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develop, They show that the fates of cells in the
germinal zane of the thombic lip are specified
both spatially and temparally. Spatial speci-
fication comes from maolecalar domains
distributed along the dorsal-ventral™* and
rostral-candal axes™'"{guch as those in the
spiral neural tube), and temporal specification
is establiched through sequential egress from
those domains' {Fig. 1}

The specification of progenitoes before thele
dispersal from the germinal zocse has a Jogic to
It from a functional perspective. The collection
of brain miclei defined by these coordinated
imolecular activities, ulthnughspatlﬂl.yscpa-
rated in the adult brain, tog,rﬂu:l constitute
components of the proprioceptive system
This is the sensoey system that alkows the posi-
tions af the limbe ta e detected in the absence
of visual cues. So this dispersed network of
functionally cooperative brain structures can
trace its origins back to the same continuons
stripof germinal tisue,

These stichies, particularly the work af

Landsherg and rnl]:;lgurx‘. unveil a precise,
minlecularly defined organiztion within the
thambic-lip germinal zone. This organization
I in keeping with the model alveady eatab-
lished for the spinal nenral ube, where newral
sub-domaing are characterized by the expres-
sion of specific transcription factors, estab-
lished in response to graded intercellular
signals, now extended to inchade the germinal
zones of the brain.

The vork relied on powerful genetic tech-
niques Iﬁ'.-rlan:mapp'lng developedin the past
tew years'™”. Although accurate fate maps are
erueial to our understanding of development,
penerating them has usually required unfet-
tered access to the developing embrya, pro-
hibsting i vive miamimalian fate mapping, and
has een limited by the inability to molecalarly
define the cell population that was labelled ini-
tially. Alsey becanse of the difficulty in garner-
Ing such data, the develapinent of fate raps in
rriutarit tissues has been unteasible, so imesti-
gators could only speculate about how specific
genetic modifications might alter the migratory
voutes and ultimate fate of specific cell types.
Asexemplified by the carrent studies, the new
genetic approaches in mice allow cell fates to
be correlated precisely with gene-expression

domaing in both normal and rrutant embryos.

It is dear that the everincreasing pace of
mrammalian genetics will continue o refine our
view af the molecules that regeilate cellular fate
througheut the embiryo. L]
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MATERIALS SCIENCE

A new order for metallic glasses

Alain Reza Yavari

Like normal glass, metallic glasses lack long-range order. But experiments
and simulations show that, on the nanoscale, clusters of atoms interconnect
inthese materials toform highly structured ‘superclusters’.

Metallic glasses are peoliar metallic materials,
usually alloys, that lack the long-range order
af mormal, crystalline metals, The attractive
interactions, and differences in size, of atoms
af different types in metallic glasses do, how-
ever, lead to o short -range arder charactenzed
by chesters of “solute” atoms of one type sur-
rounded by atoms of 2 more numerous
species, the solvent This mach has heen
known foe a long time. But just how these
atarmnic chisters connect o fill space nearly as
densely as crystalline solids with the same
atamic composition has remained a mystery.
Some 45 years on from the disc af the
first mctallic'i_]nqscs + Sheng and colleagues
(page 419 of this issue)” provide an essential
missing piece of the puzzle, determining the
three-dimensional structure of several metal-
lic glasses that contain two different types of
atams, In these binary’ glasses, they find
nanwscale medim-runge onder, often consist-
ing of dosely packed icosahedral {20-faced)
assemblies of some 13 neighbotinng atomic
clusters each centred on a solute atom.
The lack af long-range order bn metallic
g]mg is signalled by the absence of eharp
4 — features characteristic of a peri-
m:hc structured material — in the angular
distribution of diffracted beams (X-rays, elec-
trons and neutrons) used to probe them.
These missing peaks led early researchers w
consider atomic packing in metallic glasses to
he similar o lohn Bernals ‘dense random
packing’ of hard spheres in lignids". In this
picture, the larger solvent atoms are densely,
randomly packed!, and the solute atoms are
Jamamed into cavities Jeft available to therm by
the geametry af this packing, Such mesdels
were later abandoned in part because
metallic glasses such as copper-zirconium
(O, ) were discovered whose solvent
atorns were amaller than their solute atoins —
in favour of packings of atom chusters in fixed
ratins” with short-range order similar to that of
crystalline compaunds of the same atomic
composition. These ‘stereachemical’ models
conild repraduce the experimental diffraction
patterns and the corresponding distributions
{known as radial distribution functions) of
nearest and next-to-nearest neighbour atomic

shiells, But metallic glasses also exhibit arder
gver 1-1.5 nanometres (for comparison, a
typical metallic atom has a diameter of arond
0.3 nm), and, until recently, no tangible
description of hew cdusters of atoms inter-
cominect o generate this mediomerange order
wars availahle.

This situation changed with Ehrprrlptlxal"n
ceniple of years ago of dense packings of over-
lapping atomic chisters as the fundamental
scheme for metallic glsses In this model, an
arbitrary “face-centred-cuble’ {foc) lattice of
thﬁtcmlschmmtnahm‘:hlghdmﬂty [I'hr
foc lattice is the densest possible cubic
and consistsof elements placed at each vertex,
and in the middle of cach face, of a cubic struc-
ure.| But to maintain long-range disorder —
o keep the material glassy — a strain factor
has to be introduced to limit the coberence of
such a lattice o the 1-1.5-nm scale. This
micdel has been successiiil in predicting the
compasitions of maost glass-forming alloys,
amd alloys with lower melting points than arry
of thelr constitnents, krsown as entectics”

Sheng er al’ set out to solve the three-
dimensional structure of metallic glasses with-
it pesorting to a predetermined structaral
model. Instead, they use reverse Monte Cara®
simulations bw:?nn experimental X-ray
diffraction and absorption data, as well as
ab initin simulations of molecular dynamics’,
o determine the structure of a variety of
hinary nickel-based and zirconium-based
metallic glasses with different ratios of atomic
size and differant levels of salute concentra-
tiom. {Fgure 1 on page 420 provides an exam-
ple ol the gructure of a nickel-phosphors
glass, Wig Py, ascertained through the reverse
Moome Carlo method, ) The adial distribution
functions calculated using both almulation
methads agree remarkably well with these
measured directly using diffraction, and
the mass {or atomic) densities they yield
are within 1-2% of the experimentally mea-
stred values,

Krsmwing the three-dirensional positioning
of the atoms of the glass allows the short- to
medium-range details of its structure to be
investigated, The mumber of nearest neigh-
Berrs in an atomic cluster {the ‘conrdination
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numirer’) can be deterrnined using a technigque
known as Voronoi tessellation', which
involves the division of the glasss structure
into regions centred on individual solute
atenmis. The basicunits of the short-range arder
Ut ermerges ane varions polyhedr'' ofaround
w13 atonrs, with aosolute atom in the middle.
The precise form af these polyhedral chaers
is eonitrolled by the ratio of the effective sizes
af solute and solvent atoms, and so changes
according to the elemental constituents of the
glass. Sheng and collexgues also finda moder-
ate vartation in coordination numbers [that is,
arunge of different, quasi-equivalent clusters)
in the same material. This flexibility allows for
amare efficient packing of soft’ atoms without
requiring an foc struchure.

Unce the three-dimensonal positions of the
clusters have been mapped out, their topolog-
ical packing can be determined by a technique
known as commaon neighbour analysis”, In
three of the metallic glases investigated by
Sheng and colleagues” Wig P mickel
boron [Mig Byl and zirconinm-platinwm
{ZrggPry,) — the chusters pack with appreciable
icosahedral medinm-range arder, regardless of
thee shart-raiyge order within the clusters. Each
solute-centred cluster shares its solvent atoms
with about 12 peighbouring chusters, forming
‘super-icosahedra’ of 70-80 atoms that are
about 1.5 o wide, or fragnients of such strac-
tures. As does the foc-packing model®, this
icosahedral packing of clusters generates
cavities similar to those in the random dense
packing madel', into which additional solute
species of different sizes may be introduced"
This allows hulk metallic glasses to form IS

Sherg and colleagues’ ah initio caleulations
iradicate that, as the solute content ol the
metallic ghass is increased and solute-solute
nearest neighbours become  numerically
uiavoidable, the connection between solute
atonns becomes string-like. When the solute
atriigs percolate, as in nickel-niobium glass
[Mi, Wb}, the solite-solute connection
begins to resemble a petwork, and a spectrum
of atemic packing schemes that varies with
sofute radius and concentration is generated.

The modelling techniques used by the
anthars dis have some inherent limitations.
Al initia molecular dynamics simulations can
still, for example, only be performed on lim-
itedd time and length scales because of present
limits on computational power. The short
time-window also means that the conling
{'quench’s rtes currently used in simulations
are more than 10 Ka ', far above laiboratoey
quench rates of 10°-10F° K s ', restricting
the ability of the atons to sample all possible
configurations as they conl.

Mevertheless, the work of Sheng er al* will
serve toestablish a finmer picture of the struc-
ture of metallic glasses. This information is
fundamental to further applications imvalv-
ing these materials, which are already wsed
commercially because of their exceptional
magnetic and mechanical propertics, Mare

extensive exploitation of their mechanical
properties — in particular their elastic
respanss up to 2% strain — depends on better
understanding of their plastic deformation.
Thiz deformaticn, nsually leading to faihore of
the material beyond the 2% elastic limit, is
heterngeness at ambierd lmpﬂﬂlum"‘_:md
aceurs in highly localieed thin shear bands
assaciated with timy areas of enllective stomic
rmbility shear transfor mation zones™ ) that
can percolate across the cross-section of the
glass. Contrary to the hardening observed in
crystalline materials nnder strain, hetern-
geneous deformation in metallic glasses has
the opposite effect owing to the destruction
of medium-range arder. and colleagues’
investigations on exactly this scale could
thus provide further insight into the effects
of deformation, and ways to improve the
miechanical properties of metallic glasses. =
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Tails of histones lost

André Nussenzweig and Tarya Paull

A double-stranded brealk in DNA can profoundly destabilize a cell's genome.
But how does the cell recognize the damage and halt divisionuntil it can be
fixed? The answer lies in the proteins that package and unravel DNA.

DNA damage induces cell-cyele checkpoints
that transiently arrest progression through
the cell-divisions cycle. This delay gives the
DNA-repair machinery sufficient time to fix
genamic damage hefore the cell cycle resumes.
T arudies, one by Taakuda et ol published
at the end of last year and one by Keogh ef al
in this issue (page 497)°, demonstrate that
midifications to the DMA packaging around
the break site help to coordinate DNA repair
with cell-cpcle checkpoints.

Davhle-strand breaks in chromosomal
DNA are repaired either through direct end-
joiningor through a process known as recom-
hination in which the broken ends are spliced
tn the corresponding undamaged DNA on a
sister chromosome, and the break is flled in
using the undamaged DNA as 2 template.
DA breaks that are not rapidly rejoined
are chewed back by exonuclease enrymes so
that a lenggth of single-stranded DNA hangs
out from the remaining DNA. These single-
stranded intermediates perform at least two
crucial functions: the exposed single strands
are hound by Rad5] proteins that initiate
the search for a complementary template
from which to repair them, and they actasa
signal to arrest the cell cycle. Resumption of
the cell oydle following checkpoint arrest is

generally concurrent with repair, suggesting
that the elimination of single-stranded inter-
mediates may alse contrel exit from the
checkpaint.

In the rucleus, DNA is wrapped about his-
tone proteins to create nclensmmes, and then
it is further twisted up into higher levels of
packaging. This tight packing probably creates
asmxgnﬁl I:ealril:l?tln mnlctnlﬁu&al recognize
and respond to DNA damage. This problem
seemsto be solved by proteins that contral the
arganization of the chromatin {that is, DNA
ardl its associated proteins), Complexes of
such chromatin-remodelling proteins have
heen foumd near diouble-strand breaks; for
example, the INCEL SWRI and NuAd com-
plexes in budding yeast hind within two kilo-
hases of a break, and are needed for the INA
to be vepaired . It is proposed that the chro-
matin-remodelling complexes might unravel
the packaging, allowing repair enzyimes access
o the DINAL

Trukuda et al.' show that double-strand
hreaks do indeed cause a loss of nudeosomes
from sequences within a few thousand base
pairs of the break, with kinetics that coincide
with those of the loading of Rad31 on to
single-stranded DNA. The loss of muclen-
somes was catalysed by INCS0 and facilitated
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