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“Max Delbrück 
and What is 

Life?” 
 

Gunther Stent  
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The Max Delbrück Vanderbilt 
Centenary Celebration 

2:00 p.m.  John P. Wikswo, Ph.D. “Max Delbrück at 
Vanderbilt”  

2:10 p.m.  Bonnie L. Bassler, Ph.D., “Getting the 
Message Through: High-Fidelity 
Communication Among Bacteria”  

3:00 p.m.  Arnold J. Levine, Ph.D., “Nucleotide 
Sequence Information Stored in the 
Genome” 

3:50 p.m.  Break 
4:00 p.m.  Sydney Brenner, D.Phil. “The Next 100 

Years of Biology”  
5:00 p.m.  Reception - Light Hall North Lobby 

Max Delbrück at Vanderbilt 
1940-1947 

John P. Wikswo 
Robert Collins 

Anne Marie Arlinghaus 
 

The Max Delbrück Vanderbilt Centenary 
Celebration 

September 14, 2006 
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http://www.vanderbilt.edu/delbruck/ 

From Robert T. Lagemann To Quarks and Quasars, A History 
of Physics and Astronomy at Vanderbilt University, 2000. 

•  Born in Berlin on September 4, 2006 
•  Youngest child of Caroline Thiersch and Hans 

Delbrück 
•  As a child, he picked cherries in the nearby garden 

of Max Plank, the father of quantum mechanics 
•  1924 - enrolled in the University of Tübingen to study 

astronomy, as well as the Universities of Berlin and 
Bonn 

•  1925 – Returned to Berlin and came in contact with 
Max Plank, Albert Einstein, Walter Nernst, Max von 
Laue. 
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1922 

•  1926 – Transferred to the University of Göttingen 
•  Was a fellow student of Victor Weisskopf, Maria 

(Goeppert) Mayer, and Edward Teller 
•  Knew Robert Oppenheimer and Norbert Wiener 
•  Took courses from David Hilbert, James Franck, and 

Max Born 
•  Was a teaching assistant to Max Born 
•  Encouraged by Eugene Wigner, wrote his first paper 
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•  1929 – Postdoc at the University of Bristol, working 
with Leonard-Jones; shared a room with C.F. Powell, 
the discoverer of pi mesons 

•  1931-1932 – Rockefeller Foundation Fellowship 
–  Copenhagen with Niels Bohr 
–  Zurich with Wolfgang Pauli 
–  Published a paper with George Gamow 

•   Completed a Ph.D. thesis on “The Theory of 
Homopolar bonding of the Lithium Molecule” under 
the direction of M. Born and W. Heitler 

•  1932 – became the “family theoretician” in Otto 
Hahn’s research group, and worked with Lise Meitner 

1932 
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1932 Copenhagen:  
Niels Bohr on “Light and Life” 

R. Lagemann, From Quarks to Quasars 
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Copenhagen 1934 

1935 
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Timofeeff-Ressovsky’s 1935 Data 
on x-ray mutagenesis of Drosophila 

Figure from P. Nelson, Biological Physics 

•  The frequency of 
a specific mutation 
rose linearly with 
the total X-ray 
exposure to the 
sample 

•  Different types of 
radiation seemed 
equivalent in 
producing 
mutations 
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Delbrück’s Model 

Figure from P. Nelson, Biological Physics 

•  Probability of mutation = P1c*v 
= (P1Kv) cion 

•  P1 probability of a particular 
mutation occurring for an 
ionization event in the volume 

•  c* = density of damage-
inducing fragments  

•  v = volume through which the 
free radical drifts 

•  K = constant 
•  cion = measured ionization 

Delbrück’s Hypothesis for the 
Gene 

•  “The hypothesis that the gene is a single molecule 
suggests that a single molecular encounter can break it 
and, hence, that the probability of mutation equals a 
constant times the exposure measured in ionizations per 
volume,”  

•  “The physical object carrying genetic factors must be a 
single long-chain molecule, or polymer. The genetic 
information is carried in the exact identities, and sequence, 
of the links in this chain. This information is long-lived 
because the chemical bonds holding the molecule together 
require a large activation energy to break.” 

Translation in Biological Physics: Energy, Information, Life, P. Nelson, 
(2004) Freeman, p. 100 
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"On the origin of gene mutations and gene structure“ 
N.W. Timofeeff-Ressovsky, K. Zimmer and M. 

Delbrück, 1935  
The Green Pamphlet 

•  “The importance of this paper for genetics and 
radiobiology was enormous – not only for 
radiobiology, but for genetics in general.  The 
"target" of the radiation action was indeed the 
"gene", that for the first time found a clear, 
operational definition.” 

 *Radiation Risk Estimates in Normal and Emergency Situations: Proceedings of 
the NATO Advanced Research Workshop on Impact of Radiation Risk Estimates in 
Normal and Emergency Situations, Yerevan, Armenia, 8-11 September 2005. Cigna, 
Arrigo A.; Durante, Marco (Eds.) Springer 2006, XX, 376 p., Softcover 

1937-1939 
•  1937 – Applied to the International Fund of the 

Rockefeller Foundation 
–  “I am by training a theoretical physicist, but stimulated by 

Professor N. Bohr, I have for the last five years tried to 
learn as much about genetics and biochemistry that I might 
be useful in discussions where a good knowledge of atomic 
theory is required.” 

–  Encouraged by Eugene Wigner, wrote his first paper 
•  Received an award of $150 per month to study the 

“theory of mutations… with particular reference to 
their origin by physical means.” 
–  Visited Cold Spring Harbor and Woods Hole enroute to 

Caltech in Pasadena 
•  1937 – 1939 – Caltech 

–  Drosophila 
–  Phage with Emory Ellis 



6/19/14 

12 

Pasadena, 1938 

1939 
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1939 

1939 
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1939 

1939 
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1939 

1939 
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1939 

Location of Delbrück’s laboratory  
at Vanderbilt 

Biology 
Department 

 
Room 330 

Buttrick Hall 
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1940 

1941 – Married Manny 
Mary Adeline Bruce 
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2709 Wortham, Nashville 

1940 -- 
Published a 

paper with Linus 
Pauling 
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1940 

1940 - Physics Teaching 

R. Lagemann, From Quarks to Quasars 

1940-1941 
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Vanderbilt Board of Trustees, 1940 

1940 

1940-1941 
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1941 

Max Delbruck teaches 
Millie Stahman 

Freshman Physics 
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Delbrück 

 &  

Luria 
•  Met in 1941 at a 

conference in 
Philadelphia 

•  Began collaborating 
at Cold Spring 
Harbor that summer 

 

1942 
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1942 

1943 
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223 Lauderdale, Nashville 

A worthwhile investment in a reduced teaching load… 

… 

1943 
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1943 – Shown the 
letter to Roy Avery 
received from his 
brother Oswald 

Oswald Avery, M.D. 

•  M.D., Columbia, 1904 
•  Rockefeller Institute 

 1913-1943 
•  His brother Roy was on the 

faculty of the Vanderbilt 
Medical School, and knew 
Max Delbrück 

 
 After 1915, concentrated on 
biology of pneumococcus 
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Oswald Avery in Nashville 
• Retired from 
Rockefeller Institute in 
1943 

• Came to Nashville in 
1948 (only members of 
immediate family lived 
here) 

• Worked in laboratory in 
C 3217, MCN, in 
1948-50. 

• Died in Vanderbilt 
Hospital in 1955, and 
buried in Mount Olivet 
Cemetery in Nashville 
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Phage Lysis of a Bacterial 
“Lawn” 

The Birth of Bacterial Genetics 

 “Just as the birth of genetics took place in 1865, with 
Mendel’s paper, bacterial genetics began in 1943 with Luria 
and Delbrück’s paper in Genetics.” 

 Stent and Calendar, Molecular Genetics, 1978 
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1943 

1943 
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1943 

Vanderbilt Board of Trustees, 1943 

1943 
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1943 - The Fluctuation Test 

•  Delbrück, Luria and Hershey 
conducted experiments at 
Vanderbilt 

•  Arising from the fluctuation 
test experiments is a 
probability distribution that 
explains the occurrence of 
mutation. 

•  Follows a Poisson 
distribution 

•  Given a set of assumptions, 
the expected number of 
mutations at time t is given 
by 

m(t) = ∫0
t v(s) = (μ/ β1) (eβ1t – 

1). 

http://www.cshl.edu/History/phagegroup.html 

from http://gsbs.utmb.edu/microbook/ch005.htm. 

1944 
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1944 – Vanderbilt Lectures 

http://www.vanderbilt.edu/Delbrück/documents/Problems_of_Modern_Biology-Full.pdf 

1.  Limitations of 
atomic physics as 
applied to biology 

2.  Oxido-reductions 
3.  Energy-coupling 
4.  Photosynthesis I 
5.  Photosynthesis II 
6.  Genetics I 
7.  Genetics II 
8.  Radiation effects 
9.  Bacterial viruses 
10. General summary 

On the other hand, chemistry and physics 
were able to retain a hold over biology by 
virtue of two great generalizations.  
Chemistry showed that living material is 
made up of the same elements as the 
materials of the inanimate world, and 
physics showed that conservation of energy 
is valid for processes occurring in living 
material just as it is for all processes in the 
inanimate world. 
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The distinction between the observing tool 
and the object of observation which we have 
to make at some arbitrary point necessitates 
a certain latitude in our description of the 
object.  This situation, the analysis of which 
is due chiefly to Bohr and Heisenberg, has 
been termed “the principle of 
indeterminacy” by Heisenberg, and “the 
principle of complementariness” by Bohr. 

On the other hand, in the living cell we know that a great deal 
depends on very fine features of “structure”.  By “structure” we 
mean relevant inhomogeneities in the makeup of the cells.  
These relevant inhomogeneities go right down to the atomic 
scale.  In order to gain knowledge of these details, sufficient to 
allow optimal quantum mechanical calculations, observations of 
such finesse as to blow the living cell to pieces would have to 
be made, just as, in order to locate the electron in an atom, we 
blow it out of its stationary state.  According to this idea we may 
expect certain features of the living cell to be complementary to 
its description in terms of atomic physics.  To put it very crudely, 
we may find out where the atoms in a cell are, but in doing so 
we will kill the cell.  We should be prepared, then, to find 
features of the living cell which are not reducible to atomic 
physics, just as we find features of the atom, viz., its stability, 
which are not reducible to mechanics. 
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This idea puts the relation between physics 
and biology on a new footing.  Instead of 
aiming at the whole of the phenomena 
exhibited by the living cell we now expect to 
find natural limits and, thereby, implicitly, 
new virgin territories, on which laws may 
hold which are independent of those of 
physics, by virtue of the fact that they relate 
to phenomena whose appearance is 
conditioned on not making observations of 
the type needed for applying atomic physics. 

Quantum mechanics, presumably, is self-
limiting in its range of application to living 
cells due to a characteristic incompatibility 
feature.  Specifically it may be presumed 
that the maintenance of the living state is 
inherently incompatible with physical 
observations of a finesse requisite for 
complete application of quantum mechanics. 
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1944: The Phage Treaty 
•  Delbrück mandates which types of phage to 

study 
•  T-series as the standard phage 
•  E coli strain B 
•  Standardized laboratory protocols 

 

1944: Schrödinger’s What is Life? 
•  Chapter 5: Delbrück’s 

Model Discussed and 
Tested 
“We believe a gene – or 

perhaps the whole 
chromosome fiber – to 
be an aperiodic solid.” 

•  Emphasized genetic 
information recorded by 
isomeric transitions 

•  Underestimated the 
strength of chemical 
bonds by a factor of ~2 
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Schrödinger’s What is Life? 

•  “A close study of his book and of the 
related literature has shown me that was 
true in his book was not original, and most 
of what was original was known not to be 
true even when it was written.” 
     Max Perutz, 1987* 

 
 
* “Physics and the riddle of life,” Nature 326 (6113):555-558, 1987. 

1944 
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1945 

1945 
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1945 

1946 
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1946 

1946 
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Vanderbilt Board of Trustees, 1946 

1946 

1947 
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The First Phage Meeting 

S. Luria, in Phage and the Origins of 
Molecular Biology, by Cairns, Stent, and 
Watson, 1966 

1947 
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Physics Department Report, 1946-47 

1946-47 

Manny and Jonathan, 1948 
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Camping, 1953 

1953 – Delbrück & Luria at Cold Spring Harbor 

Photo from www.cshl.org/History/ phagecourse.html  
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1968 

1968 – Bridging two worlds 
•   Delbrück's coat of 

arms, devised by 
Enrique Cerdá-
Olmedo, for Max’s 
1968 role in the 
Caltech musical “The 
Knights of  the 
Round Table” 

•  Glued to his office 
door from 1968 until 
his death in 1981. 
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Photo from http://www.cshl.org/public/History/gifs/Delbrück.GIF 

1969 
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Nobel Laureates in 1969 

The Phage Trio 
 in Stockholm. 

Left to right: 
Hershey, Luria, 

and Delbrück. 

1977 
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1978 

1978 
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Delbrück’s Influence on Molecular 
Biology 

“First, … up until 1953, biological research 
was largely a qualitative subject and 
there was a great deal of resistance to 
quantitative experiments in microbiology.  

…  
“Delbrück’s conviction … and … 

determination held the [phage] group 
[Hershey, Luria and others] together.” 

 
 Neville Symonds, 1988 

Delbrück’s Influence on Molecular 
Biology 

“Secondly, in the summer of 1945, Delbrück 
initiated the phage courses at Cold 
Spring Harbor, which have run with 
variations ever since.  These introduced 
scores of scientists into the new 
techniques and ideas of phage 
genetics.” 

   
 Neville Symonds, 1988 
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Delbrück’s Influence on Molecular 
Biology 

“Third, although Delbrück was not an 
outstandingly original scientist, he had 
one of the best analytical minds I ever 
came across, and brought a clarity into 
biological thinking that was rarely evident 
before.” 

   
 Neville Symonds, 1988 

Delbrück’s Influence on Molecular 
Biology 

“The last strand regarding Delbrück’s 
influence is the hardest to grasp, but 
probably the most important.  This 
relates to the strength of his personality.” 
… 

 
 
   

 Neville Symonds, 1988 
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Delbrück’s Influence on Molecular 
Biology 

“Just as there was a minority who was 
unimpressed by WIL, there was also a 
minority who found Delbrück arrogant 
and something of an intellectual bully.” 
… 

   
 Neville Symonds, 1988 

Delbrück’s Influence on Molecular 
Biology 

“To the majority however he as a man with 
a wonderfully clear mind, who had great 
integrity, a delightful sense of fun, and a 
facility for friendship.” 

   
 Neville Symonds, 1988 
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Delbrück’s Influence on Molecular 
Biology 

 
“He loved to be surrounded by colleagues, 

particularly younger ones, and the phage 
group was basically a collection of 
biologists joined loosely by respect and 
friendship for Delbrück, not primarily a 
group of phage workers.” 

 
   

 Neville Symonds, 1988 

Figure from T. Brock, The 
Emergence of Bacterial Genetics. 
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Location of Delbrück’s laboratory  
at Vanderbilt 

Biology 
Department 

Room 330, 
Buttrick Hall 

Buttrick Hall Today 
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We especially thank 
•  Office of the Provost 
•  Vanderbilt University Medical Center 
•  Department of Pharmacology 
•  Department of Physics and Astronomy 
•  The BRET Office 
•  Vanderbilt Institute for Chemical Biology 
•  Center for Structural Biology 
•  Department of Biological Sciences 
•  Cellular, Biochemical, and Molecular Sciences Training Grant NIH T32 

GM 008554, James G. Patton, P.I. 
•  Department of Microbiology and Immunology 
•  Oates Institute for Experimental Therapeutics 
•  Training in Fundamental Neuroscience T32MH064913-06 
•  Vanderbilt Center for Stem Cell Biology 
•  Vanderbilt Institute for Integrative Biosystems Research and Education 
•  Andrea Baruchin and The Discovery Lecture team 
•  Cheryl Cosby 
•  Don Berry 
•  Allison Price 
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Bonnie L. Bassler, 
Ph.D. 

 
“Getting the 

Message 
Through: High-
Fidelity 
Communication 
Among Bacteria”  
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Arnold J. Levine, 
Ph.D. 

 
“Nucleotide 

Sequence 
Information 
Stored in the 
Genome” 
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Sydney Brenner, 
D.Phil. 

 
“The Next 100 

Years of 
Biology”  

 

Jonathan 
Delbruck, Esq. 

 
“Renaissance 

Max and the 
Merging of 
Physics, 
Biology and 
Philosophy”  
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Sydney Brenner, 
D.Phil. 

 
“Recollections”  
 

The Art of Writing 
a Letter of 

Recomendataion 
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1947 

                  successfully 
completed medical school and 
practiced medicine for many 

years 
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1946 

1946 
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1946 

1946 
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1946 

Joe Reynolds done good… 
•  Joseph M. Reynolds (1924-1997) was born in Woodlawn, 

Tennessee in 1924. He earned a degree in Physics at Vanderbilt 
University in 1946, and received a doctorate in Physics from Yale 
University in 1950. Reynolds served at Louisiana State University as 
a professor of Physics until 1965, when he was promoted to the 
office of Vice President for Graduate Studies and Research 
(1965-1968), and then to positions of increasing responsibility, 
culminating in his term as Vice President for Academic Affairs 
(1981-1985). His research interests included low temperature 
physics, measuring gravitational waves, and superconductors. 

•  Joseph Reynolds' recognitions and honors included a Guggenheim 
Fellowship as a Physics professor a the University of Leiden, The 
Netherlands (1958-1959); membership in Phi Kappa Phi and 
Omicron Delta Kappa; a post as a visiting scholar at Stanford 
University (1969-1970); his appointment as a Boyd Professor, LSU's 
highest honor for teaching faculty (1965); and two consecutive 
presidential appointments to the National Science Board 
(1968-1976).  

Special Collections, LSU Libraries 
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Thoughts by Max from “A 
Physicist Looks at Biology”, 1949 

“. . . every biological phenomenon is 
essentially an historical one, one unique 
situation in the infinite total complex of 
life.” 

Max Delbrück 
“A Physicist Looks at Biology” 
1949 

1949 
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“. . . physics and chemistry have a firm hold 
over biology by virtue of two great 
generalizations: living matter is made up of 
the same elements as those of the inanimate 
world, and conservation of energy is valid for 
processes occurring in living matter, just as it 
is for all processes in the inanimate world.”  
 

Max Delbrück 
“A Physicist Looks at Biology” 
1949 

 
1949 

“If it be true that the essence of life is the 
accumulation of experience through the 
generations, then one may perhaps 
suspect that the key problem of biology, 
from the physicist’s point of view, is how 
living matter manages to record and 
perpetuate its experiences.” 

Max Delbrück 
“A Physicist Looks at Biology” 
1949 

1949 
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“This adaptive mechanism is obviously of 
enormous value to the economy of the 
cell.  The cell can thus shift its limited 
manufacturing capacity into a great 
variety of channels according to what is 
offered by a changing chemical 
environment.” 

Max Delbrück 
“A Physicist Looks at Biology” 
1949 

1949 

Intellectual uncertainties confronting a physicist entering 
biology— 
 
“. . . when he thinks he has discovered a law of nature as 
pertaining to living matter, like Weber’s law, he must 
beware lest he be fooled by natural selection simulating 
such a law. 
 
“. . . when he has found a really fine phenomenon universal 
in the living world and specific to it, like reproduction, he 
finds that it is indissolubly tied into the enormously complex 
organization of a living cell.” 

Max Delbrück 
“A Physicist Looks at Biology” 
1949 1949 
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“. . . any living cell carries with it the 
experiences of a billion years of 
experimentation by its ancestors.  You 
cannot expect to explain so wise an old 
bird in a few simple words.” 

Max Delbrück 
“A Physicist Looks at Biology” 
1949 

1949 

“The habits of animals and plants, their 
reproduction and development, their 
relations to their symbionts and to their 
enemies, can all be described and analysed 
with very little reference to the concepts of 
physics and chemistry.”  
 

Max Delbrück 
“A Physicist Looks at Biology” 
1949 

 
1949 
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“The root of this science lies in the existence 
of natural units of observation, the individual 
living organisms, which in genetics play 
somewhat the same role as the atoms and 
molecules in chemistry.”  
 

Max Delbrück 
“A Physicist Looks at Biology” 
1949 

 
1949 

“Each process of observation has an 
individuality which cannot be broken down 
beyond a certain limit and different types of 
observation stand to each other in a mutually 
exclusive, complementary relationship.”  
 

Max Delbrück 
“A Physicist Looks at Biology” 
1949 

 
1949 
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The view of Hermann von Helmholtz in the 
1870’s – “. . . the behavior of living cells 
should be accountable in terms of motions of 
molecules acting under certain fixed force 
laws.” 
 
Delbrück’s perspective – “. . . if we tried to 
adhere to this ideal we could not even 
account for the behavior of a single hydrogen 
atom.” 

Max Delbrück 
“A Physicist Looks at Biology” 
1949 

 
1949 

“Just as we find features of the atom, its 
stability, for instance, which are not reducible 
to mechanics, we may find features of the 
living cell which are not reducible to atomic 
physics but whose appearance stands in a 
complementary relationship to those of 
atomic physics.” 
  
 

Max Delbrück 
“A Physicist Looks at Biology” 
1949 

 
1949 
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“. . . the vista of the biochemist is one with 
an infinite horizon.  And yet, this program of 
explaining the simple through the complex 
smacks suspiciously of the program of 
explaining atoms in terms of complex 
mechanical models.”  
 

Max Delbrück 
“A Physicist Looks at Biology” 
1949 

 


