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.      NUCLEOPROTEINS^ND-HEREDITY . 

(Following is a translation of an article by M. V. Turbih  ' 
in the BelPrussian-language periodical Vests! Akademii 

•  navuk BSSR. Seryya biyalagichnvkh navuk (Bulletin of the 
academy of Sciences Belorussian SSR, Biological Sciences 
Series), Minsk, No. 2,  1959, pages 12-24.) 

i-  One of the most important problems in modern genetics is 
that of determining the Irole of intracellular nucleoprbteihs as 
carriers of the heredity information of the cell.   This has 
encouraged profound research on the structure and properties of 
the nucleoproteins and first of all their nucleic component, the 
polymerized nucleic acids - desoxyribonucleicarid ribonucleic 
acids.   Success in this field will lead tö the development and in-^"' "* 
creese in our knowledge of the nature of the hereditary factors, 
and the mechanism of their action' in the development of character- 
istics.    Using the terminology of cybernetics in evaluating the 
results obtained,  one may say that an attempt has "been made "to solve, 
in.a first crude approximation, the problem of discoverihg "the means 
of "coding" inherited information'evailable for progeny from parents 
in the structural elements of the sex cells,  as well as the means of    ; 

controlling; it in the process of the individual development of the 
new organism.   We may say that the discrete hereditary information 
is coded by certain structures of the nucleic acid molecules which 
possess the capacity for replication, thanks to which it Is transmitted 
to all newly formed cells of the organism. 

The structure of the "nucleic acid"molecules determines the 
structure: of the proteins which are' synthesized in the cell,  in 
particular, the proteins^which have enzymatic properties .   The first 
serve as templates ("dies") in-the synthesis of the latter. 

Thus hereditary information, included in the germinate zygote ' 
cell,  is transmitted to,all the eells of* the organism (principle of 
intensification) and acts on the biochemical and physiological proc- 
esses, taking place there,  oh metabolism, and in the final analysis 
on all the macroscopic properties of the Organism as a whole . 

This article give a brief survey and analysis of the basic 
facts aad^conelusions whichprevailed before the development of the 
above - mentioned concept of the mechanism of the transmission of    ' 
heredity,.and also makes an attempt to give a new interpretation of 
certain facts in the field of the biology of plant fertilization. 
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Ü comparison of the biochemical properties of chromosomes, 
ehloroplasts, and viruses — structures and particles which are 
capable of replication within the cell « shows the presence in 
them of one common characteristic:, they, are alii constructed of 
nucleoproteins, include in their make-up polymerized nucleic acids 
DN/ and BNfl or both at the same time .   The chromosomes are made up 
principally^ ofvDFA and a small amowat; of RN/|tthe cWoroplastsi  of 
ENA; the chondriosernes and mierosomes which" earry out the synthesis 
of enzymes ''contain,;ffltf the animal yiruses'consistimaihly of^nucle- 
oproteins .which ar9:fo^if''^;pi^$toTaaa~Mil};.anfl the plant viruses, 
of protein and ENA.    ',,;> :  ■■■'■■■■ 

This fact requires an explanation of the^properties of the 
polymerized nucleic acids and their biological functions.   Of partic- 
ular interest in this.respect is DN*,: whichoisithe basic' component of 
the nucleoproteins of «chromosomes r-and this makes the problem of';thej 

material mechanism of heredity (inrwhich the -chromosomes play aü  ;   - 
inevitable-role) -closely, connected with the problem of discovering 
the structure.and biological role.of :'BW-.   Of like interest "is* RRA, 
localized in the iplasma- structures;responsible for 1he synthesis of 
proteins-and .^entering into the composition of-ftie nucleoproteins of ^ 
■tbe   plant Viruses;   ;   '   i   •:■.;.;■        -ira-: "■■:■■-~-:- . 

.... ,;As, indicated by tjhe,eminent -English scientist J.=: Beinal, the 
greatest importance attaches tp*the; mechanism for 1he replication * of 
DN(-proteins, since,.a study of plant viruses: gives us .reason to'assume 
that, the replication of M^A-proteins, may take;!place onlyiin the presence 
of DNA, inasmuch as*.there are no known independent organisms" which ' 
contain only ERA,.   •■•"... . ■-•,   ^v-■-.     •        }.-'^-z,:* 

: Whilelit, was recently determined, that DNA (ahd HNA) are indi-m 

vidual! substances identical in all :organismä>«,we -still" cannot; determine 
their,hereditary specificity.   Starting with this view, 'attempts were 
made to establish the> nonspecific functions, of DNA and ENA common to 
all organisms.   It was "concluded" that they do in! a certain fashion ^ i • 
participate in the synthesis «>f;protein and play a role in the process   ; 
of the replication of-certain .structures of the[cell and of the^ viruses . 

With regard: to, ;DNA two functions wereidiscerned: the function^ -' '; 
of template for- extending: thepolypeptide; chains: into -a mofiomblecul'a* 
film necessary for ihe.autpcatalysis of; protein,. and the function of 
a source of energy in-; the creation-Pf peptide bonds-in"the process '• 
of protein,synthesisjjinasmuohias iin'it(as in^EN/)? there are- '      ^^--' 
macroenergetic-bonds-*--,.; However,, a further study> of the•problem>led'    : 3 

to a basic reyisipn.of such phnpmena, - :.;.'■:•:-.-■ ■ ■■:■-■>:,■      *■■'■' I'-- :n 
, It was proven experimentally (by' OivrAvery and his colleagues) 

that it is possible to ■pr,pdu^:basicrchanges:iin-'heredityi'iCbacterli'>:>': 
thro%h the-transformation of ;©ne-hereditary type (streift)into another 
by injecting purified DEN from one; strain into a culture of the" other.1 
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At first these stuc^s, using pneumococci, were limited to one type 
of transformation, the so-called capsule transformation, connected 
with the conversion of acapsular forms of pneumococci into cäpsular 
forms . On the basis' of the results obtained we could expect that 
in the future other types of changes in heredity would also be 
induced. In further research this assumption was fully confirmed 
and in fact several different types of transformations were obtained 
with the same test object, in particular changes in the somatic 
antigen components (proteins), resistance to antibiotics, changes , 
in the enzymatic systems, etc. \_ 

Each of these types of transformation was induced by the   ; 
action of a particular nucleic acid on individuals of mutant strains 
under strictly controlled conditions and each of these transformations 
can be reproduced repeatedly at the degf re of the experimenter. 
Such basic changes in heredity were also obtained with'other types 
of bacteria (Escherichia coli, Pfeiffer's bacMlus, Flexner's 
dysentery bacillus, meningococci,, the murine typhus bacteria, etc.) 

It must be pointed out that purified DNA as a transforming 
agent is very active:,its introduction into a culture of microbes 
in concentration of 6 x 10-8 is enough to activate the conversion 
of one hereditary type of microbe into others - Its activity be- 
comes stronger with depolymerization,....' 

Special research (H. Ephrussi-Taylor and others) has shown ~ . 
that a general result of such transformations in any direction is 
the disappearance of the agent which was present in the bacteria 
at first, and in place of this the propagation of the agent intro-V-, 
duced into the nucleic acid extract. Thus the transformation is 
bssed on the substitution in extraction of one agent for the agent , 
which was first present in the cell, or in other words> transformation 
consists of replacing the nucleic ccr rcr-^t of the cellular element 
which reproduces itself, by nucleic acid of external origin having 
similar structure and function . '..        .-., "       -i ;■-..•.: 

From the fact that induced transformations are caused by '. 
highly purified solutions of DNA it appears that these agents are 
desoxyribonucleates. On the basis of his own observations of the 
desoxyribonuc"*einc acid of pneumococci, /»very expresses the idea 
that these substances are biologically and, chemically heterogeneous, 
and that this heterogeneity exists even when isolating DN/1 from a 
single pure clone. The correctness of such a comment is indicated 
by the fact that in desoxyribonucleates recovered from a strain of 
pneumococci (smooth type III) six transforming agents were recovered 
in experiments. ' . ,,'.., 

Further research has shown that some, properties of different 
transforming agents(TA) relate them to independent genetic individ- 
uals . For example, they can be recognized in a number of cell 
generations, determine the character of. dying characters and features 
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of bacteria, and,may undergo mutation changeä independently one of 
the other. They are comparatively independent of each other in 
their reproduction in the cell, capable also (Ephrussi-Taylor) of 
the. combination of independent agents which pause different cellular 
characters, which permits the experjtmenter to; distinguish tho differ- 
ent individual capsular characteristics from different individual 
characters of antigen, complexes (P-prptein) or resistance to a certain 
antibiotic. The agents which cause those 'different characters, iso- 
lated from'different lihesj may exist in one and the same cell. ^Along 
with the independent combination of transforming agents, which are 
different molecules of DNA, we see cases of ä special "coupling" 
analogous to the coupling of gGfl©s located in one and the same 
chromosome, from which it follows that in certain oases one and the 
same molecule of-DNA (its different parts) effect the development of 
different characters . Thus there is an established similarity in 
some functions of molecules of DNA in bacteria and in the chromosomes 
in the organisms which have quite well formed cell nuclei. 

The diversity of DNA is also demonstrated by direct biochemical 
examinations. It has been found that not only in different organ- 
isms in DNA chemically different but that the DNA of a cell (tissue) 
is the sum of a whole series of different individual nucleic acids 
(18). A preparation of a composite DNA may be fractionated into a 
series of fractions of different composition. But in so doing we 
find a constancy of the composite DNA from which it appears that the, 
ratio of the fractions which make up the acid is more or less constant. 
Data in support of the concept of the species specificity of DNA were 
obtained by A.N. Belazerskiy by studying the composition of nucleic 
acids in different species of bacteria. In this he found that DNA 
in these organisms has more clearly expressed specificity by compar- 
ison with ENA; this means that in experimentally altered strains of 
bacteria there are more pronounced qualitative differences in DNA 
than in the original forms, and these changes in DNA are correlated, 
with changes in the entire sum of hereditary characteristics at the 
same time that RNA in modified bacteria preserves an unmodified 
composition. 

Thus the original concept of thö identity of DNA in different 
organisms was a profound error„ In fact, as shown by identical 
observation results, the DNA has a high genetic specificity, it 
is different in different types of strains. This conclusion is 
confirmed by certain other facts. For example, if we infect 
bacterial cells with virus particles of bacteriophage, it has been 
established that t he bacterial cell is penetrated not by the entire 
bacteriophage particle but only filaments of DNA liberated by the . 
protein membrane which rdriiains outside the cell. Penetrating the. 
cell (possibly with a very insignificant amount of protein), the' 
DNA assures the propagation of the bacteriophage and the whole 



cycle of its development inside the bacterial cell. Thus by pen- 
etrating the cell the DNA produces within it the synthesis of its 
own species specific particles, including their protein component. 

Similar results were obtained with plant viruses (virus of 
tobacco mosaic) in which filaments of nucleic acid (EN/1) can be 
partially separated from the protein membrane . A. Hirer and H. 
Schramm showed that the RNA of the virus of tobacco mosaic when 
separated by rather mild methods is itself virulent; this means 
that it retains its infectiousness even after total removal of 
proteins . If it is placed on the leaf of a susceptible plant it 
not only reproduces but causes the synthesis of the specific pro- 
tein component of tie virus . accumulated data in support of the 
statement that the "Kbit  of the virus of tobrcco mosaic is infectious 
and is the genetic determinant of the virus were obtained by H. 
Prenkel» -Konrat and R. Vil'yams in research on the nature of the 
"progeny" of virus reconstructed from protein and nucleic acid of 
different strains of the virus of tobacco mosaic. 

This method for obtaining the reconstructed "hybrid" virus 
includes the separation and combining of the protein and ribonucleic 
components of two viruses which depend on different genetic series. 
In this case one manages, so to speak, to "Package" purified nucleic 
acid taken from one strain of the virus of tobacco mosaic inside the 
protein of another strain. It was shown that symptoms of infection 
caused by the "hybrid" virus are always characteristic of the strain 
from which the RNA was taken. The "progeny" of these reconstructed 
virus particles include at the same time RNA and protein from the 
virus from which the EN/* was taken. In fact, the authors point out 
the presence of a slight difference between the "progeny" of a mixed 
virus and the viruses which were the source of the RNA, which indicates 
a certain slight effect of protein-on the process of virus replication. 
This research clearly demonstrated that the RNA is the genetic deter- 
minant of the virus. The acid (RNA) can be skillfully separated from 
the protein membrane . It has also been determined that the propaga- 
tion of this virus requires only that a filament of RNA with a small 
amount of protein penetrate the cell. 

The discovery of these facts which indicate the great role of 
the DNA (and RNA) in heredity is.stimulating interest and a detailed 
study of its physical and chemical nature . The results of such a 
study helped to elucidate the details of the structure of DNA, which 
is of real significance for understanding the mechanism of the re- 
plication process of the nucleoproteins of chromosomes and viruses. 
On this basis a three-demensional model of DNA was proposed which 
gives a more satisfactory interpretation of this process than many 
other hypotheses . In particular, it coincides wholly with the new 
views on genes which have developed on the basis of the study of 
the relation of the »position effect» and "pseudoalelism" which 
were mentioned above. 
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. In brief, the essence of this new concept of the structure 
and funötion of DNA amounts to the following: In hydrolysis the 
molecule of DNA and' ENA breaks down intp fragments which combine 
with the nitrogen base, sugar, and phosphroic acid, and have been 
given the name of mononucleotides (or simply nucleotides). A 
molecule of DNA and RNA is a composite (polymer) complex which is 
made up of a great number of nucleotides. The degree of polymeriza- 
tion of the DNA may be judged from its molecular weight which is 
designated by values from 500,000 to 1,000*000 and from some data 
above ■. This means.that.it can be composed of 500 or more mono- 
nucleotides. T The degree of polymerization of RNA is much less . 

Nucleotides from which a polymer molecule of DNA 'is built.;. 
are distinguished from each other by the base which is utilized in •■•. 
their composition. A total of four bases are found: two purine— 
adenine and guanine, and two pyrimidine—: cytasine and thymine, and 
there are four corresponding varieties of mononucleotides each of 
which includes one of these bases. EN A. is also built from four  ' 
varieties of nucleotides. Of the four bases which it contains, 
the throe in common with DNA— ademine, guanine, and cytasine — 
include the pyramidine base of uracil instead of thymine. In add- 
ition, these two nucleic acids are different in sugar: the nucleo- 
ticies of DNA contain, the sugar deoxyribose while the nucleotides 
of ,RNAcontain ribose . 

;' , The method for distinguishing the nucleotides in the polymer 
molecule of DNA can be diagrammed thus: 

, ,  -.Base — sugar    • 
.  Phosphoric acid 

...Base ~ sugar ■ 
Phosphoric acid   n-times 

Base — sugar, , 
Phosphoric acid 

Base — sugar , • 

This means that particular nucleotides are interconnected by 
oxygen molecules formed from hydroxyl groups of sugar of one nuclectide 
and the phosphoric acid of .another adjacent nucleotide with the libera- 
tion of a molecule of water. The base in each nucleotide is joined, 
to the sugar by a glucoside bond through one of the nitrogens of the 
base.;'. 

Thus the skeletal base of a molecule of DNA is made up of a 
long chain of alternating sugar and phosphoric acid radicals. ;X-ray 
structural analysis has established that individual adjacent 
nucleotides are 3,4- A distant from one another, which corresponds 
to the distance between two adjacent amino acid radicals in a 
rolypeptide chain. DNA molecules;are/long thin filaments which 
have axle ratios equal to approximately 300. 
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In describing the physical and chemical properties of nucleic 
acids and comparing them with other specific cellular pollyraers 
(proteins, polysaccharides, blood groups, etc.) biochemists have 
established the following different properties of the first, connect- 
ed with their biological functions . Nucleic acids (as the proteins) 
differ from other natural polymers by heteropolymerism, i.e., they 
are from a number of different monomers (primary "bricks"), linked 
in each type of nucleic acid (protein) in a characteristic order. 
The sequence of position of mononucleotides in the polynucleotide 
chain is not just any periodicity, but these polymers have a very 
pronounced arhythmic sequence . However, this sequence is strictly 
determined for each type of nucleic acid . 

A  particular feature of nucleic;acids, observed by Chafgnff 
(18), is the marked balance between the individual component parts . 
For example, in studying quantitative correlations and the order of 
alternation of four varieties of nucleotides it was found that for 
such a molecule the number 0f nucleotides included in adenine always 
equals the number of nucleotides in thymine and the number in guanine 
equals the number in cytasine. The suni of the purine nucleotides 
equals the sum of the pyrimidines . Thus we have found a paired 
relationship between one purine base (adenine) and one pyrimidine 
base (thymine) and. the corresponding other bases — purines and 
pyrimidines (guanine and cytasine). As  for the quantitative 
relations between these pairs of bases, it is different in different 
organisms but is characteristic for each concrete organism. The order 
of alternation of bases as mentioned can be different in DNA of different 
species and in different parts of one and the same polymer molecule. 

A significant feature — the balance between the individual 
component parts — is a characteristic property of nucleic acids which 
does not exist in other eell-specific polymers, and, in the opinion 
of some modern biochemists, it is precisely with this chemical property 
of the polymer nucleic acids that their role in hereditary "informa- 
tion" is connected. 

In studying the reaction of DNA to changes in the pH, some 
characteristics were discovered in changes in its dissociation 
which lead to the concept of the presence in DNA of hydrogen bonds 
among the bases, which act within its structure. 

Taking into account data on the X-ray structural analysis 
of DNA and its physicochemicai properties, Watson'' and Greek (U) 
proposed a three-dimensional model of the DNA molecule which 
elucidates its detected properties and makes possible a new 
approach to the problem of the mechanism of the replication of 
particles of nucleoproteins and the problem of the nature of 
genetic specificity of DNA. According to this model, the molecules 
of_DNA contain two polynucleotide chains which twist around a common 
axis, going parallel and having an identical right turn of the 
spiral (Fig. 1) . The common diameter of the molecule eouals 20 A 

7 - 



and the distance from the atoms of phosphorus to the axis of the 
molecule is 10 A. ^ 

The phosphorus-sugar skeletons of both chains of the DNA 
make up the external part of its structure while the bases are 
wrapped up inside this structure. , The latter, being öcnnected with 
the sugars by glucoside bonds, are located perpendicular to the 
molecular axis and stand, opposite each other., An analysis of the v 
spatial distribution of the bases and the possibility of the develop- 
ment of hydrogen bonds between them, which join two chains into a 
single structure, leads to the conclusion that not every combination 
of bases corresponds to the scientific data . : 

The dimensions of the purine bases (adenine and guanine) are' 
approximately 7 8, while the dimensions of the pyrimidine bases 
(cytasine and thymine) are approximately.5 a. With the diameter 
of the entire structure at 20 $, the distance between the sugars 
is approximately 12 ?. This means that for the placement of'two -; 

purine bases this distance is small but for two pyrimidine bases it 
is large, hydrogen bonds which are effective only at a short distance 
could not be established between them. Thus the opposing bases in • 
a pair of DNA chains, connected into a single structure, may be : 

composed only of one purine and one pyrimidine base. From the fact 
of the existence of the pair relationship of bases it follows that 
these pairs may be adenine-thymine, guänine-cytasine, and the 
components of these pairs, as already mentioned,: are represented ' 
in DNA in ratios of 1:1. 

The existence of a strict regularity in the form of the : 

existence of fixed T.airs of bases, ^hich connect the two chains 
of the DNA into a common structure, has no effect on the nature of 
the subsequent location of the different nucleotides; any sequence 
of .r: i'rs of bases along the axis of the common dual structure of 
the DNA is possible . 

We have presented this model of the structure of DNA in only 
the most general features, omitting a number of its less important 
details. It makes possible the clarification of the process of 
spontaneous twinning of the reproducing particles of nucleoproteins: ' 
by the following method. As was pointed out abover  the structure; 
of DNA consists of two mutually complementary chains of nucleotides.' 
The hydrogen bonds which connect the pairs of adjacent bases of 
^hese two chains enclosed within'the structure, are weak, their 
energy does not exceed the energy of thermal motion at room 
temperature. Then, too, destruction of tfcn hydrogen bonds is 
comparatively easy, whereupon the dual structure of the DNA 
divides into two isolated filaments. The bonds which are freed 
thereby may be points of pttraction for free nucleotides or their 
predecessors from the cellular cytoplasm. Nucleotides which are 
attracted to the chain will be attached (through a hydrogen bond) \ 
to nucleotides of the single chain, forming special pairs of bases, 
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and adenine will be attached to thymine, guanine to cytasine. Thus 
the sequence side by side with a similar single chain of polyrucleo- 
tides will find a'base of another1 identical chain. Thenbends are ,. 
formed between the sugars and phosphoruses which form the skeletal ; 
base for a second hewchain connected with the first in such a ' 
manner that the dual structure of the DNA is restored with the same 
sequential arrangement of the specific pairs of bases ^hich existed 
in the original dual structure. In the same way the second single 
chain, by attracting nucleotides from'cytoplasm and placing them in 
a certain order, is able likewise to renew the original dual structure. 
In short, there is a replication of the original dual structure of 
the DFA. ' : '-■■     _    -?i 

• ■•■■ However, this explanation^ which is striking in its simplicity, 
requires further analysis, inasmuch as it has certain real defects. 
For instance, there remains unsolved the role of the protein component 
of the nucleoprotein and the mechanism of its renewal. It was 
established by direct research that there was a coincidence between 
the periodicity of structure of ttie DNA and the polypeptides'in the . 
nucleoprotein from which it follows that the protein component of 
the latter also participates in the spiral structure of the DNA. ' 
This structure thus has not two but three elements; two poly- .--.'■; r 
nucleotide ^chains of DNA and one chain of polypeptide .       ;-:■•; 

In the triple structure, as D. Blokh admits, two chains belong 
to DNA and (in accordance with the earliest considerations are ioired 
by hydrogen bonds, and the third (polypeptide) chain is twined around 
the two polynucleotide chains in such a manner that the adjacent 
ammo acid groups, located in opposition, form ionic bonds. 

*> +u Jhe doul3:i-inS Qf such a structure starts with the destruction 
°J.the hydrogen bonds between the bases of the polynucleotide chains. 
After the rupture of the hydrogen bonds the bases rotate around the 
glucoside bonds 180 degrees, thus protruding from the intramolecular 
space . Under these; conditions there takes place attraction of the 
nucleotides of each polynucleotide chain for the corresponding '■    - 
nucleotides from the cellular cytoplasm, i .e., attraction of 
thymine by adenihe and of cytasine by guanine . ,r.: 

J **  These pairs of bases are joined to each other by hydrogen, 
and,finally,side by side with the perpendicular polynucleotide 
chain an additional identical chain is formed'. In this case both 
original chains are held-firmly in piece, thanks to their ionic 
bond with the protein common.to both chains. The joined nucleotides 
will thus have a configuration rolled out along a glucoside bond. 
The polymerization of the joined nucleotides leads tothe appearance 
of two new polynucleotide 'chains.; Joining a polypeptide chain (Matone) 
to them leads to the doubling,of the original triple structure of'the 
nucleoprotein (deoxyribonucleoprotamine). The old and new structure 
at first will be joined through hydrogen bonds between the old end 
new polynucleotides. But then there will be a separation of this 

- 9 - 



complex which includes two identical triple structures, each of 
which is composed of two polynucleotide chains and one. polypeptide '" 
chain. The'separations will take.place thanks to the rupture of 
the weak hydrogen bonds between the old and newpolynucleotide, 
and also thanks to the rotation of the bases around the glucoside 
bond under normal conditions' and the creation of hydrogen bonds 
inside the,two old and two new chains of polynucleotides. • 

' In the light of these new concepts oft he structure of -DNA.. .;. 
and.the'mechanism of its doubling a new solution is being worked ' 
out for the' problem of the genetic.specificity of DNA and the: •. 
material basis for the functional differentiation of chromosomes. 
Earlier, when DNA was considered identical throughout the body and ; , 
the features of its structure which provided-for genetic specificity, 
were not known the problem of the nucleoprotein component responsible 
for hereditary specificity could have, only one solution, the re-- 
cognition that this component was protein, which was found in the 
make-up of the nucleöproteins ; In this case for .interpreting the 
functional differentiation of chromosomes, its parts,corresponding 
to genes, it was necessary to admit the existence of a large 
number of proteins (of the order of many thousands) which could 
be the centers for the formation of'a corresponding number of . 
biologically active substances (enzymes'or their predecessors) 
which emerge from the cell and control the corresponding biochemical 
processes':1"'     \ ' •     •    /■•'•':;      ;';'■       ,.  . 

- The determination of the fact of the genetic (hereditary) 
specificity of DNA creates a new basis for Interpreting the role of ; 
the nucleöproteins of chromosomes ,in heredity,; with the physical- 
chemical side of this problem being1 simpler than was first thought. 
From ithe presented interpretation of the structure of DNA, one may 
draw the full conclusion that only one part of its structure, its ' 
side chains of purine and pyrimidihe bases, can be responsible for ■■ 
the genetic specificity, inasmuch as the skeletal'portions, made   '- 
of up alternating sugar and phorphoric acid, are' indehtical through- 
out the entire; length. As for the bases, theyy  as indicated, are  , 
identical in DNA of a different origin, and this means there is 
only a possible difference in the sequence of/their alternation. 

, Inasmuch as the biologically active substances (enzymes),, 
secreted by the chromosome in the cell/ are protein*bodies, it is • 
necessary to explain by what means' the ^specific alternation of four 
bases in a polynucleotide chain can be the' base (template) for'.'... 
the formation of many specific polypeptides (enzymes). ;In order 
to explain this the following idea was advanced which is beseh- 
en the information theory. The proteins are built upl from 20 ■' 
amino acids and are distinguishable from each other by their   "''"'•' 
composition .and sequence of location' in the polypeptide chain 
Corresponding to 20 amino acids are combinations of three which 
can be made from four bases . ; The problem of synthesizing specific 
enzymes.(proteins) under the influence of chromosomes from the ' 
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point of view of the information theory is a problem in the trans- 
mission of hereditary information from the chromosomes, where it 
exists in the form of long polynuclectide chains, to the enzymes, 
which are polypeptide chains. The mathematical side of the 
question amounts to a procedure of converting a long number, 
recorded in the quaternary system (corresponding to the four tyres 
of bases in polynucleotide) into long words written with 20 different 
letters (corresponding to "the 20 aminc acids from which the polypeptide 
chains are constructed). This can also be achieved by admitting a ;.. 
correspondence between each of the 20 existing amino acids and one 
triple base from the 20 possible threes which cen form the four 
existing bases (adenine, guanine, thymine, and cytasine) . 

In view of such .a correspondence within the DIM spiral, 
perhaps1 a protein molecule (enzyme) can be built in which the order 
of location of amino acids will be identical specifically to the  . 
order of location of the purine and pyrimidine bases. In other 
words, the alternation of the basic three bases, located in a 
certain sequence in one and-fco same sector (locus) of the poly- 
nucleotide chain, will determine the alternation of certain amino 
acids in the polypeptide chain being synthsized . The number of 
isomers of the polynucleotir'e chain, which are distinguishable from 
erch other by-the sequence of alternation of the 20 possible triple 
combinations of bases, is es endlessly great as the number of 
different isomers of polypeptides which are distinguishable one 
from the other by the sequence of alternation of the 20 amino 
acids which are a part of their composition. 

If we accept this statement that the synthesis of one amino 
acid requires the action of three nucleotides, i.e., corresponds 
to a sector of the polynucleotide chain, which is made of up three 
nucleotides, it is possible to determine the approximate sise of 
that portion which can be the »template» for protein (enzyme) 
synthesis and that of other products (vitamins and sterols), by 
means of which a given sector could exert an effect on the bio- 
chemical processes in the cell, i.e., by the distinguishing 
mark of the physiological action (genes). In the opinion of 
N. P. Dubinin (8), a portion of the polynucleotide chain in 
which are located from 12 to 600 nucleotides may correspond to 
the gene. The number of possible juxtaposed four bases in a 
system made up of 12 nucleotides, will equal Q2y  i.e., mere than 
±50 million. With the condition that the portion of the poly- 
nucleotir'e chain which corresponds to one gene will be made of 
?P f2 ™cleotides> then for 50-200 genes we would need from 600 
1° n'nnn mcJeoJ^es' fnd if this portion (gene) were made of 
up 1,000 nucleotides, then for a like number of genes we would 
w + t0.^ve sprroximately 50,000,000,000 nucleotides . accord- 
ing to the computations of certain authors, Wf in one chromosome 
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includes more than 40,000,000 nucleotides.    These computations, 
cited from the work on N. P. Dubin,  indicate that any possible 
variation in the hereditary specificity of organisms is completely    ' 
fu0v^d for b7 the diversity of possible juxtaposed four bases in "■■■■" 
the DNA structure. , 

In connection with the mentioned concepts of the structure : 

and mechanism.of replication of the W? and its role in the synthesis 
of protein, the problem is once more posed regarding the biochemical 
structure offte gene and the genetic discreteness of chromosomes. 
DNA, which exists in the composition of chromosomes, has a continuous 
undivided structure which is constructed of the basic nucleotides   - 
and is charaterized by a certain order of alternation of the 
nucleotide bases in its make-up. , The sequence of bases,  or more 
accurately, the sequence of the location of the 20 possible triple 
combinations of bases, determines the synthesis along the length of : 
the polynucleotide chain of certain amino acids which are located in ' 
strict sequence and pass through two stages .-,The first stage consist 
cl the extension of certain amino acids by the expropriate triple 
tChff^\°nS °l brs^J

of
u
the Folynucleotide chain, and the second in 

co^S°n ^ ^tide^bon^s between the adjacent amino acids, the    - 
iS Sfti S? better into a polypeptide chain which is cnaracter- 

fSmation tf SS5° l°°?1<m °f,th9 &min° e61d gr°^S '    In this the ' 
of ro^S,?l-P I °ndS my als° take Place under the influence oi nonspecific enzymes . .    . . 

^trictWhL?^T^0tife Chaih ltself is not dividsd Into-Bpeolal3^';- 
Particular m^f "W'  C°™sr™^ to specific genes,  but its7 ' 
of tit llll? ' WhlCh ^re distinguished by the order of alternation 
S Sotn,        ?aS^'  C£n b8' as " were> the template for the synthesis of protein molecules  (gene products). bjrnünaBis 

t-:or, n^iS lnteiTr5taticn of the genetic functional differentia-      ' 
t^TJ   0*rcmos™*f.> which is developed on the basis of a study of 
of the ^^reMCf,th9 m*  CCnf0rmS Weli to the ne» interpretations   ' 
wirkä S       H   T "Xamined in £noth<3r stiele, and which were 
worked out on the basis of facts obtained from a study of the      : 

Ä^Ä:^' ^ "™^" * -ans of . 

+ he r.^ ab0ve-°utlin^ interpretation of the role of Mt in 
r^J^™ JVVUJle^rrte^ <* chromosomes is satisfactory      " 
t    t L    °tffil observations of the structure of the TO? * 

provides a    olSo°n UV»*™ S a?™**»K* ^thesis which   : pxuvzres a solution to the problem by first arrroximp-H nn 

wi h^S^ 
near fuLr^aS ^S W^'ol will no doubt be obtained in the     : 
the structure of mclelc J^^ ^l ^ °Und inf OI™tion on "   . 

Eludes a^number of ^ ^^^ 
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concepts .    It may stimulate the search for hew ways to solve thorny 
problems in genetics and contribute to overcoming nihilistic attitudes 
toward the gene theory of heredity by setting up new research and 
discovering possible errors in observing certain facts or errors in 
their interpretation. 

In conclusion we shall try briefly to inspect certain new 
data on the biology of the fertilization of plants which relate 
to thorny problems in modern genetics ." 

In the study of the biology of fertilization, Soviet investi- 
gators in recent years have had no small success in the following 
problems:    selectivity in fertilization;  interaction of pollen in 
pollination by pollen mixtures; role of autogenous and foreign 
pollen in the restoration of progeny by self-pollinating and cross- 
pollinating plants; biological role of repeated pollination; effect 
of repeated pollination; effect of the age of the reproduction elements 
on the properties of the progeny; importance of the amount of pollen 
applied; effect of self-pollination on the hereditary properties of 
hybrids; biological role of cross-pollinsticn,  in particular, its 
effect on fertility and vitality in: inbreeding,  ordinary self- 
pollination, and in remote hybridization; the problem of the 
multiple effect of fertilization in plants and analogous problems 
m the biology of animal fertilization. 

Of particular interest is the problem of the biological effect 
cf pollination by rollen mixtures and the mechanism of the interaction 
of pollen. Let us cite some examples from our nark.   For instance, in 
research with different varieties of hard and soft wheat it was deter- 
mined that although wheat is a typical representative of the group 
of self-pollinating plants,  in strict self-pollination (under' 
isolation)  it gives much worse results than with natural pcllination 
wnen the possibility is not excluded that the pollen from other 
plants fall,on the stigma .    In the first instance, as compared with 
one other, there is a reduction in the precentage of seed germina- 
tion and a reduction in absolute weight. 

Jn analysis of control data showed that the difference in the 
mentioned variants with regard to seed germination is caused by the 
presence in one of them and the absence in the other of the possibility 
of surplementary cross pollination.    Careful observations of a great 
number of plants of many wheat varieties showed that the -structure 
and biology of flowering of the wheat flower contribute to supple- 
mentary cross pollination,  the possible frequency of such cases being 

ZS tL    VSCtKnhat.the nUmber °f °*en ^Jln* bloeaone in wheat during the entire blooming period is 60-90* of the total number.    With 
supplementary artificial pollination of wheat we find a positive result 
which indicates the presence of interaction of autogenous an<^ foreign 
pollen in plants . 
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analogous data were obtained from research with tomatoes and 
other self pollinating plants which have practical importance for 
seed production of these plants. 

For rye and in part for other cross-pollinated plants it has 
been established that cross-pollination of castrated plants gives 
poorer results than the pollination of noncasterated plants when 
the interaction of autogenous and foreign pollen is possible . The 
real difference between wheat and rye relative to the biology of 
pollination and fertilization is both in the fact that the first sets 
'seed from its own pollen while the second by cross-pollination, as 
well as in the fact that these plants (wheat and rye) differ greatly 
in degree of self-fertility.   ':. 

An important contribution in solving-.the problem of the inter- 
action of pollen was the discovery of the biological effect of foreign 
.supplementary pollination, i.e., the addition of pollen of other 
species to pollen of the maternal species. This effect is seen 
most clearly in inbreeding of plants with the application of 
supplementary pollination with foreign pollen. For example, in 
rye seeds setting increases in this case 10-12 times by comparison 
with ordinary.inbreeding. Analogous results were obtained in 
certain other variants of pollination. .' ' . 

It has also been established that the foreign supplementary 
pollination effect can be observed only when using foreign pollen 
taken from species related to the maternal (for the grasses, 
species of the same family) including those which do not cross 
with the latter. Data obtained give us reason to state that 
foreign pollen acts only when it germinates on the stigmas of 
flowers of tie plants under investigation. The most reliable 
mechanism of its action is its secretion of biologically active 
substances which effect the germination of the pollen of the 
maternal species and in some cases increase the fertilizing capacity 
of the latter, and the period of action of the foreign pollen is 
the progamic phese of fertilization. 

Taking into account the data of modern genetics on the role 
of the nucleoproteins in the phenomena of heredity, it is possible 
to state that the biologically active substances which aid in 
effecting the interaction of pollen in the pollination of plants 
by a pollen mixture and, in particular, in supplementary pollina- 
tion by foreign pollen, can be represented as high molecular 
weight compounds of t he type of the nucleoproteins or the poly- 
merized nucleic ecids; although this cbes not exclude the physi- 
ological role in this.process of the low molecular weight compounds 
of the type of the carotenoids end others. This mechanism of the 
interaction of pollen in the pollination of plants by pollen 
mixtures can also serve to interpret known cases of the production" 
in the heredity of hybrids of characters of several types of' 
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copollinators, as well as examples of 1he effect of multiple pollina- 
tion on the properties of hybrid progeny of plants which indicate 
the possibility of t he repeated effect of fertilizing elements on 
the ovum of plants immediately after their fertilisation. 

(Translated from the Russian.) 

The work contains a survey of the latest data on the role of 
the intracellular nucleoproteins in heredity, analyzes data on the 
structure of"Wi  end .KNi,'modern concepts of the polymerized nucleic 
acids as bearers of hereditary information. The conclusion is also 
drawn that the concept of the structure and function of the nucleic 
acids, and of the. role of DNA, in particular, in the process of the 
reduplication of the nucleoproteins of the chromosomes, is sufficiently 
grounded on factual observations tc serve as a hypothesis providing 
a solution to the problem in first approximation. Begardless of the 
possible modification of/Ms hypothesis in the future in connection 
with possible new experimental data, it makes it possible to gain 
deeper knowledge of the structure of the nucleic acids and protein, 
their interaction and biological function. The hypothesis aims at , 
seeking new ways for solving thorny problems in genetics, keeps us 
from a nihilistic attitude toward the gene theory of heredity, and 
facilitates setting up verification experiments and detecting errors 
in the interpretation of experimental facts . 

The article gives a brief review of some new data on the 
biology of the fertilization of plants, related to thorny problems 
in genetics and, in particular, to the question of the biological 
effect of pollination with pollen mixtures and the mechanism of 
the interaction of pollen in certain species of self-pollinating 
and cross-pollinating plants. The supposition is expressed that 
the biologically active substances which assist in effecting the 
interaction of pollen in the pollination of plants by pollen 
mixtures, in particular, in supplementary pollination by foreign 
pollen, can be represented as high molecular weight compounds of 
the type of the nucleoproteins or polymerized nucleic acids, al- 
though this does not exclude the physiological role of the low 
molecular weight compounds of the type of the carotenoids end others 
in this process., 
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