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affords a rernarkable conservation of energy
and maintenance of helical strocture, wath
anly a sirgle base pair broloen atthe junction.

An important feature of 2-TA i that,
eompared with B-TNA, thelypdrogen-bonded
hase pairs are wrned upside down. How this
structural transitiom sccurs is unchear, but the
B junction mndel mar provide a clue. Ha ot
al. suppest that #-[RI4 fnrmation might start
with the breakage of 2 single base pair and
extrusion of the o bases, These could then
awing round 18 and re-pair in the Z-TNA
contormation’. This process wauld continue
frown the initiatson poant, in one or heth direc-
i, vl an entire Det is transforied into
2 Z-DMA helix. Onee farmed, the ends ol the
Z-DNA tract and the extruded bases may zp
back and forth, with dnamac fluchmtions in
negative superhelical densitywithin a chrame
some, This medel also suppests a very low
enerpetic barer to Z-TNA frrmation, consis-
tent with previous measurements'

A-D0A ray prowide a sink o abaorb the
torsiomal strain left in the wake of a flecing
A polymerase or a rransient nudleosome,
or indeed any ather protein complex that
interacts dvnamu::]lvullh the DA Tt may
also prrmd-' a ﬂgml for recruitment ot
an RNA-editing enmyme'! or contribute to
ﬂp!uumunfnmmn{p:mmdﬂ‘fumm
systerns'* %, Although additional roles for
E-TNA are expected o ermerge, the ntion of
a Z-DINA belix ensconced within a B-ITNA
chaoemasnrme and punetuted by veo pairs of
extriidhod Pages prsents a mon: reasonable,
stalde and energetically Leasible vaew ol this
ke DA regulatory element. [ ]
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‘CATALYSIS

Gold rush

Masatake Haruta

The chemical industry would be transformed if selective oxidation of
hydracarbons could be achieved efficiently using cheap and clean oxygen
from the air. Doing that with gold as a catalyst is a method gaining in allure.

The selective oxidation of bydrocashons — the
targered addition of awygen Ao o produce
specifie desired reretion products — i3 eruckal
in industrial - petroleum-based  chemieal
processes. Oxygen-conlaining organic -
muﬂ;mﬁﬂﬂ:idﬂﬁ.hﬂ“&:xﬁf‘ﬂyﬂm.
alaohalsandacids, are used o produce plastics,
deferpents, paints, cnsmetics and food addi

tives. Omidation catalysts are second in usage
oy t(lp(ﬂj']h(‘llm catalysts, sccounting
for 1E%of total catahyst vse in the United States
in 1991, for exanple’. The advancement by
Hutehirgs andealleagues of groener” methods

fiwr enciclarion catabysia using gobd [page 1132af

this insuse)” is therefioee invaluable.

Moet industrial axidation processes: involve
e tham v resction stages, and tend i se
zither chlarine ar arganic peroxides. In the
tirst case, chlnrinﬂmdmgznic intermadiates
are neatralized to form organic axypenates,
praducing huge anounts of chlorde salts and
lessaer, bt gigrificant, asunts of e chlor-
reted by-products. The alternative use
of organic perorded is expensive, and is alao
acenmpanied by the formatson of ly-products
—secomomically disadvantageous il there is o
martet for them

Sﬂlhu'[wnj'\u-.rnl'usingmdn’uhrrrq'

3, as an rxidizing agent would seem seduc
tive — it is, after all, clean and freehy available
Fromn air Bt the energy required to activate”
Oy for reaction by spliming it into 58 con-
stituent atoms is-498 lalmoules per mol; this s
larger thian the honding energy (431 k] mol ="
of the earbiem—bwds in the most
:La]ﬂchvdllnd'um muthane Controlling the
I'LBI:lII.II'\'l)| atornically dissaciated species ol
mgﬂudl{ﬁnl]tuhlnsud\la amumts ot
enengyare put into the systern The mast lileky

course of events during the oxidation of

hdrocartions i that negatively charged oxy-
gen radicals (07 ) are barmed, which associate
preferentially with  electron-pocr carhon
atong, beading o the dusplacement of bydeo-

pen. In comtrast, addition ol the axygen radi-

cals to electron-rich carbon-carlon doulde
Ll {epareacdation } seldom oecurs.

All this means that the mnst common
manipulation of bydrocarhons is not selecive
omidation but complete oxidation (combas-
o), producing cartvn dicende and water and
generating thermal encrgy: Buta feasible alter-

native method of controlling the reactiviny of

oeygen apecies aoas to obiain valuable organse
onygenates 15 reductive oxvpen activation.
This technigue wes malecular hydrogen o

carbon monomide o activate axygen under
less extreme condimons, with an energy inpat
ofless than 10 k[ reol ™'

Hurchings and colleagues’ now sl that
manapartces of gold can help 1o activate mel -
ecular axygen under mild conditsens — at
atmospheric pressure and temperatures of
0-31*C — and so speed up oxidation reac
tinms. Until two breakthrough discoveries in
thee earhy 19805, gnldmsrcpa:dcd as having
almost no catalytic actrvity . Bt it was then
bpoithesized, and experimentally confirmed,
that the positive gold ion Au’™ can eatalyse the
bvdrachlorination of acetvlens’. Siula-
necusdy, nanoparticles ol gold deposited on
sermacanducting transtson-metal oxsdes were
shewn” to b surprisingly active in carhan
maonoxide sodation, even at —77 " Later,
grdd ranoparticles acting alone were shavn en
catalyse the selective amdation af aleahol in
water® and the epoxidation of progylene gas
i ng itaninms-hased oxide supports’

Hurchings and enlleagues’ tse of gold o
activate moleeular opgen alloses the selective
oicdation not just of unaturated bydro-
carbans {generally meare ractive owing 1o the
presence of double and triple bonds) . but alsa,
i their lisquid state, of the less reactive satu
rated hydrocarbons. In such compounds, all
the bonding electrons are used up in single
bands hetween the constimient atoms. For
examiple, the unsaturated hydmearbons eyelo-
bexiene and cis-cyelonctene can be oxidized
with 5i¥% and B0% sdectvity, respectively.
samilarly, the suurated hydrocarbon cyclo-
hexane can be converted into eyelabexanone
and eyelabexanal” — hath al which farm the
basis ofa wide range of synthetic materials
with a combined selectivity of nearhy 1060%,

“The athors also show that an appmpnm
chiice of sobvents allows the catalytic activity
of grld to be tuned over a wide range. The
product componnds change radicalby depend-
g on the conditons: whether the resetant
b nev sedvent, o whether water, nonpalar ar
polar argani salvents ane wed. All of these
shvents seem o reuine the addition of a grall
amount of an initiator sihstanee, ezher bydm
pen peraxide or tert-butvl hydroperoxide, tn
bcke-start the reacton. Furthenmore, bsmuth,
which acts as a provoater for palladium and
platinum catabysss in the selective oxidation
of Fydrocarbans, alsn acts as a promoter for
gobd. However, the mechanim of axvpen
activation probahly differs hetween the o
proupsof meals.
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Gnld’s catalyte properties seer to depend
less om the oaberial on wihich it rests for liguid-
phiase oxbdation” than they do foe gas-phase
aidation'". Hewever, the support msterial
might be experted o influence at beast the
dispersion of the anl thus its catalytic
activity. The elficacy ol dnnnrrmrll:lus as
cnr.alvm is alsn marked! v enharsced™! when
the |1:rt|r|r-s are |ess than 6 nanometres in
diameter. Those wsed by Hutchings and
colleagues’ were :clu'rt'\.'l:.r large, with mean
diameters of around 25 nanometres, making
further improviement in catalytic perforane
distinetly poasible. Furure ivestigations on
the effieens of gine and support material may
well neveal a far wider scope for catalyas
by goldl.

Exactty howe particles activate molecu
lar porvgen at such L temiperatures remains
unclear, [t is equally uncertain how epoxida
oon warks: this is the oxidation method
favrared by industry bue which, chemically, 15
the lease prahable route by the oodaton of
biydrocarbans. Convineing answers b such
quiestions wanld provide us with 2 valuable
raadmap for pursuing green, susainahle
chemistry through con of the reactivity of

anypen — which s just bow enzymes st
Godd has long been held in the imagination

aq a thing of never-changing beaury and

valuse. Mow it might hold aur imagination as

an instrument of change at the nanomene

seale™ ]
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EVOLUTION

Along came a sea spider

GrahamE. Budd and Mazximilian . Telford

Aninvestigation of brain development in sea spiders provides hints abowit
how the earliest arthropod head evalved, These observations are bound to
provoke controversy in an already acrimonious field.

Cihscure proups of animals have been making
seientific waves lately', and few are more
abscure than the sea spaders, or pyenogonids.
Tl i, spidier-1ike anirsals differ from
ather arthropads, such as the true spaders,
crustaceans andd insects, in many ways Ther
bslies are so dender that the digestive systems
and grnads are squeszed inko their limbe they
passess a forward- printing probascis with a
rerminal moath; and the males brood the cgps.
Flanking their unigue proboscis is a pair of
pincer-hearing appendages known as cheli-
fores, which it has long been assumed are
redamed vo the pincered fangs — chelicera: —
al spiders.
Work presented by Maxmen & al on
page 1144 of thas sswe’, however, aiggests that
id chelifores and spider chelicere
develop from ditferent regions o the head and
therefore cannot be equivalent. Ab first sight
this is a rather esoteric finding. Bt if it 15
correct, itwill shakeup the field of arthropod
evolution.
Mawnsen ef al. rdied om the fact that cacls of
an arthropods pairs of appendages is derved
dram e of the repeating segments that make

up the arthropod body In addition o its
appendapes, each segment bas a pair of nerve
enmcentrations, or neurnmeres. The authors
rexson that tyirg the appendages o a specifie
patirod meuromeres should reveal which seg-
ment the appe belong to. As chelifores
and chelicerae are bead appendages innery-
ated from the hrain, Maxmen et considerad
which of the brain neuromeres each a)
dage is associated with during laral develop-
mient. Arthsopod brains ane drvided ineo three
regions: protocerchral, deatocenchral and
writescerhiral, Froen frontto back The anterior-
et appendage of most living arthropods,
including the gpider chelsera, s innervated
Irom the devtocerebrum’ What Maxmen
etal have now shown, in surprising contras,
is that the prenngonid chelitores seem to be
innervated from the T.\mmn.n.hnlm the:
mnst ankersor part of the brain. The associa-
e of cheldores and chelscerae with different
parts of the brain implies thak the two bypes of
Timihvare not evuivalent, but are derived from

fierent segmients.

This resull cuts across previous resulls

based on adule stricture’, and o see the wider

Figure 1| Testing the results of Maxmen et al”
wlth Hisa g xpresshen. & Defonmed (D)
expressinn in an arschaid enshryod(the mite
Archapazetes engisetneas’| compared {b,€)
with that expested ina stage 111 pyenogonid
larva wnder bun different reconstruciions,

b, IF the tradit] onally accepted equivabence of
prenngonid chelifores and arachnid chelicerae
s carrect, the anterior boundary of pyenogosid
I wiill e in the thied sppesdage. € 1 Maxmen
sral arecoreect i skkaciating the chelifare
with inmervation fram the protocerchrum. tha:
boundary shoubd be in the fourth appendage,
{Appendage mnervation prots, protecerehral;
dewin, deusncerehral; irive, iritocerebral. Larval
image modified fram ref. 18]

implications wee need some hisorical back-
ground. The composition of the arthropod
head is ome of the bitterest and lonpest
running, preflems in animal evolution. Un
resobved after more than a century of debate,
thas sorry tale s [in}famously known as the
“endlessdispate™,

Much of the attention in this dispate has
heen directed towards the nervous systen
It is widely agreed that the deutecerelsrum,
tritocerehoum and the mone posterior parts ol
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