecule implies a precise knowledge of chaimdomposition impossible to get with
particles as large as viruses, and demands an ngealle structure that conflicts strikingly
with the great mutability of viruses.

With the aforementioned equations, initially onlynolically mediated transformation
relations between different areas were created;lwlhiowever, uncovered a new development
potential for empirical processes, for processasldd to operational coherence of previously
independent areas of experience. A transfer of odstland procedures took place (see Kay
1993: 5), a transfer with which the previously osiispected equivalence of, for example, virus
and macromolecule was to be practically establishe@he fact that the convergence of
research directions of various disciplines, whiaswnitiated in the case study dealt with at the
level of text language, was intended to be contiratehe practical level of research, becomes
clear, for example, in an essay by Kausche fronD1Bik wrote that if one is already looking

66 “The biologist who regards the viruses as livitgdées them in living hosts where they behave gamisms;
the chemist who considers them chemicals studes th the test tube where he sees only their cladra
physical properties”, so Chester 1947 zur Lagecin\drusforschung (1947: 313, Hinweis aus: van ldel
1993: 24).
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for analogies of a general and special kind betwgemes and virus proteins, then such
considerations must also lead "according to thet stefinition of genetics" to the experimental
consequence "that one must 1. that one has to tgusally link the specific properties, i.e.
the mode of action or the success of action ofa protein with its defined physicochemical
constants; 2. studies of analogies between gertesiarses aim to change the effect of the
viral protein by means of overseeable interventionssuch a way that it can be
physicochemically and chemically proven. For thisgose, the final link in the reaction chain,
i.e. the symptom picture, must first be manifestesmodified form and coupled with a change
in the physico-chemical properties of the activeyd@siven the relatively high plasticity of the
test objects in relation to the viral infectiongchuartificially induced modifications must be so
firmly induced that they meet the strict requiretsesf genetics in terms of mutations, i.e. they
must largely

76 And in phage research, neither d'Herelles' positionthat of his opponents could be maintained auth
restriction. Virus replication was not comparabl¢hvthe growth of a bacterium in a culture mediunwith
the direct conversion of an inactive "precursotbian active enzyme, which Northrop had assumedniih
was possible to demonstrate that the substrateg Ib@indled were free of the lytic agent, and wiiemais
possible to produce admixture-free, concentratedgphsuspensions after using high-speed centrifuges,
improved methods of turbidity measurement, isotatibviruses as the offspring of a single virustisée, and
other means, after the phage had become a molegritatic object (at the beginning of the 1940s) wad
studied independently of therapeutic objectivas ant object that could not have been treated aslecoiar
genetic object either by lysis experiments or logae genetic experiments (Doermann 1972; 95) taudiisg
point was gained independently of the positiond hethat controversy, which m.E. in the followiggotation
from Delbrick: "In d'Herelle's view the bacteriogka are small cells, in Bordet's view they are fiedli
bacterial proteins. The issue is one which can balgettled by a clearer understanding of whaisdlgtgoes
on when the bacteriophage is reproduced. The arpats which have been devised in the attempt tte set
this argument have not yet led to a clearer unaedéhg of the mechanism of phage reproduction” 2123.
Ellis, who had worked with Delbriick for a time, sesl to come remarkably close to d'Herelle's desorip
of the phage reproduction process "the picture aweoday" (1972: 62). But it was not d'Herellegntion
to study the reproduction process itself, which wasessary to clarify the molecular basis of repotidn.
Thus, a different picture had emerged, obtainednbgstigating the phage reproduction process stgigra
from the reproduction of the phage hosts and froestions of antibacterial therapy (see Delbriickc1944
f.). The organismic approach to bacteriophages Idped by d'Herelle (phages equal parasitic
microorganisms) was radically changed by one whielated "a phage particle as a package of genetic
information", "which is encoded in the length ohacleic acid molecule housed in a complicated ftidec
apparatus", wrote Doermann in the 1950s (1972: '88)e phages could no longer simply be regarded as
extremely small intracellular parasites, as d'HereWwho preferred analogy considerations,” did. The
"weakness of the analogy was that it could notarphe lack of metabolism in the particles...idddershey
(1972: 108).

77 Following Stichweh, the interaction of heterogere&mnowledge systems - he refers to the developmenta
relationship between physics and electrical enginge can be characterized as an interpenetratiooess,
for which instrumental or experimental technologypdtions as an "interpenetration zone" (Stichwe8819
702). The different knowledge cultures connectviengs in this zone in different ways and transpuetn into
divergent horizons of meaning. Finally - as a resfilthe development of interdisciplinary trafficthe
difference disappears in the new objects.
Die Molekularbiologie ,would borrow methods not grffom physics, mathematics, and chemistry but also
from other fields of life science - genetics, enddogy, physiology, immunology, mi-crobiology. Thew
biology aimed to transcend disciplinary boundasied employ whatever tolls the problem at handateded.
Although the transfer of techniques between figlds certainly not new, the design of a large-spedgram
based on interdisciplinary research encom-passiveral disciplines was unprecedented” (Kay, 1993idhe
auch 136 ff.).
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remain constant” (Kausche 1940: 362 f.). The fhat borrowing leads to consequences in
methodological and other respects of the borrowasgarch field can also be shown with
regard to the consequences that were conjured ep vtwas agreed to equate viruses with
macromolecular nucleoproteins: For example, in ¢fierts to make the hypothesis of
endogenous viral origin plausible, we could no Em@e content with assuming that a
nucleoprotein structure of the host cell would lbewerted directly, i.e. without chemical
transformation, into a viral element. The idea Wasogically unacceptable "that a particle
belonging to the host cell is transformed by tHfeuence of this very cell, directly or without
changing its dimensions, its colour reactions amdhemical constitution, into a reproducible,
transferable and specific agent with all the giediof a pathogenic germ... As things now
stand, the hypothesis of endogenous virus format@mmot be substantiated morphologically,
but only by arguments of a different kind" (Doe®44a: 25).

By borrowing concepts from other disciplines, teeaciated research problems also gained an
impact in their own field, and there was presswr@iient their own investigations to the
procedures and questions of the foreign disciplwg.a convincing presentation of concepts
of foreign communities as something that belongs¢opreconditions, the guidelines of one's
own fact production, the research results must resgmted as something that can also be
evaluated and reconstructed in the reference systetime respective community. And this
means in consequence that one's own experimenthlobeervational findings must be
translatable into those of the community whose eptewere used. Only in this way can it be
made plausible that such a reference was the reegga®requisite for the achievement of the
research goals and belonged to the conditions sérehtion of the objects of research treated.
One may assume - which must, however, be verifyeftitther analysis of the case study in the
history of science - that the controversies inwviresearch became irrelevant to the extent that
conclusions were drawn from an empirical-practipaint of view from the similarity
relationships between the virus on the one handf@gene, the macromolecule, etc. on the

other hand, which were initially only suspected andsidered in the debates.
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