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Geochemistry of Living Matter 

T HE chemical composition of living organisms 
has been studied in the past by many 

scientific investigators, but not in a systematic 
way. A new and thoroughly comprehensive 
approach to the investigation of the whole problem 
can be seen in the work of the Biogeochemical 
Laboratory of the Russian Academy of Sciences, 
under the inspired leadership of Prof. V. I. 
Vernadsky, whose fundamental idea is to study 
living matter not as something apart from so
called inorganic Nature, but as an important 
participant in the extremely complex chains of 
the geochemical processes proper to our planet. 
E. Suess already in 1875 proposed the term 
'biosphere' for that portion of the earth's crust 
which contains lifel, but no attempt has ever 
been made to investigate the extent to which the 
multitudinous 'rocks' of the earth's crust are 
influenced by living organisms. Vernadsky is 
convinced that the geochemical role of organisms 
is grossly misunderstood and underrated. This 
fascinating problem was raised by him 2 so far 
back as 1918, and in 1928 a special laboratory 
was created for the purpose of investigating it. 
The enormity of the task before the laboratory 
makes it impossible to expect any far-reaching 
results within such a short period, but two 
reports•·• and a series of papers published from 
the laboratory contain a mass of valuable data, 
which can be only very briefly reviewed here. 

One of the first problems before the laboratory 
is the quantitative investigation of the chemical 
composition of living organisms. In this direction, 
apart from card-indexing all the existing scattered 
information, some important data have been 
obtained on the fresh-water plankton (Vino
gradov•), on a number of insects (Bergman • ; 
Vinogradov•·•), on Echinodermata (Terent'eva•), 
etc. A general survey of this problem has been 
presented by Vinogradov•·•, who points out that 
the data, mostly very fragmentary, exist with 
regard to the elementary chemical composition of 
only about five thousand species of plants and two 
thousand species of animals, which is less than 
0·5 per cent of the known species. Sixty of the 
chemical elements have already been found in 
living organisms, and there are good reasons to 
expect that the remaining ones will also be 
discovered in them. 

The chemical composition of various organisms 
is very similar with regard to such elements as 
carbon, nitrogen, sulphur, phosphorus, hydrogen 
and oxygen, but the quantity of others, such as 
iron, manganese, iodine, bromine, arsenic, boron, 
titanium, vanadium, etc., is subject to great 
variations from species to species. Certain 
organisms can be regarded as accumulators of 
definite elements; for example, ants accumulate 
manganese (Vinogradov 5• 6}, Lycopodiacere accu
mulate aluminium, etc. An extremely interesting 
graph constructed by Vinogradov demonstrates 

that the chemical composition of living matter 
can be regarded as a periodic function of the 
atomic weights of elements, and the periods go 
mainly in sixes, so that every sixth element has a 
special importance for organisms. Further, it 
appears that organisms most ancient geologically 
(such as bacteria, Foraminifera, etc.) are able to 
concentrate a much wider range of elements, 
while the range of elements concentrated by the 
highest modern organisms (Aves, Mammalia) is 
very much restricted. 

Another point of interest is the conclusion 
reached after a study of several species of Lemna, 
which proved to possess each a definite chemical 
composition, while the variation within each species 
was very small (Vernadsky and Vinogradov•). 
Hence it appears probable that the quantitative 
chemical composition is a specific character. 
Further, important data have been obtained on 
the presence in organisms of certain rare elements. 
Thus, vanadium proved to be present in some 
plants, but in much more appreciable quantities 
in Ascidia (Vinogradov 4 •10} ; the rubidium content 
of the plants Suaeda maritima and Salicornia 
herbacea growing on the shores of the Sea of Azov 
proved to be of the same order as that in the water 
of that sea (Burkser and others•). Special atten
tion was paid in the laboratory to the concentra
tion of radium by various species of Lemna, and 
it was found that the radium content of the water 
in which they grow decreases in spring when the 
plants show a rise in radium content ; in autumn 
when the plants die off, radium from them again 
returns into the water (Brunovsky•; Vernadsky11}. 

The problem of the carbon content in animals 
was studied in Acrididre by Kunasheva•, and 
some indications obtained with regard to the 
changes connected with the species, sex and the 
stage in the development. The chemical changes 
connected with metamorphosis in insects were 
investigated by Bergmann • in a series of species. 

Another problem studied by the laboratory is 
the determination of atomic weights of elements 
obtained from living organisms. Already in 1926 
Vernadsky12 put forward a hypothesis that living 
organisms should possess a selective power between 
isotopes of an element, so that an element obtained 
from them should not contain a mixture of isotopes 
as is the case with the many elements in inorganic 
Nature. Technical difficulties connected with the 
organisation of these investigations do not yet 
permit the attainment of any definite results, but 
in the meantime Loring and Druce13 have shown 
that in the potassium from potato the isotope of 
atomic weight 41 predominates ; in ordinary 
potassium the chief isotope, of course, is of atomic 
weight 39. In the Biogeochemical Laboratory, 
work is in hand on the atomic weights of potassium 
in peas and beans, and of uranium in various 
organisms. 

The geochemical role of living organisms is 
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obviously closely connected with the rate at 
which the organisms are able to assist in the migra
tion of chemical elements in the biosphere. This 
rate, or the geochemical energy of living matter, 
depends on several specific properties of the 
organisms, namely, the average weight, the 
volume and surface of the individual, the rate of 
reproduction and the rate of dispersal over the 
earth's surface (Vernadskyu). Special methods 
have been elaborated by the Laboratory for the 
determination of these constants (Vernadsky15 ; 

CholodovskijB·'). 
Since the fundamental idea behind all the 

studies which have been directed by Prof. 
Vernadsky is to understand in a quantitative way 
the whole immensely complex series of processes 
connected with dynamic biogeochemistry, it 
is only natural that some of his publications 
represent attempts at building up comprehensive 
theories. Here belongs, first of all, his profoundly 
philosophical treatment of the whole problem of 
the biosphere1, which one would like to see re
published, since in the last few years a great number 
of new facts has been accumulated, and many 
hypotheses can be either substantiated, or modi
fied. Another remarkable work is the history 
of natural waters10, where 485 'species' of water 
occurring in Nature are distinguished and classified 
according to their genesis and properties. A 
general discussion on the geochemical problems 
in oceanography11 represents another brilliant 
summary of a very difficult subject_ 

Scientific workers who prefer definitely ascer
tained facts to far-reaching hypotheses may argue 
that the time is not yet ripe for an all-embracing 
treatment of living matter as a factor in the 
history of our planet. No one, however, after 
acquainting himself with Prof. Vernadsky's work, 
will be able to doubt that such a treatment is not 
only thoroughly scientific, but also is already 
yielding important results bearing a promise of 
establishing surprising interrelations between the 
so-called inorganic and organic worlds. It is a 
matter of deep regret that most of the publications 
by Prof. Vernadsky and his school are in a language 
which prevents his views from becoming more 
widely known amongst biologists, chemists and 
geologists, for all of whom they open new and 
promising fields of study. B. P. Uv AROV. 
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Origin and Nature of the Association between Invertebrates and Unicellular Algce 
By PROF. C. M. YoNGE, University of Bristol 

T HE widespread occurrence of zoochlorellre or 
zooxanthellre within the tissues of inverte

brates is now universally recognised, the extent of 
knowledge on this subject up to 1930 being well 
summarised by 1,3uchner1• Nevertheless the actual 
nature of this association, or rather of the many 
forms which this mav take and the connexion 
between these, is greatly in need of clarification. 
It is unfortunate that of the many workers in this 
field none, save Brandt, one of the earliest, has 
studied conditions in more than one or two groups. 
My own work on the comparative physiology of 
digestion and on symbiosis between zooxanthellre 
and Anthozoa. and Mollusca, together with a 
critical examination of recent, largely experimental, 
work on this type of symbiosis, has enabled me to 
throw some light on the origin and nature of this 
association. 

Association with unicellular algre is almost 
certainly confined to animals which digest intra
cellularly. This has been suspected by many 
workers, but confirmation has had to await the 
full elucidation of the conditions of digestion 
throughout the invertebrates (see Yonge2 for a 
summary of the present state of knowledge). 
Unicellular algre occur in Protozoa, Porifera, 

Crelenterata, Ctenophora, Turbellaria, Rotifera., 
Gastropoda and Lamellibranchia, all of which 
digest intracellularly. The conditions both of 
symbiosis and of digestion in Polyzoa and Echino
dermata require further investigation. Zooxan
thellre do occur in compound Ascidians from 
tropical seas as recorded, for example, by Hastings3 

in a. number of species collected by the Great 
Barrier Reef Expedition, but Mr. H. G. Smith, to 
whom I recently gave these for examination, finds 
that the algre are confined to the common test and 
never occur in the actual tissues. Berkeley' has re
cently·definitely established that a green flagellate 
occurs in the Chretopteridre which, like all Annelida, 
digest extracellularly. The work of Wilson•, who 
found indications of intracellular digestion during 
the metamorphosis of Owenia, affords a possible 
explanation of the origin of this association. 

A survey of the animals which contain algre 
reveals that some of these are carnivores, notably 
the Crelenterata, the Turbellaria and those Gas
tropoda which harbour algre, while the others are 
omnivorous or definitely herbivorous, such as the 
Protozoa, Porifera and Lamellibranchia. The 
association with algre would appear to have arisen 
in different ways in these two groups. 
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