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guest editorialguest editorial
Back to nature

By Prof. Dr Heribert Warzecha, 
Department of Biology, 
Plant Biotechnology and Metabolic Engineering, 
Technische Universität Darmstadt, Germany
Not so very long ago, we truly believed that we 

could use chemistry to solve all of the world’s 

problems. Well into the 19th century, plants were 

still supplying not only most of our food but 

were also the primary sources for building ma-

terials, textiles, dyes and flavourings, cosmetics 

and even medicines. Yet the unexpected and 

runaway success of chemical synthesis slowly 

but surely supplanted these natural raw materi-

als and we arrogantly assumed that we could 

improve on Mother Nature. Taking fossil hydro-

carbons as our starting-point, we can conjure up 

an amazing variety of molecules in almost un-

limited quantities. And all without needing to 

bother with growth cycles, weather conditions 

or losses due to pests. Even in the 1990s, when 

I was an undergraduate, many believed that nat-

ural substances had had their day and that ra-

tional design could now produce tailor-made 

molecules for any particular purpose. While 

we’d been looking over Nature’s shoulder in the 

early days, we now wanted to adopt our own 

synthetic strategy – for the purposes of drug 

development, for example. Not forgetting the 

innumerable polymer fibres, flavourings, fertil-

isers and pesticides with entirely novel effects 

(and – all too often – side effects). And there’s 

no telling what might have happened had 

someone actually managed to create a synthetic 

food – a recurrent theme in many a science fic-

tion novel. Brave new world. 

But now, a few decades later, we’re rubbing 

our eyes in disbelief.  While chemistry contin-

ues to play an important role, new concepts 

such as “sustainability”, “resource conservation” 

or “CO2-neutral” – and the ever-present “bio-” 

prefix – are now part of our daily lives. In an era 

when fossil resources are dwindling and CO2 

emissions are threatening climate change, the 

focus is again turning to plants for the produc-

tion of goods that have long been the domain 

of chemistry. Plants are once again coming into 

their own, not merely as a calorie source in food 

and animal feed but also as providers of solid 

and liquid fuel and (bio-)polymers, as well as 

factories for the synthesis of organic molecules 

for a very wide range of applications. And that’s 

not all: modern research has also improved our 

understanding of how plants interact with their 

environment, acquire certain properties and – 

as one example – protect themselves against 

pests (see “The wild tomato’s secret” on p. 26). 

Photosynthesis – the ability of plants and algae 

(not forgetting cyanobacteria) to create complex 

molecules from nothing but “air and sunshine” 

– still remains beyond our grasp (see “Mini solar 

power stations” on p. 20). Understanding – and 

one day perhaps even replicating – this process 

continues to present us with a major challenge. 

Yet, as a wise man once said: “What I cannot 

create, I do not understand.” 

Although we’ve long known about plant’s 

capabilities for biosynthesis, we’re only now be-

ginning to vaguely understand them. To solve 

the problem of chemically synthesising a dye, 

we’d probably need a steel vat, high tempera-

ture and pressure, and complex (even toxic) 

starting materials. The same process in plants, 

however, takes place almost by itself at a pleas-

ant ambient temperature, thanks to the intricate 

clockwork of staggered stacks of enzymes. 

Here, too, we’ve taken our first steps in replicat-

ing the processes involved, by using bacteria to 

manufacture plant-based pigments. As beauti-

fully demonstrated by one graduate project, 

combining such a (bio-)synthetic approach 

with a technological application can even be 

used to generate electricity (see iGEM competi-

tion article, p. 30). 

Ultimately, perhaps this is indeed the path to 

take to ensure true sustainability while produc-

ing the widest possible range of raw materials 

and energy sources. Namely: the use of natural 

resources and optimised biological processes 

combined with both chemical and technological 

applications. Maybe one day we can then im-

prove on Mother Nature. For the moment, how-

ever, she still has a lot to teach us.

 > warzecha@bio.tu-darmstadt.de

Heribert Warzecha studied pharmacy at 
the University of Mainz, receiving his doctorate 
there in pharmaceutical biology in 1998. Follow-
ing a two-year postdoc position at the Boyce 
Thompson Institute for Plant Research at Cor-
nell University in Ithaca, NY, he moved to the 
University of Würzburg as a research assistant. 
H. Warzecha has been Professor of Botany at 
TU Darmstadt since 2007. Research in the H. 
Warzecha lab at TU Darmstadt focuses on the 
plant-based production of drug substances. 
Such research involves both modification of 
secondary metabolism in plants, as well as the 
production of protein-based therapeutic agents 
and vaccines.
Foto: © istockphoto.com| Alija
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In his “Essay on the Principle of Population”, pub-

lished over 200 years ago, the English economist 

Thomas Robert Malthus characterises overpopula-

tion as a problem raised by a developing economy 

and society. His thesis, that the production of food 

cannot be increased to match a sustained growth 

in population, thus leading to illness and death, 

has been disproven by actual developments. This 

planet is now home to over 7 billion human – a 

number that Thomas Malthus could scarcely have 

imagined – with an average of 2.5 people being 

added to the global population every second. 

Overall, however, Malthus’ assessment has neatly 

summarised the major challenges facing humanity.

The advances made by modern science and 

technology make it possible to provide the world’s 

population with food while effectively combatting 

disease. Science and research are making key con-

tributions to managing and understanding the 

changing circumstances of people’s lives, while de-

veloping new solutions aimed at ensuring an im-

proved quality of life. Humanity’s advances and 

achievements are driven by the thirst for knowledge 

and discovery and, in particular, the ingenuity and 

inspired creativity of outstanding researchers, who 

often devote their entire lives to their work.

One example of such an individual is Gerhard 

Ertl, Professor Emeritus of Physical Chemistry at 

the Fritz Haber Institute in Berlin, whom we fea-

ture on the cover of this issue. In dedicating his 

scientific career entirely to the investigation of cat-

alytic processes on surfaces, his research has laid 

the groundwork for our understanding of industri-

al catalysts and catalytic processes. In 2007, his 

achievements were recognised with the Nobel 

Prize in Chemistry. Surface-based chemical cata-

lysts drive the large-scale commercial production 

of the ammonia needed by nitrogen-based fertil-

isers and hence – at least in theory – enable food 

supplies to keep pace with the unprecedented 

growth in the world’s population.

Yet technological progress also sees humans in-

terfering in the balanced ecology established by Na-

ture: human activities have consequences for the 

ecosystem and environment, which in turn create 

internals

new challenges for science and research. Accord-

ingly, one of the major issues of our time is how to 

safeguard our natural basis of existence with a sus-

tainable economy that conserves these resources.

As Professor Warzecha reflects in his guest edi-

torial, however, Nature continues to be an inspira-

tional teacher and her lessons lie at the heart of 

many human innovations. Our ever-increasing 

knowledge of the underlying processes in plants, 

bacteria, fungi and even animal cells enables us to 

use them for our own purposes. Researchers there-

fore investigate Nature from every angle, survey and 

standardise systems, catalogue every species, and 

inspect every cell – and even modify the cell’s DNA 

blueprint. The most exciting scientific questions 

now require a new understanding of life’s molecular 

processes. This has led Ertl, a physical chemist, to 

state in an interview that he would now pursue a 

career in biology, as he believes this to be a more 

promising field for the future than the traditional 

physical sciences.

As publishers, the guiding principle we follow 

for our journals is to focus on recent research find-

ings that create a sense of wonder while laying the 

conceptual groundwork for future innovations. In so 

doing, we also place the people behind this work – 

our prestigious authors – centre-stage and give them 

an attractive platform. Their articles are presented 

appealingly in a style that is unique for a trade pub-

lication, presenting scientific research in a compact 

and accessible form suitable for a broader reader-

ship. As our reader, you hold in your hands a publi-

cation intended to shine a light on the often opaque 

world of scientific research and show how it is a 

constant and fascinating source of narrative material.

And on that note, we hope you enjoy this issue!

Sincerely,
The lab&more team

Claudia Schiller
Editorial Management

Carmen Klein
Editorial Staff
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Comprehensive studies of cancer 

cell genomes are essential for a bet-

ter understanding and more target-

ed treatment of the disease in the 

future. In order to achieve this, ten 

sequencing systems of the latest 

HiSeq X Ten generation are pooled 

together at the German Cancer Re-

search Centre (DKFZ) with the sup-

port of the German Cancer Consor-

Adocia announced the creation of a 

subsidiary in the USA, Adocia Incor-

porated, and the accompanying ap-

pointments of Simon Bruce, MD 

and Stephen Daly. Opening a US 

subsidiary is a key step in Adocia's 

strategy. The USA are currently the 

primary market for its products. 

Adocia has developed BioChaper-

one pipeline products in order to 

Evotec and Second Genome an-

nounced a collaboration in small 

molecule-based discovery and de-

velopment activities for the treat-

ment of microbiome mediated dis-

eases. The collaboration comprises 

the identification and optimisation 

of novel compounds as well as li-

cense agreements for already exist-

The Bayer Group aims to achieve 

strong sales and earnings growth for 

its Life Science businesses in the 

coming years. Bayer seeks to consid-

erably increase sales and margins at 

HealthCare in particular until 2017, 

driven mainly by the recently 

launched products in Pharmaceuti-

cals and by the Consumer Care busi-

DKFZ builds the largest 
sequencing unit in Germany 

Taconic Biosciences and Cellaria Biosciences 
collaborate to facilitate xenograft 

use in oncology research

Adocia Opens a Subsidiary in the USA

Second Genome and Evotec to collaborate 
in microbiome discovery and development

Bayer aspires to expand life science businesses

market view
tium (DKTK). The equipment by 

Illumina allows in a very short 

space of time the identification of 

all genetic changes that could lead 

to the development of cancer. This 

is the first example of a joint re-

search platform by DKTK and 

DKFZ in Germany. 

 > www.dkfz.de

ing assets developed by Evotec. 

Second Genome's unique approach 

to identify and modulate microbi-

ome mediated pathways will be fur-

ther enhanced by the use and re-

sults of Evotec’s integrated drug 

discovery platform.

 >  www.evotec.com

Genmab announced that its subsidi-

ary Genmab Holding B.V. entered 

into an agreement to purchase anti-

bodies and related patents and 

know-how from iDD Biotech SAS. 

The preclinical stage antibodies are 

directed to DR5, also known as Trail 

Receptor 2 (TRAIL-R2), an emerging 

cancer target. Under the terms of the 

agreement, Genmab will pay iDD 

Biotech an upfront fee of €2.5 m. 

Future payments range from a mini-

Genmab acquires antibody assets from iDD Biotech

mum of €3.5m to potentially 

€101.5m in development and sales 

milestones and single-digit royalties 

on commercialised products. This 

acquisition of antibody assets is syn-

ergistic with Genmab’s strategy to 

create a broad pipeline of differenti-

ated therapeutic products and to lev-

erage its deep antibody expertise to 

create leapfrog drugs, as it builds a 

sustainable business.

 > www.genmab.com The market for medical technology 

is almost saturated in developed 

countries, while the emerging mar-

kets in the Asia Pacific region and 

Latin America offer excellent growth 

potential for healthcare companies. 

In reality however, the political and 

economic development or unex-

pected legislative changes in these 

countries may impact negatively on 

Highest growth expected in 
Latin America and Asia 

sales projections. Between 2012 

and 2017, an average annual growth 

rate of 12% (73% of global market 

growth) is expected for the pharma-

ceutical markets in the Asia Pacific 

region and Latin America, whereas 

the markets in the United States and 

EU5 countries are likely to grow on-

ly by 2% during the same period.

 > www.novumed.com

ness, which was greatly strengthened 

last year through acquisitions. At 

CropScience, Bayer aims to continue 

achieving above-market growth and 

to maintain an industry-leading mar-

gin, with the agricultural business 

benefiting particularly from new 

crop protection products. 

 > www.bayer.com

Taconic Biosciences and Cellaria 

 Biosciences announced that the two 

companies have entered into a 

 scientific collaboration designed to 

facilitate and improve the utility of 

patient-derived xenografts (PDXs) in 

animal models for oncology and im-

muno-oncology research. Cellaria’s 

novel methodologies for generating 

cells from patient tumors will com-

plement Taconic’s industry-leading 

portfolio of tissue humanized mouse 

models, which are well-suited as 

hosts for PDXs. The value of using 

patient-derived tumors in oncology 

and immuno-oncology research has 

been well documented, but tradi-

tional methods of obtaining tumor 

cell material have proven labor-in-

tensive and expensive, inhibiting re-

searchers’ access to this material. 

Cellaria’s approach to propagating 

tumor cell material and generating 

PDX banks significantly reduces the 

associated labor and costs, making 

patient-derived tumor models more 

accessible to investigators.

 > www.taconic.com

improve the insulin based treat-

ments for diabetes, monoclonal an-

tibodies and growth factors for dia-

betic foot ulcer healing. In December 

2014, Adocia announced an alliance 

with Eli Lilly to co-develop Bio-

Chaperone Lispro, which is one of 

its products for the treatment of dia-

betes.

 > www.adocia.fr
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An international team of research-

ers wants to create semi-artificial 

chloroplasts by modifying the 

photosynthesis process of natural 

chloroplasts. They hope that 

these can be used to make bio-

technological products of interest. 

The EU supports the project with 

€1.2 m as part of the ERASynBio 

initiative, aimed at advancing syn-

Merck Serono, the biopharmaceu-

tical business of Merck, and Illumi-

na announced a collaboration to 

expand the development of a uni-

versal next-generation sequenc-

ing-based oncology diagnostic tool 

for clinical trials of targeted cancer 

therapies. Under the terms of the 

The Dementia Discovery Fund 

was announced on 17 March by 

Health Secretary Jeremy Hunt at 

the World Health Organisation’s 

conference on Global Action 

Against Dementia in Geneva, 

Switzerland. Initiated by the UK 

government, it brings together 

Domesticating photosynthesis 

Merck Serono and Illumina enter strategic  
collaboration for diagnostics in oncology

UK Government and pharma giants invest in Dementia Discovery Fund

Fig. 2 The RUB team is attempting to divert the light-driven flow of electrons 
during photosynthesis in such a way that less biomass is produced and more 
substances like hydrogen or alkanes are generated.

Fig. 1 The Bochum researchers 
cultivate different strains of algae 
in order to analyse their photosyn-
thesis efficiency.

P
ic

tu
re

s:
 ©

 R
U

B
, 

P
h

ot
o-

B
io

te
ch

n
ol

og
y 

W
or

ki
n

g 
G

ro
u

p

thetic biology in Europe. Prof. 

Thomas Happe of the Photo-Bio-

technology working group at 

Ruhr-Universität Bochum (RUB), 

Germany leads the Sun2Chem pro-

ject. The researchers want to tailor 

the semi-artificial chloroplasts in 

such a way that they produce prod-

ucts which are of particular bio-

technological and commercial in-

terest. Thomas Happe’s RUB team 

works together on this project 

with colleagues of the French 

CEA Cadarache research centre 

and the University of Oxford, UK.  

 > www.aktuell.ruhr-uni- 
bochum.de

leading pharmaceutical compa-

nies and the renowned British de-

mentia research charity Alzheim-

er’s Research UK. The fund’s 

initial commitments to date totals 

US$100m. GSK and J&J have 

kicked off the donations and put 

up €25m (€23m) and US$10m re-

spectively, with the UK govern-

ment donating US$22m with 

Alzheimer’s Research UK to invest 

US$5m in the fund over five years. 

Pharmaceutical companies Pfizer, 

Biogen Idec and Eli Lilly have also 

committed to the project.

 > www.gov.uk

agreement, Merck Serono and Illlu-

mina will work together to develop 

assays that detect and simultane-

ously measure multiple genetic 

variants in a single tumor sample in 

a clinical trial setting. Illumina’s 

successful regulatory track record 

was an important consideration in 

the collaboration, as next-genera-

tion sequencing platforms cleared 

by a regulatory agency could ac-

celerate the development of an as-

say and facilitate the registration of 

a companion diagnostic tool.

 > www.merckgroup.com
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Cancer Treatment

Fighting tumour cells with colour

Magnetic Brain Stimulation

Stimulation of brain tissue 
without external connections

Immunology

Olfactory bulb wards off viruses

The research team successfully demonstrated the mechanism of singlet 
 oxygen production of methylene blue embedded in the DNA strand. Their 
findings provide information how targeted modification of the medication 
could increase its effectiveness in PDT.

Photodynamic therapy (PDT) has 

been proven as an effective alterna-

tive to conventional tumour remov-

al. An international team led by 

Juan J. Nogueira, Markus Oppel 

and Leticia González of the Institute 

for Theoretical Chemistry at Vienna 

University, Austria have successfully 

simulated the accumulation of 

methylene blue - one of the most 

commonly used substances in PDT- 

in the DNA of cancer cells. Their 

findings may help to increase the 

Researchers at MIT have devel-

oped a method to stimulate brain 

tissue using external magnetic 

fields and injected magnetic nano-

particles — a technique allowing 

direct stimulation of neurons, 

which could be an effective treat-

ment for a variety of neurological 

diseases, without the need for im-

plants or external connections. 

Previous efforts to stimulate the 

brain using pulses of electricity 

have proven effective in reducing 

or eliminating tremors associated 

with Parkinson’s disease, but the 

treatment has remained a last re-

sort because it requires highly in-

vasive implanted wires that con-

nect to a power source outside the 

The brain is one of the best protect-

ed areas of our body. The blood-

brain barrier is highly effective in 

selecting which substances in the 

circulating blood it allows to reach 

the central nervous system as well as 

protecting the brain against toxic 

and messenger substances and path-

ogens. Any unwanted visitors that 

succeed in overcoming the barrier 

cause an inflammation of the brain 

– encephalitis. The usual cause are 

viruses. Scientists at Twincore’s Insti-

tute for Experimental Infection Re-

search have explored the pathway 

of the vesicular stomatitis virus (VSV) 

effectiveness of the substance and 

optimise the chances of successful 

treatment. Patients receive a light 

activated substance, which accumu-

lates in tumor cells. Subsequent ra-

diation produces toxic substances, 

in particular oxygen radicals, which 

kill cancer cells and thus destroy the 

tumour. 

First published in: Angewandte Chemie, 
2015, DOI: 10.1002/ange.201411456 und 
Biochemistry, 2014, DOI: 10.1021/
bi500068z
Source: www.medienportal.univie.ac.at

researchead

brain. In their study, the team in-

jected magnetic iron oxide parti-

cles just 22nm in diameter into the 

brain. When exposed to an exter-

nal alternating magnetic field — 

which can penetrate deep inside 

biological tissues — these particles 

rapidly heat up. The resulting local 

temperature increase can then lead 

to neural activation by triggering 

heat-sensitive capsaicin receptors 

– the same proteins that the body 

uses to detect both actual heat and 

the “heat” of spicy foods. (Capsai-

cin is the chemical that gives hot 

peppers their searing taste.) 

First published in: Science, 2015, 
DOI: 10.1126/science.1261821
Source: www.web.mit.edu

Tissue Engineering

Bioengineers put human hearts 
on a chip for drug screening

When UC Berkeley bioengineers 

say they are holding their hearts 

in the palms of their hands, they 

are not talking about emotional 

vulnerability. Instead, the re-

search team led by bioengineer-

ing professor Kevin Healy is pre-

senting a network of pulsating 

cardiac muscle cells housed in an 

inch-long silicone device that ef-

fectively models human heart tis-

sue, and they have demonstrated 

the viability of this system as a 

drug-screening tool by testing it 

with cardiovascular medications. 

This organ-on-a-chip represents a 

major step forward in the devel-

opment of accurate, faster meth-

ods of testing for drug toxicity. 

First published in: Scientific Reports, 2015, 
DOI: 10.1038/srep08883
Source: www.berkeley.edu

Fig. 1 The "heart-on-a-chip" de-
veloped at UC Berkeley houses hu-
man heart tissue derived from 
adult stem cells. The system could 
one day replace animal models for 
drug safety screening. 

Fig. 2 Wafers like the one shown 
here are used to create “organ-on-
a-chip” devices to model human 
tissue.
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and the defence strategy of the brain. 

They discovered that brain cells are 

multi talents, able to quickly change 

their role in response to a virus at-

tack and to produce the semiochem-

ical interferon beta (IFN beta). IFN 

beta is a protein which constrains 

the intracerebral spread of the virus 

and triggers further immune re-

sponses. It is the first and usually 

most crucial defence mechanism of 

the brain against viruses.

First published in: J Virol., 2015, DOI: 
10.1128/JVI.02044-14
Source: www.twincore.de
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Scientists at the University of Cam-

bridge have successfully created 

‘mini-lungs’ using stem cells de-

rived from skin cells of patients 

with cystic fibrosis, and have 

shown that these can be used to 

test potential new drugs for this de-

bilitating lung disease. The re-

search is one of a number of stud-

ies that have used stem cells to 

grow ‘organoids’, 3D clusters of 

cells that mimic the behaviour and 

function of specific organs within 

the body. Other recent examples 

have been ‘mini-brains’ to study 

Alzheimer’s disease and ‘mini-liv-

ers’ to model liver disease. Scien-

tists use the technique to model 

how diseases occur and to screen 

for potential drugs; they are an al-

One way to visualize processes 

taking place in the organism is the 

imaging technique known as laser 

mass spectrometry. If a matrix is 

used as an auxiliary substance, it is 

called matrix-assisted laser desorp-

tion/ionization (MALDI). A team 

led by Prof. Klaus Dreisewerd and 

Dr. Jens Soltwisch at Münster Uni-

versity, Germany succeeded in im-

proving the analytical sensitivity 

and representational accuracy of 

the technology. By rasterising tis-

sue slices with a finely focused la-

ser beam and analysing the weight 

of the electrically charged particles 

of each irradiated pixel in a mass 

spectrometer, the MALDI technolo-

gy enables visualisation of the spa-

tial distribution of the individual 

substances with a resolution within 

a range of one hundredth millime-

tre. The researchers use a second 

intense ultraviolet laser pulse, 

which irradiates the expanding 

particle cloud of matrix and bio-

molecules for a second time.

First published in: Science, 2015,  
DOI: 10.1126/science.aaa1051
Source: www.campus.uni-muenster.de

Brain stem cells are capable of re-

producing nerve cells and are there-

fore regarded as hopeful for future 

therapeutic opportunities. The team 

of researchers at the Munich branch 

of the Helmholtz Zentrum (German 

Research Centre for Enviromental 

Health) and Ludwig Maximilians 

University (LMU), Munich discov-

ered that the self-renewal rate of 

stem cells is limited and their num-

bers actually decline over the course 

of a lifetime. Neuron formation (neu-

rogenesis) in humans is mostly limit-

Tissue Engineering

‘Mini-lungs’ to aid the  
study of cystic fibrosis 

Neurobiology

Brain stem cells are no  
eternal fountain of youth  

Bioanalysis

Even vitamins become visible
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ternative to the use of animals in 

research. Cystic fibrosis is a mono-

genic condition – in other words, it 

is caused by a single genetic muta-

tion in patients, though in some 

cases the mutation responsible 

may differ between patients. One 

of the main features of cystic fibro-

sis is the lungs become over-

whelmed with thickened mucus 

causing difficulty breathing and 

increasing the incidence of respira-

tory infection. Although patients 

have a shorter than average 

lifespan, advances in treatment 

mean the outlook has improved 

significantly in recent years.

First published in: Stem Cells and Develop-
ment, 2015, DOI: 10.1089/scd.2014.0512
Source: www.cam.ac.uk

Fig. 1 The research team at the Institute of Hygiene (f.l.t.r.): Prof. Johannes 
Müthing, Hans Kettling (physicist), Dr. Jens Soltwisch, Prof. Klaus Dreisew-
erd, Simeon Vens-Cappell (chemist) and Marcel Wiegelmann (MSc physics) 
Picture: FZ/M. Thomas

Fig. 2 The principle of the MALDI-2 
imaging technology: A first, finely fo-
cussed, MALDI laser beam rasteris-
es a prepared tissue slice and gen-
erates some charged, but mostly 
uncharged, particles. A second, time 
offset, laser pulse irradiates the ma-
terial cloud and generates numer-
ous additional charged particles. 
These are sorted in a mass spec-
trometer according to their molecu-
lar weight and produce a spectrum. 
The spatial distribution of all regis-
tered substances in the tissue can 
be reconstructed from the intensity 
of the discrete signals. 
Image: UKM Fotozentrale, W. Kramer

ed to the development phase. In 

adults it takes place in just a few re-

gions of the forebrain (prosencepha-

lon). In these regions, neural stem 

cells are present and form nerve 

cells via intermediate stages. The 

work of the team,  shows that both 

the self-renewal rate and the diversi-

ty of the neurons generated from 

stem cells are limited, and that the 

number of stem cells declines with 

increasing age.
First published in: Nat. Neurosci., 2015,  
DOI: 10.1038/nn.3963
Source: www.helmholtz-muenchen.de
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Combinatorial explosion 
in the separation sciences

Prof. Dr Gérard Hopfgartner
Life Sciences Mass Spectrometry, Sciences Faculty, 

University of Geneva, Switzerland

In the analytical sciences one 

of the major goals is to develop 

and validate methods for the identi-

fication and quantification of molecules in 

complex samples, in order to support investiga-

tions in the pharmaceutical sciences, environ-

mental sciences, food sciences, biology and 

medicine. A typical workflow consists in isolating 

the analyte from the matrix, 

separating it from other simi-

lar constituents and selectively 

identifying them. One of the key 

separation techniques is chromato-

graphy, which was pioneered by Mikhail  S. Tsvet 

in 1900. Tsvet separated compounds of leaf pig-

ments, extracted from plants using a solvent, in a 

column packed with particles. Over the years the 

technique has evolved by working with higher 

pressures, and has given rise to the acronym 

HPLC, standing for high pressure  liquid chroma-

tography, which is now one of the major tech-

niques in the separation sciences. Today operat-

ing pressures in range of 600 to 1600 bar are 

routine. Using smaller particle geometry, resulting 

8 02.15



902.1502.15

in improved separation resolution, various 

particle chemistries have been devel-

oped, making it possible to use different 

separation mechanisms to cope with 

the analysis of both small molecules 

and macromolecules. On-line 

light scattering, ultraviolet and 

fluorescence spectroscopy 

are the most commonly 

used detection methods. 

The  development of atmos-

pheric pressure ionisation 

techniques (in particular, electros-

pray ionisation) has given rise to the 

coupling of  ultra-pressure liquid chroma-

tography and mass spectrometry. This 

combination has raised standards in 

separation power and detection, 

opening new avenues in the multi- 

components analysis that is mandatory 

for proteomic and metabolomic 

 i nvestigations. In addition, the 

 integration of real time multi- 

dimensional liquid chromatogra-

phy, ion mobility spec-

trometry and tandem 

mass spectrometry adds 

several dimensions in 

sample analysis. Ideal-

ly, one would like to 

gather as much infor-

mation as possible 

from a single analysis, 

and a coupling or combination of 

techniques is highly desirable to cope 

with these challenges, resulting in a 

combinatorial explosion of possible 

approaches. While high quality infor-

mation is required to push limits in the 

sciences, the development of high sample 

throughput and miniaturisation  approaches in 

various areas will be needed in order to take full 

advantage of these new analytical tools. Many 

of these topics, including fundamental aspects 

of separation sciences and combinations involv-

ing mass spectrometry and high-end applica-

tions, will be discussed between academic, in-

dustrial, young and established scientists from 

all over the world at the 42nd International Sym-

posium on High Performance Liquid Phase Sep-

arations and Related Techniques, to be held from 

21 to 25 June at the International Conference Centre 

(CICG) in Geneva, Switzerland.

 > Gerard.Hopfgartner@unige.ch

Foto: © fotolia.com |  ra2 studio

Gérard Hopfgartner studied chemistry 
at the University of Geneva and received his 
Ph.D. degree in 1991 in the field of organic 
 geochemistry and mass spectrometry. He 
 pursued his formation as a postdoctoral fellow 
at Cornell University in the domain of atmos-
pheric pressure ionisation LC-MS/MS. Then in 
1992 he joined the DMPK Department of  
F.Hoffmann-La Roche in Basel where he was in 
charge of the bioanalytical section. Since April 
2002 he is full Professor for analytical sciences 
and mass spectrometry at the University of 
 Geneva. His scientific interests include the 
 application and the development of novel mass 
spectrometry approaches with and without 
chromatography in the field of life sciences in 
particular, metabolomics, analytical proteom-
ics, Qual-Quant bioanalysis and toxicology.  
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From the barley 
to the bottle
How can we safeguard the quality of our beer?

Prof. Dr Michael Rychlik1, Katharina Hofer2, Dr Martina Gastl3, 
Katharina Habler1, Cajetan Geißinger3 and Dr Michael Hess 2

1Chair of Analytical Food Chemistry, Technische Universität München, Germany
2Chair of Phytopathology, Technische Universität München, Germany
3Chair of Brewing and Beverage Technology, Technische Universität München, Germany

Beer is an integral part of German culture. Not only because of the German 

"Beer Purity Law" (Reinheitsgebot) it is that we associate the drink with 

 concepts such as “traditional”, “wholesome” and “additive-free”.  As a cereal 

product, however, beer is subject to the same conditions that affect the cultiva-

tion, storage and  processing of other cereal crops. One of the problems with 

which almost all  cereal products are confronted is fungal contamination and the 

associated potential  impairments to quality that this implies.

mycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxinsmycotoxins

02.1510



1102.15

67. 
Annual Meeting 
of the German Society 
for Hygiene and 
Microbiology 
(DGHM) e. V.

27–30 September 2015

2015 
Halle Münsterland
Münster

Scientifi c Committee
Prof. Dr. rer. nat. Dr. h. c. Helge Karch
Prof. Dr. med. Georg Peters
University Hospital Münster 
University of Münster
Westfälische Wilhelms-Universität Münster  

www.dghm-kongress.de

Deadline Abstract Submission
31 May 2015

Deadline Early Bird Registration
31 July 2015

©
 w

w
w

.m
ue

ns
te

r.d
e 

• 
Pr

es
se

am
t 

©
 fo

to
lia

.co
m

 •
 Ja

ko
b 

Ka
m

en
de

r

Call for Abstracts



12 02.15

The most important fungal genus here is Fusari-

um, which preferentially infects cereals during 

the flowering period. Other causes are the dema-

tiaceous (pigmented) fungi, which spoil cereal 

grains affected with moisture during ripening or 

storage. While wheat is particularly prone to in-

festation, brewer’s barley can also be affected 

(fig. 1). In the 2007 harvest, for example, an ex-

tremely high level of Fusaria contamination was 

observed, accompanied by an unusually set of 

symptoms (esp. discoloured red and black grains, 

see fig. 2). In 2010, major contamination with 

dematiaceous fungi was observed in barley at 

harvest, while the occurrence of discoloured red 

grains was so frequent in some wheat harvests 

that large parts of this crop proved unsuitable for 

use in brewing. 

Risks posed by Fusaria 
and their metabolites
In the case of barley, no effective fungicide or 

resistant strain is available for managing Fusar-

ia-induced cereal blight. Yet infection with 

Fusaria can dramatically impair the quality of 

unmalted barley grains. One problem brewers 

ascribe to the metabolites produced by Fusaria 

(known as hydrophobins) is “gushing”, a high-

ly unwelcome phenomenon in which the beer 

spontaneously gushes out of the bottle as soon 

as it is opened without shaking the bottle. 

Fusaria are also responsible for producing an 

array of mycotoxins, although only deoxyniva-

lenol (DON) has been given a maximum limit 

in the EU to date. In cereal crops intended for 

further processing before consumption, a val-

ue of 1250 µg DON/kg is tolerated. For beer, 

where we assume the addition of 10 % malt on 

average, the corresponding maximum limit is 

125 µg DON/l. 

Along with the metabolites produced direct-

ly by fungi, foodstuffs can also contain “modi-

fied mycotoxins”, one example being 

DON-3-glucoside. This compound is formed by 

plant metabolism from the original toxins [1]. 

These “modified mycotoxins” can either be tox-

ic themselves or their degradation in the human 

gastro-intestinal tract may release the original 

toxin. As such, these substances may pose addi-

tional risks, even though they are not legally 

restricted or even fully accessible to lab analysis.

In addition to the abovementioned DON 

and its glucoside, Fusaria may also form other 

toxin groups, including other trichothecenes, 

zearalenone, moniliformin, enniatins, beauver-

icin and fumonisins. 

The detection and analysis of Fusaria con-

tamination is extremely difficult, both in the 

Fig. 1 Ears of barley blighted by Fusarium aven-
aceum (left) compared to healthy control (right) 

Fig. 2 Discoloured red barley grains blighted by 
Fusarium (top) compared to healthy controls (bot-
tom) 

Fig. 3 Greenhouse-cultivated barley following 
inoculation with Fusarium 

Fig. 4 Germinating barley during the malting 
process

Fig. 5 Capillary electrophoresis (lab-on-chip 
with Offgel®, two-dimensional gel electrophore-
sis), which enables a protein characterisation of 
the malts

mycotoxins



Fig. 6 LC-MS/MS chromatogram as part of the multi-stable isotope dilution analysis (SIDA) for quan-
tifying the most important Fusarium toxins

Fig. 7 LC-MS/MS chromatogram of a malt extract with detection of deoxynivalenol (DON) and the mod-
ified DON-3-glucoside mycotoxin
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field and in the supply chain to the brewery. To 

date, the contamination or level of contamina-

tion with moulds has primarily been assessed 

using manual scoring (also used to detect grain 

anomalies such as germination or second 

growth), i.e. using only visual inspection as the 

basis for drawing conclusions about the degree 

of contamination present. This method takes 

only the visible set of symptoms into account, 

however (visible mould growth – causing red, 

white, salmon-pink or black grains): contamina-

tion that does not cause discolouration remains 

undetected.

Solution: a systematic analysis of 
Fusaria contamination
The Chairs of Brewing and Beverage Technology, 

Phytopathology and Analytical Food Chemistry 

at Technische Universität München have there-

fore joined forces with the aim of systematically 

establishing the links between the type and 

 degree of Fusaria contamination (spectrum of 

Fusarium species), symptoms (e.g. red and 

black grains) and metabolites (mycotoxins, key 

proteins, chemical defences) across the entire 

 process, from raw grain to finished product. 

 Experiments consider both typical samples of 

real-world barley, so as to establish the status 

quo, as well as specifically inoculated sample 

material (greenhouse inoculation = single ino-

culation (contamination) with one Fusarium 

 species) and field-plot inoculations (mixed inoc-

ulation with one primary species), so as to gen-

erate a comprehensive and systematic set of da-

ta.  Selection of the Fusarium species is based on 

differentiation of their toxin-forming potential. 
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Michael Rychlik studied food chemistry at 
the University of Kaiserslautern. After receiving 
his doctorate from Technische Universität 
München (TUM), he completed his habilitation 
in food chemistry at TUM in 2003. Appointed 
Scientific Director of the Bioanalytics Weihen-
stephan (TUM) in 2008, he received a full univer-
sity professorship at the Chair of Analytical Food 
Chemistry at the TUM School of Life Sciences 
Weihenstephan in 2010. He lectures in food 
chemistry at TUM and also holds/has held 
 lecture series at the University of Erlangen 
(Germany) and the University of Queensland 
(Australia). Past accolades include the German 
Industrial Bakeries’ Research Prize and the 
Kurt Täufel Prize from the German Food 
 Chemistry Society (part of GDCh). Since 2014, 
he has been Chairman of the Committee for 
Contaminants and other Undesirable Sub-
stances in the Food Chain, as set up by the Fed-
eral Institute for Risk Assessment (BfR, Berlin).

Martina Gastl completed apprenticeship 
as a brewer and maltster, supplementing this 
with a degree in brewing and beverage technol-
ogy at Technische Universität München, where 
she also completed her doctoral studies. She is 
 currently completing her habilitation in this 
 discipline. She worked as a research assistant 
from 2002 and has also held the post of labora-
tory manager. She has been the principal inves-
tigator for raw material technology in the Chair 
of Brewing and Beverage Technology since 
2009.

Michael Hess studied agricultural science at 
Technische Universität München (Weihenstephan 
campus) and received his doctorate in phytomedi-
cine from the Chair of Phytopathology. After a 
 period of working in the plant protection industry, 
he returned to the Chair in 2003, where he has 
since managed several national and international 
projects and joint ventures connecting basic re-
search and applications. As a principal investigator 
in  epidemiology, his work focuses on the diagnosis 
and control of diseases affecting cereals, maize, 
 cucumbers and peas. This research involves 
 expanding existing plant protection systems while 
also modifying them to face the new challenges of 
changing economic conditions and climate 
change. Since 2006 he is focussing in particular on 
the end-to-end quality management of brewer’s 
barley, from cultivation through to final processing.

Impairments to qualities important for processing 

(solubility in the malting process with a focus on 

the proteolytic solution) as caused by fungal con-

tamination will also be investigated. The Fusaria 

contamination or microbial blight present will be 

precisely differentiated by both conventional and 

molecular methods of phytopathological analy-

sis. Alongside molecular diagnostics, the degree 

of contamination and the symptoms that result 

will be recorded using the manual scoring typical 

in the industry. The Fusaria and their related me-

tabolites toxins formed and their metabolites will 

be quantified using LC-MS/MS and a combined 

method using stable isotope dilution assays (SI-

DAs) and matrix-matched calibration. Supple-

mentary gene expression studies from re-inocu-

lated samples will help researchers to obtain 

indications of the production of meta bolites rel-

evant for the steps in the malting process.

The investigation of the links between Fusar-

ia contamination, symptoms and mycotoxin pol-

lution of the brewer’s barley starting material 

from the malting process to the final malt product 

– and ultimately the beer itself – is intended to 

improve both quality controls and product safety.

Findings to date
For the systematic production of the specific 

barley, malt and beer samples, the first step was 

for the Chair of Phytopathology to develop a 

procedure for the reproducible inoculation of 

barley plants in the greenhouse (fig. 3) and on 

field plots. The  for Brewing and Beverage 

Technology then malted (fig. 4) and brewed the 

individual inoculated samples in order to pro-

vide a kind of in-process check on the techno-

logical steps. A pilot study was used to success-

fully test this procedure with the sample 

substances of beauvericin and the enniatins [2]. 

Capillary electrophoresis was also set up for 

protein separation and documentation, thus 

serving to assess the quality characteristics of 

the malt (lab-on-chip with Offgel®, see fig. 5). 

Finally, the  of Analytical Food Chemistry then 

integrated the most important Fusaria toxins in 

barley into a multi-SIDA in which SIDAs were 

combined with matrix-matched calibration (fig. 6). 

mycotoxins



Katharina Hofer (left) is a doctoral student 
in the Chair of Phytopathology at TUM. She com-
pleted her undergraduate studies in land usage 
and followed this with a master’s in agricultural 
science. Her research since then has included 
work on the Fusarium complex in barley. 

Katharina Habler (centre) studied food 
chemistry at TUM and has been a doctoral stu-
dent at the Chair of Analytical Food Chemistry 
(TUM) since 2013. Her research focuses on the 
analysis (LC-MS/MS) of mycotoxins in barley, 
malt and beer. After having completed his 
 apprenticeship as a brewer and maltster,  

Cajetan Geißinger (right) studied brewing 
and beverage technology at TUM. Joining the 
Chair of Brewing and Beverage Technology 
(TUM) in 2012, he has since worked on the impact 
of Fusarium contamination on the quality char-
acteristics of brewing cereals.

Findings from the project to date based on spec-

imens from a brewers monitoring for quality of 

the raw material and inoculated samples discov-

ered poor correlation between manual scoring 

(i.e. red and black grain counts) with the DNA 

of Fusaria considered by the project to date and 

the toxins these species produce, namely DON 

and T-2/HT-2 toxin. In the specifically inoculat-

ed barley samples, the DNA of the correspond-

ing species was quantified, as were known tox-

ins: Fusarium culmorum and F. graminearum 

produced DON, F. sporotrichioides and F. lang-

sethiae produced T-2 and HT-2 toxin, and F. 

avenaceum and F. tricinctum produced enniat-

ins and beauvericin. For producers of the type 

B trichothecene group, it was also discovered 

that the modified mycotoxin DON-3-glucoside 

was generated from DON especially during malt-

ing, in quantities far exceeding the quantity of 

DON itself (fig. 7). From the malts generated in 

the project, beer is being brewed and toxins are 

being tracked through the individual sub-pro-

cesses. In the future, this will permit the investi-

gation of strategies to guarantee high-quality 

beer. 

 > michael.rychlik@tum.de
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Served on a chip
Organic electronics for sensor applications

Dr Michael Thomschke

Fraunhofer Institute for Organic Electronics, 
Electron Beam and Plasma Technology FEP, Dresden, Germany

Intelligent, portable medical equipment is essential for the provision of rapid 

and straightforward point-of-care patient diagnostics. In an emergency, lab-on-chip 

applications in portable devices can help to save valuable time and cut the costs of 

clinical laboratory analysis. Other application areas in non-invasive medical 

monitoring such as pulse oximetry also stand to benefit [1].

OLED as a light source
Several years ago, electronics based on organic 

molecules reached market maturity in the form 

of organic LEDs (OLEDs) for small-scale  displays 

in mobile phones, camera and wearables, and is 

now taking the tablet and TV markets by storm. 

Progress has also been made towards the com-

mercialisation of organic transistors, solar cells 

and photodiodes (OPD). To date, their use in 

optical sensors for lab-on-chip applications in 

medical technology and analysis has been suc-

cessfully demonstrated in the form of simplified 

structures [2]. The combination of these ultra-thin, 

light-emitting and light-sensitive modules with 

configurable spectral properties could come to 

play a key role in the sensor systems of the fu-

ture. The modules’ primary components are na-

noscale-thin layers of organic semi-conductors, 

which can be deposited on a huge variety of 

substrates, including glass, foil and – in particular 

– silicon wafers. Long-chain polymers can be 

printed, sprayed or spin-coated, while compact 

oligomers can be deposited from the gas phase 

in a vacuum. The use of shadow masks to pat-

tern small displays has currently come up 

against the technical barrier of 500 pixels/inch, 

equating to a dot pitch of roughly 50 µm. Sever-

al research teams have now successfully broken 

through this barrier in the lab by using a litho-

graphic method [3]. This multi-layered design 

(fig. 1) also enables the simple integration of 

OLEDs, OPDs and optical filters (e.g. Bragg 

 filters), for example, as part of a continuous 

manufacturing process, both on very small 

(µm²) and large (m²) surfaces – and on flexible 

 substrates in particular. X-ray detectors with 

 organic scintillators are also feasible. In bio-

sensor systems, a typical mechanism of detec-

tion utilises the fluorescence signal from tracer 

or marker dyes. Such dyes can be  attached to 

certain biological entities (cells, molecules, etc.) 

as a functional group, where they are then used 

for optical recognition. This approach can there-

fore be used to determine the concentration and 

condition of organisms or organic compounds.

Sensors on a chip
For OLED and OPD modules on silicon wafers, 

a wealth of options are offered by combining 

these with a fully-featured readout and control 

electronics setup on the substrate. Here, the 

OLED can serve as an excitation light source, 

whose spectrum is adjusted to match the 

 absorption band of the fluorescent marker 

mole cules. The OPDs or photodiodes integrated 

in the chip are then used to detect the fluores-

cence signal and also – if required – its time 

series. Inspired in particular by commercialisa-

tion as display technology, researchers have 

now developed organic semiconductors in 

many classes of material and with hundreds of 

members in each class – usable as light sources 

for the complete human-visible spectrum and 

beyond. The above applies in equal measure for 

organic photodiodes, whose spectral sensitivity 

can be configured using the absorbing material 

and micro-optics.

Ultraviolet radiation 
from organic molecules
For optical excitation at the near-ultraviolet 

spectrum, however, the choice of suitable or-

ganic materials is very limited indeed. One op-

tion here is to use the electroluminescence of 

undoped layers, which are typically deployed 

as a host for embedded emitter molecules [4, 5]. 

This approach extends the available spectral 

bandwidth, opening up enormous potential for 

deployment in e.g. fluorescence detection or 
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optical sensors
sensor systems using plasmon resonance, where 

the degree of transmission of multilayered metal 

structures depends on the type and concentra-

tion of neighbouring substances and mixtures. 

Sensor chips equipped with a near-ultraviolet 

excitation light source can be deployed in many 

applications, since a particularly large number 

of organic dyes absorb large quantities of light 

in this spectral band. 

Fraunhofer FEP is therefore developing simple 

OLED structures (fig. 2) that currently emit near-

UV light with a total efficiency of ~2 % at a supply 

voltage of 5 V. The OLED in question consists 

solely of the two organic materials 4,4’-bis (carba-

zol-9-yl) biphenyl (CBP) and 1,3-bis [3,5-di(pyri-

din-3-yl) phenyl] benzene (BmPyPhB). Charge 

carrier injection is performed in the first case with 

MoO3 via a transparent indium tin  oxide (ITO) 

anode into CBP and via a LiF/Al cathode in the 

second case (for BmPyPhB). Recombination takes 

place at the interface of the two organic layers. 

The electroluminescence stems from the CBP 

 molecules, since BmPyPhB requires a greater lev-

el of excitation energy. The peak wavelength is 

380 nm, and emission ranges from 350 nm to the 

human-visible wavelength of 450 nm. Ongoing 

research work is now attempting to improve 

the emission’s trigger voltage, efficiency, ser-

vice life and spectral band.

Keeping excitation 
and fluorescence apart
The typical spectral emission bandwidth of 

around 100 nm is generally unsuitable for sensor 

systems, as is shown by the following example. 

If the OLED’s excitation light and the marker’s 

emission need to be spectrally separated, then 

optical filters become necessary. In the manu-

facturing process, these filters can be applied 

seamlessly as an additional layer on the module. 

This principle has already been demonstrated in 

the example of a green, “top-emitting” OLED on 

Si substrates. The OLED itself is located on an 

opaque metal electrode and is equipped with a 

semi-transparent top contact. Above this is lo-

cated a specially-designed Fabry-Perot interfer-

ence filter, which functions as an edgepass filter 

(fig. 3).  This is used to block emission of OLED 

light above 550 nm, while permitting emission 

below 550 nm. With a spectral bandwidth of just 

20 nm, a peak wavelength of 515 nm is achieved, 

offering the greatest possible overlap with the 

absorption spectrum of a fluorescent marker. 

This ensures the maximum excitation of the 

marker dye while keeping crosstalk to an abso-

lute minimum. Including its thin-film encapsula-

tion, the entire OLED module has a thickness of 

Michael Thomschke studied physics at TU 
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organic light-emitting diodes from 2007 to 2011 
under Professor Karl Leo at the Institute for Ap-
plied Photophysics. His research focuses on the 
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fields. He has worked in the microdisplays and 
sensors business unit at Fraunhofer FEP (prior 
to 2014:  Fraunhofer COMEDD) since 2011, 
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Fig. 2 Multi-layer structure and molecules of a UV OLED and comparison of various OLED electrolu-
minescence spectra from NUV to visible (VIS) to NIR. One portion of UV emission extends into the dark 
blue spectral band and is visible. 

Fig. 1 A mechanism for fluorescence detection by integrating OLED, OPD and microfluidic elements 
into one component, which can thus contain the entire trigger and sensor electronics.
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Fig. 3 Integration of OLED hole transport layer 
(HTL), emission layer (EML), electron transport 
layer (ETL) and Fabry-Perot filter for the spectral 
separation of excitation light and dye marker fluo-
rescence (in this set-up, the detector should not 
register any signals below 560 nm).
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just 1.5 µm and can therefore be positioned in 

very close proximity to the substance of interest.

Once augmented by photodiodes and mi-

crofluidic elements, modules of this kind could 

subsequently be used as low-cost optical sen-

sors. The above findings and principles demon-

strate the theoretical deployment of OLEDs in 

sensor applications. The end-to-end integration 

of OPDs and OLEDs, including filters and the 

underlying chip electronics, is currently the fo-

cus of ongoing research work. Several obsta-

cles, such as service life and component reliabil-

ity/integration – which also implies a durable 

encapsulation format – must still be overcome.

 >  michael.thomschke@
comedd.fraunhofer.de
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On 20 December 2013, a resolution was passed by the UN General Assembly 
declaring the year 2015 as the “International   Year of Light and Light-Based 
Technologies”. Scientific research into light drives technological applications 
in photonics, which has a leading role to play in both the life sciences and 
climate protection. High-precision optical instruments literally permit us to 
form a picture of our world and the environment. 

For more information, please visit: www.light2015.de

Bibliography
  [1] Williams, G. et al. (2014) Electronics 3, 43 –75
 [2] Lochner, C. M. et al. (2014) Nature communications, vol. 5
 [3] Zakhidov, A. A. et al. (2011) Chem. Sci. 2, 1178 –1182

  [4] Lu, H. et al. (2012) Proc. of the IDW/AD 1097–1100
  [5]  Mikami, A. et al. (2008) SID Symposium Digest of 
 Technical Papers 39, 215 –218

www.julabo.com

Superior Temperature Technology for a Better Life

  Visit us: 

  Hall 4.2 Stand J38
  Visit us: 

  Hall 4.2 Stand J38
  Hall 4.2 Stand J38

A Masterpiece  
   of Technology

Precision temperature 
control is our life’s work

The precision, accuracy, and performance of 
JULABO temperature control solutions have 
made them fi xtures in laboratories around 
the world. JULABO instruments cover every 
application from -95 °C to +400 °C in 
science, research, and industry.

2015-03_TempSolutions_ACHEMA_150x225_EN_LabAndMore.indd   1 31.03.2015   18:17:35



02.1520

photosynthesis

During photosynthesis, water is converted into oxygen, transforming  sunlight  into  chemically usable 

energy. The precise details of the mechanisms behind this solar- powered splitting of water remain 

 unknown and are now being  investigated with advanced techniques in structural analysis.   This work 

 requires the availability of high-quality crystals of the all-important protein complex, photosystem II, 

whose   growth poses several challenges to interdisciplinary research.

The mere title of “photosynthesis researcher” of-

ten generates puzzled looks, since there’s a 

widespread misconception that science has long 

understood how it works. But this isn’t the 

whole story. True, we know, where photosyn-

thesis takes place, e.g., in the green leaves of 

higher plants, the most familiar photosynthetic 

organisms. We also know that the primary 

light-powered reaction that takes place in plant 

cells involves the conversion of carbon dioxide 

(CO2) and water (H2O) into carbohydrates (sug-

ars). This also involves producing oxygen (O2) 

as a “by-product” – yet one that is essential to life 

for most non-plant organisms (including hu-

mans). This reaction consists of two parts, of 

which only one requires the presence of light. In 

this “light-dependent reaction”, the solar energy 

is utilised to split water molecules. More precise-

ly: the water molecule is forcibly relieved of two 

electrons and two protons, which are then 

passed to other molecules. The energy stored in 

these molecules is then utilised for sugar synthe-

sis in the separate “light-independent reaction”. 

The remains of the water form molecular oxy-

gen (O2). And this aspect – solar-powered water 

splitting – is the one that generates most of the 

unanswered questions and makes working in 

this field into a real adventure for researchers.

A closer look at leaves
To understand where the problems lie, we can 

take a closer look at a green-pigmented leaf (fig. 

1). This leaf is naturally composed of plant cells, 

which in turn contain organelles, which can be 

viewed as the cell’s “organs”, each having a spe-

cific function. The job of photosynthesis is car-

ried out by the chloroplasts (from Ancient Greek  

chlõrós, “green”, and plastós, “formed”). These 

contain large quantities of the leaf pigment 

chlorophyll (lit. “leaf-green”, from Ancient 

Greek phýllon, “leaf”). Most chlorophyll mole-

cules – and particularly those molecules in-

volved in the processing of solar energy – are 

bound to proteins. These proteins are them-

selves embedded in a complex structure of lipid 

bilayers known as “thylakoid membranes” (from 

Greek thylakos, “sac”). Our interest focuses in 

particular on one of these membrane proteins, 

photosystem II (PSII), for this is where water 

splitting takes place.

International Year of Light
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through the thylakoid membrane to other mem-

brane proteins, where it is then processed (fig. 1, 

centre).

Water splitting occurs on the other side of 

the PSII complex. The task of splitting a water 

molecule is harder than one would think. First, 

a lot of energy is required to persuade the reluc-

tant water molecule to give up its protons and 

electrons. Second, the process must also be 

properly controlled. If mismanaged, poisonous 

molecules known as reactive oxygen species 

(ROS) are created as by-products, which dam-

age the plant cell.  This difficult task is handled 

with aplomb by a complex consisting of one 

calcium and four manganese ions – a “manga-

nese cluster” in lab jargon. It is hardly an under-

statement to call the manganese cluster the 

 “Holy Grail” of photosynthesis research, since 

the mechanism by which this cluster splits the 

water molecule while protecting the cell is still 

largely unknown and keeps a great many re-

searchers busy worldwide. To properly under-

stand “light harvesting” and “water splitting”, we 

need more details of the structure and arrange-

ment of the proteins and molecules involved. So 

how can we obtain these details?

We need crystals
To elucidate the structure of PSII, we first need 

to isolate it. This means removing it from the 

plant cell while making every effort to ensure it 

doesn’t lose its ability to split water with light 

– not an easy task. For this reason, we don’t 

PSII is a structure composed of twenty sep-

arate proteins and a host of smaller molecules 

bound to these proteins (known as “cofactors”). 

Many of these are chlorophylls, which, as dye 

molecules, are given the task of absorbing sun-

light and then transporting the energy it con-

tains into the heart of the PSII complex. This 

process of transportation is highly effective and 

the underlying physics – often described by the 

term “light harvesting” – is a major field of inter-

est in current photosynthesis research. Once 

harvested, the solar energy is used in the PSII 

complex core to transfer electrons from water to 

other small molecules, namely quinones, which 

are especially suited for accepting two electrons 

and two protons. One of these quinones exits 

the PSII complex and carries its precious load 
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photosynthesis

Fig. 1 A closer look at leaves. Higher plants are 
one type of organism capable of photosynthesis. 
The process takes place in their leaves and uses 
water (H2O) and carbon dioxide (CO2) to synthesise 
sugar and release oxygen (O2), driven by sunlight 
as the energy source (yellow arrows top left) and 
helped by the green leaf pigment chlorophyll. In 
plant cells, chlorophyll is produced by the chloro-
plasts, which feature extended membrane sys-

tems (thylakoids). Protein complexes involved in a 
network of very diverse processes are located in 
and on these membranes (image centre) (arrow 
colour code: yellow, light propagation; orange, en-
ergy transfer; blue, electron transfer; black, 
chemical reaction; red dotted line, proton trans-
fer). The photosystems I (PSI) and II (PSII) are 
light-dependent. They are provided with light en-
ergy by their own chlorophylls and by those locat-

ed within additional light-harvesting complexes 
(LHCs). The X-ray structure of the cyanobacterial 
PSII, forming long rows of dimers, is shown at the 
bottom left [2]. For the sake of clarity, the figure at 
the bottom right shows only a detail of the high-
est-resolution structure available to date [1], 
which illustrates the functional differentiation of 
chlorophylls into antennae and reaction centres. 
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actually use plant cells, but cyanobacteria – distant relatives of the chlo-

roplasts: their thylakoids contain virtually the same molecular apparatus 

as is found in plants. Heat-loving bacteria (thermophiles) like Thermo-

synechococcus elongatus, which prefer temperatures around 50 °C, are 

especially suitable. Proteins from thermophilic bacteria are somewhat 

more stable, a little easier to handle and can be prepared in sufficient 

amounts. By using cyanobacterial PSII, a result was achieved that had 

proved intractable with plant-derived PSII, namely the growing of a crystal 

– thus paving the way for structure determination.

Since proteins do not normally form crystals in their native environ-

ments, it’s something of a challenge to persuade them to do so. Accord-

ingly, protein crystallisation is still more of an art form than an exact sci-

ence, and involves a process of trial and error. One difficulty is presented 

by membrane proteins (such as PSII), since their position in the cell (e.g. 

in the thylakoid membrane) means they are not water-soluble. We there-

fore need to add detergents (“soap molecules”), which settle on the trans-

membrane parts of the protein surface, thus rendering the entire complex 

soluble in water. What these detergents do during the crystallisation of the 

membrane protein is still unknown. Accordingly, one of our research 

projects is to clarify the physical and chemical mechanisms involved in 

membrane protein crystallisation, with the goal of turning artistry into 

science – a task fit for Sisyphus himself. 

X-ray beams reveal the structure
Once we have the crystal, we can use X-rays to look at its inner workings. 

Yet, unlike a visit to the doctor’s, this doesn’t mean we are given a silhou-

ette of the protein’s “skeleton”. Instead, we get a pattern of dark spots that 

we need to analyse in order to reconstruct the molecule’s structure. The 

PSII image obtained is shown in the lower part of figure 1 (based on [1, 

2]). Since simply enumerating and describing the many components in 

PSII would fill a great many pages [3, 4], we limit ourselves here to the 

aspects of “light harvesting” and “water splitting”.

At the heart of PSII is the reaction centre (RC – see fig. 1, bottom right). 

As described above, this centre uses light energy to transfer (blue arrow) 

electrons from the manganese cluster (bottom) to the terminal quinone 

(top). The low volume of chlorophylls in the RC is not capable of supply-

ing enough light energy, however. Support is therefore provided by other 

chlorophylls, located both in PSII itself and outside, in a complex known 

as the “antenna”. These antenna chlorophylls increase the yield of light 

absorbed per RC. In this case, however, a chlorophyll some distance away 

from the RC has to first forward the light energy to the remote RC. This is 

achieved by one chlorophyll transferring its energy to a neighbouring chlo-

rophyll (orange arrows). The speed of this transfer depends on factors such 

as spacing and relative orientation, as well as the protein environment of 

the chlorophylls involved [3, 5]. Understanding this energy transfer is there-

fore crucially dependent on knowledge of the structure. For the PSII com-

plex, however, precise details of the relationship between the structure and 

the energy transfer – and the most important structural elements – are not 

yet fully known. Further research work is required in this area.

Recent research has managed to produce a new crystal form of PSII 

[2]. What is interesting here is the method used to achieve this new crystal 

form. First, crystals were grown in the conventional way. These crystals 

were then transformed by removing water and detergent. This step was 

achieved by changing the type of detergent. These results offer yet anoth-

er example of the important role played by detergents in membrane pro-

tein research. That said, we still know too little about this role, and the 

same can be said for the detergents’ natural counterparts – the lipids. 

HM_Anzeige_1-2Seite_115x330mm_solarus_0315.indd   1 26.03.15   10:46
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the manganese cluster in a single state. One 

might think that this state must be the S1 state, 

assuming that researchers are careful enough to 

avoid exposing the crystal to uncontrolled illu-

mination. The truth’s a little more complex, 

however. In every case, the crystals are subject-

ed to X-ray radiation – which always causes a 

certain amount of radiation damage. One con-

sequence of this damage is that metal centres 

such as the manganese cluster accept electrons 

and are then no longer in their original state. 

Only last year was this problem finally circum-

vented by the application of a new kind of 

methodology, providing the first high-resolution 

PSII structure without radiation damage [7]. This 

procedure replaced the normal step of irradiat-

ing the crystal with with the use of X-ray pulses 

from a free-electron laser, each pulse lasting for 

just a few quadrillionth of a second (femtosec-

onds). This enables a snapshot to be taken of 
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These are not merely the “stuff that makes up 

the membranes”. Some lipid molecules are 

bound to PSII as cofactors, clearly functioning 

as a “glue” that holds the various parts of the 

protein together. The choice of detergent used 

to isolate PSII also influences the presence of 

such lipid cofactors, whose degree of extraction 

is dependent on the specific detergent. Accord-

ingly, this changes the “stickiness” of the protein 

parts. In the new crystal form, protein contacts 

exist that had not been observed before, and 

lipids are indeed involved in these contacts. 

One notable aspect of these new protein con-

tacts is that they apparently shed light on a na-

tive tendency of the PSII complex to self-assem-

ble. In the crystal, PSII forms the same long 

rows that are to be found in the native thylakoid 

membrane of cyanobacteria [2]. Accordingly, 

the new crystal structure gives us a basis to in-

vestigate the functional meaning of this PSII su-

perstructure. We believe that it increases the 

efficiency of light harvesting.

Yet now we turn to the real “Holy Grail”. 

Unlike the Grail of myth and legend, the man-

ganese cluster really does exist. It was first im-

aged in 2001 in the first X-ray structure of PSII 

[6], although at the time it was little more than a 

shapeless “metal lump”. Further details were 

unavailable from the X-ray structure analysis at 

the time. Almost exactly ten years later, howev-

Fig. 2 Manganese cluster and the S state cycle. 
The manganese cluster (Mn4CaO5) consists of a 
skewed, cubic base (cubane-like structure; man-
ganese, metallic blue; calcium, yellow; oxygen, 
red) and a “chair back” consisting of manganese 
and oxygen. The metal ions are also linked to side 
chains of the protein (not shown). The structure 
shown here [1] still exhibits radiation damage, 
leading to changes in interatomic distances of up 
to 0.3 angstroms [7]. The manganese cluster 
binds water molecules, which are split during a 
cycle of five states known as “S states”. Targeted 
illumination (yellow arrows) can be used to step 
the cluster through this cycle. This involves the 
step-wise transfer of electrons (e–) to the reaction 
centre (cf. fig. 1, bottom right) and protons (not 
shown) to the external medium (cf. fig. 1, centre). 
The S4 state and the step involving oxygen release 
(O2) are still hypothetical and currently the subject 
of a large body of research.
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er, this obstacle was overcome by a Japanese 

team [1], and the structure of the manganese 

cluster shown in figure 2 was revealed. The 

structure is an arrangement of metal ions (four 

manganese and one calcium), with oxygen at-

oms serving as bridges between them. The ar-

rangement vaguely resembles a chair, although 

officially termed “cubane-like” in reference to a 

similar, cube-shaped molecule. This “metal 

cube” handles the difficult task of removing two 

electrons and two protons from each of two wa-

ter molecules in turn, by completing a cycle 

consisting of five states, known as “S states” S0, 

S1, …, S4 (fig. 2). In these symbols, the index 

indicates the number of electrons that the clus-

ter has supplied to the RC. The cluster is there-

fore most strongly reduced in the S0 state. The 

most stable state is S1, however: the manganese 

cluster remains in this state if steps are taken to 

keep the PSII complex literally “in the dark”. By 

then using targeted flashes of light, the cluster 

can be persuaded to proceed step-wise through 

the cycle. The S4 state remains hypothetical 

here, however, since it cannot be stabilised by 

using this approach. It is assumed that oxygen 

is released between S4 and S0 – but the details 

are still unknown. This is the last great mystery 

of photosynthesis.

Solving this mystery will require more than 

an X-ray structure, however, since it only shows 
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the structure before radiation damage occurs. 

This method was used to confirm the cu-

bane-like structure of the manganese cluster, 

although interatomic distances still had to be 

corrected by up to 0.3 angstroms (ten-billionths 

of a metre). Since this now gives us the structure 

of the S1 state, we now know what the “Grail” 

looks like but we don’t yet know how it works.

Moving beyond a static structure
Ultimately, our goal is to achieve a dynamic un-

derstanding of the water splitting process, i.e. to 

“film the manganese cluster at work”, so to 

speak. This can be achieved by taking a differ-

ent approach, whereby a large number of small 

crystals (microcrystals) is propelled through the 

X-ray beam in a liquid jet (fig. 3). The targeted 

illumination of this jet can then trigger certain S 

states, and the time between illumination and 

X-ray detection can also be varied. This method 

has been used to show that no major structural 

changes occur in the manganese cluster during 

the transition from S1 to S2 and S3 [8]. Research-

ers are now working feverishly towards the goal 

of achieving a snapshot of the moment that ox-

ygen is released. One problem is that the qual-

ity of the microcrystals needs to be significantly 

improved to increase the accuracy of the struc-

Fig. 3 Microcrystals in a liquid jet. To obtain an 
X-ray film of the manganese cluster during water 
splitting, microcrystals of photosystem II (bottom) 
are propelled in a liquid jet (top) through a beam of 
short X-ray pulses lasting only a few femtosec-
onds, produced by a free-electron laser. Targeted 
illumination of this jet not only enables us to “lock-
in” the S state (cf. fig. 2) but also to configure the 
period of time between setting the state and tak-
ing the snapshot. It is hoped that the approach will 
provide insights into the mechanism behind the 
S3 → S4 → S0, transition, in which molecular oxygen 
is probably formed. Alongside time resolution, the 
method also offers advantages in terms of physi-
ological conditions (i.e. room temperature) and 
the avoidance of radiation damage.

tures. This, in turn, leads us back to the prob-

lems of growing crystals as mentioned above. 

As we can see, photosynthesis is not prepared 

to give up its mysteries so lightly. That is what 

makes this such an interesting field of research 

even today.
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Stress tolerance and resilience of crops are of great importance today considering 

the risks posed by climate changes. The genome of a wild, highly resistant tomato 

reveals now unexpected actors in stress responses. 

The wild tomato 
species Solanum pennellii
Solanum pennellii is one of the wild ancestral 

species of modern cultivated tomato (Solanum 

lycopersicum). It is endemic to regions of south 

western America: populations of this species can 

be found in hyper arid vegetation hotspots on 

the high-elevation valleys of the Andes (Peru, 

northern Chile), or as component of the “lomas” 

formations – sparse islands of vegetation in 

 extremely dry areas along the pacific coast [1].

Although the plants of S. pennelli are not 

suitable for cultivation (they bear, for example, 

small pubescent green fruits, see fig.1), the use 

of wild relatives has long represented an effec-

tive strategy to re-enrich modern cultivars with 

novel variability. Plant domestication and artifi-

cial selection in agroecosystems have in fact led 

to a decrease of genetic diversity of all culti-

vated crops, narrowing the possibility to achieve 

further gains in terms of global productivity.  

As a consequence, cultivated tomato (S. lycoper-

sicum) is particularly vulnerable to various 

stresses, and S. pennellii, having adapted to 

thrive in arid habitats, has thus long 

 attracted the interests of investigators 

for its potential use as a ger-

mplasm  donor, in an attempt to 

improve resistance to water stress 

of cultivated varieties.  Also, although 

the fruits of S. pennellii are ine dible, they 

show, when compared to the fruits of cultivat-

ed tomato, large differences in the amount of 

several key nutrients, making  S. pennellii an 

interesting donor also regarding its potential 

to improve or diversify fruit compositional 

traits [2] (fig. 1). 

Population of introgression 
lines (ILs)

In an attempt to dissect the genetic basis 

of the superior stress tolerance of this wild 

species, the group of Prof. Dani Zamir 

 (Hebrew University of Jerusalem, Israel) 

generated a population of hybrid lines, 

called introgression lines, from an initial cross 

between the wild S. pennellii and the tomato 

 variety M-82 (an elite processing variety). The 

resulting hybrid was then repeatedly backcrossed 

to the cultivated tomato (M-82), resulting in a 

population of nearly 80 lines, each characterised 

by the presence of a single  chromo somal 

 Society,  an international team of scientists led 

by Prof. Bjorn Usadel (a former Max-Planck 

investigator now at the University of Aachen) 

and Dr. Alisdair Fernie (Max-Planck Institute 

of Molecular Plant Physiology) has completed 

the full genome sequencing of both the wild 

tomato S. pennellii along with the cultivated 

variety M-82 [7]. In particular, the group led by 

Prof. Detlef Weigel at the Max-Planck Institute 

of  Developmental Biology in Tübingen carried 

out de novo sequencing, generating 179 Gb of 

 sequence data (around 190-fold coverage), 

which were then assembled in RWTH Aachen.  

The initial assembly size of the S. pennellii 

 genome was about 942 Mb, and the estimate of 

the total genome size was around 1.2 Gb, a 

data in agreement with previous estimations 

[8]. The genome of S. pennellii thus resulted to 

be significantly larger that of S. lycopersicum 

(which measures around 900 Mb). The reasons 

for this expansion were specifically investigated 

by the research group at the INRA (France), 

who detected a far higher number of young 

transposing elements present in S. pennellii. 

The consortium also sequenced the genome of 

S. lycopersicum var. M-82, the other parent of 

the IL population, providing evidences, as was 

the case for S. lycopersicum cv. Heinz 1706 [9], 

of multiple introgressions from the wild tomato 

species S. pimpinellifolium. 

Analysis of the gene-rich space of S. pennellii pre-

dicted around 20.000 annotated protein-coding 

genes. This estimate was obtained through 

Fig. 1 Fruits of Solanum pennellii. Plants of this wild tomato species bear small, sparsely pubescent 
fruits which remain green at maturity. 
Picture: © Marie Bolger

 segment from the wild parent (S. pennellii) in-

trogressed (inserted) into the uniform genomic  

background of the elite variety [3,4].  Each of 

these introgression lines, which are mostly sim-

ilar to the cultivated tomato M-82, differs only 

for the presence of a single chromosomal seg-

ment, which is derived from the wild parent S. 

pennellii. As a result, all phenotypic differences 

observed between a specific line and its elite 

tomato parent may be easily associated to the 

introgressed segment. This possibility to dissect 

the origin of phenotypic variation into defined 

genomic regions has greatly facilitated the study 

of quantitative trait loci (QTL, genomic regions 

controlling the  expression of quantitative traits). 

The population of introgression lines has in fact 

been used to identify several regions of the S. 

pennellii  genome affecting various morphologi-

cal, nutritional and yield-related traits [5,6]. Such 

approaches, however, were limited in their abil-

ity to dissect the genetic bases of the beneficial 

wild introgression(s), considering the lack of 

 sequence information from both S. pennellii 

and M-82, and the large size of the introgressed 

segments, containing, on average, several hun-

dred genes. 

 The genome of the wild tomato
The limits imposed by this lack of genomic 

 information from both parents of the intro-

gression line population have now been over-

come: under the aegis of the Max-Planck 
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Stress tolerance and resilience of crops are of great importance today considering 

the risks posed by climate changes. The genome of a wild, highly resistant tomato 

reveals now unexpected actors in stress responses. 

The wild tomato 
species Solanum pennellii
Solanum pennellii is one of the wild ancestral Solanum pennellii is one of the wild ancestral Solanum pennellii

species of modern cultivated tomato (

lycopersicum). It is endemic to regions of south lycopersicum). It is endemic to regions of south lycopersicum

western America: populations of this species can 

be found in hyper arid vegetation hotspots on 

the high-elevation valleys of the Andes (Peru, 

northern Chile), or as component of the “lomas” 

formations – sparse islands of vegetation in 

 extremely dry areas along the pacific coast [1].

Although the plants of S. pennelli

suitable for cultivation (they bear, for example, 

small pubescent green fruits, see fig.1), the use 

of wild relatives has long represented an effec-

tive strategy to re-enrich modern cultivars with 

novel variability. Plant domestication and artifi-

cial selection in agroecosystems have in fact led 

to a decrease of genetic diversity of all culti-

vated crops, narrowing the possibility to achieve 

further gains in terms of global productivity.  

As a consequence, cultivated tomato (

sicum) is particularly vulnerable to various sicum) is particularly vulnerable to various sicum

stresses, and S. pennellii, having adapted to 

thrive in arid habitats, has thus long 

 attracted the interests of investigators 

for its potential use as a ger-

mplasm  donor, in an attempt to 

improve resistance to water stress 

of cultivated varieties.  Also, although 

the fruits of S. pennellii are ine dible, they S. pennellii are ine dible, they S. pennellii

show, when compared to the fruits of cultivat-

ed tomato, large differences in the amount of 

several key nutrients, making  

interesting donor also regarding its potential 

to improve or diversify fruit compositional 

traits [2] (fig. 1). 

Population of introgression 
lines (ILs)

In an attempt to dissect the genetic basis 

of the superior stress tolerance of this wild 

species, the group of Prof. Dani Zamir 

 (Hebrew University of Jerusalem, Israel) 

generated a population of hybrid lines, 

called introgression lines, from an initial cross 

between the wild S. pennellii and the tomato S. pennellii and the tomato S. pennellii

 variety M-82 (an elite processing variety). The 

resulting hybrid was then repeatedly backcrossed 

to the cultivated tomato (M-82), resulting in a 

population of nearly 80 lines, each characterised 

by the presence of a single  chromo somal 
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Alisdair Fernie studied Biochemistry at 
the University of Sheffield and received his doc-
toral degree in Plant Biochemistry from the Uni-
versity of Oxford in 1999. In 2007, he completed 
his habilitation in the Department of Biology and 
Biochemistry of the University of Potsdam. 
Group leader at the Max-Planck-Institute of 
Molecular Plant Physiology since 2001 his 
work focuses on the regulation of energy me-
tabolism as well as the genetic architecture 
underlying the accumulation of primary and 
specialized metabolites in plant cells.

Björn Usadel studied Biochemistry in  Berlin 
and New York where he worked in Prof. Ulrike 
Gaul's lab on the development of the visual 
 system of Drosophila. During this time he got in-
terested in Bioinformatics and then went on to 
Golm where he did his PhD in the group of Dr 
Markus Pauly on the identification and charac-
terization of novel cell wall genes. He then 
worked as a Postdoc in Prof. Mark Stitt's lab on 
the visualization and evaluation of high through-
put data. He was offered his own group at the 
Max Planck Institute in 2007/8 and since then 
worked on data visualization, analysis as well as 
sugar status and cell wall biosynthesis. Since 
2011 he is a full professor at the RWTH Aachen 
university and a co-director at the Forschungs-
zentrum Jülich.

Anthony Bolger studied computer science 
in Dublin City University, graduating in 1997. He 
worked briefly as a consultant before founding his 
own consultancy company in 2000. He later re-
turned to academia as a scientific programmer 
before beginning a PhD in sequence bioinformat-
ics at the MPI-MP in Golm. He relocated with the 
Usadel lab to RWTH in 2012. His primary focus is 
the development of novel approaches and algo-
rithms for processing next-generation sequence 
data.

Federico Scossa studied Molecular Bio-
logy at the University of Viterbo (Italy) where he 
completed his PhD in Plant Biotechnology in 
2007.  After a post-doc at the Italian National 
Agency for Energy and New Technologies  
(ENEA), studying metabolic engineering in 
Solanaceae, he got an independent position at 
the Research Institute for Fruit Science in Rome 
(Italy). His main interests include the genetics of 
plant metabolism and the study of phenotypic 
plasticity.

alignment between the whole genome se-

quence and expression data derived from tran-

script profiling or collections of tomato ESTs 

(expressed sequence tags). Sequence analyses 

at the level of orthologous gene pairs indicated 

evidences of positive selection in several groups 

of genes. Acyl carrier proteins, in particular, 

showed significant sequence differences be-

tween S. pennellii and S. lycopersicum, possibly 

reflecting specific adaptations leading to a di-

versification in lipid abundance and cuticle 

composition between the two species. In fact, 

leaf cuticles of S. pennellii not only show dis-

tinctive morphological features [10], but, as re-

searchers from Cornell University (USA) found 

out, also contain higher amounts of long-chain 

alkanes. These differences, which were general-

ly correlated with the differential expression of 

cuticle-related genes, may limit the rate of cutic-

ular transpiration from leaves of S. pennellii un-

der conditions of high temperatures or pro-

longed drought (fig. 2).

Unexpected players 
of stress tolerance
One of the most interesting characteristics of 

S. pennellii are its multiple adaptations allowing 

the plants to thrive in arid habitats and with-

stand prolonged periods of water stress. Since 

the mechanism of differential stress tolerance 

can be ultimately related to genetic variation, 

the differences between the wild S. pennellii 

and S. lycopersicum (in a specific set of genes 

related to abiotic stress responses) have thus 

Fig. 2 Leaf of Solanum pennellii. Plants of S. 
pennellii have thick succulent leaves (a typical 
 feature of desert-adapted plants), densely pubes-
cent, with an increased amount of epicuticular 
waxes. 
Picture: © Raimind Kanuf and Alexander Vogel
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been the subject of a detailed survey. Pairwise 

alignments of protein sequences from these two 

genomes showed, for the majority of stress-re-

lated genes, only minor differences, which were 

generally not predicted to impact significantly 

protein function. On the other hand, SNPs (sin-

gle nucleotide polymorphisms) and nucleotide 

insertions/deletions were common in the pro-

moter regions of stress-related genes; their pres-

ence in these regions was correlated with the 

differential expression of flanking genes. 

Perhaps most interestingly, the members of a 

particular class of mobile elements (Copia-like 

elements), were not equally distributed across 

the genome of S. pennellii, but were found to 

be enriched in close proximity of stress-related 

genes; also, the presence of these transposable 

elements was associated to those stress genes 

showing differential expression between S. pen-

nellii and S. lycopersicum. Although these find-

ings are still of a rather correlative nature, the 

impact of mobile elements on transcriptional 

activity was also found in other systems [11]. 

The picture emerging from the genome of S. 

pennellii thus points to an active role of mobile 

elements in transcriptional regulation, possibly 

mediating plant adaptation to different stresses. 

This specific function of mobile elements was 

actually proposed at the time of their initial dis-

covery by the Nobel-prize winner Barbara Mc-

Clintock, who placed the emphasis, rather than 

on the ability of mobile elements to “jump” from 

one position to another, on their potential role 

as regulatory sequences able to control the tran-

scriptional status of proximal genes [12]. 

And now what?
Increasing tolerance and resilience to water 

stress is clearly a primary target for plant breed-

ing research, especially now considering the 

current challenges to all cultivated crops repre-

sented by climate changes and extreme seasonal 

heat in temperate areas. From an applied per-

spective, tomato researchers have now the in-

struments to dissect the genetic bases of multiple 

stress-related phenotypic traits: this will help 

producing improved varieties with the targeted 

introgression of selected wild alleles. On the 

other hand, the genome of S. pennellii has pro-

vided intriguing insights about the role that 

transposable elements might have had during 

tomato evolution and adaptation: an exciting, 

and mostly unexplored, area for future research.  

 > usadel@bio1.rwth-aachen.de
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synthetic biology

Synthetic Biology World Championships: iGEM 2014

Pigment-powered 
solar energy
An energy project catapults a Darmstadt team right to the top

By Carmen Klein and Prof. Dr Heribert Warzecha
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Held at MIT in Boston, this year's Giant Jamboree, with which the iGEM 

 (International Genetically Engineered Machine) Competition celebrated its 

10th anniversary, saw the iGEM team from Technische Universität Darmstadt   

(TU Darmstadt) picking up the prizes of Finalist and Third Place among the 

“Overgraduates” (200+ teams), as well as the track/special awards of  

“Best Energy Project” and “Best New Basic Part”.

Renewable energy was the focus of the 2014 

iGEM project: students used genetic engineering 

to introduce metabolic pathways into E. coli, 

creating a high-yield manufacturing process for 

plant pigments known as anthocyanins. This 

class of substances not only gives flowers their 

blue, violet or red colour but is also present in 

fruit such as berries or grapes. Anthocyanins are 

also prized by nutritionists for their antioxidant 

properties and their ability to lower the risk for 

a number of diseases, including cancer [1]. The 

team from TU Darmstadt used the natural pig-

ments to construct “Grätzel cells” – named after 

their inventor, Michael Grätzel [2]. This gave 

them access to a special form of biomass energy. 

Instead of using a semiconductor material based 

on silicon, the electrochemical dye-sensitised so-

lar cell utilises plant pigments to absorb sunlight. 

The pigment component is complemented by an 

electrolyte/redox system plus a conductive glass 

slide, coated with titanium dioxide on one side 

and with graphite on the other. The solar cell 

exploits the ability of anthocyanins to transfer 

electrons to the TiO2 when in an excited state. 

This excited state is triggered by solar radiation. 

After electron transfer, the anthocyanin mole-

cules carry a positive charge. By then receiving 

electrons from the redox system – an iodide 

electrolyte solution – they once again return to a 

non-charged state. During the course of the pro-

ject, the team built its own Grätzel cell, capable 

of providing renewable energy. 

Money makes the world go round
The special nature of iGEM – namely that of 

linking aspects of synthetic biology with issues 

taken from engineering – presented students 

with a continuous stream of novel challenges. 

They also learned how to plan and research a 

product independently, and develop a re-

al-world product. This naturally included the 

securing of funding to actually get the project 

off the ground. These funds had to cover not 

only the costs of lab and research materials but 

also pay for the trip to Boston and the fees for 

participating in the Jamboree – facts that had 

deterred many German or international teams 

The dye-sensitised solar cell with an iGEM logo 
drives a propeller. 
Photo: iGEM Team from TU Darmstadt

Fig. 1 Pigments produced by E.coli
Photo: iGEM Team from TU Darmstadt
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synthetic biology

The International Genetically-Engineered 
Machine (iGEM) Competition challenges stu-
dents to take full responsibility for planning 
and implementing a project before then pre-
senting it to an international jury. The aim is 
to encourage budding young researchers to 
convert their lecture-hall scribblings into re-
al-world practice. An interdisciplinary and 
academic competition for researchers in 
synthetic biology, iGEM was launched in 2003 
by MIT at its Boston campus. Following re-
gional elimination rounds, Boston also hosts 
the annual iGEM final. The competition is 
open to students from a wide range of disci-
plines, who come together as a team to plan 
and construct a “biological machine” with 
the help of standardised DNA building blocks 
(BioBricks). While projects should present 
solutions to issues of global relevance, atten-
tion also focuses on the approach taken by 
young scientists when presenting their re-
sults. 

www.igem.org

from participating in the first place. And so the 

first crowdfunding campaign was started at TU 

Darmstadt, aimed at popularising the project 

and attracting funds from private donors. This 

year, Project Coaches were appointed to help 

project members design a dependable team 

structure. As a result, a small PR unit was able 

to concentrate on sponsoring and the topic of 

“Policy & Practices”. In this context, a decisive 

contribution to the work of the iGEM team was 

made by “Synenergene”, a European Commis-

sion project that has the objective of promoting 

responsible research within the field of synthet-

ic biology. Students also used the funds re-

ceived to pay a visit to Michael Grätzel in Laus-

anne, for example, where they discussed his 

invention and its possible applications. Finally, 

Merck KgA with headquarter in Darmstadt 

stepped in as main sponsor, enabling the stu-

dents participation in the competition.

Hard work
The toughest assignment during the course of 

the project was the lab work, however. Working 

in small teams, iGEM project members used 

every minute they could spare from their studies 

to construct “BioBricks” with bacteria capable of 

producing anthocyanins (fig. 1). As a final step 

– preparing their work for presentation – the 

team had to catalogue and describe these Bio-

Bricks with their 33 parts for the iGEM database, 

and design the poster and project wiki (the 

website used to present their work). The iGEM 

team was then ready for the Jamboree in late 

October.

The Giant Jamboree
Having landed in Boston on the Thursday, the 

team put up their poster on Friday and began 

studying the posters of the other teams on dis-

play in a hall at the Hynes Convention Centre. 

Saturday was showtime: project presentation 

day! Despite the excitement, the team overcame 

their nerves to impress the jury, also chatting 

afterwards to members of the audience about 

their project. In the evening, the iGEM delegates 

were free to head downtown and sample the 

Boston nightlife. On Sunday, a Synenergene 

workshop was held, attended by Bielefeld Uni, 

LMU Munich and TU Darmstadt among others, 

where attendees presented the results and ap-

proaches used in the “Policy & Practices” pro-

ject. In the afternoon poster session, the team 

welcomed another long stream of visitors to 

their project poster. The Awards Ceremony was 

held on Monday. While it came as a complete 

surprise to the TU Darmstadt team, they were 

overjoyed to discover that they had made the 

shortlist. The final presentation – to an audience 

of nearly 2,000 people – was a real cliff-hanger. 

But all that hard work paid off: the team was 

ultimately placed third while also picking up the 

“Best Energy Project” Track Award and “Best 

Basic Part” Special Award. 

 > klein@succidia.de
 > warzecha@bio.tu-darmstadt.de
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CANDORs New HRP-Protector™
CANDORs Stabilizer for HRP-conjugates is now available with an improved formulation. The new 

HRP-Protector™ gives your HRP-conjugates enhanced stability and activity.  Conjugates, diluted 

in HRP-Protector™ can be stored at 4°C in final concentrations (40-500 ng/ml) over a long 

period of time. Like our previous formulation, the new HRP-Protector™ is also a very good assay 

diluent.

  www.candor-bioscience.com

The Swiss Knife of analytics
Shimadzu, one of the world leaders in analytical instrumentation, has released the new Nexera 

UC SFE/SFC/MS platform combining quick and easy on-line sample extraction with state-of-the-

art chromatographic separation and high sensitivity detection. For the first time ever, it showcases 

complete automation of SFE sample pre-treatment and analysis by liquid or supercritical fluid 

chromatography.

The Nexera UC online SFE-SFC approach eliminates the need for tedious, manual sample 

pretreatment. All samples are extracted under light-shielding, anaerobic conditions, enabling 

highly reproducible analysis even of unstable compounds that are easily oxidized or degraded 

using a conventional liquid extraction method. Notably, analysis of pesticides in food products 

with the state-of-the-art Nexera UC system and sample preparation in the SFE unit takes just a 

fraction of the time required when using the traditional QuEChERS method. Furthermore, the 

fully automated Nexera UC system offers much higher recovery rates of target analytes while 

significantly reducing the risk of human error during sample pretreatment.

 www.shimadzu.eu/nexera-uc

INTEGRA launch explainer video for 
Safety Bunsen Burner 
INTEGRA has created a short, simple and engaging ‘SimpleShow’ format video to explain the 

safety features of their FIREBOY Safety Bunsen Burner.

The video features animated lab hero Mason in his romantic quest to win the heart of his 

adorable assistant Mary. Watching this simple, concise and funny video you will learn about how 

the FIREBOY Safety Bunsen Burner ensures high safety by eliminating the risk of gas leaking 

and explosion inherent in using alcohol burners, gas cookers and traditional Bunsen burners.  

With the FIREBOY Safety Bunsen Burner, gas ignition is both immediate and safe as no 

lighter or matches are needed. Unlike traditional burners, the gas supply flows only if a gas 

flame is detected by the flame monitor. Advanced temperature protection, user-defined maxi-

mum burning time and alarm display features serve to protect both the operator and operating 

environment.  

 www.integra-biosciences.com
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Finding a molecular 
Doppelgänger

lab&more in conversation with 

Prof. Dr Cristian Huber, Professor for 

 Chemistry and Bioanalysis in the 

Department of Molecular Biology at the 

 University of Salzburg and Head of the 

 Christian Doppler Laboratory for Biosimilar 

Characterization in Salzburg, Austria

lab&more frequently presents current 

topics from the pharmaceutical and ana-

lytical industry. The Christian Doppler lab-

oratory is in close cooperation with indus-

trial partners. In your lab, you characterise 

and analyse protein-based “biosimilars”. 

What are biosimilars?

Prof. Dr Cristian Huber: Biopharmaceuticals, 

or biologics, are medicines produced from 

living organisms using biotechnological 

techniques, such as vaccines, blood or blood 

constituents, therapeutic proteins, or living 

cells used in cell therapy. They represent 

already one third of the new drugs current-

ly under development. Biosimilars are new 

versions of existing bio pharma ceuticals 

from the industry
Advertorial

(originators) following loss of patent 

protection. Sandoz, the largest pharma-

ceutical company in Austria and one of our 

industrial partners in the Christian Doppler 

Laboratory, has been producing biologic 

products worldwide for decades and has 

been developing biosimilars since 1996.

What are the advantages (and disadvantag-

es) of developing biosimilars instead of 

generic or novel drugs and which op-

portunities can they have to the pharma-

ceutical world?

Biosimilars have the advantage that the 

safety and efficiency in the treatment of pa-

tients has already been carefully proven for 
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the original bio pharmaceutical. Therefore, devel-

opment costs for biosimilars are significantly 

lower as compared to those for the originator, 

meaning that biosimilars can be provided for pa-

tients at significantly lower costs, which makes 

therapy affordable for a larger number of pa-

tients. Nevertheless, because of the high structur-

al complexity of biopharmaceuticals, biosimilar 

development also takes significant time and in-

vestment, which aims to prove that biosimilars 

are sufficiently “similar” to their originator prod-

ucts with respect to safety and efficacy.

Could you give an example for a pharmaceutical 

drug analysed in your lab?

Recently, Sandoz announced (http://www. 

b io s im i l a r news . com/sandoz -upda t e s -

biosimilar-development-pipeline) that it is mak-

ing strong progress on its biosimilar clinical 

 development programs which includes biosimi-

lar versions of Rituximab (Roche’s Rituxan/ 

MabThera). The Rituximab antibody is a genetical-

ly engineered chimeric murine/human monoclonal 

antibody directed against the CD20 antigen found 

on the surface of normal and malignant B lympho-

cytes. Its mode of action involves binding to CD20 

on the surface of B lymphocytes which initiates 

killing of these cells. Rituximab was approved 

by the U.S. Food and Drug  Administration in 

1997 and by the European Commission in 1998 

for cancer therapy of malignant lymphomas. 

 Together with our second collaboration partner, 

Thermo Fisher Scientific, we have collaborated 

in the development of fast and reliable analy-

tical methods based on chromatography and 

mass spectrometry to prove the structural integ-

rity as well as the glycosylation patterns of this 

recombinant protein.

Collection of tools for physico-chemical and  biological characterization of 
biosimilars 
Picture: © Christian Huber 

Procedure for the characterization of biosimilars efficacy and safety: 
Analysis methods and biological tests are used to detect similarity 
 between the original drug and biosimilar protein.
Picture: © Christian Huber 

Christian Huber studied chemistry at the 
Leopold-Franzens-University of Innsbruck and 
received his PhD in 1994 at the Institute of An-
alytical Chemistry and Radiochemistry. After 
being a Visiting Assistant Professor at the De-
partment of Chemical Engineering at the Yale 
University in New Haven with Prof. Csaba Hor-
váth, he qualified as professor at the Institute of 
Analytical Chemistry and Radiochemistry. 
From 1997 until 2002 he was Professor at the 
University of Innsbruck and from 2002 until 
2008 Professor at the Saarland University. 
Since March 2008 he holds a professorship in 
"Chemistry for Life Sciences" and is Head of 
the Department of Chemistry and Bioanalysis 
in the Department of Molecular Biology at the 
University of Salzburg as well as Head of the 
Christian Doppler Laboratory for Biosimilar 
Characterization. Picture: © Luigi Caputo

Which kinds of methods are used to analyse the 

constituents? How was and is the technology 

developing?

Very complex biomolecules such as therapeutic 

proteins feature a lot of inherent intrinsic prop-

erties that are essential for the safety and effica-

cy of the medical agents. The primary structure 

as well as posttranslational modifications, in-

cluding glycosylation, oxidation, deamidation, 

are usually determined by high-performance 

liquid chromatography hyphenated to high-res-

olution mass spectrometry either on the level of 

proteolytic digests, or, more preferentially in 

our lab, at the level of intact protein.  Other 

aspects of protein structure, such as protein 

folding are addressed by means of capillary 

zone electrophoresis, circular dichroism spec-

troscopy, infrared spectroscopy, or biological 

assays based on the treatment with enzymes or 

on the binding of RNA based ligands.

If the biosimilar’s structure matches the existing 

drug, will the effect on the body be identical? In 

which characteristics can a biosimilar differ 

from the existing drug and still have the same 

effect?

To develop a biosimilar which acts in the same 

way in the human body as the original biologic, 

it is important to know which structural compo-

nents are relevant for which functionalities of the 

molecule. This requires in-depth knowledge 

based on extensive structure-function studies. 

Also, glycoprotein biologics are not single sub-

stances but mixtures of closely related molecules 

with identical amino acid sequences, but a cer-

tain quantitative batch-to-batch variability in the 

sugar, i.e. glycan, structures. Therefore, the drug 

approval authorities like EMA or FDA rely on the 

similarity concept, which means that originator 

and biosimilar have to be similar as much as pos-

sible in as many as possible different molecular 

properties in order to guarantee equivalent safety 

and efficacy. Similarity in this context means that 

there is no statistically significant difference in 

any of the clinically relevant molecular properties 

between originator and biosimilar. Also, impuri-

ties in the drug products have to be kept at a 

minimum and carefully characterized and quan-

tified, which represents also one of the major 

goals of the Christian Doppler Laboratory.

Foto: © istockphoto.com| beemore
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Evolution3 GC-MS/MS Triple Quad System 
– It knows what you eat

The Chromtech Evolution3 MS/MS upgrade converts the Agilent MSD into a real Triple Quad-

rupole GC -MS/MS system. With this device, the user is presented with all the possibilities offered 

by MS/MS, combined with the unique durability and superior reliability of the Agilent MSD 

base unit.

Typical applications are samples with particularly strong matrix load: doping analysis, 

forensic science, pesticide residue analysis in food, biomarker analysis for oil exploration, and 

dioxin trace analysis, etc.

 www.chromtech.de
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Handheld with 
revolutionary ORS technology
Metrohm is pleased to introduce the Metrohm Instant Raman Analyzers (Mira). The Mira spec-

trometers are handheld Raman analyzers available with Orbital-Raster-Scan (ORS) technology. 

This highly reproducible averaging technique extends the scope of possible samples to any kind 

of heterogeneous and sensitive materials. The Mira analyzers are handheld, high-performance 

spectrometers for rapid, non-destructive analysis of chemical and pharmaceutical samples, be 

they liquid or solid. Barely larger than a smartphone, the Mira analyzers may be used anywhe-

re: in the warehouse, in the process, in the field, and – of course – in the laboratory. The user 

benefits of Mira in a nutshell: Light, compact, and handy.

 www.metrohm.com
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 2  AZURA® Bio LC systems

Fast purifi cation of proteins by liquid chromatography (FPLC) can be very demanding.

With AZURA® Bio LC, KNAUER offers a fully developed platform for 
biochromatography, which can grow with your needs at any time. 

By choice of pump modules, fl ow rates of 0.02 ml/min to 1000
 
ml/min  

are possible as well as choosing detectors, that perfectly match your  application.

Make costly and inconvenient refrigerators superfl uous with our optional bench-top 
cooling feature. Save time due to easy operation.

With the new AZURA Bio LC systems, you can fl exibly purify peptides, antibodies, 
enzymes ...

www.knauer.net/azurabio

Phone: +49 30 809 727-0  •  E-Mail: info@knauer.net
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The perfect solution  
for Regulated Pharmaceutical 
Instrumental Analysis.

We are committed to support our customers in Regulated 
Pharmaceutical Instrumental Analysis through combining 
premium products with expert advice. 
One of our most valuable guides is our new Monograph  
Methods Compendium. In addition to experimental data, the 
compendium offers up-to-date information about the United 
States Pharmacopeia (USP), including upcoming changes. 

Get your free digital copy here:
www.merckmillipore.com/perfect-solution

Discover your opportunities –  
benefit from our entire portfolio
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