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Geochemistry and Biochemistry.

By FProf. A. P. Vinogradov.
(Biogeochemical Laboratory of the Academy of Sciences, U.8.8.R.)

I

UNTII; quite recently, it was generally

belicved that organisms—oplants and
animals-—consisted of a very limited number
of chemical elements.

This view has, now, to be abandoned,
since 60 chemical elements have been dis-
covered in one or the other of the organisms ;
it is, perhaps, easier to name those chemical
elements which have not been found 1n
organisms or about which indications are
unreliable. The chemical elements not yet
discovered in organisms may be referred to
five groups: (1) the radioactive elements
Pa, Ace, Po and the numerous radioactive
isotopes* ; (2) the rare-earth metals—TI,
Eu, Gd, Th, Dy, o, Er, Tm, Il and lLu;
(3) the inert gases He, Ne, Kr, X ; (¢) the
elements of the platinum group: Bu, Rh,
Pd, Os, Ir, Pt §; and (5) of all the other
chemical elements: Tef, Zrf, In, Ta, Hi,
Ma, Re, 85t and 877.

This list shows with sufficient conclusive-
ness the present position. For the majority
of the chemical elements named, there are
yvet no simple and sufficiently sensitive and
accurate methods of determination. It may
be conjectured that these elements may be
found in organisms onlv in negligibly small
amounts.

Nevertheless, the constant finding of one
or the other chemical element, often in
small amounts (inp thousandth, millionth
and lesser parts of a per cent.; they may,
therefore, be called microelements), In the
tigssues of organisms, was not a convincing
indication for biochemists, of the 1mportant
physiological part of those ° traces ™ of
microelelents. Scores of years were
required after I, Cu, Mn, B and many other
microelements were found in organisms,

* Besides MsTh, see wotks from our Laboratory—
V. Vernadsky. B. Brunowsky and Kunaseva, Compt. Rend.
d. Sci. Aead. Pares, 1933, T. 197, 1556.

3 It is of interest to note that Ge was discovered In
organisms recently by V. M. Goldschmidt within the
ranges indicated in the curve. Into the maximum enters
Ru, one of the elements of the platinum group, which forms
solublé compounds more easily than others. In the smallest
avounts is probably found Th,

t Indications not checked, but their occurrence in
orgaunisms 15 known,

’fo recognige their important réle in physio-
02y.

The exceptional interest of the question
of the physiological réle, in particular, of
microelements present in the tissues of
organisms, arose recently among biochemists
(physiological function of Cu, F, B, etc.) and
especlally among agrochemists (importance
of B, Cu, I, etc. for plants).

As in the past, the many-sided researches
in this direction, which are conducted by
various specialists, physiologists, biochemists,
chemists, agrochemists, mineralogists, ete.,
are being carried out along different paths,
and pursue quite different objects. Owing
to this there has occurred a certain break.
The unique common phenomenon—the
process of shifting matter, the biogene
migration of atoms in the complex indis-
soluble system —sotl—soil solution—plants—
animals,— was lost sight of by these investi-
gators.

L1.

Not less persistently, is the wview held
that the chemical elementary composition of
organisms does not represent any differences
as to speciles, genus, ete.; that it is not
constant and 1s subject to considerable
variations. In other words, we cannot
definitely consider it proved, that the
chemical elementary composition of organ-
ismms I8 a specific character. It must be
noted, however, that from this point of view,
the subject has not been systematically
investigated.

The study of the chemical elementary
composition of living organisms has been, in
a way. the specialinterest of the physiologist,
biochemist, agrochemigt and mineralogist.
The importance of the problem: is only being
recognised at present. And, nevertheless,
many scores of thousands of analyses of
varions organisms made during a period of
more than a century, by agronomists, hio-
logists and mineralogists, on closer examing-
tion, contain direct proof of special features,
and or a certain constapcey 1n the chemienl
elementary composition of species.

For instance, the differences in the contents
of phosphorus and nitrogen in plants and
animals are very well known. Among
organisms are known to us nuierous gpecies,
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which concentrate definite chemical e¢le-
ments in considerable amounts. We are
familiar with the division of plants into the
calcareons and siliceous ones. Among ihe
latter are, for instance, the grasses, sedges,
horsetally, and diatoms. We know perfectly
well the typical iron-organism (algo that of
nmianganese, sulphur, ete.); the halophytic
flora (Na and Cl}, numeroas hydrophites,
which collect considerable amounts of alumi-
ninm § (mavine and fresh  water algz,
many aqueous phanerogamous plants—mono-
cotyledons, bacteria, etc.), and the like.

In relation to many chemical clements if,
might he possible to indicate typical organ-
Isms—coneenyrators. It is possible to eagily
discover the pecnliarity of the chemical
elementary composition of definite species
of living organismg by comparing the
composition of different plants for which
numeroug determinations have heen made,
especially for the composition of their seeds.
In the Biogeochemical Laboratory of the
Academy of Sciences of USSR investiga-
tions were made on the chemical elementary
composition of 13 species of Aordirde,
collected from wvarious localities during a
periot of three to four years. These data
have gshown a coniplete stability of the
composition of Aeridiide, ity resemblance
to proximate species and very great distine-
tions from the chemical composition uf other
inseets. Sometimes, in animals, the definite
occurrence of only one chemical element,
acquires a specific character, Tor instance,
investigation of 20 species of ants has shown
us, that the gpecies of the family Campo-
nofine contain Mn of an order N. 10-2 per
cent. but species of the family Myrmicine of
an order N. 107% per cent., while the more
primitive family Poncrine, as 1t seems,
contains st less Mp. Another instance :
ascldians are rieh in vanadiom. They are
typically vanadium-organisms.,  Neverthe-
less, as we have-shown, not all the gpecies
of aycidians concentrate vanadiuni. Spoecies
from the families Ascidiide, Cionida, Botryi-
lide and some othery concentrate vanadinm,
whereas the majority of species from the
families Tethyidw, Melgulide, Synoicidn—
do not eontain any marked amounts of
vanadium, Similarly, among the families
anf genera of living organisms rich in vana-
digm, nianganese, lodine, copper, tte., are

¥ Contemporary Liropodisers are rich in AL Vrobably
the fossil Lepeddendron, which are closely reluted to the
fateer, were also rich in Al Their coal is rich in Al
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digtingnished species exceptionally rich in
one or the other chemical element. The
numkber of such instances may be multiplied.
We have quoted them in our work on the
chemical elementary composition of marine
organisms,

Fluctuations ohserved for the chewmical
elementary composition of organisms may be
accounted for as being due to age, season,
sex and ecological factors. The individual
fluctuations of the chemical elementary
compositions recall gsimijlar fluctuations of
the morphological c¢haracters in organisms.

Thus, there certainly exist typical differ-
ences in the composition of definite species,
genera and other taxonomic units.

The chemical elementary composition of
organisms 18 a species character.

ITT,

The ehemical elementary composifion of
organisms or the finding of one or of angther
element In the tissue of these organiems has
been studied by biochemists, as a rule, out-
side 1ts natural environment—the biosphere.

Between the epvironment and the organ-
isms there ocecurs, uninterruptedly the ex-
change of matter —the environment and the
organisms are closely connected by the
common history of the atoms of the chemieal
elements. Living matter (totality of all
organisms) during more than one million
years has shown enormous geochemical acti-
vity, by concentrating various chemical
elements, by playing a considerable
16le in sedimentary rock foymation. In
the chemical composition of each organism
we cncounter the expression of a definite
geochemical part played by the given species
of living organismis. From a geocheniical
point of view, some geochemical functions
are inherent to all organisms—in some
the calcareong geochemical fanclion pre-
dominates, in others the giliceous or phos-
phate one, and so on: and, finally, several
guch funetions may take place together.
The chemical elemenfary composition  of
organigmy 2uil therefore the range of partici-
pation of the organisms 1o the biogene
migration of the chenucal elements in the
hiosphoere cannot be left withoat attention
when gtudving the geochemical laws of the
dis{ribution, combination and migration of
atotuy within the carth’s crust.  For the
first. time, the dogeochemical ideds Indicated
were ginded with exceplional vividness by
Prof. V. . Vernadsky, From that motient
the question of the chemicul elemenlscy
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composition of organisms acquired a full
geientific valne, Aund the clogser we approach
it, the more obvious becomes the fact that
the general geochemical laws, governing
the distribution and combination of the
chemical elements in the earth’s erust govern
also all living matter.
IV.

We have got accustomed to the biogene
migration of atoms between organisms and
environment, which is occurring in the bio-
sphere during scores of thousands of years.
We do not notice this close, indissoluble,
unchanging (within historical time) connec-
tion between them. It becomes manifest
as soon as a disturbance occeurs.

We often come across such hiogeochemical
phenomena.

The defictency or excess, as compared with
the wsual presence in the environment,
for ingtance in soils, of gsome definite
chemical elements, owing to the peculiarity
of the geochemical history of the given
loealitv, calls forth, over tremendous areas,
a change of the qualitative and quantitative
morphological composition of the soil cover
and of the animal world connected with it.
[t is well known, for instance, that fhe
deficiency of Ca, P, (for instance. in soils
originating from granite) calls forth a disturh-
ance in the composition of the flora. Thus,
for instance, the grasses of the Savannahs
and steppes experience phosphate hunger,
ete., and in thelr turn the steppe animals,
cattle from the pastures, become sick because
of deficiency of phosphorus (and lime)
(inflammation of the bones, ““brittle bones ).
Those phenomena are ohserved also on
cultivable soils throughout the whole world.
The deticiency of ¥e (and Mn) in the goil
leads to sickness of both plants and animals.
Perfectly well known is the spread of endemic
cgoitre among men, cattle, birds, fishes, ete.,
in localities with a deficiency of iodine in the
goil, drinking water, ete. At present, In
many countries (ITolland, Germany and
others) are kunown soils demanding Cu for
the successful growth of crops. The absence
of Cu in the feed, appears to cause in cattle
a special sickness (licking diseage). Many
so0ilg, as it has now become evident, demand
for the normal growth of some crops—Ilegu-
minous plants, flax and the like—a definite
amount of boron. On the contrary a
certain excess ol one or another chemical
element in the goil, leads to similar geo-
chemical provinces ocecupied by peculiar
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biogeochemical endemies. We know of Se, As,
and other ** poisonings ”’ of some soils. The
excess of ¥ in goilg, goil waters, in drinking
water 1In many countries—U. 8., Algiers,
Tunig, and others—causes an endemic digease
of man, the so-called * mottled enamel
and so on. Much in this direction we still
do not know. Similar biogeochemical
endemies connected with the presence in
the soils of Zn, Al, serpentine and others hiave
a lesserrange. Allthis leads to the forma-
tion of peeuliar variations in some definite
plants from these soils. It seems to us that
the existence of regions (soils) with an
unusual content of some chemical elements,
forming geochemical provinces or separate
“ gpots 7, should prove a kind of hindrance
for the spreading of definite species of organ-
1sTS.

Therefore, such geochemical provinces have
the property of a selecting and transform-
ing factor for organisms. In the process of
their life and evolution, plants and anirnals
in their turn (in a geological sense) lived on
a definite substratum which formed only one
of the stages.

TThus, 1t seems to us, that in each species
of organisms are concealed the chemical
characters of their origin.

The study of the chemical elementary
composition of organisms from a geochemical
point of view helped us to arrive at sorue
ceneral conclusions. The average chemical
conmposition of living matter may be graphic-
ally expressed in the form of a curve (see
Fig. 1). Comparison with similar curves
for the distribution (frequency)} of atoms
in the so0ils, earth’s erust, living matter, ete.
shows that at their basis lies one general
law of quantitative distribution of atoms.
However, they differ in details. Ifach of the
paragenetic spheres (hiving matter—hio-
sphere) is characterised by its peculiarities,
We see from the curve for the distribution
of chemical elements in the living matter
that : (1) the number of atoms of chemical
element in the living matter is in inverse
proportion to its atomiec number (atomic
weight). In other words, the chemical ele-
mentary composition ol the living matter,
as a whole, 1s definitely related to the number
of charges on the nuclel (protons). (2) The
curve shows a regular periodicity (6 and &)
with definite maxima and minima, repre-
senting certain regular deviations from the
hypothetical ineclined curve (which may be
traced from H to U). Periodicity for
the number of atoms in living matter is
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Chemical Elementary Composition of Living Matter {(in per cent aloms).
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accurately observed within the ranges of
the ftirst 50-60 elements, for which experi-
mental data exist. The cuarve can be
extended further; few data exist for the
remaining chemical elements—An, Hg, Ra,
Th, ete. (3) The chiemical elements wlhich
occur in maximal quantifies play the chief
part in the composition of organisms. In
relation to those clements numerous orean-
isms-—concentrators,—are  known. They
are especially varied and numerous among
the representatives of ancient groups of
organisms (Tallophyta, Protozoa, ete.). The
elements, occurring in minimal guantities,
are not concentrated by organisms. Ifrom
a genchemical point of view those elementg—
inert gages, Of, Zr, Th, RL, &Se, partially
Ti, and others—are characterised by a nearly
complete absence in them of the capacity
to form soluble compounds (in seil, ete.)”
in natural conditions,

Thue the range of deviation from 1{he
straight  inchined line  (appearance  of
ntaximum  and  minimum)  for different
clements depends on the cheniieal properties

Fig., 1.

of atonis (outer electrons of atoms). There-
fore, those maxima and minima occurring
in definite speeies find places on the curve
and although they may varyin the pasition,
they nevertheless o not disturb the general
periodicity of the curve,

In the future a more detailed study of the
distribution of the chemical elements in the
organisms from a geochemical point of view
shall allow biologists, physiologists, agrono-
misis, geochemists, ete., to tackle important
problems of natural science using @ cotunon
seientitfic language,
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