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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.

EMERGING AREA

3455

Enamides: valuable organic substrates

David R. Carbery*

In recent years, enamides have seen ever growing use as organic
substrates. The range of reactions they participate in and the ability to
tune their reactivity make enamides valuable compounds. Key
developments are highlighted, which will offer the chemist an insight to
their reactivity and possible opportunities for use in their own research.
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COMMUNICATIONS

3461

Copper-free ‘click’: 1,3-dipolar cycloaddition of azides
and arynes

Lachlan Campbell-Verduyn, Philip H. Elsinga,
Leila Mirfeizi, Rudi A. Dierckx and Ben L. Feringa*

Arynes formed through fluoride-promoted ortho-elimination of
o-(trimethylsilyl)aryl triflates can undergo [3 + 2] cycloaddition with
various azides to form substituted benzotriazoles. The rapid
reaction times and mild conditions make this an attractive variation of
the classical ‘click’ reaction of azides and alkynes.

3464

Catalytic asymmetric synthesis of the alkaloid (+)-myrtine

Maria Gabriella Pizzuti, Adriaan J. Minnaard* and
Ben L. Feringa*

A concise synthesis of myrtine has been developed with a copper-
phosphoramidite catalyzed conjugate addition of Me3Al as the key step.

3467

Organocatalytic asymmetric ring-opening of aziridines

Márcio W. Paixão, Martin Nielsen,
Christian Borch Jacobsen and Karl Anker Jørgensen*

The organocatalytic ring-opening of N-tosyl protected aziridines by
b-ketoesters under chiral PTC-conditions, leading to the formation of
optically active aminoethyl functionalised compounds with up to 99%
ee, has been developed.

PAPERS

3471

Preparation of a spontaneous resolution chiral fluorescent
system using 2-anthracenecarboxylic acid

Yoshitane Imai,* Kensaku Kamon, Katuzo Murata,
Takunori Harada, Yoko Nakano, Tomohiro Sato,
Michiya Fujiki, Reiko Kuroda and Yoshio Matsubara*

A spontaneous resolution chiral fluorescent system is prepared by using
2-anthracenecarboxylic acid, and racemic (rac)-1-phenylethylamine or
rac-1-cyclohexylethylamine.
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3476

Synthesis and conformational analysis of cyclic analogues
of inverse c-turns

Morakot Kaewpet, Barbara Odell,* Michael A. King,
Biswadip Banerji, Christopher J. Schofield* and
Timothy D. W. Claridge*

c-Turn analogues comprising a modified dipeptide constrained in an
eleven-membered ring were prepared by alkene metathesis and analysed
by NMR and molecular modelling studies. The results reveal that some
of the cyclic analogues form inverse c-turns and preferentially adopt
conformations determined by the identity of the constraining linker.

3486

New scaffolds for the design of selective estrogen receptor
modulators

Sonsoles Martı́n-Santamarı́a, José-Juan Rodrı́guez,
Sonia de Pascual-Teresa, Sandra Gordon, Martin Bengtsson,
Ignacio Garrido-Laguna, Belén Rubio-Viqueira,
Pedro P. López-Casas, Manuel Hidalgo,
Beatriz de Pascual-Teresa* and Ana Ramos*

We report the synthesis, molecular modelling, and affinity of new ER
ligands with an interesting antitumoural profile towards two pancreatic
cancer cell lines.

3497

Synthesis and evaluation of synthetic retinoid derivatives as
inducers of stem cell differentiation

V. B. Christie, J. H. Barnard, A. S. Batsanov, C. E. Bridgens,
E. B. Cartmell, J. C. Collings, D. J. Maltman, C. P. F.
Redfern, T. B. Marder,* S. Przyborski and A. Whiting*

Isomeric, stable synthetic retinoids based on the tetrahydronaphthalen-
2-ylethynylbenzoic acid system are readily accessed using Pd-mediated
cross-couplings. These compounds induce human pluripotent stem cells
to undergo neural or epithelial-like differentiation, depending upon the
isomer used.

3508

Synthesis, characterization and applicability of three
isotope labeled azobenzene photoswitches

Rolf Pfister, Janne Ihalainen, Peter Hamm* and
Christoph Kolano*

Three novel isotope labeled azobenzene photoswitches that can easily be
incorporated into peptides have been synthesized. Upon light activation
and in combination with isotope labeled amide units the complex
folding pathways of the peptides can be followed in a site-selective
manner by infrared spectroscopic techniques.

This journal is © The Royal Society of Chemistry 2008 Org. Biomol. Chem., 2008, 6, 3443–3454 | 3447
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Synthesis of spiroacetal-triazoles as privileged natural
product-like scaffolds using “click chemistry”

Ka Wai Choi and Margaret A. Brimble*

The elaboration of a 6,6-spiroacetal scaffold to incorporate a
triazole unit as a peptide bond surrogate is described. The novel
spiroacetal-triazole hybrid structures were generated via cycloaddition
of a spiroacetal azide to a series of alkynes.

3527

DFT study on hydroxy acid–lactone interconversion of
statins: the case of atorvastatin

Marcin Hoffmann* and Marcin Nowosielski

The energy span of the lactonisation reaction is slightly smaller for
atorvastatin (19 kcal mol−1) than for fluvastatin (22 kcal mol−1),
presumably due to the fact that the dihydroxy acid side chain of
atorvastatin is more flexible.

3532

Activation of molecular oxygen and its use in stereoselective
tetrahydrofuran-syntheses from d,e-unsaturated alcohols

Bárbara Menéndez Pérez, Dominik Schuch and
Jens Hartung*

Primary and secondary bishomoallylic alcohols underwent highly
stereoselective oxidative cyclizations, if treated with O2 and a
bis(trifluoroacetylcamphor)-derived cobalt(II) complex in isopropanol.

3542

One-pot synthesis of 6-(thien-2-yl)- and
6-(fur-2-yl)salicylates based on regioselective [3 + 3]
cyclocondensations of 1,3-bis(trimethylsilyloxy)-
1,3-butadienes

Ibrar Hussain, Abdolmajid Riahi, Mirza Arfan Yawer,
Alexander Villinger, Christine Fischer, Helmar Görls and
Peter Langer*

6-(Thien-2-yl) and 6-(fur-2-yl)salicylates are prepared by TiCl4-mediated
[3+3] cyclocondensations of 1,3-bis(trimethylsilyloxy)-1,3-butadienes.

This journal is © The Royal Society of Chemistry 2008 Org. Biomol. Chem., 2008, 6, 3443–3454 | 3449
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3552

DNA with stable fluorinated dA and dG substitutes:
syntheses, base pairing and 19F-NMR spectra of 7-fluoro-
7-deaza-2′-deoxyadenosine and 7-fluoro-7-deaza-2′-
deoxyguanosine

Frank Seela* and Kuiying Xu

The fluorinated oligonucleotide duplexes A and B represent the first
DNA fragments in which the fluorinated “purine” base is very stable
against nucleophilic displacement reactions. Phosphoramidites (C, D)
were prepared and employed in solid-phase synthesis.

3561

Synthesis and biological evaluation of pyrophosphate
mimics of thiamine pyrophosphate based on a triazole
scaffold

Karl M. Erixon, Chester L. Dabalos and Finian J. Leeper*

The triazoles shown inhibit pyruvate decarboxylase with K I values down
to 20 pM.

3573

First total synthesis of (R,R,R)- and (3R,5S,9R)-bejarol by
gold-catalyzed allene cycloisomerization and determination
of absolute configuration of the natural product

Yoshinari Sawama, Yuka Sawama and Norbert Krause*

A highly efficient gold-catalyzed b-hydroxyallene cycloisomerization is
the key step of the first total synthesis of the sesquiterpenoids (R,R,R)-
and (3R,5S,9R)-bejarol.

3580

Prompt site-selective DNA hydrolysis by Ce(IV)–EDTA
using oligonucleotide multiphosphonate conjugates

Tuomas Lönnberg,* Yuta Suzuki and Makoto Komiyama*

Site-selective Ce(IV)–EDTA catalyzed hydrolysis of single-stranded
DNA has been achieved using oligodeoxyribonucleotide
multiphosphonate conjugates of nitirilotris(methylenephosphonic acid)
(NTP) or ethylenediaminetetrakis(methylenephosphonic acid) (EDTP).

3450 | Org. Biomol. Chem., 2008, 6, 3443–3454 This journal is © The Royal Society of Chemistry 2008
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3588

A new synthesis of cystamine modified Eu3+ DOTAM-Gly-
Phe-OH: a conjugation ready temperature sensitive MRI
contrast agent

Mojmı́r Suchý, Alex X. Li, Robert Bartha and
Robert H. E. Hudson*

Asymmetrically derivatized peptide-decorated cyclens and their Eu3+

complexes that possess a masked sulfanyl group that is suitable for
subsequent chemoselective conjugation chemistry are accessed first by
selective monoalkylation, followed by peralkylation.

3597

The effect of gas-phase reactions on the quantitation of
cyclic hydrazone libraries by electrospray ionization (ESI)
mass spectrometry

Holly Schiltz, Mee-Kyung Chung, Stephen J. Lee and
Michel R. Gagné*

LC-MS analysis of hydrazone-based dynamic combinatorial libraries
shows that post-separation reaction chemistry can alter the outcome of
quantitation efforts through inter- and intramolecular component
scrambling.

3601

Plasticity in gilvocarcin-type C-glycoside pathways:
discovery and antitumoral evaluation of polycarcin V from
Streptomyces polyformus

Y.-q. Li, X.-s. Huang, K. Ishida, A. Maier, G. Kelter,
Y. Jiang, G. Peschel, K.-D. Menzel, M.-g. Li, M.-l. Wen,
L.-h. Xu, S. Grabley, H.-H. Fiebig, C.-l. Jiang, C. Hertweck*
and I. Sattler*

A new polyketide C-glycoside, polycarcin V, was identified along with
the known gilvocarcin V in the broth of Streptomyces polyformus and
shows significant and selective antitumoral activity.

3606

Intermolecular sequential [4 + 2]-cycloaddition–
aromatization reaction of aryl-substituted allenes with
DMAD affording phenanthrene and naphthalene derivatives

Xuefeng Jiang, Wangqing Kong, Jie Chen and
Shengming Ma*

An efficient entry to phenanthrene and naphthalene derivatives through
intermolecular sequential [4 + 2]-cycloaddition–aromatization reactions
of aryl-substituted allenes with DMAD in the absence of any catalyst
was discovered. In this reaction the aromatic ring and the adjacent
carbon–carbon double bond of the allene unit acted as the 1,3-diene.

This journal is © The Royal Society of Chemistry 2008 Org. Biomol. Chem., 2008, 6, 3443–3454 | 3451
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3611

Engineered dehydrogenase biocatalysts for non-natural
amino acids: efficient isolation of the D-enantiomer from
racemic mixtures

Francesca Paradisi,* Philip A. Conway, Anita R. Maguire
and Paul C. Engel*

Broadened substrate specificity of mutagenised phenylalanine
dehydrogenase and efficient isolation of a D-non-natural amino acid
from the corresponding DL-mixture, coupled with recycling of the NAD+

cofactor varying extents of inhibition by D-enantiomers.

3616

A convenient three-component reaction leading to the
synthesis of polysubstituted cyclohexene derivatives

Xiao-Yang Guan and Min Shi*

A three-component reaction of b-nitrostyrene,
arylmethylidenemalononitrile and malononitrile catalyzed by imidazole
produced the corresponding polysubstituted cyclohexene derivatives in
moderate to good yields under mild conditions. A further improvement
of this three-component reaction has also been achieved by starting
from a commercially available aromatic aldehyde, nitromethane and
malononitrile to give the products in moderate yields.

3621

Pyrophosphate-induced reorganization of a reporter–
receptor assembly via boronate esterification; a new
strategy for the turn-on fluorescent detection of
multi-phosphates in aqueous solution

Aiko Nonaka, Shoichi Horie, Tony D. James and Yuji Kubo*

A new strategy for the fluorescent detection of multi-phosphates in
aqueous solution is presented using an assembly of
ZnII–dipicolylamine-appended phenylboronic acid and alizarin dye.

MOLECULAR BIOSYSTEMS

It’s official, Molecular BioSystems has separated from host journal,
Chemical Communications, and is now a fully fledged solo publication.
Its availability since launch to readers of Chemical Communications and
the online hosts, Organic & Biomolecular Chemistry, Lab on a Chip, The
Analyst and Analytical Abstracts has ensured that Molecular BioSystems
received a large and interdisciplinary audience from the outset.
Organic & Biomolecular Chemistry readers wishing to continue to read
Molecular BioSystems now need to recommend the journal to their
librarian. Fill in the online recommendation form at
www.rsc.org/libraryrecommendation

This journal is © The Royal Society of Chemistry 2008 Org. Biomol. Chem., 2008, 6, 3443–3454 | 3453
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analogue and incorporating them 
into DNA. They found that one DNA 
was more stable than the other, 
suggesting that the natural lesion 
could have a similar structure to the 
analogue in the more stable DNA. 
Carell points out that similar lesion 
analogues are substrates for the spore 
DNA repair enzyme so that the new 
strands could help further studies 

A modified DNA is helping scientists 
to understand the sophisticated 
DNA repair mechanisms that allow 
dormant bacteria to come ‘back  
to life’.

Thomas Carell and Eva 
Bürckstümmer at the Ludwig 
Maximilian University of Munich, 
Germany, have made short DNA 
strands containing lesions. Carell 
explains that this is the key to 
understanding DNA repair. ‘So far 
any study of this enigmatic process 
has been hampered by a lack of DNA 
containing this lesion,’ he explains.

The lesions are analogues of those 
triggered when UV light acts on DNA 
stored in spores such as the Bacillus 
bacteria spore. In nature, these 
spores can lie dormant for many 
years, storing DNA, but then return 
to life, explains Carell. How spores 
store DNA and how lesion repair 
occurs are the questions the German 
duo would like to answer.

Carell and Bürckstümmer made 
their DNA strands by synthesising 
two isomers of a dinucleotide lesion 

Synthetic lesions added to DNA to probe its stability

Discovering the secrets of DNA repair
into the enzyme mechanism. 

Glen Burley, an expert in DNA 
nanotechnology at the University 
of Leicester, UK, says that the work 
is exciting as it provides a method 
for investigating how spores repair 
damaged DNA. ‘This is a compelling 
question as DNA damage processes 
in spores differ from those in 
mammals,’ he says. ‘These methods 
would likely lead to a greater 
understanding of how spores can 
survive for long periods and in hostile 
conditions – for example hot springs.’

Carell explains that although the 
repair process in the spore is unique, 
lesion recognition by enzymes is 
more general. ‘Such enzymes are 
also operating in our cells,’ he says, 
‘so a deeper understanding of this 
class of enzymes is desperately 
needed.’ Carell adds that he is 
particularly interested in learning 
more about failures in repair. ‘These 
are responsible for mutations which 
in turn lead to dangerous cellular 
situations which might produce 
cancer,’ he says.  Katherine Davies

Reference
E Bürckstümmer and T Carell, 
Chem. Commun., 2008, 4037 
(DOI: 10.1039/b810008j)

Fixing damaged DNA: if 
only it were this simple...
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Calculations validate alternative to much-published enzyme mechanism 

Rewriting the biochemistry textbooks...

Enzyme study reveals details of potential target in the fight against anthrax

... and revising route to stealthy siderophore

Reference 
D Oves-Costales et al, Chem. 
Commun., 2008, 4034  
(DOI: 10.1039/b809353a)

Reference
A L Bowman I M Grant and A J 
Mulholland, Chem. Commun., 
2008, DOI: 10.1039/b810099c
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Challis. This could lead to inhibitors 
for petrobactin biosynthesis and so a 
potential anthrax treatment, he adds.

The team’s results also confirmed 
earlier computational predictions 
that enzymes such as AsbB use 
particular citrate derivatives 
as substrates, something that 
Christopher Schofield who 
investigates biosynthetic enzymes 
at the University of Oxford, UK, 
finds interesting. He says that the 
work ‘provides more evidence for 
the value of chemical insights into 
bioinformatic analyses’ and agrees 
that it could also one day help 
provide new antibacterials.

Challis and group member 
Daniel Oves-Costales were recently 
awarded a Biotechnology and 
Biological Sciences Research 
Council (BBSRC) grant to continue 
investigating the mechanisms of 
petrobactin biosynthesis and to 
search for inhibitors.  Frances Galvin

Mulholland says.
Mulholland’s computational 

model is based on the wild type 
enzyme and substrate. Moreover it 
includes the entire protein as well as 
its water environment, in contrast 
to previous smaller models. The 
evidence from the modelling and the 
experiments together is enough to 
confirm the revised mechanism, says 
Mulholland.

Stephen Withers was involved in 
the experimental research on hen 
egg white lysozyme, and is pleased 
that Mulholland’s calculations have 
confirmed the revised mechanism. 
The scientist from the University 
of British Columbia in Vancouver, 
Canada, welcomes the development 
of computational studies to 
supplement experiments. ‘It is 
simply not possible to experimentally 
probe all proteins,’ he says. ‘We shall 
rely on computational approaches 
increasingly to guide our choice of 
systems to study experimentally.’
Danièle Gibney

A surprising result has led UK 
scientists to revise the proposed 
biosynthetic route to petrobactin – a 
molecule needed by anthrax-causing 
bacteria to replicate. Greg Challis 
at the University of Warwick and 
colleagues say that their findings may 
ultimately lead to the development of 
new antibiotics for the disease.

Petrobactin is an iron scavenger 
secreted by Bacillus anthracis to 
collect the iron it needs to reproduce. 
Called a stealth siderophore, it evades 
the molecule our immune system 
produces to capture it, contributing 
to the organism’s virulence. 

Challis’s group has examined 
the role of the enzyme AsbB in 
petrobactin’s biosynthesis. They 
first identified possible substrates 
for AsbB and obtained pure enzyme. 
Then, by treating the enzyme with 
different substrate combinations 
and finding which led to products 
and how quickly, the researchers 

showed that a previously proposed 
intermediate is unlikely to be 
significant in the pathway. 

Challis says that he and his team 
were surprised by the findings, which 
led them to suggest a revised pathway 
to petrobactin. They had assumed, 
based on studies of other siderophore 
biosynthetic pathways, that the route 
would be significantly different from 
the one they now propose. 

‘Our results provide the basic 
biochemical knowledge required to 
screen for inhibitors of AsbB,’ says 

Petrobactin – the 
stealth iron scavenger of 
Bacillus anthracis

A covalent intermediate has 
been suggested previously, clarifies 
Mulholland. But the experimental 
work that led to this proposal relied 
on modified enzymes and substrates 
because the wild type enzyme is 
too efficient for any intermediate 
to be detected. ‘Some people have 
suggested that the experiments 
were not relevant to the real target,’ 

The hen egg white 
lysozyme mechanism 
proceeds through a 
covalent intermediate

Hen egg white lysozyme is a common 
example in textbooks discussing 
enzyme mechanism. But now 
scientists from the University of 
Bristol, UK, have used molecular 
dynamics simulations to show that 
the traditional mechanism is wrong. 
‘The textbooks need to be rewritten,’ 
says researcher Adrian Mulholland, 
who led the team behind the work.

Lysozymes break down 
polysaccharides in bacterial cell 
walls, and so play a role in defence 
against pathogens. The textbook 
mechanism of hen egg white 
lysozyme proceeds through an 
intermediate in which a sugar ring 
on the substrate interacts ionically 
with the enzyme. In the revised 
mechanism the bond is covalent. 

‘Knowing how reaction 
intermediates form is central to 
understanding why enzymes are such 
efficient catalysts,’ says Mulholland. 
‘This sort of detailed knowledge is 
also important in designing enzyme 
inhibitors as drugs,’ he adds.

CB.10.09.B74.indd   22 10/09/2008   09:50:13



in the hormone protein leptin. 
Leptin has a key role in regulating 
metabolism and the leptin-deficient 
mice display several genetic traits 
associated with type 2 diabetes. By 
comparing the metabolite levels with 
those in control mice, the researchers 
confirmed that many pathways, 
including fatty acid metabolism, are 
altered in ‘diabetic’ mice. Gipson says 
that these pathways could potentially 
be targeted for diabetes treatments.

While Gipson admits that there 
are limitations in using animals to 
model human conditions, he explains 

Spectroscopic techniques combined for easier metabolomic analysis

Metabolic markers for diabetes
Finding how a trace molecule’s 
concentration varies when it’s 
mixed in a jumble of others is not 
straightforward but this is just what 
a metabolomics scientist does every 
day. Now an international team 
is combining several analytical 
techniques to make the process 
easier and applying its method to 
study diabetes.

Metabolomics is the study of 
metabolites – the small molecules 
formed by specific processes inside 
a single cell. As variations in levels 
of some of these may be linked to 
metabolic disorders such as diabetes, 
identifying these so-called metabolic 
markers has the potential to provide 
diagnostic information and to lead to 
better therapies. 

With this in mind, Geoffrey Gipson 
at Drexel University, Philadelphia, 
US, and colleagues in the US and UK, 
combined spectroscopic methods 
such as nuclear magnetic resonance 
(NMR) and liquid chromatography-
mass spectrometry (LC-MS) to 
analyse the metabolites in urine and 
tissue samples from mice deficient 

Leptin-deficient mice 
(left) show genetic  
traits associated with 
diabetes and obesity 

Reference 
G T Gipson et al, Mol. BioSyst., 
2008, 4, 1015 (DOI: 10.1039/
b807332e)
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that metabolism is a fundamental 
biological process which has been 
highly conserved over evolutionary 
time. ‘As such, there are many cross-
species molecular similarities which 
allow researchers to gain critical 
insights into human disease,’ he adds. 
Given this, the biggest challenge, 
says Gipson, is in applying the new 
knowledge gained through metabolic 
profiling research into therapies for 
patients living with diabetes.

Jules Griffin, an expert in 
metabolomics at the University 
of Cambridge, UK, commends 
the team’s integrated approach. 
‘While NMR has been used widely 
in mammalian disease models,’ 
says Griffin, ‘the use of LC-MS 
based approaches has lagged 
behind, in part because of the 
greater challenges in technical 
reproducibility. By picking a well-
characterised model of type 2 
diabetes the team has been able 
to validate its approach and then 
extend its analysis to new metabolite 
changes not previously described.’
Kathleen Too 

Protein maintains activity at high temperature to identify nucleotide differences

Mismatched DNA analysis by eye
A colourful approach to detecting 
DNA variations can take the heat. 
A team led by Changill Ban from 
Pohang University of Science and 
Technology and Min Su Han from 
Chuang-Ang University, Seoul, in 
South Korea, has tested a technique 
that reveals mismatched DNA base 
pairs by a temperature change. 

The team’s method detects DNA 
in which one base is paired with any 
base that is not its complementary 
partner. Mismatch detection 
can be used to find single base 
differences called single nucleotide 
polymorphisms (SNPs). Rapid SNP 
detection is essential, says Ban, 
as these DNA variations can be a 
marker for genetic disease. 

The team bound gold 
nanoparticles to single stranded 
DNA which then pairs to 
form duplex DNA containing 

mismatches. As the DNA pairs, the 
system turns from red to purple 
as the nanoparticles aggregate. 
On heating, the system reverts 
to red as the strands unpair or 
‘melt’. The researchers observed 
that the colour change occurs 
at a higher temperature when 
the system is treated with MutS, 
a protein that binds selectively 

to mismatched pairs. They also 
found that complexes containing 
different DNA mismatches melt 
at different temperatures, so it is 
possible to identify which bases are 
mismatched.

Ban says that, as a colorimetric 
assay, the system is ‘simpler and 
more convenient than other 
methods, allowing detection 
with the naked eye.’ Most current 
colorimetric detection methods 
rely on enzyme activity, requiring 
physiological conditions to work. 
By using MutS, the team avoids this 
limitation, as the protein maintains 
its activity under a range of pHs and 
at high temperatures. 

The next stage will be to adapt the 
method for microarray technology, 
says Ban, allowing high throughput 
screening of DNA samples.
Harriet Brewerton

When gold-bound  
DNA strands unpair  
the system changes  
from purple (top) to  
red (bottom) as the  
gold de-aggregates
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Versatile protein synthesis optimised to make biologically active target

Mix and match protein building blocks

Targeting transcription factors for therapeutic 
benefit
Paul Brennan et al, Mol. BioSyst., 2008, 4, 909 
(DOI: 10.1039/b801920g) 

Immunotherapy: a way to improve the 
therapeutic outcome of photodynamic therapy? 
Mateusz Kwitniewski et al, Photochem. Photobiol. Sci., 2008, 7, 1011 
(DOI: 10.1039/b806710d)

Open micro-fluidic system for atomic force microscopy-guided  
in situ electrochemical probing of a single cell
WonHyoung Ryu et al, Lab Chip, 2008, 8, 1460  
(DOI: 10.1039/b803450h)

Integrated GC–MS and LC–MS plasma metabonomics analysis of 
ankylosing spondylitis
Peng Gao et al, Analyst, 2008, 133, 1214 (DOI: 10.1039/b807369d) 

Transcription monitoring using fused RNA with a dye-binding  
light-up aptamer as a tag: a blue fluorescent RNA
Shinsuke Sando et al, Chem. Commun., 2008, 3858  
(DOI: 10.1039/b808449a) 

Imaging of essential and toxic elements in biological tissues by  
LA-ICP-MS
J Sabine Becker et al, J. Anal. At. Spectrom., 2008, 23, 1275  
(DOI: 10.1039/b805228j) 

Protein modification for single molecule fluorescence microscopy
Mark S Dillingham and Mark I Wallace, Org. Biomol. Chem., 2008, 6, 
3031 (DOI: 10.1039/b808552h) 

The use of gold nanoparticles in diagnostics and detection
Robert Wilson, Chem. Soc. Rev., 2008, 37, 2028  
(DOI: 10.1039/b712179m)
  

Modeling the reactive properties of tandemly activated tRNAs
Maria Duca et al, Org. Biomol. Chem., 2008, 6, 3292  
(DOI: 10.1039/b806790b) 

Probing (macro)molecular transport through cell walls
Giona Kilcher et al, Faraday Discuss., 2008, 139, 199  
(DOI: 10.1039/b717840a) 

Read more at www.rsc.org/chembiology
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An improved procedure for 
breaking proteins in two is allowing 
chemists to create new proteins. 
Derek Macmillan and Jonathan 
Richardson from University College 
London, UK, have used their 
method to make a biologically active 
protein. 

Low reaction yields make 
creating large proteins by chemical 
synthesis unfeasible, yet not all 
proteins can be prepared easily 
by other routes. Native chemical 
ligation (NCL) is one technique that 
chemists can use to create these 
proteins by joining a small peptide 
containing a thioester to a protein 
fragment with an N-terminal 
cysteine. In this way troublesome 
proteins can be created without 
having to synthesise the whole 
protein from scratch.

The advantages of NCL are 
its ‘versatility and reliability’, 
explains Macmillan. ‘The reaction 
is conducted in aqueous solution 
with no protecting groups, and the 
product has a native peptide bond,’ 
he adds. 

But whilst the small peptides 
required for NCL can be made by 

were able to create a biologically 
active variant of erythropoietin, 
a hormone protein involved 
in red blood cell production 
which is used in the treatment 
of anaemia. Commenting on this 
success, Phil Dawson an expert 
in synthetic protein chemistry at 
The Scripps Research Institute, 
La Jolla, US, says that ‘the 
functional complexity of large 
proteins can turn even the most 
straightforward procedure into a 
daunting challenge. The Macmillan 
lab has taken an important first 
step towards establishing a robust 
semi-synthesis for an important 
therapeutic target.’ 
Russell Johnson

Cyanogen bromide is 
used to cleave a protein 
next to a methionine 
residue to give a protein 
fragment for NCL

peptide synthesis, preparing the 
large protein fragment is often 
more problematic and poses many 
of the same problems associated 
with creating whole proteins. Now, 
Macmillan and Richardson have 
optimised their procedure for 
generating these fragments. The 
starting, bacterially-derived protein 
is cleaved next to a methionine to 
give two fragments, one with the 
cysteine at its N-terminus. The 
cysteine-containing fragment is 
then isolated and combined with 
a synthetic peptide containing a 
thioester to create a whole, semi-
synthetic protein. 

Using their optimised procedure 
Macmillan and Richardson 
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What inspired you to become a chemist?
I grew up with many empty chemical boxes around 
the house. My father used to work in a trading 
company that handled chemicals for the porcelain 
and chinaware that Nagoya is known for and he used 
to bring the empty boxes home. I became interested 
in these boxes; I wanted to know what had been 
inside them, and what the chemicals had looked like. 

What motivated you to specialise in bioorganic/biological 
chemistry?
I started out in graduate school in synthetic organic 
chemistry, working on natural products, so I made 
many compounds. Such compounds are often used 
in biotechnology. Choosing biological chemistry 
wasn’t a conscious decision. The department that 
I studied at was very small and gave a good basic 
range of courses, but I found the ‘bio’ courses the 
most interesting and they introduced me to DNA. 
Bioorganic chemistry sounds good, too! And 
bioorganic chemistry is such an important field, 
bridging chemistry and biology. Since then, my 
research has changed gradually towards biological 
chemistry.
	 I began my independent career nine years ago, 
initially in collaboration with Professor Isao Saito, 
who worked at Kyoto University at the time. The 
projects that we started then led me into the research 
that I now do.

What hot project are you working on at the moment?
I want to see living cells working. I want to see DNA 
and RNA working. So in my laboratory, we make lots 
of nucleic acid probes – fluorescent probes, chemical 
probes. There are a number of protein probes but 
we don’t yet have any really good methods to look at 
RNA and DNA.
	 We are working on a number of projects to look at 
living cells – stem cells – and are trying to understand 
the mechanism by which they work. What is it that 
causes them to live, and to become skin or hair? What 
is the ‘life’ in these cells? What roles do RNA and 
DNA play? It’s quite a fundamental project.
 
What do you love most about your job?
I enjoy my job. There is a lot of work to do in the 
DNA and RNA field using our chemical probes. The 
probes work really well, so I like to know that we can 
use our probes to look at problems and that they are 
well designed.

You are this year’s recipient of the OBC lecture award. 
How do you feel about the award?
I’m happy, very happy. Of course it is good to 
know that my work has been appreciated. I would 
very much like to thank my collaborators and 
laboratory co-workers. The topic of my award 
lecture will focus on one particular example of 
the work we do looking at the use of osmium to 
investigate cells. It’s very interesting.

Which scientist from the past would you most like to 
meet and why?
This is a really difficult question. I respect all 
scientists that are dedicated and work hard  
every day, those who try. Whether you get a really 
good result depends on if you are lucky or not. I 
would not be able to choose just one person in 
particular.

What do you do when you are not working?
I like going to book stores. And I really love maps. 
I don’t have enough time to travel, so I like to read 
the maps of places that I would like to visit instead. 
I always buy maps when I do get to travel. Last 
week, I was giving talks in the Czech Republic and 
so I bought a country map. I also recently went to 
Mexico and have a Mexican map too. 

I particularly like the world map. Czech 
maps and Spanish maps show you the language 
differences and reflect the different cultures of 
countries. Sometimes, maps can be funny too. 
I have an Australian world map that is upside 
down. The south is at the top of the map and north 
towards the bottom. I think it’s a special map 
though!

I would love to visit everywhere, but my first 
ever foreign holiday was to the UK when I was 
a graduate and I would love to go back. I visited 
London and Stonehenge.

And finally, if you weren’t a scientist what would  
you be?
When I was an undergraduate, I got a licence to 
act as a travel agent in Japan. I wanted to be a tour 
organiser and travel around with groups of people 
exploring places. I like planning travel, but then  
I started going into the chemical labs every day 
and just didn’t have the time to do this as well.  
So, if I didn’t do chemistry I would be a tour 
operator.

Mapping out success 
OBC lecture award winner, Akimitsu Okamoto, talks about chemical probes and 
daydreaming over maps. Vikki Allen meets him in Pittsburgh to find out more  

Interview

Akimitsu Okamoto is leader 
of the Okamoto Initiative 
Research Unit at RIKEN 
Advanced Science Institute. 
He is the 2008 recipient of 
the Organic & Biomolecular 
Chemistry lecture award. His 
primary research interests 
focus on the design and 
synthesis of biopolymers, and 
recognising and visualising 
single components or atoms in 
biopolymers.

Akimitsu Okamoto 
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Instant insight
Nature’s fruitful chemistry
Bernhard Kräutler and Thomas Müller at the University of Innsbruck in  
Austria explain why the changing colour of autumn leaves could be 
 good news for your health

How green plant pigments 
disappear in the autumn, when the 
colours of the leaves of deciduous 
trees and shrubs change from 
green to red and yellow, has been 
a longstanding puzzle. While 
chlorophyll biosynthesis has been 
well studied, how chlorophyll 
breaks down remained a fascinating 
enigma until about 17 years ago. 
This lack of basic knowledge is all 
the more surprising, as chlorophyll 
metabolism is probably the most 
visible manifestation of life on 
Earth. In fact, it is even seen from 
outer space, and the total annual 
turnover of chlorophyll has been 
estimated to involve more than 1000 
million tons. 

In 1991 a colorless chlorophyll 
catabolite from senescent (aging) 
plant leaves was identified as a 
linear tetrapyrrole, which turned 
out to be distantly related to 
bilirubin and phytobilins, products 
of heme breakdown.1 Since then, 
chlorophyll breakdown products 
have been identified in a variety of 
plant leaves, and their structural 
features revealed. According 
to these studies, chlorophyll 
breakdown in higher plants leads 
first to coloured compounds 
– as transient, enzyme-bound 
intermediates only. In a later stage, 
fluorescent catabolites occur 
merely fleetingly, and colourless, 
nonfluorescent tetrapyrrolic 
catabolites are formed rapidly. The 
latter accumulate in de‑greening 
leaves and are considered the 
final products of chlorophyll 
breakdown, which apparently is a 
well controlled program for rapid 
detoxification of the photoactive 
green plant pigment.

But chlorophyll breakdown is not 
merely a detoxification process for 
the plant. It has also been associated 
with recycling of important 
nutrients, of reduced nitrogen, 
in particular. In the case of the 
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In fruit, the tetrapyrrolic 
chlorophyll catabolites become a 
part of traditional food and may be 
a positive component in our diet 
as they are effective antioxidants. 
Exploratory studies have pointed 
to their beneficial health effects in 
mammals. Thus, the occurrence of 
such chlorophyll remains in apple 
peels may give a new twist to the old 
Welsh saying ‘An apple a day, keeps 
the doctor away’.

140 years after Gregor Mendel 
used de-greening in peas as part 
of his experiments to establish the 
laws of inheritance, the basis for 
his observation is now known to 
be genetic control of chlorophyll 
breakdown. While the process 
may no longer be a total enigma, 
however, its wide-reaching 
benefits remain a field ripe for 
investigation.2

 
Read more in Bernhard Kräutler’s 
perspective in Photochemical and 
Photobiological Sciences.

catabolites, the four chlorophyll 
nitrogen atoms remain in the 
known tetrapyrrolic breakdown 
products and are thus not 
available for the plant to re-use. 
Nevertheless, they will eventually 
become part of more global 
recycling, possibly involving 
lower organisms. 

Recently, we addressed the 
puzzle of chlorophyll breakdown 
in ripening fruit. In freshly ripe 
apples and pears the very same 
linear tetrapyrroles were detected 
as chlorophyll catabolites. In 
fact, these breakdown products 
were also identical to the ones 
found in the de-greening leaves 
of the pear tree. Accordingly, 
chlorophyll breakdown appears 
to take a common pathway in fruit 
ripening and leaf senescence. 
As senescence is considered to 
accompany programmed cell 
death – yet ripening, commonly, 
is not – this finding is remarkable 
indeed. 

©The Royal Society of Chemistry 2008

Catabolites formed as  
fruit and leaves change 
colour may be valuable 
nutritional components
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Essential elements

Engineering success

A warm reception in Philadelphia   

Chemical Biology

Facebook fans
Enjoyed reading the first few 
issues of RSC Publishing’s newest 
journal, Energy & Environmental 
Science (EES)? Then become a 
Facebook fan by visiting the EES 
Facebook page and joining in. Fans 
can see summaries and link to 
the latest EES articles published 
online, view and share relevant 
videos, images, events and news. 
Use the page to find out about 
upcoming events where you can 
meet the editors or contribute to a 
discussion and connect with fellow 
fans. Fans will see stories in their 
News Feed when their friends 
become fans or engage with the 
EES Facebook page in a variety 
of ways. You can find the EES 
Facebook page by searching for 
Energy & Environmental Science 
using the Quick Search bar on any 
Facebook page or by going to the 
main search page.  
Or paste the following URL into 
your browser: www.facebook.com/
pages/Energy-Environmental-
Science/24375018213. 
See you there!

The atmosphere inside the 
Philadelphia Marriott mirrored 
the sunny blue sky outside as 
guests gathered at the RSC 
Reception. Held on 17 August, 
it coincided with the 236th 
American Chemical Society 
National Meeting and Exposition 
taking place at the Pennsylvania 
Convention Center. 

Around 200 people listened 
to RSC president Dave Garner 
as he welcomed guests, 
including Nobel prize winner 
Bob Grubbs from Caltech, 

a variety of eminent and 
emerging researchers, plus 
university librarians and local 
RSC members. The incoming 

president of the ACS, Tom Lane, 
was also there with a number of 
his society colleagues, indicating 
the continuing warm friendship 

as one of his favourites for 
publication of his research. 
‘In particular,’ he says, ‘I 
appreciate the speed at which 
papers are processed and 
the very kind co-operation 
of the editorial staff. What 
else to say: Happy Birthday 
CrystEngComm..., and keep 
up the good work!’

A decade since launch and 
the future for CrystEngComm 
has never looked so bright. 
Celebrations will continue 
later this year with an 
anniversary theme issue, 
including articles by editorial 
and advisory board members, 
and the journal is also heavily 
involved in the organisation 
of a crystal engineering 
symposium as part of the 
IUPAC Congress next year in 
Glasgow.  
Visit www.crystengcomm.org 
for updates on these and other 
exciting events.

CrystEngComm celebrated 
its tenth year of publication 
in style on 28 August with a 
lunch reception held at the XXI 
Congress and General Assembly 
of the International Union of 
Crystallography in Osaka, Japan. 
As part of the celebrations, the 
journal also awarded five poster 
prizes at the meeting.

Since its launch in 1999, 
CrystEngComm has gone from 
strength to strength, growing 
in size by more than a factor of 
ten. The journal now boasts the 
fastest publication times and 
highest immediacy index for 
a crystal engineering journal, 
plus an impressive impact 
factor of 3.47. In his welcome 
speech, CrystEngComm editor 
Jamie Humphrey outlined the 
successes of the past decade 
and extended his thanks: ‘This 
success has been possible only 
through the support that you 
and other members of the crystal 
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engineering community have 
given the journal – your support 
as authors, referees, readers 
and in some cases editorial and 
advisory board members.’ 

Regular CrystEngComm 
author Pierangelo Metrangolo 
of Milan, Italy, who attended the 
lunch reception, cites the journal 

between the two chemical 
societies. 

Guests enjoyed refreshments 
while catching up with friends 
old and new, and RSC staff were 
on hand to describe the latest 
RSC initiatives, including the hot 
topics of Energy & Environmental 
Science, Integrative Biology and 
Metallomics, the three newest 
RSC journals. 

At the end of a genial evening, 
everyone was looking forward to 
meeting again – so see you all in 
Salt Lake City in spring 2009!

Left to right: Jonathan Sessler (U Texas at Austin), Kate Sear (deputy editor 
ChemComm, RSC), Kevin Burgess (Texas A&M), Peter Wipf (Pittsburgh)
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