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CONDENSED-MATTER PHYSICS

Great moments in disorder

Steven T, Bramwell

An array of nanomagnets has been designed to resemble the disordered magnetic state knownas "spinice’.
This could transfarm our understanding of disordered matter and, potentially, |lead to new technologies.

Honwt can wee underitand dhsordered states of
ratter such as liquads, glsses and disordered
magnets? First, we must know how they are
oeganized; second, we maist know hew that
organization nesponds o change in external
oonstraints such as temperabure, e or
magnetic field 'I'hikamrd .umdrun
reach in st cases: disordered sabes are intrin
sically complicated and do not reveal them
sebves dlearty to experiment. But thankfully,
thiere are excepbions. Oine of them isa magnetic
stare ke as spin ice in which the magnetic
mwcreents of bons — thear ‘sping] in aralogy
to the property af clectron spin — renain
dwsoedered evenatbow temperatunes, revealing
rmwch abet the basie pliysies of disorder.

On page 303 of this msue, Schiffer and
oolleaguies ( Whang efal ) report the ereation of
spin-ice bebaviowr in an array of nanoscale

ets. Such ‘artificial’ spin sce which is
nL‘:]uﬂz al room lemperature and posseses
magnetic moments large enough © be
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Figre 1 | Organized disarder. &, Part of the disordered arrangement of
innic magmelic moments (aping] inspin ioe, holminm Gitasate (Hi, T 0.3
a network of linked tetrabedra with ras gpine in, tws spins oot per
teirahedron. b, Futa bydregen aiom on the end of every spin of spim ice,
aned o represent the bme- temperature dissrdered hydrogen structure af
lcublc) waer ice, H A each hydrogen asom lieson the lineconmecting twa
neighbauring ocygen atoms, bt (2 ohifled ey fross the mld. poine of th
line b ensure that the whele struciure is 2 bydragen -hosdal nevwark of
v-shaped water ssalecules (osy gem stoms, lrge circles; bydragen atams,

ohserved directhy, offers a new approach @
understanding and exploiting Lhe properties
of dasord ered siems.

In conventional spin ice™, magnetic ons
formia netweek of linkied tetrahedra flor exam-
e, ioms af the lanthanide element holmiumin
thecompound holmium titanate). The spins of
these inns poink cither in ar ot o the ketra
hedra (Fig, 1a}. The dipolar interaction with
thear neighbours wagnete ficlds favours
an in—out armngement of neighbouring
riomenits, bt notall pairs of neighbours can
b satestiend simitaneoesdy: the systernis frus-
trated. The best compromise — two moments
[MHTIEI g b, T [MOAnE Fug oA, dn Ay e fetra-

ron — constintes the local oeganizing
prrivscaplie. The s rule comtrols the bvdeogen
sorueture of ke’ (Fig. 1h), and s fully sarshed
Ly a hge rumher of eguivalent arrangenents
o spins {or bydragen atoms). This means thae
lh:d'umurd’n:hk:\'inganmdunxlmurmn:u
eliecnvely nil o spin ice, just like normal wce,

pointing oml, bul w

reming disardered, with 2 non-zero entropy
{a hey measure of dhsorder] asits temperature
w4 absolule e

Schafler and colleagues’ artificial gpin ice'
comsists of a two-dimensional array al BOHK
elonpated magnetic islands, each a few bun
dred nanametres long, The magnetic moment
af every island is aligned parallel to its long
axis, as in & har magnet, and is coupled to its
neighbwrs by the ubiquitous dipolar neer-
action. Fora square peometry; the two in, twn
ot rule i approxirmately satisfied Caquare ice™,
Fig. 1c). Bat becanse the magnets moments
anvelved are absout thiree rallion times bigger
than those af holmiam o, they interser
moee strongly and have less tendency o flip.
Tl artificial spin-we state b therefore stable
ab rooem temperatire; for conventonal spin
b, this b8 only the casear termperanines hidow
1 kelvin. Sehiffer and eolleagues encouraged
their system o settle into a mininum energy

state by cyeling theapplivd magretic field, and
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enrner has bwn arrms s painting in, and o
this constraint the direction af the anrows om amy

e carner i arbitrary: the two in, tea aut condithen ks not sufficlent s
sbefine am ondered siate, The hbwe circle marks a defect where the bwon,

v ot configuration is mat matneained d, An srdered pattern imwhich
the arrews of aliernaie squares have the same conflguracion. This i pessibly
the true mininvuneenergy state of artificial spin ke,
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then determined the directions of individual
nuum'bcnmznuuaﬂngnwdmlqm. knmun
as ic s micrscnpny Slatistical analy-
sis of these dirsctiomscondirmed that a spin-ice
state, characterized b a preponderance af
'humnn,nmmnmnﬁguzﬁm,?mdmdamd
heen created.

Convertional spin ice lends itself well to
cxperimentation, [ts disordered spin arrange-
mienis have hoen imaged by neutron scatter-
ing. and applving magnenc ficlds to it has
revealed duordered phases thar respond e
newtron scattering and bulk messurements
ad if they consissed of macks of independent
chiaing or slwets — g0 as i they bave only ome
o twor dimendions, rather than theee. Plase
transitions that, like the lquid-liquid o
T g transitions in e complex roamer,
involve no change in dructural smmetry
]|;m.;|].m|ur|cl|.m.nu]" In aich ‘symmetry-
sustaining’ transabons, what is oedered
remaing ordered, and what i disordened
rermains disorchered.

But experiments on convertional spin ice
maise inkemesting questions. First, what isthetrue
argin of the twe in, two 01t rule? The dipolar
interaction magnetc moments is
Tong-range, soany explanation that considers
anihy rar neighbeonrs must beincomiplete:. This
quiestion has largely been answered: remark-
abiy, the standard modd of spin ke predicts that
the two in, two out rule emerges from the
- hodm:ldnpd::uucm([mnnfsm)c [
magrsetic moments™. Seeond, is there a ‘true’
awcdered ground state (Fig. 1d)? The quistion is
also pertinent to normal e, as such a ming-
il -energy state is reouired by the thied ke
af thermindyriamics, which states that entropy
approaches s as lemperature lends o
ahsohte 2em. An ordered il state i alse
predicted e the stancard model al spin e, by
15 nowt chiserved experimentally. Fmally, what
micrnsenpic factors drive phase transitions
an applicd magnetic Iic'l-r]?E‘Thi:qmninn,m
remains essentially open

Artificial spin ice couled, in principle, helpen
supphe further insight ineno these problems. Tr
coukd, for example, be enginecred to have
different, controllable interactions and then be
subjected to tepperature changes or magnetic
fields tor mnimie the behaviowr of corventional
apin jee. Direet imaging with magnetic e
microseapy coukd be wed W identify and
understand indivsdual defocts in e span-ice
stane Such defeers (Fig, bedcanot be imaged by
neuirnn seatteringonoomventional span o, but
might be crucial in determaning iLs propertee:.

Bringing spin e 1o mom lemperalure
could :i«:-m:rim technolegacal applications.
In magmetic-meameory media, mbormation is
encoded into the magnetic moments of ferm-
magnetic grains. The drive te increase the
density of memary bits in such media will
mean smaller, more stronghy magnetized
elements that are more closely spaced"’. This
trend will amplify the dipolar interaction and
its comsequences . Experiments with spin ice,

74

swwener, shevw bt bvcreate a dense armyv off
magnetic elernents, which, although IJ'u:,.I
inberact, retain many states in which mfeema-
rirmmu'ldpru.minl[}'haurmdrd.

“This is fr the futume. As a replica of conven
tiemal spin bee, artiticial spin ice is ot pe '
the twa in, two out configuration is main
tained only approximately, and the system
showld actually prefer an alternative, ordered
state (Fig. 1) s failure to find this stace
might reflect the incfficiency of the energy-
minimization protocol involving magnetic
field cyeling Thespate its lirnatations, however,
Schiffer and colleagues’ inverition’ dovs an-
phasize the potential of designed magnetic
arrays, notonby as model susterns for the study
md:mr,htr:ahnas:lu.hamm’n.dmnhg:
cal applications.
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CANCER BIOLOGY

Signatures guide drug choice

Julian Dawnward

Cancer drugs are increasingly designed to target specific cell-signalling
pathways. When, and in what combination, these drugs should be used
might be judged by analysing the gene expression signature of the tumaur,

Current approaches to the design of drogs
apainst cancer assune that almast all turours
escape normal grovwth regulation by asarping
a few of the deen or 5o key cell-signalls
pathways. However, pathways cnnlx.a:\‘.nu.l.g
2t different points, s it is not always easy
o tell which signalling muchanism  has
been activated by looking for mutations in
knonen cancer-associated penes (ancogenes, ar
tumnur-suppressar genes), I the gene at the
tap ot a mgnalling cascads is unattected, for
imstanee, one cannot assume that the pathwerny
is ot imendved, asa factar further deematream
ight have been sctivabed. [t can thus be hard
to predict the best treatment for a particulas
turrr, T papers in this issue'™ address this
problem i different ways, and provide 2
patential streategy for chonsing the raosteffoc-
tive eomibination of therapics based on the
BN RPN algnatine of a tils,
Tumoar cells seem to rely heawily on the
comtined activation of ane of i pathways
—a phenamensn lermed oncogene addictzon
—whereas normal cells use a broader range of
signals'. Thas, combined with the damagy
accrued through the reckless lifestvle of the
cancer cell, prowides an Achilles’ heel that
might heexploited therapertically b targeting
pathwaysactivated by oncogenes sich as RAS,
SRCand MYC. The RAS pathaeay [Fi I],inr
example, can be activated in many f
ways in tumonrs, inclading mugation r\d"thn.
RAS ongogene itself (seen in 40% of ling

cancera ) and of the BRAF sncogene, the nexx
et in thae prathway (noutated in sonse 600 of
mdanamas). This, looking for evidence of
an imitiating mutation can make it hard o
sdentify all wmsurs in which this pathway
has been activated.

Fqually, booking for a single downstream
inclicatar of pathwany activation, such as phos-

hawylation of the enzyme FRE {one of the
En:l steps in the RAS r\arh\m] can also he
problematic. Megative feedhack lonps, such
as the induction of phosphate-removing
enzymes that targer ERK, can attenuate the
aendy-state phosphordation of ERE. Tnaddi-
tion, branching of the pathovay can mwean
thar ather tarpets miaght he moee important in
certin cireumatances [ Fig. 11

O step in the FAS pathay that is heing
rargeted by candidate deugs s MEE, an
erurpi that is dircetly activated by BRAF, and
thiat 14 theught s be responsible for mch of
the downatream signalling fror BAS (Fig 1)
“lir e whaether MEK inhabitors could be use-
ful lor treating all tumeours with aberrant RAS
sayralling, Solit ef al. {page 358)' tested hurman
rumour cell lines carrving muitations im BEAF
ar RAS for sensitivily to these drugs. Cels
hearing an activating BRAF mutation were
extremely sensitive te MEK inhibigors, hoth
in vitro and when transplanted ingn immuna
deticient mice. By contrast, cells with an acti
vating RAS mutation showed much Imver and
e variahle sensitivity to these inhibdtors,
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Figure 1| Oncogens sctivation, transcription
signatures and drisg sensitivity, Growth faciors
activate RAS throwgh receptar tyrasine kinases,
leading to sitmulation of the BRAF, MEK and
ERE cascade, hit alia of sther patlveays,
inchudiong Uhar o olviog phospbariylisosiul
(I} 3-Rinake Activatian af the RAS pathway

in tumnurs cam oceur through mutstion or
mwrexpression of the companents shown in
preem, Bild ot al.’ defing unique geme exprosion
wignatures for five oncogenic patkways induding
that for RAS. These can be used to assess the level
afacilvity of each pachway in acancer cell and the
rensitivity ba drugs tangeting thase pathways (red .
Selliver gl show thalaciivaiing matailons (*)

in BRAF make the cells sciisitive 1o inhihitan

af MEE, whereas these in RAS dosot,
presimablly hecase it cas signal theough

an ahernative pathwary,

The fact that the mutational stansof BRAF
predicts sensitivity toinhibition of MEK sug-
gests thar all oncogenic signalling from BRAF
is mediated through the activiry of s direct
target MEK. However, signalling from RAS
bafurcates o several downstosinm tanges in
additson to BRAF and MEK, including key
pathways such as that involving phes-
thlldv‘lmsl!r.\]) farase. Thus, inhabition of
MEK may not be sufficient toinhilat call pro-
|ifurd|.umlﬁwcmdhyﬂmwpaﬂm:ws.ﬂhaﬂ
in some situations”. The clear implication is
that the MEK inhibitors being developed as

tial drugs” should be tested on fumesirs
n:ﬂnng activating BRAF mutations, such as
melanamas, and not on tamours with activat
ing RAS maitations, such as pancreatic and
lung carcinomas, [ndeed, the mutational

status of BRAF should be used 1w stratify
patients in amy such trials.

What, then, of suatiens in which pathway
activation right not be cansed by 3 single
omengenic nutation? Bild et al. (page 353)
used microarrays o analyse the gene expres
sion profiles of baman mammary epathelial
cells inwhich five key oncogenic pathays had
been activated — by mutational sctration of
the MYIC, RAS, SRC or B-catenin proteins, or
by boss aif the Rbs tumar-suppressor gene. In
cach case, the authors defined 4 signatire of a
liumadred ar so genes whise expression oorre-
lated with activation of the specific pathway:

Sanilar individual signatures bave een
characterized befare™ ™, bue bere Bild er al
utsed thsem sarnidianeously o analyse the acti-
vation state of cach of the pathways ina range
cf human and mouse tumeoars., The signatures
succedully predicted the actnvating mutation
in geveral mowse models aof cancer and in
bnman lung cancers bearing RAS mutations.
In addition, predactons of the degree of de-
regulation of each pathwery could be used as a
hasis for cateporizing fumours into custers
that showed marked corrdations with dinical
PRIt Fﬂn.anmp'lr,inhlngmm.'ndewgu
lation of AYIC, RAS SRO and B-carenin
together correlated with particulady poor
patient survival,

The signamires. for RAS and SR pathway
activation acourately prodicted the in vitre sen-
satrvity ofa broad range of lunan tmeus cell
line=s e drugs tarpeting the nutatonally ac-
vated versions of these proteins. However, the
RS sigranre did not eorrelate with the levels
oif activatod RAS protein n the cadl, presum-
ably because the same signature of gene

expression can e achieved by activation al’
upstream o dewmstream components of the
pathway: l']n.e.m:shmndldl.r]mam]vmnl
geme expression signatures is a more reliable
predictor of pathnay activation across ditfer

enit tumur eypes than analysing the mumtion
state ar expressaon level of a given oncopene
This would be particularty true for complex
biranching patheays such s the RAS one.

S0 from a single microarray (which can
analyse the expression levels of all the genes
wnvefued at omce] it should be possible todeter-
e the extent to which different signalling
pathiwiys ane sctvaned and what combination
of pralway-apecific drugs might, whiene avail-
able, be ot effective. In fivourable cases,
such a8 those in which BRAF i mutated, the
atane oif a sirgle evonger sy e sufficient wo
presdact response o sngle drug, altheugh this
will probably be Ul:cl:lfjminmul;lhurﬁunllw
rule. The feundations may have been laid for
the development al truly ratnal comlunation
theragies Jor mullapene cancers. [ ]
Iulinn Cerwnward i at the Cancar Resaanch UK
Landon Resanrch lnstfute, 44 Lineele's Inn
Fields, Landan WC 24 3FE UK.
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ATMOSPHERIC CHEMISTRY

Biogenic bromine

Ross I, Salawitch

Among other effects, bromine released by biological processes in the
oozans apparently reduces ozone levels in the troposphere. This source
may be a link between atmospheric composition and climate change.

Brommine compounds From organie halogens
(halans} vsed in fire extinguishers and from
rrwcthiv] beorabde, which bas anthropogenic
and patural sources, cauge about balf of the
chemical lass that mesalts in the Antarctic
‘azone hole in the dratosphere. Low levels of
cermean the atmespheenc’s lewermest layer, the
tropasphere, during the polar spring reslt
from bremine released from melting sea ice
and 'trost Howers! But it is also becomin

evident that bromine produced by natr %
processes inq:::ﬂrmn can inﬂm:nn:{\‘hr
compnsition h the ere and the
stra?f‘mﬁmm Muach muml'mngm“md
to umderstanding the sowrces and anks of

these arganic beomine eompoiinds, and their
ffects i the snmsphens

Wareg et al.’, for exancple, writing in the four-
il of Geopdy ol Research, present gimola-
tians af b the tropaspher is affected by the
nawrpanic bromine mealecules that are releasid
when hiogenic arganic hromine decomposes.
Theey |:a||:u|aLg xﬂ levels ol rapospheric
aene ane redhiced by 5-30%, depending on
location and seasom, relative tna simulation
that does not take bromine into accoaint. T
miechanisms are invelved, One is the direct
catalytic Inss nf cenne in a reaction |rr\.'nl\'|:|g_
bromine monoxide (Br), The other is
reduced producton of czone; this is caused

£ NATURE 01/19/2006 Section: MNews & Views Page: 274/275

S @ VHTepHeT




