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What is Life ? 

OUR knowledge of the past history of life upon 
earth, obtained from studies both of the 

earth's crust and of the organisms which are found 
inhabiting it at the present time, suggests that 
living beings developed from non-living material, 
the organic from the inorganic. But the condi
tions on the surface of this globe must have been 
widely different from those which obtain at the 
present day, and the question whether life can arise 
from the non-living to-day is still unanswered. It 
is generally held that the evidence indicates that 
a living organism can only arise from another living 
being, experiments favouring the view that 
spontaneous generation does occur having failed 
to withstand the strictest tests of criticism. 

The answer to this question, however, depends 
on the definition of the terms 'living ' and 'non
living ' ; at first sight the distinction between the 
two appears sharp and unmistakable, but a little 
consideration shows that certain living organisms 
show many analogies with non-living material, and 
that on the borderland of life it may be difficult to 
say with certainty whether any given material is 
' alive ' or not. To the analogies between live and 
dead things and their possible implications, Prof. 
A. E. Boycott devoted his recent presidential 
address to the Section of Pathology of the Royal 
Society of Medicine, a revised version of which we 
publish as a supplement this week. Such a com
parison is useful, since, although chemistry and 
physics have helped greatly in the interpretation and 
understanding of the mechanisms of living organ
isms, they have not yet succeeded in explaining life. 

A living organism is an entity, a discrete unit; 
the live world is made up of such discontinuous 
pieces. But though at first sight the dead world 
may appear continuous, it also in reality is com
posed of particulate matter and energy, molecules, 
atoms, quanta. Ultimate analysis has merely led 
to the discovery of smaller particles, and a frac
tional atom is as impossible as a fractional animal. 

Again, the origin of one species from another in 
the course of evolution has its modern analogy in 
the derivation of one element from another; apart 
from the time factor, chemical elements are not 
necessarily more stable than zoological species ; 
lead or a dog may not always have been so, and 
cannot be trusted to he so indefinitely in the future. 
It is even possible that as the disintegration of 
radioactive elements cannot be controlled, so also 
may the evolutionary sequence of animals be pre
determined, although the actual course may be 
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deflected by changes in the environment. Both 
elements and species can be arranged in groups 
according to their general characteristics ; the 
position in the table indicates their properties or 
characters and gives a clue to their past history. 

The capacity of self-repair is one of the greatest 
characteristics of living beings ; a multicellular 
organism repairs injury by the growth of certain 
cells usually specifically set aside for this purpose 
and endowed with the capacity of growth and pro
liferation, even though some of the cells actually 
injured die and are not replaced. Whether an 
injured unicellular organism, such as a bacterium, 
ever undergoes a similar process of repair is more 
doubtful; it is more probable that the repair is 
reflected in an increase in the numbers of the race 
rather than in a recovery of the individual. Atoms 
are continually losing electrons, as, for example, 
when electrical energy is manifested ; but they do 
not change in nature so that repair, the picking up 
of an electron, must take place. 

The variations among the organisms of a single 
species are obvious enough, and it is known that 
atoms show a similar variability, and that the 
atomic weight is merely the mean value for the 
whole species. Biological measurements made on 
a similar scale to physical or chemical might result 
in biology also becoming an ' exact ' science. 

A further analogy between the living and the 
non-living can be drawn from the examination 
of the courses of the reactions in the hydrolysis of 
cane-sugar by dilute acid and the destruction of 
bacteria by heat or disinfectants. Both follow 
a similar path; the bacterium behaves as the mole
cule of cane-sugar, the proportion killed or hydro
lysed depending on the number of organisms still 
living or on the number of molecules still unchanged. 
The organism acts as the unit. If the molecules 
of the organism were the units and had been 
destroyed according to the same law, it would have 
been expected that a stage would have been 
reached when all the organisms would have died 
together, whereas, in fact, this destruction only 
occurs gradually. 

There is difficulty, however, in finding an analogy 
to reproduction in animals. Reproduction appears 
to be necessary because organisms are unstable ; 
without it they could not maintain themselves. 
But provided that conditions remain constant, the 
number of any given species does not change 
greatly from year to year ; the capacity for repro
duction enables organisms to adapt themselves to 
varying conditions rather than to increase, except 
perhaps slowly, in numbers. The simpler units of 
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the inorganic world are more stable and do not 
need therefore to reproduce. But if speculation 
embraces the universe rather than the earth alone, 
it appears possible that the disintegration of atoms 
into radiation in the immense heat of the stars 
may be accompanied elsewhere by the regeneration 
of matter from energy under conditions of intense 
cold, giving a true reproduction of inorganic 
material, and the atoms formed need not be the 
same as those from which the protons and electrons 
originally came. 

It thus appears that living and non-living form 
one continuous series, and that no sharp distinction 
can be drawn between them. But if so, what sort 
of matter forms the borderland between the two ? 
Is it the filtrable virus, the bacteriophage and 
similar agents ? These bodies show some of the 
properties both of bacteria and of non-living 
matter. It is probable that the average diameter 
of the viruses is about 25 pp., whilst that of the 
smallest known bacillus is about ten times greater, 
just at the limit of visibility. Organisms of this 
small diameter can pass through filters, and are 
about equal to the colloidal aggregates of dissolved 
hmmoglobin in size and can contain from 200 to 400 
protein molecules. There appears to be a break 
in the series of micro-organisms between bacteria 
and viruses, perhaps analogous to the fact that even 
the smallest mammal has a very definite size. The 
range in size in the bacterial group is of the same 
order as in the mammals, and the ultramicroscopic 
viruses may show a similar range. The composition 
of the latter is unknown ; it is probable that pro
tein is present, since a virus infection frequently 
gives rise to a long-lasting immunity; on the other 
hand, provided a minimum dose is given, the 
severity of the infection is little altered by giving 
doses even many thousands of times greater ; viruses 
apparently do not produce poisonous substances 
as do so many bacteria. 

Many viruses are extremely resistant to destruc
tive agents; others are much more delicate. But, 
unlike bacteria, no virus has been successfully 
grown in artificial culture without the presence of 
other cells ; in fact, they seem. to multiply only in 
the presence of living cells and preferably young 
growing cells. It is quite possible that they are 
obligatory intracellular parasites and that this 
habit of life may explain some of their peculiarities. 

Though, however, the viruses are related to the 
bacteria in some of their characteristics, they also 
show phenomena analogous to those produced 
by material which is usually considered to be non
living. Thus the products of autolysis of dead 
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cells stimulate growth as well as an agent obtain
able from malignant tumour cells. The presence 
of the latter is indicated when malignant epithelial 
cells stimulate normal connective tissue cells to 
grow into a transplantable tumour, a carcinoma 
stimulating the development of a sarcoma. This 
agent is presumably usually very labile, but in the 
case of the Rous fowl sarcoma can be obtained in 
the filtrate from the growth and initiate a tumour 
on injection into another bird ; no living agent 
can be seen or cultivated in such a filtrate. 

The products of autolysis are ' dead ' or non
living : Is the Rous agent living, or simply a non
living material which can stimulate certain cells 
to pathological overgrowth ? It multiplies only 
where its specific activity is displayed, and it may 
survive drastic methods of purification. There is 
good evidence that tumours produced by chronic 
irritation contain a carcinogenic 'virus ' ; that is, 
the irritation stimulates the cells to overgrowth, 
with the result that they produce the virus. Hence 
the latter arises de novo in each tumour in the 
growing cells, and the means of propagation of the 
disease are not the same as those by which it was 
originally started. 

Applying such reasoning to the true virus 
diseases, for example, foot-and-mouth disease, the 
question arises whether the disease may not itself 
produce the virus ; in other words, although the 
infection is spread by a minute dose of virus, multi
plication only occurs in the presence of the specific 
lesion, so that the virus obtained from the lesion 
need not be the direct descendant of the infecting 
virus, in the same way as bacteria only arise from 
pre-existing organisms. In spite of difficulties, 
epidemiological, immunological, and other, against 
this view, there are items of evidence in its favour, 
such as the production of a transmissible inflam
matory disease of the rabbit's testis, by inoculating 
a filtrate of testis emulsion from one rabbit into 
another's testis; although compounds from an 
animal's own tissues do not usually behave as 
antigens in the same animal, there are exceptions 
to this rule. Lysozyme, again, has many of the 
properties of an enzyme, but it is increased in 
amount when it acts upon its specific micrococcus. 

It is therefore possible that viruses are pieces of 
living cells, which apart from their proper environ
ment have abnormal actions, in this case harmful, 
since those with the harmful actions are the more 
easily apprehended. They would therefore form 
part of a continuous series stretching from obviously 
non-living matter through the growth-promoting 
substances, the viruses, and the bacteria to the 
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higher plants and animals. But even if such sub
stances can be considered as both living and arising 
de novo under the appropriate stimulus, the problem 
of their evolution into a higher microbe is still 
unsolved, and the conditions for this evolution 
may not obtain on the earth at the present time; 
whilst if they are held to be non-living, there appears 
to be no trustworthy evidence that life can arise 
except from living matter. Science still has far 
to travel before even the humblest bacillus can be 
produced at will. 

Wild Nature and Gentle Savages. 

Wanderings in Wild Australia. By Sir Baldwin 
Spencer. Vol. l. Pp. xxviii +455 +210 plates. 
Vol. 2. Pp. xiv + 457-930 + 194 plates. (London: 
Macmillan and Co., Ltd., 1928.) 42s. net. 

N O one has done more valuable work in elucidat
ing the ethnography of the aborigines of 

Australia than Sir Baldwin Spencer, and therefore 
a new book by him deserves careful consideration. 
"Wanderings in Wild Australia" is possibly the 
final record of travels and field-work begun thirty
four years ago and continued at intervals until 
within a few years. The area of the wanderings 
is, roughly, between 132° and 136° E. long., and 
from Lake Eyre in the south to Bathurst Island 
and the Gulf of Carpentaria in the north. 

The first two parts of the present work closely 
follow the information given in" Across Australia," 
by Spencer and Gillen (1912), together with ethno
graphical additions which are to be found in "The 
Native Tribes of Central Australia," by Spencer 
and Gillen ( 1899), and the new and improved edition 
of "The Arunta" (1927), which has already been 
noticed in NATURE (Mar. 17, 1928, p. 4ll), as well 
as observations from "The Northern Tribes of 
Central Australia," by Spencer and Gillen (1904). 
The third part deals with the Kakadu of the East 
Alligator River (Arnhem Land), Port Darwin, and 
Melville and Bathurst Islands, the ethnographical 
matter being abstracted from "The Northern 
Tribes of the Northern Territory of Australia," by 
Baldwin Spencer (1914). It will thus be seen that 
the fortunate possessor of the earlier books will 
have little occasion to consult the new book so far 
as anthropological information is concerned, but 
attention must be directed to the fact that there 
are a few new photographs which illustrate parts 
of ceremonies, and several new representations of 
the very interesting carved and painted grave posts 
of Melville and Bathurst Islands. Those interested 
in gesture language (vol. I, pp. 436-444) will find 
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