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The second avenue s phivlogenete. The
evolutonary scheme we have outlined implies
that the tramsition from grear appendage to
labeurm bappened onee in the common anees-
tor of all living arthropads apart from the
prenopenids, which must therefare be very
hasal in evelutionary terms. But if the pye-

nids truly are the siser group of the
;mg:l:nndxmpm{{uﬁlch srme molecular
(E.ta suggest’), then the results of Maxmen
et al., will be hard o square (Fig 20, Testing
the phivlogenetic position of prenogonids is
therefiare crucial.

The eorclusions of Maxnen efal, overirn
entrenched ideas abour the body plan of the
sea spiders and, furthermaore, lend wupport
o sovmae controwersial theories of arthropod
evolution, Unlike their terrestrial analogues,
sea spiders lack a poisenous hite, but this
paper is hound to inject venom into what is
already one of the most controversial of all
moological topecs. ]
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QUANTLM PHYSICS

Atom waves in passing

Mazrten Dekieviet and boerg Schmisdmayer

Matter-wave interferometers are unique tools for exposing particles acting
like waves —ane of the stranger facets of guantum theory. They can even
measure the quickening of an ator's ‘pulse’ as it flies past a surface,

Partaches somwetines act like waves, and waves
sometimes act like particles. This phenom
enan, known as wrre-particle d.liﬁ:ll‘!': may
seem En confuse what are (foeverypday experi
enceat least] twn separate and nnambagoosas
concepts. But 100 years after Albert Einstein
first introduced the ides of waves belaving like
particles b explain the plomdectric effect,
and more than &b vears after the French phiysi-
cigt Louis de Braglic propesed the converse
hehaviewr, wave—partice diality has hecome
a staple fnod af the guantum dset iiting in
Pirysical Review Letters', John Perreault and
Alexander Cronin expase a further experi
menital ramification of the effect, by measur-
ing the shift in phase — a wave property — af
an atom as it flies past, and interacts with,
a surface

[ divieng s, theey takoe achvarmage of matter-
wave interferametry, a technigue that bas in
recent decades given fresh mpetus 1o studies
o the wave-libe natine of particles. Pioneersd
for simple particles such as electrons’ and
neutrons (ref. 3 and references therein), the
techmigque has since been extended to larper
particles such as atorns and malecales (ref. 4
and references therein).

Interferometry a5 a generalized technigue
irvodves the superposiion of Do waves b
gain information ahowe their rlave phase
— whiere i thear eyele they are in relason

wach other. A simple analogy is a mp-fastener:
mr ng, the beeth of one strand must

[‘xm1 th:cm nftheother, It however,
rln.'vmmlﬁrdmchmﬂummwwarh
other, the zipperwon'tdose. Aralogoashy if the
presabis o e wanve are et to the troaghs of the
ther, thie wanvies are perferthy out af phase, and
their amplitudes cancel oot — they nterfens
‘destruetively’ Conversehy, if the twowares ane
perfuctly in phase, with the peaks and troughs
rmatching, they interfere constructively 10 pro-
dueea net amplitude that is the sum ol the e
individual amplitide

In am interfernmieter, an inmruing\'\ﬂ\t is
split imeo wn hranches. One of these branches
is suhjected t an outside influence that showes
dowen or speeds up the atom-wave's cde, or
pulse, thus shifting its phase relative o that
of the oeher branch. Thes: two branches ane
then brought lack tgether and interfere,
IJn:mp|t|ubdlbum:§-hr§ma\'uhuirgpm-
partinnal Lc|!|r.|5(.3::Lhwh|dll11LMm’a\u
are in phase, Generally in wave mechanics
mh' intensities — the squares at thee ampli
tudes —can be measured, 50 phase infarma-
o 15 bost. The power of interferometry is that
it transtorms a shift in phase tooa change in
amplitude, which can he measured as change
in irtensiny

And st is in Perreault and Cronin's ex-
periment’. They make use al'a Mach—Zehnder

imterternmicter, inwhich a nancscale grabing is
used todiffract atomic waves, this acting asa
rsatter-bearn splitter”. The authors imserted
a further 250-nme-thick  membrane witl
thousards of 50-rm-wide slis into cme brancls
ol this interlerameter. As they pass lhmugh
this additional memlrane, the atams experi-
ence a weak, attractive van der Waals force
through lectromic coupling with the mem
braries walls, This interaction speeds up the
atoims pulse — the phase of the atom-wave
bermes shifted with respect o the froe-atom
wave in the interferormeter’s other branch.
From the mesuwred interference, the phase
shifi caused by the atom-surface interaction
can b exactly quartified,

Thas measurable change in the interference
pattern arises From an abomac inkeraction that
s aver a distance up o 10 imes thatof
an atomic diameter, Perreault and Croninare,
to their knowdedpe, the first to determine
directly the phase shift cansed by thevan der
Wlaals interactiom berwoen an atom and 4 sur-
face The aceeleration tewards the surface of
the clannels experienced by thi sodurm atom-
warves: i moane than a mallion times that caused
Iy Earthis gravitatiemal fiekd The channeds are,
hiwscever, very showe, so the actual time differ
erwe measured h!' the interterameter is only
abaout 1(HEattrseconds (107 seconds), Con
trasting this with the overall flight time
thraugh the device of around sne millisecond
e an b of thie eguasite senstviny posst-
Db with interference cxperiments, Thigexpert-
it 8 2 Beatiful exanple of the many toals
that are beang developed i a true nenaissance
i the stucy ol slam-surlace interactions".

The potential impact of sich work stems
from its eommectiom ko the fields of nanotech
nology and atom optics, Manometre-scale
struictunes could lead to saller transistorsand
rowitars, or the ability to assemible misdeoules
atonn by atonn. Exploating the wave belaviour
of atons could lead the way to more precise
gyroscaps for navigation, gravity gradione-
ters fior subtterranean mapping and ather feld
sengors. The work of Perreauht and Cranin®
lies ar the intersection of these mwo fields,
putting a limit an how small nanatechnologi
cal and atom-optical devices can he made
Ix‘hmd'n.tudﬂ‘-‘\ulﬂlmmtmndnmmﬂ
their aperation.
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CELL BIOLOGY

A BID for the pathway

Michael B, Kastan

Cells have many ways of coping with damage to their DNA, but how are
these all coordinated? It seems that BID — a regulator of programmed cell
death — stands at the crossroads of several damage-response pathways.

Expasure tn [NA-damaging agents can canse
meunations, developrental abrormialies ar
carcer, and oclls have devdloped nurserous
ways o minirmize these effects, Such rocha-
misms include cell-cyele checkprants 1o pra-
hibit damaged cells from dividing while 1Jn.
cell deals with the damage; esses b0 repa

the IINA: and programmed cell death ta[lr\p
tnsis), Although it makes sense that there
should be coordirated regulation of these dif-
ferent processes, they have mostly

been studied as independent path-

ways, A new Link hetween these
mechanisms eomes from work

reparted i Cell by Zinkel ef ol

and Ramer ef al’ demonstrating

an unexpected role tor the protein

TBITY a knowsen e |iarrrrnhpn'|'m
siw i the comtred of eell-cyele pro-
gression following DNA damage.

Apopeosis can be initiated by
wxnerrit] sagrals feomn other cdlls —

relvased by certain ininmune cells o
kill infected cells — or ls: internal
warnings resulting from DINA
damage or ather cellular stresses.
Fepardless of the stimalus, the

TNF-, foe instance, which i !jﬁ-

%m&ﬂtﬁ

proteing. The hinding of external
factors to their cognate ‘death
receptars’ on the cell surlace leads

BITY, in turn, activates BAX and
TAK, both of which are BC1-2 proteins thas
then trigger apoptasis (Fig. 17 By contrase,
T darveage canses activation of the ATM ar
ATR proten kinases (enaymes that phospho-
rylate certain target progeins), and this activa-
rint beads toa pase in pa3 protein levels”. This
profancan switch on a number of langet penes,
anduding those encoding the BOL-2 famaly
members BAX, PUMA and NOXA, cach of
which contribuses toapoptosis in specific cell
evpes”, Incertain cell types or phvsiokogical set
tings, hweever, the nduction of p53 progein,
nstead of initiating apoptoss, canses arrest of
the cell cycle at the 51 phase. Moresver, other
rargersof ATh and ATRalso comtribane g eell-
eyele arrest i the S and G2 phiases
Previcasy, the p33-dependent actation of
thie genes encoding BAN, PUMA and NOXA

s livative of deatk receptors,
o the cleavage and activation af ,|,m,l_.,_,,d_,|n|,"|,,?m

B — a BCL-2 family member  from Zinkedand colbeagues” resules, hut has et s e domanstrased,

wa thought to bethe main link between Tida
dasmge and the contral of apoptadia. Now,
Finkel et al' and Famer ef il show that
anochier pathway links the control af apopeosis
tathat ol the cell-cyele arneat following 1N A
camage. proups found that BID is phes-
phorvated in an ATM-dependent manner

after [¥NA damage and that some of the BIDY
praten then maves inte the racleus. Unex

pectedly, both groups.also found that arrest of

'\.

——

the cell cvele in § phase in response to TINA
damage requires BT phosphaorylaton. Moge-
arver, the doimains of the BID protein responsi-
e for comtral of thecell cpeleare distinct from
that brwelved in it apopiaite funeton, These
alvervatns add BIDY o a surprisingly lang
list of proteans that are phospharvlated by
ATM ar ATR to contral the progresaen
through the cell cyele after DNA damage
{Fig. 1), Furthermare, Zinkel et ol demon
strate that cells lacking BT sutfer more chro
mienmal aherrations after DNA damage than
thise that hawe BITY, raising the possibiliy that
this protein participates in sepair of the TRA
s well as in ell-eyelecontrol and apogtoss.
Althouglh the two papers agree in aoveral
aspects, there are some apparent discrepancies
ancl some findings that require further darifi-

¥ .

H I g
povos] ] [R5 o]
death process is controlled by one  Figare 1| BID linking twe pathways. Piskel o1 ol snd Kamer 2ral findan
of several signalling pathways, all — usexpocted rule far B in the AT patbway that sespanids ta DNA damags
aof which include one or more  (new sseps in grven), FoBwing DNA damage, ATM and ATH are activated
miemibers of the BCL-2 family af @, through pa2can cause either cell-cpsle arrest at the (1 stagear

S apopinsie ATM amd ATER alsa activare several other protein targets, causing
e cell cycle ot o e % phase. Mow B can bre added oo this st of
ATMIATR targets. Adthaugh BRI Slearly induces spapiosis fallowing
2 s rale in conuralling apepasis Gllowing DNA
The datbed arms shows afink thal is suggestod

cation. The importance of BID and its phos-
pharylation by ATM in influencing cell sur-
vival fellowing TNA danage varied in differerit
experimients in the two papers. Tl diserep-
ancies may bave resulied from differences in
cdllm:@.mnrrhmmul]ulh:vnuﬂw
beexplained il umu:undl.nl:ndr.l"x_rhw
alogical rles of this branch of the AT '.lrmh
way. Furthermare, there were inconsistencies
hcmwnrhemmmldi"_:mgnﬂ'hrgvmh'.h TR
damaging agents activate the ATM-BIT path-
way For exaraple, Zinke] etal ' found that AT
wad roquared for BID phosplioeylaton follow-
irag expoare B pany different types of agente,
including Ipdromyuse and ultraviober Light,
whereas hamer et al* ahaerved BID phosphe-
rvlatzn and ATM-dependence anly alter tneat-
mienkwith agenits that mtrochuce breaks im DA
strands, such as ionizing irmadiation and the
drugetopaside The speciticity af AT -depen
dence for fesponses to wnizng wradiation
would be comsistent with a lange
arront of data in the lireranre”.
Althwugls there ane some confis-
g reesuls, Kt s convine -
arsgly establish that the apopestic
preecin Bl asa tanget af AT and
thiat it has an unanticipated roke in
controlling cell -cyele inn
Hlm‘ing%m.‘ld;nu;r!lg'zﬁdni
demnnsteate that BID and ATM
come bogether i one arm of ane
prathway, but also underseore the
st Kt thee P protenns lave
oither diatinetve biochenical and
functiomal rodes. Thus, it is ot -
prasing that the effects of their lass
are quite different: mice ladking
BIN develop a hlood disorder
resembling chronic mmvelomana
cytic leuleaemia’, whereas mice and
humans lacking ATM  develop
acute [mmphoid lenkacmizs and
Fmnphormas®. It makes sense that
cells wanld have a ol -pronged,
i resEmSe W SLresses
such as [NA damage, because it
wondd he achantageous wsimubta-
merushy comtrod TINA repair, cell
cvele progression and programmed cell death
BT i undileedy b bee the ast exanple of a pro-
tein that stands at a crossroads o influence
mltiple partsof the stacs respofnse L]
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