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GCxGC identifies Deepwater Horizon oil onshore four years after spill

Comprehensive two-dimensional gas
chromatography (GCxGC) is being
used in a unique way to fingerprint oil,
even four years after most of it has
degraded, and to assess how it changes
over time.

Scientists from Woods Hole Oceano-
graphic Institution and Bigelow Laborato-
ry for Ocean Sciences in USA have refined
the methods typically used to identify the
source of oil spills and adapted them for ap-
plication on a longer time frame to success-
fully identify oil from the Macondo Well, the
source of the Deepwater Horizon (DWH)
spill in 2010.

“We were looking at two questions:
how could we identify the oil on shore, now
four years after the spill, and how the oil
from the spill was weathering over time,”
said Christoph Aeppli, lead author of the
study [1], who worked with his then-
colleagues at Woods Hole Oceanographic

Institution, and University of California,
Santa Barbara, on the investigation and the
report.

Using GCxGC, the researchers measured
the levels of degradation in biomarkers,
which were molecular fossils (Fig. 1). Each
reservoir has specific amounts of different
biomarkers, so oil biomarkers serve as iden-
tifiers, much like human fingerprints. When
exposed for a long time to the environ-
ment, some biomarkers are altered due to
natural processes. Oil consists of tens of
thousands of compounds, and many of them
can be degraded by bacteria or broken down
by sunlight.

Resilience of specific biomarkers

This research was designed to determine the
resilience of specific biomarkers and to see
how they held up when exposed to envi-
ronmental conditions on shore.

Fig. 1. Researchers used comprehensive two-dimensional gas chromatography (GCxGC) in their oil spill foren-
sics to measure levels of degradation in biomarkers. The biomarkers here are shown inside the dotted line.
(Credit: Christoph Aeppli, Bigelow Laboratory for Ocean Sciences).

http://dx.doi.org/10.1016/j.trac.2014.06.001

“We found that some biomarkers -
homohopanes and triaromoatic steroids
(TASs), specifically - degraded within a few
years following the Deepwater Horizon spill,”
said Chris Reddy, a scientist at Woods Hole
Oceanographic Institution and co-author of
the paper. “These biomarkers are not as re-
silient as once thought and they may provide
a future window into determining how
much, and how quickly, these oil compo-
nents may linger in the environment when
exposed to air, sunlight, and the elements.

The researchers sought to determine the
specific source of the degradation of
biomarkers. Through analysis of oil-soaked
“sand patties” collected along the Gulf shore
over a 28-month period, they found that
most biomarker compounds were recalci-
trant and could be used to identify DWH oil.
However, other biomarkers degraded.

“This knowledge is helping us improve
our oil spill forensics,” said Aeppli. “It is pro-
viding a foundation for better, longer-term
identification techniques that account for
exposure of oil to wind, waves, sunlight, and
microbial degradation over long times.”

Aeppli, Reddy and colleague Dave Val-
entine from UC Santa Barbara will apply this
new oil-fingerprinting technique to process
tens of thousands of samples collected
shortly after the DWH spill.
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Malaria has genetic ‘barcode’

A new genetic “barcode” for malaria para-
sites could be used to track and to contain
the spread of the disease, according to the
London School of Hygiene & Tropical Med-
icine (LSHTM) [1].

Malaria kills around 600,000 people each
year, and increased population mobility
through international air travel carries
further risks of re-introducing parasites to
areas from which it is eliminated and dis-
persing drug-resistant parasites to new
regions.

A highly predictive barcode in the genetic
sequence of the malaria parasite Plasmo-
dium falciparum can be used to identify the
geographic origin of a parasite from a blood
sample and to monitor its spread.

The LSHTM researchers analyzed the
DNA of over 700 P. falciparum malaria para-
sites taken from patients in 14 countries
in West Africa, East Africa, South East Asia,
Oceania and South America. They found
several short genetic sequences that were
distinct in the DNA of parasites from certain
geographic regions, and those allowed them
to design a genetic barcode to be used in
identifying the source of new infections.

“Being able to determine the geograph-
ic origin of malaria parasites has enor-
mous potential in containing drug resistance
and eliminating malaria,” said lead author
Taane Clark, Reader in Genetic Epidemiol-
ogy and Statistics at LSHTM. “Our work rep-
resents a breakthrough in the genetic
barcoding of P. falciparum, as it reveals very
specific and accurate sequences for differ-
ent geographic settings. We are currently ex-
tending the barcode to include other
populations, such as India, Central America,
southern Africa and the Caribbean, and plan
to include genetic markers for other types
of malaria, such as P. vivax.”

For the first time, the researchers studied
the DNA found in two parts of the par-
asite’s cells outside the nucleus. The mito-
chondria (the power houses of the cell) and
the apicoplasts (used in the metabolism of
the cell) are inherited through maternal
lines only, so their genes remain much more
stable over generations, and have there-
fore often been used as tools to explore the
origins of humans.

By identifying short sequences in the
DNA of the parasite’s mitochondria and
apicoplasts, which were found to be spe-
cific for different geographic locations, the
team were able to design a highly accu-
rate genetic barcode (92% predictive), which
is stable and geographically informative over
time.

“By taking finger-prick bloodspots from
malaria patients and using rapid gene-
sequencing technologies on small amounts
of parasite material, local agencies could use
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this new barcode to quickly and accurate-
ly identify where a form of the parasite may
have come from, and help in programs of
malaria elimination and resistance contain-
ment,” said co-author Cally Roper, Senior
Lecturer in Malaria Genetics at LSHTM.

This barcode is limited, as the LSHTM
study lacked representation of the Indian
sub-continent, Central America, southern
Africa and the Caribbean, due to the scar-
city of sequence data from these regions.
Also, there is a need to study more samples
from East Africa, a region of high genetic di-
versity, high migration and poor predic-
tive ability.
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SiMPs increase power of MRI

Silicon mesoporous particles (SiMPs) that
contain even smaller particles of iron oxide
could make magnetic resonance imaging
(MRI) a far more powerful tool to detect and
to fight disease [1].

Scientists at Rice University and The
Methodist Hospital Research Institute
(TMHRI), Houston, Texas, USA, led an inter-
national team of researchers in creating
composite particles that can be injected into
patients and guided by magnetic fields. Once
in position, the particles may be heated to
kill malignant tissues or trigger the release
of drugs at the site.

The team, led by Rice chemist Lon
Wilson and TMHRI scientist Paolo Decuzzi,
was searching for a way to overcome the
challenges presented by iron-oxide
nanoparticles (Fe;04-NPs) that are good at
some things but not others, depending on
their size.

Fe;04-NPs can be manipulated with
magnets, provide excellent contrast under
MRI, create heat when triggered and
degrade quickly. But they cannot do all that
simultaneously and team needed a way to
decouple the functions from their sizes.

The answer was to package thousands of
Fe;04-NPs — with magnetic cores as small
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as 5 nm across - inside larger particles. The
researchers made two such nanoconstructs,
embedding Fe;04-NPs in silicon mesoporous
particles (SiMPs) (Fig. 2) and discoidal poly-
meric nanoconstructs (DPNs). They knew
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Fig. 2. Silicon mesoporous particles (SiMPS),
about 1 pm across, contain thousands of much smaller
particles of iron oxide. The SiMPs can be manipu-
lated by magnets and gather at the site of tumors,
where they can be heated to kill malignant tumors or
trigger the release of drugs. The particles were created
by an international team led by scientists at Rice Uni-
versity and The Methodist Hospital Research Insti-
tute in Houston, Texas, USA. (Credit: Wilson Group/
Rice University).

from previous research that sub-um-sized
SiMPs and DPNs naturally accumulate
within the blood vessels of the tumor.

Fe;04-NPs enhance the ability to posi-
tion and hold the particles in place with
magnets.

“They get attracted by the magnet,” said
lead author and Rice graduate student Ayrat
Gizzatov, “and that induces another dipole-
dipole magnetic interaction among the par-
ticles and increases their interparticle
communication mechanism.”

Tests showed Fe;04-NPs made the
nanoconstructs 10 times better than tradi-
tional contrast agents with what amounted
to significantly lower doses of iron than used
in current practice.

The new research also showed that,
as a general principle, confining MRI
contrast agents (e.g., Fes04-NPs) in geomet-
ric structures enhances their relaxivity —
the property that makes the agents appear
in MRI images. The shorter the relaxation
time, the greater the contrast in the
image.

While the particles are too big to target
specific proteins, Gizzatov said it might also
be possible to modify them with elements
that will increase their accumulation in
tumors.

Contact:
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Test detects defective prions in blood

An assay can detect prions in blood samples
from humans with variant Creutzfeld-Jakob
Disease (vCJD) and in animals at early stages
of the (asymptomatic) incubation phase [1].

The first cases of vCJD (which became
known as Mad Cow Disease in humans) oc-
curred in the late 1990s and were thought
to be the consequence of eating beef prod-
ucts contaminated with defective prions.
Since then, several cases of secondary in-
fections caused by transfusions with blood
from donors, who subsequently developed
v(C]D, have been reported, so raising con-
cerns about the safety of blood and blood
products.

To develop the assay, Olivier Andréoletti,
from the Ecole Nationale Vétérinaire de Tou-
louse, France, and colleagues first opti-
mized a method called protein misfolding
cyclic amplification (PMCA). The method
mimics in a test tube the process by which
misfolded (toxic) prions propagate, and the
researchers determined experimental con-
ditions that enabled efficient PMCA ampli-
fication of the v(CJD agent in the blood.

Having defined such conditions, they
showed that the assay can detect vC]D in as-
ymptomatic but infected animals in the
early phase of the incubation period. They
examined blood samples collected from in-
fected sheep and macaques (because vC]JD-
infected macaques are considered the best
model of the human disease). In both
models, the assay accurately identified in-
fected animals and detected the presence
of vCJD prions in blood from macaques
shortly after the initial infection (and several
years before the onset of clinical disease).

Samples from human vC]D patients are
rare, and none exists from individuals at the
preclinical stage of the disease. To test the
assay in human blood, the researchers ob-
tained samples from vCJD patients and non-
infected controls and analyzed them blind
in two different laboratories. The assay cor-
rectly and consistently identified three of
the four vCJD affected patients, and yielded
no false-positive result in any of the 141
healthy controls. The negative result in one
of the vCJD samples raised the question of
the potential absence of vCJD agents in the
blood of certain patients diagnosed with the
disease.

“The blood-borne transmission of vCJD
is a major concern for blood transfusion
banks, plasma derived products manufac-
turers and public health authorities,” com-
mented the authors. “A vC]JD blood-
screening test would represent an ideal

A

solution for identifying donors or blood do-
nations that might be at risk.”
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Kirkbright invites applications for 2015
Award

The Gordon F. Kirkbright Bursary is open to
applications for the 2015 Award.

A prestigious annual award, it enables a
promising student or non-tenured young
scientist of any nation to attend a recog-
nized scientific meeting or to visit a place
of learning.

The fund for this bursary was estab-
lished in 1985 as a memorial to Professor
Gordon Kirkbright, in recognition of his con-
tributions to analytical spectroscopy and to
science in general.

Although the fund is administered by the
Association of British Spectroscopists (ABS)
Trust, the award is not restricted to
spectroscopists.

The closing date for entries is 31 De-
cember 2014.

For further information, please contact
John Chalmers at:

E-mail address: vibspecconsult@aol.com

Graduate student wins 2014 Award

The Gordon F. Kirkbright Bursary Award for
2015 went to third year graduate student
Jozef Lengyel of the J. Heyrovsky Institute
of Physical Chemistry of the Academy of Sci-
ences of the Czech Republic in Prague, Czech
Republic, for visiting Berlin for his project
(see proposal below).

Lengyel's research interests focus on the
molecular clusters with a particular em-
phasis on atmospheric and biological im-
plications using molecular beam techniques,
advanced mass spectrometric methods and
different laser spectroscopic methods.

To date, Lengyel (Fig. 3) has co-authored
11 scientific publications in peer-reviewed
journals.
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Fig. 3. Jozef Lengyel, Winner of The Gordon F. Kirkbright Bursary Award 2014.

Successful proposal for 2014 Award

The study of atmospheric aerosols attracts
considerable attention because of its influ-
ence on atmospheric chemistry and climate.
In our laboratory in Prague, we implement
several experimental methods ranging from
mass spectrometric techniques to
photofragment kinetic energy spectrosco-
py. Their combination in one experiment can
provide unprecedented comprehensive in-
formation on the chemical composition,
nucleation and reactivity of aerosols. Re-
cently, we have investigated pickup and
nucleation processes of nanometer-sized
aerosols and ice particles [1,2]. The experi-
ments revealed the dominant role of the
nitric acid molecule as the nucleation center.
Besides, HNO; acidic dissociation was sug-
gested in complexes with more than four
water molecules in agreement with earlier
experiments and ab initio calculations.

On the other hand, Winter’s group in
Berlin is investigating liquid-jet photoelec-
tron spectroscopy for exploring the elec-
tronic structure of complex system, such
as HNOs or H,SO,4, in water [3,4]. The dis-

sociation of these acids at the surface of
aqueous solution can be quantified and the
ratio of dissociated and undissociated acid
(degree of dissociation) can be determined
using X-ray photoelectron spectroscopy
(XPS).

This proposal focuses on chemical reac-
tivity occurring on ice and water in a variety
of forms, from low-temperature water clus-
ters and aerosol particles to bulk at the room
temperature. We will focus on the follow-
ing questions: Can we study the elementa-
ry processes (such as acidic dissociation) in
the presence of solvent molecules at the de-
tailed molecular level? What is the influ-
ence of the local environment experienced
by the contaminants? Does it differ on/in the
solid aerosols vs. on/in the liquid-vapor in-
terface? We plan to target these questions
by a combination of techniques available in
both groups.

The mixed aerosols in molecular beams
can be produced by two methods: pickup
of acids to pure ice aerosols results in acid
molecule at the surface; while coexpansion
from acid vapor yields the acid located inside

the aerosol. The chemical reactivity will be
determined by mass spectrometry [1] and
the spectroscopy of kinetic energies of
photofragments using velocity map imaging
method. The formation of zwitterionic struc-
ture can be revealed, e.g., by analysis of
kinetic energy of the H atom from the Hs0
radical [5]. XPS will be used to determine
the electronic structure of the complex
system at the surface and in bulk of the liquid
water jet. The experiments will be sup-
ported by the theoretical calculations. Each
of these approaches alone can provide a deep
insight into a particular studied phenome-
non, yet their application in a concerted
manner within the project will provide an
unprecedented depth of knowledge about
the studied complex systems.
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Raman microscopy and imaging win
awards

Research groups from the USA, France and
Germany won the top three awards for sci-
entific papers in 2013 that featured results
acquired with a WITec instrument.
Scientists from all over the world sub-
mitted more than 60 publications. A jury
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chose the three winning papers on selec-
tion criteria that included the impact of the
scientific results and the innovation of the
techniques applied.

Yufeng Hao won Gold Award for his work
on graphene in Rodney Ruoff’s research
group at the Department of Mechanical En-
gineering and the Materials Science and En-
gineering Program, University of Texas, USA.
The group successfully collaborated with
Luigi Colombo’s laboratory from Texas In-
struments (TI) and published their work in
Science [1]. A confocal Raman image of the
publication was also chosen as the cover
image for that issue of Science (Fig. 4). The
scientific paper convinced the jury by dem-
onstrating the beneficial application of con-
focal Raman imaging for high-impact
graphene research. Hao (Fig. 5) had just
moved from TI to New York to start a new
position at Columbia University where he
continues his work.

The Silver Award winners were research-
ers from the Centre de Biophysique
Moléculaire, CNRS, France. Frédéric Foucher
and Frances Westall showed comprehen-
sive Raman imaging studies of microfos-
sils from Norway, Canada, and Australia [2].
The jury honored Foucher and colleague for
their successful application of (3 D) Raman
imaging as part of their compelling scien-
tific work.

The Bronze Award went to the research
group of Maike Windbergs at the Depart-
ment of Biopharmaceutics and Pharmaceu-
tical Technology, Saarland University,
Germany for a paper [3] with her
group member Birthe Kann on pharmaceu-
tical research that demonstrated the
successful use of confocal Raman micros-
copy for the investigation of rough
samples in combination with optical
profilometry.

WITec has announced the PaperAward
2015 for publications published in 2014. Re-
searchers from all fields of applications and
both academia and industry are invited to
submit their publications featuring results
acquired with a WITec instrument to
papers@witec.de.
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Fig. 4. Image used on cover of Science to illustrate paper by Gold Award winner Yufeng Hao [1].

Fig. 5. Gold Award winner Yufeng Hao (right) and James Hone (left) in front of Columbia University in New York,
USA. Hao and colleagues receive the award certificate in gold and a €500 ($US )Amazon gift card from Tavis Exzell,
Regional Sales Manager at WITec USA (middle).
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Collaboration advances
biopharmaceutical analysis

To develop advanced analytical profiling
platforms and applications to characterize
biologic and biosimilar drugs, scientists at
Thermo Fisher Scientific (TFS) and
BioAnalytix, Inc., of Cambridge, MA, are
combining their expertise.

Biologic drugs, such as therapeutic
monoclonal antibodies, comprise extreme-
ly large and complex biomolecules, which
represent one of the most significant areas
in the pharmaceutical industry. Minor dif-
ferences in biologic structure from drug to
drug, or from manufacturing lot to manu-
facturing lot can profoundly affect the safety
and efficacy profiles of these drugs.

Analytic workflows need to character-
ize the molecules accurately and to ensure
reproducible consistency during their
development, scale-up and manufacturing
processes. Active in analytic system perfor-
mance and precise biologic analysis, TFS and
BioAnalytix are collaborating to develop ad-
vanced analytical profiling standards to
support, to enable and to accelerate devel-
opment of biologic and biosimilar drugs.
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Fig. 6. Left to right: BioAnalytix President and CEO Kirt Poss, BioAnalytix Head of Analytical Science Shiaw-Lin

(Billy) Wu, and Thermo Fisher Scientific’s Mary Lopez.

BioAnalytix’s team of biologic drug
experts will use TES’s Orbitrap-based mass
spectrometers, sample preparation,
separation/enrichment, standards, reagents
and software to develop advanced
applications.

“In partnership with top pharmaceuti-
cal companies and technology leaders, like
TFS, it is our goal to establish and to lever-
age leading analytical profiling standards in
advancing the development, manufacture
and regulatory approval of biologic and

biosimilar drugs worldwide,” said
BioAnalytix President and CEO Kirt Poss
(Fig. 6).

“This is an exciting real-world opportu-
nity to showcase the ability of our tech-
nologies to provide unique, critical insights
into protein structures,” said TFS Vice-
President, Marketing Ken Miller. “We have
a long history of successful collaboration
with BioAnalytix scientists, and we look
forward to continuing this productive
relationship.”
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