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Fobert L. Sinsheimer, professor of biophysics, ond Hesearch Fellme Alice Burton  disouss  ofireinatograpliic
experiments in the laboretory where DNA & fractionated before ultracentrifugal analysis.

RINGS OF LIFE — AND DEATH

by Robert L. Sinsheimer

In the past two decades hiologists and bio-
chemists have convincingly demonstrated that

Recent discoveries about the genetic substance of all living creatures, from

I virnses to man, is nucleie acid—most usually de-
DNA structures could lead oxyribonueleic acid, or DNA. Molecules of DNA
t0 ﬁ.{-i"‘thfi]“ E‘H‘Siﬂh { are lomg chains of thousands—or tens, or hundreds
: 5 ] of thousands—of subunils called nucleotides. There
into reproduction of viruses, are by pricind Ge ol Bl e aud the

sequence in which they oceur in the chain is the
hasis of the genetic inheritance.
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“Take a circle, caress it, and it will turn vicious.”
—loxksco, The Bald Soprano

Until very recently the attention of binchemists
has been focused upon the interactions and se-
quences of these chains, Little attention has been
given to their termini — to their beginmings and
endings. While olwiously of relative infrequence,
these are unigue points in each chain and it would
seert plansible that Nature may have introduced
somne special features al such sites,

Within the last two vears it has been shown,
in considerable part at Caltech, that in several
instances, and particularly in certain virus par-
ticles, DNA chains have no ends; they are rings.

The relatively short and defined lengths of the
nucleie acids of virus particles afford a particular
advantage to an investipator interested in the
nature of nucleic acid endings. Hence it is not
surprising that the first demonstration of a ring
structure for a DNA was achieved with the smallest
viral DNA known, that of the bacteriophage Phi X
174, This result was obtained at Caltech hy D
Walter Fiers. a Rockefeller Fellow, and myself.

The DNA of this virus is a single chain of 3500
nucleotides with a molecular weight of 1.7 2 107,
The proof that this chain is a closed ring rests
upon the ohservation that the introduction of any
single break into the chain does not c]'ia'ngn the
molecular weight of the chain { while it does alter
its configuration, as indicated by its properties
when observed in the ulh'acm:lriFugo}, wherens
the introduction of any second break invariably
produces a decrease in molecular weight.

During the process of infection of bacterial
cells by this virus, the single-stranded viral DNA
is converted to the more familiar double-stranded
DNA form. This was named a “replicative form”
to indicate that this is the form the viral DNA

Elzctron
micrograph

of the replicative
form of Phi X
DNA shows ring
maolecules in
single loops, or
Frequently
bwisted into
several loops.
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assnmes while it i replicating in a host eell

This replicative form has very recently been
isolated by Dr. Alice Burton, a research fellow in
my laboratory. As a double-stranded molacule it is
much stiffer and has a more extended configura-
tion than does the viral DNA and it is much more
suitable for divect observation in the electrom
rderoscope.

Electron micrographs of this replicative form of
P'hi X DNA have been taken in collaboration with
D A. Kleinschmidt, in the virus laboratory of the
University of California at Berkelev, and one is
shown helow. Ring molecules, in single loops or
frequently twisted into several loops, can be
clearly seen, and eontour lengths of these rings
are readily measured. The mean contour length
of 200 rings was 164 microns.

The detailed structure of double-stranded DNA
has been deduced from X-ray diffraction analvsis.
In this instance, the structure leads to a caleulated
mass per it length of 1.96 x 10" atomic weight
units per micron. The mean molecolar weight of
these rings will then be 3.22x 10°, or L6 x LIF per
strand. This conclusion is in splendid agreement
with the much earlier measurement of the mole-
cular weight of the single-strand DNA of the virus
as L7 x 10% The visualization of these rings, of
eourse, confirms the earlier analytical deduction
of their form.

During the last vear similar lines of evidence
have led two gronps at Caltech — Professor Ren-
ato Dulbeceo and Senior Research Fellow Mar-
guerite Yogt, in the biology division: and Research
Associate Jerome Vinograd and Research Fellow
Roger Weil in chemistry — to the conclusion
that the DNA of the tumorigenic virus, polyvoma, is
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also a double-stranded ring structure. An important
facet of this proof was the analysis by Drs. Vino-
grad and Weil of the behavier of the polvoma
DNA upon centrifugation in alkali, Under such
conditions the hydrogen bonds linking the two
strands intn g sHfF shictore are destroved. Flow-
ever, being entwined several hundred times, and
lacking ends, the two strands cannot untwine and
cannot separate. This situation results in a previ-
ously undescribed structure composed of two
multiply-intertwined, but unlinked, polynucleotide
strands with unusual centrifugal properties.

An electron micrograph of the polyoma virus
DNA is shown above. By an extraordinary coinei-
dence, the mean contour length of this ring DNA
is 1.56 microns, almost identical to that of the Phi X
replicative form DNAL It is remarkable that these
two very distinel types of virus carry essentially
identical amounts of genetic information.

It thus appears that, in these instances, the ends
of the DNA chain are joined. In each case, how-
ever, there is more than a suggestion that there
may be a special junction or coupling between the
ends which differs from the usual internucleotide
linkage along the chain, In Phi X DNA, one special
enzyme-resistant linkage has been described
the ring. Polvoma DNA is found to be present to
a small extent in an open-chain form,

Such a eoupling may play a special role in the
replication of these ring molecules. Ordinarily,
during the duplication of DNA, the two chuains
of the double-strand molecule are untwisted and

Research Associate
Jerovme Vinograd

uses the

analytical wltracentrifupe
to study buoyant

density and sedimentation
velocity of the poluoma
DNA.
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of the polyoma
virtes 2N A
clearly shows
ring structure.
The mean contour
length of this
ring DNA iz
wlmost identical
to that of the
replicative form
of Phi X DNA.

separated, one going to each daughter molecule.
However, the two entwined chains of 4 ving DNA
cannot be separated unless at least one is opened.
The couplings may play an important part in
such a step.

Thiz recent work, then, has shown that DINA
rings can and do exist and multiply. The detailed
structure of these rings and the manner of their
function and reproduction, remain to be elucidated.
Such studies on the DNA from Phi X 174, and
from polynma virus, are continuing at Caltech.




