
The DNA that constitutes the genome of
a bacteriophage is tightly packed in a pro-
tein shell called a capsid; this shell needs
to withstand a large internal pressure
from the closely packed DNA. Not
much is known about the way the DNA
is packed, so we have formulated a new
theoretical approach to relate the density
distribution of the DNA in the capsid to
experimental data connecting osmotic
pressure with the DNA density in the
bulk. This has enabled us to determine
the length of the packed DNA (packing
fraction) as a function of the osmotic
pressure - this is a quantity directly acces-
sible in experiments. Somewhat surpris-
ingly, we have found that the packing
fraction can be reliably calculated even
when neglecting the elastic energy of en-
capsidated DNA, which suggests that
these experiments essentially probe the
properties of the bulk DNA. Neverthe-
less, the elasticity of the DNA was found

to influence the density distribution of
the encapsidated DNA, inducing a very
narrow cylindrical core that is depleted of
DNA in an otherwise almost uniformly
filled capsid. The radius of the depleted
core (~1 nm) is small on the scale of the
bacteriophage radius (~30 nm) and it
diminishes with the increase of osmotic

pressure. It has negligible influence
on the packing fraction. We have

performed packing fraction calculations
for bathing solutions of different salts and
concentrations. Our results, especially the
predictions for MnCl2 bathing solutions,
should be easily tested in experiments. �
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From bulk to encapsidated DnA:

energetics and density of DnA packed in bacteriophage capsids

Search for hyper-deformed shapes in
atomic nuclei has been challenging nu-
clear physicists since the discovery of

super-deformation by Paul Nolan and
Peter Twin in the mid-eighties. For
such exotic configurations nuclei

are approximated by el-
lipsoidal shapes with
major-to-minor axis ra-
tios of 2:1 and 3:1 for
super- and hyper-defor-
mations, respectively.

In their recent paper
Wolfram von Oertzen
and coworkers report on
observations of fission
and ternary cluster decay
events of a high-spin state
in 56Ni. This state with
angular momentum of
about 45 units of ħ was
produced in heavy-ion
fusion reactions between
32S and 24Mg nuclei at the
VIVITRON facility in
Strasbourg. Its decay
modes were observed by

using a highly sophisticated Binary Reac-
tion Spectrometer of the Hahn Meitner
Institute Berlin coupled to the EU-
ROBALL Ge-array.

The observed ternary coplanar fission
was interpreted to be a signature of the
decay of an extremely deformed nucleus
at high angular momentum. It is an in-
teresting observation since 56Ni can be
considered as spherical doubly magic nu-
cleus in its ground state. For deformed
configurations, shell corrections for
quadrupole deformation could provide
explanations for the observed elongated
shape of 56Ni. As suggested by the find-
ings in this paper, measurements of the
ternary fission process offer new possibil-
ity for a detailed spectroscopy of ex-
tremely deformed shapes. �
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A possible signature of hyper-deformation from ternary fission
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� general feature of our
solution for the packed
dna density is the depleted
narrow cylindrical core
(black and magenta) in
otherwise uniform distribu-
tion of hexagonally packed
dna (yellow). the protein
shell (capsid) of a model
bacteriophage virus is
indicated in green.

� Barrier energies for selected fragmentations in the decay of
56ni as a function of distance between two heavier frag-
ments. the ternary fission process from the hyper-deformed
configuration is expected to be enhanced due to a lowering of its
ternary fission barrier by the shell corrections




