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A friend I hadn’t seen for many years asked me in Lake Placid  
how to explain the miracle that Luria, Renato and I came  

from a practically unknown school like Turin. Luria told him that it is  
due to Giuseppe Levi and this - at least in part - is true.

R. Levi Montalcini, Cantico di una vita

SUMMARY

EDUCATION AND DIASPORA  
THE PATH OF THREE NOBEL LAUREATE STUDENTS FROM THEIR 
ANATOMICAL TRAINING IN TURIN TO THE AMERICAN GENETIC-

MOLECULAR MODEL (1930-1950)

Three students who were subsequently awarded the Nobel Prize received 
part of their training in the Turin laboratory of the anatomist Giuseppe Levi 
(1872 - 1965): Salvador E. Luria for research on bacterial genetics (1969), 
Renato Dulbecco on oncogenic viruses (1975) and Rita Levi Montalcini for 
the discovery of the nerve growth factor (1986). It is a rare case in the history 
of science, especially considering the different paths that his three pupils 
took in the US after their common internship in Levi’s laboratory which 
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focused on the microanatomy of the nervous system. Trying to reconstruct 
the reasons for these professional successes, in their autobiographies, all 
three students recognized the great merits of their master’s methodology 
(dedication and rigor in the job, the setting up and publication of the 
experiment, strictness and encouragement in the evaluations), while 
identifying the move to US labs as the decisive factor in their careers 
(research policy, meritocracy and substantial funding). In this contribution, 
I will attempt to trace the paths that made it possible for three students from 
an Italian school based on histology and microscopic anatomy according to 
the German tradition to become three Nobel laureates in various disciplines 
based on a molecular approach. Understanding how this ‘metamorphosis’ 
occurred means reconstructing how individual micro-histories, coming 
from a local scientific and methodological context -laboratory techniques, 
religious backgrounds, fortuitous choices, friendships and academic 
relations-, merged with macro-histories involving national politics, the 
Second World War, and institutional and disciplinary divisions.

Introduction
When he met Salvatore Luria (1912-1991), a second-year medical 
student, Giuseppe Levi was a fifty-eight year-old Full Professor of 
Human Anatomy with a brilliant and accomplished career behind 
him. Of the fourteen areas of research shown on his curriculum, no 
fewer than thirteen had been tackled by Levi before the arrival of 
Luria in 1930 and of Renato Dulbecco and Rita Levi Montalcini 
in 19311. As was his habit, Levi set up “a table in the room of the 
interns still wet behind the ears” for the three students so that they 
could practise on a precise task of histology chosen from an “exer-
cise book of notes” which contained a list of the biological problems 
that he had tackled in his career2. From the time they entered the 
Institute to the years of post-graduate work, the three students were 
to practise on different aspects of the laboratory’s research, ranging 
from histology to microanatomy and embryology, probing a struc-
tured but homogeneous field of biological interest which Levi had 
concentrated on the morphological-quantitative analysis of animal 
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tissues and cells (mainly nervous and muscular) in order to reveal 
their functional meaning and the behaviour in the various phases of 
growth, development and senescence.
The educational path of these students, as is known, was inter-
rupted by their emigration to the United States: Luria left in 19383, 
Dulbecco and Montalcini in 1947. Almost ten years separate the two 
migrations, a period in which Luria, as we will see, played a decisive 
role. The three students, with some exceptions for Levi Montalcini, 
would decide to abandon histology and microscopic anatomy in fa-
vour of research in the genetic-molecular field. Luria will be the first 
to make this disciplinary and methodological change of discipline, 
outlining a professional path that would both inspire and ease the 
way for the other two students. It is therefore with Luria that we 
have to start to draw the parabola that led Levi’s three students from 
education in Turin to the American ‘diaspora’.

Luria’s internship in Turin
In the first two years of his internship (1932-34) Luria started vari-
ous studies on the structure and transformation of human striated 
muscle tissue in the phases of embryonic growth and senescence4, 
in collaboration with Luigi Bucciante (1902 - 1994). Bucciante 
had worked as an assistant since 1931 at the Normal Human 
Anatomy Institute, and also had a grant from of the Rockefeller 
Foundation5. Although in the same years Bucciante6 did research 
for the Rockefeller Foundation in Levi’s Department on the effects 
of alpha rays on in vitro cells, it was not these experiments that 
initiated the young Luria to radiobiology. No trace remains of them 
in the articles or autobiography of the Nobel laureate. The reason 
is perhaps due to the fact that in the period 1932-34, this type of 
experiments on in vitro cells was still free of genetic ideas, thus 
not revealing a relationship with radio genetics, a discipline which 
Luria was to reach a few years later through medical radiology. 
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However, from the end of 1934, “acquiring considerable experi-
ence in the technique of histology”7 Luria started to find his own 
experimental path, working individually on two lines of research: 
the first aimed at isolating in vivo the mitochondria in the sensitive 
and sympathetic neurons, thanks to their sensitivity to vital colours 
(electronegative)8; the second focused on the correlation between 
the growth of somatic and nervous cells, in which he showed that 

Fig. 1. Luria S., Ricerche sperimentali sulla correlazione tra accrescimento del soma e 
accrescimento delle cellule nervose. A.A. 1934/35, Tesi di Laurea discussa il 17 luglio 
1935, 48 pp. Archivio storico dell’Università di Torino, Fondo Tesi. 
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in mice in which the development had been artificially stopped, (by 
reducing feeding), the average size of the spinal ganglions also de-
creased9. Both, as mentioned, had been the object of previous stud-
ies by Levi10. In particular, Levi had seen a correlation between neu-
rons and soma, which established that for homologous neurons of 
animals of a different somatic bulk (of the same or different species) 
the cellular size is greater in the largest ones and is proportional to 
the extent of the territory of innervation, had been one of the first 
professional successes that the scientific community recognized to 
the master, attributing the name of “Levi’s law” to it. It was pre-
cisely on this subject that, after having carried out further research 
in general and neurological physiopathology11, on 17th July 1935 
Luria was to discuss his degree thesis Experimental research on the 
correlation between growth of the soma and growth of the nerve 
cells, which was recommended for publication and for which he 
was awarded the Lepetit Prize (Fig. 1)12. From then on, as we know 
to withdraw from his autobiography, Luria started to withdraw from 
histology, a subject in which in actual fact he only had a lukewarm 
interest even in the early years of university13 but which he had con-
tinued to cultivate out of “stubbornness”14 and for the esteem which 
he had for his teacher. Although not having a real passion for the 
subject, Luria, in the six years of internship (1930-1936), learned 
from Levi an important lesson of method which was to give him the 
knowledge necessary to “seriously set up an experiment and carry it 
through to its conclusion.” Thus Luria, in tribute to Levi:

What I learned from Levi, and which I put to good use later on, was an 
attitude of strict professionalism, that is, I learned how to seriously set up 
an experiment and carry it through to its conclusion. I learned the impor-
tance of communicating the results: the master used to say that as soon as 
a set of data appeared significant, an account had to be published. When 
the manuscript was ready, Levi ruthlessly rewrote it from the beginning 
to the end. Another lesson that I learned […] was never to put my name 
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on the publications of my students, unless I had made a direct and sub-
stantial contribution to their work. The personality of the master was such 
as to instil respect and make his teaching operative. His correctness, his 
abrupt ways, his distractions and his profession of anti-fascism made him 
an almost legendary figure in university circles15.

Being able to set up an experiment and publish the data immediately 
was the most important legacy of Levi for Luria as well as, clearly, 
the example of intellectual and moral rigour which all his students 
acknowledged. There is another tribute, which the students remained 
silent about, that has to be recognized: an extensive network of fam-
ily and academic relations and contacts with international research 
centres that was to be of particular help for the students, in particular 
for Luria and Montalcini. When he moved to Rome to work with 
Fermi’s group, Luria was welcomed and directed by Franco Rasetti, 
a close friend of the Levi family, who was to introduce him to ra-
dio genetics. However, to connect personal stories and academic and 
disciplinary paths capable of intercepting the interest of international 
philanthropic foundations, the story has to be reconstructed from the 
beginning, when Luria decided to leave Turin.

The Roman period: between physics and genetics
On the reasons for his abandoning histology, Luria’s words are un-
equivocal: “I did not find histology particularly interesting. Some 
experiments I did were published in Italian and German journals […] 
but my research did not focus on problems of fundamental impor-
tance”, and shortly after he adds “histology was not for me. Nor did 
I find, during my medicine degree, further stimuli for my mind full 
of dreams about physics. But I was passionately maturing a plan.”16 
In his “plan” Luria would choose a discipline that hovered between 
physics and biology, the then nascent biophysics, which began take 
shape in the year and a half between his degree and the post-graduate 
course. In this period the negative experiences that he had accumu-
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lated as a voluntary assistant at the surgical clinic of the University 
of Turin17 and military service as a medical officer convinced Luria 
to abandon any clinical ambition.
The origin of Luria’s passion for physics has to be sought in his high 
school years, in teenage discussions about Bohr, Heisenberg and 
Schrödinger with his classmate Ugo Fano (1912 - 2001). Born into 
a family permeated with science, Fano and his stories of theoretical 
physics were to embody in the mind of the young Luria a sort of 
idealization of academic life18. When he decided to leave Levi’s labo-
ratory in 1936, Luria consulted his young friend in search of profes-
sional advice, Fano had no doubts whatsoever: after having explained 
the atom and matter, physics would go on to explain biology. Fano’s 
enthusiasm was due to the fact that he had recently joined the famous 
Roman group of physicists headed by Enrico Fermi, the so-called 
“boys of Via Panisperna”, who in those very years were engaged in 
revealing the nature of nuclear reactions through ionizing radiations. 
This instrument, used by physicists mainly for theoretical purposes, 
started to attract biologists and doctors as well from 1927, when an 
article by the American biologist Hermann J. Miller (1890-1967) was 
published in the journal Science: for the first time radiations were 
used in the area of genetics to increase the rate of mutation of fruit 
flies (Drosophila melanogaster)19 - the animal-model chosen by the 
American school of genetics headed by Thomas H. Morgan. This was 
the birth of radio genetics. Ten years later and in a technologically 
backward country, Luria, when he chose his postgraduate specializa-
tion at the University of Turin, chose animated medical radiology, not 
only through the reflected passion of Fano, also through the idea of 
studying this avant-garde research in further depth.
He decided to enrol in the post-graduate course of Medical Radiology 
at the University of Turin to then complete it at the University of 
Rome: there he could have devoted his spare time to studying phys-
ics, in close contact with Fermi’s students. Having learned of the real 



Andrea Grignolio

174

intentions of the “plan” to move from Turin to Rome, Levi rejected 
his student’s project and reacted with cries of disapproval, accusing 
Luria of ignoring, like most of the doctors of the time, the founda-
tions of genetics20. The reasons which induced Fermi to consider 
the presence of Luria in his institute21 as “reasonable” however, are 
more complex and have to be tackled because they throw light, once 
again, on the decisive role played by Levi. They start to reveal that 
close intertwining between micro and macro stories, between local 
events and wider institutional and disciplinary paths, which underlie 
the success of the Turin education of the three Nobel laureates.
Fermi, especially thanks to the education of some of his collabora-
tors such as Franco Rasetti and Fano himself22, was in close contact 
with the Copenhagen school of physics directed by Bohr, the great 
physicist who as well as intuiting the structure of the atom and found-
ing quantum physics, was the first to formulate, at the Light and Life 
lecture in 1932, the idea of using the instruments and the methods 
of physics to interpret the laws of biology23. A whole generation of 
scientists destined to influence physics and the disciplines inspired 
by it, including biophysics, for several decades, was trained at the 
courses held by Bohr in Copenhagen in the 1930s. They included 
two young German physicists, Max Delbrück and Pascual Jordan 
and, although indirectly, two Austrian physicists, Lise Meitner and 
Erwin Schödinger, who played a key role in the relations between 
Fermi and Luria alongside Rasetti.
Famous for having explained together with Otto Hahn atomic fission 
at the end of the 1930s, Meitner, as director of the Kaiser Wilhelm 
Institut fur Chemie in Berlin, welcomed to her laboratory many 
young physicists interested in quantum physics. Thanks to funding 
from the Rockefeller Foundation, in 1931-32 Franco Rasetti and Max 
Delbrück, came to Meitner’s laboratory. They were the two who in-
spired, as we will see, Luria’s change of direction to biophysics and it 
was at the end of 1932 that Delbrück, having completed the experience 
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with Meitner, decided to devote himself to biology following Bohr’s 
lecture. Delbrück’s project started as early as 1933, the year he orga-
nized a small discussion group on “the physical nature of the gene”, 
made up of about ten scientists. The regular attendees of these meet-
ings included Nikolai Timoféeff-Ressovsky (1890 - 1981), a Russian 
geneticist who in that period (1932 - 33) had in his laboratory, also at 
the Kaiser Wilhelm, Herman Muller himself, the father of radio genet-
ics. During these informal discussions, Delbrück’s attention fell on 
Timoféeff-Ressovsky (1890 - 1981), who had carried out pioneering 
research in the population genetics of drosophila and who in Berlin, as 
the director of the Department of Genetics of the Kaiser Wilhelm, was 
working with Muller on the most recent acquisitions of the mutagenic 
properties of X rays. Another figure who attracted Delbrück’s atten-
tion was the German physicist Karl G. Zimmer (1911 - 1988), also at 
the Kaiser Wilhelm, whose work focused on the possibility of measur-
ing the physical-chemical changes of molecules subjected to radia-
tions. The result of those meetings was an article (which was to be-
come known as the “Three-Man Paper” or “Green Pamphlet” because 
of the colour of the cover) published in 1935 entitled “On the nature 
of gene mutations and gene structure”, in which the minimum energy 
to obtain a mutation was determined and - for the first time since the 
rediscovery of the laws of Mendel (1900) and since the introduction 
of the term “gene” by Wilhelm Johannsen (1909)- the dimension of 
the gene, understood as a molecule, was strictly calculated. A “quan-
tum-mechanic model” of the gene emerged (or model of the “gene 
as molecule”), in which, like an atom, it had precise dimensions and 
seemed to possess various levels of energy. Although a few years later 
the contents of the article were partially proven wrong24, Delbrück’s 
theory of the gene had a lasting success from the middle of the 1940s. 
Written in technical language and published in an unknown journal, 
the article by Delbrück and his colleagues nevertheless had the merit 
of inspiring the first best-seller of scientific popularization in the 20th 
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century: What is life? (1944), the result of a cycle of lectures held by 
the Nobel Prize winner for physics Erwin Schrödinger (1887 - 1961) 
during his exile in Ireland.
Whole generations of scientists, especially many of the physicists 
who laid the foundations of molecular biology were formed on the 
important intuitions in this book - imagine hereditary material as 
an aperiodic crystal which is essentially simple and repetitive (a 
crystal, precisely) the facets of which were capable of containing a 
great deal of information (the irregular, aperiodic alternation of the 
4 bases of DNA); hypothesize that the complexity of the biological 
information could be delivered as in a Morse code by the linear se-
quence of two simple basic units (the “dash” and the “dot”, where in 
DNA there are the 4 nitrogenous bases A, G, C, T). The gene model 
used by Schrödinger was the theoretical model of Delbrück called 
“hit-theory” or “target theory”, which offered a simple and effec-
tive explanation25. These ideas were well known to Rasetti, as not 
only did he alternate with Delbrück in Meitner’s laboratory in 1931 
and 1932 but he also returned there in the winter of 1933-34, in the 
period that coincided with the publication of the “Three-Man Paper” 
by Delbrück. Rasetti was to remain in contact with Delbrück and in 
the following decade was to be an attentive reader of his articles on 
biophysics, linked to a passion for biology which, as is well known, 
was soon to appear - many years later, disappointed by the negative 
outcomes of the atomic bomb, Rasetti was to follow to some extent 
the footsteps of the German scientist, abandoning physics for biol-
ogy and devoting himself to palaeontology and botany26.
In the autumn of 1937, when Luria decided to study physics in Roma, 
it was Fano who spoke to Fermi and obtained his assent, but Fano 
could not introduce him into the “boys of Via Panisperna” because 
he was working in Heisenberg’s laboratory in Leipzig27. Luria was 
thus initiated to physics by Edoardo Amaldi and above all by Rasetti, 
whose lessons of spectroscopy at Rome University he followed with 
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great enthusiasm. It was in this period that Rasetti introduced Luria 
to the works of Delbrück which will mark his fate forever. There is 
also another explanation for the young physicist taking care of Luria: 
Rasetti had “practically grown up in the [Levi] family”, a contact 
due to the long period spent in Florence by Giuseppe Levi, for his 
degree and post-graduate work and then, when the professor formed 
a close bond of friendship and a professional one with his fellow 
student and colleague pathologist, Gino Galeotti, the maternal aunt 
of Rasetti28.
A further reason, independent of Rasetti and Levi, helped Luria’s 
arrival in Rome. It was Fano, as Luria recalls, who obtained the as-
sent of Fermi who deemed it “reasonable” to have in his laboratory 
a doctor interested in the physics of particles29. This “reasonable-
ness”, which was not obvious at all, has a story. Fermi, in all prob-
ability, made this heterodox decision because he was already aware 
of the recent and promising development of the physical analysis of 
genetic phenomena, which Luria was possibly the first to interpret. 
It was a field of study to which Fermi had been introduced during a 
seminar in Rome, some time earlier, held by the German physicist 
Pascual Jordan. It was Jordan, a controversial figure and close to 
Nazism30, who induced Fano, on the suggestion of Fermi himself, 
to work on biophysics, as effectively took place in the first years 
of his American exile at Cold Spring Harbour in collaboration with 
Milislav Demerec31 - from the summer of 1941, the two high school 
classmates from Turin, Luria and Fano, were the only two Italian 
exiles who took part in the development of the Carnegie Institute’s 
Department of Genetics of Cold Spring Harbour, which in the fol-
lowing decade was to become the “Mecca of molecular biology.”
Reading the articles by Delbrück and Muller on biophysics marked 
a juncture in Luria’s career, who from that moment decided to give 
up medicine for good for biophysics and pure research. His enthusi-
asm for Delbrück’s articles however, had no immediate experimen-
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tal consequence: the poor genetic knowledge and great complexity 
of the drosophila - the fruit fly that both Delbrück and Muller used in 
their works as a model organism - convinced him to abandon a simi-
lar research project. The turning point came thanks to pure chance, 
due to the tram taking him to the university breaking down. During 
the long wait, Luria started to talk to a familiar face, Geo Rita (1911-
1994), who was doing research in microbiology at Rome University, 
who told him of the existence of a possible new and simpler ex-
perimental model: bacteriophage viruses. With molecular dimen-
sions similar to those hypothesized for the genes, with a very high 
reproductive rhythm and quantifiable by the naked eye thanks to the 
number of infectious stains that the groups of bacteria aggressed 
showed on the transparent Petri dishes, the bacteriophage immedi-
ately proved to be a much easier instrument than the drosophilae to 
test the biophysical theories of the gene put forward by Delbrück. 
In the following months, Luria started, in collaboration with Rita, 
an innovative research project to measure the minimum quantity of 
viral units necessary for the infection of a colony of shigella bacteria, 
which consisted of counting each infectious process of the bacterio-
phage viruses on the culture of bacteria identifiable by a clearly vis-
ible ring. It was the first case in which Luria adapted to the biophysi-
cal field a measurement used by the Roman school of physicists, the 
so-called “Fermi estimates”, or an approximate but reliable calcula-
tion that the physicists used to calculate numerical estimates on the 
elementary particles and which Luria now used to measure the genes 
-assimilated, as Delbrück’s theory suggested, with atoms.
The funding from the Rockefeller Foundation, the important profes-
sional relations due to the mediation of Levi, biophysics started by 
Delbrück in the direction of molecular biology: the contact between 
Luria and Rasetti already revealed some of the central elements that 
were able to create a virtuous relationship, at times casual, between 
those micro and macro stories which led to the success of the Turin 
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school. As we will see, this relationship was confirmed and rein-
forced by Luria and by his companions in the years of exile.

The exile of Luria: the decade of reconnaissance
After a few weeks of work, the infamous fascist racial laws marked 
the interruption of the experiments, the results of which were therefore 
published in France32, even though Luria was fortunately able to con-
clude his post-graduate course in radiology at the University of Rome 
(fig. 2)33. Like many other Jews who had received the gloomy news 

Fig. 2. Tesi di diploma Scuola di Perfezionamento. S.E. Luria Papers, American Philoso-
phical Society, Series IIb. Personal materials, Box 41, Università degli Studi di Roma 1938 
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of the “Kristallnacht” or “Night of broken glass”, Luria left Rome for 
Paris where, thanks to his experiments on bacteriophage and a letter 
of introduction from Levi and Fermi (figs. 3 and 4), he was received 
with a scholarship at the Curie laboratory at the Institute of the Radio 
to continue working on the effects of radiations on the phage.
Together with Fernand Holweck (1890-1941), a physicist expert in 
radiobiology and the doctor and biologist Eugène Wollman (1883-
1943), the author of pioneering articles on the importance of the 
phage for biological research, Luria jointly published two works on 
the quantity of radiation necessary for the inactivation of a single 

Fig. 3. Luria’s letter of introduction from Giuseppe Levi (S.E. Luria Papers, American Philo-
sophical Society, Series IIb. Personal materials, Box 41, Università degli Studi di Roma 1938).
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phage. The fundamental idea that he worked out on his own in those 
months was that of calculating the number of viruses sensitive to the 
radiations using a statistical instrument to foresee sporadic events. 
In essence, Luria extended another intuition from physics to bio-
physics: Poisson distribution for rare independent phenomena34. As 
in the measurements of radioactive decadence, in which the prob-
ability of ‘success’ (particle decadence) is extremely low in the face 
of a very high number (about 1020) of irradiated nuclei, Luria, in the 
heart of the gene-atom analogy, used Poisson distribution to foresee 
the quantity of inactivations (a few units) on a colony of about a bil-
lion viruses35. The originality of the importation was immediately 
recognized and some of these results were published in the famous 
scientific journal Nature36. 
In only four years since he had left the Turin laboratory, Luria was 
able to produce important results by originally integrating the lessons 
of two great teachers: from Giuseppe Levi he had learned how to cor-
rectly set up a biological experiment, as well as to write and publish 
a set of data as soon as they appeared significant -as shown by the 
numerous articles of microanatomy written during the Turin period, 
as well as the innovative importation of the experiments of bacterial 
and physical genetics of radiations (post-graduate thesis37) started in 
the Roman phase and subsequently developed and published in the 
two years he spent in France-; from Fermi he had learned a new lan-
guage and method of reasoning, based on the statistical-probabilistic 
approach coming from nuclear physics - as shown by the Fermi es-
timates used to count the infectious plaques on the Petri dishes, and 
Poisson distribution for the lethal effects of ionizing radiations.
Forced into exile once again by the entrance into Paris of the Nazis, 
in September 1940 he arrived in New York where Fermi, then teach-
ing at Columbia University, obtained a scholarship for him from the 
Rockefeller Foundation at the College of Physicians and Surgeons 
of New York. The Foundation positively accepted the authoritative 
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opinion of Fermi (fig. 4), as Luria himself recalled38, but in view 
of the constant and conspicuous funding paid out in the previous 
decade to finance Levi’s laboratory during the difficult years of 
fascism39, in awarding the grant it would not have been unaware, 
both for disciplinary continuity and the tradition of the ‘school’, of 
Luria’s training at the Turin laboratory (fig. 3)- the same reasons 
that must have contributed to awarding the two Rockefeller scholar-
ships which allowed Dulbecco and Levi Montalcini to emigrate to 
the United States in 194740.

Fig. 4. Luria’s letter of introduction from Enrico Fermi (S.E. Luria Papers, American Phi-
losophical Society, Series I. Correspondence 1938-1992, Fermi, Enrico, Box 12, 1938).
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In December 1940, Luria met Max Delbrück with whom he imme-
diately started working. Enthusiastic about their reciprocal interests, 
the two spent the Christmas vacation at grips with the first experi-
ments on the infectious mechanisms of the phage. It was the start 
of a collaboration which continued almost without interruption for 
almost a decade and which in 1943 culminated in the formulation of 
the fluctuation test41: the most important discovery in their career42, 
which proved, using a statistical model, that viral mutations were 
spontaneous and subject to selective dynamics, according to the 
Darwinian model then ignored by bacteriology. Although as early as 
his French period, Luria had used statistical instruments to measure 
the rate of mutation, it was only thanks to casually observing a slot 
machine at a university party that he guessed the common probabi-
listic mechanism43.
It was the 1940s that marked the transformation and the international 
success of Luria. These were the years when he rekindled the rela-
tionship with Montalcini and Dulbecco helping them get into the 
USA. After two years at Columbia University (1940-42), Luria spent 
his professionally most significant years at Indiana University (1943-
50), first as assistant and then as associate professor of bacteriology. 
After the fluctuation test, in 1946 he made the second important dis-
covery of his career, identifying one of the first mechanisms of DNA 
repair by means of gene recombination44. The decade was also a rich 
period in personal and family terms. In this period he married (1945) 
the psychologist Zella Hurwitz -by whom in 1948 he had his only 
son, Daniel-, he became a US citizen (1947), he also cultivated his 
first political experiences, supporting the trade union movements and 
the election campaign of some progressive candidates and, in 1952, 
he made his third important discovery, revealing the existence of the 
restriction enzymes of DNA which was to lead to genetic engineer-
ing. The two key events which made Luria famous also took place 
in these years. In the first place, with Delbrück and Alfred Hershey 
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(1908-1997) he founded the so-called “phage group”, a summer 
school at the Cold Spring Harbor Laboratory which, as mentioned, 
had the merit of laying the foundations of bacterial genetics and then 
inaugurating the development of molecular biology (a feat which 
contributed to the award of the Nobel Prize to the three founding fa-
thers in 1969)45. The other important event took place in 1947, when 
his students on the course of bacteriology and virology included 
James D. Watson (1928 - ), the first Indiana University student to do 
a doctoral thesis under the supervision of Luria. Just six years later, 
in 1953, Watson was to become a scientist of worldwide fame thanks 
to the discovery, in collaboration with Francis Crick and Maurice 
Wilkins, of the structure of the DNA, starting both for the teachers 
and for their students an exceptional trajectory of scientific fame and 
success, often crowned by the Nobel Prize46.
It was in this propulsive phase of his personal and professional life, 
as mentioned, that Luria was able to help his former fellow students 
enter the USA, making a radical change in their lives but above all a 
disciplinary turning point towards molecularization in their respec-
tive lines of research. In the years of his American exile, Luria re-
mained in contact by letter with his Turin family and also with Levi’s 
laboratory through exchanges of letters with Rita Levi Montalcini 
who was aware of the studies on bacterial genetics that Luria was 
carrying out in the USA. In the summer of 1946 when Luria returned 
to Turin to see his family after the long period of the war and visit 
the elderly Levi who had recently been reinstated at the Institute47, 
his visit was announced by the letters to Montalcini. In these letters, 
she prepared the ground both for the short but significant meeting 
between Luria and Dulbecco on the common ground of radio genet-
ics, and for her own period of study at Victor Hamburger’s labora-
tory in the USA48. It was these exchanges of letters with Luria, then 
an outstanding representative of US radio genetics, that convinced 
Montalcini to suggest to Dulbecco, once they met after the war, that 
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she devote herself to physics to be able to use radiations as an instru-
ment of investigation into genetics49.

Diaspora and unification
In the summer of 1946, Dulbecco met Luria in Turin and the lat-
ter offered him a position at Indiana University. Dulbecco and Levi 
Montalcini boarded the same ship for the United States in the au-
tumn of 1947. Both of them, as mentioned, started their American 
research thanks to a grant from the Rockefeller Foundation. From 
then on, their paths divided, Dulbecco towards the genetics of can-
cer and Levi Montalcini towards neuroscience. These two paths, 
although with differences, were to find common ground in the mo-
lecularization of biomedical knowledge, in which the United States 
in particular were leaders, as well as in the occasional recovery of 
the Turin tradition. Before the conclusions, let’s look briefly at this 
intertwining to reveal the relations between education and diaspora, 
between local tradition and the historical and disciplinary events of 
international significance.
In 1930, at only sixteen, Dulbecco (1914 - 2012) entered the Faculty 
of Medicine of the University of Turin, the same year as Rita Levi 
Montalcini50. In the second year, he was also admitted as an intern 
in Levi’s laboratory. The first task the master gave him, in which 
Levi Montalcini took part51, consisted of examining the number of 
nerve cells in the backbone of mice to evaluate their possible fluc-
tuation according to the litter, to then devote himself to the field of 
cellular regeneration and the in vitro cultivation of tissues, the area 
of research internationally most appreciated of Levi’s laboratory, 
which was to return as partially useful to Dulbecco in the years of 
his American emigration52. Despite the initial enthusiasm and the 
publication of the first results53, from the third year he decided to de-
vote himself to Pathological Anatomy and left Levi’s laboratory for 
Ferruccio Vanzetti’s, and he devoted himself to physiopathology go-
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ing from the electrophysiology of the heart to hepatic dysfunctions54, 
dividing his clinical activity between the Cardiology Department of 
the Ospedale Mauriziano and the Ospedale delle Molinette. In 1936 
he graduated with Vanzetti with a thesis on the degenerative effects 
of the liver caused by the obstructions of the bile ducts55. After two 
years of military service as a medical officer (1936-1938), Dulbecco 
continued his research at the Institute of Pathological Anatomy, 
which was interrupted by the outbreak of war: first of all he left for 
a brief experience on the French front (1940-1941) and then for the 
Russian campaign (1942-1943) taking part in the offensive on the 
Don. A dislocated shoulder and the relative leave gave him a period 
of reflection when he decided to desert the army until the libera-
tion to offer his help sa a doctor to the partisans hidden in the Turin 
hills56. Having resumed his research, he started to work with his 
young colleague of the institute Giacomo Mottura (1906-1990) on 
neurogenic tumours, pulmonary pathologies and three-dimensional 
plastic reconstructions57. Towards the end of 1945, the great disap-
pointment for the results of this research and once again meeting 
his former fellow student Rita Levi Montalcini represented a sci-
entific and human turning point for the young scientist. In the next 
two years, Dulbecco, on the advice of Montalcini, overturned his 
research projects and started out on two new disciplinary paths: he 
returned as assistant (1946) to the Institute of Normal Anatomy of 
Levi, to work on the effects of ionizing radiations on chick embryos 
and enrolled in the faculty of Physics to study radioactive phenom-
ena in further depth. With the new experiments, which represent the 
scientist’s first step towards biophysics and genetics, casually point-
ing a needle of radon at the reproductive cells (larger and fuller of 
DNA compared to somatic cells) proved that the radioactive emis-
sion on the chick embryos was absorbed with greater intensity by 
the gonads, causing in the subsequent phases of development the 
correlated phenomenon of the absence of germ cells and the appear-
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ance of only the male sex58. However, despite the enthusiasm of the 
maestro for these first results, neither Levi nor his collaborators had 
the rudiments of genetics and biophysics necessary for Dulbecco to 
continue his experiments.
The relations with Italy and Levi ended with the encounter with 
Luria and the offer of a Rockefeller grant to study bacterial genetics 
at Indiana University. After two years of experiments in collabora-
tion with Luria on the reactivation of the bacteriophage affected by 
radiation59, in 1949 Dulbecco moved to the California Institute of 
Technology to work with Max Delbrück. It was here that he started 
the research that was to lead them being awarded the Nobel Prize. 
Stimulated by Delbrück to leave bacterial virology for animal virol-
ogy, Dulbecco invented an innovative procedure to isolate and num-
ber the individual infectious processes of the virus in animal cells. 
The intuition came to him by readapting the “plaque technique” 
used to visualize the attacks of viruses on bacteria60 and updating, 
in an important trip to American laboratories, the method of cellu-
lar cultures he had learned with Levi61. Contrary to expectations, 
Dulbecco found the Levi technique - borrowed from the suspension 
in drops of Harrison and particularly suitable for the culture of nerve 
tissues - almost unusable for his new purposes. More than growing 
nerve cells for a few days in order to observe their form and func-
tion, Dulbecco had to excogitate a system of cultures sensitive to 
viral infections, namely a system capable of developing the growth 
of infectible animal tissues but also, and above all, keeping in vitro 
cellular regeneration for several days to give the infectious process 
the time to take root on the host tissue. By perfecting this technique, 
Dulbecco was able to give animal virology a new quantitative ap-
proach, which in the years to come was to lead him to outlining the 
fundamental biological properties of the virus of poliomyelitis and 
to discover the infectious mechanisms of the first oncogenic viruses 
(Rous Sarcoma Virus, polyoma, SV40)62. He started by developing 
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a method to isolate the virus of equine encephalitis63, to then devote 
himself to isolate the pure lines of the poliomyelitis virus64, which 
were to be used by Albert Sabin for the development of the anti-polio 
vaccine. From the mid-1950s, inspired by the collaboration of young 
virologists such as Howard Temin and Harry Rubin, Dulbecco de-
voted his attention to the oncogenic virus of the Rous sarcoma which 
was capable of developing tumours in chickens65. He sensed that 
the Rous sarcoma virus altered the genes of the host causing an un-
controlled proliferation and that these genes in the period of latency 
had to associate with the genes of the infected cell. To further study 
these innovative hypotheses, he used new oncogenic viruses based 
on DNA, such as the polyoma virus and the simian virus 4066. It was 
not until the end of the 1960s that he succeeded in showing, together 
with Joseph Sambrook, that the viral DNA was integrated into the 
cell genes, transmitted for some generations, until an alteration of 
the reproductive cycle responsible for the malignant transformation 
of the cell was caused67. Between 1972 and 1977 he moved to the 
Imperial Cancer Research Fund Laboratories in London to investi-
gate in collaboration with Michael Stoker the development of cancer 
in human tissues, In 1975 he was awarded the Nobel Prize together 
with Temin and Baltimore for their “discoveries regarding the inter-
action between tumoral viruses and genetic material of the cell”68. A 
decade later, with an article in Science he launched the project for the 
sequencing of the entire human genome to understand the mecha-
nisms of the onset of cancer69.
The case of Rita Levi Montalcini is similar yet different. Of the 
three Nobel students, she was the only one to establish with Levi 
a long intellectual friendship, which started with her first work in 
1932 and destined to last until the death of the professor, 33 years 
later70. She continued her research in neuroanatomy and collabo-
rated directly with Levi, her “first and only assistant” on a series of 
studies conducted in the early 1940s and which she herself situated 
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in the “prehistory” of the NGF (Nerve Growth Factor), the discov-
er which made her famous and to which she devoted her life. Until 
1947, the year of her American ‘exile’, Montalcini worked at the 
Institute of Anatomy of Turin and collaborated with the National 
Centre for studies on senescence of the CNR (Italian Research 
Council), created and directed by Levi. After the first work done 
together with Dulbecco as intern of the laboratory, Levi Montalcini 
approached several problems during her university years in contact 
with the maestro, including the study of tonofibrils in the hoof of 
the calf foetus, the development of the circumvolutions of the brain 
in human foetuses and the formation of the reticular collagen tis-
sue of connective, muscular and epithelial tissues, which became 
the subject of her degree thesis (1936)71. With the rise to power 
of Hitler in Germany in 1933 the expulsion of Jews started and 
the Turin laboratory welcomed the scientist Hertha Meyer (1902-
1990), well known for her innovative techniques on cellular cul-
tures and above all for colouring the nerve tissue with silver salts, a 
local tradition acquired by the Turin laboratory which proved use-
ful in the discovery of the NGF. The arrival in 1938 of the abomi-
nation of the racial laws forced Giuseppe Levi and Levi Montalcini 
to leave the University of Turin (see Appendice Fig. 4) and to carry 
on their research for long years in makeshift laboratories set up in 
their homes or abroad. In 1938, Levi moved to Belgium to con-
tinue his work on in vitro cultures, on the invitation of Professor 
Chèvremont, director of the Institute of Pathological Anatomy of 
the University of Liège. He stayed there from August 1939 to July 
194172, even though the period of actual work - from March to 
December 1939 he was once again alongside Montalcini, who had 
also been forced into exile in Belgium, although in Brussels - was 
of only nine months, as in May 1940 the occupation of Belgium by 
the Nazi troops forced him into hiding. When he arrived in Turin, 
for a year, from the autumn of 1941 to the autumn of 1942, he 
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worked with Montalcini in the makeshift laboratory his student had 
set up in her bedroom.
In the summer of 1940, Levi Montalcini read the article by Viktor 
Hamburger, that Levi had recommended to her a couple of years 
earlier, for the first time. This was the start of the journey that was 
to lead her to Stockholm. The article, focused on the nature of the 
mechanisms that govern the relationship between the development 
of nerve fibres and the tissues to be innervated73, maintained that the 
peripheral territory had an active role in attracting the nerve fibres, 
i.e. that the growing nerve fibres ‘sensed’ the dimension and behaved 
as a consequence74. The hypothesis that in these years in hiding Levi 
and Levi Montalcini examined is, however, diametrically opposed: 
the peripheral territory seemed to release a diffusible factor that in-
duced the growth of the nerve fibres. Hamburger had experimentally 
approached the problem of the relationship between the develop-
ment of the extremities (wings and feet) and that of the correspond-
ing vertebral nerve centres in the chick embryo, observing that the 
extirpation of the extremities, in embryos up to 72 hours of incuba-
tion, entailed the degeneration of the nerve tissue (sensory, but above 
all motor, spinal ganglions) and had attempted a qualitative expla-
nation of the phenomenon. Levi and Levi Montalcini resumed the 
same experiment, but with different hypotheses and laboratory tech-
niques. In the first place, they used a colouring technique -impregna-
tion with silver nitrate, according to the Cajal-de Castro technique, 
re-elaborated by Herta Meyer- which, unlike the colouring with the 
Nissl method used by Hamburger, allowed clearly distinguishing the 
differentiated nerve cells from the undifferentiated ones and from 
the other cellular types present in the territory. They then concen-
trated their attention in particular on the (dorsal) sensory ganglions, 
better highlighted by the colouring and therefore more suitable for 
a quantitative evaluation of the cellular processes and, lastly, they 
made observations at different stages, instead of at only one, as the 
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German researcher had75. The difference of the conclusions of the 
article by the two Turin scientists made Hamburger, also after urging 
by Luria76, offer Levi Montalcini a scholarship of a few months to 
check the correctness of one of the two hypotheses in his laboratory. 
With Levi Montalcini’s departure for St Louis, the influence of Levi 
ended and the phase of biochemistry and then molecular of the dis-
covery of the NGF started.
Turning upside-down the hypothesis of previous experiments which 
used the graft of a tumour and its capacity to induce proliferation 
to confirm the “peripheral” interpretation, in Hamburger’s labora-
tory, Levi Montalcini showed rather that the tumour, although far 
and separated by a membrane, induced the growth of the nerve fibres 
towards it, proving that it had to release a diffusible humoural fac-
tor hitherto unknown, which was subsequently called nerve growth 
promoting activity and then nerve growth factor. Determined to sub-
ject to histological examination the diffusible nature of this factor, 
Levi Montalcini went back to using in vitro cellular cultures and 
morphological-quantitative analysis, two battle horses of the Turin 
laboratory which, with the due differences, were used both by Luria, 
who applied them to the plaque count technique on the phage - al-
though hybridizing this technique with the “Fermi estimates” - and 
by Dulbecco, who applied the Plaque Technique to counting the 
viruses in the animal cells. Levi Montalcini, instead of evaluating 
the effect of the tumour on the embryo, a protocol which required 
15-20 days of waiting, decided to use in vitro cultures of ganglions 
which, in 15-20 minutes not only showed a clear growth of nerve 
fibres towards the tumour, but made it possible to quantitatively 
evaluate the entity of the fibres, and therefore the content of NGF 
of a given source77. This solid hypothesis nevertheless needed a new 
experimental model to be validated, i.e. proof in biochemical-mo-
lecular terms. This was how the collaboration began in 1953 with 
the American biochemist Stanley Cohen (1922 - ) who, in the first 
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instance, wanted to establish whether the action of the growth factor 
was due to the protein or nucleic portion of the sarcoma, trying to ex-
clude the nucleic component degrading it with cobra venom. Cohen, 
fortuitously, realized that the irradiation of the ganglions was centu-
plicated with respect to the use of the tumour, a sign that the venom 
was a new and valid source of NGF. The American biochemist, after 
having partially isolated the NGF from the cobra venom, discovered 
that the mouse salivary glands contained even greater amounts of 
NGF, becoming from then on the primary source of NGF78. In 1986 
Levi Montalcini and Cohen were awarded the Nobel Prize “for the 
discovery of growth factors”, a new class of extracellular messen-
gers, the neurotrophins which have their progenitor in the NGF. The 
characterization of the NGF represented, in the words of the Nobel 
Prize winner Eric Kandel, “the start of the exploration of the nervous 
system at molecular level”, reflecting “a new alliance between neu-
roembryology and modern biochemistry, in particular the biochem-
istry of proteins”79.
Towards the end of the 1980s, the approach of molecular biol-
ogy united the three students of Giuseppe Levi and their differing 
fields of biomedical knowledge. It was a path that had started in 
1938 from the exile and disciplinary choices of Luria but which was 
also marked by affective motivations, linked to the formative years 
shared at Levi’s laboratory, which appeared in difficult times; both 
immediately after the war, in the meeting of the ‘trio’ in Turin in 
1946 and in the first years of the American exile of Dulbecco and 
Levi Montalcini, when the three students were to meet cyclically for 
advice and professional help in the Midwest. Levi himself in 1950 
was to call on his students on his American trip and in 1957 Luria 
sent a manuscript entitled “Protoplasmotology” to Levi “with my 
best wishes and regards” which has next to the colophon the typed 
dedication “to Professor Levi on his 85th birthday, as a token of re-
spect and affection”80.
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Conclusions
The story of the three Nobel Prize-winning students of Giuseppe 
Levi suggests different aspects of the relationship which links the 
success of a scientific discovery by a researcher with the years of 
education. The mentor naturally plays a central role, as recognized 
several times by students and by historiography81, Levi succeeded 
in transmitting to his students how to keep disciplinary and moral 
rigour high and inseparably linked82, how to set up an experiment 
correctly, how to write and boost scientific publications, how to 
alternate severity and encouragement in opinions on students, but 
he was also able to convey two techniques, rooted in the local tra-
dition of the Turin laboratory, which were to be of use in the years 
of American exile: the technique of in vitro cellular cultures which 
Levi used with a morphological-quantitative approach83 and the 
technique of Cajal - de Castro silver impregnation. In addition with 
respect to most of their U.S. colleagues, including the founding fa-
thers of molecular biology, who came from a background in physics 
or biology, the three students had a medical background, therefore 
less rigorous but more organic in approaching biological problems, 
even though Luria and Dulbecco made up for this shortcoming by 
devoting their post-graduate years to studying physics84. On the 
other hand, the role of the network of relations with colleagues 
and institutions in an international context that Levi enjoyed has 
been neglected by students and historiography. His relations with 
Rasetti, Hamburger and the Rockefeller Foundation were central 
in this sense. The fact that Levi, Luria, Levi Montalcini and other 
members of the Turin laboratory belonged to the Jewish minority is 
also to be ascribed to this local dimension: in the difficult years of 
the restrictions of their rights inflicted by fascism, they had in com-
mon anti-fascism feelings and a courageous readiness for the hu-
man and work adventure capable of transforming constraints into 
professional opportunities85.
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If however these local stories succeed in going hand in hand with the 
major political, institutional and disciplinary events of those years, 
it is due to Salvatore Luria, the only scientist to have attended, rep-
resenting a synthesis in some way, the two Italian ‘schools of Nobel 
Prizes: that of Levi in Turin and that of atomic physics founded 
by Fermi in Rome. Thanks to Levi and Fano, he came into contact 
with Rasetti who introduced him to radio genetics and the writings 
of Delbrück and after two years in Paris moved to the USA where 
in a few years, thanks to the foundation of the ‘phage school’ and 
the discovery of the structure of the DNA by his student Watson, he 
became one of the founding fathers of molecular biology. It was in 
the key decade from 1937-47 that Luria laid the foundations of mo-
lecular biology through bacterial genetics, inspired the choices of 

Fig. 5. The pivotal years: from education to diaspora.
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subjects of his former course companions who had stayed in Turin 
through correspondence with Levi Montalcini and made it easier for 
them to move to American laboratories (Fig. 5).
In the agreement between local history and general history, chance 
also inevitably played a central role, as shown by the various changes 
of course by the students who casually directed their research on to 
the correct rails, as well as the serendipity with which some of their 
key discoveries came about -Luria discovered the phage, the experi-
mental object on which he built up his career, thanks to a chance 
encounter on a tram, just as he intuited the experiment which was to 
give him the Nobel Prize by observing a slot machine during an aca-
demic celebration; Dulbecco approached radio genetics by casually 
pointing the radium needle on the gonads of the chick instead of on 
other anatomical structures; while Levi Montalcini used a colouring 
technique which was to highlight some specific ganglions useful for 

Fig. 6. Macro and micro history: biographic and institutional interconnections in the dias-
pora of the three Nobel students.
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physics-mathematics approach to molecular biology, see notes 23, 24, 25 as 
well as the examination proposed in Grignolio A, De Sio F, nota 50, in parti-
cular n. 7.

85.  Anti-fascism was obviously also professed by non-Jewish students, exem-
plary was the case of Amprino, cf. De Luna G, Anatomia della Resistenza. 
Giuseppe Levi e i documenti nascosti tra scheletri e reperti all’Università 
di Torino. La Stampa, 15/4/2008, p. 49. For an overview of Levi’s anti-
fascism see Grignolio A, De Sio F, note 50; Gabrielli P, note 72; as well as 
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the biographies of the three students: Luria S, note 2, p. 27; Dulbecco R, note 
2, p. 47; Levi Montalcini, note 2, p. 69, 72.
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