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New and Notable

Self-Assembly in Vivo self-assembled structures, even wherOnsager’s seminal work in the 1940s.
the DNA linkers have been cut. However, NCPs are cylinders wrapped
Seth Fraden* and . Freeze-fracture electron microscopyin several turns of DNA, which renders
Randall D. Kamien involves slamming delicate liquid the NCPs chiral. When the molecules
“Complex Fluids Group, Martin Fisher crystalline NCP samples at severalare chiral, intermolecular torques cre-
School of Physics, Brandeis University, d blocka: d f he | | ofi .
Waltham, Massachusetts 02454, and meters per second onto a copper bloclate a tendency for the local orientation
TDepartment of Physics and Astronomy, cooled to 10K, followed by etching of to twist in space, frustrating this order.
University of Pennsylvania, Philadelphia, the cleaved surface, and finally pro- Often this competition is resolved via

Pennsylvania 19104 USA ducing a replica. Such steps certainlythe introduction of topological defects.

The apparent complexity of cellular ar- distort the .structure, but over the pastLivolant and Leforestier (2000) have
chitecture can be reduced to the rela-L2 Years Livolant and co-workers havefound that NCPs form germs with a
tive simplicity of self-assembled struc- developeq techniques to contrpl andhexagonally ordered cross §ection.
tures. By virtue of the machinery that characterize these artifacts (which ac-However, the hexagonal dlrectlop ap-
produces copious quantities of identi- tually are rather small for the NCP but pears to twist along the perpendicular
cal molecules, some natural structuredf® more significant for pure DNA axis. Such twisting of crystalline order
are the inevitable consequence ofPhases). Optical and electron m_icros-implies the presence of topologi_c_al _de-
packing constraints enforced by vanCOPY are complementary tech_nlques;fects and suggests a novel equilibrium
the former provides low resolution but structure, the moire233 phase (Ka-
three-dimensional structure in equili- mien and Nelson, 1995).
brated samples, while the latter pro- Livolant and Leforestier have found
vides detailed glimpses of structure onthat in vitro the isolated, cylindrical
the molecular scale. This work is a NCPs stack face-to-face. This is in
ments of biomolecules have beenmasterful example of how to combine contrast to the proposed solenoidal
known since the pioneering work of succegsfully these two _microscopiespacking, which is thought to occur
Bouligand (1972). Since that time it and raises hope th_at details Qf chromo-when _th_e NCES are strung together_m
has been an outstanding questionsomal .structure will be elucidated by association Wlth 30-nm chromgtm fi-
whether those in vitro motifs that ap- extensions of these same methpds. pers and H; histone. Thus, like the
pear in vivo play any significant role in Wr_len ma_cromoleggles are in sus-hqwd-crystal_llne_arrange_men_t of bi-
cellular form or function. Of particular pension at high qlensmes, such as thosemolecules in vivo and in vitro, the
interest is the packing of the genetictyp'ca”y found_ in the cyt_oplasm or re_leva_nce of th_|s new mesophase to
material into a cell. In some cases anucleus, packing constraints lead tobiological function is unclear. The
millimeter of DNA is packed into a self-assembly of macromolecules, contrast betvveer) this quuid—prystalline
micron-sized region. While this can whlch then have a tg_ndency to form state and the native ghromatm structure
lead to a variety of mesophases in Vivoonenta‘uonally or pogltlonally ordered suggests that. there is further and pro-
(Livolant, 1991) for cells without nu- structures to maximize entropy. The found frustration between the geomet-
clei. it is well known that in the nu- seemingly paradoxical result of en- ric constraints imposed by the contin-
cleus DNA is wound up onto succes- tr.opy induc;ing order has bgen ext.en-uous.DNA strand or H1 andthe.natural
sive nucleosome core particles,S'V'_aly stu_o_lled theoretically in the bio- packing of the NCPs. _Comparl_ng the
forming a “beads on a string” complex. qulcal milieu (Herzfeld, 1996). Wha_t results qf th_|s study Wlth orde_rlng in
It has been an open question whethelL'VOI_amt anpl_ Le_:foresner have shown is chroma_tln with and WIthOUt H1 is next
nuclear structure is affected by thesethaF in equilibrium at gellular concen- on the list of the beau'qful experlmen_ts
same packing considerations. trations the NCPs are in complex, self-we can expect from this group that will
In a technically challenging work, assgmbled structu.rgs: Of course, themove us one step closer to the goal of
cell is far from equilibrium, but to un- understanding chromosomal structure.
derstand cellular structure it is neces-Indeed, a physical approach to this
sary to first understand the thermody-problem may help in the resolution of
namic ground state, which is dictatedthe question of whether the chromatin is
by minimizing the free energy of the composed of solenoidal or zigzag fibers.
intracellular matrix and which then  But further studies of the NCP sys-
acts as a scaffolding on which cellular tem may lead to a deeper understand-
Received for publication 16 March 2000 and in Piochemistry functions and evolves. ing of a fundamental, unsolved prob-
final form 16 March 2000. The principles of entropically driven lem in physics. The relationship
© 2000 by the Biophysical Society parallel ordering of achiral, rodlike between molecular chirality and its
0006-3495/00/05/2189/02 $2.00 molecules has been understood sincenacroscopic manifestation as chiral

der Waals, hydrophobic, and electro-
static forces. The cell lipid bilayer is
the classic example of such a two-
dimensional structure. However, three-
dimensional liquid-crystalline arrange-

Livolant and Leforestier (2000) em-
ployed a combination of optical mi-
croscopy and freeze-fracture electron
microscopy to show that nucleosome
core particles (NCPs) form complex
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ordering in liquid crystals remains tached to a single DNA strand have Harris, A. B., R. D. Kamien, and T. C. Luben-
poorly understood. There is no theoryrelative orientations different from  SkV- 199 Mo'l\‘jl‘“(’j'a;ﬁh'r?al“_?’agd f;‘é';" pa-
that can take as input the structure of athose of NCPs in solution, it should be @M ersHeY- Mod: ys ST
chiral molecule and predict the magni- possible by considering finite chains to Heme'g' j‘ 1|9?.6' E”ftmp'lc.a"Ydd”Ve{‘ lortder 'lrl‘
H H . . . crowaded solutions: Trom liquid crystals to ce
tg??{ C:cf el\_/en_dthe SLQ?,BOft ttfr:? chiral probe the effect of biaxial correlations  pigiogy. Acc. Chem. Re903] 3
itch of a liquid crystal. But this sys- i i '
Fem ma beq an ex)(/:ellent robe Ofythe(COHS!del’ed to be _Inﬂuentlal). on the Kamien, R. D., and D. R. Nelson. 1995. Iterated
Yy tp resulting mesoscopic chiral pitch. moir 233 maps and braiding of chiral polymer
connection between intermolecular crystals.Phys. Rev. Letf74:2499—2502.
orientational correlation and the . .
Livolant, F. 1991. Ordered phases of DNA in
strength and sign of chiral interactions REFERENCES v
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(Harris et al., 1999). In this system the Bouligand, Y. 1972. Twisted fibrous arrange- Livolant, F., and A. Leforestier. 2000. Chiral
DNA can be used to hinder or enhance

- ments in biological materials and cholesteric ~ discotic columnar germs of nucleosome core
these correlations. Because NCPs at- mesophasediissue Cell4:189-217. particles.Biophys. J.78:2716-2729.



