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The conventional explanation of replication of double-strand nucleic acid sug-
gested that the parental double-strand Watson-Crick helix, forming the stem of a
Y-like structure, opens up at the Y juncture and that it is there that the two semi-
conservative replica arms of the Y originate. The Watson-Crick H bond base-
pair specificity was supposed to operate here so discrintinately that only nucleotides
whose bases are complementary to the bases of the just recently separated parental
strands are admitted to the formation of complementary filial strands, the parental
strands acting as templates.
The hydrogen bonds, particularly at the time and place where the parental

strands separate, are, however, quite unreliable in achieving correct complementary
base choice without fail.1 Besides, the two nucleic acid single strands lack struc-
tural definition exactly where, as a help for correct nucleotide incorporation, it
would be needed most, i.e., at the Y juncture. One has thus to look for a way
which would guarantee accurate selection of filial nucleotides in such a replication
process. When an enzyme is proposed to perform that task, one is faced with the
question of what the structural conditions are which make such an enzyme work.

In 1963 we proposed a scheme which may help toward understanding accurate rep-
lication.2 It involved the hypothesis of a reinforcement of the Watson-Crick
structure by molecules (presumably polymerases3 and some cations) laid snugly
into its two grooves in a manner as suggested in another connection by Wilkins4
when he brought evidence indicating that histones or protamines associate with nu-
cleic acids in their grooves. Such a Watson-Crick-Wilkins helix (WCW helix)
would form a very compact and tightly wound structure. The stabilizing molecules
might be laid or folded in the grooves in a highly specific manner, such as to be
charge-complementary and structurally complementary to the nucleic acid sections
to which they are attached. (The attachment might be temporary for the purpose
of replication of a section, and the groove-populating molecules might later even
shift to the next nucleic acid section.)
A local change in the ionic condition of the surrounding medium, ill particular a

lowering of the hydrogen ion concentration, would at some point pry the WCW
helix slightly open, weakening the hydrogen bonds and evicting a base from its
position in the WCW helix; that base would remain attached to its original phos-
phate-pentose backbone chain. There remains then a cavity in the otherwise
approximately intact WCW helix. A free nucleotide triphosphate, carried by
Brownian motion into the neighborhood of that cavity, may enter it, provided it
has the same base as the one which just before moved out of the cavity. The re-
placement of the evicted parental nucleotide by the filial nucleotide triphosphate
might be understood on the basis that at this time the filial, unlike the parental
base, is not constrained by attachment to a phosphate-pentose backbone chain.
The extraordinary accuracy of the DNA replication process is here seen as due to

exact structural and charge complementarity.5 This is a mold and cast situation,
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provided by complementary H bonds, and still more so provided by the comple-
mentarity of molecules filling both grooves of the Watson-Crick helix. The H-
bond complementarity becomes really effective only after normal ionic conditions
have been re-established. It should be looked upon as an important, necessary
(by itself not sufficient) condition for correct selection of nucleotides.

It has also been pointed out2 that London-force specificity6 helps essentially in
providing for a preferential choice of the correct filial nucleotide triphosphate, to be
brought in proper position, near the cavity which is to be refilled by it.
The outcome of this process is a parental single-strand nucleic acid being peeled

off from the WCW helix which, from this replication region onward, becomes a
semiconservative double-strand helix, after the polymerization of the newly incor-
porated filial nucleotide triphosphates.

Formation of Two Semiconservative Double-Strand Helices.-The experiment of
Meselson and Stahl proved the semiconservative nature of replication of double-
strand DNA of E. coli.7 Pulse-labeling techniques also suggested that the two new
filial strands (when formed in a complementary fashion against each of the parental

FIG. 1.-The strand synthesis process described in the introduction2occurs twice over, one time
after the other, on both nucleic acid strands of a "Watson-Crick-Wilkins helix." Both parental
strands (dark beads) peel off from the stem region of the Y structure while filial nucleotide tri-
phosphates (lighter beads) get incorporated, replacing the parental nucleotides, and polymeriza-
tion occurs. All along the stem region the WOW helix remains structurally intact because of the
groove-filling molecules (not shown in picture) which reinforce the structure. The peel-off
process implies a torque on the stem which therefore performs a screwlike motion and which thus
gets eventually opened up at the stem's filial-filial end, i.e., theY juncture. The peeled-off parental
strands base-pair with the complementary filial strands. This proposal differs from the con-
ventional one in that the synthesis region is relegated to the stem of the Y (rather than to the Y
juncture) where a well-defined Watson-Crick helix may assure correct replica formation.
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strands) are synthesized "in parallel," i.e., in similar direction, thus implying syn-
thesis in a direction which in one of the synthesized strands is in the direction of its
polarity, in the other strand opposite to its polarity.8

This brings up the question of how two semiconservative helices may arrive in
such a replication process. These experiments suggest that the replicating peel-
off process occurs on both strands of the parental double-strand nucleic acid helix.
Once the process is initiated on an end or on a break of one strand, the other strand's
replication is also initiated about at the same time and place; the two replication
processes may follow each other, presumably at some distance along the WCW
helix. The net result would be a totally filial double-strand nucleic acid with pro-
teins in both grooves, and the two parental single strands peeling off as two random
coils.
As the process proceeds some distance along the helix, the frictional drag on the

two off-peeling coils increases so that these random coils, instead of swinging around
the WCW helix, oblige the helix to spin in a right-hand helical forward motion,
sliding along the directions of its backbone helices, while both energy and entropy
considerations oblige the two parental single-strand nucleic acids to get peeled
off from the helix. They are being replaced in the helix by filial nucleotide tri-
phosphates which thereupon will form nucleic acid chains in a polymerization
process.

Subsequently, the upper forward (filial-filial) section of the helix may suffer
kinkage or formation of temporary knots or some attachment hindering its helical
motion. The off-peeling torques (exerted by the parental single strands), which
always act toward a tightening of the parental section and loosening of the filial
section of the double-strand nucleic acid, will then cause some untwining of the
filial section; whereupon the H bonds between the bases may be broken, exposing
the bases of the two filial single-strand nucleic acids while the two protein strands
might remain attached to them, one to each of the filial nucleic acid strands, thus
forming two nucleoprotein strands.
The peeled-off parental single-strand random coils might then form comple-

mentary base pairs with these filial nucleoprotein strands leading to the formation
of two semiconservative helices, in the form of two arms of a Y-shaped structure.
The underlying hypothesis is that these two nucleoprotein strands (one nucleic
acid with one specific protein each) have a better tendency toward the formation
of complementary base pairing with single-strand nucleic acids than two naked
single-strand random coil nucleic acids have; similarly, two nucleic acid strands
with two specific protein strands (i.e., a complete WCW helix) may have a still
stronger tendency of staying together. That will give preference to the double
filial stem region (a complete WCW helix) over the arms of the Y which have less
protein strands (incomplete WCW helixes); this preference might prevent un-
twining of the stem backwards from the Y juncture. In Figure 1 the development
would be, in the conventional language, a screwlike speedometer cable motion, the
material flowing from the stem to the two arms which grow longer and longer.
With this proposal the conventional interpretation of Meselson-Stahl's experi-

ments, and of Cairn's radioautographs, is almost retained. It would be good to
understand the occurrence and the repair of eventual breaks of strands.9
The process of reading out single-strand RNA from a double-strand DNA WCW
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FIG. 2.-Reading out an RNA, from a double-strand DNA functioning as a template. This
process might differ from the DNA replication process of Fig. 1. in that here only one of the parental
nucleic acid strands gets peeled off and replaced, in this case by filial ribonucleic acid monomers.
Along the stein a hybrid double-strand helix is being formed. The stem is again presumably
reinforced by tightly fitting polymerases laid into the grooves. The off-peeling parental DNA
strand exerts a torque at the synthesis site which eventually causes untwining of the stem at the
hybrid side, thus giving also the newly formed RNA a chance to peel off and perhaps be replaced
on the helix by the formerly peeled-off parental DNA strand. The motion is, in both Figs. 1 and
2, a helical flow channeled along the backbone helix directions; the conformation of the replicating
region would remain essentially unchanged as time goes on.

helix-which eventually stays conserved after the process-follows the same pat-
tern (Fig. 2). There is, in this case, only one of the two DNA strands temporarily
peeled off from the double-strand DNA helix; the RNA forms against the other
DNA strand, " while the polymerases which specifically mark the sections to be
read out give that nucleic acid strand its firm structure. The torque caused by
the peel-off eventually untwines the hybrid section of the helix and liberates the
newly formed single-strand RNA, leaving the complementary DNA strands free
to be rejoined."'1 12

Hypotheses about details of biosynthesis processes are of necessity conjectural
at this time. These nucleic acid synthesis proposals are, in their general outlines,
however, a direct consequence of the experimental data and with due regard to
structural requirements.
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