ChemComm

Chemical Communications

www.rsc.org/chemcomm

RSC Publishing is a not-for-profit publisher and a division of the Royal Society of Chemistry. Any surplus made is used to support charitable activities

aimed at advancing the chemical sciences. Full details are available from www.rsc.org

IN THIS ISSUE

ISSN 1359-7345 CODEN CHCOFS

ngmComm

RSCPublishing |

CHEMICAL BIOLOGY

(21) 2393-2484 (2008)

Cover

See J-F. Nierengarten et al,,

pp. 2450-2452. The sea urchin-
shaped fullerene hexakis-
adducts can be efficiently
functionalized under click
reaction conditions. The authors
thank Jean-Claude Wolles for
the background picture (see:
http://subaqua.web.cermn.ch/
subaqua/bio/photos.html).
Image reproduced by
permission of J. lehl, R. Pereira
de Freitas, B. Delavaux-Nicot and
J-F. Nierengarten from Chem.
Commun., 2008, 2450.

thmComm

Inside cover

See Benjamin P. Hay and
Vyacheslav S. Bryantsev,

pp. 2417-2428.

Absence of covalent character
in the anion-m interaction is
visualized by graphical analysis
of the wavefunction. Image
reproduced by permission of
Benjamin P. Hay and
Vlyacheslav S. Bryantsev from
Chem. Commun., 2008, 2417.

B41

Drawing together research highlights and news from all RSC
publications, Chemical Biology provides a ‘snapshot’ of the
latest developments in chemical biology, showcasing
newsworthy articles and significant scientific advances.

FEATURE ARTICLE

Chemical Biology

June 2008/Volume 3/Issue 6
www.rsc.org/chembiology

2417

Anion—arene adducts: C—H hydrogen bonding, anion—rn
interaction, and carbon bonding motifs

Benjamin P. Hay* and Vyacheslav S. Bryantsev

Experimental and theoretical evidence establishes the existence
of four distinct binding modes for complexes of anions with

charge-neutral arenes.

This journal is © The Royal Society of Chemistry 2008

Chem. Commun., 2008, 2395-2406 | 2395



EDITORIAL STAFF

Editor
Sarah Thomas

Deputy editor
Kathryn Sear

Assistant editors
Michael Brown, Rachel Davies, Emma Shiells,
Joanne Thomson, Kathleen Too

Publishing assistants
Jackie Cockrill, Jayne Gough

Team leader, serials production
Helen Saxton

Technical editors
Celia Clarke, Nicola Convine, Alan Holder,
Laura Howes, Sandra Jones, David Parker

Production administration coordinator
Sonya Spring

Administration assistants
Clare Davies, Donna Fordham, Kirsty Lunnon,
Julie Thompson

Publisher
Janet Miles

Chemical Communications (print: ISSN 1359-7345;
electronic: ISSN 1364-548X) is published 48 times a year

by the Royal Society of Chemistry, Thomas Graham

House, Science Park, Milton Road, Cambridge, UK CB4

OWF. All orders, with cheques made payable to the Royal
Society of Chemistry, should be sent to RSC Distribution
Services, ¢/o Portland Customer Services, Commerce Way,
Colchester, Essex, UK CO2 8HP. Tel +44 (0)1206 226050; E-mail
sales@rscdistribution.org

2008 Annual (print + electronic) subscription price: £1951;
US$3882. 2008 Annual (electronic) subscription price:

£1756; US$3494. Customers in Canada will be subjectto a
surcharge to cover GST. Customers in the EU subscribing to
the electronic version only will be charged VAT. If you take an
institutional subscription to any RSC journal you are entitled
to free, site-wide web access to that journal. You can arrange
access via Internet Protocol (IP) address at www.rsc.org/ip.
Customers should make payments by cheque in sterling
payable on a UK clearing bank or in US dollars payable on

a US clearing bank. Periodicals postage paid at Rahway,

NJ, USA and at additional mailing offices. Airfreight and
mailing in the USA by Mercury Airfreight International Ltd,,
365 Blair Road, Avenel, NJ 07001, USA. US Postmaster: send
address changes to Chemical Communications, c/o Mercury
Airfreight International Ltd.,, 365 Blair Road, Avenel, NJ 07001.
All despatches outside the UK by Consolidated Airfreight.
PRINTED INTHE UK

©The Royal Society of Chemistry, 2008. Apart from fair
dealing for the purposes of research or private study

for non-commercial purposes, or criticism or review, as
permitted under the Copyright, Designs and Patents Act
1988 and the Copyright and Related Rights Regulations
2003, this publication may only be reproduced, stored or
transmitted, in any form or by any means, with the prior
permission in writing of the Publisher or in the case of
reprographic reproduction in accordance with the terms
of licences issued by the Copyright Licensing Agency in
the UK. US copyright law is applicable to users in the USA.
The Royal Society of Chemistry takes reasonable care in the
preparation of this publication but does not accept liability

ChemComm

Chemical Communications

www.rsc.org/chemcomm

EDITORIAL BOARD

Chairman

Peter Kiindig, Geneva, Switzerland
PeterKundig@chiorg.unige.ch

Associate Editors

Michael Doyle, Maryland, USA
chemcomm@umd.edu

Jonathan L. Sessler, Austin, USA
chemcommun@cm.utexas.edu

T. Don Tilley, Berkeley, USA
chemcomma@berkeley.edu

Members

Penny Brothers, Auckland, New Zealand
p.brothers@auckland.ac.nz

Jillian M. Buriak, Edmonton, Canada
jburiak@ualberta.ca

P. Andrew Evans, Liverpool, UK
andrew.evans@liverpool.ac.uk

ADVISORY BOARD

Varinder Aggarwal, Bristol, UK

Frank Allen, CCDC, Cambridge, UK
Jerry L. Atwood, Columbia, USA
Amit Basak, Kharagpur, India

Dario Braga, Bologna, Italy
Xiao-Ming Chen, Guangzhou, China
Derrick Clive, Alberta, Canada

Marcetta Darensbourg, College Station, USA

Scott E. Denmark, Urbana, USA

Kuiling Ding, Shanghai, China

Shaojun Dong, Changchun, China
Chris Easton, Canberra, Australia
Gregory C. Fu, Cambridge, USA

Tohru Fukuyama, Tokyo, Japan

Alois Furstner, Milheim, Germany

Lutz Gade, Heidelberg, Germany

Philip Gale, Southampton, UK

George W. Gokel, St Louis, USA

Trevor Hambley, Sydney, Australia

Craig Hawker, Santa Barbara, USA
Andrew B. Holmes, Melbourne, Australia
Amir Hoveyda, Boston, USA

Steven M. Howdle, Nottingham, UK
Taeghwan Hyeon, Seoul, Korea

Biao Jiang, Shanghai, China

Karl Anker Jergensen, Aarhus, Denmark
Kimoon Kim, Pohang, Korea

Ben L. Feringa, Groningen. The Netherlands
feringa@chem.rug.nl

David Haddleton, Warwick, UK
D.M.Haddleton@warwick.ac.uk

Mir Wais Hosseini, Strasbourg, France
hosseini@chimie.u-strasbg.fr

Nazario Martin, Madrid, Spain
nazmar@quim.ucm.es

Keiji Maruoka, Kyoto, Japan
maruoka@kuchem kyoto-u.ac.jp

Ryong Ryoo, Taejon, Korea
rryoo@Kkaist.ac.kr

Ferdi Schith, Milheim, Germany
schueth@mpi-muelheim.mpg.de

Nicholas J. Turner, Manchester, UK
nicholas.turner@manchesterac.uk

Susumu Kitagawa, Kyoto, Japan

Shu Kobayashi, Tokyo, Japan
Jérdme Lacour, Geneva, Switzerland
Teck-Peng Loh, Singapore

Tien-Yau Luh, Taipei, Taiwan

Doug MacFarlane, Monash, Australia
David MacMillan, Princeton, USA
Seth Marder, Atlanta, USA

llan Marek, Haifa, Israel

E.W.'Bert’ Meijer, Eindhoven, The Netherlands

Achim Mdller, Bielefeld, Germany
Catherine Murphy, South Carolina, USA
Atsuhiro Osuka, Kyoto, Japan

lan Paterson, Cambridge, UK

Maurizio Prato, Trieste, Italy

C.N.R. Rao, Bangalore, India
Christopher A. Reed, Riverside, USA
Robin Rogers, Belfast, UK

Michael Sailor, San Diego, USA
Jonathan W. Steed, Durham, UK
Zhong-Qun Tian, Xiamen, China
Carsten Tschierske, Halle, Germany
Herbert Waldmann, Dortmund, Germany
Li-Jun Wan, Beijing, China

Henry N. C. Wong, Hong Kong, China
Eiji Yashima, Nagoya, Japan

Xi Zhang, Beijing, China

o - Advertisement sales: Tel +44 (0) 1223 432246; Fax +44 (0) 1223 426017; E-mail advertising@rsc.org
for the consequences of any errors or omissions. Inclusion of

an item in this publication does not imply endorsement by
The Royal Society of Chemistry of the content of the original
documents to which that item refers.

@ The paper used in this publication meets the requirements of ANSI/NISO Z39.48-1992 (Permanence of Paper).
Royal Society of Chemistry: Registered Charity No. 207890.

Authors may reproduce/republish portions of their published contribution without seeking permission from
the RSC, provided that any such republication is accompanied by an acknowledgement in the form: (Original
Citation)-Reproduced by permission of The Royal Society of Chemistry.



COMMUNICATIONS

Anion complexation via C—H ---X interactions using a
palladacyclic receptor

Robin B. Bedford,* Michael Betham, Craig P. Butts,
Simon J. Coles, Michael B. Hursthouse, P. Noelle Scully,
James H. R. Tucker,* John Wilkie and Yasmine Willener

Evidence is presented for a cationic palladacycle, containing a
coordinated thiamacrocycle, binding free and metal-bound
halide salts in organic solvents via the formation of C—-H---X
hydrogen bonding interactions.
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Crystal structure of low-dimensional Cu(1) iodide: DFT
prediction of cuprophilic interactions

Navaratnarajah Kuganathan and Jennifer C. Green*

Encapsulation of Cul in nanotubes results in an unprecedented
structure in which cuprophilic interactions give edge-linked
tetrahedra of Cu atoms sheathed by iodine.

Two-photon microscopy study of the intracellular
compartmentalisation of emissive terbium complexes and
their oligo-arginine and oligo-guanidinium conjugates

Filip Kielar, Aileen Congreve, Ga-lai Law,
Elizabeth J. New, David Parker,* Ka-Leung Wong,
Pilar Castreno and Javier de Mendoza

Two-photon microscopy exciting at 720 nm reveals the
intracellular localization of peptide, C;, and oligo-guanidinium
conjugates in mitochondria and lysosomes.

[Th.L'3] X = OMe
[Th.L™®] X = OH

[e]
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[Tb.L?] X = LysArg;

[Tb.L%] X = Arg;

[Tb.L* X = guanidinium

[Th.L%] X = NHC1,Hzs

[Tb.L®] X = human serum albumin

Diaza-18-crown-6 appended dual 7-hydroxyquinolines;
mercury ion recognition in aqueous solution

Mei-Lin Ho, Kew-Yu Chen, Lai-Chin Wu, Jiun-Yi Shen,
Gene-Hsiang Lee, Mei-Ju Ko, Chih-Chieh Wang,
Jyh-Fu Lee and Pi-Tai Chou*

8,8'-(1,4,10,13-Tetraoxa-7,16-diazacyclooctadecane-7,16-
diyl)bis(methylene)diquinolin-7-ol (TDBQ) was synthesized and
proved to recognize Hg> " via reducing Hg*> " to Hg ", forming
a unique Hg,> " ~TDBQ complex.

This journal is © The Royal Society of Chemistry 2008
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COMMUNICATIONS

Rapid fabrication of metal organic framework thin films
using microwave-induced thermal deposition

Yeonshick Yoo and Hae-Kwon Jeong*

We have demonstrated a novel method to rapidly fabricate
nanoporous MOF thin films and patterns on porous alumina
substrates under microwave irradiation.

- Patterns
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Electron-Phonon Scattering

Microwave-Induced Thermal
Deposition

Pyridine—imide oligomers

Xiao Li, Chuanlang Zhan,* Yaobing Wang and
Jiannian Yao*

Pyridine—imide oligomers created by incorporating imide and
pyridine units alternatively in sequence were successfully
synthesized and found to form highly compact and stable
helical conformations contributed by intramolecular H-bonds
between the imide and both adjacent pyridines, and by the
structural characteristics of the imide units.

a-helix Pyridine-Imide Oligomers

. , \
FO WO err
(:H HN gt g0

Oﬂ — 0 +0 N:'H. 'H_..N

H N N N*

—_— i L4 ey

? h=0,1,2

Metallaborane reaction chemistry. A predicted and found
tailored facile and reversible capture of SO, by a
B-frame-supported bimetallic: structures of
[(PMe,Ph),PtPd(phen)B;oH (] and
[(PMe,Ph),Pt(SO,)Pd(phen)B;oH ]

Jonathan Bould and John D. Kennedy*

The {PtPd} unit of [(PMe,Ph),PtPd(phen)B;oH (] reversibly
takes up SO, gas to give the SO,—dimetallaborane complex
[(PMezPh)th(SOZ)Pd(phen)B10H10]

Click chemistry for the efficient preparation of
functionalized [60]fullerene hexakis-adducts

Julien Iehl, Rossimiriam Pereira de Freitas,*
Béatrice Delavaux-Nicot* and Jean-Frangois Nierengarten™®

A Ty-symmetrical Cgq hexakis-adduct bearing 12 peripheral
azide groups has been prepared and used to produce
functionalized derivatives by the copper mediated Huisgen
1,3-dipolar cycloaddition of azides and alkynes.

This journal is © The Royal Society of Chemistry 2008

Chem. Commun., 2008, 2395-2406 | 2399
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Facile preparation of micro—-mesoporous carbon-doped
TiO, photocatalysts with anatase crystalline walls under
template-free condition

g
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A simple low-temperature synthesis route has been developed
for preparing micro-mesoporous carbon-doped TiO,
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Methanolysis of tetraphenylborate (BPh, ) as a reaction
unit in halotris(2,4-pentadianato) complexes of Zr(iv) and
Hf(1v)

Sibusiso N. Mlondo, Paul O’Brien,* P. John Thomas,
Madeleine Helliwell, James Raftery and David J. Procter

Decomposition of tetraphenylborate results in complexes

of Zr and Hf in which the metal is bonded to
dimethoxydiphenylborate with biphenyl also present within the
crystal lattice.

‘Click’ cycloaddition catalysts: copper(1) and copper(i1)
tris(triazolylmethyl)amine complexes A
Paul S. Donnelly,* Shannon D. Zanatta,
Steven C. Zammit, Jonathan M. White and
Spencer J. Williams*

| +

|
@

The Cu' complex of the ‘click” ligand
tris(benzyltriazolylmethyl)amine is an unusual dinuclear TBTA =
dication with one triazole unit bridging two metal centers, and
is an effective catalyst for the ‘click’ cycloaddition reaction.

Element—organic frameworks with high permanent
porosity

Marcus Rose, Winfried B6hlmann, Michal Sabo and
Stefan Kaskel*

Microporous hydrophobic polysilanes with high specific
surface areas (700-1100 m? g~ ') and adjustable pore size are
obtained using an organolithiation route.

This journal is © The Royal Society of Chemistry 2008 Chem. Commun., 2008, 2395-2406 | 2401
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Conformationally armed glycosyl donors: reactivity
quantification, new donors and one pot reactions

Christi M Ped Lavinia G. Mari d <~O:ﬂ\c OBn OTBan
ristian Marcus Pedersen, Lavinia G. Marinescu an % 0 ,é&/ % [ o)
. AcO \ BnO
Mikael Bols* XcOL%'ngh < gno OBnSPh“ TBTSSS 4 SPh
The relative reactivity of conformationally armed ) )
thioglycosides is quantified. Disarmed Armed Conformational
Super armed
Krel© 5.3 207 3970
Olefin cross-metathesis with vinyl halides
A
Volodymyr Sashuk, Cezary Samojtowicz, e NY:M_
Anna Szadkowska and Karol Grela* R
cl )
The reaction of various terminal olefins with (E)-1,2- j .*{/ B—no
dichloroethylene promoted by 5-15 mol% of phosphine-free 10%mal Br x
Ru catalysts led to formation of the expected products in good Bf% g O — %EI
to moderate yields, showing that catalytic olefin cross- (100 equiv) !
metathesis is a mild and selective method for the synthesis of (;E'f 4157:{3‘ )

chlorinated molecules.

TiO; nanoparticles as a soft X-ray molecular probe

Jared M. Ashcroft, Weiwei Gu, Tierui Zhang,

Steven M. Hughes, Keith B. Hartman, Cristina Hofmann,
Antonios G. Kanaras, David A. Kilcoyne, Mark Le Gros,
Yadong Yin, A. Paul Alivisatos and Carolyn A. Larabell*

The development of a TiO,—streptavidin nanoconjugate as a
new biological label for X-ray bio-imaging applications is
reported.
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Efficient base catalyzed alkylation reactions with aziridine
electrophiles

Thomas A. Moss, Aurelie Alba, David Hepworth and
Darren J. Dixon*

N-Mesitylene sulfonyl and N-tosyl aziridines have been
identified as effective electrophiles in alkylation reactions of
carbon acids catalyzed by the organic phosphorine base
BEMP. Yields of up to 99% for a range of pro-nucleophiles
under mild reaction conditions are reported.

0O 0 Q 0

SOo.Mes o
W BEMP (10%) OBy
LAY THF, 25 °C, 48h
91% yield NHSOzMes

1 of 12 examples
86% average yield

This journal is © The Royal Society of Chemistry 2008
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Sugar-responsive block copolymers by direct RAFT
polymerization of unprotected boronic acid monomers

Debashish Roy, Jennifer N. Cambre and
Brent S. Sumerlin*

Novel sugar-responsive block copolymers were prepared by
reversible addition—fragmentation chain transfer (RAFT) block
copolymerization of unprotected boronic acid monomers,
providing a direct route to supramolecular assemblies that
dissociate upon the addition of glucose.

Liquid phase separation of 1-butene from 2-butenes on
all-silica zeolite RUB-41

ISOBUTENE
Bart Tijsebaert, Csaba Varszegi, Hermann Gies, Mixep C4'ALKENES 1-BUTENE
Feng-Shou Xiao, Xinhe Bao, Takashi Tatsumi,
Ulrich Miller and Dirk De Vos* S—— —-

The all-silica zeolite RUB-41, containing 8- and 10-membered
rings, is able to separate trans-2-butene and cis-2-butene from
1-butene and represents a possible improvement in isolating
pure 1-butene from a butene mixture.

TRANS, CIS-2-BUTENE
ADSORBED
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hemical Biology

European researchers have sparked
debate by claiming that cell nuclei
could contain liquid crystals.

The hypothesis is supported by
experiments revealing that DNA
transcription is possible in such
environments, says the team from
the UK and Germany.

George Attard from the University
of Southampton, UK, and colleagues
have shown that DNA can be
transcribed into RNA within a
liquid crystalline phase formed
by phospholipids. Moreover, they
found thatisolated cell nuclei
exhibit an optical property known as
birefringence that is characteristic
of liquid crystals. The researchers
say that together these results ‘raise
the possibility that lipids might form
organised structures in the nucleus
invivo.’

Attard says his research is ‘off the
wall’, and adds that mainstream
researchers are reluctant to accept
his views. Indeed, Roel van Driel, an
expert in nuclear organisation from
the University of Amsterdam, the

role in airway disease

The protein detective

©The Royal Society of Chemistry 2008

Plastic coats wrap up gene delivery
Polymeric lipids ensure DNA vectors meet their targets

Radical proposal for nitrate link to asthma
Reaction between atmospheric species could explain their

Interview: Kathryn Lilley warns how curry and beer could be
the downfall of biomarkers

Communicating with nature
Instant insight: Bacteria have invented a potentially global
language - quorum sensing. Kim Janda translates

Potential phospholipid orderingin cell nuclei causes debate

Liquid crystalsinall of us

Birefringence suggests
that phospholipids may
form ordered structures
inside the cell nucleus

Netherlands, is not convinced. He
points out that Attard’s group freeze-
dried the studied nuclei, which

will have caused major structural
rearrangements. Therefore there is
no evidence thatliving nuclei show
birefringence, he says. Attard accepts
this, but adds: ‘We have x-ray data
from non-freeze-dried nuclei which

are consistent with long-range
ordering.’

Van Driel also says that for living
nuclei to show birefringence,
chromatin - a complex of DNA and
proteins - would have to be ordered
on the length scale of the nucleus,
which itis not. Attard counters that
chromatin could adopt any degree
of structural ordering, or none at all,
within a liquid crystalline phase, but
that these phases would still cause
birefringence.

Despite criticism, Attard says
thatitis ‘likely’ that nuclei are
in aliquid crystalline state. Cell
nuclei are rich in phospholipids
and these molecules are known to
self-organise into structures - for
example membranes - he explains.
Based on the intermolecular forces,
‘you would be more surprised to find
that nuclei are not liquid crystalline
rather than the reverse,’ says Attard.
Daniéle Gibney

Reference
J Corsi et al, Chem. Commun., 2008, 2307 (DOI:
10.1039/b801199k)
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Research highlights

Chemists in the US studying how
viruses enter cells say their results
could help in the search for new
antiviral medicines.

Stanford University chemists
Richard Zare and Soonwoo Chah
used cell and virus models to
investigate an early stage in viral
infection. Using lipid spheres called
vesicles as cell mimics they studied
the way the vesicles rupture after
exposure to PEPI, a helix-shaped
peptide that resembles a peptide
found in the hepatitis C virus.

Zare says that ‘it is important to
understand how viruses interact with
and break up the cell membrane.
Knowledge of the exact sequence
and duration of these steps is crucial
to developing possible strategies for
combating disease.’

When avirusinvades a cell in the
body, it fuses with the cell membrane
and releases its genetic material into
the host cell, turning into a ‘chemical
factory’ that produces more copies of

Break through study yields insights into viral mechanism

Howdoes avirushoreaholeinacell?

Peptide PEP1 (blue) lies
flat on avesicle surface
before rearranging to
form apore through the
membrane

Reference

S Chah and R N Zare, Phys.
Chem. Chem. Phys., 2008,
DOI: 10.1039/b802632g

the virus. Itis known that there is an
intermediate stage between the time a
virus merges with the cell membrane
and the time it delivers its genetic
contents into the cell. ‘During this
period, the host cell’s fate hangs in the
balance, Zare explains. Cell infection
is often irreversible once a virus has
penetrated the cell - so this stage ‘may
represent an opportunity for drug

development, suggests Zare.

Zare and Chah investigated the
intermediate stage more closely
using surface plasmon resonance
(SPR) microscopy to measure the
lipids’ optical properties. Since these
properties are different for intact
and ruptured vesicles, SPR allows
the researchers to follow the rupture
mechanism in real time. They found
that, after introducing the peptide to
the vesicles, the peptides first lie flat
on the surface then switch to cross
the membrane, forming pores. “This
attack causes the vesicles to transform
into a lipid bilayer,” says Zare.

Richard Epand, abiochemist from
McMaster University, Hamilton,
Canada, is impressed. He says that
although using a viral peptide and
not the intact virus means there
are some limitations, the work
‘could contribute significantly to
our understanding of viral fusion
processes.’

Michael Spencelayh

Peptide nanostructures that
punch holes in cancer cells are
‘the first step towards efficient
nanochemotherapeutics, say
chemists in Canada. Normand Voyer
and colleagues at the University
of Laval in Quebec have designed
aseries of modified peptide
nanostructures that can puncture
cancer cell membranes, leading to
the cells’ death.

The team explains that in the past
decade, cancer cell resistance to
chemotherapeutic agents has led to
increased cancer deaths. ‘We believe
that nanochemotherapeutics can
overcome this problem due to the
particular properties of nanometre-
sized compounds,’ says Voyer.

Basing their structures on a
membrane-disrupting peptide
they had made previously, the
researchers engineered analogues
that would be selective for cancer
cells. The engineered peptides are
inactive until they reach cancer

B42 Chemical Biology, 2008, 3, B41-B48

When cancer cells (left)
are treated with peptide
nanostructures their
cellmembranes are
destroyed (right)

Nanostructures that puncture cell membranes prove selective

Peptides provide fatal blow for cancer cells

cell surfaces where they convert
into an active cell membrane
disruption agent. Since the enzyme
that activates the peptides is over-
expressed in prostate cancer cells,
normal cells do not activate the
peptide to the same extent, leading
to the peptides’ selectivity.
Vincent Rotello, an expert in
the supramolecular chemistry of
biological and materials systems at
the University of Massachusetts,
Ambherst, US, is enthusiastic about

the findings. ‘While enzymatic
activation has been used before for
therapeutics,” he says, ‘this peptide-
based scaffold has great promise
due to the modular nature of its
construction.’ This is because the
amino acid building blocks used to
assemble the peptides can be readily
varied, which provides ‘incredible
control over the structure
and dynamics of the eventual
therapeutics,” Rotello adds.

Voyer explains that the work
‘illustrates chemists’ abilities
to design novel nanometre-
sized molecular architectures
from scratch to address highly
challenging problems.” Future
efforts will be geared towards
‘determining the mechanism
of action of this new class of
antitumour agents,” he adds.
Kathleen Too

Reference
P L Boudreault et al, Chem. Commun., 2008,
2118 (DOI: 10.1039/b800528a)
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Streptavidin

Fluorescent probes are shedding
light on bacterial infection. Bradley
Smith from the University of Notre
Dame, US, and colleagues have
made fluorescent probes that can
distinguish between different
mutants of the same bacterial
species and can be used to observe
the bacteria in vivo.

The team made the probes by
attaching the bacteria-targeting
ligand zinc(11) dipicolylamine
(Zn-DPA) to a fluorescent
nanoparticle called a quantum
dot. Zn-DPA targets bacterial cells
because it has a strong affinity
for the phospholipids in their
outer cell membranes. However,
when attached to a relatively large
quantum dot, it appears the ligand
is unable to reach the phospholipids
in some bacteria, leading to
selective binding.

Smith’s team showed that
Zn-DPA-quantum dots can stain
arough strain of Escherichia coli
intensely, but not smooth E. coli
strains or Gram-positive bacteria
—agroup of bacteria that can be
stained by crystal violet dye. They
suggest this is because Gram-
positive bacteria have thick cell
walls with pores too small to allow
the quantum dots to pass through.
Similarly, the smooth E. coli strains
are surrounded by a polysaccharide
layer which prevents the
Zn-DPA-quantum dots reaching

©The Royal Society of Chemistry 2008

Zinc (u) dipicolylamine
coated quantum dots

(left) are a selective

stain for some bacteria
such as arough strain of
Escherichia coli (vight)

Reference

W M Leevy et al, Chem.
Commun., 2008, 2331 (DOI:
10.1039/b803590c)

Nanoparticles target bacteria to illuminate infection in vivo

Probes spot the difference

Excoli

the phospholipids in the membrane
beneath.

The team says it should be
possible to exploit the probes’
selectivity in highly sensitive
multicoloured staining schemes
to identify bacterial species
and mutant strains rapidly in
contaminated samples.

The group also tested the
feasibility of using the probes
for in vivo imaging of bacterial
infection in mice. They found the
bacterial fluorescent signal to be
10-fold greater than the background
autofluorescence. But, admit the
scientists, it is only 1.5 times greater
than when bacteria are labelled
with Zn-DPA attached to an organic
fluorophore rather than a quantum
dot. The observed fluorescence is
limited because maximum tissue
penetration is achieved when
a fluorophore’s excitation and
emission wavelengths are both
between 650 and 900nm - these
quantum dots emit at §00nm but
excite below 500nm.

Smith plans to develop the
optical imaging method so that it
can be used to evaluate antibiotic
therapy in animals. ‘The challenge
is to make very bright and highly
selective near-infrared imaging
probes that also exhibit favourable
pharmacokinetics and low toxicity,’
says Smith.

Freya Mearns

Newsinbrief

This month in Chemical Science

Swellable gels fix bad backs

This month’s Instant insight sees
Brian Saunders and Tony Freemont
discuss a new approach for treating
back pain using injectable microgel
implants.

Carbon nanotubes wear coats to
deliver drugs

Polymer coated carbon nanotubes
could find a new use in drug delivery,
claim Korean scientists.

Fungi wake up to new natural
products

Re-awakening ‘silent’ metabolic
pathways in fungi has revealed a
new range of natural products to US
scientists.

How mouldy is your house?
Concerns about mould growingin
houses are on the increase, claim
mycologists in France.

See www.rsc.org/chemicalscience
for full versions of these articles.

This month in Chemical Technology

People power

In this month’s interview, Duncan
Graham explains just how important
people are for the future of science.

On-chip suction stops worm wiggling
US scientists have developed a
microfluidic method for immobilising
worms, allowing them to be used in
high throughput studies of disease.

Making sense of DNAzymes

In this month’s Instant insight,
Itamar Willner and colleagues
discuss the applications of DNA-
based enzymes.

See www.rsc.org/chemicaltechnology
for full versions of these articles.

If you wish to receive an e-mail when
the next issue of Chemical Biology,
Chemical Science or Chemical
Technology is published online,

you can sign up to the RSC’s e-mail
alerting service. To sign up, go to
www.rsc.org/ej_alert
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Knowledge out of chaos

Scientists have upset gene expression
to study its randomness and discover
how the cell reduces this variability.

An organism’s genetic code
does not simply equate to a certain
outcome. Noise in gene expression
canresultin physical differences in
genetically identical populations.
Synthetic biologists who want to
construct and study gene networks
need to understand this noise
for their own experiments to be
valid, and new work from America
explores just that.

In gene expression, genes are
read and translated into protein
products using small RNA molecules
overseen by a large complex called
aribosome. Because there are so
many of these small RNAs in a cell,
variations in their relative levels can
affect protein production. Andrew
Ellington, at the University of
Texas at Austin, US, and colleagues
decided to investigate this
phenomenon further.

Variations in the
amounts of different
RNA molecules in cells
can affect protein
production

The group made small ribosome
competing RNA (rcRNA) molecules
that were designed to compete
with cell RNA for the ribosome and
affect gene expression. Their aim
was to use the rcRNAs as a tool in
gene expression noise studies to
introduce noise controllably using

Noise control as competitive RNA interferes with gene expression

different amounts and types of
rcRNA.

When the researchers added the
rcRNAs to Escherichia coli cells
they found that their rcRNAs do
generate noise, causing fluctuations
in the production of a fluorescent
protein by the bacteria. The team
used its rcRNA approach to show
that DNA sections called operons
are highly effective at reducing noise
as they eliminate the relative RNA
fluctuations between genes.

Jim Collins, co-director of the
Centre for BioDynamics at Boston
University, US, is very impressed
with the new tool. He describes the
work as ‘an excellent example of
how synthetic biology techniques
can be used to gain insight into
fundamental biological principles.’
Laura Howes

Reference
J J Tabor et al, Mol. BioSyst., 2008, DOI:
10.1039/b801245h

Polymeric lipids ensure DNA vectors meet their targets

UK chemists have used smart at University College
polymers to deliver London, UK.
DNA into cells. Based To overcome
on pH-sensitive o) - this problem,
poly(ethylene glycol) RO{/\/ -]\x/\o | X or Hailes and her
(PEG) lipids, the Ro‘{’\/o +/\ O/LH/\/ N*\)\/OR' colleagues
polymers can be ' X " y ' / ' have developed
used as aremovable i .o acid-cleavable
protective coat for SRR Tt :gtr:f;;f.l;ig:d PEG lipidsto
gene delivery systems. shield the DNA in
Gene delivery systems, anon-viral vector.
orvectors, have to protect The vector consists

of a targeting peptide and
cargo DNA with the PEG lipids as
covering. This coating stabilises the
particles, protects the DNA from
nuclease enzymes, provides water
solubility and facilitates transport
through the cell membrane. Once
the vector is inside the cell, the
lower pH triggers hydrolysis and
shedding of the coating, releasing
the cargo DNA. As different PEG
lipid structures are hydrolysed at
different pH, this offers a method of
controlling the pH dependence of

their DNA cargo from enzymes,
cross cell membranes and yet still
release a therapeutic dose of intact
DNA inside the target cell. Viral
vectors can deliver genes into

cells, however, they can provoke

an immune response which limits
their therapeutic use. One of the
problems often associated with non-
viral gene delivery systems is that
‘the efficiency is too low and that the
vectors are not sufficiently stable,
particularly in vivo,” says Helen
Hailes areader in chemical biology

The pH-sensitive coating
shields the vector until
the PEG region (yellow)
is removed by hydrolysis
at the linker (blue)

Reference
J B Wong et al, Mol. BioSyst.,
2008, DOI: 10.1039/b719782a
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Plastic coats wrap up gene delivery

DNA release, suggests Hailes.

The team demonstrated the
new system’s effectiveness by
using it to transfer DNA coding
abioluminescent enzyme into
different cell types, and then
measuring the enzyme’s activity.
‘The PEG lipids seem to provide
cell specific properties, comments
Antonio Villaverde, an expert
in non-viral gene therapy at
the Autonomous University of
Barcelona, Spain. ‘This could be
an interesting element to favour
cell targeting in delivering such
constructs.’

Looking to the future, Hailes
says that the team hopes to ‘design
different tunable features into
the lipids for a range of delivery
applications.” She adds that this
could include using the system
to deliver small interfering RNA
- short strands of RNA that can
be used to interfere with gene
expression. Russell Johnson

©The Royal Society of Chemistry 2008
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Reaction between atmospheric species could explain their role in airway disease

Radical proposal for nitrate link to asthma

AcHN

Australian researchers have
discovered that nitrate radicals
irreversibly damage amino acids.
This raises the possibility that the
radicals play arole in respiratory
disease, they claim.

Nitrogen dioxide and ozone have
been linked to airway diseases
such as asthma, although their
exactroleis not clear. In the
atmosphere, these gases can react
to form extremely reactive nitrate
radicals, leading Uta Wille and

In the current issue of Research Articles...

NeX

CH5CN

CO,Me

Duanne Sigmund at the University
of Melbourne, Victoria, to question
whether there is a link between
these radicals and respiratory
illness.

As part of their research, the
duo has found that nitrate radicals
irreversibly damage aromatic
amino acids, forming compounds
including B-nitrate esters,
B-carbonyl and aromatic nitro-
compounds. ‘The reaction forms
oxidised products,” explains Wille,

oxidation in B-position

aromatic ring nitration

Nitrate radicals will
react with aromatic
amino acids. The
radicals formin

the atmosphere and
build up overnight

‘some of which have been found in
polluted air and are associated with
immune stimulation.” By analysing
these products the researchers
proposed a mechanism for the
oxidation and nitration reactions.
“The next step is to study the
radicals’ role in damage to proteins,
peptides and carbohydrates
- molecules that line the cells of the
respiratory tract and so are in direct
contact with the atmosphere,” says
Wille. Ultimately the team wants
to check whether the radicals can
migrate through the cell membrane,
‘where they could cause damage
inside the cell, Wille adds.
Malcolm Forbes, an expert
in free radical chemistry at the
University of North Carolina at
Chapel Hill, US, welcomes the
research, and says: ‘The results
will have a significant impact on
research into oxidative damage to
proteins, particularly in regard to
respiratory illness. The challenge
now is to correlate these results
with in vivo studies to assess the
real impact to society.’
Russell Johnson

Reference
D C E Sigmund and U Wille, Chem. Commun.,
2008, 2121 (DOI: 10.1039/b803456g)

Fast-lysis cell traps for chemical cytometry
Paul J Marc et al, Lab Chip, 2008, 8, 710
(DOI:10.1039/b719301g)

-

Intracellular applications of analytical SERS
spectroscopy and multispectral imaging

Igor Chourpa et al, Chem. Soc. Rev., 2008, 37, 993
(DOI:10.1039/b714732p)

Simultaneous determination of glycated haemoglobin, a long term
hiomarker of diabetes mellitus, and total haemoglobin by isotope
dilution and HPLC-ICP-MS

M Estela del Castillo Busto et al, J. Anal. At. Spectrom., 2008, 23,
758 (DOI: 10.1039/b718008;)

Highly efficient quenching of excimer fluorescence by perylene
diimide in DNA

Nicolas Bouquin et al, Chem. Commun., 2008, 1974

(DOI: 10.1039/b802193g)

©The Royal Society of Chemistry 2008

Measuring the simultaneous effects of hypoxia and deformation on
ATP release from erythrocytes

Andrea Faris and Dana M Spence, Analyst, 2008, 133, 678
(DOI:10.1039/b719990b)

The importance of surfaces in single-molecule bioscience
Mari-Liis Visnapuu et al, Mol. BioSyst., 2008, 4, 394
(DOI:10.1039/b800444g)

Quantitative SERRS for DNA sequence analysis
Duncan Graham and Karen Faulds, Chem. Soc. Rev., 2008, 37,1042
(DOI:10.1039/b707941a)

Porphyrin-bile acid conjugates: from saccharide recognition in the
solution to the selective cancer cell fluorescence detection
Jarmila Kralova et al, Org. Biomol. Chem., 2008, 6, 1548

(DOI: 10.1039/b717528k)

Read more at www.rsc.org/chembiology
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Interview

biomarkers

Kathryn Lilley is director of

the Cambridge Centre for
Proteomics, located in the
Systems Biology Centre,
Cambridge, UK. Her group is
involved with several important
collaborative proteomics
projects, in particular

involving the model organisms
Arabidopsis and Drosophila.

B46 Chemical Biology, 2008, 3,B41-B48

What inspired you to hecome a scientist?

My grandfather was an amateur gardener and my
mother picked up his love of plants. I think it was her
love and enthusiasm for nature and plants that made
me very interested in biology.

Talways had a battle as to whether to become a
musician, as that’s my other great passion. I suppose
Irealised that you could be a professional scientist
and an amateur musician but it would be very
difficult to live your life the other way around!

Why did you choose to specialise in proteomics?
After my PhD, which involved alot of protein
sequencing, an opportunity came up to run a protein
sequencing facility at the University of Leicester.
About that time, there were some major papers
published on mass spectrometry of proteins,
particularly from Mathias Mann’s group at the
European Molecular Biology Laboratory in
Heidelberg. Although we purchased our own mass
spectrometers in Leicester to support peptide and
DNA synthesis, they were not the right type to carry
out these new methods of protein identification. T
was frustrated as I really wanted to carry out these
wonderful new proteomics technologies.
Next, the opportunity came to move to
Cambridge to set up a proteomics laboratory
with funding from the BBSRC and with it, the
idea that I could do all this wonderful scalable
protein identification. After running a core facility
for many years in Leicester, in Cambridge I got
the opportunity to get back in touch with how to
answer interesting biological questions.

What biological questions are you interested in?
In the early days of the facility, most projects
centred around knowing the differences in protein
abundances between mutant and wild types or
treated and untreated states. If we can see which
proteins are changing in their expression or post-
translational state, it gives us an insight into what’s
going on inside a cell.

1 got fed up with identifying the same sets
of proteins and wanted to probe into the lower
abundance fraction of proteins. I also wanted to get
information on where they resided in a cell and
who with!

What are you working on at the moment?
Organelle proteomics. The first stage of many
proteomics experiments is to take the cells and mash

them up. Usually you add a healthy dose of detergent.

The proteindetective

Kathryn Lilley tells Michael Smith how curry and beer could be the downfall of

This means you lose all the spatial information
about your proteins within a cell. I think thisis a very
important thing to study because where proteins
are and what they associate with is going to give us a
huge amount of information that we can’t get from
justlooking at their abundance.

We are starting to look at components from
signalling pathways — how they move around the
cell upon signalling events and how this may change
under different situations, including development
and differentiation. We’ve spent a few years trying
to fine tune the methodologies. We’re not there
yetbut we’ve gone quite some way to be able to
produce technology that is robust both in terms
of identifying proteins associated with certain
organelles and mapping onto that the position of
protein complexes.

What do you think about biomarkers as an ultimate aim
of proteomics?

Proteomics is a very attractive way of finding
biomarkers but it is fraught with issues.

The main issue is the dynamic range of protein
concentrations within plasma, which currently no
techniques can cover.

Secondly, if you do find biomarkers in a certain set
of proteins that are always up-regulated in someone
who is suffering from a cold, how discriminatory
isthat? I can’t see that there is going to be any one
biomarker that will tell you which disease is present.

Finally, blood plasma is really a mirror of your
general state of health and what you’ve been up to
in the last day or two. There is a lot of person-in-
person variability depending on your health and
whether you’ve had a curry and several beers the
night before! In a population set, I think it’s going to
be very difficult to find an abundance change that is
disease-specific.

What advice would you give to someone considering a
career in science?

Looking back on my own career, I became too
specialised too soon. What I lost touch with very
quickly, and T wish T hadn’t, was maths. More

and more in biology, we are making quantitative
measurements. The way in which we deal with
those measurements is controlled by statistical and
mathematical tools. We need that know-how to be
able to design our experiments properly and to see
whether we believe the data that’s coming out. My
advice is to avoid losing touch with other scientific
disciplines. Try and stay broadly focused.

©The Royal Society of Chemistry 2008
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Communicating withnature

Bacteria have invented a potentially global language - quorum sensing.
Kim Janda of the Scripps Research Institute in La Jolla, US, translates

Over the course of history, humans
have developed countless ways to
communicate with each other, and
over 6800 languages have been
catalogued. Despite these advances,
our verbal relations with other
species remain somewhat limited to
gestures and shouts, as can be seen
in the case of dogs and their owners.
On amicroscopic level, bacteria

can communicate with one another
through a different language, one
based on small molecules, using
amechanism known as quorum
sensing (QS). In contrast to humans’
limited verbal communication
capacities, QS allows communication
and interaction with other bacterial
species, and even other organisms
such as mammals.

Bacterial language relies on
the exchange of small chemical
signals, called autoinducers.
Through this exchange, bacteria
monitor their density and regulate
gene expression in a population-
dependent manner. This allows
them to coordinate their behavior
and function, equipping the bacterial
communities for competition or
cooperation with multicellular
organisms. A classic example is the
symbiosis between the Hawaiian
bobtail squid Euprymna scolopes
and the luminescent bacterium
Vibrio fischeri. In this relationship,
the bacteria provide the squid with
luminescence, allowing it to blend
in with the moonlight while feeding,
and so avoid casting shadows on the
sea floor which would alert both
predators and prey. At the same time,
the bacteria also benefit, as they
receive nutrients and safety.

QS has traditionally been referred
to as acommunication mechanism
between bacteria within one
species. However, research is
emerging that implicates arole for
QSininterspecies communication
and competition, and such
systems have been proposed to
existin a wide variety of bacteria.
Particularly relevant to interspecies

©The Royal Society of Chemistry 2008

The Hawaiian bobtail
squid has a symbiotic
relationship witha
luminescent bacterium

Reference

C A Lowery, T J Dickerson, and
K D Janda, Chem. Soc. Rev.,
2008, DOI: 10.1039/b702781h

communication is the autoinducer
2 (AI-2)-based QS system, which
hasbeen suggested to function in
over 50 bacterial species. Recently,
it was shown that Actinomyces
naeslundii and Streptococcus
oralis, two bacteria responsible
for oral plaque formation, require
AI-2 production to initiate plaque
development.

But communication amongst
bacterial species is not always
S0 cooperative; certain
autoinducers and their by-
products have been shown to
have cytotoxic effects on other
bacteria. Pseudomonas aeruginosa
is especially adept at this
intercellular competition, in that
atleast two autoinducer-derived
molecules exhibit detrimental
effects towards other bacteria,
most notably Staphylococcus
aureus. This activity may give
P. aeruginosa a competitive
advantage over S. aureus in the
lungs of cystic fibrosis patients,
a clinical setting plagued

by infections due to these two
pathogens.

In addition to helping bacteria
organise their behaviour and
functions, recent research suggests
QS is a means for bacteria to interact
with other organisms. Similar to
bacterial interspecies relations,

QS systems may mediate this
interkingdom signalling either
through host cell recognition

of bacterial signals or through

the unregulated action of an
autoinducer on the host cell. Several
studies have detailed the effects of
AHL (N-acylhomoserine lactone)-
based signalling molecules on
human cells - the responses ranging
from immuno-activation to cell
death.

A potential communication
language between humans and
Escherichia coli has also been
described. E. coli responds
to two human-derived small
molecule signals, adrenaline
and noradrenaline, to regulate
virulence expression. For this same
purpose, E. coli also employs a small
molecule of its own production,
termed AI-3. Based on the role of
E. coliin the gastrointestinal tract,
and the overlap between bacterial
recognition of AT-3 and adrenaline,
AI-3 hasbeen suggested to play
arole in maintaining intestinal
homeostasis.

Because QS can mediate so many
relationships, it may represent
aglobal language that spans
every kingdom of life. Human
interpretation may impart a deeper
knowledge of bacterial lifestyles
and provide the opportunity for
an appropriate response, at least
one of which would be developing
pharmacological interventions for
bacterial infection.

Read more in the tutorial review
‘Interspecies and interkingdom
communication mediated by bacterial
quorum sensing’ in issue 7, 2008 of
Chemical Society Reviews.
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Emerginglinvestigators

Highlighting the brightest
new researchers in the
field, issue 6 of Molecular
BioSystems (MBS) is not
to be missed. The 20 full
research papers, seven
communications and

two reviews are written
by outstanding young
scientists at the chemical-
and systems-biology
interfaces. The issue
features novel methods to
visualise and manipulate
protein function in living
cells, the development

of chemical techniques

to monitor specific
protein post-translational
modifications,

new insights into
metabolomics and much,
much more.

Molecular
BioSystems

wnsmalecolarbiosystems org

RSCPublishing

Volure 3 | Number'6_June 2608 _Pages 145-70

work in some of the most
fascinating and important
areas of biology.

We intend to run future
issues of this kind so watch
this space. Finally, MBS
extends a big thank-you to all
the Emerging Investigators
themselves for making this
such an excellent collection of
papers. We wish them every
success in their future careers
and - in the words of Tom
Kodadek, the MBS editorial
board chair - ‘Clearly the
future of this exciting area of
biology is in good hands!’

Find out more at
www.molecularbiosystems.org

And watch out for arelated
theme issue from ChemSocRev

All the contributors were
personally recommended by
MBS editorial or advisory board
members as young scientists
whose work has the potential to

influence the future directions of
these fields. All submissions were
subjected to full peer review and
the resultis an issue showcasing

(www.rsc.org/chemsocrev)

in July; issue 7 will be a
thematic issue examining the
interface of chemistry with
biology.

Leading the way in
miniaturisation, Lab ona

Chip has teamed up with
Corning Incorporated to

again host the Pioneers in
Miniaturisation Prize. Spanning
avariety of disciplines, this
prize recognises outstanding
achievements and significant
contributions by a younger
scientist to the understanding
and advancement of micro- and
nanoscale science.

As aleading-edge science
and technology organisation,
Corning Incorporated is keen
to reward, recognise and
encourage the development of
miniaturisation in the chemical
and biological sciences and
promotes interdisciplinary
research required for the most
significant innovations in this
area.

The recipient of the award
will receive a US$5000 bursary

PioneersinMiniaturisationPrize

to support their continued
contribution to the field.

A deadline for applications
has been set for 31st August
2008. Following the final
decision, which will be

made by committee, a winner
will be announced at the
uTAS 2008 conference, in
San Diego, CA, US.

For more information visit
www.rsc.org/loc

Building on the success of

their monthly podcast - which
hasbeen drawing listeners

since launch in October 2006

— Chemistry World has now
launched a weekly mini-podcast.
With aleading scientist or
author as your guide to bring
you the story behind the science,
‘Chemistry in its element’ allows
you to work your way through
the periodic table as each
episode pays a five-minute visit
to an element. And - just like the
monthly podcast - it’s completely
free! Make a start with episodes
oniron, gold, silver, bromine,
zirconium and oxygen.

In addition, join the thousands
of listeners who enjoy the
Chemistry World monthly
podcast and you could be the
lucky winner of an iPod. It’s
simple: listen to the latest episode
of the monthly podcast, answer
our short feedback survey and
we’ll enter you into our prize
draw.

For further information about the
Chemistry World podcasts, and
your chance to win, visit
www.chemistryworld.org/podcast
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