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Combating multi-resistance -
a Sisyphean wotlgz____

o

Prof. Dr med. Karsten Becker
Institute of Medical Microbiology,

iversity Hospital Munster,
Mlnster, Germany

Is it far-fetched to draw this analogy? Since antiquity, Sisyphean work describes hard and useless
efforts eternally imposed. Applying this metaphor to activities for the prevention of resistant,
particularly, multi-resistant microorganisms, those who are professionally acquainted with infec-
tious diseases might be tempted to fully agree with this statement, at least in “hours of weakness”.

At first glance, the use of this term may seem accu-
rate in view of globally increasing rates of patho-
gens being resistant to antibiotic key drugs, often as
multi-, extensively or even pan-drug-resistant strains.
The world-wide exploding consumption of antibiot-
ics for medical, but also for non-medical purposes
such as in conventional livestock breeding main-
tains this alarming development by a continuous
selection pressure on the microbial world. One can
be absolutely certain; the microbes are well-
equipped with an only partly discovered arsenal of
genetically encoded mechanism enabling them to
resist antibiotic substances. Of note, these defense
mechanisms are really thoroughly tested and evolu-
tionarily improved in a “biological war” waged in
microbial ecosystems such as natural biofilms,
where natural antibiotic compounds are applied in
the struggle for living space and nutrients. These
circumstances are aggravated in the hospital envi-
ronment by several factors. Moreover, global migra-
tion processes, unbounded tourism and many other
medical, demographic and live style changes im-
pact negatively the prevention and combating of
infectious diseases. In consequence, from a global
perspective, we experienced increasing rates of dif-
ferent kinds of multi-resistant pathogens, such as
methicillin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant enterococci (VRE), extended
spectrum B-lactamases (ESBL)-producing and car-
bapenem-resistant Gram-negative bacteria and multi-
up to pan-resistant Mycobacterium tuberculosis
strains.
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Does resistance matter? Every use of antibiotics
— justified or not — causes a selection pressure on
both the target organism and susceptible parts of the
microbiota (physiological flora), however, misuse,
multiplies the effects. Every kind of resistance is
diminishing our therapeutic options, i.e. the patient
might be deprived of the most effective drug (from
pharmacodynamics and pharmacokinetics view
points) and/or of the drug with least side effects.
Many resistance mechanisms are encoded on mobile
genetic elements. Thus, they will be exchanged
between microbes; and the “bugs” are very promis-
cuous, ignoring species barriers. Moreover, resist-
ance genes are often part of complex elements (e.g.
cassettes) comprising multiple resistance genes, but
also genes mediating resistance to biocides (antisep-
tics) and/or heavy metals and metalloids. Thus,
co-selection even may occur without primary in-
volvement of antibiotics. Last, but not least, the
activities of the pharmaceutical global players in
terms of the development of novel antimicrobial
drugs had declined greatly in the past decade.

What is necessary? In contrast to other pharma-
ceuticals, antibiotics are “societal” drugs because
their improper use makes them worthless also for
other patients. In addition, being colonized or in-
fected by a multi-resistant pathogen is not a person-
al matter because the nosocomial pathogens are
easily transferable between patients, medical per-
sonnel and facilities. Thus, we have learned that
only joined efforts across disciplines are able to con-
tain the development and spread of multi-resistant
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Karsten Becker is an Associate Professor
and Chief Senior Physician at the Westphalian Wil-
helms-University of Minster. He studied medicine at
the Magdeburg Medical School followed by a re-
search period at the Hannover Medical School. After
receiving his doctorate in 1991, he completed his ha-
bilitation in medical microbiology in Minster in 2002
and qualified as medical specialist for Microbiology,
Virology and Infectious Disease Epidemiology in 2006.
Since 2008, he is chairman of the Standing Working
Group "Diagnostic Procedures” of the German Soci-
ety for Hygiene and Microbiology [DGHM). He is par-
ticularly interested in the epidemiology, pathogene-
sis, diagnosis, prevention and chemotherapy of
staphylococcal infections. In particular, he has done
extensive research on the intracellular lifestyle of the
staphylococcal small colony-variant (SCV] pheno-
type. Further interests comprise the detection, iden-
tification and characterization of methicillin-resist-
ant Staphylococcus aureus (MRSA). An additional
main focus is on the development and improvement
of microbiological diagnostic tests. He is the author
of several medical textbooks and encyclopedias and
more than 200 scientific publications.

microorganisms. A good example is the establish-
ment of antibiotic stewardship or even infection
disease teams at the hospital. However, disparate
efforts at a given healthcare facility are finally con-
demned to failure. The interdependencies of those
hospitals exchanging patients, often across adminis-
trative boundaries, require their precise determina-
tion followed by joined regional efforts to establish
networks of all health care players to combat mul-
ti-resistance. That this will work, at least for MRSA,
was demonstrated by the success of the MRSA-net/
EurSafety Health-net networks. A key to success was
the joint generation of different grades of seals of
quality. Their content focused on risk-adapted
screening procedures and a consistent implementa-
tion of the MRSA prevention measures (“search and
destroy”). Not to forget, there is an urgent need to
reinforce the research on antibiotic active substanc-
es. If used for prevention such as MRSA decoloniza-
tion, they should be target-specifically tailored (e.g.
recombinant phage endolysins).

To come back to the beginning, combating mul-
ti-resistance was, still is and will forever be hard Sis-
yphean work — but surely not for nothing! The respec-
tive efforts are based on effective prevention measures
without the possibility of an “ultimate victory”, but —
rather in the sense about a neck-and-neck race - with
the necessity to control, contain and - as far as possi-
ble - reverse the development and spread of multi-re-
sistant pathogens inside and outside of the hospital.
This remains a task for the whole society and its real-
ization will require adequate funding. The German
Center for Infection Research (DZIF) with the themat-
ic translational units “Healthcare-associated and Anti-
biotic-resistant Bacterial Infections” and “Novel Anti-
infectives” is a recent response to these challenges.

- kbeckerfduni-muenster.de
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homas C. Stidhof, since 2008 at the Howard
Hughes Medical Institute at Stanford University,
was awarded in 2013 jointly together with James
E. Rothman and Randy W. Schekman the Nobel
Prize in Physiology or Medicine in the fields of
cell physiology and neurophysiology “for their
discoveries of machinery regulating vesicle traffic,
a major transport system in our cells” [1]. Stidhof,
a native German having received his MD in Got-
tingen, Germany, began his endeavor into the
neurochemistry of synapses as a PhD student
Whittaker at

Max Planck Institute. The synapse as the central

under Victor the Gottingen
unit of neural activities has fascinated neurosci-
entists as from the beginning of the last century.
In the seventies, when Neurochemistry became
a field of neurosciences by its own, the molecu-
lar machinery at a cholinergic synapse appeared
to be still relatively simple, consisting of the
neurotransmitter acetylcholine (ACh), its post-
synaptic ACh receptor (AChR), its degrading en-
zyme acetylcholinesterase (AChE), a presynaptic
choline re-uptake system, and choline acetyl-
transferase (ChAT) to resynthesize the NT. Quite
simple and straight-forward, it seemed: three,
four proteins appeared to do the job.

As soon as molecular biology techniques
had entered neurosciences research, things,
however, changed dramatically. The molecular
machinery at synapses turned out to be much
more complex, with a myriad of individual pro-
teins being involved in the NT release process,
which all play roles by formation and/or disinte-
gration of distinct protein complexes at specific
times and locations during NT release. After hav-
ing moved to the Southwestern Medical School
of the University of Texas in Dallas, Stidhof’s
research focussed on the question what hap-
pens after calcium uptake into the presynaptic
terminal. Using brain cells from mice, by 1995

the Stidhof laboratory had not only shown that
is a synaptic vesicle Ca**-bind-
is indispensable for fast
ease. Lots of questions re-
express sixteen synapto-

04.15 lab&more

anomachines for
aurotransmitter relea

Prof. Dr Paul G. Layer

tagmins, of which eight do not bind calcium!
Which ones are essential for NT release, and
what are the others for? They found that in fact
multiple pathways of Ca**-triggered exocytosis (e.g.,
hormone release, etc.) are controlled by different
synaptotagmins. Thus, synaptotagmins as Ca**-sen-
sors function in most if not all Ca*-dependent
membrane fusion reactions, in complex with
other proteins representing a molecular release
nanomachine.

It was for these discoveries that Stidhof was
awarded the Nobel Prize. But along his suc-
cessful scientific journey, he has made several
other remarkable discoveries; one of them
being the “neurexin-neuroligin story” [2].
Through alternative splicing of transcripts of
their genes, a multitude of effective protein
isoforms could (at least theoretically) be pro-
duced. It was speculated that a combinatorial
pairing of particular isoforms of neurexins and
neuroligins could function as a specifying cel-
lular code during wiring of brain networks.
Neuroligins belong to a so-called cholinester-
ase-domain family of adhesion proteins
(ChED), whereby all of them present a domain
of high identity with AChE, while not exerting
any enzymatic activity. This was most fascinat-
ing to me, since in 1993 we had suggested
nonenzymatic adhesive functions of cholines-
terases [3], which was supported by the detec-
tion of ChED proteins [4].

In recent years, Studhof has focussed much
on medical implications of diseased synaptic
proteins, e.g. their possible roles in schizo-
phrenia, autism, Parkinson’s or Alzheimer’s
disease. For instance, neuroligins are geneti-
cally linked to autism, and deletion of various
neuroligins in the mouse led to quite severe
changes of cerebellar neural circuits [5].

Personal: Thomas C. Stdhof was born on
22 December 1955 in Gottingen. He received his
education at a Waldorfschule (in the U.S. called
Steiner Schools). As their alumni, he is the first
Nobel

schools. Stidhof has seven children from two

laureate of these anthroposophical
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marriages, two with his d wife Lu Chen,
who is a Neurosurgery professor also at Stan-
ford. The Max Planck Soe has tried hard to
bring him back to Germa

could not compete with exceptional aca-

demic, administrative and financial American
conditions. In keeping close connections with
Germany, since 2014 Stdhof acts as Visiting Fel-
low at the Berliner Institut fiir Gesundheits-
forschung (BIG). I am expecting much more
exciting research from Stdhof’s laboratory:

much more for lab&more!

- layerf(dbio.tu-darmstadt.de
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Mettler Toledo wins 2015
Control Design Readers’ Choice Award

Picture: www.controldesign.com

Control Design readers selected
Mettler Toledo, the leading global
supplier of precision instruments
and services, in their 2015 Readers’
Choice Awards survey as the win-
ner in the Measurement, Load Cell/
Weighing product category.

Control Design 2015 Readers’
Choice Awards recipients are fea-
tured in the September 2015 issue
of the magazine, which includes
automation leaders in 61 product
categories.

Results were gathered through
questionnaires sent to more than
17,000 subscribers who have buy-

ing authority or influence for indus-
trial control and automation prod-
ucts. The questionnaires included
unaided ballots that allowed tem to
rank their first, second and third
choices for suppliers in each of the
61 product categories.

Mettler Toledo once again took
the top spot in the Measurement,
Load Cell/Weighing category, hav-
ing received this honour for 15 years
now — ever since Control Design be-

gan polling readers in 2001.

- www.mt.com

Glycotope and Octapharma enter

exclusive worldwide licence agreement

on human blood coagulation factors

Glycotope GmbH, a global leader
in the glyco-optimisation of bio-
pharmaceuticals, and Octapharma
AG, one of the world’s largest hu-
man protein product manufacturers,
announced that they have entered
into an exclusive worldwide licens-
ing agreement for Glycotope’s port-
folio of preclinical human blood
coagulation factors based on its
unique and proprietary GlycoEx-
press™ (GEX™) technology plat-
form. In addition, Octapharma will
take a stake in the company by pur-
chasing new Glycotope shares gen-
erated through a capital increase at
a premium price. Under this agree-
ment, Glycotope receives an initial
payment of EUR 80 million from

Octapharma.

Glycotope has developed a
novel long-lasting technology bas-
ket for generating proteins with
largely improved pharmacokinetic
properties. So far significant im-
provements in key pharmacoki-
netic properties could be achieved
for complex blood coagulation
factors. This technology is suitable
for half-life extension of blood co-
agulation factors as well as other
proteins for improved patient
compliance, and represents the
newest member in the Glycotope
platform technologies.

> www.glycotope.com

Evotec awarded contract to manage NCI Chemical
Biology Consortium Screening Libraries Center

Evotec AG has entered into a mul-
ti-year compound management
agreement with the US National
Cancer Institute (NCD, Department
of Health and Human Services. Un-
der the terms of the agreement,
Evotec will provide compound
management services to the NCI
Chemical  Biology  Consortium
(CBO) for a period of five years,
with a total estimated value of up to

EUR 4.5million ($ 4.9million).

The NCI Chemical Biology Con-
sortium contract will continue to
provide for the ongoing acquisition,
storage, maintenance and distribu-
tion of the current library collection.
This repository will form part of the
CBC's drug discovery and develop-
ment platform for new oncology
therapeutics being researched by a
consortium of primarily academic

and non-profit institutions.

- www.evotec.com

VDGH calls for a sense of proportion
in connection with new IVD Regulation

The EU’s deliberations for the draft-
ing of a new Regulation on In Vitro
Diagnostics (IVD) are entering the
crucial phase. The objective is the
creation of a new legal framework
for the marketing and market su-
pervision of products for laboratory
diagnosis.

The Managing Director of Ver-
band der Diagnostica-Industrie
(VDGH) [the Diagnostics Industry
Association], Dr Martin Walger, has
complained that a number of addi-
tional measures called for by the
Council are lacking in a sense of
proportion, and are only designed

to generate bureaucracy. Thus the

VDGH has voiced the criticism that
in the final outcome the new Reg-
ulation breaks the logical link be-
tween risk class and test proce-
dure. In other areas, the Council
wants to adopt regulations from
the Ordinance on Medical Devices
which have no bearing on labora-
tory diagnostics.

A total of 40,000 laboratory tests
would be affected. For the Europe-
an IVD industry, this would mean
an additional liability in coming
years amounting to over EUR 2 bil-

lion.

-> www.vdgh.de

Roche wins the first HPV primary
screening tender in Europe

Roche announced that it has been
awarded a 5-year contract by the
Dutch National Institute for Public
Health and the Environment (RIVM)
for implementation of the cobas®
HPV Test as the first-line, primary
screening test in the national cervi-
cal cancer screening program.

The Netherlands is expected to
be the first country in the world
with an organised cervical screen-

ing programme to complete the

transition from the Pap test to pri-
mary HPV screening. Using HPV
as the primary test is based on the
overwhelming scientific evidence
that it offers significant improve-
ment over more traditional Pap
cytology screening due to its ability
to detect more pre-cancerous dis-

case.

- www.roche.com
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Analytik Jena AG
expands Executive Management Board

The Supervisory Board of Analytik
Jena AG has decided to expand the
company’s Executive Board. This
shows the company responding to
its growth and the ever-increasing
challenges associated with its oper-
ational business. The restructuring
also lays the groundwork for ap-
pointing a successor to Klaus Ber-
ka, the company founder and
Chief Executive Officer, whose
contract expires in March 2017.
Ulrich Krauss, who has more
than two decades of experience in
a variety of international manage-
ment positions at Carl Zeiss, will be

taking charge of the newly estab-

lished Executive Board department
of Marketing and Sales on 1 No-
vember 2015.

There will also be a new Chief
Operating Officer (COO) at Analytik
Jena AG. Dr Peter Juschitz will now
be in charge of Group manufactur-
ing, purchasing and logistics. Dr
Juschitz was most recently Techni-
cal Director at AHT Cooling Sys-
tems in Rottenmann, Styria, Austria,
and, before that, CEO of Epcos Kft,
Szombathely, Hungary. Juschitz
Philips,

where he held a variety of manage-

launched his career at

ment positions for many years.

= www.analytik-jena.de

LDC and Infinity Pharmaceuticals in partnership
for the joint development of cancer medicaments

Lead Discovery Center GmbH
(LDC) and Infinity Pharmaceuticals,
Inc. of Cambridge, USA, have en-
tered into partnership with the aim
of jointly identifying exceptionally
promising projects for the develop-
ment of cancer medicaments. The
project proposals come from the
portfolio of LDC and from its exten-
sive academic network.

Based on the partnership agree-
ment, Infinity will learn about pro-
jects from the multifarious project
pipeline of LDC, as well as being
informed about new project ideas
emanating from LDC’s research net-
work. This comprises links to lead-
ing universities as well as to highly

regarded institutes of Germany’s

04.15 lab&more

internationally renowned research
organisations, the Max Planck Soci-
ety and the Helmholtz Association.
The main emphasis of the partner-
ship will be on the field of oncology.

Infinity will be evaluating prom-
ising formulations of effective ingre-
dients by LDC, with a view to iden-
tifying one or more projects for an
ongoing partnership or for licens-
ing. For the further development of
selected projects, LDC will place its
expertise and resources in the early
phase of research into effective in-

gredients at Infinity’s disposal.

- www.lead-discovery.de

Qiagen launches new bioinformatics solution
for hereditary diseases

Qiagen N.V. has announced the
launch of a new Qiagen hereditary
disease solution for research labs
to accelerate solve rates in diag-
nostic odyssey cases, while freeing
up time and resources by enabling
researchers to focus directly on
the right causal candidates. The
offering includes Qiagen’s Bio-
Workbench,
Biomedical Genomics Server Solu-

medical Genomics
tion, Ingenuity® Variant Analysis™,
and HGMD® Human Gene Muta-
tion Database.

“Qiagen continues to expand our
solutions to enable the incredible

advances that clinical research labs
are making every day, particularly in
next-generation sequencing for
hereditary diseases,” said Dr Laura
Furmanski, Head of Qiagen’s Bio-
informatics Business Area. “By pro-
viding the market's most compre-
hensive biomedical content, more
than 10 million findings in our
Qiagen Knowledge Base, and the
benefits of 16 years of experience in
expert curation, we ensure the
highest-quality analysis and inter-
pretation — helping customers move

from sample to insight.”

- www.qiagen.com

Merck relaunches brand identity

Merck, a leading science and tech-
nology company, announced the
relaunch of its brand identity. The
fundamental revision of the visual
appearance as well as the introduc-
tion of a new logo reflect the trans-
formation into a global science and
technology company. At the same
time, the brand architecture at busi-
ness level has been simplified. Out-
side the United States and Canada,
the company will operate uniformly
as Merck.

“Merck  has

changed over the past ten years,”

fundamentally

emphasized Karl-Ludwig Kley,
Chairman of the Executive Board
and CEO. “We have developed
from a classic supplier of pharma-
ceuticals and chemicals into a
global technology company. With
our unique combination of highly
specialized biopharmaceutical, life

science and materials businesses,

we are in a position today to offer
solutions to support global mega-
trends such as health and digitiza-
tion. The complete overhaul of our
brand identity is to communicate
this new direction vis-a-vis our
customers, partners and applicants.
We want to be recognizable and
remain visible as Merck worldwide
so as to strengthen our well-known
brand name. For this we have de-
liberately rid ourselves of outdated
features and will be focusing on a
young and eye-catching image.”
The investment in the Merck
brand is part of the “Fit for 2018”
strategic transformation and growth
program, which includes the focus
on innovative, technology-driven
businesses as well as the moderniza-
tion and expansion of global head-

quarters in Darmstadt, Germany.

- www.merckgroup.com



Neurobiology

Brain cells in fruit fly hold secret
to individual odor preferences

Responding appropriately to the
smell of food or the scent of dan-
ger can mean life or death to a fruit
fly, and dedicated circuits in the
insect's brain are in place to make
sure the fly gets it right.

In studies designed to better un-
derstand how the brain processes
information, scientists led by Cold
Spring Harbor Laboratory (CSHL)
Associate Professor Glenn Turner
have identified an important com-
ponent in these circuits: the point at
which incoming sensory informa-
tion begins to be transformed into a
neural signal that instructs a fly's re-
sponse. The cells, called mushroom
body output neurons (MBONSs), ap-

pear to distill nuanced information

*®

about an odor into clear instruc-
tions: approach or flee.

By genetically labeling and fol-
lowing the activity of the same
MBONSs in multiple flies (there are
precisely 34 in each brain, situated
in known locations), the scientists
found that each cell had a character-
istic response pattern in each indi-
vidual. The pattern, in other words,
differed between flies. This suggests
that MBONs may underlie individu-
al odor preferences that develop as
flies learn to associate smells with
positive or negative experiences.
Original Publication: Hige, T. et al.
(2015) Nature 526, 258-262
Source: bttp://www.cshl.edu/news-and-
Sfeatures/approach-or-buzz-off-brain-
cells-in-fruit-fly-hold-secret-to-individu-

al-odor-preferences.btml; Cold Spring
Harbor Laboratory, New York

Evolution

Plant helps show
how living things adapt

A freshwater plant that has evolved
to live in seawater is shedding light
on how living things adapt to new
environments. The findings could
help scientists better understand
how species have been able to
adapt to major shifts of circum-
stances in the past, such as trans-
ferring from water to land, or from
light to dark environments. In
adapting to new surroundings, or-
ganisms must develop ways to per-
form everyday functions, such as
securing food and oxygen, and re-
producing. The latest study is one
of the first to track such a signifi-
cant lifestyle transition in the lab,

instead of relying on fossil clues.

Researchers studied succes-
sive generations of a common
freshwater algae, Chlamydomonas
reinbardtii, in increasingly salty
water. These plants have a key
role in providing nutrients and re-
moving carbon dioxide from the
atmosphere, so understanding
how they can evolve from fresh-
water to seawater aids under-
standing of the history and diver-
sity of life on Earth. They found
that freshwater algae adapted to

seawater in two stages.

Original Publication: Lachapelle, ]. et al.
(2015) Evolution 69 (10), 2662 DOI:
10.1111/ev0.12760

Source: http://www.ed.ac.uk/news/2015/al-
gae-151015; The University of Edinburgh

Drosophila genetics
The logistics on the
drosophila X chromosome

Researchers decode molecular

mechanism  facilitating ~ dosage
compensation in flies: If we place
an order in an online store we are
often thrilled how fast the parcel is
delivered to our doorstep. This is
possible because logistic compa-
nies have established a very relia-
ble and efficient system to distrib-
ute goods. Scientists at the Max
Planck Institute of Immunobiology
and Epigenetics in Freiburg now
uncovered a similar distribution
system in flies to achieve dosage
compensation. By combining state-
of-the-art molecular and imaging
techniques the researchers re-
vealed a molecular mechanism that
allows the protein complexes that
regulate dosage compensation to
spread over the entire X chromo-
some. They observed that the so-
called high affinity sites (HAS),
which are binding regions for the

Chromosomes of the fruit fly: The

MSL-complex [yellow] mediates
dosage compensation and deco-
rates specifically the X chromo-

some.
© MPI f. Immunobiology and Epigenetics

protein complexes, often occur at X chromosomal regions with enriched

long-range contacts to each other and further positions on the X chromo-

some. These central logistics hubs then facilitate the distribution of the

dosage compensation machinery towards nearby locations.

Original Publication: Ramirez, F. et al. (2015) Mol. Cell 60, 1-17
Source: bttp://www.ie-freiburg.mpg.de/4610903/news_publication_9678505?c=723600
Max Planck Institute of Immunobiology and Epigenetics, Freiburg

Brain Research

Silver bullet for
neurodegenerative diseases

Scientists have unraveled how mu-
tant molecules damage the nervous
system of people with Charcot-Ma-
rie-Tooth (CMT) disease, a group of
disorders that hinder people’s abili-
ty to move and feel sensation in
their hands and feet.

In laboratory testing, the re-
searchers were able to improve
symptoms of the disease in mice,
raising hopes that they may have
found an avenue for treating
people with CMT.

Symptoms of the disease, which
typically appear in adolescence or
early adulthood, include muscle
weakness and decreased muscle
size, loss of sensation and deformi-
ties in the feet and legs. The symp-
toms typically first appear in the
lower extremities, but eventually

may move into the hands.

Original Publication: He, W. et al. (2015)
Nature doi:10.1038/nature15510

Source: http://www.salk.edu/news/pressre-
lease_details.php?press_id=2122;

The Salk Institute, La jolla, CA
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Reproduction

Sex lives of male worms:
One gene makes a big difference

For tiny nematode worms of the
species Caenorbabditis elegans,
males are rare and generally irrel-
evant in nature. That's because
the vast majority of C. elegans in-
dividuals are self-fertilizing her-
maphrodites. But NYU biologist
Matthew Rockman and his col-
leagues have made a discovery
that points to a previously un-
known dynamic among these
worms: Natural variation in a sin-
gle gene produces males with ex-
cretory pores that attract the sexu-
al attentions of other males.

Scientists had known that some
C. elegans males are attracted to
other males. Rockman and his
co-authors were intrigued based on
a general interest in understanding
how and why individuals differ
from one another when it comes to
sexual behaviors as well as other
traits.

They've now traced much of
the variation in this behavior to a
plep-1.
Males carrying two copies of a

single gene known as

plep-1 mutation attract other males

for reasons that remain mysterious.

When males mate with the excre-
tory pore of another male, they
leave an injurious plug behind.
Males

pores have trouble in mating and

with plugged excretory
they don't live as long as either.
The researchers say that the per-
sistence of this gene — despite its
detrimental effects on the individu-
als who carry it — may be explained
by the distinctive reproductive
mode in this species. Most of these
worms have only one parent, a
self-fertile hermaphrodite. Because
matings between males and herma-
phrodites are rare, sex has little
chance to generate new combina-
tions of genes — unlike in species
with males and females. With few
genetic combinations circulating in
the population, natural selection has
little ability to precisely weed out
harmful mutations, particularly if
they happen to occur on otherwise

healthy chromosomes.

Original Publication: Noble et al. (2015),
Current Biology 25, 1-8

Source: bttp://www.nyu.edu/about/
news-publications/news/; The New York Uni-
versity

RNA Stability
‘Bodyguard’ Protein Helps
Protect Young RNAs

RNA molecules perform key func-
tions in the cell. They transmit ge-
netic information as blueprints for
proteins and fulfil other essential
tasks. For this purpose, they under-
go a multi-step process during
which they must be protected from
premature degradation. Scientists
from the Max Planck Institute (MPI)
of Biochemistry in Martinsried have
now identified a new mechanism
that stabilizes specific RNA mole-
cules and guides their processing.

“The molecular complex associated

04.15 lab&more

with the protein NCBP3 we identi-
fied is primarily important in cellu-
lar stress situations such as virus
infections,” says Andreas Pichlmair,
research group leader at the MPI of
Biochemistry. “Our findings may
open up new therapeutic approach-

es in the future.”

Original Publication: Gebbardt, A. et al.
(2015) Nature Communications 6, 8192 DOI:
10.1038/ncomms9192

Source: bttp.//www.biochem.mpg.
de/5164404/20150918_pichimair_ncbp3;
MPI of Biochemistry, Martinsried

Cancer research
RNA glue for the protein
assembly line

Lowering the level of aluRNA induces the dispersion of nucleolar compart-
ments into smaller nucleolar domains, which are less efficient. Increasing
the level of aluRNA forces fusion into larger and more active nucleolar do-

mains.

Scientists from the German Cancer
Research Center (DKFZ) have dis-
covered how RNA molecules regu-
late the structure of the nucleolus
and drive the synthesis of the cellu-
lar machinery needed for protein
production. When cells grow and
divide rapidly, they need to run up
the production of proteins. The cel-
lular machinery for this task is syn-
thesized and assembled in a special

© dkfz.de

compartment of the cell nucleus
called the nucleolus. The nucleolus
constantly adapts its shape if the cell
needs to produce more or less pro-
tein. Accordingly, fast dividing tu-

mor cells often have bigger nucleoli.

Original Publication: Caudron-Herger,

M. et al. (2015) EMBO ].,

doi: 10.15252/embj.201591458

Source: bttp.//www.dkfz.de/en/presse/
German Cancer Research Center, Heidelberg

Antibiotic resistance
Novel Theoretical Approach to
Reduce Antibiotic Resistance

It is estimated that each year in the
United States 2 million people be-
come infected with bacteria that are
resistant to one or more types of
antibiotics, and at least 23,000 peo-
ple will die because of these infec-
tions. This problem is being exacer-
bated by overuse of antibiotics for
livestock and also in community
clinical practice. This overuse, com-
bined with the slow pace of novel
drug discovery is a growing threat
to public health. In response to this,
Moftitt Cancer Center researchers
have developed a novel mathemat-
ical method inspired by Darwinian
evolution to use current antibiotics
to eliminate or reduce the develop-

ment of antibiotic-resistant bacteria.

According to the Centers for
Disease Control, one of the core ac-
tions that can be taken to fight anti-
biotic-resistant infections is to im-
prove the use of antibiotics that
currently exist. One approach to
achieve this is by using different
combinations or sequences of anti-
biotics; however, given the high
number of antibiotics in existence, it
would be extremely difficult to ex-
perimentally identify the best com-

bination or sequence of drugs.

Original Publication: Nichol, D. et al. (2015)
PLOS Computational Biology 11 (9),
1004493

DOI: 10.1371/journal pcbi. 1004493

Source: bttps.//moffitt.org/newsroom/; The H.
Lee Moffitt Cancer Center & Research Institute
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The first major obstacle to the development of
new active ingredients for the treatment of CNS
disorders is presented by the pathophysiological
mechanisms that underlie the various diseases.
Mechanisms for CNS disorders are often complex
and in many cases (such as Alzheimer’s) remain
inadequately elucidated to date. There are,
however, several highly promising candidate

compounds such as insulin that significantly
improve cognitive performance for Alzheimer’s
in animal models. To be able to assess these
potential drug substances in terms of their use in
treating human patients in clinical trials, we
need a practicable system that facilitates the safe
transport of these candidate compounds in their
biologically active form to their site of action.

Cerebrospinal fluid _

Ethmoid bone

Regio olfactoria

Fig.1 Section through the human skull, illustrating
the regio olfactoria

Fig.3 Section through a 3D print of the nasal cavity
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Strict exclusivity

Depending on drug substance structure, this can
often be a difficult undertaking, however: just
like a club with VIP access, the human brain/
CNS is an extremely exclusive location. To avoid
this physiologically sensitive organ being affect-

ed by undue turmoil and general commotion,

the body uses a careful process of selection to

Cerebrospinal fluid

. -
# = Ethmoid bBhe
— —

Basal cells

r f"

Olfactory neurons

Aqueous mucous layer

Fig.2 Structure of the olfactory epithelium and the regio olfactoria

Fig.4 Computer simulation of the human nasal cavity
(Rolf Pfiiffle, Fa. Beiter)
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decide which molecules are granted access and
which have to “wait outside”. The bouncer em-
ployed by this exclusive club is the blood-brain
barrier (BBB). This is a physiological barrier be-
tween the circulating blood and the central
nervous system. As a doorman, the BBB has the
job of letting in “staff” (proteins such as transfer-
rin) and “paying guests” (nutrients such as glu-
cose) while escorting “patrons who've had
enough for today” (degradation products such
as COy out of the brain. All of this keeps the
brain’s VIP bouncer very busy.

While its colleagues (the capillary tubes at
the body’s periphery) are constructed of en-
dothelial cells equipped with openings (de-
scribed as being “fenestrated”) and intracellular
gaps — thus permitting them to allow dissolved
and suspended molecules to pass much more
easily — the blood-brain barrier consists of a
continuous epithelium that is especially tightly
sealed. This continuous epithelium presents an
impenetrable barrier to most of the molecules
transported in the bloodstream. For selected
molecules, specialized transport proteins enable
an exchange of substances between blood and
the CNS.

For a candidate compound who is new in
town — and who therefore doesn’t have a trans-
porter to call on — it is very difficult to gain access
to the exclusive CNS VIP Club. But it’s not impos-
sible. Small, lightweight molecules — the “size
zero models” among molecules — in particular
have a good chance of slipping by, especially if
they (unlike their human counterparts) are lipo-
philic, i.e. easily dissolved in fats (e.g. antidepres-
sants). Big and heavy molecules that are hydro-
philic, i.e. easily dissolved in water, have little
chance of making it past the bouncers. And in
cases where we can see from afar that these big

molecules carry a charge, their chance of being

waved through by the doormen is drastically
reduced.

This state of affairs is especially frustrating
when we recall how many new and innovative
drug substances are being produced in the field
of biopharmaceuticals alone. Products manu-
factured using biotechnology include, first and
foremost, therapeutic proteins such as hormones
(e.g. insulin), growth factors (e.g. erythropoietin,
“epo”) and therapeutic antibodies. Of these,
therapeutic antibodies are now a primary focus
in drug development: as a key element of the
immune system, they exhibit high-affinity bind-
ing — the “lock-and-key” principle — to patho-
gens, for example, and thus help to eliminate
them.

The nose as a backdoor

Since biotechnological techniques allow us to
design the structure of antibodies so that they
can specifically recognize almost any molecule,
they have the potential to offer targeted thera-
pies for a wide variety of disease mechanisms
while causing few side effects on account of
their specificity. The problem with these thera-
peutic proteins is that they belong to the group
of macromolecules for which the blood-brain
barrier presents an insurmountable obstacle. Yet
the obstacle can be bypassed instead of tackled
head-on.

Alongside its front door, the CNS VIP Club
also has a kind of rear entrance, namely the
nose — or the regio olfactoria, to be more pre-
cise (Fig. 1). This region is located right at the
top of the nasal cavity. At this location, the brain
and the (cerebrospinal) fluid that surrounds it is
separated from the outside world by only a sin-
gle bone (the ethmoid bone) and a few layers
of cells (the olfactory epithelium) (Fig. 2). Since

Equipment for Histo-Pathology Labs

the ethmoid bone is pervaded by nerve fibers,
this barrier can be overcome by a wide variety
of drug substances, including therapeutic pro-
teins. This has already been demonstrated by
several groups of researchers.

The research group in the Institute of Pharma-
ceutical Biotechnology at Biberach University of
Applied Sciences, working together with Prof.
Mavoungou and Prof. Schafmeister under the di-
rection of Prof. Katharina Schindowski, has set
itself the task of developing an intranasal drug
delivery system that is capable of introducing
drug substances in their biologically active form
and with demonstrable kinetics into the brain
via the regio olfactoria. The aim of this research
project is to develop a system that enables the
safe transportation of various active ingredients
targeting disorders of the CNS to their site of
action, and thus open the (back) door to the
treatment of a wide range of illnesses. One well-
known intranasal drug delivery system is the
nasal spray, which turns drug substances into a
fine mist, allowing them to penetrate deep into
the nasal cavity as gas-borne aerosols. While
this system works brilliantly for the small chem-
ical molecules intended to reduce inflammation
in the nasal mucosa during colds or allergy at-
tacks, for example, it cannot be adapted to drug
substance heavyweights like proteins quite so
easily — since the rear entrance to the CNS VIP
Club is tucked away on the roof of the nose.

First simulate, then formulate

Such particle flows through the nasal cavity are
now being simulated in collaboration with the
University of Ulm and Ulm University of Applied
Sciences. The simulation data is intended to
produce key findings such as the optimum par-
ticle size, for example. The simulations show
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From left to right:

Stefan Carle studied pharma-
ceutical biotechnology at Biberach
University of Applied Sciences. For his
master’s dissertation, he is using a
model of the nasal epithelium to study
the transport of biopharmaceuticals.

Martina Stiitzle siudied phar-
maceutical biotechnology at Biberach
University of Applied Sciences. She is
a doctoral candidate in the Prof.
Zimmermann lab in the Institute of

Pharmaceutical Biotechnology at
Biberach University of Applied
Sciences. Her thesis topic is the
“Development of protein aerosols
for intranasal nose-to-brain drug
delivery”.

Katharina Zimmermann
studied biochemistry and received
her doctorate in 2001 on biomark-
ers in Alzheimer's disease. This was
followed by positions at the University
of Heidelberg and at Sanofi-Aventis
in France. She led an independent
group of researchers at Inserm (Lille,
France) until 2007, followed by a
position at Boehringer Ingelheim
Pharma. In early 2010, she accepted
a professorship in Molecular Phar-
macology at Biberach University of

Johannes Flamm studied
pharmacy in Freiburg and has been a
doctoral candidate since 2015 in the
Prof. Katharina Zimmermann lab in
the Institute of Pharmaceutical Bio-
technology at Biberach University of
Applied Sciences. His thesis topic is
“The intranasal nose-to-brain trans-
port mechanism and approaches for
the controlled application of active
ingredients by means of intranasal
delivery”.

that very small aerosol particles must be gene-
rated if we intend to penetrate into the regio
olfactoria. This simulated experiment was repeated
in the lab with a 3D printed model of the human
nasal cavity: the lab experiment confirmed the
finding (Figs. 3 and 4). This tells us that the rear
entrance is not merely well-hidden: the drug
substances must also be packed in vehicles for
transport that are small enough to navigate the
arduous path to the back door.

The particle size of such transport vehicles
can be controlled with a range of techniques for
atomizing the solution or altering its viscosity.
Alongside the familiar pump-action nasal sprays,
aerosols can also be generated with ultrasound,

propellants or vibrations.
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Applied Sciences.

To create an aerosol, energy is introduced
into the medium we want to turn into a mist.
Unfortunately, this procedure is sub-optimal for
highly sensitive protein substances, since the
force required often destroys the crucial spatial
structures that the proteins need to function. By
modifying the formulation (i.e. the liquid in
which the proteins are dissolved), however, we
have managed to identify formulations for a
range of proteins that are appropriate for pro-
tecting the proteins from destructive forces dur-
ing the process of aerosol generation.

Our next goal is now to develop a system
that allows a therapeutic drug substance to
reach sufficient concentrations at the site of the

regio olfactoria and within the CNS. A number

of obstacles must still be overcome. In this con-
text, one important goal for the intranasal appli-
cation of therapeutic proteins is to ensure their
release in a way that does not activate the im-
mune cells present in the nasal mucosa. This
would effectively vaccinate the person against
the drug substance administered.

If you want to get into the CNS VIP Club by
the back door, it's best to be quiet so as not to
alert the security guys. There’s still a lot to do
— but anyone wanting a seat in the CNS VIP

Lounge has to work hard to earn it.
- flamm(dhochschule-bc.de

Picture: © istockphoto.com | Chris Schmidt
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GFL Laboratory apparatus are used in the medical,
scientific and industrial field in more than 150
countries worldwide. They comply with valid
European standards, bear the CE mark, are main-
tenance-free and easy to operate. GFL is certified
in accordance to DIN EN ISO 9001:2008.

Water Baths

Incubation/Inactivation Baths, Steam Baths, Water
Baths for Fume Hoods, Multiple and Tissue Float
Baths.

Shaking Water Baths

With orbital or reciprocating motions THERMO-
LAB®: Quadrothermal Shaking Water Bath with four
separate basins and reciprocating motions.
Shakers

15 different models with orbital, reciprocating,
orbital rocking, rocking or rotating motion.
Chest and Upright Freezers

Especially suitable for long-term storage of organ-
ic substances at up to -85°C. Cabinet volumes
between 30 and 500litres.

Shaking Incubators

3 different models, with orbital motion and
built-in cooling coil.

Hybridisation Incubator

For exact detections of DNA and RNA probes.
Mini Incubator/

Mini Tube Roller Incubator

For tempering of samples and incubations/ hy-

bridisations.

Water Stills

4 product lines including 14 different models for
2 —12litres of distillate per hour, made of stainless

steel or glass, for single and/or double distillation.

A wide range of accessories is available for GFL

Laboratory Apparatus.

-> www.GFL.de
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Competence for
Lab Professionals

GFL Gesellschaft fiir Labortechnik mbH was founded in 1967
and is one of the leading manufacturers of laboratory equipment,
seated in Burgwedel near Hanover / Germany.

Quality

de in Germany

For more than 45 years we have been producing state-of-the-art
laboratory devices in our plant in Germany. Our product groups stand
for detailed experience in every-day use, ongoing technical advances
as well as toughest demands on material, functionality and design.

A vested quality demand in accordance with international standards
is documented for all GFL laboratory products with the certification
to DIN EN ISO 9001:2008.

A tight-knit web of agencies and distributors worldwide ensures

a local presence to customers. GFL Laboratory devices are used in
more than 150 countries worldwide.

m Deep Freezers
m Water Baths
m Shaking Water Baths
m Water Stills
m Incubators
m Shakers

GFL Gesellschaft fur Labortechnik mbH - Schulze-Delitzsch-Strasse 4 - 30938 Burgwedel / Germany
Phone +49 (0)5139 /99 58 -0 - Fax +49 (0)5139 / 99 58 21 - E-Mail: info@GFL.de - www.GFL.de
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The targeted transport of DNA and RNA using vectors
(mostly made from synthetic polymers) in cell cultures has
become part of routine practice in biological R&D - a fact
highlighted by the multitude of commercial kits now avail-
able. To date, however, obstacles relating to use in patients
have beset many laboratory studies and - in particular -
the transfer to clinical practice. In many cases, such issues
are related to safety concerns and limited biodegradability
of such carriers. At FSU Jena, new bio-based and natural
systems using polysaccharides are being developed with
the aim of solving these specific problems.

Vectors used to transfer DNA and RNA must be “all-rounders”, capable of
performing a wide range of discrete tasks. These include maintaining the
stability of their nucleic acid “cargo”, achieving an efficient and selective
uptake in the target cells, and with high efficiency (transfection) while
simultaneously ensuring excellent tolerability. Particularly in terms of use
in patients, both their safety and their biocompatibility must be assured at

all times [1].

Dextrans: familiar sugars, rediscovered

Dextrans have been successfully deployed in pharmacy and medicine for
many decades now as plasma expanders, tableting excipients, and stabi-
lizers for colloidal formulations: both their toxicology and biodistribution
are therefore adequately well-studied. The macromolecular biopolysaccha-
rides are formed biosynthetically as a branched or unbranched molecule
in sucrose-rich media by the activity of the dextransucrase enzyme, which
is produced from various Letconostoc strains. Dextrans are degraded in the

organism and metabolized in the body [2]. Since they are not themselves

e o
HO
HO
OH

Dextran with variable O.
molar mass and .
degree of branching N

+

A~

And many other biogenic amino acids
and combinations of amino acids

Simple and
efficient
esterification

. Yl
d ;UO
1)
ofJ o

Clear structure
elucidation with
NMR spectroscopy

Fig.1 Development of a dextran amino acid ester library with control-
lable, high-quality characteristics
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capable of interaction with DNA and RNA, the logical next step was the
covalent binding of cationic pendant groups to accomplish an electrostatic
interaction with the negatively charged DNA and RNA [3]. To date, however,
such side chains have often consisted once again of synthetic polymers
rather than biogenic functionalities. Such polymers are neither biodegrada-

ble nor excretable and occasionally exhibit high toxicity.

Sugars and amino acids: two natural partners

In contrast to the above, introducing naturally-occurring functionalities
with amine and ammonium groups appeared to be a highly promising
approach. Work at Jena on polysaccharide chemistry has resulted in the
development of efficient reactions under moderate conditions that permit
the introduction of almost any carboxylic acid into polysaccharides [4, 5.
One pioneering achievement was the reproducible production of dextran
amino acid esters with controllable molar mass and configurable content
(average degree of substitution, DS) for the ester substituents — a synthesis
variant that can easily be upscaled. In this approach, amino acids are acti-
vated with commercially available N,N-carbonyldiimidazole and undergo a
homogeneous reaction to produce the corresponding dextran derivatives
with a high level of purity and without appreciable polymer degradation
(the average degree of polymerization (DP) of the initial dextran is pre-
served) or toxic byproducts. Based on this synthesis model, we gain access
to a library of mono- and multifunctional dextran amino acid esters, which
can also act as carriers of other functional groups: a construction kit for a
practically unimaginable number of dextran derivatives offering considera-
ble structural diversity. Products selected to date have exhibited outstanding
characteristics as DNA transporters and interest is currently focused on

B-alanine-substituted dextrans.

Alanine-substituted dextrans as DNA transporters

Alanine-substituted dextrans are excellent water-soluble, can be stored
permanently at room temperature following freeze-drying, and can be
reconstituted quickly and completely in buffers and cell culture media. In
standardized toxicity tests (according to DIN ISO 10993-5) using 1929
mouse fibroblasts, they exhibited outstanding levels of tolerability that

r i -. D'Extran ; .'"\.:_.

1 I _

Fig.2 Amino-acid substituted dextrans as biocompatible and highly efficient
transfection systems

15



Dagmar Fischer studied pharmacy before then obtaining her doc-
torate in pharmaceutical technology and biopharmacy from the Philipps
University of Marburg in 1997. After a period spent at Texas Tech Univer-
sity Health Sciences Center (USA), she gained several years' experience
as Director of Preclinical Research & Development at Antisense Pharma
GmbH before accepting a professorship in Pharmaceutical Technology at
Friedrich Schiller University Jena in 2008. Her work concentrates on the
development of nanoparticulate carrier systems from natural and syn-
thetic polymers with an especial focus on inflammation, infection and

Thomas Heinze studied chemistry at FSU Jena. After receiving his
doctorate there in 1985 and subsequent postdoc work, he completed his
habilitation at KU Leuven (Belgium) in 1997. In 2001, he accepted a pro-
fessorship in Macromolecular Chemistry at the University of Wuppertal
(Germany). He has held a chair in Organic Chemistry at FSU Jena since
2002, where he is the Director of its Center of Excellence for Polysaccha-
ride Research. His research focuses on the development of polysaccha-
ride materials for applications in biology, medicine and technology.

cancer.

were higher by a factor of two than those for
known synthetic polymers such as the com-
monly used polyethyleenimines [6]. If one in-
vestigates interactions with blood cells such as
erythrocytes, which are the first contact partners
within the organism following injection, no
hemolytic effects or aggregations of blood cells
— i.e. no thrombotic events — are observed in
any therapeutically relevant quantities.

The simple pipetting of DNA or RNA into the
solutions of alanine-substituted dextrans causes
the spontaneous formation of complexes that are
deployable within a few minutes. With an overall
cationic charge and a size of approx. 100nm un-
der optimum conditions and batch ratios, the
complexes meet all of the requirements for good
uptake via the cell membrane. They can be de-
ployed in serum-rich media and protect the nu-
cleic acids against enzymatic attack from nucle-
ases in blood just as well as they stabilize against
the uncontrolled and undesirable displacement
of the nucleic acids by serum proteins. They are
not only capable of transfecting mammal cells
but have the unusual property of causing no ef-

fects of toxicological concern even at high doses.

What does the future hold?

Modification of the complexes based on dex-
tran-alanine for the intended application cannot
be achieved merely by varying the production

16

conditions and varying the formulation of the
complex. The model can be re-used for a range
of cationic amino acids and their combination.
Properties such as the binding strength of the
complexes with DNA and RNA, stability, toxicity
and transfection efficiency can be controlled by
the selection and combination of various types
of amino acid. While lysine is more advanta-
geous for binding DNA, for example, an excess
of alanine has an especially positive effect on
the transfection of cells. To sum up, the new
synthesis strategy offers numerous approaches
for structural variation. Amino acid-modified
dextrans offer a simple way of bypassing nu-
merous obstacles such as poor biodegradability,
unacceptable toxicity and time consuming in-

structions for synthesis experiments.

- dagmar.fischerfduni-jena.de
- thomas.heinzelduni-jena.de
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Center of Excellence for
Polysaccharide Research
Friedrich Schiller University
Jena

The Center of Excellence for Polysaccharide
Research is a leading research institution
originally formed by six multinationals at the
Friedrich Schiller University Jena and the
Thuringian Institute of Textile and Plastics
Research (TITK) at Rudolstadt in 2002, and
which received financial support from this
consortium of companies until 2007. The
Center’s activities focus on joint R&D work
on polysaccharides as functional raw materi-
als for the future. Products and methods are
investigated and developed both within ba-
sic research and application-oriented re-
search. Here, the Center pursues various
strategies of biopolymer derivatization un-
der homogeneous and heterogeneous reac-
tion conditions, and of regioselective func-
tionalization. The systems available also
permit methods to be upscaled to the level
of the process laboratory. The work of the
Center also guarantees the provision of ini-
tial and advanced training to students in the
field of bio organic chemistry.

www.agheinze.uni-jena.de
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Prof. Dr Heribert Warzecha

When rock stars grab hold of a mike, they usually
sing about love in all its many shades and meanings.
Or they give us their take on the latest develop-
ments in politics and society at large. Plants have a
very minor role to play in their lyrics — at most serv-
ing to set the scene for the first topic mentioned
(that of love) with their flowers. On the other hand,
they can also serve as the source of mind-expanding
substances whose effects are then reflected on at
considerable length (see Eric Clapton’s cover of
“Cocaine” from 1977).

In 1971, however the well-known rock band
Genesis published a song that dealt with a quite
different topic: the introduction of an invasive plant
species into Europe and the various problems that
this proceeded to cause. “The Return of the Giant
Hogweed”, a track on the album “Nursery Crime”,
also provides copious details of the toxic principles
behind its constituent chemicals as well as options
for controlling this invader. Although the song is
now almost half a century old, its words are — per-
haps unlike the musical style in which it was written
— as relevant as ever.

It’s certainly true that the giant hogweed (Her-
acleum mantegazzianum) — also known by the
colorful names of “hogsbane” or “cartwheel flower”
— was brought to England (initially to Kew Gardens
in London) from the Caucasus in 1817. Viewed as
a decorative plant that readily attracted bees, it was
planted by many a gardener in Victorian England,
but quickly ran wild and is now found throughout
Europe and even in North America. The spread of
this invasive species, especially along riverbanks

and roadsides, results in the displacement of native
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species and itself constitutes a major ecological
problem. But the giant hogweed has another trick
up its sleeve: growing as much as 5m tall, every
part of the plant contains toxic constituents that
pose an immediate threat to both humans and ani-
mals. As with many plants in the Apiaceae (or pars-
ley) family Heracleum mantegazzianum contains
linear furanocoumarins (psoralens, see Figure).
These chemicals have the property of triggering a
condition called phytophotodermatitis when ex-
posed to UV light. If parts of the skin come into
contact with the plant sap and are then exposed to
sunlight, the affected skin reddens and forms blis-
ters after only 15 minutes. The blistering is so ex-
treme that it often resembles burn injuries. Even
after healing — which often takes several weeks —
scars remain, accompanied by areas of hyperpig-
mented skin.

The effect can be explained by the fact that
psoralens like xanthotoxin can intercalate very
well into DNA on account of their planar structure.
Activation by long-wave UV radiation then triggers
a cycloaddition reaction between the DNA’s pyrim-
idine bases and the furan and the adjoining pyron
ring of the furanocoumarin. This cross-linking of
the DNA strands is the cause of the multifarious
toxic reactions at the cellular level.

Nor are cases of phytophotodermatitis limited
only to contact with giant hogweed: many other
members of the parsley family can also cause simi-
lar reactions — as can citrus plants. The substances
found in these species, such as bergapten, then trig-
ger the typical dermatitis symptoms. As one exam-

ple, many perfumes used to contain large amounts

of this substance, as a constituent of aromatic ber-
gamot oil. Elegant ladies who sprayed themselves
liberally with perfume and then exposed their
décolleté to the sun frequently had to cope with
Eau de Cologne or berloque dermatitis (skin hyper-
pigmentation).

Despite all of these detrimental effects, however,
the phototoxic substances also have their uses in
medicine. In what is known as “PUVA” therapy
(psoralen + UVA), patients with vitiligo (depigmen-
tation of the skin) or psoriasis are given methoxsalen
and the affected area of the skin is then subjected to
UVA radiation. As long as treatment is applied very
precisely, the results can be very positive.

So we can see that the giant hogweed is not all
bad — and perhaps that was Peter Gabriel’s message
all along. On the other hand, containment of the
uncontrolled spread of the plant has had to be prac-
ticed for a great many years, in order to avoid inad-
vertent and painful “encounters” with the plant.

At the end of the day, we can only guess at the
reasons why the group chose to deal with this very
un-rocker-like topic. But perhaps their work will
inspire others. Let’s hear it for the chamomile ballad

— the laxative blues!

- warzechafdbio.tu-darmstadt.de

The Return of the Giant Hogweed lyrics

© Sony/ATV Music Publishing LLC, CARLIN AMERICA
INC., BMG RIGHTS MANAGEMENT US, LLC
Songwriters: GABRIEL, PETER / BANKS, ANTHONY/
HACKETT, STEVEN / RUTHERFORD, MICHAEL
Recommended listening: www.spotify.com,

www.youtube.com
Picture: © wikipedia.com | Rodbullandemu
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In recent years, metal-organic frame-
works have been setting one record
after another in relation to specific
surface area, with over 7,000m?/g
now being achievable. Their modular
construction and the large number of
functionalities that can be built into
the lattice make them both interest-
ing and highly promising for a wide
variety of applications.

Metal-organic frameworks:
Lego building blocks for inorganic
chemists

The structure of metal-organic frameworks
(MOFs) is deceptively simple: one simply reacts
a di- or tricarboxylic acid — such as terephthalic
acid — with transition metal salts such as zinc or
copper nitrate. In the solution, inorganic clus-
ters then form such as Zn,O clusters or
Cuy(OOC-); paddle-wheel units (Fig. 1) [1-3],
which function as nodes and position the car-
boxylic acid molecules at the corners of highly
symmetrical polyhedra (octahedra, cubes). Due
to the bi- or trifunctional structure of the carbox-
ylic acids (linker molecules), the clusters can
now be cross-linked endlessly in three dimen-
sions. This structural principle, a pioneering dis-
covery made by Omar Yaghi, Susumu Kitagawa
and Gérard Férey, has resulted in a multitude of
new compounds. These compounds exhibit ex-
tremely high porosity, tailor-made pore sizes
and functional groups on the inner surface,
which can be utilized by a wide variety of ap-
plications [4]. Today, over 10,000 metal-organic
frameworks are now known. The current record
is now approx. 7,000m?/g for the inner surface
(BET) — comfortably exceeding the specific sur-
face areas achieved for conventional adsorbents
(activated charcoal and zeoliths).

The first materials were synthesized at the
end of the 1990s. Today, we can now say that
the number of metal-organic frameworks has
virtually exploded. After about 15years of aca-
demic research, the first potential applications
are now starting to take shape in a wide variety
of fields, including energy storage, gas separa-
tion techniques, and catalysis, etc. A number of
startups have also been formed in the mean-
time: these are now offering metal-organic
frameworks for research purposes or as samples

for industrial use.
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Applications in energy storage

The use of MOFs in energy storage systems for
gases such as hydrogen and methane was pos-
tulated at an early stage [5]. Since hydrogen can
be stored only at low temperatures (-195°C),
however, MOF-based hydrogen storage remains
a long-term research topic. In contrast, methane
(natural gas) can be stored at room temperature
and pressures between 30 and 100bar [6—-10].
This offers significant advantages in terms of
capacity: by using a MOF-based storage system,
up to three times the volume of methane can be
stored in comparison to an empty compressed
gas cylinder (Fig. 2). One such MOF, DUT-49,
is currently one of the record holders in terms
of gravimetric methane storage capacity (Fig. 3)
[7]. Despite this, numerous challenges must still
be met in turning this kind of MOF storage into
marketable systems. As one example, filling
generates large quantities of heat (enthalpy of
adsorption) that need to be dissipated. Here,
suitable thermal management models need to
be developed. Volume markets are also difficult
starting markets for new materials, due to in-
tense price pressure. BASF is currently pioneer-
ing this commercialization work, having devel-
oped prototype vehicles that use the kinds of
MOF-based natural gas described
above. In this context, markets that envisage a

systems

distribution structure at the medial pressure
range (60 bar) are especially attractive. The mar-
ket for natural gas-powered vehicles is also
gaining ground in the US, where shale gas pro-
duction has resulted in low gas prices.
Moreover, the large volumes of heat gener-
ated by adsorption processes can also be used
for latent heat storage. Such systems are current-
ly being deployed in air-conditioning units and
heat pumps (Fig. 4) [11-13]. Although these
applications typically use zeoliths and SiO, ma-
terials, MOFs are also ideally suited for such us-
es, due to their high water adsorption capacity.
In addition, the partial pressure (relative air
humidity) at which the MOF stores or releases
water can be regulated in a flexible manner by
configuring the pore sizes and integrating hydro-
phobic groups on the inner surface. This can be
used for the effective optimization of energy

needs.

Gas scrubbing and separation

The modular configuration of pore size and
functional groups is a key benefit offered by
MOFs. This approach can be used to remove
certain molecules very selectively from mixtures
of gases [14]. Two good examples include the
removal of sulfurous compounds (e.g. thio-
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phene) from fuels or hydrogen sulfide from air
[15, 16]. Such separation techniques are impor-
tant not only in the purification of fuels and
scrubbing of breathable air but also for industri-
al processes. The use of MOF materials has even
been proposed for the implementation of more
demanding industrial separation techniques
such as propane/propene separation — a task
that consumes vast amounts of energy as a dis-
tillation process. Initial work here has shown
that certain materials are in principle suited for
use in implementing such separation processes,
due to variations in the speeds at which they
absorb propene and propane [17—-19].

MOFs could also be deployed in gas filters
used for scrubbing toxic gases. This involves
integrating MOFs into textiles — by electrospin-
ning, for example (Fig. 5).

MOF sensors and catalysis

MOFs are highly suited for integration into
sensors, since their properties — such as color
on molecule absorption, or even the actual
weight change — can be modified in predefined
ways (20, 21]. Thanks to these qualities, they can
be used to monitor room air or can even sup-
port long-term humidity monitoring within an
industrial environment. Research teams have
been deploying MOFs as catalysts for a long
time: the possibility of anchoring a wide variety
of materials in their hierarchical structures is
paving the way for numerous potential appli-
cations in catalysis. Details of rhodium-based
MOFs have now been published [22], which are
suitable for hydrogenation. Palladium-based
MOFs also exist. Notwithstanding such clear-cut
applications, it can still be said that our under-
standing of the catalytic activity is modest at
best. Securing a real grasp of this activity — and
thus the targeted use of catalytically active
centers in MOFs — can be achieved only if the
defect chemistry of these materials can be un-
derstood and utilized. Accordingly, we may
assume not only that numerous defects are
present in MOFs on account of missing metal
centers, but that metal centers can be formed
that exhibit deviations from the ideal geo-
metry. One problem arises from the fact that
catalytically active metals often change their
coordination sphere during a catalysis cycle.
This is not possible if they are part of a rigid
network. Yet if they change their coordination,
the network collapses. This inherent problem
again shows that catalytically-active centers
can be installed only as defective imperfec-
tions or foreign atoms. An alternative approach

is to use the functional groups of linkers to
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Stefan Kaskel studied chemistry at the University of Tibingen, where he also obtained
his doctorate in 1997. This was followed by postdoctoral work in the Ames Laboratory at lowa
State University under John Corbett. He then worked as a principal investigator in the field of
developing new porous materials at the Max Planck Institut fir Kohlenforschung under the
directorship of Ferdi Schith. After receiving his professorial teaching qualification at Ruhr-Uni-
versitat Bochum in 2004, he accepted a C4-grade professorship in inorganic chemistry at TU
Dresden in the same year. Since 2008, he has divided his time between this position and man-
agement of the Chemical Surface and Reaction Technology business unit at Fraunhofer IWS in
Dresden. His primary research interests are in the fields of porous materials (MOFs, carbon
materials, mesoporous materials, zeoliths), nanomaterials, battery materials (with a focus on
the field of lithium-sulfur batteries) and coating technologies. At Fraunhofer IWS, development
work also includes plasma technologies, CVD systems, and roll-to-roll production methods.

Fig.4 MOF-coated heat exchanger Fig.5 MOF integration into fibers using
Picture: DECHEMA MOF Roadmap e[ectrospinning
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coordinate other metals. This model has been
used to generate highly-selective and also
highly active enantioselective catalysts [23].

Today, the scaling-up of MOFs can be con-
sidered unproblematic. At the turn of the millen-
nium, milligram quantities of MOFs were being
synthesized as single crystals (Fig. 6). Contem-
porary processes can synthesize many MOFs at
the 10kg scale while also allowing geometry to
be specified (spheres, monoliths, etc.) [24].
While prices are still relatively high due to the
small volumes of materials produced, it is fore-
seeable that the price can be brought under
EUR 100/kg once synthesis processes are being
performed on a larger scale.

Chemical Research in Germany

MOF switches

The most fascinating property exhibited by
MOFs, however, is that their porosity is also
switchable [25]. Accordingly, a range of materi-
als are available with the ability to open or close
their pores at certain pressures. These are also
termed “breathing” MOFs: as it “breathes”, all of
the elementary cells in a MOF switch simultane-
ously from a porous, open structure to a closed
structure or vice versa (Fig. 7). This process
means we can start with a material that is
non-porous and end up with a material that has
a specific surface area of several 1,000 m” per g/
material. These switching operations are trig-
gered by small molecules at a specific partial

Monocrystals
0,1Tmm

Agglomerates

Materials Center Dresden

Fig. 6 Scaling-up of MOF production in Dresden up to the 10kg scale

Open structure (DUT-8) Closed structure (DUT-8)
" ]
- ]
T ’
X, ue o
- |
J - . .
-'.:f. R s
# L] W
s o, oo ' = & % L !
ir . -:ll — :-"::.".:.“"r*ﬁ“
& - o
3 U
= [y
- =3
L] . ]
| |
[ | -] "] e
| st
: | B . il
|;'l N .

Fig.7 Switchable MOFs can reversibly change their structure from a closed to an open state.
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pressure. This pressure-induced switching be-
havior is unique and is also referred to MOF
“gating” [25, 20].

Outlook

The world of MOFs is currently seeing exponen-
tial growth. While work in initial years concentrat-
ed on MOF synthesis and fundamental properties,
system integration and product development are
now the strongest trends in the field. Recent work
has focused on integration with electronic sys-
tems [27, 28]. A new German Research Founda-
tion priority program was approved for this topic
in 2015. This will also require greater efforts to be
made in illuminating band structures, charge
transport mechanisms and magnetic properties.
And the modular structure has also inspired or-
ganic and polymer chemists to search for new
approaches to constructing metal-free three-di-
mensional networks using the “Lego” principle.
The search for new porous materials and their
properties seems to know no bounds. There is
still much for us to discover!

- stefan.kaskelldchemie.tu-dresden.de
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CANDORs LowCross® HRP-Stab

® = -
LowCross® HRP-Stab is an assay diluent for long-term storage of JiS B .
HRP conjugates and for minimizing interference such as nonspecific
binding, cross-reactivities and matrix effects in immunoassays. m'
LowCross® HRP-Stab gives peroxidase-antibody conjugates the crucial m |

long-term stability over several years and guarantees high reliability
and convenience for your immunoassays due to ready-to-use dilution.

- www.candor-bioscience.com

RoboLector® of m2p-labs

RoboLector®, an automated cultivation platform
combines the high-throughput fermentation and
online monitoring capability of the BioLector®
with the accurate and reproducible pipetting of
a liquid handling robot for media preparations,
automated sampling and dosing steps, inductions
and fed-batch processing.

—> www.m2p-labs.com

IP Gansow GmbH

IP Gansow GmbH/Unna offers scrubber driers from ISO-class
5 onward with HEPA-filter for the use in clean rooms where
contamination of the ambient air will disturb or even preclude
the production of sensible components, pharmaceuticals, etc.
The coatings and covers of the machine are made of stainless
steel. The corpus of the machine is connected by an antistatic
charge eliminator to the floor.

- www.gansow.de

Including rinsing and drying

The Gewo principle for cleaning pipettes with a volume
of 0.1-100 ml: using thermal convection in a water bath
(DI water) of up to 95 °C, automated dosing can be used
to dispense the cleaning agent from a 51 reservoir. The pi-
pettes can be rinsed with mains water and DI water, and
dried automatically.

- GEWO

BUCHI’s Rotavapor® R-300

BUCHI Labortechnik’s new rotary evaporator Rota- &

vapor®™ R-300 simplifies evaporation in the laboratory:
even demanding samples can be distilled unattended
while programmable SOPs automatically lead through
the process. If manual intervention is required, a noti-
fication is sent to the user’s smartphone. Benefit from
the SOP-guided operation of this intuitive rotary . -
evaporator for maximum convenience in the lab.

—> www.buchi.com/rotavapor

NEW - White and Black ELISA Plates

Sarstedt now also offers white and black micro test plates for immunological analyses (e.g. ELISA)
in addition to the transparent option. While transparent micro test plates are ideally suited
for colorimetric assays, our new solid-colored plates are recommended for luminescence and
fluorescence analyses. The plates stand out for their very low autofluorescence, they enhance
light signals and minimize “well-to-well crosstalk” as well as scattered light. All ELISA plates
are available with either medium or high binding surfaces.

www.sarstedt.com
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GrandPerformance Probe
Based CTC assay panel

TATAA Biocenter introduced a new GrandPerformance Probe Based CTC assay panel. The panel is
wet-lab validated, and Preamp validated to not introduce bias. Being specialized in high performance
qPCR, leading the development of single cell expression profiling, TATAA is developing highly speci-
fic, highly sensitive and extensively optimized qPCR assays for optimum performance. The GrandPer-
formance assays produce negligible primer-dimers and side products under normal conditions and are
the perfect tool for high performance expression profiling. Customers can pick and choose compiling
their preferred panels for profiling studies and order the assays or send TATAA the samples for profiling,

- www.tataa.com
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Vacuum filtration :
Many vacuum filtrations are still operated unnecessarily with water jet pumps. This is where !
VACUUBRAND can help. Its environmental friendly, oil free diaphragm vacuum pumps, also :
available in chemical-resistant versions, stand out with extraordinary quietness, robustness and 1
long service intervals. Here, we present two pump series: the ME 1 pumps, single-stage pumps !
with an ultimate vacuum down to 70 mbar, are the logical choice for filtration of clear and par- :
ticle free liquids. The NT series for multiport filtrations with 3- and 6-place vacuum manifolds, 1
with e.g. the two-stage pumps of the MZ 2 NT family with their ultimate vacuum of 7 mbar are :
ideal for accelerating filtrations with samples containing suspended solids. .
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Plant-derived fats:
oilseeds and oil plants

What do maize, soy, sesame, palm, sunflower,
olive, peanut and pumpkin have in common?
They are all termed “oil fruits” in agricultural
jargon and — depending on the formulation of
their fatty acids — have satisfied a huge range of
culinary requirements as a source of vegetable
oil for many hundreds of years. The botanist
makes a further distinction, distinguishing the
fruit or fruit pulp (olive, palm) from the seed or
seeds, depending on the plant tissue from
which the oil is actually isolated. Outside the
realm of botany, few details were known until
recently about how, why and where plants store
their oil. A large body of research on these oil
reservoirs can be found for oil seeds such as
maize, sunflower seeds and soybeans. These
reservoirs are known as “oil bodies” in the rele-
vant literature or oleosomes (Fig. 1). A better
understanding of these oleosomes can not only
explain the Herculean efforts required by oil
producers to extract the oil from the oil seed but
also deliver a number of fundamental insights
into the function and interaction of phospholip-
ids with proteins. The typical size of an ole-
osome is at the nanoscale (diameter in soybeans
approx. 300 nm), and is essential for seed ger-
mination and growth. At the time of germina-
tion, when the plant is still unable to resort to
photosynthesis, the stored neutral fats are bro-
ken down with enzymes into free fatty acids
and ultimately monosaccharides, which are re-
quired for the construction of carbohydrates [1].
Since a smaller volume leads to an enlarged
total surface area, the oleosomes offer a physi-
cally larger target to the fat-digesting enzymes
(lipases). This is important, as it ensures the
greatest amount of energy is available for the
seedling during the short period of germination.

To biosynthesize fats, plants make good use
of their huge diversity of organelles (cell organs)
and their enzyme apparatus. The biosynthesis of
fatty acids takes place solely in the plastids, the
most familiar of which are the green chloro-
plasts. According to endosymbiotic theory, these
developed from cyanobacteria. Accordingly,
their fatty acid constructor enzymes are of
prokaryotic origin (descended from bacteria).
This is the reason why plants can manufacture
fatty acids that are essential for humans — i.e.
which the human organism cannot manufacture
itself. To do so, the plant uses enzymes such as
A-1,2-desaturase. This is a desaturating enzyme:
it builds carbon/carbon double bonds into fatty
acids: saturated fatty acids are turned into unsatu-
rated ones — such as the essentially fatty acids

linoleic acid (di-unsaturated) and linolenic acid
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State University (USAJ. He completed his disserta-
tion in 2004 in the Department of Agricultural and
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Lafayette, USA). Following this, he was Senior Re-
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at Obihiro University (Hokkaido, Japan), he has
been a professor in the Food Engineering Depart-
ment at METU since 2006. He was a Visiting Pro-
fessor at the MPI for Polymer Research in Mainz
from 2014 to 2015.

(tri-unsaturated). Unsaturated fatty acids are not
produced by plants merely for the convenience
of the consumer or nutritional scientist, but play
a key role in establishing the plant’s tolerance to
cold weather. Thanks to their low melting point,
these fatty acids remain liquid even at low tem-
peratures. Cold-tolerant plants store greater
amounts of phospholipids with unsaturated fatty
acids in their cell membrane, thus increasing its
fluidity (and lowering their crystallization tem-
perature). Quite unlike a tropical plant such as
the coconut: in the coconut, the tendency of un-
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Birgitta Zielbauer studied physics at the
University of Heidelberg and received her doctor-
ate there in 2007 in the field of nanotechnology.
After two years as a visiting researcher in France,
she has been a research assistant in the "Soft Mat-
ter Food Science” lab led by Professor Thomas
Vilgis at the Max Planck Institute for Polymer Re-
search in Mainz (Germany) since 2009. Her activi-
ties focus in particular on using the methods of
material analysis to conduct research into the
physical foundations of the properties and struc-
ture of foodstuffs. She also has lab management
responsibilities and provides support for a wide
range of experimental methods in food physics
and chemistry at the MPI for Polymer Research in
Mainz.

saturated fatty acids to oxidize means saturated
fatty acids tend to be stored, and the melting
point is controlled merely by chain length. Ac-
cordingly, coconut oil is a highly saturated fat, but
with short fatty acids.

Thanks to insights obtained from plant
physiology and cell biology, we now know how
plants manage to distribute — i.e. emulsify — oil
within a plant cell in the form of tiny lipid drop-
lets (the oleosomes). In the plant cell, a nano-
scale emulsifying process is effectively in place

that has been fine-tuned by evolution over

Thomas Vilgis holds a professorship from
the University of Mainz and works at the Max
Planck Institute for Polymer Research in the phys-
ics and chemistry of soft matter, including food
systems. Vilgis studied physics in Ulm, where he
also received his doctorate in polymers and elasto-
mer systems. This was followed by postdoctoral
work at the Cavendish Laboratory in Cambridge
under Sir Sam Edwards. His primary field of inter-
est is the molecular properties of food systems
and the multiscale physics of foodstuffs. He is the
author of many specialist publications and has au-
thored several books on the subject of cooking and
science.

millions of years. At a specialized cell organelle
(the endoplasmic reticulum), the ready-made
fats manufactured by the enzymes accumulate
together within this cell’'s membrane (.e.
between the phospholipid lipid bilayer). This
causes the membrane to balloon out into small
droplets, which can then detach from the
membrane [2]. The size of the droplet is
predetermined by the oleosin proteins already
which

stored in the newly-formed oleosome.

mentioned, simultaneously become
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Oleosins: special-purpose proteins

These proteins, which stabilize the individual oleosomes, are unique in
both their form and function. As an extreme simplification, an oleosin is like
an umbrella: the upper part of the umbrella extends into water (and so is
hydrophilic) and the handle is rooted in oil (hydrophobic) (see Fig. 1).
Oleosins are very stable precisely because of this strong oil “anchor”: it
consists of a sequence of about 70 hydrophobic amino acids, which form
themselves into a “hairpin”-like structure. This sequence is the longest
hydrophobic amino acid sequence known to occur naturally [2]. Another
characteristic feature of oleosins is the “proline knot”, which contains
three prolines (an amino acid known as a “helix breaker”) and forms the
knot-like 180° turn of the hairpin. This medial hydrophobic sequence in
the oleosins is identical in all plant seeds. Differences are in fact seen
only in the edge sequences —the oleosins’ hydrophilic umbrellas — known
as the N-terminal and C-terminal domains. These can consist of various
hydrophilic domains such as an amphipathic o-helix, for example. The
charge present in the outer umbrella portion of the oleosins and the re-
pulsion of two individual oleosomes that results is not only primarily re-
sponsible for the stability of soy milk, but also the reason why seeds can
retain their power to germinate for centuries at a time.

This also explains why soy milk, tofu and soy whip are extremely
efficient emulsifiers. Soy milk contains some of the strongest emulsifiers
in existence: phospholipids, oleosins — i.e. proteins that contribute greatly
to stability — and oil bodies, which all have their part to play at various
orders of magnitude.

This means the surface of the oleosomes is naturally “functionalized”:
depending on the pH value of its surroundings, the surface bears either a
positive or negative charge (Fig. 2).

The net charge on the surface is positive below the isoelectric point
and negative when above it. Accordingly, oleosomes have a slight positive
charge in the acidic range of pH values around 4 that is of culinary rele-
vance. They form stable emulsions and can be correspondingly encapsu-

lated, e.g. with negatively-charged hydrocolloids.

Extraction

Oleosomes are extracted from raw filtered soy milk in a multi-stage pro-
cess using a centrifuge. This accelerates the formation of an oleosome
“cream”, which is then separated from the soy milk’s remaining compo-

& Triacylglyceride
Soybeans Oleosome

Fig. 1 Simplified illustration of an oleosome from oil seed, e.g. from soy-
bean. Phospholipids form a stable layer but, unlike fat particles of animal
origin (LDL and HDLJ, they do so without cholesterol. Additional stability is
achieved via oleosins. These specially-formed proteins with a strongly lipo-
philic portion, which is bent into the shape of a "hairpin” (top right), are also
deposited and act to stabilize the oil bodies. The hydrophilic portions of the
protein consist of helices and unstructured polar regions.

04.15 lab&more 27

MERCK MILLIPORE

Just Prove It.
Spectroquant” Prove

Simplify water analysis with a new
class of spectrophotometers

Our goal was to build the perfect tool for water
analysis. One that unites the simplicity you want
with the security you need, and durability you expect.
Spectroquant® Prove delivers all these and more.

Its intuitive controls, and our popular Spectroquant®
test kits make analysis smoother than ever.
Spectroquant® Prove. It just makes your work flow.

www.just-prove-it.com

Merck Millipore is a business of :iVIERCK

Merck Millipore, the M logo and Spectroquant are registered trademarks of Merck KGaA, Darmstadt, Germany.
©2015 Merck KGaA, Darmstadt, Germany. All rights reserved.




nents. The pH value of the raw soy milk and of
the medium used in the separate washing stages
has a major influence on the degree of success
in separating out the storage proteins. With a
strongly basic pH value of 11, the separation of
oleosomes from the storage proteins glycinin,
B-conglycinin and other allergens such as the
thiol protease “Gly m Bd 30K” is achieved [4].

Inside an oleosome:
neutron scattering

Although various models and simulations exist
for the conformation of oleosins within the
oleosome, their folding at the molecular level
has not been definitively elucidated. It is also a
difficult matter to demonstrate small changes in
the conformation of the proteins (such as we
expect at the beginning of thermal denaturing,
for example) by macroscopic measurements of
intact oleosomes. Neutron scattering offers us a
promising approach to acquiring more precise
insights in this context. Neutrons interact with
the nuclei of atoms and have the special quality

of exhibiting scattering differences when inter-

acting with isotopes of the same element. This
is especially pronounced in the case of hydrogen
(H) and deuterium (D). This offers the possi-
bility of suppressing or highlighting specific
substructures within a sample by substituting
hydrogen for deuterium to vary their scattering
length densities. In the case of oleosomes, this
gives us the option of dispersing them in
mixtures with a range of various H,0/D,O ratios
instead of normal water: this masks the normally
dominant signal from the oil while boosting the
weak but particularly interesting signal from the
protein coat. This is illustrated by Figure 3,
where the scatter signals from soy oleosomes
are presented with the signals from a model
emulsion — also based on soy and lecithin but
protein-free (Intralipid) — in both pure H,O (0%
D,0) and in 12%D,0.

It can be seen that the signals of the two
samples show virtually no differences for pure
water, but differ significantly in the case of the
12% D,O mixture. This is because 12% D,O is,
from a neutron’s perspective, virtually indistin-
guishable from soy oil, and the resulting signal

is therefore dominated by the protein coat. In

water, however, the oil signal is dominant. If we
then compare the scattering curves with those
calculated for certain structures and H,O/D,O
ratios, we can make a statement about the
structure of the sample. In the example shown,
it can be readily seen that, while a simple sphere
model can be used as an approximate descrip-
tion of both oleosomes and Intralipid in the case
of pure water, this remains true only for the
protein-free Intralipid in the case of the 12%
D,O mixture. To be able to describe the signal
generated by the oleosomes, it is necessary to
use the more complex model of a sphere with
a shell. By adjusting the model to fit the
scattering curve, parameters such as oleosome
size and shell thickness can be determined. This
results in a diameter of 290nm and a shell
thickness of 7nm, which is compatible with the
above-mentioned model representation of the

oleosome structure.

Behavior at interfaces

The basic behavior of oleosomes at interfaces is

illustrated in Figure 4. If an oleosome reaches
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Fig.2 Measurement of the zeta potential provides information about the
surface charge of the oleosomes at various pH values [3].

Fig.4 Schematicdiagram of the oleosome interface behavior, as illustrated
by Langmuir trough experiments, combined with Brewster angle microscopy
[4]. The oleosomes diffuse onto the surface. Once the hydrate water

mentin 12% D,0.

evaporates, the hydrophilic parts of the oleosins denature, the hydrophilic
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Fig. 3 Small Angle Neutron Scattering (SANS] applied to oleosomes and
model emulsions clearly shows the oleosome’s protein coat with measure-

phospholipid heads reorient themselves, the oleosomes burst (hydrostatic
pressure). At the air/water interface, various phases of fats, phospholipids
and oleosins then form.
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the air/water interface, the oleosins on the surface
change their conformation as soon as they come into
contact with air (which can be viewed as being hydro-
phobic). This causes the oil body to lose its stability: it
ruptures and its components reconfigure themselves
into new structures. In the process, the interface-active
phospholipids arrange themselves at the surface as
shown and the oil itself also collects at the surface. The
behavior of the oleosins remains to be fully elucidated.
Although the oleosins’ amphiphilic character also pre-
sents them with the opportunity of arranging them-
selves along the interface, micelle-like aggregates can
also form (as shown), with which the hydrophobic
partial sequences are enclosed by the hydrophilic
sequences and can thus become water-soluble. An ex-
planation will require further investigation (light scat-
tering, spectroscopy, ...).

This also makes oleosomes interesting in the field
of cosmetics. In thickened aqueous solutions, they
burst due to the slow evaporation of the solvent and

thus release their oil reservoirs equally slowly.

Oleosomes and innovative foods

The functionalized surfaces of the nano- and mi-
croparticles can be used to bind the oil bodies into
structured aggregates or to process them into solid and
semi-solid components for subsequent use in novel
foods.

Some initial studies have already explored a num-
ber of possibilities. On the one hand, in the basic re-
gion and near the isoelectric point, for example, neg-
atively-charged amino acids are predominant in the
hydrophilic regions of the oleosins: these could be

linked by Ca* ions, thus leading to a moderate im-
provement in stability (see Fig. 5). On the other hand,
the hydrophilic parts of the protein could be perma-
nently cross-linked with the enzyme transglutaminase
at the surfaces. Transglutaminase requires calcium to
develop its maximum level of activity: accordingly,
maximal stabilization of the emulsion will result only
from the interplay of the two substances.

Oleosomes could therefore be used to develop
protein-rich foods with an energy content that would
be controllable via their fat percentage. This would
also be of interest in geriatrics for the prevention and
treatment of malnutrition — especially since the texture
(and the ease with which food could be swallowed in
the event of simultaneous dysphagia) could be pre-
cisely modified [5]. If we also up the ante by pointing
out that both the surfaces and the oil reservoir can be
loaded with bioactive substances of varying solubility
(water- and fat-soluble vitamins, phenols, etc.), then
oleosomes have every chance of becoming natural

biofunctional carrier particles.

- vilgisf@mpip-mainz.mpg.de
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osomes with calcium chloride, transglutaminase and a
combination of the two. The texture is shown on the right-
hand edge of the figure. The calcium gels are very soft,
almost melting; the oleosomes permanently cross-linked
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shear modulus. The texture is reminiscent of jelly. The
combination of TGase and calcium (cofactor] leads to rap-
id cross-linking and the formation of fragile, yet soft, gels.
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Analysis of single cells is never easy - and it gets even more difficult when cells are net fixed at a surface but freely

moving. In this case, Raman-Trapping-Microscopes arrest motile samples during s

al analysis. These most

powerful devices enable novel insights into characteristics and behavior of eukaryc ells and microorganisms.

Introduction

Raman spectroscopy is an analytical method
solely based on the interaction of molecules
with light. Specifically, it generates a vibra-tional
fingerprint, which is unique for every cell type.
Optical trapping allows retaining and manipula-
tion of small particles and motile samples. Com-
bining Raman spectral microscopy with optical
trapping allows efficient analysis of motile eu-
karyotic cells and microorganismsl - label-free
and non-destructive.

There are two types of trapping possibilities:

1. Particles can be trapped in a stretcher, where
two divergent counter-propagating laser beams
form optical tweezers [2, 3].

II. A single beam optical trap provides a force
strong enough to hold and move small particles,
like viruses, bacteria and organelles without de-
stroying the trapped specimen [5,6,7,8].

The latter setup is realised in the BioRam®
system (CellTool, Bernried, Germany), where
the Raman excitation laser is set to allow si-
multaneously trapping during Raman spectra
acquisition. As the combined Raman-Trapping
microscope works non-invasively and under
physiological conditions, cells remain vital for
repeated use.
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Challenge 1-
Identification of bacteria subtypes

Increasing occurrence of antibiotic resistant bac-
teria is a heavy threat in modern hospitals. In
order to ensure safety of patients it is essential to
check for and characterise remaining microor-
ganisms on a routine basis. Current methods
like mass spectrometry analyse entire bacterial
colonies. Thus, only an overall picture of the bac-
terial culture can be shown, whereas subpopula-
tions may be underrepresented or even masked
in the results.

To show the potential of the BioRam® system,
we analysed three different strains of Pseu-
domonas and Staphylococcus, which were pre-
viously fixed with ethanol. During measurement,
single cells were kept in position by optical trap-
ping, enabling the acquisition of significant Ra-
man spectra. Subsequent analysis of Raman
spectra using Principal Component Analysis
(PCA) — a standard method for reducing dimen-
sionality in multivariate datasets — allowed the
separation of bacterial species as well as of dif-
ferent strains. Pseudomonas and Staphylococcus
samples differed in their specific Raman spectra
(see Figure 1). A more detailed analysis of Pseu-
domonas and Staphylococcus data revealed

'

even more prominent differences between the
single strains (data not shown).

Besides the measurement of ethanol fixed
bacteria, it is also possible to perform Raman spec-
troscopy of living microorganisms taken directly
from colonies of an agar plate that had been ex-
posed to room air [9].

One of the huge advantages of Raman spec-
troscopy compared with methods like plaque
assays, PCR or mass spectroscopy is its single
cell resolution. With this, Raman spectroscopy is
able to quickly detect very rare cells within a
bacteria colony and will not lose important in-

formation due to overgrowing bacterial sub-

types.

Challenge 2 -
Quality control of blood products

Even today, guaranteeing the quality of all blood
products is difficult to achieve. Only about 1%
of the blood bags are actually tested for quality
and purity. These tests were furthermore con-
ducted during the production of the blood prod-
ucts and the tested bags need to be discarded
afterwards. This means that there is so far no
control of blood products immediately prior to

lab&more 04.15



l | 1 ;|||| J‘|| |I-.
AASIA

In
‘h:'!'il kr.lu!-"'unu-.._ ! 5 L

Fig.3 Raman analyses of blood products: Raman spectra of thrombocytes and erythrocytes from three

donors were taken at different time points using the BioRam® device (CellTool, Germany). PCA score
plots are shown. Left: score plot of thrombocyte measurements: spectra obtained from cells between
day 1 and 8 differ from spectra obtained between days 10and 21, indicating changes in the thrombocytes
after day 8. Right: score plot of erythrocyte measurements: PC-1 scores correlate with cell states of
erythrocytes. Up to day 21 all donors are identical, thereafter change in spectra seems donor dependent
- “aging” occurs at different time points: day28, day 30, day36, respectively). Inserts show representative

transfusion. The combination of Raman spec-
troscopy with optical trapping provides a nonin-
vasive, fast and easy approach for ensuring qual-
ity of blood products directly before use. This on
one hand, enhances patient safety but also saves
money as blood products can be tested individ-
ually and do not need to be discarded due to
empirically determined dates.

In a first experiment, we took Raman spectra
of living erythrocytes and thrombocytes using
the BioRam® device. Like bacteria, blood cells
were kept in the laser focus due to the trapping
effect, allowing acquisition of high-quality spec-
tral data. Spectra of different cell types signifi-
cantly differed, mainly due to the presence of
the highly Raman-active haem group in erythro-
cytes, which allowed easy discrimination of the
cells (see Figure 2).

In a further set of experiments we used Ra-
man spectroscopy to follow the aging process
of different blood products using thrombocyte
and erythrocyte concentrates (Figure 3).

Analysis of thrombocyte concentrates
from three different donors up to 21 days
after preparation, showed that platelets start
to differ in their Raman spectra at day 8,
whereas the largest variations were observed
at a wavenumber range of 1296-1333c¢m™
(see Figure 3, left plot). Differences in this
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ght microscopy pictures. Circles depict site of laser spot.

range are well known to be associated with
apoptotic cell death [10,11].

Analysis of red blood cell concentrates over
a period of 36 days after donation, yielded com-
parable results, however — here the onset of cell
decay was donor-dependent and started at dif-
ferent time points (see Figure 3, right plot). The
results obtained show that Raman spectroscopy
alone or in combination with optical trapping is
a valuable tool for monitoring the quality of
blood products in an easy, quick and nonde-
structive way directly before use, and could

help to increase safety of blood transfusions.

Challenge 3 - Detection of infection

The combination of Raman spectroscopy and
laser trapping can be used as a rapid diagnostic
tool for the detection of infected cells. The obli-
gate intracellular pathogen Chlamydia pneumo-
niae, responsible for respiratory infections and a
wide range of chronic diseases, uses circulating
monocytes as host cells to promote its own rep-
lication and dissemination. [12].

In order to demonstrate the power of Bio-
Ram® to detect cellular infection, we conducted
an experiment, in which monocytes were infect-
ed with C. pneumoniae and recorded Raman
spectra after 6h and 48h post infection. The PCA

az

a1

® Control

® Chlamydia 48h » Chlamydia 6h

Fig.4 PCA Scoreplot of C. pneumoniae infected
monocytes after 6h 4, after 48h e and the control
monocytes m. About half of the infected monocytes
after 48h appear on the far right side of the
Scoreplot due to the infection.

score plot shown in Figure 4 depicts distinct sep-
aration between healthy and infected monocytes
after 48h. Monocytes infected with C. pneumo-
niae for 6h did not differ from healthy mono-
cytes, while after 48h post infection, about 50%
of the infected cells showed differences in their
Raman spectra, which could be associated with C.
pneumoniae infection (see Figure 4). Major differ-
ences between healthy and infected monocytes
could be found in the regions 1645-1660cm™,
1430—1451cm’, 1327-1356cm™, 1290—1306cm’™,
and 888-934cm™! of the Raman spectrum, indicat-
ing changes in lipids, fatty acids, and nucleic acids
[10]. Results from Raman spectroscopy could be
verified using an oligonucleotide DNA microarray
[13], quantitative real-time PCR and immunofluo-
rescence, which emphasized the ability of C.
prneumoniae to persist but not replicate in human
blood cells. Raman analysis combined with opti-
cal trapping could therefore become superior to
currently used blood cultures for the detection
and characterization of cellular infections, as it is
highly sensitive to fastidious pathogens and pro-
vides immediate results.

Conclusion

Confocal Raman-trapping microscopy, a combi-
nation of Raman spectroscopy and the optical
trapping of individual cells, is a highly sensitive
method for visualising small differences be-
tween cell populations in a large variety of sam-
ples. We were able to demonstrate that Raman
spectroscopy serves as an ubiquitous ‘photonic
marker’ for the fast and efficient identification of
pathogens, assurance of cell ‘fitness’ (i.e. func-
tionality) and early detection of infection. In ad-
dition, BioRam®s nondestructive data acquire-
ment under native cell conditions could become
an important device for biologists and physi-
cians to facilitate stem cell identification, to as-
sure quality of cell based therapeutics, or to

support cancer diagnosis [9].
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- CE-, ISO- and IVDD-compliant = - =

.. = TUV =
- cost-efficient A $
- existing production facilities RRCSTRt

YOUR PARTNER FOR IMMUNOASSAYS

Be well advised
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. CORIO™ the new entry level into e
the world of temperature control
' :’ Professional temperature control in the lab does not have to be expensive: the new
b it entry-level line JULABO CORIO™ demonstrates this. Whether as Heating Immersion
) ,J Circulator, Heating Bath Circulator or Refrigerated Circulator — CORIO™ stands for
*3 quality and reliability.
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£ Convince yourself of the new, better entry level into theworld e
of temperature control and ask us about CORIO™. et
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all models

www. julabo.com . JULABO GmbH
EisenbahnstraBBe 45

77960 Seelbach/Germany

Tel. (+49) 07823 /51 -0



