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atich receptors might be useful in reducing
nicotine addiction. Recenthy, anather nAChE
authitrit, ced, has also been implicated in nice-
tine-induced reward®, sooome woald predsct
that reantroduction of the e subunit inte the
VTAslan 2™ mouse would ala reingate
nicotine self-adminigration behaviour. IF
sn, @dfi2 receptors in the VTA are the key
nAChRs necessary for nicotine addiction,
Tivexplore the function of the VTA qells far
ther the authiors examined the effects of the B2
subamnit on exploratory bebaviour (in the
ahsence of nieotine). Brain cireuirs linked oo

the VTA are mvolved in the development of

adaptive responses o environmental stimuli,
and this can he analysed by measuring
t_sq'Jumnrv'lu.hmmurandnmuuaunn,deI-
ference being whether the animals imvestigate
their surroundings as they move, or whether
ﬂh.-_rrnm:l'hmighth.:emﬂn'mnmtwithemr
mich interaction with it The authoes found
that ice lacking A2 showed increazsed navi-
gation and deerssed explorstory bebaviowr,
implicating acervleholine in these helaviours.

Reintrocduerion of the B2 gene into the VTA of

theseanimals restoned exploratory behavr,

bt did not affect nasagation. movements
This is 4 strong indication that endogenous
acetylchaline triggers explosatory behavmar
b i tor nAChRS on cells originating
inthe VTA

Changeux and collagues’ experiments
firmly connect exploratory behaviour with
VTA cell functiom, as well as providing a causal
link hetween a specitic nAChR subunit and
this behaviour Tt remains to he determined
which human behavioars are analogous o
exploratory bebaviour in the mouse. Might
there b a link hetween explosatory belaviour,
or risk-taking behaviours m general, and
addictive drug self-administraton? [ ]
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SOLID-STATE PHYSICS

Doping the undopable

Giulia Galli

Impurities that increase the number of electron carriers are essential in most
bulk semiconductors, Introducing such foreign atoms into semiconductor
nanacrystals is fiddly, and requires exact knowledge of the material's surface.

Alimasta hundred yearsafter the construction
of the firss “boll’ [macroscopic) sermiconduc-
tor device, Brwin et (page 91 of this usue)'
presient 2 rrwcchanism oo eontrol the irclugion
of transition-nctal irnpurities in sermpeondue-
tor nanocrystals — mpurity inchuson 2 the
process known as doping, This advance conldd
A||nwﬂwductnx|icnmﬁ||ﬂxa]mwrlicsnl
nanncrystals o be enginecred for applications
ranging from solar cells to electronic devices
that functien wsing electron spin, rather than
electric charpe. An impurity inteduced
throggh doping could, for examiple, he used by
inject a lcalized spin into one nanoeryszal in
anarray, its inberaction with otlser apan carri-
ers forming the bass af a ‘spimronic” deviee.
The physacal effect that underdics the work
of Erwin et al. is known as quantum confine-
ment — the quantization, or spliting, at the
nanozcale, of the continuum of electronic
encrgy states present in a bulk crvstal, such
that the energy levels of semiconductor
nanocrystals fesemble those of gant mole-
ules. This effeet was diseovered mose than 20
almioat sl taneoishy by grougs
in the United States and Rusga wm'b.mg
respectively on lead sulphide and cadmium

sulphide, These materials — compoundsof gke-
mienis from groaps 1T and V1 of the perindic

tahle — are very similar to the crystal: of

galena, a nanurally occurring foem of lead sul-
phide, thar Ferdinand Beaun uzed in 1907 to
uiil the farst solid-state rectifier, ushering in
the eraof bulk semiconductor devices,

Bulk semicomihictors are ubicuitous in device

plications, hecause their properties may
ﬁnng«: when the number of active electrons
{ithise: that are froe to neee within the material
and contribute tooonduction) &5 modified — for
exarnphe by dopang with external impurities. As
a result of quantum confinement, wrseondue-
o manstcryazals ot anly posseis nmarkedly dif-
lerent apitical properties from those al the bull:
material, bt they ean alss become extremely
sensilive I.d:-d.ﬂ[:ung Exploiting this seritivity
carn allove thieir phvsical and chemical propertices
mw he contralled with atormic-scale precision,
and can result in earerials tailored to possess
'ipctlliuc propertics. Producing new materials
‘o by atory is a revolution antcipated by
Richard Feynisin almost 50 years g0’ that is
stall in the rrabng and fepresents a highly active
Tiedel ol imterdisciplinary reseanch.

Desprite decackes of experience in dopang bulk

Figure 1| Manoscale dopimg. Semiconductor
nanocryatals ssch as these vestigated by i
e al. gan beengimeered o the micruscn
by the incarpocatian afimpurilies (deping). The
il imoage isa ball-and otk representation of
cadmium selenide nanopartiches immersed in
salution: the inset dhiws details of the surface
structure ivieracting with model surfactaniz and
with s ispiisity (pusple spherel. Evwin eral
shovw tha the iseorparation of the inparity ina
nanoeryslal during groath is possible, bul
dipemids cow the strangih of ies binding with
surface atems,

semiconductors — tn baild transistors, for
example — doping nanecrysials has proved
difficule. Cme explanation for this is the possi-
ble existence of intrinsc self-purification
procesies that eould hamviper the intrduction
of duefieets at the nanoscale. Also, depending
om the preparation eonditions, 11-V1 nann-
crystals doped with tanation metals may
suffer froa low erystallinity — that is. irregu-
|arities in their lattice stroctare, Nevertheless,
there has been significant progress in recent
years in doping 11-VT nanacrystal solids and
froc-standing clussers™.

Erwin et al.' suggest tht some of the diffi-
culties encouritered in nanodoping ane due o
thee fact that the mechanisms of impunty
imenrporation in bulk materials and ar the
naniscale are prodoundly different. At the
macrscopic sale, thermadvnamics provides
the Fumelamenital constraint on the amount of
ome solid that may be incorporated intn
anwther, yet the degree of dopingachieved sn
far at the nanoscale is wuch lower than the
thermdynamic limit. Thus, thermodynaniie
considerations seem bo be brnelevant to impu-
iy incnrparaton at the nancscale. Rathier, s
Frwin ef el it is kinetics tha plavsa key il
— in particular, surface kinetics.

According o their medel, an impurity
present when the nanoerystal is synthesized
can find its way in only if it can hind to the
mancerystal surface fora caomparable time tn
that required for the crystal oo grow in solu-

ticn, The ability to dope and so modify a
nwu:rym'ldm nat therefore stern from the
couilibrmm thernal diffusion of the puest
atowit, a8 o a bulk solid, bt rather from the
binding energy of the guest atom Lo specilac
sirface faceti In turn, the srength of this
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hinding depends an the morphology of the
manncrystal surface and on the surfactants —
mobecules thar are present in the chentical
sodutbon in which the nanocrystal i amthe-
siged and which may hind to or interacr with
I|||.:||;|ncrcrwlalmrln

Confirnation that, al least in the case of
1=V nanocrysials, the surface binding enerpy
is indeed the progagomist in the incorporation
at i writies comes from a q'unlr expen
mient’ that nicely shones the progress made in
the fiedd of nanoscale manipulation. Using
an appropriste core seed, Erwin ef al.' grew
a cadmium sdenide (CdSe) shell with the
desired lamier structre (Fig. 1) — a cubic
lattice with a zine Idende stnscture, rather than
the hexagonal lattice of the more usually

adapesd wurtzite stricture. This CdSe shel ol had

the surface gvmwhwh aceording to
calculations, an impurity of the transition metal
manganese would best stick. Tn this wayg, the
authars managed to use manganese to dope a
previcusy undepable CdSe nanocryszal.

Binding energies herween the nanocrystal
and surfactants bave also been found o plava
ey role in determaning the shape of Cdse
nanestructuzes, in particular whether they are
rads or spheres, Diedining the relationship
hetween the micrescopic structure and com
pasition of a semiconductor nanocrystal and
its functin requires complex analyss. For
this, alr imitio simalations such as those an
whach Erwin and collsgue experiment was
s can prose most useful.

Surface marphology, structuneand kinetics
— identilied by Erwan ef al as crucial w the
cloping of mrﬁmsﬂls — are dominant in
minvrllmrmnmukphmnnuu Fxarnples
nmphwrrim&mhrmt the aptical absoep
tian 1r\-drm|mnl;mlp[\' nanCEIrICres,
and the field of nanomechanics. This high-
lights some of the challenges of nanoscience
research, where ‘overy atom counts! At the
narscale, details of the atomic strienare (sich
as the surface sruenire) are Ofen iwportant,
there are no knewn scalable modes, and one
st resort Lothe basic equations: af quantum
mechanics i imestigale nanostroctures. In
addition, many of the processes pocurring
at the nanpscale are not in thermadynamic
exquilibrivim, and thus sinple thermndymamic
considerations do ot apply. Mow we have a
demnnstraton that, at least in some cases,
thise challenging problers are rractable. =
Gacka Gallis 22 the Lawrence Lvermiore Mational
Lahnr.“.nr,-, PO Box BOE, Lvemsare, Califomnia
Ga551, LUSA.
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CANCERBIOLOGY

The weakest link?

Glenn Mearling

Cellular lineages are defined by master regulatory proteins that dictate
their fate and ensure their survival. The dependence on such factors of
turmours that are resistant to treatment may prove to be their Achilles’ heel,

The pignent-producing cals in the skin —
miclanoeytes — bave a master regulator called
MITF [for’ me rophithal mia-associated tran-
seription factor’). This EBactor is required for
cnrnmmmum-nnuuun]lxmﬂumdumcvh.
lineage during development and is mtimaely
imenlved in decisions n"yndm%n.ll survival,
growth and specialization (differentiation).
Intuitively, ome might expect that MITT would
fiercehy maintain melanocyte integricy, and
duiscourage any deviation towands unoon-
wrelled gronwth and malignancy. However, in
this issue Garraway-and colleagues (page 1177
vt that clan onve cadls tend o have extra,
o ‘amplilied, copies of the gene that encades
MITE and that under certain circumstances
this gene can transform buman melanocytes
intocancerous cells, The melanama cells still
requize MITFE for sureval, however, and tor
their characteristic resistance o drogs, pre-
senting an unexpected target fior the develop-
ribent of fuliire Cherapics.

Garraway ef o' began by looking for alver-
arioms in the genems of coll lnes that make up
a standard sample setcalled the SCTE) panel,
which comtains eight mebmomas. Remariably,
although there had heen no previous eviderce
that MITTF is numtated in human cancer,
the authors found that the chromosomal
region containing the MITF gene (designated
3pl3-3pi4) was aroplified i most of the
miclanoria cell lines. Expanding their analysis
i inechude buarman tasie swngles revealed that
the MITF pene was also amplified (ranging
Iram 5 o 1 19 copics] in abost 10% of primary
melanomas and up o 2% of metastatic
melancaras, but not in moles {medanocytic
nevi), which are considered a pre-malignant
stape of some melanomas. Mareover, the amgli
Fication of MITF was significanthy associaked
with decreased five-year survival in patients
with metastatic melanoma.

MITF i an intriguing candidate for an
amplified oneogene (a cancer-promating
genel, asthere isumll:nﬁn'ﬂmwlhﬂ,iﬂ
addition o its ke in differentiation, it
represses cell proliteration lw activating the

ression of inhibitors.of the cdl oxcle™. One

these, p16™H, iz a well lnonen melanama
warnoir suppressor. How can & pene whose
nawral product restricts cell proliferaion he
amiplified in growving tumwars? One possible
miichenain s throogh ordered aleratons dhar
unerigle MITE from proliferation, and per-
haps aleo from differentiataon. For example, 3t
i likely that loss ol p16"™* {ara mugation that

produces an equivalent effect) isa crocial early
atep in mielanoma progressson, and 2 prerogui-
it b MITF anvplafication [ Fig. 1, evverleaf).

In fact, the authors gooon b shew that in
human melanocytes that have been geneteally
nnsdified so that, ameng other things, plﬁ"”'
activity is blocked, MITF can transtarm the
cells, Homeerer, mutran:ﬁ'rnllngam\.'tvmlr
accurs when MITF is overexpressed in the
presence of a mutated form of the BRAF pro-
tean, 4 vital signalling factor in melanocyies
This finding i significant, because BRAF
miutatiors accur sarly in relanoma and are
fonend i rrost newt and melanooss®,

What advantage, then, does enhanced
MIUTF activiey, whether through amglifcation
of its pene or anather mechanism, give the
aspiring melanoma cell? The contrilvitions af
MITF the oncogene are undoubtedly ascom
Pexas those of MITF the master regulatos, Bt
clues may he gleanad from the actions of it
tarpets, notably Bel-Z, 3 factor that promotes
edll aurvival®, Because they must normsally
endure damaging ultravioler radirion as well
2 the toxicity associated with biosynthesis ol
the melanin i:!ipnml.,ck_llsud'mc melanoeyte
lineage are primed for enhanced survival
and depend heavily on factors that thwart
cell-death patheays.

Lineage-specific srvnal mechanisms asso-
cuated with MITF may accoont, at least in past,
for the drig resistanee thar charackerizes
mclanons. Indeed, analysic of the avul-
able MCIA0 pharmacologeal dara revealed a
significant corneation between MITF copy
nurmher and chemoresistance. Furthermiore,
Garraway ef ol found that inhibiting MITE
activity in melanama cells harbouring extra
copaes of the MITF gene sensitized the cells o
the groavth-inhibitory effects of cisplabin and
diocetaxel — drugs currently used o treat
melanona, albeit  relatively  ineffecteehy
Agentsthat target MITF, o malecules further
i tle activation pathway that could be
miere suitable drig targets, may theredore
enhance the therapentic efficacy of conven-
tiomal melanoma chemotherapy. It may alses
e usetul n screen forthe [wmmml".l'l T
amiplifications before sdecting treatment

The discowery of MITF amplification in
mclanama alsn backs up the theory of a link
hetween cancer and siemcells — the ivnamre
eells that evmrinuously divide to peodace mare
haghly specialined progeny. Melanocyte stermn
cells resicdein the hair follide |, where MITFhas
been implicated in their sellrenewal and.

£ NATURE 07/07/2005 Section: MNews & Views Page: 32/33

2 @ VHTepHeT




