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1939 The Growth of Bacteriophage
E. L. ELLIS AND M. DELBRÜCK

Until this study, the replication of bacteriophage was studied in bacte-
rial cultures that contained only a small proportion of infected cells.
In such cultures phage growth curves are smooth and free phage is

an almost constant fraction of total phage, which suggested that there is an
equilibrium between intracellular and extracellular phage.  Further, since
visible lysis occurs only when a critical ratio of total phage to bacteria is
attained, it was assumed that lysis does not occur before that point. The
study by Ellis and Delbrück changed all that.  They concluded that the
growth of phage can be divided into three periods: adsorption; growth or
replication within the bacterial cell, during which there is no increase in
extracellular phage; and lysis, with concomitant release of phage.  In other
words, they conceptualized the “single” or “one-step” growth cycle, which
was an enormous advance. At the same time they perfected the plaque-
counting method for bacteriophage quantification, again a crucial advance
over previous methods such as measuring the time it takes for a particular
phage sample to lyse a standard number of bacteria. Combining this
improved technology with the concept of the one-step growth cycle, they
were able to demonstrate that the length of the latent period varies with tem-
perature, to measure burst size, and to demonstrate that burst size is insen-
sitive to multiplicity of infection, but varies widely among individual bacte-
ria. 

Conceptualization of the one-step growth cycle completely changed
virology. From then on, populations of host cells were infected with multi-
plicities greater than 1 infectious unit per cell, which meant that infection
was synchronous and that virus replication was amenable to biochemical
and, therefore, molecular analysis. This study represents the beginning of
molecular virology, molecular biology, and molecular genetics. Max
Delbrück was awarded the Nobel Prize in 1969.

W. K. JOKLIK

Reproduced from The Journal of General Physiology 22:365–384, copyright © 1939, by
permission of The Rockefeller University Press.
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