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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

3805

Supercritical CO2: an effective medium for the
chemo-enzymatic synthesis of block copolymers?

Silvia Villarroya,* Kristofer J. Thurecht, Andreas Heise
and Steven M. Howdle*

In this review, we describe the combination of enzymatic
polymerisation and controlled free radical polymerisation in
supercritical carbon dioxide for the preparation of a range of
block and graft copolymers.
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3814

Towards quantitative analysis of intermolecular
interactions with Hirshfeld surfaces

Joshua J. McKinnon,* Dylan Jayatilaka and
Mark A. Spackman

Enhancements to Hirshfeld surface tools and techniques,
namely mapping of normalised contact distances and
breakdown of fingerprint plots, enable quantitative
comparisons between contributions to crystal packing from
various types of intermolecular contacts.

3817

Liquids intermediate between ‘‘molecular’’ and ‘‘ionic’’
liquids: Liquid Ion Pairs?

Kevin J. Fraser, Ekaterina I. Izgorodina, Maria Forsyth,
Janet L. Scott and Douglas R. MacFarlane*

Phosphonium-based ionic liquids in some cases exhibit
properties that reflect strong ion association, including low
viscosity and a degree of volatility. They therefore exemplify a
useful intermediate state between ionic and molecular liquids,
which we describe as liquid ion pairs.

3820

Fluorescence-based detection of single nucleotide
permutation in DNA via catalytically templated reaction

Zbigniew L. Pianowski and Nicolas Winssinger*

Conversion of low fluorescence azidocoumarin–PNA
conjugate to high fluorescence aminocoumarin was achieved
using a catalytic amount of DNA template with single
nucleotide resolution.

3823

Zwitterionic phosphazenium phosphazenate ligands

Mark A. Benson, Joanne Ledger and Alexander Steiner*

Zwitterionic ligands are readily prepared from phosphazenes
(RNH)6P3N3 by successive alkylation of ring N sites and
deprotonation of exocyclic NH sites. These exhibit a ligand
behaviour that is similar to conventional anionic
phosphorus(V) nitrogen ligands.
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3826

Liquid-crystalline terpyridines

Valery N. Kozhevnikov,* Adrian C. Whitwood and
Duncan W. Bruce*

5,50-Disubstitution of the terpyridine core leads to the first
inherently liquid-crystalline terpyridines. Mesophases
characteristic of bent-core and calamitic systems may be
obtained depending on the core structure employed.

3829

An electrochemical approach for the detection of HIV-1
protease

Kagan Kerman, Khaled A. Mahmoud and
Heinz-Bernhard Kraatz*

An electrochemical biosensor is presented for the detection of
human immunodeficiency virus (HIV) type 1 protease
(HIV-1 PR) using a surface-bound ferrocenoyl (Fc)–pepstatin
conjugate.

3832

Synthesis and cellular uptake of cell delivering
2,6-pyridinediylbisalkanamide submicron-sized sheets in
HeLa cells

J. S. Yadav,* Manoj Kumar Gupta, I. Prathap,
Manika Pal Bhadra,* Parsi K. Mohan and
Bulusu Jagannadh*

The uptake into the cytoplasm of HeLa cells of self-assembled
submicron-sized sheets of 2,6-pyridinediylbisalkanamides
synthesized using diaminopyridine (DAP) as a linker and alkyl
chains of varying lengths was studied by confocal microscopy.

3835

calix-Tris-Tröger’s bases – a new cavitand family

Martin Valı́k, Jan Čejka, Martin Havlı́k, Vladimı́r Král
and Bohumil Dolenský*

The first members of a new cavitand family, represented by
calix-shaped tris Tröger’s base diastereoisomers, are prepared
via step-by-step synthesis as well as one-pot mixed
troegeration.
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Unusual luminescent octanuclear stellate platinacycle self-
assembled by Pt–Ag bonds

Larry R. Falvello,* Juan Forniés,* Elena Lalinde,*
Babil Menjón, M. Angeles Garcı́a-Monforte,
M. Teresa Moreno and Milagros Tomás

An unusual luminescent cyclic cluster,
cyclo-[{Pt(C6Cl5)2(m-OH)(m-Ag)}4] features an octanuclear
ring based on Pt(II)–Ag(I) bonds.

3841

Effective and efficient sensitisation of terbium
luminescence at 355 nm with cell permeable
pyrazoyl-1-azaxanthone macrocyclic complexes

Craig P. Montgomery, David Parker* and
Laurent Lamarque

Emissive terbium complexes tailored for protein conjugation,
incorporating a new sensitising moiety are less prone to excited
state quenching and are suitable for live cell imaging studies.

3844

A new type of heteroleptic complex of divalent lead and
synthesis of the P-plumbyleniophosphasilene,
R2SiLP–Pb(L): (L = b-diketiminate)

Shenglai Yao, Stefan Block, Markus Brym and
Matthias Driess*

The first b-diketiminato plumbylenes (2a–c, 3) with terminal
phenolato, bis(trimethylsilyl)amido,
bis(trimethylsilyl)phosphanido and silylidenephosphanido
ligands R are reported. The novel compounds are unique
because of the dual electronic character of lead(II).

3847

AlAr3(THF): highly efficient reagents for cross-couplings
with aryl bromides and chlorides catalyzed by the
economic palladium complex of PCy3

Shih-Lun Ku, Xin-Ping Hui, Chien-An Chen, Yi-Ying Kuo
and Han-Mou Gau*

Novel and highly efficient cross couplings of aryl bromides and
chlorides with AlAr3(THF) catalyzed by the economic
palladium catalyst of PCy3 are reported without the use of a
base.
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Reversible formation of hybrid nanostructures via an
organic linkage

Liangfei Tian, Chunsheng Shi and Jin Zhu*

A reversible formation of hybrid nanostructures has been
successfully achieved via an organic linker containing a
cleavable disulfide bond, which provides a general route to the
preparation of controllable composite architectures using
particles of distinct compositions.

3853

Tetranuclear copper(I) clusters: impact of bridging
carboxylate ligands on solid state structure and
photoluminescence

Yulia Sevryugina, Oleksandr Hietsoi and
Marina A. Petrukhina*

Tetranuclear copper(I) complexes, [Cu4(O2CR)4], having
discrete cores (R = (3-F)C6H4 or (2,3,4-F)3C6H2), or extended
motifs (R = CF3 or CF3/C6F5), were found to exhibit structure
dependent photoluminescence in the solid state.

3856

Synthesis and structure of nitrogen bridged calix[5]-
and -[10]-pyridines and their complexation with fullerenes

Shi-Qiang Liu, De-Xian Wang, Qi-Yu Zheng and
Mei-Xiang Wang*

Azacalix[5]- and -[10]-pyridines, novel heteroatom bridged
calixaromatics, are selectively synthesized, and they form 1 : 1
complexes with C60 and C70 in a size-selective manner with Ka

up to 1.3 6 105 ¡ 0.03 6 105 M21.

3859

Polymer-masking for controlled functionalization of
carbon nanotubes

Liangti Qu and Liming Dai*

An effective and versatile method for tube-length-specific
functionalization of carbon nanotubes through a controllable
embedment of vertically-aligned carbon nanotubes into
polymer matrices is reported, which allows not only
asymmetric functionalization of nanotube sidewalls, but also
facile introduction of new properties (e.g. magnetic) onto the
region-selectively functionalized carbon nanotubes.

This journal is � The Royal Society of Chemistry 2007 Chem. Commun., 2007, 3787–3800 | 3795





COMMUNICATIONS

3862

Promoting gold nanocatalysts in solvent-free selective
aerobic oxidation of alcohols

Nanfeng Zheng and Galen D. Stucky*

A trace amount of promoter significantly boosts catalysis by
supported gold nanoparticles.

3865

Measuring H-bonding in supramolecular complexes by
gas phase ion–molecule reactions

Elina Kalenius, Davide Moiani, Enrico Dalcanale and
Pirjo Vainiotalo*

H/D and guest-exchange ion–molecule reactions have been
used as a new tool to elucidate the operation of multiple
hydrogen bonding in gas-phase complexes formed between
phosphonate cavitands and ethyl-substituted ammonium ions.

3868

m-Acetylide and m-alkenylidene ligands in ‘‘click’’ triazole
syntheses

Bernd F. Straub*

m-Acetylide copper complexes are quantum-chemically
predicted to be more stable, as well as more reactive, than
terminal acetylides. The stability of dicopper(I,III)
m-alkenylidene intermediates translates into facile C–N bond
formation.

3871

Specific detection of cysteine and homocysteine:
recognizing one-methylene difference using
fluorosurfactant-capped gold nanoparticles

Chao Lu and Yanbing Zu*

Aggregation of fluorosurfactant-capped gold nanoparticles
could be induced selectively by cysteine and homocysteine.
When the solution ionic strength was low, large size
nanoparticles (y40 nm) were able to recognize one-methylene
difference between the two aminothiols.
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3874

A new type of heteroleptic complex of divalent lead and
synthesis of the P-plumbyleniophosphasilene,
R2SiLP–Pb(L): (L 5 b-diketiminate)

3874

Self-assembly of b-D glucose-stabilized Pt nanocrystals
into nanowire-like structures

Shenglai Yao, Stefan Block, Markus Brym and
Matthias Driess

Juncheng Liu, Poovathinthodiyil Raveendran,
Gaowu Qin and Yutaka Ikushima
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Copper targets specific residues in Parkinson’s-linked protein

Promise for Parkinson’s

Actor Michael J Fox is an advocate for Parkinson’s research

©The Royal Society of Chemistry 2007

Research from Poland could lead 
to a better understanding of the 
causes of Parkinson’s disease. 
Teresa Kowalik-Jankowska 
from the University of Wrocław 
and her colleagues have studied 
how copper-catalysed oxidation 
damages a protein linked to the 
condition. 

Patients with Parkinson’s 
disease have significantly 
increased copper levels in their 
cerebrospinal fluid, suggesting 
that the metal is somehow involved 
in promoting the condition, said 
Kowalik-Jankowska. The protein 
α-synuclein plays a central role in 
a number of neurodegenerative 
diseases and oxidation with 
copper(ii) ions is known to cause it 
to aggregate in vitro. α-Synuclein 
aggregation in vivo is believed 
to trigger lesions called Lewy 
bodies to form, added Kowalik-
Jankowska, and these abnormal 
protein deposits are found in the 
brains of patients with Parkinson’s 
disease. 

October  2007  /  Volume 2  /  Issue 10  /  ISSN 1747-1605  /  CBHIBN  /  www.rsc.org/chembiology

Cell preservation all wrapped up
Freezing cells inside glass cages could potentially improve 
human fertility treatments 

Reflections on protein surfaces
A gold device proves cheap for studying biomolecular binding

The art of chemistry
Stefan Matile talks about painting, fake tongues and flamenco

‘Absolute’ phosphorylation
Elemental mass spectrometry: a high flier in the world of 
quantitative phosphoproteomics
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To examine the precise role of 
copper in α-synuclein aggregation, 
the Polish team studied how 
copper(ii) ions interact with 
fragments of a mutant form of 
α-synuclein that is particularly 
prone to aggregation. They 
found that the ions bind to the 
peptide fragments primarily 
through histidine, methionine 
and lysine residues. Copper 
binding makes these residues 
more susceptible to reaction 
under oxidising conditions, said 
Kowalik-Jankowska. ‘We can say 
that copper(ii) ions will react 
in a similar way with the whole 
protein.’ 

In future research, the group 
will take a closer look at the 
products formed by copper(ii)-
catalysed oxidation of fragments of 
non-mutant α-synuclein.
Danièle Gibney
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Freezing cells inside glass cages 
could potentially improve human 
fertility treatments.

Utkan Demirci and Grace 
Montesano, at Harvard Medical 
School and the Massachusetts 
Institute of Technology in 
Cambridge, US, have developed 
the first high-throughput cell 
vitrification method for automated 
cell preservation. Demirci and 
Montesano’s research involves cell 
encapsulation in droplets; ‘the aim 
is to apply the technology to real 
problems in medicine,’ said Demirci.  

Demirci and Montesano’s cell 
preservation method works by 
trapping single cells in droplets 
of a cryoprotectant – a liquid that 
prevents cell damage on freezing 
– and the droplets are then vitrified. 
Vitrification is a rapid freezing 
process in which a fluid turns into 
a glass-like solid without crystal 
formation. The new procedure 
can preserve cells at rates as high 
as thousands of cells per second 
while retaining cell viability. It 

Turning into glass means reduced stress for cells

Cell preservation all wrapped up

Scientists now have a cheaper 
tool for probing biomolecules 
thanks to Japanese researchers. By 
measuring two different physical 
properties simultaneously, Yoshio 
Okahata and co-workers at the 
Tokyo Institute of Technology 
can study protein hydration and 
viscoelasticity. 

The new approach uses a 
sensitive mass-measuring device 
– a piezoelectric quartz crystal 
microbalance (QCM) – to detect 
protein immobilisation on a 
surface. As a protein solution flows 
past the QCM, covalent coupling 
immobilises the protein onto an 
activated gold face of the QCM 
crystal, changing the crystal’s 
resonance frequency. In liquids, 
however, this resonance frequency 
depends not only on the change 
in mass accompanying protein 
deposition, but on protein hydration 

Gold device proves cheap for biomolecular study

Reflections on protein surfaces

Reference 
Y Manaka et al, Chem.  
Commun., 2007, 3574 (DOI: 
10.1039/b708901e)

Vitrified cells (left)  
can be thawed (right) 
and remain viable

Reference
U Demirci and G Montesano, 
Lab Chip, 2007, DOI: 10.1039/
b705809h

The change in blue  
light reflection indicates 
how much protein has 
bound to a gold surface

Chemical Biology

Research highlights

B74   Chemical Biology, 2007, 2, B73–B80 ©The Royal Society of Chemistry 2007

and viscoelasticity, so protein 
quantification becomes difficult. 

To overcome this hurdle, 
Okhata’s team followed the protein 
immobilisation by measuring 
the change in reflection of blue 
light from the gold surface. While 
the QCM resonance frequency 
is affected by several factors, the 

change in reflection corresponds 
only to the thickness, and so the 
mass, of the immobilised protein 
layer. Combining these two 
measurements means that changes 
in the resonance frequency due to 
mass can be separated from changes 
associated with hydration and 
viscoelasticity, allowing scientists 
to assess the effect of hydration and 
viscoelasticity on biomolecular 
adsorption. 

Previous methods to measure 
protein binding have involved 
combining the QCM with another 
surface measurement technique, 
surface plasmon resonance, 
which requires a complicated and 
expensive optical set-up. Okahata’s 
set-up is simpler and cheaper. 
Looking to the future, Okahata said 
‘this system could be applied to 
other biomolecular interactions.’
Russell Johnson

also allows lower concentrations 
of toxic cryoprotectant such as 
1,2-propanediol to be used, leading 
to significantly reduced osmotic 
stress on the cells. Furthermore, 
automation avoids human error and 
minimises mechanical stress to the 
cells due to manual handling.

Among the different cells 
preserved were liver cells and mouse 
embryonic stem cells and Demirci 
suggests that future work could 
provide controlled vitrification 
methods for reproductive (germ) 
cell preservation. ‘This could have 
impact in extending human fertility, 
allowing higher yields and success,’ 

said Demirci. ‘One challenge in 
vitrifying germ cells is their larger 
size compared to other cell types. 
We will optimise our system to 
address challenges in this arena 
by changing the droplet sizes and 
concentrations.’ 

David Juncker, an expert in 
high-throughput cell analysis from 
McGill University, in Montreal, 
Canada, explained that ‘cell 
preservation and manipulation is of 
great interest. The method seems 
versatile,’ he added, ‘I could imagine 
using it for rare stem cell collection 
and conservation.’
Kathleen Too
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Czech Republic in Brno. Whilst 
the reactants and products in this 
step can be identified through 
conventional experiments, the 
mechanism is not always clear. 
Clarifying the mechanism is useful 
for redesigning ligands to improve 
the effectiveness of potential drugs.

Using a combination of 
computational approaches, Deubel 
and Chifotides managed to identify 
the possible intermediates in the 
DNA–complex binding reaction 
and the transition states between 
them. They then calculated the free 
energies of these states to discover 
the lowest energy pathway. 

Looking to the future, Deubel 
said: ‘Potentially, computational 
approaches could be used to screen 
ligands by predicting the energy of 
intermediates and transition states.’  
Russell Johnson

Complex DNA binding unravelled

Understanding how an anticancer 
complex binds DNA has brought 
metal–metal based antitumour 
drugs one step closer. Dirk Deubel 
at the Swiss Federal Institute of 
Technology Zurich (ETH Zurich), 
Switzerland, and Helen Chifotides 
at Texas A&M University, in College 
Station, US, have calculated the 
binding mechanism of complex 
dirhodium tetracarboxylate to the 
DNA base guanine. 

Increasing attention is being 
paid to metal–metal based 
anticancer complexes as potential 
inhibitors of DNA replication. 
‘DNA–complex binding is believed 
to be the key reaction responsible 
for the anticancer activity of these 
compounds,’ said Judit Šponer, a 
specialist in computational analysis 
of metallopharmaceuticals at 
the Academy of Sciences of the 

Neuropeptides go with the flow
US scientists are following peptide 
trails to look at how neurons 
communicate. Jonathan Sweedler 
and colleagues at the University 
of Illinois at Urbana-Champaign 
have made microfluidic devices to 
monitor the peptides released by 
neurons. By interfacing the devices 
with a mass spectrometry (MS) 
imaging technique, the team can 
both identify the peptides and map 
their release from the cells. 

The team’s system includes a 
neuron reservoir to which reagents 
can be added. The team treated the 
cells with a solution of potassium 
chloride, stimulating the cells to 
release peptides. These peptides 
then flowed through microchannels 
attached to the reservoir where 
they were captured by an octadecyl-
coated layer on the channel bed. 
The researchers were able to 
control solution flow through three 

different channels so that they gave 
separate results for before, during 
and after stimulation.

To analyse the captured peptides, 
the group separated the peptide 
layer from the device and examined 
it using matrix-assisted laser 
desorption/ionisation (MALDI) 
MS. This was combined with 
imaging software to show where the 
peptides were on the layer and their 
identities.

Robert Kennedy, an analytical 
chemist at the University of 
Michigan in Ann Arbor, US, 
welcomed the research. ‘This adds 
substantially to the armamentarium 
of both microfluidics and single 
neuron studies as a simple approach 
to MALDI-MS imaging of chips,’ 
he said. ‘It should prove useful in 
answering long-standing questions 
about how neurons use peptides to 
communicate.’ Rachel Warfield

The dirhodium complex 
(left) binds to guanine 
through a series of 
intermediates

Neurons (above)  
release peptides  
to communicate

Reference 
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Metals leave their mark on 
transgenic soya
A plant’s metallic make-up could 
be used to identify it as genetically 
modified, say researchers in Brazil.

See www.rsc.org/chembiology for a 
full version of this article.

Robots with a heart
Robots small enough to roam the 
human body and powered by living 
heart muscle have been built by 
scientists in Korea.

Contaminants still present in breast 
milk
A US study has shown that levels 
of some flame retardants and 
organochlorine pesticides in breast 
milk are still high enough to warrant 
concern.

Glowing report for nerve agent 
detection
A chemiluminescent sensor could 
be used to detect sarin with a glow 
response, say US scientists.

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

Sizing up the danger of volcanic ash
Analysing the grain size of volcanic 
ash particles might provide a quick 
and easy way to calculate their 
potential threat to human health, 
according to a British scientist.

The phantom of the bone scanners
Research by Swiss scientists could 
open the way to better diagnosis 
and treatment for osteoporosis 
sufferers.

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

Chemical Biology

 This month in Chemical Science

 This month in Chemical Technology

News in brief
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Israeli scientists have developed a 
simple activity assay for an enzyme 
linked to the HIV virus life cycle.

Protein kinase enzymes regulate 
many cellular pathways, including 
metabolism and cell movement. 
While the enzymes are essential for 
normal cellular function, abnormal 
protein kinase activity has been 
implicated in a number of diseases. 
So assays for protein kinase activity 
and kinase inhibitor screening 
have great potential use in medical 
science laboratories.

Now, Itamar Willner and 
co-workers from the Hebrew 
University of Jerusalem have 
developed an activity assay for 
the protein kinase casein kinase 
II (CK2), a target of some HIV-1 
transcription inhibitors.

Since protein kinases work by 
attaching phosphate groups to 
proteins, the team took advantage of 
the charged nature of the phosphate 
products to use a field effect 
transistor (FET) in the assay. A FET 
registers a change in conductivity 
as charged species attach to a gate 
on its surface. In Willner’s assay a 
peptide that is recognised by CK2 is 
attached to the gate and exposure 
of the FET to CK2 and adenosine 
5'-triphosphate (ATP) results in 

phosphorylation of the peptide. 
This changes the charge at the gate, 
indicating CK2 activity.

Most protein kinase activity 
assays monitor either take-up of 
radiolabelled ATP or fluorescently 
labelled antibodies as they bind 
phosphorylated amino acid 
residues. These typically have poor 
specificity for the protein kinase of 
interest and limited sensitivity. In 
contrast, Willner’s assay is specific 
for CK2 and is label-free, removing 
the potential hazard of any 
radioactive, toxic or carcinogenic 

Assay exploits phosphate charge to register protein kinase in action

Activity of an aberrant enzyme 

markers and cutting sample-
processing steps. Furthermore, said 
Willner, ‘the sensor reveals good 
performance in terms of sensitivity, 
reusability, versatility and ease of 
operation.’

The Israeli team aims to extend 
its assay to analyse other kinases 
and to test potential kinase-
targeting drug candidates. They 
anticipate that as more protein 
kinase-controlled bioprocesses are 
discovered, quantitative assays for 
these enzymes will be in demand.
Freya Mearns

A field effect transistor 
(top left) detects protein 
kinase (red) activity as a 
change in conductivity

A dual near-infrared pH fluorescent probe and its 
application in imaging of HepG2 cells
Bo Tang et al, Chem. Commun., 2007, 3726 
(DOI: 10.1039/b707173f)

Multifunctionalised cationic fullerene adducts 
for gene transfer: design, synthesis and DNA complexation
Cédric Klumpp et al, Chem. Commun., 2007, 3762 
(DOI: 10.1039/b708435h)

Bioreductive activation and drug chaperoning in cobalt 
pharmaceuticals 
Matthew D Hall et al, Dalton Trans., 2007, 3983 
(DOI: 10.1039/b707121c)

β-Amino acid-containing hybrid peptides—new opportunities in 
peptidomimetics
Marie-Isabel Aguilar et al, Org. Biomol. Chem., 2007, 5, 2884 
(DOI: 10.1039/b708507a)

Utilisation of plant viruses in bionanotechnology
Nicole F Steinmetz and David J Evans, Org. Biomol. Chem., 
2007, 5, 2891 (DOI: 10.1039/b708175h)

Role of hydroxyapatite nanoparticle size in bone cell proliferation
Yurong Cai et al, J. Mater. Chem., 2007, 17, 3780 
(DOI: 10.1039/b705129h) 

Photodynamic modification of disulfonated aluminium phthalocyanine 
fluorescence in a macrophage cell line 
Lars Kunz et al, Photochem. Photobiol. Sci., 2007, 6, 940 
(DOI: 10.1039/b708456k)

Ultrafast light harvesting dynamics in the cryptophyte phycocyanin 
645
Tihana Mirkovic et al, Photochem. Photobiol. Sci., 2007, 6, 964 
(DOI: 10.1039/b704962e)

Read more at www.rsc.org/chembiology
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What inspired you to become a scientist?
Science was actually my second choice. After 
school and college, I wanted to become an artist 
so I went to art school. It was a disaster. I had no 
talent, but somehow I developed an interest in 
chemistry, particularly through the materials. I 
saw the pigments and etchings and wondered ‘why 
is yellow yellow?’ and ‘why is blue blue?’ Failing at 
art school was the start of my chemistry career.

Was it easy for you to change from art to chemistry?
I had very little scientific experience so at first it 
was very tough. However, I didn’t really see this 
as a disadvantage. Of course I had to work, but 
I was at an age where I was much more able to 
learn new things. Later on, I felt I benefited from 
the underlying similarities. After all, making new 
discoveries requires the same skills whatever the 
subject. Artists are probably more knowledgeable 
about using their intuition than chemists.

What motivated you to study in your particular area?
At the heart of it is the creativity of the chemistry. 
I am very interested in the ability to make new 
architecture that can do something interesting. 
This drove me to organic chemistry, where the 
construction of molecules is a strong theme.  
I branched into biological chemistry because I 
wanted to work with very large molecules and 
very big questions, ending up with very useful 
functions.

What are you working on at the moment?
We are building large molecules that can do 
interesting operations. For example, we are 
developing an artificial tongue which we use as 
a multifunctional sensor device that can analyse 
a variety of substances. We hope to develop this 
commercially for use in diagnostics and drug 
discovery and simply to detect enzymes, as many 
enzymes are difficult to detect using existing 
techniques, or need radio labelling which is 
expensive and wasteful.

You are also interested in artificial photosynthesis. Can 
you give a brief overview of what this is?
The definition of photosynthesis is the conversion 
of photonic energy into chemical energy. The 
classical reaction is the splitting of water. However, 
there is also a parallel approach, which is not 

photosynthesis, but converts photonic energy into 
electrical current. From an energy point of view, 
it doesn’t really matter which solution is found, 
but from the scientific point of view, it is probably 
easier to make a current. 

You started your academic career in the US. Are there 
many cultural differences working in the US compared 
to Europe?
Yes, there are many differences. What I like most 
about the US is the passion and the optimistic 
attitude. In Europe, I find that people treat science 
more as a profession than a passion. However, I 
think that science is structured better here. 

What can be done to encourage young people to study 
the chemical sciences?
This is a big problem and a very important point. 
The biggest problems that society faces, for 
example energy, will need to be solved by chemists, 
together with physicists and other scientists. We 
need to attract the most creative and talented 
young people to solve these problems. This needs 
to start with the teaching. Also, it is very important 
for scientists to be in the news, letting the general 
public know how important science is to today’s 
problems. Unfortunately, many scientists do not 
enjoy being in the spotlight.

If there was one chemical problem that you could solve 
what would it be?
The energy problem. Of course, there are other 
important areas such as drug discovery. I can 
see enormous potential at the interface with 
immunology, for example. Analytical tools from 
genomics and proteomics can lead to targets being 
identified much more easily. However, if you look 
at the world as a whole, the energy problem is just 
so much more important. It is almost like a holy 
grail!

What do you do in your spare time?
Unfortunately, part of being a scientist is that 
you don’t have much spare time! However, 
science does give me the opportunity to visit 
other countries and meet friends with the same 
passion, which is fantastic. I used to enjoy 
flamenco dancing. I was never good but I loved it. 
The rhythm is very difficult and the style is very 
powerful.

The art of chemistry
Richard Kelly talks to Stefan Matile about painting, fake tongues and flamenco

Interview

Stefan Matile is a professor 
of organic chemistry at 
the University of Geneva, 
Switzerland. His research is 
at the interface of organic, 
biological and supramolecular 
materials chemistry, allowing 
him to explore applications 
such as porous biosensors and 
artificial photosynthesis.

Stefan Matile
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Instant insight
‘Absolute’ phosphorylation 
Ana Pereira Navaza, Jorge Ruiz Encinar and Alfredo Sanz-Medel of the University of 
Oviedo in Spain explain why elemental mass spectrometry is a high flier in the world of 
quantitative phosphoproteomics

©The Royal Society of Chemistry 2007

Proteins carry out most of 
the biological functions 
in a cell. So a thorough 
understanding of 
cell functions and 
biochemical mechanisms 
in cells requires 
information about the 
proteins present, how 
and why they interact, 
their functions and 
when exactly they carry 
them out. Also, dynamic control 
of a protein’s conformation, and 
hence its function, is achieved 
mostly through chemical changes 
after it has been translated from 
messenger RNA – so-called 
post-translational modifications. 
Of these, phosphorylation is 
implicated in regulating protein 
activity and signalling pathways in 
cells and has received enormous 
attention recently, due mainly to 
its connection with cancer. 

However much phosphoprotein 
analysis is needed though, it is 
far from being straightforward. 
Firstly, phosphoproteins function 
at very low levels within cells. 
Secondly, a single protein 
can be phosphorylated and 
dephosphorylated by different 
kinases and phosphatases, 
respectively, on one or more 
different residues, and at different 
times. These variations may 
lead to very important biological 
effects, which should be detectable 
only if quantitative information 
(quantitative phosphoproteomics) 
is possible.

Classical approaches to 
analysing protein phosphorylation 
have consisted of labelling the 
proteins with radioactive 32P or 
Western Blot analysis, which uses 
gel electrophoresis to separate 
proteins of different length or 
structure. However, only advanced 
molecular mass spectrometry 

(MS)-based methodologies 
developed during the past decade 
have really boosted quantitative 
phosphorylation analysis. 

Quantitative data in 
phosphoproteomics are 
often obtained as relative 
phosphoprotein levels between 
two cell states. Relative strategies 
are very useful to evaluate 
phosphorylation changes with 
experiment, but they fail to 
provide absolute phosphopeptide 
abundance levels. In fact, absolute 
quantification of phosphoproteins 
at given phosphorylation sites 
has barely been addressed 
using molecular MS. Moreover, 
the few methods reported for 
this purpose so far require the 
previous chemical synthesis of 
each individual phosphopeptide, 
preferably as an isotopically-
labelled form. Therefore, 
application of these methods is 
restricted to proteins with well-
known phosphorylation behaviour 
and is limited by the availability of 
the labelled phosphopeptides. 

Absolute phosphoprotein 
concentration determination 
by molecular MS techniques is 
constrained by the fact that they 
provide matrix- and species-
dependent signals. Conversely, 
elemental MS (for example 
inductively coupled plasma MS, 
ICP-MS) gives an analytical 
response that can be made 
directly proportional to the 
absolute amount of the element 
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Phosphopeptides in 
complex samples (left) 
are destroyed and 
ionised during ICP-
MS (right) and can be 
quantified using the 
31P signal obtained

Reference
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and A Sanz-Medel, J. Anal. 
At. Spectrom., 2007, DOI: 
10.1039/b703555a

present (P in this case). The 31P 
signal obtained will be 
independent of the amino 

acid sequence of the 
phosphopeptide and of 
the matrix in which it is 
analysed. 

As a highly accurate and 
precise method, ICP-MS 

will allow very small changes 
in protein phosphorylation 
levels to be followed, aiding, for 
example, cell signalling studies. 
The exceptional features of the 
ICP-MS technique also open the 
door to species-independent 
calibration, providing a 
generic approach for absolute 
quantification of biomolecules 
containing ICP-MS heteroatoms 
(elements different from C, H, 
N and O). In heteroatom-tagged 
proteomics, absolute quantitative 
results can be traced directly to a 
simple certified P standard and so 
will allow sound data comparisons 
among different laboratories. 

Yet plasma MS comes with 
a price: the loss of molecular 
information. Complex biological 
mixtures call for high resolution 
separation and molecular MS of 
the individual components is still 
mandatory to find the amino acid 
sequences of the phosphopeptides 
quantified by ICP-MS. 

Complementary techniques, 
both molecular and elemental MS 
are required to translate an amount 
of phosphorus into an absolute 
amount of phosphopeptide 
and, of course, to determine 
the phosphorylation sites in 
the peptide – the first step to 
quantitative phosphoproteomics.

Read Navazza, Encinar and Sanz-
Medel’s critical review ‘Quantitative 
protein phosphorylation analysis: the 
role of ICP-MS’ in issue 10 of Journal 
of Analytical Atomic Spectrometry.
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Essential elements

Months of hard work were 
rewarded recently as RSC Project 
Prospect was named as winner of 
the 2007 ALPSP/Charlesworth 
Award for Publishing 
Innovation.

In making the award, which 
recognises a significantly 
innovative approach to any 

And the winner is …

You say,  we display ! 

aspect of scholarly publication, 
the judges described RSC Project 
Prospect as ‘the clear winner … 
journals incorporate standard 
metadata within the full text 
of articles and combine this 
with an elegant and intuitive 
on-screen manifestation of 
the advantages of including 

this metadata. As a result, 
sophisticated and effective 
searching of the literature is 
greatly improved and the value 
gained from reading each article 
is significantly enhanced. It is 
delightfully simple to use and 
benefits to authors and readers 
are immediately obvious.’

Receiving the award at the 
ALPSP Annual Dinner in 
London on September 13th, 
project manager Richard Kidd 
declared: ‘RSC Publishing is 
proud to win the 2007 award, 
which is great recognition for 
the work our publishing staff and 
academic partners have put into 
the development and evolution 
of Project Prospect.’ 

This is the first time that RSC 
Publishing has received the 
award for publishing innovation, 
and staff are understandably 
delighted.

Read more about RSC Project 
Prospect on the website:
www.projectprospect.org
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And finally…
We are pleased to announce 
that the RSC eBook Collection 
has been updated to include the 
first set of 2007 titles.

   Since its launch in March 
2007 the RSC eBook Collection 
has enjoyed a lot of attention 
from libraries across the globe 
keen to expand their chemical 
science book collections.

Access to over 740 high 
quality, digitalised books is 
combined with powerful search 
engines to enable scientists 
to find the information they 
need, when they need it.  Newly 
published books within the 
collection can be found by 
browsing by publication date, or 
alternatively, subject area and 
the first chapter of each book is 
available free for anyone visiting 
the site. Further new titles and 
functionality will be added to 
the RSC eBook Collection at 
different stages throughout the 
year.

To find out more about our 
ebook services visit  
www.rsc.org/ebooks

You told us that you wanted 
direct access to the latest 
research … and now, thanks to the 
latest update of the RSC Journals 
website, that’s exactly what we 
are delivering.

The contents list for each 
current issue now appears on the 
journal’s homepage, delivering 
the content you want to see as 
soon as you arrive at the site.  
Graphical abstracts are included 

as standard, to enable readers 
to browse content much more 
conveniently. A more prominent 
and easy-to-use search box 
also makes finding published 
research much more intuitive.

The changes are being 
introduced following feedback 
from readers and through 
extensive user testing; further 
evidence of the continued 
investment and development of 

our online platform.  Since the 
website re-launch in summer 
2005, RSC Publishing has 
introduced RSS feeds, alerting 
you to new content as and when 
it is published, and the award-
winning RSC Project Prospect 
has provided powerful HTML 
enhancements in journal articles.

To see for yourself visit  
www.rsc.org/journals and select 
your favourite RSC journal.
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