
©          Nature Publishing Group1964

No. 4937 June 13, 1964 NATURE 1135 

inoculations and re-isolations have confirmed its patho
genicity to apricot. 

By Australian experience', the m ean annual rainfall of 
20-24 in. {500-600 nun) in the Rivesaltes district 
(Pyrenees-Occidentales) should be adequate for production 
of perithecia.. It was interesting to note the abundance 
there of Tamarix sp. among the roadside vegetation, and 
the occurrence on this species of a cankering resembling 
that caused by E. armenia~ae on apricot. Since Tamarix 
is a known host of the perfect stage', it seems likely that 
it may play a part in the life-cycle of the pathogen where 
apricots are cultivated in the drier parts of southern 
Europe. 

Furthermore, it will be of interest to see whether the 
alternative host Oeanothus, recently reported by Moller•, 
proves to be important as a source of inoculum in Cali
fornia , where that genus is endemic. 
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MICROBIOLOGY 

A Method for investigating the Cause of Death 
of Airborne Bacteria 

WHEN bacteria are sprayed into the air their ability to 
survive depends on a large nun1ber of factors. The usual 
criterion for deciding if they are alive or dead depends on 
the appearance of visible colonies on an agar plate after 
the organisms have been recovered from the air and 
subjected to certain laboratory handling techniques. 
Since, by this method, it is usually difficult or impossible 
to determine the cause of death, it would be an advantage 
to be able to distinguish between death resulting from a 
breakdown of the cell's productive capacity (for example, 
its enzyme systems) or loss of its reproductive power (for 
example, nucleoprotein integrity). Attempts have been 
made to produce a laboratory technique enabling this 
differentiation to be made. The principle is to label the 
organisms with a suitable phage. Following aerosolization 
and recovery of the cells a comparison is made between the 
degree of lysis of the test cells (containing phage) and the 
survival of control (phage-free) cells. If the extent of 
lysis in the test cells is different from the survival-level of 
control cells then deductions can be made as to whether 
death is attributable to failure of the cell's productive or 
reproductive powers. The argument is best demonstrated 
by example. 

A culture of E. coli (American type B) was prepared in a 
conventional manner using a shake flask technique, 
growth being for an 18 h period at 37° C. One aliquot was 
centrifuged and the cells resuspended in the chosen spray 
fluid. Another aliquot was inoculated with phage T7, the 
bacterium/phage ratio being l/10; phage adsorption was 
achieved by suspending the bacterium/phage mixture in 
tryptic meat broth for 10 min, before centrifuging to 
remove unadsorbed phage and re-suspending in the spray 
fluid. 

Each suspension was atomized, the resulting mono
dispersed aerosols being held in adjacent rotating drum 
containers' at controlled temperature and humidity. 
Samples of the aerosols were taken at regular intervals by 
means of a slit sampler2, in such a way that the behaviour 

of individual cells on the agar collecting surface could be 
studied microscopically. Growth of the control cells was 
recorded together with the extent of lysis of the test cells 
containing phage, and thus it ·was possible to compare 
survival with degree of lysis. 

Results are given in Table l. 

Table I. AEROSOL VIABILITY OF E. coli AND PHAGE T7 IN AIR 

Aerosol age 
(min) 

Percentage surviva l 
of control 

Percentage lysis 

0 
30 

120 

100 
57 (46) 
42 (26) 

of E. coli 
100 
99 
66 

Temperature, 20' C; relative humidity, 50 per cent; collector, slit 
sampler; spray fluid, tryptic meat broth. 

The values given for the survival of the control collected 
by a slit-sampler include those cells which did not remain 
static (for example, cells which showed swelling, filamen
tous growth, etc.) but failed to divide, since a range of 
response from bacteriostasis to colony formation was 
observed. The proportion of the survivors which formed 
colonies is indicated in Table 1 by the figures in paren
thesis, the values quoted being in close agreement with 
those obtained from samples collected in raised impingers•. 

The results show that, for aerosol ages of the order of 
0·5 h, more E. coli cells are capable of supporting phage 
growth and lysis than can support colony formation. In 
addition, the results suggest that: (a) phage T7 deoxy
ribonucleic acid inside the cell maintains its activity; 
(b) part of the productive capacity of the cell involved in 
phage replication remains active. At aerosol ages of 2 h 
the proportion of cells able to support phage growth and 
become lysed declines. This suggests that, whereas by 
0·5 h the reproductive integrity of the cell is impaired, by 
2 h the ability of phage to replicate and hence cause lysis 
is also impaired, that is, (a) and/or (b) no longer apply. 

One variation of the technique is to collect control 
(phage-free) cells from the aerosol and subject a portion of 
these cells to phage. Comparisons of the resulting degree 
of lysis with the levels of survival and lysis detailed above 
provide more information relevant to the causes of death 
of cells. 

The examples quoted are taken from an investigation of 
the death of airborne bacteria. The m ethod, however, has 
wider application as Benzer" appreciated from his studies 
of phage inactivation by ultra-violet irradiation, and is 
being used in studies of the death of bacteria resulting 
from other stresses. 
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Energy Requirement for Microbial Growth 
MICRO-ORGANISMS provide good experimental material 

in the examination of energy requirements for the growth 
of living matter, because the supply of energy source 
may be readily controlled and the amount of growth 
easily determined. In 1942, Monod1 reported on the 
growth of Bacillus subtilis, Escherichia coli and Salmonella 
typhimurium in a mineral mediun1 with a wide range of 
carbohydrates as the source of energy. He found that, so 
long as the energy supply was the limiting factor for 
growth, the dry weight of the organisms produced (that is, 
growth) under anaerobic condition was proportional to 
the weight of the source of energy added. These findings 
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