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. JPRS: 3678
T e
- NUGLEOPROTEINS' AND. HEREDITY - ]

- (Following is a trarslation of an article by M. V. Turbin "
7 in the Belorussian-language periodical Vestél: skademii =~
" pavuk BSSR, Seryya biyelagichnykh navuk (Bulletin of the'
Lcademy of Sciences Belorussian SSR, Biological Sciences -~
Series), Minsk, No. 2, 1959, pages 12-24.) - = = =~ -
i~ One of the most-important problems in modern geheties is ,
that ‘of determining the.role of intracellular nucleoproteins as =~
carriers of the heredity information of the cell. -This has ~
encouraged profound rasearch on the structure and properties of
the nucleoproteins and first of all their nucleic component, the =
polymerized nucleic acids - desoxyribonucleic’and ribonucleic =~
acids. Success in this field will lead t6 the development and in-
cresse in our knowledge of the nature of the hereditary factors,
and the mechanism of their action in the development of ‘charscter-
lstics. Using the terminology of cybernetics in evaluvating the =

results obtained, -one may say that an attempt hes been made to solve, - ﬂ

in.a first crude approximation, the problem of discovering ‘the means
of "coding" inherited informetion svailable for progeny from parents
in the structural elements of the sex cells, as well ss 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 orgahism. . = " = = . L

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

Thus hereditary informatich, inc¢luded 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, on 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 and.conclusions which prevailed before the development of the’
gbove - mentioned concept of the mechanism of the transmission of
heredity, and also makes an attempt to give a new interpretetion of
certain facts in the field of the biology of plant fertilization.



A comparison of the biochemical properties of chromosomes,
chloroplasts, and viruses -- structures and particles which are
capable of replication within the cell -- shows the presence in
them of one common characteristic: they are &11:constructed of
nucleoproteins, include in their make-up polymerized nucleic acids
DN/ and RNA or both at the same time. The chromosomes are made up
prineipally of DN4 and & small amownt:of RN/j-the chloropiaste, of
REN4; the chondriosemea and mierosomes which earry ont the synthesis
of enzymes ¢ontain RNA; ‘the animal viruses: consist mainly of nicle-
oproteins which are: formed of protein and DNp' and the plant viruses,
of protein and RNA., ~ ..

This fact requlres an explanation of the ;properties of the
polymerized nucleic acids and their biological functions. Of partic-
ular interest in this .respect:is DN4, which-is the basic component of
the nucleopreteins of -chromosomes p- and this makes ‘the problem of" the
material mechanism 'of heredity (in:which-the.chromosomes play &t
inevitable. role) closaly connected with the problem of discoverlng
the structure -end biological role of .DN&. Of like interest "is: RNA,
localized. in the plasma structures :responsible for the: synthesis of
- proteins. and:entering into the composition of the nucleoproteins of c
the plent viruses. o

As indicated by the eminent English scientist J Bernal the
greatest importance attaches $o- the.. -mechanism for the replication of LU
DNP-proteine, since a study of plant viruses gives:us reason to 'assume
that. the raplioation of RN/~proteins. may, . take. place only:in the presence
of DN&, inasmuch as..there are no known independent organisms which v
contain only RN&. . i

‘While it was recently determined that DNA (and RNA) are 1ndi~~
vidual substances -identical .in-all organisms;4 we -still’ cannot: determine
their hereditary specificity. ‘Starting with-this view, attempts were
made to establish the: nonspecific functions of DNA and RNA common t6 - o
all organisms. It was ‘concluded that they do 4n a certain fashion e
participate in the synthesis..of protein and play a role. inthe. process

of the replication -of . cartain .structures' of ‘the cell and of' the: viruees.

e With regard. to. DN/ two- functions were:discerned: the functioh: -
of template for:extanding the polypeptide chains:into &' monombleculas -
film necessary: for the. autocatalysie of: protein,. and. the function oF )
a source of energy in:the. creation: of:peptide bonds:ih the: process - 7
of protein. synthesie,,inasmuch asiin 4t (as in:RN1)i there are- e
macroenergetic bonds., - Hewever, a- further - study of the problem led
to a besic revision. of such- phnomena, ..

. It wes_ proven. experimentally (by: O Avery and his colleagues)
that it is possible to produece basici changes ih heredity’ in bacteria™
through the- transformation of one- hereditary type- (strain) -intd another
by inJecting purified DRN from one- strain into a. culture of the” other
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&t first these studi:s, using pneumococci, were limited to one type .
of transformation, the so-called capsule transformation, connected
with the conversion of acapsuler forms of pneumococel into capsular
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 reséarch 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 sometic .
antigen components (proteins), resistance to antibiotics changes .
in the enzymatic systems, ete. e

" Each of these types of transformation was induced by the .
action of a particular nucleic acid on 1ndividuals of mutant strains
under strict]y controlled’ conditions and each of these transformatione
can be reproduced rapeatedly at the dedgre of the experimenter._
Such basic changes in heredity were also obtained with . other types -
of bacterie (Escherichia coli, Pfeiffer's bac#ilus, Flexner's
dysentery bacillus, meningococci, the murine typhus bacteria, .etc )

It must be pointed out that purified DN/ as a transforming
agent is very active: .its introduction into a culture of microbss .
in concentration of 6 x 10-8 1is enough to activate the conversion of'
of one hereditary type of microbe into’ others._ Its activity be~
comés stronger with depolymerizetion.. ‘

~_ Special research (H. Ephrussi-Taylor and others) has ‘shown - .
that a general result of such transformations in eny direction is
‘the disappearance of the agent which was present. in the bacteria o
at first, and in place of this the propagation of the agent intro-
duced 1nto the nucleic acid extract, Thus the transformation is
besed on the substitution in extraction of one agent for the sgent
which was first present in the’ cell, or in other words; transformat*on
consists of replacing the nueleic gcr x(rﬁr"Of ths cellular element -
which reproduces itself, by nucleic ecid of external origin having
similar structure snd function. .

"From the fact that induced transformations ars ceused by
highly purified solutlons of DN! it appears that these agents are
desoxyribonucleates. On the basis of his own observetions of. the
desoxyribonucleine acid of pnsumococci, lvery expresses . the idea
thet these substanceés are biclogically and. chemically heterogeneous
and that this heterogeneity exists even when isolating DN from a
single pure clone. The correctness of such a comment is indicated
by the fact that in desoxyribonucleates recovered. from a strain of -
pneumococei (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. FPor example, théy can be recognized in a number of cell . &
generatlons, determine the character of. dylng characters and features



of bacterla, and may undergo mutation changes independently one of
the" cther They are comparati ver independent of eéch other in
their reproduction in the’ cell,. .capable also (Ephrussi-TaVIor) of
the combination. of independent agents which ceuse different cellular

: characters, which permits the experimenter to ‘distinguish the differ-
ent individual capsular characteristics from different individual
characters of antigen complexes (¥.protein) or resistance to a certain
antibiotic. The egents which cause those different characters, iso-
lated from different lines; 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 & special. "coupling" .
analogous to the coupling Of gems located in one and the same
’chromosome, from which it follows that in c¢ertain casss one and the
same molecule of ‘DN# (its different parts) effect the development of
different cheracters. Thus there is an established similarity in

some functions of molecules of DN/ in bacteris and in the chromosomes
in the organisms which have quite well formed cell nuclei.

The diversity of DN/ is also demonstrated by direct biochemical
exeminations. It has been found that not only in different organ-
isms in DNA chemically different but that the DN# of a cell (tissue)
is the sum of a whole series of different individual nucleic acids
(18). & preparation of a composite DN/ 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 rucleic
acids in different species of bacteria. In this he found that DN#

in these drganisms has more’ clearly expressed specificity by compar-
ison with RNA; this means that in experlmentally altered strains of
bacteria there are more prononnced qualitative differences in DN
than in the original forms, and these chenges in DN are correlated
with changes in the entire sum of hereditary characteristics at the
same time ‘that RN in modified bacteria preserves an unmodified
composition.

- Thus the origlnal concepu of ‘the identity of DN in different
organisms was a profound error, In fact as shown by identical
observation results, the DN2 has a “high genetic specificity, 1t .
is different in different types of strains. This conclusion is
confirmed By certain other facts. For example, if we infect .
bacterisl eells with virus particles of bacteriophage, it has been
established that t he bacterial cell is penetrated not by the éntire
bacteriophage particle but only filaments of DN liberated by the . . -
‘protein membrans which rdiiains outside the cell. Penetrating the .
cell (possibly with a very insignificent amount of protein), the
DN2 assuras the propagation of the bacteriophsge and the whole



cycle of its development inside the bacterial cell. Thus by pen-
etrating the cell the DN/ 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 scid (REN#) can be
partially soparated from the protein membrene. &, Hirer end H.
Schramm showed that the RN/ 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 plsced on the lsaf of & susceptible plant it
not only reproduces but causes the gmthesis of the specific pro-
tein component of ts virus. “fécumuleted dsta in support of the
statement that the RN! of ths virus of tobreco mosaic is infectious
and is the genetic determinant of the virus were obtsined by H.
Frenkel' -Konrat and R. Vil'yams in research on the nature of the
"progeny" of virus rmconstructed from protein and nueleic acid of
different strains of the virus of tobscco mosaic. . -
This method for obtaining the reconstriieted "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, soto speak, to "Packago" 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 ars always characteristic of the strain
from which the BN/ was taken. The "progeny" of these reconstructed
virus particles include at the same time RN/ and protein from the
virus from which the RN! was taken. In fact, the authors point out
the presence of a slight difference between the "progeny" of & mixed
virus and the viruses which were the source of the RNMA, 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 (RN2) can be skillfully separated from
the protein membrane. It has also been determined that the propaga-
tion of this virus requires only thet a filament of RN/ with a small
amount of protein penetrate the cell. ' :
- ' The discovery of these facts which indicate the great role of
the DN# (and RNA) in heredity is stimulating interast and a detailed
study of its rhysical and chemical nsture. The results of such a
study helped to elucidate the details of the structure of DN#, which
is of real significence for understanding the mechanism of the re-
plication process of the nucleoproteins of chromosomes and viruses.
On this basis a three-demensional model of DN/ was proposed which
glves a more satisfactory interpretation of this process than many
other hypothesés. In particular, it coincides wholly with the new .
views on genes which have devéloped on the basis of the study of

the relation of the "position effect" and "pseudoalelisn™ which
were mentioned above, ' '




. .In brief, the essence of this new concept of ths structurs -
end funétion of .DN? amounts to the following: In hydrolysis the
molecule of DNA and RNA bresks down into fragments which combine
with the nitrogen base, sugar, and phosphroic acid, and have been
given the name of mononucleotides (or simply nucleotides). &
molecule of DNA and RN$ is a composite (polymar) complex which. is
made up of a great number of nucleotides. The degree of polymeriza~
tion of the DN & may be judged from its molecular weight which is
designeted by values. from 500,000 to 1,000,000 and from some deta .
ebove. This means that it can be composed of 500 or more mono-
rucleotzdes. .The degree of polymerlzatlon of RN# is muck less.»

Nueleotides from which a polymer molecule of DN/ ‘is built
are dlstlngulshed from each other by the base which is utilized .in o
their oompos1t10n. 4 totel of four bases ars found: two purine =- .
adenine and guanlne, and two pyrimidine -- cytasine and thymine, and
there are four correspondlpw varisties of mononucleotldes esch of -
which includes onz of these bases .- RNE is.also built from four
verieties of nucleotides, Of the four bsses which it. contains,
the threée in common with DN! -- ademine, guanine, and cytasine --
include the pyramidine base of uracil instead of thymine. In add-
ition, thess two nucleic acids are different in sugar: the nucleo-
tides of DNA contain. the sugar deoxyribose while the nucleotldes
of RN? contain ribose. ‘ .

. The method for dlstlnﬂulshing the nucleotides in the polymer '
molecule of DNA can be diagrammed thus-' ‘

~ -Base -- sugar .

S . Phosphoric ecid
~.Base -~ sugar. T .
e Phosrhoric acid n-times
Base -- sugar. . e ‘

S e Phosphoric acid-
Base -- sugar . : :

This means that particular nucleotides are interconnected by
oxygen molecules formed from hydroxyl grours of sugar of one nuclectide
and the phosphoric acid of enother. adgacent nucleotide with the libera-
tion of a molecule of water. The base in each nucleotide is joined .
to the sugar by 8 glucoside bond through one of the nitrogens of tha
base, - : L

Thus the ﬂkeletal base of a molecule of DNA is made up of a- ,
long chain of alternatlnp sugar and phosphorlc acid radicals.X-ray -
structural analysis has established that 1ndlv1dual adjacent .
nucleotides are 3,4 A distant from one another, which corresronds
to the distance between two adjacent amino acid radicels in a

golypertlde chain. DN# molecules are. long thin filaments whlch
ave axle ratios equal to a;;rox1mately 300. :



In desceribing the physical and chemical properties of nucleic
acids and comparing them with other specific cellular pollymers
(proteins, polysaccharides, blood groups, etec.) biochemists have
established the following different properties of the first, connect-
ed with their bidlogical functions. Nucleic acids (as the proteins)
differ from other natural polymers by heteropolymerism, i.e., they
are from a number of different moromers (primary "bricks"), linked
in each type of nucleic scid (protein) in & 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. o o

& particular feature of nucleic 'acids, observed by Chargoff ' .
(18), is the merked balance botween the individual component parts .
For example, in studying quentitative correlations and the order of
alternation of four varieties of nucleotides it was found that for
such a molecule the number of nucleotides ineciuded in adenine always
equals the number of nucleotides in thymine and the number in guanine
oquals the number in cytesine. The sum of the purine nucleotides
equals the sum of the ryrimidines. Thus we have found a peired
relationship between one purine bese (adenine) and one pyrimidine
base (thymine) and the corresponding other bases -~ purines and
pyrimidines (guanine and cytasine). 2s 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 &s mentioned can be differsnt in DNA of different
species and in different parts of one and the same rolymer molecule,

£ significant feature -- the balance between the individual
component parts -- is & characteristic property of nucleic acids which
does not ‘exist in other esll-specific polymers, snd, in the opinion
of some modern biochemists, it is precisely with this chemical rroperty
of the polymer nucleic acids that their role in hereditary " informa=-
tion" is connected. - S L

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

Taking into account date on the X-ray structural enalysis
of DNf and its physicochemical properties, Watson and Creek (14)
proposed a three-cdimensional medel of the DNA molecule which
elucidates its detected prorerties snd makes possible a new
arproach to the problem of the mechanism of the replication of
particles of nucleorroteins and the problem of the nature of
genstic specificity of DNA, fecording to this model, the molecules
of DN contain two polynucleotide chains which twist around & common
axis, going parallel and heving an identical right turn of the
spirel (Fig. 1). The common diameter of the molecule ecquals 20 2



and the distancg from the stoms of rhosphorus to thé axis of the N
molecule is 10 &, o % - I e
The phosphorus-sugar skeletons of both ¢hains of the DNA

make up the external part of its structure while the bases ara
wrapped up inside this structure. The latter, being ¢cnnected with
the sugars by glucoside bonds, are located peérrendicular to the -
molecular axis and stand. opposite each other. fn analysis of the -
spatial distribution of the bases and the possibility of the develop-
ment of hydrogen bonds between them, which join two cheins into a -
single structurs, leads to the conclusion that not every combirnation:
of bosss corresronds to the scientific data. .. - 3 ,

~ The dimensions of the purine bases (adenine and guanine) are -
approximetely 7 2, while the dimensions of he pyrimidine bases
(cytasine and thymine) ere aprroximately 5 8. With the diameter -
of the entirs structure at 20 4, the distance between the sugars
is approximately 12 §. This mesns that for the placement of twc
purine bases this distance is small but for two pyrimidine bsses it
is lerge, hydrogen bonds which are effective only et a short distarnce
could not be established between them. Thus the opposing bases 'in ©
& pair of DNA chains, connected intc a single structure, may be AR
composad -only of one purine and cne pyrimidine base. From the fact -
of the existsnce of tha pair reletionship of beses it follows that
these pairs may be edenine-thymine, gusnine-cytasine, end the N
compenents of these pairs, as already mentioned, are represented -
in DN4 in ratios of 1:1. EENE oo Lt

1

. The existence of a strict regularity in the form of the
- existence of fixed 'pzirs of bases, which connect the two chains

of the DNA into a common structure, hes no-effect on the nature of
the subsequent location of the different nucleotides; any sequence
of ;. 4rs of bases along the axis of the common dual structure of -
the DNA is rossible, S e e

o We have presented this model of the structure of DNA in only
the most general features, omittine & number of its less important -
details. It makes possible the clarification of the process of ’
spontanepué twinning of the rerroducing pariicles of nucleoproteins
by the following method. /s was pointed out above, the structure '
of DNA consists of two mutually complementary chains of nucleotides.
The hydrogen bonds which connect the reirs of adjacent bases bf o
these two chains enclosed within the structure, are wealk, their -
energy does not exceed the energy of thermal motion at room
temperature . Then, too, destruction of th> hydrogen bonds is
comparatively easy, whereupon the dual structure of the DN -

divides into two isoleted filements. The bonds which dre freed '
thereby may be points .of sttraction for free nucleotidss or their
rredecessors from ths eellular cytoplasm. Nucleotides which are
ettracted to the chain will be ettached (through a hydrogen bond) .-
to nucleotides of the single chain, forming special peirs of bases;"



and adenine will be attached to thymine, guanine to cytasine, Thus
the sequence side by side with a similer single chain of polynucleo-
tides will fiid a'base of zndther identical chain, Then bonds are .
formed bétWeen”théisugérs &nd phbsphbrﬁSes'Whichfférm_tha skeletal
base for a ‘second néw chain connected with the first in svcha ' |
manner ‘that the dual structure of the DN/ is restored with the same
sequential arrangemont of the specific péirs c¢f bases which existed
in the original dual structure, In the same way the second singls =
chain, by attracting nucleotides from eytcrlesm end rlacing them in "
a certain order, is eble likewise to renew the originel dual structure.
In short, there is a replication of the original dual structure of
the'DNa, "~~~ T

. ! However, this explanation, which is striking in its simplicity,
requires’ further anquSis,‘ingsmubh as it has certain real defects.-
For insterce, thers remeins unsolved theé role of the protein.component
of the nucleoprotein and the mechanism of its renewal. It was =
sstablished by direct research that there was a coincidence between
the periodicity of structuré ‘of the DNA and the polypeptides in the
nueleoprotein from which it follows that the protein component of -
the latter also participates in the spiral structure of the DN2.
This structure thus has not two but three elements; two poly- S

nucleotide chains of DN/ and cne chain of polypsptide. ot
" In the trirle structure, as D. Blokh admits, two chains belong
to DN¢ and,(inAaccqrdance with the earliest considerations are joired
by hydrogen bonds, and the third (polypertide) chain is twined #round
the two polynucleotide chains in such a manner thst the adjacent
amino acid groups, lccated in opposition, form ionic bonds . o
~ The doubling of suck a structure sterts with the destruction
of, the hydrogen bonds between the bases of the polynuclectide chains .
£fter the rupture of the hydrogen bonds the bases rotate around tho
glucoside bons 180 degrees, thus protruding from the intramoleculsr
srace. Under these conditions there takes placs attraction of thse
nucleotides of each polymiclectide chain for the corresponfing " 7
nuclectides from the cellular cytorlesm, i.e., attraction of L
thymine by edenine and of cytesine by guanine. . ° .. . i
These pairs of beses are joined to each other by hydregen,
and,finelly,side by side with the perpendicular rolynuclectide 7
chain an additional identical chain is formed. In this cess both'
original chains are hsld. firmly in rlece, thanks totheir ionic '~
bond withthe protein common to both chains. The joined nucleotides
will thus have a configuration rolled out along'a glucosidé bond,.
The rolymerizetion of the joined nucleotides ledds to t he appearance
of two new polynucleotide chains. Joining a rolypertide chain-(hiatone)
to them lesds to the doubling .of the original triple structure of ths
nucleoprotéin (deoxyribonucleoprotamine). The ¢ld 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

[
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complex which includes two identical triple structures, sach of -
which is composed of two polynucleotide chains and onexpolypeptldegj;‘
chain, The separations will take place thenks to the rupture of |
the weak hjdrdgen;bbnds,betwegn ths old and new polynuclectide,

and also thanks to the rotation of the bases around the.glucocside . -
bond under normal conditions and the crestion of hydrogen bonds
inside the two old and two new chains of polynucleotices.. - = . . -

; e P

. 'In the light of these new concepts of the structure of DNA
and the mechanism of its doubling & new solution is being worked -
out for the problem of the genetic specificity of DN2 &nd the. - -
- material basis for the functiomal differentiation of chromosomes.
Eerlier, when DN/ was considered icentice? throughout the body.and . -
the features of its structure which proviced-for genetic .specificity,
were not known the problem of the nucleoprotein component- responsible
for heréditery specificity could have only ome solution, the re--
cognition that this component was protein, which was found in the
make-up’ of the nucleorroteins.  In this case for.interrreting the
functional differentiation'qf‘dhromosbmes,ji§s partschrresponding -
- to genes, it was necessary to admit the existence of a-largs . .
number of proteins (of the order of many thousends) which could -
be the centers for the formetion of e corresponding number of . -
biclogically active substances (enzymes or their predecessors) . -
which emerge from the cell and control the corresponding biochemical
processes. v T i R
- . The determination of the fact of the genetic (hereditary) -
spacificity of DN/ creates & new basis for interfreting the role of i
the nucleoproteins of chromoscmes in heredity, with the rhysical- .
chemical side of this problem being”simpler thar was first thought.
From ‘the presented interpretetion of the structure of IN2 one may -
drew the full conclusion that only one part of its structure,’ its

side chains of rurine en? pyrimidine bases, can be responsible for .-

the genetic specificity, inasmuch as the skeéletal prrtions, made
of up.alternating sugar and phorrhoric acid, are indertical through-
out the entire length. As for the bases, they, as indicated, are :
identical in DN of e Aifferent origin, and this means there is

only a possible difference in the ‘sequence of their alternation.

.. Inasmuch as the biologically active substances (erzymes),. :
secretecd by the chromosome in the cell, are protein bodies, it is C
necessary to- explain by what means’ the :specific alternetion of four S
bases in & polynuclectide chain can be the base (template) for ..
the formetion of meny specific polypeptides (enzymes)., “In orrer
to explain tils the following idea was advarcsd which is bosed .
cn the information theory. - The proteins are built uf from 20

amino acids.and are Jigtinguishable from each cther by their

- composition and sequence of location in thé polypeptide chein. ..
Corresponding to'20 amino acids are combinations of three which . .

can be made from four bases. : The problem of synthesizirg sfecific .

enzymes. (proteins) unfer the influence of chromoscmes from the

- -10-



point of view of the informetion thecry is a problem in’the'trans-_',
mission of hereditary information frem the chromosomes, where it
exists in the form of long polynuclectide chains, t¢ the enzymes,
which are polypeptide chains. The mathematical side of the'
question amounts to & procedure of converting a leong number,
recorded in the quaternsry system’(cbrrespbndgng to the four tyres

of bases in polynucleotide) into long words written with 20 different
letters (corresponding tothe 20 aminc acids from which the polypertide
chains 2re comstructed). This can also be achieved by admitting a @
correspondence between each of the 20 existing aminc acids and one
triple base from the 20 possible threes which cen form the four .
existing bases (adenine, guanine, thymine, and eytasine).

In view of such & ecrrespondence within the DN# spiral,
perhaps a protein molecule (enzyme) ean be built in which the order
of location of amino egecids will be icentical srecifically to the
order of location of the purine and pyrimidine bases. In other
words, the alternation of the basic three bases, located in a o
certain sequence in cne and tha seme sector (locus) of the poly- .
nucleotide chain, will determine the alternation of certain amino -
acids in the polypertide chain beéing synthsized. The number of
isomers of the polynuclectirds chain, which are distinguiskable from
ecch other by the ssquence of alternetion of the 20 possible trirle .
combinetions of bases, is es endlessly great as the number of .
different isomers of rolypeptides which ere distinguish~ble one
from the other by thé ‘sequence of alternation of the 20 amino
acids which are & pert of their composition. ' ‘

- If we accept this-stetement that the synthesis of one amino
acid requires the action of three nucleotides, i.e., corresponds
to a sector of the polynucléctide chain, which is macde of up three
muclootides, it is rossible to cetermine the approximets size of
that portion which cen be the "template™ for protein (enzyme)
synthesis and thet of other products (vitamins and sterols), by
neans 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 cpinion of
N. P. Dubinin (8), a rortion of the polynucleotide chein in
which are located from 12 to 600 nuclectices may correspond to
the gene. The number of roseible juxteposed four bases in a
system made up of 12 nucleotices, will equal 412, i.e., more than
150 million. With the condition that the portion of the poly-
nucleotide chain which corresyonds to one gere will be made of
up 12 nueleotides, then for 50-200 genes we would need from 600
to 1,000 nucleotides, #nd if this portion (gene) were mede of
ur 1,000 nucleotices, then for & like number of genes we would .
have to\have'aprroximately_S0,000,000,000'nuclebtiﬂés.f fecord- .
ing to the computations of certain authors, DN in one chromosome

-11 -



ineludes more than 40,000,000 nucleotides. These cemputations,
cited from the work cn N. P. Dubin, indicate that any roseible o
varietion in the hereditery srecificity of organisme is cOpplgtely o
provided for y the diversity of possible juxtapoSed feur oaseslin,_f
the DNA& structure. L S T S e
In connection with the mentioned concepts of the structure ™ -
and mechanism.of replicetion of the:DN! and its role in the 'synthesis”
of protein, the problem is once more posed rsgarding the biochemical
structure of the gene and the genetic discretensss of chromosomes , ‘
DN4, which exists in the composition of chromosomss, hes & centinucus
undivided structure which is constructed of the basic nuclectides -
and 1s charaterized by a certein order of alterndtion of "the
nucleotide bases in its make-up. The saquence cf bases, or more
accurately, the sequence of the location of the 20 possible triple
combinations of bases, determines ths synthesis along the length of
the polynuclectide chain of certain aminc acids which are loeated in
strict sequence and pess through two stages.- The first stage consist
cf the extension of certain amiro &cids by the gprorriate trirle
combinations of beses of the rolynucleotide chain, an® the secend in -
the formation: of rertice bonds between the adjacent amino'acids, the -
condensation of the létter into a rolypeptide chain which is character-
ized by the specific locetion of the amino se¢id groups . In this the
formation of peptice bonds may also take place uncer the influence
of ronspecific enzymes . e ' e A
The polynucleotice chain itself is not Aivided into specially -
strietly delineated reris, corresronding to specific genes, but its
rerticular parts, which ars Aistinguished ‘by the order of alternstion
of the three bases, can be, as it were, the temprlate for the synthesis
of protein molecules (gene rrocucts), . - o L
This interprataticn of the genetic functional differentia~
tion of chromosomes, which is developed on the basis of a study of
the structure ¢f the DN#, conforms well to the new interpretetions =
of the gene which ws examined in another articls, and which were =~ -
worked out on the basis of facts obtained from a study of the S
phonomena’ of "rosition effect" and "psudoalelism" by means of
hyridological analysis, ST TR oo
The ebove-outlined interpretetion of tha role of DNM din . |
the replication of nucleorroteins of chromosomss is setisfactorily
greunded on factual observations of the structurs of the DN/,
end for this reason can serve as an-acceptable hyrothesis which .
provicdes a solution to the prchlem by first aprroximetion, @
. Independent'of possible modifications in the future in accordance_'
"ith new experimental data, which will no doubt be obtained in the
near future and which will give us' more profound information on - .
the structure of nucleic ecids end protein and their interconnection
wn0 biologieal function, we must ecmit that this hypothesis alrendy
includes & ‘number of really imrortsent end sufficiently well established
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cencepts. It may stimulate the search for new ways t o solve thorny
problems in genetics and contribute to overcoming nihilistic attltudes
toward the gene theory of heredity by setting up new resesrch and'
¢iscovering possible errors in observing certain facts or errors in
their interpretation. i o ' o ‘

~ In conclusion we shall try briefly to inspect certein new
data on the biology of the fertilization of plants which relate
tc thorny rroblems in modern geneties.

In the study of the biclogy of fertilization, Soviet investi-
gators in recent yoezrs have had no smell success in ths following
problems: selectivity in fertilizaticn; interaction of pollen in
pollinstion by pollen mixtures; role of sut ogenous and foreign
pollen in the restcration of rregeny by self-pollinating and cross-
ipdllinating'plants; biclogical role of repeated pollination; effect
of repeated pollinstion; effect of the age of thse reproduction elements
on the properties of the rrogeny; importence of the amount of pollen
applied; effect of self-pollination on the hereditary prorerties of
hybrifs; biolegical role cf cross-pollinstion, in particular, its
effect ‘on fertility and vitality in inbreeding, ordinary self-
pollination, and in remote hybridization; the rroblem of the
multiple effect of fertilizetion in rlants and analogcus problems
in the biclogy of animal fertilizetion. ’

__Of particuler interest is the problem of the biological effect
cf pollinaticn by rollen mixtures and the mechanism of the interzction
of rollen. Let us cite some examples from ourvork. For instance, in
research with different varieties of hard and soft wheat it was deter-
mined that althcugh whest is a tyricel representative of the group
of self-pollinatine plants, in strict self-pollination (under
isolztion) it gives much worse results than with natursl pcllination
when the rossibility is not excluded that the rollen from cther
rlants fall on the stigma. 1In the first instance, as compared with
the other, there is a reduction in the rrecentage of seed germina-
tion and a reduction in ebsclute weight . : '

’n analysis of contrcl cata showed that the difference in the
mentioned variants with regard to seed germination is caused by the
rresence in cne of them and the absence in the othar of the rossibility
of surrlementary cross rollinetion., GCareful observations of a grect
number of plants of many wheat varieties showed that the structure
and biolegy of flowering of the wheat flower contribute to surple-
mentary cross pollinetion, the rossible frequency of such cases being
marked by the fact that the number of cren flowering blossoms in wheat
during the entire blcoming period is 60-90% of the totel number. With
supplementary artificial rollination of wheet we find a positive result
which indicates the presence cf intermction of autogencus and foreign
pollen in plants.
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‘Mnalogous cdata were cbteined from research with tomatoes and
other gelf pollinating plants which have practical importance for
seed rroduction of these plants..

‘ For rye and in part for octher c“oss-polllnated plants 1t hos
been established that cross-pollination of castreted plants gives
poorer results than the pollination of noncasterated rlants when
the interaction of autogenous and foreign pollen is possible. The
real difference between wheat and rye reletive to the biology of
pollination and fertilization is both in the fact thet the first sots
“seed from its own pollen while the sécond 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 sclv1ng the problem of the inter-
action of pollen was tho Flscovery of the biolog:cal effect of foreign

A._suprlementary pollination, i.e., the addition of pollen of other

: species to‘rollen of the maternal species. This effect is seen
most cleerly in inbreeding of plants with the applicatien of
suprlementary pollinaticn with foreign pollen. For example, in
rye seeds setting increases in this cese 10-12 times by comparison
with ordinary inbreeding. Analogous r=sults were obta:ned An
certain other variants ¢f pollinetion.

It has also been established that the foreign supplementary
pollination effect can be cbserved 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 recson to stats that
foreign pollen acts only when it germinates on the stigmas of
flowers of the plants unfer investigation. The most raliable
mechanism of its action is its seeretion of biologically active ' -
substances which effect the germination of the pollen of the
maternal species and in some ceses increase the fertilizing cepacity
- of the latter, and the period of action of the forelgn pollen is
the progamic phese of fertilizaticn.

Teking into account the data of mofern. genetlcs on the role
of the nucleoproteins in the rhencmena. of heredity, it is ros=1ble
-to stete that the biclcgically active substances which aid in
effecting the interacticn of pollen in the rollination of plants
by & pollen mixture end, in particular, in suprlementary rollina-
ticn by foreign rollen, can be rerresented as high moleculer -
wm@twmwﬁsdtmtnethnmhqmmMSthpdr
merized nucleic ecids; although this des not exclude the rhysi-
olegical role in this rrocess of the low molecular weight compounds
of the tyre of the ecarotencids end others. This mechanism of the
“interacticn of pollen in the rollination of ‘plants by pollen -
mixtures can also serve to interpr=t known cases of the rroduction”’
in the heredlty of hybrids of characters of several tyres of



copollinstors, as well as exasmples of the effect of multiple polline-
tion on the prorerties of hybrid progeny of plamts which indicate
the possibility of the repeated effect of fertilizing elements on
the ovum of plants immediately after their fertilization., T

ﬁUMMFR!
(Translated from the Ruasian )

The work contains a survey of the latest 6ata -on the role of
the intracellular nucleoproteins in heredity, analyzes data on the
structure of DN/ end RN/, modern concepts of the polymerized nucleic -
aecics as bearers of hereditary informetion. The conclusion is elso
drawn that the concept of the structure and function of the nucleic
acids, end of the role of DN, in particular, in the process of the
reduplication of the nucleoproteins of the chromosomes, is sufficiently
grounded on factunl observetions tc serve as a hypothesis provicding
a solution to the problem in first aprroximation. ngardless of the
possible modification of this hypothesis in the future in connection
with possible new exparimental data, it makes it possible to gain
deerer knowledge of the structure of the nucleic acids and protein,
their interaction end biological function., The hypothesis eims et
seeking new ways for solvinp thorny problems in genetics, keeps us
from a nihilistie attitude toward the gene theory of heredity, end |
facilitates setting up verification experiments and ﬁetectinp 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, i particular, to the question of the biologicel
effect of pollination with pollen mixtures and the mechanism of
the interaction of pollen in certein species of self-rollineting
end cross-pollinating plants. The supposition is expressed that
the biologically active substances which assist. in effecting the
interaction of pollen in the pollination of plents by pollen .
mixtures, in particular, in surrlementary pollination by foreign
pollen, cen be represented as high molecular weight comyounds of
the tyre of the nucleoproteins or polymerized nucleic acids, al-
though this does not exclude the physiological role of the low -

mdwﬂwwﬂ@twmwﬁsﬁtMWmofﬂewmmmﬁsmdde
in this process’. oo
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