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Fairy chemicals

Those who cultivate manicured lawns curse
“fairy rings’ of mushrooms (pictured) and

the rapid grass growth associated with them.
The compound that stimulates this growth,
2-azahypoxanthine (AHX), was isolated from
afungus in 2010, but Choi et al. now report in
Angewandte Chemie that plants also produce
it (J.-H. Choi et al. Angew. Chem. Int. Edn http://
doi.org/f2phhs; 2014).

The authors treated several plants
with AHX, and observed that it was
metabolized to a compound called 2-aza-
8-oxohypoxanthine (AOH). They went on to
show that both AHX and AOH are produced
by plants, and are present in rice at levels
similar to those of plant hormones.

Choi et al. found that a member of the
purine metabolic pathway is converted to AHX
and AOH in rice, and they extracted crude
enzymes that catalyse the reactions involved
from rice and Arabidopsis, a model plant. They
conclude that AHX and AOH are formed in a
previously unknown metabolic pathway.

Intriguingly, AOH stimulates rice growth,
albeit not as much as AHX. Frustrated haters
of fairy rings could perhaps take heart from
the thought that both compounds hold
promise for horticulture. Andrew Mitchinson

CONCENTRATES

ATOMIC INSIGHTS
ON SHARK TEETH

Considering that neither brushing nor floss-
ing s part of a shark’s daily dental regimen,
the animals get remarkably few cavities.
Togetanideaof ark teeth
so resistant to decay, researchers in Japan
aimed a transmission electron microscope
atthe enamel on the creature’s chompers.
Normally the microscope’s electron beam
can damage biomineralized material. But
by using low-dose imaging techniques,
Yuichi Tkuhara and Zhongchang Wang of
Tohoku University and colleagues were
able to minimize such damage and directly
image every individual atom in the enamel
(Angew. Chem. Int, Ed. 2014, DOT: 10.1002/
anie.201307689). The enamel is made of
fluorapatite, Cas(PO,),F, which appears

to the researchers as hexagons of calcium,
phosphorus, and oxygen atoms with
fluorine atoms at their centers. Making

HEM. INT. ED
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This TEM image of shark tooth
enamel reveals hexagonal bright spots
mpmennng closely spm‘fd calcium,

, and o. it
’1 he vpnl al the center nfcath hzxagnn
represents a fluorine atom.

calculations based on these images, they
determined that fluorine is partially cova-
lently bound to caleium in the enamel
suggests that fluorine is critical to stabiliz
ing the hexagonal frames. Loss of fluorine
atomswould leave atom: »d holes and
weaken the teeth.—BH

NANOPORES FIND
PHOSPHATES

Strawlike proteins embedded intolipid
membranes—known as nanopores—are
already invaluable in genomics rescarch.
Scientists can sequence DNA by analyz-

ing subtle differend nioniccurrent that
oceur as nucleotides thread through the
nanopore and partially block ion flow. By ap-
plying nanopore technology to proteomics,
aresearch team is now able to detect
phosphorylation patterns on proteins that

regulate proteinactivity (Nat. Biotechnol.
2014, DOT: 10.1038/nbt.2799). Tocoaxa
protein “camel” through the “eye” of a
nanopore needle, Christian B. Rosen, Da
Rodriguez-Larrea, and Hagan Bayley of th
University of Oxford added a short DNA
sequence to the C-terminus of the proteir
thioredoxin. Their technique distinguishdt]
whether thioredoxin was phosphorylated
in one of two positions, in both positions,)
orin neither position. The nanopores
can determine populations of phos-
phorylation patterns in hundreds of
individual copies ofa protein, which is
uscful information in cancer diagnostic
research, although the method currently
detects phosphorylation only near the ends
of proteins. Other teams have used moto;
proteins to feed an entire protein throughy

SR

New Té ion

A fruiting fairy ring on a suburban lawn is the
result of a set of natural products that regulate
plant growth, including AHX and AOH.
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the purine biosynthetic pathways as models

for new agrochemicals or for enginecring
genetically modified plants.—SR

nanopore,a method Bayley’s group hopes
to adapt to overcome the detection limita-

tion. The technology has been patented and
licensed to Oxford Nanopore Technologies,

FAIRY RINGS SHARE
MAGICAL CHEMISTRY

For centuries, people around the world have
been mystified by the formation of circles
orarcs of accelerated plant growth in wood-
lands and grassy fields. The rings sometimes
erupt with mushrooms, adding tothe in-
trigue. Mythand superstition led these geo-
metrie patterns of plant growth to be called
fiairy rings. In 2010, a rescarch team led by
Hirokazu Kawagishi of Shizuoka Universicy,
in Japan, discovered that the "mm is lh(.

ENZYME CATALYSIS
ILLUSTRATED

Atenet of enzyme catalysis is that the cata-
lyst should bind the transition state more
strongly than the ground state. Although
the prineipleiswidelyapplied, particularly
with catalyt antibodies, chemists have

gelat China’s :
Stoddart of Northwestern University, and
colleagues report in Nature (“lu’umtry(lwt
they've designed a representative
that depictsa catalytic conform:
change (2014, DOI:10.1038/nchem.1842).
The team studied theinversion of coran-
nulene,abowl-shaped hexacyclic aromatic
hydrocarbon that has an energy barrier to

plant-growth regulator 2-
(AHX), one of several purine-based natural
products made by fungi. The researchers de-
termined how AHX is produced from 5-ami-
noimidazole-4-carboxamide (AICA)—a
compound in the purine metabolic pathway
inanimals, plants, and microorganisms—
and began figuring out the complete biosyn-
the: athway of the compounds in hopes
offindinga practical use of the plant hor-
mones in agricul ture. Kawagishi’s team has
now reported the overy of an additional
AHX metabolite, a-8-oxohypoxanthine
(AOH), which s produced from AHX by the
enzyme xanthine oxidase. And after detect-
ing AHX and AOH in plants such as rice, the
researchers have uncovered that the plants
themselves actually biosynthesize the com-
pounds (Ange
10.1002/a 3
leading an effort toisolate key enzymes in.

CENACSORG DG JANUARY 27 2014

inversion of 1.5 keal/mol. That energy bar-
Her can be lowered to about 7.9 keal/mol by
a catalyst that stabi

diate by
isac :macromolecule made from two
extended bipyridinium units that selectively
bind planar polycyclic aromatics. When
complexed inside ExBox*, the energy bar-
Her for bowl-flipping lowers because of the
catalyst’sincreased affinity for the flat tran-
sition state of corannulene. The corannu-
lene bowl-to-bowl inversion proce like
an umbrella flipping inside out—happens 10
times as fast with ExBox* than withoutit.
“The dependence of this example on shapes,
ratherthan on the intricate mechan’
tails of a more complicated organic reaction,
gives itavisual simplicity that every chemist
can understand,” writes Boston College’s
Lawrence T. Scott in an accompanying
perspective.—EKW

7 A1) A{EFE & Chemical & Engineering News
(VOLUME 92, NUMBER 4) 2014A1A27H %17

Mitchinson, A. Nature 2014, 505, 298. doi:10.1038/505298a
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