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Rapid separation of isomeric perfluoro alkyl substances by high-resolution differential
ion mobility mass spectrometry
E. Ahmed1, K.M.M. Kabir1, H. Wang1, D. Xiao2, J. Fletcher2, W.A. Donald1
1

School of Chemistry, University of New South Wales, Australia
School of Electrical Engineering and Telecommunications, University of New South Wales,
Australia

2

E-mail: w.donald@unsw.edu.au
Analysis of persistent organic pollutants, such as perfluoroalkyl substances (PFAS) including
perfluorooctanoic acid (C7F15COOH, PFOA) and perfluorooctane sulfonate (C8F17SO3-, PFOS) by
chromatography techniques coupled to mass spectrometry (MS) is important in ensuring water
quality. One of the major challenges in PFOA and PFOS analysis is the separation of linear and
branched isomers having same mass-to-charge ratio but different toxicological potentials. The
available methods of choice that are used to separate such isomers require comparatively long
analysis times (up to 1 h) which can limit throughput. Differential mobility spectrometry mass
spectrometry (DMS-MS) is an emerging technique for the direct analysis of isomeric compounds,
which can separate gas phase ions in milliseconds prior to detection by MS. In this research, high
resolution DMS-MS is used to separate and detect PFAS isomers for the first time. DMS-MS can
separate linear, secondary-branched, and tertiary-branched isomers of PFOA and PFOS
including those differing by the position of a single perfluoromethyl group. The DMS compensation
field required to transmit isomers increased with the extent of branching and as the
perfluoromethyl group is positioned closer to the carboxylic acid and sulfonic acid groups. These
results indicate that the high-resolution DMS-MS and other ion-mobility MS methods may be
useful for the rapid analysis of isomeric PFAS.
Keywords: perfluorooctanoic acid (PFOA), perfluorooctanesulfonic acid (PFOS), isobaric
separation, differential ion mobility spectrometry (DMS), field asymmetric ion mobility
spectrometry (FAIMS)
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Revealing the direct action of a chemical chaperone using native mass spectrometry
T. M. Allison1, J. Gault2, D. Lianoudaki3, M. Kaldmae3, N. Kronqvist4, A. Rising4,5, J. Johansson4,
B. Lohkamp6, S. Lain3, D. P. Lane3, E. G. Marklund7, M. Landreh3
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Chemical chaperones are small molecules that protect proteins from denaturation. While some
chemical chaperones are used as therapeutic agents targeting specific disease-associated
proteins, others exert a broad influence on cellular protein folding. One of the best-studied
examples of the latter type is trimethylamine-N-oxide (TMAO), which has a well-established
propensity to counteract urea-induced protein unfolding. Owing to the fundamental biophysical
role of chemical chaperones, the molecular mechanism underlying their actions has been subject
to extensive investigations using experimental and theoretical strategies. While denaturants such
as urea unfold proteins via energetically favourable direct interactions, the counteracting
mechanisms that produce compact protein conformations remain debated, with both indirect and
direct mechanisms proposed. For example, TMAO may stabilize proteins by interacting with the
protein surface or the denaturant, change the general properties of the bulk solution, or promote
compact conformations by inducing an osmophobic effect that causes the protein to “shy away”
from the solvent. Using a simple mass spectrometric assay, we followed the interactions between
proteins and TMAO. In this manner, we directly observed that the counteraction of TMAO and the
denaturant urea is driven by the exclusion of TMAO from the protein surface. Our results clearly
demonstrate a direct chaperoning mechanism for TMAO, corroborating extensive computational
studies.
Keywords: native mass spectrometry, chemical chaperone, proteins
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Development of analytical methods for five classes of emerging contaminants in
wastewater on LC-MS/MS and GC/MS
M.P. Astuti1, 2, L.P. Padhye1
1
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2
Department of Environmental Engineering, President University, Indonesia
E-mail: mast732@aucklanduni.ac.nz

This study aimed to investigate the occurrence in wastewater and removal efficiencies of five
classes of emerging contaminants, i.e., disinfection by-products (DBPs), pharmaceuticals,
personal care products, pesticides, and hormones, by various advanced water and wastewater
treatment processes. N-Nitrosodimethylamine (NDMA), trimethoprim (TPM), triclosan (TCS),
atrazine (ATZ), and estrone (E1), which represent each class of emerging contaminants were
selected. Liquid chromatography-tandem mass spectrophotometry (LC-MS/MS) and gas
chromatography-tandem mass spectrophotometry (GC/MS) were used to analyse these five
compounds. An analytical method for NDMA was developed in GC/MS using HP5MS-ui column
with 30 minutes program at ten microlitres of injection volume. A merged method was developed
in LC-MS/MS for analysis of TPM, TCS, and ATZ with methanol and 5 mM ammonium acetate in
Milli Q water as the mobile phases. An individual method was developed for E1 analysis with 0.4
mM of ammonium fluoride in Milli Q water and a mixture of acetonitrile and methanol (1:1) as the
mobile phases. Supelco Amide column was used for both LC-MS/MS programs at two microliters
of injection volume. Laboratory scale experiments of removal efficiencies of these compounds by
UV photolysis, UV/H2O2 oxidation, and ozonation had been carried out. Future study will
investigate the occurrence and removal of these five compounds in a municipal wastewater
treatment plant in a developing country as well as the cost-benefit analysis of the required
advanced treatments to achieve excellent removal efficiencies (> 90%).
Keywords: Emerging contaminants; removal efficiencies; advanced treatments; wastewater;
occurrence
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Gas phase reactions of ozone with halide ions
B. L. J. Poada, M. Bhujela, D.L. Marshalla, A. J. Trevittb, A. T. Maccaroneb, and S. J. Blanksbya*
a

Central Analytical Research Facility, Institute for Future Environments, Queensland University
of Technology, Brisbane, Australia
b
School of Chemistry, University of Wollongong, Wollongong, Australia
Email: stephen.blanksby@qut.edu.au

Ozone can be considered something of a Janus in the atmosphere; simultaneously serving
contradictory roles in both protecting and threatening life on Earth. While in the upper atmosphere
(stratosphere) ozone serves to protect life from damaging short wavelength radiation, in the lower
atmosphere (troposphere) it is an aggressive oxidant causing significant damage to plant and
animal life. Despite the impacts (both positive and negative) of ozone for humanity there remain
significant gaps in our knowledge of the products, mechanisms and rates of some of its most
fundamental reactions. This paucity of understanding results from the experimental challenges
involved in the systematic study of the archetype gas-phase reactions of ozone and, in particular,
the identification of transient reaction intermediates. To bridge this knowledge gap, we have
deployed ion trap mass spectrometry to explore the fundamental reactions of the halide ions,
iodide and bromide, with ozone. Application of ion trapping allows the interrogation of the discrete
steps in this complex reaction manifold with determination of reaction rate constants. The stepwise nature of the growth of higher oxides (i.e., BrO, BrO2 and BrO3) in this reaction will be
discussed along with the potential implications of these chemistries in polar atmospheres.
Keywords: halides, ozone, ion-molecule reactions, ion trap, kinetics
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Detection of small molecule concentration gradients in ocular tissues and humours via
MALDI Imaging Mass Spectrometry
Berin A. Boughton1,2, Angus C. Grey3, Daniel Sarabia2, Stephen Swearer2, Oliver Thomas2
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The eye is a complex organ comprised of differing tissues with multiple densities, hydration states
and biochemical compositions. Application of MALDI Imaging Mass Spectrometry (MALDI-IMS)
to examine the structure and function of the eye via mapping of small molecules, proteins and
peptides to specific locations has provided important insights into aging and ocular diseases.
Current methodologies for small molecule analysis within the ocular tissues are limited due to
either the need to separate individual tissue types (cornea, lens, retina and humours) for
preparation and analysis, or methodologies that lead to analyte delocalisation during mounting
and preparation steps. We present a sample preparation method that enables complete
measurement of all tissue types with the eye within a single analysis. Whole eyes (mouse, rat and
black bream) were embedded into Super Cryo Embedding Medium gel then snap frozen over
liquid nitrogen. Thin sections were prepared via cryo-section and direct transfer onto cryo-tape
using a modified Kawamoto method. Sections adhered to cryo-tape were mounted onto glass
slides by adhering to copper double sided tape and subsequent freeze drying. MALDI matrices,
N-(1-naphthly)-ethylenediamine (NEDC) hydrochloride and 1,8-bis(pyrrolidinyl)naphthalene
(BPYN), were applied using a HTX Imaging TM-Sprayer robotic application device.
Results demonstrate reduced delocalisation of specific lipids and metabolites when compared to
standard thaw mount approaches. The approach allows unbiased observation of gradient
distribution of specific metabolites within vitreous and acqueous humours. Lens tissues are easily
segmented into outer and inner core regions that are laid down during adult and juvenile life
stages respectively. Results from application of the method to reconstruct fish dietary histories
will be presented. Expansion of the method to produce a 3D model of small molecule distributions
in the mouse eye demonstrate the potential to explore entire organ distributions of small molecule
metabolites, drugs or contaminants.
Keywords: Imaging mass spectrometry, MALDI, eye, lens, retina, metabolites
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Using mass spectrometry to accelerate plant breeding
M.L. Colgrave1, K. Byrne1, G.J. Tanner1, M. Blundell1, C.A. Howitt1
1

Agriculture and Food, CSIRO, Australia
E-mail: michelle.colgrave@csiro.au

Gluten is a diverse class of proteins found in wheat, rye, barley and oats. Coeliac disease (CD)
affects ~70 million people globally. When CD patients ingest gluten, it triggers an inappropriate
auto-immune reaction resulting in intestinal inflammation and damage. The only current treatment
is lifelong avoidance of dietary gluten, however, such diets are costly, and low in fibre, high in
calories, which in themselves are health risks. The worldwide market for gluten-free products is
predicted to grow by ~25% to over US$7 billion by 2022. Gluten-free foods are commonplace,
however, current methodologies (ELISA) do not accurately measure gluten as the antibodies are
non-specific and show cross-reactivity.
A novel ultra-low gluten (ULG) barley variety in which the hordein (gluten) content was reduced
to below 5 ppm was achieved using traditional breeding strategies. Three recessive alleles, which
act independently of each other, were combined to lower the hordein content in the parental
varieties. By employing advanced proteomics analysis it was possible to select the lines which
showed the lowest gluten content and validate the low gluten content of the finished product.
Two LC-MS/MS approaches employing multiple reaction monitoring (MRM) and a dataindependent acquisition strategy (SWATH) were used to quantify the complex protein mixtures
present in nine barley varieties ranging from wild-type (gluten-containing) to ULG barley (glutenfree, < 20 ppm). The gluten peptide fragments were identified by high resolution LC-MS/MS with
proteins identified from the Poaceae subset of proteins from Uniprot-KB supplemented by a
database constructed from genomic and/or transcriptomic resources. An MRM-based approach
was explored for specific protein quantification and the results were compared to those generated
using variable window SWATH-MS.
The impact of using MS to support the plant breeding program was the acceleration of product
development, halving the time (saving ~ 7 years) from bench to brewery.
Keywords: gluten, hordein, plant breeding, data-independent acquisition (DIA) MS, multiple
reaction monitoring (MRM) MS
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Orbitrap ID-X Tribrid Mass Spectrometer
A Novel Approach for Small Molecule Identification and Characterization
Kate Comstock, Seema Sharma, Caroline Ding
Thermo Fisher Scientific CMD, 355 River Oaks Parkway, San Jose CA. USA
E-mail: kate.comstock@thermofisher.com
Structural elucidation of small molecules using mass spectrometry plays crucial role in
pharmaceutical R&D, natural products and metabolomics research, and other chemical
applications. Small molecule identification and characterization are challenging and complex.
High resolution mass spectrometry based chemical and structural characterization of small
molecules has greatly increased the analysis efficiency. However, identifying and characterizing
unknowns and low abundant ions of interest in complex matrices remain as the most challenging
tasks.
Herein through real case studies, we present a novel approach for small molecule identification
and characterization using Orbitrap ID-X Tribrid Mass Spectrometer for pharmaceutical R&D,
natural products and metabolomics research.
The Orbitrap ID-X MS features increased usability and robustness, with max resolution of
500,000, multiple dissociation HCD and CID coupled with multiple stage MS/MS (MSn)
fragmentation capability on a single precursor and its product ions, which can yield extensive
amounts of structural information and the linkage between them.
The ID-X AcquireX automated acquisition workflow enables automatic generation of background
exclusion list and update of the list to the same LCMS method to exclude the background ions in
the following analysis, resulting in more MS/MS triggering of impurity and metabolite, and
significantly increased identification of API impurity and metabolite ID.
For metabolomics research, the AcquireX automated workflow dynamically updating the
exclusion list and inclusion list in between LCMS analyses. The on-the-fly data reduction
increases MS/MS trigging of ions of interest and improves identification through increased
fragmentation coverage. In addition, multi-stage MSn data acquisition using HCD and CID
fragmentation provides important information for structure elucidation.
The data processing was conducted using Thermo software Compound Discoverer 3.0 (CD 3.0).
The CD 3.0 customizable node-base workflows facilitated identification and structure elucidation
through multiple database search in parallel, FISh (fragment ion search), compound class, and
other features.
Keywords: Orbitrap tribrid, MS AcquireX, Background-exclusion, MSn HCD/CID, Advanced data
processing
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Novel Substrate Selectivity Mechanisms in Methanogen Non-ribosomal
Peptide Synthetases
Sandesh Deshpande1, Shayhan Chunkath1, J. Shaun Lott1, T. Verne Lee1
1
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E-mail: s.lott@auckland.ac.nz

Non-ribosomal peptide synthetases (NRPSs) are multi-modular enzymes which function as
molecular assembly lines to synthesize a wide range of structurally and functionally diverse
peptides. A minimum module of an NRPS consists of an adenylation, peptidyl carrier protein
(PCP) and a condensation domain. The adenylation domain catalyses two reactions; adenylation:
formation of an amino acid adenylate of the specific amino acid and thiolation: transfer of the
adenylated amino acid onto the post-translationally added 4’-phosphopantetheine arm on the
downstream PCP domain. The condensation domain catalyses formation of a peptide bond
between the activated amino acids in two adjacent modules. The resulting peptide is then
transferred to the PCP domain of the downstream module. The peptide product is finally released
from the terminal PCP domain by a termination domain usually present in the C-terminus of the
last module. Adenylation domains are often described as ‘gate keepers’ of the NRPS assembly,
since they specifically adenylate the amino acids which are committed to the biosynthetic
assembly, thereby governing substrate specificity.
Tandem mass spectrometry instruments have been used to detect mass shifts corresponding to
the covalent tethering of substrates to 4’-phosphopantetheinyl moieties, allowing for peptide
extension to be monitored. In this study, we propose the existence of novel substrate specificity
mechanisms in NRPS enzymes acting at the thiolation reaction step. Our mass spectrometry
based investigations with the recently discovered NRPS enzymes from the methanogenic
archaeon, Methanobrevibacter ruminantium M1, demonstrate that although the adenylation
domains adenylate a range of amino acids with similar sidechain properties, they selectively load
a single amino acid onto the 4’-phosphopantetheinyl moiety of the downstream PCP domain.
Thiolation reaction substrate preference has not previously been reported in NRPS enzymes, and
this discovery may have broad implications for how module specificity is conferred in NRPS
enzymes in general.
Keywords: non-ribosomal peptide synthetases, ppant ejection assay, tandem mass spectrometry,
phosphopantetheine
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Quantitation of Drug-DNA adducts to investigate chlorambucil resistance mechanisms
Yongchuan Gu1, Keyi Yin1,2, Francis Hunter1, William Wilson1
1
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DNA is a major intracellular target for chemotherapy drugs. DNA alkylating agents such as
chlorambucil covalently bind to DNA, forming genotoxic DNA adducts that can interfere with
various vital functions of DNA. Studying these interactions provides insight into the functioning of
such drugs.
CRISPR-Cas9 screening in our laboratory identified two genes (NSUN2 and SLFN11) that
increased sensitivity of KBM-7 cells to DNA crosslinkers. However, quantitation of drug-DNA
adducts is required to evaluate whether knockout of these genes affects initial DNA monoadduct
and crosslink formation. We therefore developed a sensitive LC-MS/MS method to measure the
DNA adducts of chlorambucil using stable isotope-labelled adduct mixture (by reacting d8chlorambucil with calf thymus DNA). DNA samples were subject to hydrolysis, enzymatic
digestion and enrichment before analysis.
Nine adducts (7 crosslinks, 2 monoadducts) were identified in calf thymus DNA reacted with
chlorambucil, with much stronger monoadduct signals. The same profiles were found in cells
exposed to chlorambucil. Formation of adducts was chlorambucil concentration dependent. Five
stable guanine or adenine adducts (3 crosslinks and 2 monoadducts) were selected for further
evaluation.
After 4-h chlorambucil exposure, there was no significant difference in initial DNA adduct
formation between isogenic knockout lines (NSUN2-/- and SLFN11-/-) and parental cells (HAP1).
Allowing recovery for 24h, both knockout lines exhibited significant lower DNA adducts comparing
to their initial value (p=0.01) while there was no change for HAP1. Notably, there was considerable
cell death (>80%) in HAP1 by 24h, whereas two knockout lines were not affected. Although the
toxicity confirmed that the two genes were related to crosslink sensitivity, it created difficulties in
interpreting DNA repair kinetics in HAP1. A non-toxic dose of chlorambucil is to be used in future
studies. In conclusion, the crosslink resistance of NSUN2 and SLFN11 knockouts is not due to
differences in initial formation of DNA adducts.
Keywords: Chlorambucil, DNA adduct, LC-MS/MS, drug resistance
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Wringing the most accurate label-free quantitative results out of PEAKS software
S.R. Haines1, A.J. Grosvenor1, S. Clerens1,2,3
1
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Proteomics has moved on dramatically. Initially it was enough to determine the identity of proteins
in a given proteome. Nowadays, as researchers grapple with the complexities of systems biology,
it is no longer sufficient to know which proteins are present. Now, the requirement is to know how
much of every protein is present in a given sample relative to other samples.
Consequently, a number of quantitative proteomic approaches have been developed, along with
bioinformatics solutions to interpret the data. Stable isotope labelling techniques (such as iTRAQ,
ICAT, etc.) have proved useful. However, label-free methods have rapidly gained in importance
and PEAKS software (Bioinformatics Solutions Inc.) has emerged as a popular tool for analysis
of the label-free quantitative data.
For label-free quantitative analysis, PEAKS expects LC-MS/MS data. The MS portion of the data
is used for quantitation, while the MS/MS information provides protein identifications. This leads
to a trade-off, between acquiring enough MS/MS scans to confidently identify even low
abundance proteins at the expense of the quantitative-MS component of the data, or optimising
the MS data acquisition to improve quantitation at the expense of the number of proteins identified.
To avoid this trade off in the use of PEAKS, we have managed to ‘trick’ it to make use of LC-MS
runs, to provide the best possible quantitative data, along with separate LC-MS/MS runs that are
optimised to identify as many proteins as possible. In this presentation, we will present results
illustrating the benefits of this enhanced, non-standard use of PEAKS for analysis of label-free
quantitative data.
Keywords: proteomics, label-free quantitation, LFQ, PEAKS
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Development of a mass spectrometry based diagnostic test for atherosclerosis
D.G. Harman, M. Fernando and A. O’Loughlin
School of Medicine, Western Sydney University, Australia
E-mail: d.harman@westernsydney.edu.au
Coronary artery disease (CAD) is the leading cause of death worldwide, accounting for 32% of
mortality. In Australia CAD causes 45,000 deaths annually, costing the health system $8 billion
per year. CAD is caused by atherosclerosis, the build-up of plaque inside arteries. Diagnosis of
CAD presents several problems: it is expensive, imparts a significant radiation load to the patient,
and is not sensitive enough to detect the disease in its early stages. We are developing an LCMS/MS method which looks promising as a sensitive, specific, inexpensive and non-invasive
diagnostic test for CAD at a stage where intervention will be effective.
Keywords: atherosclerosis, diagnostic test, LC-MS/MS
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Screening and Quantitation in Food Matrices Using Combined SWATH + IDA Acquisition
K.C. Hyland1, David M. Cox2, Holly Lee,2 Jeff Rivera2, Janna Anichina,2 Jianru Stahl-Zeng,2
Julia Jasak,2 Vanaja Raguvaran,2
1
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Confidence in a compound identification for a screening assay is greatly increased by making use
of MS/MS data. It can be used for library searching or measuring fragment ion ratios. However,
obtaining an MS/MS for every compound in a run can be a challenge. SWATH® Acquisition can
acquire MS/MS that represents every precursor mass of interest at every time point. However,
the deconvolution of MS/MS requires that each fragment ion have a different chromatographic
profile or elution time. Information dependent acquisition (IDA) will consistently trigger on the most
abundant compounds but can occasionally miss some candidates. Combining SWATH
acquisition with IDA improves the identification of compounds in screening assays. SWATH
acquisition uses precursor isolation windows that typically range from 5-50 Da or wider. Even
when two or more compounds fall within a SWATH acquisition precursor isolation window, and
have similar elution times, deconvolution of the MS/MS is usually possible using a PCA/PCVG
based technique1. This MS/MS is used for library searching and subsequent compound
identification. A method is demonstrated combining SWATH acquisition and IDA methods run
separately on tea and orange samples spiked with pesticides and comparing it to combining
SWATH + IDA in one acquisition method and measuring its impact on confidence in identification
using targeted screening.
Keywords: Nontargeted Screening, Data Independent Analysis, SWATH, Library, QTOF
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Revisiting the potential energy surface of C7H8+ isomers by electronic photodissociation
spectroscopy in the gas phase
U. Jacovella1, G. da Silva2, E. J. Bieske1
1
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The unimolecular reactions involving C7H8+ are among those most studied by mass spectrometry,
especially the rearrangement of toluene and cycloheptatriene molecular ions directly connected
to the formation of benzylium and tropylium ions. Yet, only few gas phase electronic spectra of a
limited number of C7H8+ isomers are available. Here we present the first electronic
photodissociation spectra of several C7H8+ isomers tagged with Ar atoms, obtained by irradiating
the complexes in a tandem mass spectrometer with tunable laser radiation. The pathways to
generate different C7H8+ isomers, depending on the choice of the neutral precursor, will be
discussed in the light of a new calculated potential energy surface. This study confirms the
important role of the 1,3-methylcyclohexadiene (o-isotoluene) radical cation in the isomerization
pathways of C7H8+ species and also unveils the significance of several hitherto unconsidered
isomers.
Keywords: C7H8+, isomerization pathways, electronic spectroscopy, potential energy surface, gas
phase
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Determination of Betrixaban and Hexazinone by Liquid Chromatography/Tandem Mass
Spectrometry Analysis in Aqueous Solutions
T. Jasemi Zad1, L.P. Padhye1
1

Department of Civil and Environmental Engineering, University of Auckland, Auckland, New
Zealand
E-mail: tjas114@aucklanduni.ac.nz

A new multi-residue analytical method has been developed, optimised, and validated for detection
and identification of betrixaban, an oral anticoagulant drug approved recently by food and drug
administration (FDA), and hexazinone, a broad-spectrum triazine herbicide, in synthetic
wastewater by liquid chromatography/tandem mass spectrometry (LC/MS–MS) using multiple
reaction monitoring (MRM). It is the first time that betrixaban has been analysed in environmental
samples. The analytes were quantified in positive mode electrospray ionisation (ESI) and external
standards. These two organic compounds were analysed using a 10 cm × 2.1 mm, 3 µm, Ascentis
RP-Amide SUPELCO column. The eluents consisted of 95% of 5 mM ammonium formate in water
with 5% acetonitrile and 100% acetonitrile with 0.2 mL/min flow rate. The injection volume was
two µL and retention times were 11.25 and 8.11 minutes for betrixaban and hexazinone,
respectively. Optimised collision energy for betrixaban’s daughter compounds was -22 and -38
eV and for hexazinone’s daughter compounds was -16 and -32 eV. The developed analytical
method can be applied for more in-depth studies on the fate and occurrence of these compounds
in real wastewater and the aquatic environment.
Keywords: Betrixaban, Hexazinone, Liquid Chromatography/Tandem Mass Spectrometry
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Volatile profiling of medicinal cannabis
C. Krill, V. Ezernieks, A. Elkins, D. Vincent, S. Rochfort and G. Spangenberg
Agriculture Victoria Research, AgriBio, Centre for AgriBioscience, Bundoora, Victoria 3083,
Australia
E-mail: christian.krillt@ecodev.vic.gov.au
Cannabis is an herbaceous flowering plant of the Cannabis genus (Rosales) that has been used
for its fibre and medicinal properties for thousands of years. In recent decades medicinal cannabis
has become legal in several jurisdictions and the possibility of legalisation is being explored in
many more. This legalisation has opened and stimulated the field of medicinal cannabis research.
The biochemistry of cannabis is rich and varied including phytocannabinoids, terpenes and
phenolics. Each of these metabolite classes contains individual compounds with biological
activity. This chemical diversity and the interaction between molecules may underpin the
‘entourage effect’ that is believed to contribute to the medical efficacy of medicinal cannabis.
Moreover, the volatiles produced by cannabis can directly impact patients based on their taste
and smell.
As part of a larger exploration into the biochemistry of medicinal cannabis, we have evaluated
various extraction strategies and GC-MS analysis methodologies on milled dried biomass. Using
optimised extraction techniques and quantitative GC-MS analysis, we profiled the volatolome of
numerous plants from a variety of cannabis strains and achieved absolute quantification of
significant volatiles. When coupled to genomics and proteomics data, these findings enable
genomic selection strategies to breed for chemotypic specific strains. The data is also being used
to annotate genes and gene pathways for the different molecular species.
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Simultaneous determination of Pharmaceuticals and Personal care products on LCMS/MS
R Kumar1, L.P. Padhye1
1

Department of Civil and Environmental Engineering, University of Auckland, New Zealand
E-mail: rkmu305@aucklanduni.ac.nz

The objective of this study was to investigate the occurrence of 20 selected pharmaceuticals and
personal care products (PPCPs) in a wastewater treatment plant. PPCPs is one of the major
subgroups of emerging contaminants which may impose toxicological risks to organisms once
those enter into the aquatic system. In this study, a method was developed to simultaneously
detect and quantify 20 PPCPs in wastewater matrix on triple quadrupole liquid chromatographmass spectrometer (LC-MS/MS), using both positive and negative Electrospray Ionization (ESI)
mode. The reverse phase amide HPLC column was used to separate the analytes. The mobile
phase A was an aqueous formic acid solution for positive mode while ammonium acetate was
used as a mobile phase eluent for negative ESI mode. Acetonitrile was used as mobile phase B
with formic acid as an additive for positive mode and ammonium acetate for negative ESI mode.
The method optimisation was done for each of these analytes with excellent separation of
chromatograms within 10 minutes of sample analysis. MS acquisition was performed in multiple
reaction monitoring (MRM) mode. Desolvation line (DL) temperature and heat block temperature
were kept at 250 ºC and 400 ºC, respectively. Nebulising and drying gas flow rates were 3 L/min
and 15 L/min, respectively. Column oven temperature was maintained at 35 ºC during analysis in
both positive and negative ESI mode. Precursor ions and product ions were selected for each of
these PPCPs. Product ions with the highest peak intensity were considered as the quantifier ions
and rest of the ions were qualifier ions. Quantifier to qualifier ions ratio was determined for every
analyte. Limit of detection (LOD) was determined based on the signal to noise ratio of each
analyte. LOD varied between 0.05 ng/L to 725 ng/L for monitored PPCPs.
Keywords: PPCPs, MRM, LC-MS/MS
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Elevated plasma fibrinogen, haemoglobin, alpha-2-HS-glycoprotein and clusterin levels
are associated with incident cardiovascular events in asymptomatic individuals.
M Lassé1, AP Pilbrow1, T Kleffmann2, A von Zychlinski2, CM Frampton1, RW Troughton1, LK
Lewis1, AM Richards1,3, VA Cameron1.
1
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Department of Biochemistry, University of Otago, Dunedin, New Zealand
3
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Circulating plasma proteins may improve prediction of acute cardiovascular events in the general
population, beyond traditional risk factors (as incorporated in the Framingham risk score (FRS)),
amino-terminal pro B-type natriuretic peptide (NT-proBNP) and high-sensitive cardiac Troponin I
(hs-TnI). We used data independent acquisition mass spectrometry (DIA-MS) to investigate the
potential independent and additive contribution of selected plasma proteins to cardiovascular risk
stratification.
Participants with no history of cardiovascular disease (CVD) were recruited from the general
population (n=3,380) and from these we identified a “low risk” subgroup (55-80 years old, BMI
<30, systolic blood pressure <150 mmHg, non-smokers, no diabetes, hypertension or bloodpressure lowering medication). From this subgroup, we selected 50 individuals: n=25 (actually
high-risk) who subsequently incurred a CVD event within 3 years from recruitment (median
age=70 (39-79) years, 80% male) and n=25 matched controls (true low-risk) free of events for >5
years (median age=72 (43-79) years, 80% male). Relative protein abundances were quantified
via DIA-MS, and associations with CVD events tested using Cox regression and log-rank tests,
adjusted for the FRS and the cardiac biomarkers NT-proBNP and hs-TnI.
Eighty proteins were robustly quantified in human plasma using SWATH. In multivariate Cox
models, eight proteins were positively associated with cardiovascular events, independent of the
Framingham risk score, NT-proBNP and hs-TNI. Fibrinogen alpha chain had the strongest
association with cardiovascular events. When fibrinogen alpha chain was included in the Cox
regression model, clusterin, haemoglobin and alpha-2-HS-glycoprotein remained predictive of
events (clusterin_HR=1.8 (0.77-2.1), p<0.05; haemoglobin_HR=2.8 (1.2-3.1), p<0.05 and alpha2_HR=2.1 (1.1-3.1), p<0.05).On average, protein levels were 1.2-fold higher (range 1.1- to 1.3fold) in individuals who had an event compared with those who remained event free.
In a community-based population initially free of prior cardiovascular events, levels of 8 proteins,
including fibrinogen, clusterin, haemoglobin and alpha-2-HS-glycoprotein, were associated with
incident cardiovascular events, and may aid prediction beyond traditional risk factors and
established cardiac biomarkers.
Keywords: Proteomics, Cardiovascular, Biomarker, Prediction, Risk Factors
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Use of Non-Targeted Metabolic Profiling Coupled with Bioassays for the Identification of
Phytotoxic Secondary Metabolites in Annual Pasture Legumes
Sajid Latif 1,2*, Saliya Gurusinghe 1, Paul A. Weston 1,3, Jane C. Quinn 1,2, Leslie A. Weston 1,3
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Recent research has focussed on the use of newly introduced annual pasture legumes including
Ornithopus spp. (French serradella and yellow serradella) and Biserrula pelecinus L. (biserrula)
for controlling weeds in rotational cropping systems for sustainable agricultural production. Our
field studies have recognised weed suppressive potential of selected pasture legumes through
several mechanisms including competition for resources and release of secondary metabolites
into the rhizosphere through root exudation. Phytotoxicity bioassays further confirmed the
allelopathic potential of crude extracts of biserrula and yellow serradella using germinating
seedlings of Lepidium sativum L. (garden cress) and Lolium rigidum Gaud. (annual ryegrass).
Non-targeted metabolic profiling using ultra-high pressure liquid chromatography (Agilent, 1200
Infinity) tandem quadrupole-time of flight mass spectrometry (Agilent 6530) coupled with field and
bioassay results were employed to regression analysis to find the association between
phytotoxicity and abundance of secondary metabolites in crude extracts. Step-wise multiple
regression analysis demonstrated a strong association between bioactivity and the presence of
five metabolites including quercetin and kaempferol and their associated glycosides. Key
bioactive metabolites of interest were identified using a personal compound database library
(PCDL) and known standards. A significantly higher relative abundance of key phytotoxic
flavonoids and their glycosides in the rhizosphere of field – collected soil samples further
confirmed the phytotoxic potential of biserrula and yellow serradella.
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Native Mass Spectrometry revealing the Structural Details of Genetic Switches
J. Li1, J. Truong2, K. Shearwin2, T. Pukala1
1
2
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Bacteriophage lambda has been used as a model for understanding gene regulation or “genetic
switches” for many years. A key component is the lambda CI repressor protein, which can
determine the lytic-lysogenic growth in bacteriophages depending on the extent of binding to DNA
operators. In the classical model, the repressor binds two sets of three operator sites to form a
DNA loop. Here we developed a native ion mobility-mass spectrometry based approach to further
define the details of this model.
In this work, we demonstrate that the oligomerisation of lambda CI protein occurs from dimeric
building blocks via dimer, tetramer, hexamer and octamer, while the binding of DNA operators
occurs as a pairwise cooperative assembly, i.e. dimer binding to one operator and tetramer
binding to two operators, etc. Observation of a dodecamer bound to two sets of three operators
proves the existence of DNA loop formation with the assistance of lambda CI protein. This also
provides solid evidence for the classical DNA looping model in control of lytic-lysogenic switching,
further supported by our ion mobility collision cross-section measurements.
Following development of this native mass spectrometry approach, new models of DNA looping
have been investigated. The philKO2 protein is known to play a similar role as the lambda CI
repressor, though is comparatively poorly understood. We have interrogated the oligomeric
structure of the philKO2 protein and binding interactions with DNA operators. Our data shows that
the philKO2 protein can form multimeric structures consistent with the function of a DNA looping
protein. Therefore, we have provided new insights into protein-DNA interactions by native mass
spectrometry.
Keywords: ion mobility mass spectrometry, protein-DNA interactions, lambda CI protein, DNA
looping
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Anti-TB Natural Products Identification Using Native Mass Spectrometry
Miaomiao Liu, Angela Di Capua, Tin Mak, Ronald J Quinn
Griffith Institute for Drug Discovery, Griffith University, Australia
E-mail: miaomiao.liu@griffith.edu.au
The TB epidemic is larger than previously thought with an estimated 10.4 million new TB cases
worldwide in 2016. There were an estimated 1.3 million TB deaths and an estimated 490,000 new
cases of multi-drug resistant TB (MDR-TB) in 2016. New drugs are essential to contribute to the
“End TB strategy”.
Nature Bank is a unique storehouse of nature’s chemical diversity. It consists of over 63,000 biota
samples of plants, and marine invertebrates sourced from tropical and temperature Australia,
China and Papua New Guinea. A previous phenotypic HTS assay screening of the Nature Bank
Fraction Library (202,983 fractions) against M. tuberculosis H37Rv resulted in 752 single point
actives, 452 fractions, including 273 fractions form marine organisms showing a MIC following
11-point dose response analysis.
Modern drug discovery and development is heavily dependent on rapid and insightful analytical
methods. Native screening using high resolution electrospray ionization Fourier transform ion
cyclotron resonance mass spectrometry (ESI-FT-ICR-MS) is a label-free, fast, accurate method
that permits the direct observation of non-covalent protein-ligand complexes. The technique relies
on non-denaturing electrospray-ionization (ESI) to firstly recognize multi-charged proteins in their
near-native states.
This project enables the identification of a single natural product from a complex mixture by its
specific interaction with TB proteins. The molecular weight mass information of the ligand allows
identification of the active ligand in a pooled library. The simple mix and-measure, label-free
nature of these experiments makes native ESI-FT-ICR-MS a practical technique to evaluate
natural product binding.
Keywords: Native Mass Spectrometry, Protein-Ligand Complex, Tuberculosis, Natural Products
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Oxidative degradation of cylindrospermopsin and anatoxin-a by FeIII-B*/H2O2
Jishan Liu1, David Greenwood2, L. James Wright3, Naresh Singhal1
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Cylindrospermopsin (CYL) and anatoxin-a (ANA) are alkaloid-like potent cyanotoxins produced
during cyanobacterial blooms. Their high toxicity and widespread distribution have raised
concerns over the safety of impacted drinking water sources. Current physical and chemical
oxidation technologies are not always effective in treating CYL and ANA contaminated water. The
novel water soluble iron catalyst, FeIII-TAML, designated as FeIII-B*, activates H2O2, and is known
to degrade a range of recalcitrant pollutants. We have explored the oxidative degradation of CYL
(0.24 µM) and ANA (7.1 µM) catalysed by FeIII-B*/H2O2 (5 µM/ 5 mM) at 25 °C at pH values
ranging between 8.5 and 11.5 over 120 min. Cyanotoxin quantification was conducted by
Shimadzu Series model LC-MS 2020, and CYL and ANA were monitored at m/z 416 [M+H]+ and
166 [M+H]+ in positive ion mode (SIM), respectively. A Q-Exactive tandem mass spectrometer
was employed for MS2 analysis using an ESI source for the intermediate products identification.
In the collision-induced dissociation (CID) mass spectrum MS1 in positive mode, parent CYL was
observed at m/z 416 with significant intensity, and two ions m/z 448 and m/z 420 were recovered
with significant signals, which generated legitimate product ions via MSMS fragmentation, MS/MS
m/z 448 > 368 and 350, MS/MS m/z 420 > 340, 274, and 194. ANA was monitored using precursor
ion at m/z 166 in MS1 mass spectra in positive mode, and high resolution mass spectrometry
analysis of ANA oxidation showed ANA products ions as m/z 182 and m/z 164. The fragmentation
of CID product ions of ANA interpreted from the MS1 and MS2 mass spectra were MS/MS m/z
182 > 164, 146 and 122, MS/MS m/z 164 > 146, 122 and 105.
Keywords: FeIII-TAML, cyanotoxin, oxidation, degradation products
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Caught at Last! Isolation, Structural Characterization and Gas-phase Studies of the
[Ag10(H)8L6]2+ Nanocluster Dication.
H. Z. Ma1, A. I. McKay1, J. M. White1, R. J. Mulder2, A. Mravak3, M. Scholz1, G. E. Reid1, E. J.
Bieske1, V. Bonačić-Koutecký3, R. A. J. O’Hair1
1
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Coinage metal nanoclusters (CMNs) continue to attract attention as models for nanoparticles, for
their structure and bonding arrangements, spectroscopic properties and roles in catalysis. We
have been using an approach that blends electrospray ionization mass spectrometry (ESI-MS) to
direct the bulk synthesis of CMNs, X-ray crystallography, neutron diffraction and NMR
spectroscopy for structural characterization, and multistage mass spectrometry (MSn)
experiments in conjunction with Density Functional Theory (DFT) calculations to examine the
chemistry of CMNs. The [Ag10(H)8L’6]2+ cluster dication is observed to be a major ion in the ESIMS of solutions containing a silver salt (AgBF4), the small bite angle bisphosphine ligand L’ =
DPPM (bis(diphenylphosphino)methane) and sodium borohydride (NaBH4). Like the Scarlett
Pimpernel, it has eluded capture for X-ray crystallographic characterization. Our previous best
efforts at characterizing its structure employed VUV photoionization in conjunction with DFT to
predict a silver cluster core with a bicapped square antiprism (J17) structure.
Here, we present a new chapter in the story of this decanuclear cluster. During recent efforts at
preparing and studying the reactions of [Ag3(H)(BH4)L3](BF4) (where L = DPPA =
bis(diphenylphosphino)amine), we noticed the formation of colored crystalline material that turned
out to be salts of the related [Ag10(H)8L6]2+ cluster dication. Gratifyingly, X-ray crystallography
revealed the same Ag10 core with a bicapped square antiprism (J17) structure, although with a
different arrangement of the bisphosphine ligands. Attempts to link the solid-state, solution-phase
and gas-phase structure of [Ag10(H)8L6]2+ will be presented and the results of gas-phase high
resolution tandem mass spectrometry experiments on its fragmentation reactions will be
described.
Keywords: electrospray, silver hydride nanocluster, X-ray crystallography, DFT calculations, high
resolution tandem mass spectrometry
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Proteomics analysis of a hairy situation
Evelyne Maes 1, Jolon M. Dyer 1,2,3,4, Santanu Deb-Choudhury 1 and Stefan Clerens 1,2,3
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While it might seem easy at first sight, the analysis of the human hair proteome via liquid
chromatography –tandem mass spectrometry (LC-MS/MS) is more complex than generally
assumed. Though keratins and keratin-associated proteins are the main and best known
constituents of the human hair proteome, several other proteins, such as desmosomal proteins,
also play a vital role as structural proteins of these fibres. As the extraction of proteins from hair
fibres is hindered by the many crosslinks present in the fibre, digging deep in the hair proteome
remains challenging. In this study, we embraced this challenge to perform a large scale
identification of the protein components of virgin blended hair which is necessary to achieve a
better understanding of the molecular basis of different hair phenotypes and to complement with
the knowledge on the physical fibre properties. We applied a combination of different protein
extraction procedures, extensive peptide separation methods as well as different MS data
acquisition methods on our mass spectrometry platforms. Protein identification of all samples was
performed by Peaks Studio 8.5 and further data visualization was performed with in-house
developed tools. The results deliver a good proteomics overview of the different proteins from the
keratin-family as well as the non-keratin-based proteins, with biological functions linked to for
example innate immune system and stress response.
Keywords: Hair proteome, protein cross-linking, non-keratin proteins, deep proteome
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Loose or tight: What is the difference
1, 2
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Leather processing is a multi-million dollar industry, thus any defects found on the leather result
in losses to the industry either by reducing the price of the leather or causing it to be discarded.
Looseness, a defect in leather, results in surface wrinkles similar to those found in wrinkly human
skin and occurs in approximately 7% of cattle hide. There is a similarity in the appearance of loose
leather and wrinkly skin which gives rise to the possibility that they may be a result of the same
or a similar molecular defect. While little to no research has been done to elucidate the cause of
loose leather, there are many reports detailing the characteristics and causes of wrinkly skin,
especially in ageing humans. As changes in collagen, elastin and glycosaminoglycans (GAGs)
are most commonly associated with wrinkles in human skin, our study investigated the protein
profiles of loose and tight hides using proteomic methods. Relative concentrations of specific
proteins and protein groups in loose and tight cattle hides were estimated using label free methods
and showed unexpected differences between loose and the tight hides. Results will be presented
and their possible significance discussed.
Keywords: proteomics, label free quantitation
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Analysis of Protomers using Photodissociation Spectroscopy and Field Asymmetric Ion
Mobility Spectrometry
S.J.P. Marlton1, B. Ucur1, A. Maccarone1, S.J. Blanksby2, A.J. Trevitt1.
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Protomers are isomers that differ by protonation site and, since protomer ions are precisely the
same m/z, they are a challenge to detect, separate and assign. Field asymmetric ion mobility
mass spectrometry (FAIMS) has emerged as a promising method for separating protomer ions.
By adding wavelength-dependent photodissociation mass spectrometry (PD) to FAIMS
separation, new methodologies are available to probe protomer isomers. Analysis of protomer
ions using PD and FAIMS simultaneously progresses towards a fundamental understanding of
photostability while providing insights into possible methods for detecting and analysing protomer
populations using mass spectrometry.
In this presentation we target protonated quinazoline, which contains two heterocyclic nitrogens
on which protonation can occur. The protomers of quinazoline are structurally and energetically
very similar and therefore one might expect their spectroscopic differences to be subtle. It is
shown that differences between the photodissociation spectrum of the two quinazoline protomers
are assignable by first adding separation using FAIMS.
Extending on this fundamental work, we apply the same methodology to the analysis of (S)Nicotine which contains two heterocyclic nitrogens. Protonation can occur on a pyridine nitrogen
or pyrrolidine nitrogen. FAIMS separation in conjunction with tunable-laser PD analysis reveals
differences in the fragment branching ratios, ESI solvent dependence and electronic spectroscopy
that can be used in combination to assign the presence of the two protomers.
Keywords: Protomers,
Spectroscopy
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Profiling lipid isomers by data-independent ozone-induced dissociation
D.L. Marshall1, B.L.J. Poad1, R.S.E. Young1, A.T. Maccarone2, T.W. Mitchell2, S.J. Blanksby1
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Human plasma contains over 1500 different lipids at the sum composition level. Yet the number
of unique lipids is surely higher, once isomeric contributions from double bond location and fatty
acyl regiochemistry are considered. Resolving this ambiguity in the molecular structure of lipids
is the next frontier in contemporary lipidomics. To progress toward this goal, ozone-induced
dissociation (OzID) is incorporated into data-independent shotgun lipidomics workflows, thus
enabling complex extracts to be profiled for unsaturation and regioisomerism by construction of
2D maps.
Ozone-induced dissociation was implemented on multiple high-resolution platforms, including the
Orbitrap Fusion, Q-Exactive, and Orbitrap Elite (Thermo Scientific). The instruments are modified
such that ozone (~15% in oxygen) is present as the HCD collision gas, or doped into helium as
the ion trap bath gas.
OzID performance was benchmarked using glycerolipid standards containing unsaturated fatty
acyl chains. Ion-molecule reactions of mass-selected lipid ions with ozone in the HCD cell yielded
diagnostic product ions for each double bond position and sn-position in the resulting MS/MS
spectrum. The increased ozone concentration in the HCD cell significantly improved ozonolysis
efficiency compared to implementation in the ion trap. This advance translates into increased
dynamic range and thus deeper lipidome coverage, as well as improvements in duty cycle for
data-independent MS/MS analysis using shotgun workflows. Grouping all precursor ions with a
common OzID neutral loss enables straightforward classification of the lipidome by position of
unsaturation (with respect to the methyl terminus). 2-dimensional heat maps provide a powerful
visualization of structurally-related lipids in complex extracts. Global profiling of lipid unsaturation
within extracts including human plasma affords a snap-shot of underlying metabolism and could
potentially provide novel indicators of health and disease.
Keywords: lipidomics, ozone-induced dissociation, data-independent analysis, human plasma
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Reaction Dynamics of Substituted PAH Ions
P.M. Mayer1, B.J.West, J. Burner, L. Lesniak and B. Lowe
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The PAH hypothesis is over 25 years old and there is growing spectroscopic evidence that
polycyclic aromatic hydrocarbons indeed make upwards of 30% of interstellar carbon. The
interstellar fate of these molecules includes photoprocessing (ionization, dissociation and IR
emission). Ionized PAHs are thought to make up over 30% of the population in some
environments. Our lab has focussed on elucidating the reaction mechanisms and energetics of
PAH ion reactions in these environments. Recently we have turned our attention to substituted
PAH ions and this presentation will demonstrate the unique chemistry imposed on PAH ions by
the functional groups CH3, NO2, CN and NH2.
Keywords: polycyclic aromatic hydrocarbon, ipepico spectroscopy, CID, computational chemistry
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Advances in Direct Mass Spectrometry: SIFT-MS
M.J. McEwan1,2, V.S. Langford2, D.B. Milligan2
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While GC/MS has traditionally been the gold standard for monitoring analytes in air at the parts
per million by volume (ppmv) levels or below, the need for a column introduces limitations. Some
of these include run time, column reactivity, and inability to separate certain compounds. Direct
mass spectrometry provides a different window on analytical results and can circumvent some of
these issues. Selected Ion Flow Tube-Mass Spectrometry (SIFT-MS), is one of the newer direct
mass spectrometric methods as no chromatography is required and analysis can usually take
place in real time. In SIFT-MS, the known ion-molecule chemistry of up to eight reagent ions with
an analyte is utilized such that the analyte concentration is simply found from the ratio of the
product ion counts to the reagent ion counts.
We present two different applications where some of the benefits of direct analysis via SIFT-MS
are highlighted as well as noting some of the recent advances of the technique in these
applications.
1.

Monitoring Odours. Instrumental odour analysis is challenging due to the chemical diversity
of odorants. A summary of an investigation into SIFT-MS analysis of odours arising from
different sections of a factory used to manufacture gelatine in Christchurch is presented along
with an example of a remediation technology applied to reduce odours and an analysis of its
efficiency.

i)

High Throughput Analysis of Volatile Compounds in Air, Water and Soil. Here we discuss
monitoring the aromatic hydrocarbons benzene, toluene, xylene and ethyl benzene (BTEX)
using a SIFT-MS instrument integrated with a Gerstel autosampler. When standard mixtures
of known concentrations using the combined SIFT-MS and Gerstel multipurpose sampler are
analysed, R2 values of better than 0.9995 are readily achievable at ppbv concentration levels.
Isomeric speciation of ethylbenzene and xylene can also be achieved in real time.

SIFT-MS; Direct MS; Odour Monitoring; High Through-put analysis.
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Cooking Your Data: challenging the use of orthodox SPME extraction temperatures
in biological analysis
E. J. McKenzie1, S. Jayan1, J. M. O’Sullivan1
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Solid-Phase Microextraction (SPME) is a widely used analytical technique for measuring volatile
organic compounds in biosamples. The current literature on SPME recommends sample
extraction temperature optimisation based primarily on obtaining a chromatographic profile with
intense, narrow, well-separated peaks.
However, studies in our laboratory comparing different extraction temperatures showed that
increasing temperature significantly decreased the differences between the case-control study
groups, and thus the relevance of the data to the research hypothesis. Contrary to
recommendations, the least optimal chromatographic profile gave the most statistically significant
results when looking at the differences between two groups.
We speculate that the reliance on chromatographic characteristics has arisen for historical
reasons. Advanced deconvolution software was developed late last century, yet the power of
computer-based feature separation over chromatographic separation has not been fully exploited
in some areas of applied mass spectrometry. Our study highlights the need for evidence-based
rather than theory-based chromatographic method development.
Keywords: SPME, Solid Phase MicroExtraction, GC-MS, Gas Chromatography-Mass
Spectrometry, Deconvolution
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UV Action Spectroscopy of Protonated Pyridine Derivatives
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Predicting the effect of protonation on the spectroscopy and dynamics of pyridine derivatives
remains problematic as experimental and theoretical data are scarce. Despite containing the four
atoms common to all biological life, the photostability of the three isomers of protonated
formylpyridine remains unknown. The photostability of protonated formylpyridines (108 m/z) is
investigated within the 35000-46500 cm-1 (285-215 nm) energy range using an ion trap mass
spectrometer coupled with a tuneable UV laser. Observed photoproduct channels corresponding
to m/z 78, 79, 80, 106 and 107 have been experimentally investigated through ion-molecule
reaction kinetics with gaseous co-reactants and 2-colour photodissociation action spectroscopy.
Preliminary photostability studies on protonated methylpyridines are also underway.
Key spectral features within the investigated energy range are assigned through the timedependent density functional theory (TD-DFT) function CAM-B3LYP and the second-order
approximate coupled-cluster (CC2) method. Observed spectral features of protonated
formylpyridines are * transitions to the S2 state for protonated 2- and 4-formylpyridine and to the
S3 state for protonated 3-formylpyridine. The processes leading to photodissociation on the
ground-state is investigated with the complete active space self-consistent field (CASSCF)
method, allowing the potential energy surface for photodissociation on the ground-state to be
constructed.
Keywords: Photodissociation action spectroscopy, ion-molecule reaction kinetics, quantum
chemical calculations
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Optimization of fatty acid derivatization reagents for photo-dissociation mass
spectrometry
V.R. Narreddula1, D.L. Marshall1, B.L.J. Poad1, T.W. Mitchell2, A.J. Trevitt2, N.R.B. Boase1, S.J.
Blanksby1
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Within biological systems, lipids serve a diversity of roles as energy sources for metabolic
processes, building blocks of plasma membranes and signalling molecules. Fatty acids (FA) are
fundamental building blocks of more complex lipids and display huge structural variations that
include: the length of the carbon chain, location and degree of unsaturation, and methyl-branching
along the hydrocarbon chain. FA analysis is increasingly reliant on liquid-chromatography mass
spectrometry but the efficacy of LC-MS in this application can be limited by low ionization and
detection efficiencies; poor chromatographic resolution of structurally similar lipids; and an
absence of structurally diagnostic fragmentation upon collision-induced dissociation. Our group
has pioneered the development of bespoke derivatives for FA analysis that enhance the ionisation
efficiency without compromising chromatographic separation, while also providing access to
structurally informative spectra upon photo-dissociation (PD). In these derivatives, targeted
fragmentation can be initiated on-demand by photo-directed cleavage of an integrated aryl-iodide
bond. Application of these derivatives is demonstrated to be effective in the discrimination of
isomeric FA that differ in the position(s) of carbon-carbon double bonds, methyl branches and
sites of hydroxylation. In combination with chromatographic separations, this new class of
derivatives has led to the discovery of new lipid structures in highly complex mixtures including
extracts from vernix caseosa. On the basis of these successful findings we have sought to both
understand and enhance the photochemistry and fragmentation that underpins this derivative
design. The position of the carbon-iodine moiety on the aromatic ring with respect to the site of
derivatization and linker functionality itself were explored using a carefully crafted test-set. From
this optimisation, a new derivative design based on the N-(2-aminoethyl)-4-iodobenzamide
reagent was introduced with PD efficiencies as high as 90%. Preliminary applications of this
derivative for structure elucidation of FA will be presented.
Keywords: Photo-dissociation, lipids, fatty acids, derivatization, liquid chromatography
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Nanoscale ion emitters in native mass spectrometry for measuring ligand-protein binding
affinities
Giang T. H. Nguyen1, Thinh N. Tran2, Matthew N. Podgorski3, Stephen G. Bell3, Claudiu T.
Supuran4 and William A. Donald1*
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Electrospray ionization (ESI) mass spectrometry (MS) has emerged as an important technique in
the analysis of ligand-protein complexes from native-like solutions. However, non-volatile and
semi-volatile molecules and salts can readily adduct to protein ions, which broadens peaks,
increases background chemical noise and lowers signal-to-noise ratios. Thus, accurately
measuring ligand-protein binding affinities can be challenging. Moreover, many druggable protein
targets are only stable at high salt concentrations that mimic the intra- and extra-cellular
environments. Here, we use ESI emitters with exceedingly narrow tip diameters (250 nm)
compared to conventional native MS tips (2000 nm) to significantly reduce the extent of adduction
of salt and non-volatile molecules to protein-ligand complexes. The formation of smaller ESI
generated droplets using nanoscale ESI emitters results in significantly less enrichment of salts
and non-volatile molecules during droplet desolvation and ion formation than by use of larger tips.
The effects of ion emitter size on the native mass spectra of ligand-protein complexes of the
druggable protein target, human carbonic anhydrase, and six small molecule inhibitors that have
known binding constants of between 3 and 10000 nM. By use of a narrow ESI emitter tip (250
nm) and a novel, analytically derived equation, Kd values can be accurately obtained for all six
ligands directly from the abundances of the unbound and six bound ligand-protein complexes
from a single mass spectrum, which was not possible using conventional microscale emitters.
Moreover, ligand-protein binding constants can be directly, and accurately measured using high
concentrations of non-volatile salts and buffers that more closely resemble the buffer solutions
commonly employed in biochemical assays.
Keywords: nanoelectrospray ionization mass spectrometry (nESI-MS), protein-ligand interaction,
the binding affinity, nanoscale ion emitter

33 | P a g e

ANZSMS27 Conference Abstracts (oral)

Differentiation of sphingolipid species by carbon chain length reveals region-specific
disturbances in HD
G Phillips1,2,4, S Hancock6, S Brown1,3,4 A. Jenner5, T. Mitchell1,2,4
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E-mail: gp791@uowmail.edu.au
Huntington’s disease (HD) is an autosomal, dominant neurodegenerative disorder affecting
approximately 1/10 000 people in Western countries. The disease is caused by a polyglutamine
expansion in the huntingtin protien. Symptoms typically emerge around the age of 40 as a series
of cognitive, behavioural and motor disturbances which progress consistently until death 15-20
years later. There is no cure or effective treatment. The striatum, which consists of the caudate
and putamen, is the most affected brain region in HD. Sphingolipids are thought to be implicated
in HD, following aberrant conversion of myelin constituent sphingomyelin (SM) to ceramide (CER)
in the HD brain, but also the speculated involvement of CER in unregulated apoptosis related to
neurodegeneration. Post mortem striatal tissue (caudate & putamen) from 13 advanced HD
subjects and 13 age-sex matched controls was obtained from the Victorian Brain Bank. Lipids
were extracted, and analysed using direct infusion ESI mass spectromet. Region-specific
disturbances to sphingolipids were found HD caudate and putamen. oncentrations of very long
chain species were lower (C24-C26), alongside higher concentrations of long chain species (C15C18). Our results have identified that the caudate and putamen, although constituting the same
region, do not bear the same sphingolipid dysfunction in HD. Different brain regions represent
differences in cytoarchitecture, cell type and molecular composition which may help to better
understand the specific vulnerability of the striatum in HD. These findings may also hold key
insight into the disturbance of myelin in HD, and its potential attempted repair.
Keywords: Huntington’s disease, sphingolipids, striatum, mass spectrometry
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Quantitative LC-MS/MS as a key tool in the development of novel polymer devices
providing controlled sustained release of local anaesthetic agents to the surgical wound
in the treatment of postoperative surgical pain.
Dr R Pickford1, Dr A Sideris2,3, Dr KA Thomson3, Dr R Oliver3, Prof T Havas2, Prof WR Walsh3
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Pain is a postoperative inevitability in surgery, and topical and local therapies are limited in their
application due to durations of action significantly falling short of the clinical duration of
postoperative pain. Therefore, methods that provide sustained release of topical analgesic
medications to surgical fields over a prolonged course fill a key area of clinical need in all
disciplines of surgery. For example, in ENT surgery, the tonsillectomy is the most commonly
performed operation and the prevention of pain is paramount in limiting serious postoperative
complications, such as bleeding caused by pain related aversion to oral intake, which lead to
dehydration and disruption of the healing wound. In orthopaedics, sustained release of local
anaesthesia intra-articularly to the post-arthroplasty surgical field prevents the need for dangerous
bolus injections of anaesthetic medications at potentially toxic doses, promotes early mobilisation
and therefore optimises functionality of the new joint.
This research outlines pilot data from early in vitro development of polymer technologies that
provide controlled sustained release of local anaesthetic medications to the surrounding
environment.
Bupivacaine, lignocaine and ropivacaine were successfully incorporated into a chitosan based
multifaceted polymer device or polylactide film and immersed in replica environments. Release
kinetics were characterised over time using quantitative LC-MS/MS detection of the drug
molecules in the release fluid. Optimised sample preparation and the use of C18 UHPLC QQQ
mass spectrometry has produced a rapid and effective analysis method, suitable for the largescale analysis of clinical samples.
Pilot data indicate that controlled sustained release of unperturbed drug molecules from polymer
devices can be achieved at close to therapeutic doses.
LC-MS/MS is a useful tool for the characterisation of polymer release characteristics in models
designed to mimic conditions of the oral cavity and synovial joints, assisting development of novel
technologies that fill key areas of clinical need.
Keywords: LC-MS/MS, quantitative, anaesthetic, postoperative, surgical
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Accelerating ion-molecule reactions using supplemental RF-activation in a linear ion trap
B.L.J. Poad, R.S. Young, D.L. Marshall, S.J. Blanksby
Central Analytical Research Facility, Queensland University of Technology, Australia
E-mail: berwyck.poad@qut.edu.au
Ion-molecule reactions are receiving increased attention for elemental analysis and molecular
structure elucidation. A fundamental requirement of these chemistries is to ensure that the
chemical transformations occur rapidly, in synchronicity with the native duty cycle of the
instrument(s). Ion-molecule reactions between ozone and ionized, unsaturated lipids have been
widely deployed for structure elucidation and show significant potential for a range of bioanalytical applications. These reactions are, however, inherently slow with efficiencies less than
0.1% of the collision rate. For analytical applications, the product abundance of this second order
reaction can be influenced in one of two ways, either by increasing the number density of ozone
or modulating the effective reaction temperature. Prior work from our group has demonstrated the
efficacy of the first approach, although this requires instrumentation capable of operating at
elevated pressures. Controlling the true temperature of ions in ion-trapping devices has been
demonstrated by others for ion-molecule and spectroscopic applications, however this also
requires specialised instrumentation.
Here we demonstrate the use of supplemental RF-activation as an approach to raise the effective
temperature of ions trapped within a commercial linear ion trap mass spectrometer. Application
of this method for a simple ion molecule reaction involving ozone results in a significant increase
in the observed reaction rate. Under these conditions, dramatic increases in the reactivity of
atomic ions, both positive and negative, were observed. Importantly, no enhancement was
observed for oxides of halides, suggesting that the effect is not universal, and is strongly
influenced by the effective barrier height for the reaction relative to the entrance channel.
Furthermore, enhanced product ion formation was also achieved for both simple and complex
lipids reacting with ozone, yielding structurally diagnostic ions on an accelerated timescale
compared to using ozone alone.
Keywords: ion-molecule reactions, kinetics, ozone
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Volatile profiling of biological samples using Thermal Desorption Gas Chromatography
with Mass Spectrometry (TD-GC-MS)
C. Pook1, E. McKenzie2, N. McKenzie2, H. Devaraj3, S. Shinde1, C. Higgins1, G. Valmonte1, D.
Lacap-Bugler1, E. Kalisa1, F. Zhang1, M. Yoo1
1
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2
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3
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E-mail: chris.pook@aut.ac.nz

Thermal Desorption (TD)- the evaporation of volatile compounds from a liquid or solid- is a
powerful technique with growing applications in analytical chemistry, microbiology, clinical
chemistry, and environmental and atmospheric chemistry. When coupled with cryotrapping to
focus the extracted material for introduction to Gas Chromatography Mass Spectrometry, (GCMS) the technique offers comparatively simple sample preparation for matrices that might
otherwise require lengthy and expensive extraction, concentration and purification. We will
present data from a variety of TD sample introduction techniques, including thermal extraction of
wet and dry samples; thermal desorption of sorbent traps for gaseous volatile sampling;
Headspace Sorptive Extraction (HSE) using PDMS-coated stir bars; and Dynamic Headspace
Sampling (DHS) of biofluids. The applications for this emerging technique are diverse and include
volatiles collected from the surface of human skin; volatile profiles of microbial pathogen cultures;
volatiles extracted from airborne particulate matter, and volatiles associated with plant viral
infections. Thermal Desorption has both simplified current applications of GC-MS and potentiated
several new ones. Apparent bottlenecks in realising the full potential of the technique include the
challenges in processing and interpretation of the untargeted datasets that it yields and in
providing biological context for the high incidence of secondary metabolites found in volatile
profiles.
Keywords: volatilomics, sample introduction, untargeted metabolite profiling, total volatile
profiling, thermal desorption, gas chromatography-mass spectrometry
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Native Mass Spectrometry in Drug Discovery: Fragment-based Drug Discovery
R. J. Quinn
1

Griffith Institute for Drug Discovery, Griffith University, Australia
E-mail: r.quinn@griffith.edu.au

Native Mass Spectrometry using an electrospray ionization Fourier transform ion cyclotron
resonance mass spectrometer (ESI-FTICR-MS) can detect protein in its native folded state and
can detect and distinguish non-covalent and covalent protein-ligand complexes.
We have harnessed the chemical diversity of natural products for fragment-based drug screening.
We have reported 96 low molecular weight natural products identified as binding partners of 32
putative malarial targets. Seventy-nine (79) fragments have direct growth inhibition on
Plasmodium falciparum at concentrations that are promising for development of fragment hits
against these protein targets. This adds a fragment library to the published HTS active libraries in
the public domain.
Subsequently, we have identified 26 low molecular weight natural products that bind to 9 proteins
from Mycobacterium tuberculosis.
Native MS can identify both competitive and non-competitive ligands. This allows development of
strategies for medicinal chemistry optimisation. Competitive ligands provide information for
growing fragment hits. For non-competitive ligands, the observation of ternary complexes and
molecular docking allows the design of synthetic strategies to link fragment hits.
Keywords: FBDD, native MS, protein-ligand, natural products, docking
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Functional metabolomics analysis of the natural occurring toxin lolitrem B in a mouse
model
P. Reddy1,2,3, M. Deseo1, M. A. Combs4,5, J. C. Quinn4,5, K. Guthridge1,2, S. Rochfort1,2,3 and G.
Spangenberg1,2,3
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Graham Centre for Agricultural Innovation, (an alliance between Charles Sturt University and
NSW Department of Primary Industries), Charles Sturt University, Pugsley Place, Wagga
Wagga, NSW Australia 2650;
5
School of Animal and Veterinary Sciences, Charles Sturt University, Boorooma Street, Wagga
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The neuroactive mycotoxin lolitrem B causes a neurological syndrome in grazing livestock
resulting in hyperexcitability, muscle tremors, ataxia and, in severe cases, clonic seizures and
death. Lolitrem B is the endpoint in a biosynthetic pathway of indole diterpenoid toxins present in
fodder yet the neuroactive status of its pathway intermediates remains undefined.
To define the effects of lolitrem B and its pathway intermediates terpendoles B, C and E in the
brain, a functional metabolomic study was undertaken in which motor coordination and tremor
were quantified and metabolomic profiling undertaken to determine relative abundance of both
toxin and key neurotransmitters in various brain regions. Marked differences were observed in
the duration of tremor and coordination between pathway members, with some showing
protracted effects and others none at all. Lolitrem B was identified in liver, kidney, cerebral cortex
and thalamus but not in brainstem or cerebellum which is supposedly the primary site of action.
Metabolomic profiling showed significant variation in specific neurotransmitter and amino acid
profiles over time.
This study demonstrates accumulation of lolitrem B in the brain, with absence of detectable levels
of toxin in the brainstem and cerebellum. These data indicate that the indole diterpenoid toxins
induce alterations in metabolites such as tyrosine, suggesting a dynamic catecholaminergic
response over time in the brain. Further to this, indole diterpene pathway intermediates with nontremorgenic profiles were also identified. This study resulted in temporal characterisation of key
pathways in the pathophysiological response of indole diterpene neurotoxic agents in the brain.
Keywords: indole diterpenes, mycotoxins, terpendoles, perennial ryegrass, ataxia, tremor
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Methamphetamine Oxidation and Reactivity: Insight into Contaminated Homes and
Remediation
J.D. Rindelaub, G.M. Miskelly
School of Chemical Sciences, University of Auckland, New Zealand
E-mail: j.rindelaub@auckland.ac.nz
Methamphetamine contamination in homes is a serious health issue across the globe. In NZ
alone, it has been a burden financially, costing Housing New Zealand $100 million over the last
four years in remediation efforts. Exposure to former clandestine labs can lead to a wide range of
physiological effects, from dizziness and irritability to neurological and behavioural issues.
Currently the techniques used to clean such contamination are costly and inefficient. In addition,
the fate of methamphetamine in indoor environments in unknown, negatively impacting our
knowledge on the health risks associated with contaminated dwellings. Thus, experiments were
conducted using gas phase oxidants to better understand the reactivity of methamphetamine
within the household. As the reaction products observed had varying volatilities, a suite of mass
spectrometry techniques were used in the analysis. Results lend valuable insight into the
chemistry of indoor environments, and they provide information on how oxidation reactions can
be used in the remediation efforts of contaminated homes.
Keywords: methamphetamine, contamination, remediation, characterisation
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Volatile terpenes and cannabinoids over floral development in diverse strains of
medicinal cannabis
S. Rochfort, A. Elkins, C. Krill, V. Ezernieks and G. Spangenberg
Agriculture Research Victoria, AgriBio, Centre for AgriBioscience, Bundoora, Victoria 3083,
Australia
E-mail: simone.rochfort@ecodev.vic.gov.au
Cannabis is an herbaceous flowering plant of the Cannabis genus (Rosales) that has been used
for its fibre and medicinal properties for thousands of years. In recent decades medicinal cannabis
has become legal in several jurisdictions and the possibility of legalisation is being explored in
many more. This legalisation has opened the field of medicinal cannabis research. The
biochemistry of cannabis is rich and varied including phytocannabinoids, terpenes and phenolics.
Each of these metabolite classes contains individual compounds with biological activity. This
chemical diversity and the interaction between molecules may underpin the ‘entourage effect’ that
is believed to contribute to the medical efficacy of cannabis. In order to fully explore this
biochemistry we have undertaken both targeted and untargeted metabolomic and volatolomic
analysis of diverse medicinal cannabis strains. Seventy medicinal cannabis strains have been
characterised using liquid chromatography mass spectrometry (LCMS) and gas chromatography
mass spectrometry (GCMS). The profiles of these metabolites change as the medicinal cannabis
bud matures. The correlations between bud maturity and metabolite levels will be presented as
well as correlations between the different metabolite classes over time.
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Defining the Lipidomic ‘Hallmarks’ of Colorectal Cancer
Yepy H. Rustam1, Mengxuan Fang2, Michelle Palmieri,3 Dmitri Mouradov,3 Oliver Sieber,3 Gavin
E. Reid1,2,4
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The studies of proteogenomic landscapes of human colorectal cancer (CRC) have been
instrumental in advancing our understanding of disease biology and the identification of clinically
actionable aberrations. However, the major genomic and transcriptomic hallmarks and subtypes
of CRC explain only part of tumour clinical heterogeneity and therapeutic responses. Lipids play
important physiological roles in diverse cellular functions, including as structural and functional
components of cellular membranes, for energy storage, and as intra- and intercellular signalling
molecules. Emerging data indicate profound dysregulation of cellular lipid metabolism and
signalling in CRC, and their contributions to malignant progression. However, a detailed survey
of the CRC global ‘lipidomic hallmarks’, and evaluation of whether lipidome profiles variations
observed between individual patient tumour samples constitute a distinct, or complementary,
taxonomy relative to currently used genomic, transcriptomic or proteomic classifications, is
currently lacking.
Here, an integrated mass spectrometry-based lipidomic analysis workflow has been applied to
reveal a common set of molecular lipid alterations in tumour versus normal tissue and organoids,
as well as differences indicative of molecular heterogeneity between individual patient samples,
or within a series of molecularly-annotated CRC cell lines. Intriguingly, there is a high correlation
between lipidome and transcriptome alterations in tumour versus normal samples suggesting
potential CRC biomarkers. Furthermore, UVPD-MS/MS reveals a systematic alteration in the
abundance ratio of n-7 vaccenic acid to n-9 oleic acid containing glycerolipids and
glycerophospholipids in the CRC tumour samples, and a series of isogenic CRC cell lines
containing mutations in the MAPK signalling pathway, compared to normal tissue and organoids.
Collectively, these results provide new insights into the new potential CRC biomarkers and into
the previously unobservable alteration at the structurally defined molecular lipid level of the CRC
lipidome and promise to enable further refinement of molecular pathological classification systems
for this disease.
Keywords: colorectal cancer, biomarkers, lipidomics, UVPD, multi-omics
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Enhancing Food Safety and Authentication through Training and Implementation of
Advanced Mass Spectrometry Techniques in Asia and the Pacific
G.S. Walker
College of Science and Engineering, Flinders University, Adelaide, Australia
E-mail: stewart.walker@flinders.edu.au
The right of everyone to sufficient food and water is enshrined in Article 25(1) of the United Nations
Universal Declaration of Human Rights1. Food and Water also feature highly in lists of the greatest
challenges facing humanity.2 The provision of sufficient good food and water assists in solving
some of the other challenges – protecting the environment, reducing disease, reducing conflict
and coping with our population (including starvation and infant mortality). This presentation will
outline the key roles that mass spectrometers have in ensuring that food is safe, contains what it
is supposed to (organic MS) and comes from where is stated (IRMS and ICPMS) and does not
have contaminants – either accidental e.g. pesticide residues or deliberate adulteration - (GCMS
and LCMS).
A four-year project – “Enhancing Food Safety and Supporting Regional Authentication of
Foodstuffs through Implementation of Advanced Analytical Techniques” - has been funded by the
United Nations Development Program and International Atomic Energy Agency through the
Regional Cooperative Agreement for Research and Development and Training Related to
Science and Technology for Asia and the Pacific. New Zealand is leading the project through
Lead Country Coordinator Prof. Russell Frew (Otago) …with Assoc. Prof. Stewart Walker as the
Australian counterpart as National Project Coordinator (Australia).
In this project international mass spectrometry experts from - Australia, China, India, Japan,
Malaysia, New Zealand, Pakistan, Singapore and South Korea will provide expertise to scientists
from Bangladesh, Cambodia, Fiji, India, Indonesia, ‘Jordan’, Laos, Malaysia, Mongolia, Myanmar,
Nepal, Pakistan, Palau, Philippines, Sri Lanka, ‘Taiwan’, Thailand and Vietnam.
In the first exercise rice from various countries were analysed in Japan. However, to paraphrase
the saying - ‘Take a mass spectrum for someone and they will have a mass spectrum. Teach
them to take their own mass spectra and they become mass spectrometrists….’
http://www.un.org/en/universal-declaration-human-rights/
http://globaltopia.org/TOP_10_CHALLENGES.html
Keywords: Analysis, Food, Beverage, Security, Safety
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Advanced Mass Spectrometry Methods for Unravelling the Mechanisms of
Organophosphate Toxicity
H.X. Wang1, M.G. Leeming2, B.J. Cochran3, W.A. Donald1
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Organophosphates (OPs) are widely used as insecticides. Some of the most toxic
organophosphates have been used in warfare causing thousands of fatalities. Acute and chronic
exposure to organophosphate insecticides can cause adverse health effects. The mechanism of
delayed toxicity is thought to involve off-target inhibition of serine proteases although the precise
molecular details remain unclear due to the lack of an analytical method for global detection of
proteins that have been covalently modified by organophosphates.
We developed and applied a novel mass spectrometry method to identify OP-adducted proteins
from complex mixtures in a non-targeted fashion. Human plasma was incubated with a mixture of
isotope labelled and unlabelled organophosphate pesticides (dichlorvos, phosmet, fenitrothion
and azamethiphos). Proteins and protein-adducts were extracted, digested and analysed by liquid
chromatography tandem mass spectrometry (LC-MS/MS) to detect “twin ions” of peptides
adducted by organophosphates. The LC-MS/MS data was processed by a blended data analytics
software (Xenophile), which can identify the amino acid residue of proteins that were modified by
the labelled organophosphates. We discovered that transmethylation at Glu, Asp, Cys, His and
Lys residues are the major reactive pathways which have not been reported in the literature to
date. Further we carried out in vivo experiment on mice. We identified protein targets for
methylation in the fat tissue of organophosphate treated group. These transmethylation reactions
may be responsible for the mechanism of delayed toxicity owing to organophosphate exposure.
It is anticipated that this information will be useful for unveiling the mechanism of
organophosphate toxicity and designing novel therapies for organophosphate exposure.
Keywords: Organophosphate, protein-target identification, bottom-up proteomics, stable isotope
labelling, metabolomics
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Characterisation of Snake Venom Proteins: From Sequence to Structure
C.R. Wang1, V.A. Thomson2, T.L. Pukala1
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Snake venoms are complex cocktails of biologically active proteins and peptides. The specificity
and potency of these proteins render them highly desirable for therapeutic applications. However,
the tremendous knowledge gap in fundamental proteomic and higher-order structural
understanding of snake venom proteins poses a significant roadblock towards successful
applications, particularly given the lack of robust techniques to visualise dynamic higher-order
protein interactions that are critical for synergistic potency and specificity. Here, we have used an
approach integrating proteomic and native mass spectrometric techniques to characterise a
repertoire of medically significant snake venoms at different structural levels for the first time.
Shotgun proteomics, used to probe intra-species proteomic variations in the venom of Australian
Tiger snakes (Notechis scutatus), revealed distinctions between mainland and island Australian
Tiger snake venom proteomes of interest in understanding venom adaptation and evolution. In
conjunction, higher-order structural assemblies of venom proteins that are of medical importance
have been characterised using ion mobility-mass spectrometry in their native-like state for
venoms from a range of Australian-native and exotic snake species to provide new insight into
bioactivity. Thus, we demonstrate the applicability of shotgun proteomics and ion mobility-mass
spectrometry as powerful venom protein characterisation tools which can bridge the knowledge
gap between fundamental structural understanding and potential therapeutic applications.
Keywords: venom, structure, ion mobility-mass spectrometry, proteomics, characterisation
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Chemical attribution of ricin by profiling of fatty acids using gas chromatography mass
spectrometry
R. Webster1, S.Ovenden1
1
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Ricin is a toxin found in the seeds of the castor bean plant which can be extracted using simple
methods and commonly found reagents. Ricin is a schedule 1 controlled substance under the
Chemical Weapons Convention. The high toxicity and ready availability means that ricin is an
agent of concern, and subject to criminal activity. When a castor seed extract or ricin preparation
is encountered by law enforcement or first responders, it is useful to be able to attribute the source
of the seeds to a particular geographical location and/or method of preparation.
Castor seeds are 40-60% oil by weight, therefore extraction of the toxin (particularly by those not
expert in laboratory techniques) will result in residual oil carrying through the preparation process
and remaining as a contaminant. Previous work has shown that the method of preparation may
be determined through analysis of the ricinoleic acid content residual in the prepared toxin. While
the fatty acid content in castor seed oil is up to 95% ricinoleic acid, there are many other fatty
acids liberated from the triglyceride. These minor fatty acids may comprise a chemical fingerprint,
or identifying profile which may be indicative of the source of an illicitly prepared ricin sample.
Here, samples of castor oil and also ricin toxin were prepared in the laboratory based on freely
available methods. The extracted oil and the residual castor oil in the toxin samples were esterified
and the derivatives characterised by GC-MS. The resulting data were analysed for potential
applicability for provenance and geographic attribution purposes.
Keywords: ricin, fatty acids, esterification, chemical attribution
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Discovering the missing kink: Unsaturation as a sensitive marker for metabolic changes
in cancer
R.S.E. Young1, K.D. Tousignant2,, M.C. Sadowski2,, BL.J. Poad1, S.J. Blanksby1
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The composition and distribution of lipid molecules across plasma and organelle membranes are
critical determinants of cellular structure and function. Recent studies into a range of cancers
have linked alterations in the degree of unsaturation of the membrane lipid profile with the disease.
This correlation suggests significant alteration of membrane properties in cancer cells, and
profound changes to underlying lipid metabolism. While highlighting the potential importance of
desaturase and elongase enzyme activities in cancer, these studies are typically blind to the sites
of unsaturation in the acyl chains of membrane lipids. Such analytical limitations make it
impossible to link variation in lipid structure to specific enzymatic pathways and thus obscures
underlying metabolism in disease states. To overcome this limitation, we have deployed
advanced mass spectrometric methods to more fully elucidate lipid molecular structure and
resolve isomeric contributions.
In this study, lipids were extracted from prostate cancer cell lines and the sites of unsaturation
within representative complex lipids were explicitly assigned using ozone-induced dissociation
(OzID) on a high-resolution mass spectrometer. This analysis has revealed that unsaturated lipids
are comprised of multiple lipid isomers differing in acyl chain combinations, as well as, the site(s)
of unsaturation. In many instances more than 10 distinct isomers were found to contribute to a
single sum composition lipid assignment.
Significantly, OzID data demonstrated that the fractional isomer distribution varied dramatically
between different cell lines. Given the relationship between specific desaturase and elongase
enzymes and sites of unsaturation in the resulting lipids, a change in double bond isomer
proportions can be explicitly mapped back to activity or expressional changes within the cell. Here
we have used this bottom-up approach to directly compare fractional isomer distributions with
transcriptomics data from relevant enzymes to reveal new insights into the mechanisms of lipid
synthesis and modification in cancer.
Keywords: ozone-induced dissociation, double-bonds, lipids, enzymes, metabolism
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High-throughput UHPLC-MS/MS method for quantitative analysis of fat-soluble vitamers in
plasma.
G. P. R. Arachchige1, E.B. Thorstensen1, M. Coe1, S. Andraos1,M. Wake2, J. O’Sullivan1, E. J.
McKenzie1
1

2
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Fat-soluble vitamers (FSV) are a part of a large family of biochemically diverse micronutrients, with
fundamentally different biological functions. FSV play key physiological roles in the human body in
development, growth, metabolism and cell regulation. A lack or excess of FSV is associated with
major health risks including diabetes and coronary heart disease. Therefore, it is essential to be able
to measure FSV’s accurately in serum, plasma and other biological fluids.
Circulating concentrations of FSV are influenced by a number of factors including micronutrient
bioavailability, body composition, dietary intake and supplementation and disease status. However,
in clinical and epidemiological studies, limited quantities of sample are available. Mass Spectrometry
represents a sensitive analytical technique capable of measuring several analytes simultaneously
and has a wide dynamic range. However, development of an assay for all of the FSV has proven to
be problematic due to their chemical diversity.
In recent years, several methods have been developed for the identification and quantification of a
few select FSV, including liquid chromatography - tandem mass spectrometry (LC/MS/MS) and a
variety of immunoassays. However, published methods are currently restricted to just a few target
analytes, have long analysis times and require large sample volumes.
In the present study, we will describe a high-throughput method using (UHPLC-MS/MS) for
quantification of over 10 FSV in human plasma. Our approach combines techniques from
metabolomics with robotic-based sample preparation and traditional targeted analysis to enable
large-scale high-throughput analysis of a wide range of fat soluble vitamers.
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LC-MS/MS as a tool to study polyamine flux
S. Auriola, M. R. Häkkinen, J.Vepsäläinen, T. Keinänen1
1

School of Pharmacy, University of Eastern Finland, Finland
E-mail: seppo.auriola@uef.fi

Polyamines play important roles in cell growth, proliferation, and differentiation. Putrescine,
spermidine and spermine are the most common in mammalian cells, and they can exist as free or
conjugated forms. In human urine they are mainly excreted as their acetylated forms. The transition
of cells from a healthy state to malignancy is characterized by increased cellular proliferation. This is
related to increased cellular polyamine concentrations, and thus polyamines can be considered as
interesting biochemical markers of cancer and other pathophysiological conditions. Their
concentrations in human fluids become normalized in cancer patients receiving curative treatments
and conversely these levels can further increase in patients who experience tumor relapses and
metastasis.
We have developed and validated a LC-MS/MS method to analyze simultaneously free (DAP, PUT,
CAD, SPD, SPM) monoacetylated (AcPUT, AcCAD, N(1)AcSPD, N(8)AcSPD, N(1)AcSPM) and
diacetylated (DiAcPUT, DiAcCAD, DiAcSPD, DiAcSPM) polyamines in biological samples, without
the need for derivatization. The LC separation is based on the use of heptafluorobutyric acid (HFBA)
as an ion pairing reagent, and post column addition of propionic acid to decrease the ion suppression
of the electrospray signal.
To study the polyamine flux in detail, the LC-MS/MS method was used to follow the label
incorporation from the 13C and 15N –labelled polyamine precursors, arginine, methionine, and
ornithine, to labeled polyamines. The LC-MS/MS method was successfully applied for measurement
of polyamine metabolism without the use of radiolabeled compounds. The method enables
separation of various polyamine analogues and quantitation of the single and double labeled
polyamines separately. With the method, the functional time frame of label incorporation could be
studied, as de novo synthesis rates of polyamines could be monitored until the plateau phase in the
intracellular label accumulation was reached.
Keywords: Polyamines, LCMS, electrospray, flux
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Preconcentration of Volatile Organic Cancer Biomarkers using Metal Organic
Frameworks for High-Performance Analysis by Mass Spectrometry
M. J. Baker1, F. Lisi1, K. Liang2, L. Gloag1, J. J. Gooding1,3, W. A. Donald1
1

School of Chemistry and the Australian Centre for Nanomedicine, University of New South
Wales, Australia
2
School of Chemical Engineering, University of New South Wales, Sydney, Australia
3
ARC Centre for Excellence in Convergent Bio-Nano Science and Technology, University of
New South Wales, Australia
E-mail: merryn.baker@unsw.edu.au
Recently, mass spectrometry has been used to discover that the presence of cancer in the
body affects the concentration and type of volatile organic biomarkers in the breath, and that
the chemical analysis of breath may potentially be useful for early diagnosis. However, in the
breath of patients with early stage cancers, such volatile compounds exist at exceedingly low
concentrations, and therefore highly accurate and ultrasensitive methods are required for
confident diagnosis and early stage detection. Current preconcentration methods are limited
by partially selective adsorption and low sample capacities. Moreover, the primary mass
spectrometry methods used in the analysis of cancer-related volatile biomarkers require long
sample pre-separation times, and molecular ionization is inefficient. This work describes the
proof of concept for the use of metal organic frameworks (MOFs) as efficient adsorbent
materials for volatile cancer biomarkers. An analytical platform that integrates MOFs to
preconcentrate volatile organic compounds and a hydrazide derivatisation reaction to convert
aldehydes and ketones to fixed-charge quaternary ammonium ions for rapid and sensitive
detection by electrospray ionization mass spectrometry was developed and optimised. A total
of 12 MOFs were synthesized following literature procedures and characterized via powder
X-ray diffraction and nitrogen physisorption experiments. Of these, UiO-66 was determined to
be the most effective MOF for the preconcentration of a mixture of aldehyde and ketone
biomarkers. For example, using this method, a signal-to-noise ratio of more than 200 can be
obtained for this biomarker at a concentration of ca. 300 ppm by volume in a gaseous sample,
which indicates that detection limits of ppb and sub-ppb using this analytical platform in the
future is possible. It is expected that MOFs will become a widely used preconcentration
method for mass spectrometry due to their high surface areas and extensive chemical
tunability.
Keywords: MOFs, cancer, biomarker, mass spec, ultra-sensitive
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A search for predictive biomarkers of ovine pre-partum vaginal prolapse
Stuart Brown, Gillian Norris
Massey University, New Zealand
E-mail: g.norris@massey.ac.nz
Ovine pre-partum vaginal prolapse (known as bearings in sheep) occurs within a few weeks
prior to lambing and unless treated both ewes and unborn lambs will die. Rates of prolapse in
New Zealand vary from 0.1 to 5% per annum, varying between season and farms. It is a
worldwide problem which also affects the 70 million Australian sheep population. Much
research has been undertaken over many years to determine the cause of this condition but
no clear etiology has emerged [1]. In this study plasma samples were collected prior to
prolapse occurring. An improved method for running sheep plasma on 2D gels was developed
resulting in improved spot resolution along with a lower coefficient of variation for spot volume
[2]. Using this improved method samples were subjected to 2D DIGE (differential in gel
electrophoresis) to determine if there were differences between the protein profiles of ewes
that were about to prolapse and control ewes. Results show only a few differences between
controls and pre-prolapse samples. One of these washaptoglobin, a major acute phase protein
in ruminants, in which some isoforms were upregulated prior to prolapse occurring. The
haptoglobin isoform spot volumes were added together to calculate a global haptoglobin
response and a haptoglobin assay was then used on the same samples which correlated well
with the global haptoglobin gel data. Another finding was that alpha-1B-glycoprotein was down
regulated close to prolapse. It also was found that ewes closest to prolapse had increased
plasma cortisol concentrations compared to controls. Field observations indicate that ewes
can prolapse whilst standing, which should not be possible if they are relaxed, due to negative
intraabdominal pressure [3]. Together these observations raise the question “could prolapse
be caused by heightened anxiety?” This question and the biochemical analyses will be
discussed.
1.
2.
3.

Jackson, R., et al., Epidemiology of vaginal prolapse in mixed-age ewes in New
Zealand. New Zealand Veterinary Journal, 2014. 62(6): p. 328-337.
Brown, S. and G. Norris, Improved consistency in 2D gel electrophoresis: Sheep
plasma as a test case. Electrophoresis, 2017. 38(6): p. 906-913.
McLean, J.W. and J.H. Claxton, Vaginal Prolapse in Ewes, Part VII: The measurement
and effect of intra-abdominal pressure. The New Zealand Veterinary Journal, 1960.
8(3): p. 51-61.
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Supercharged top-down H/D exchange mass spectrometry using theta capillary
nanoelectrospray ionisation for protein structure elucidation
S. Brown, V. Chan, W.A. Donald
School of Chemistry, University of New South Wales, Australia
E-mail: susannah.brown@unsw.edu.au
Drug discovery productivity is rapidly declining. A large cost sink is in clinical trials in which
40% of new molecular entities (NME) fail owing to unwanted side effects in patients due to
unpredicted NME-protein interactions. Hence, a more complete characterisation of NMEprotein binding sites is required. Hydrogen-deuterium exchange (HDX) mass spectrometry
(MS) can be used to probe ligand-protein binding. HDX-MS is typically coupled to bottom-up
methods. Bottom-up HDX-MS can be limited by low accuracy due to (i) incomplete quenching
of HDX before LC-MS peptide separation, and (ii) back-exchange of D-atoms for atmospheric
H-atoms. It is also yields low resolution (peptide level, 5-20 amino acids) data since proteins
undergo peptide digestion.
Here we use HDX-MS coupled to top-down methods to improve the accuracy and resolution
of measured HDX rates by eliminating the limiting steps in bottom-up methods. Ubiquitin (8.6
kDa) is fully-deuterated by 24-hr D2O incubation then diluted into H2O to initiate HDX. HDX is
monitored in real time by native electrospray ionization (ESI) FTICR-MS and electron capture
dissociation (ECD). Protein ions formed from native solutions don’t readily fragment by ECD
so we employ theta capillary nano-ESI emitters (emitters divided into two barrels by a septum)
to rapidly mix protein and denaturing solutions (μs) before MS detection. As amide HDX
occurs in seconds to hours, no HDX information is lost during protein denaturing. The
supercharging additive hexylene carbonate is added to further increase protein ion charging
and ECD efficiency. We form protein ions from theta capillaries in similar charge states to
those formed from denaturing solutions (e.g., [ubiquitin, 13H]13+). Using theta capillaries, we
track HDX of ubiquitin sequence ions by ECD, representing 85% sequence coverage, which
is equivalent to 1.2 amino acid residue resolution of HDX rates. This shows promise for protein
structure elucidation and application to localizing ligand-protein binding sites.
Keywords: HDX-MS, supercharging, ligand-protein binding, drug discovery, native protein
mass spectrometry
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Enhanced Metabolite Identification Using
Orbitrap Tribrid Mass Spectrometer ID-X and AcquireX Workflow
Kate Comstock1, Shuguang Ma, 2Seema Sharma1, Caroline Ding1
1

Thermo Fisher Scientific, San Jose, CA, USA
Genentech, DNA way, South San Francisco, CA, USA

2

Introduction
High resolution mass spectrometry (HRMS) is an essential tool for metabolite identification.
HRMS with sophisticated data acquisition features can provide the critical information for
metabolite structure elucidation and alleviate the difficulties of matrix complexity.
Here we present a study for metabolite ID using Orbitrap Tribrid MS with AcquireX automate
data acquisition workflow, which include automatic background ions subtraction,
inclusion/exclusion lists generation, and real-time decision-making to optimize MSn data
acquisition quality and speed.
The data was processed using software “Compound Discoverer C.0” and “Mass Frontier 8.0”.
Experiments
Amprenavir, Bosentan, Lopinavir, and Ritonavir were selected as model compounds. The
compounds, at concentration of (5 µM), were incubated with human liver microsomes (HLM)
in the presence of GSH and UDPGA. Incubations without drug or without NADPH were chosen
purposely to test the background subtraction feature.
The LCMS analyses were performed on Vanquish Flex Binary UPLC system with DAD
detector coupled to an Orbitrap Tribrid Mass Spectrometer.
High resolution full scan and MSn data were collected in a data-dependent analysis (DDA) and
AcquireX automate workflow with automatic background exclusion.
Preliminary Data
These HIV drugs were selected because of their extensive metabolism. Using the Orbitrap
Tribrid Mass Spectrometer AcquireX acquisition workflow: the automatic background
subtraction, inclusion/exclusion list generation, and real-time decision-making optimization of
MSn spectra acquisition, the MS provides a wealth of information for metabolite identification.
The automatic background subtraction feature is especially useful for identification of
metabolites present in a complicated biologic matrix.
By using the high quality MS/MS fragments to further trigger the MSn acquisition significantly
improved MSn data quality. The multi-stage MS/MS (MSn) information was essential for
confident metabolite structure elucidation.
Thermo software “Compound Discoverer 3.0” (CD 3.0) and “Mass Frontier 8.0” were used for
data processing. The unique features of CD 3.0 greatly facilitated confident metabolites ID
and structure elucidation.
Keywords: AcquireX automate accusation workflow, Automatic background exclusion,
Multistage MSn , HCD/CID , Compound Discoverer software
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Optimised Desorption Electrospray Ionisation Mass Spectrometry Imaging (DESI-MSI)
method for the analysis of proteins/peptides directly from tissue sections
Mark Towers1, Tyren M Dodgen2 and Emmanuelle Claude1
1

Waters Corporation, Wilmslow, United Kingdom
2
Waters Corporation, Rydalmere, Australia
E-mail: tyren_dodgen@waters.com

Desorption electrospray ionisation mass spectrometry imaging (DESI-MSI) is typically known
for the mapping of small molecules such as lipids, directly from tissue sections. Whilst the
detection of spotted protein standards from target plates has previously been shown, the
detection of large biomolecules directly from tissue sections has presented difficulty. Here we
describe a newly developed method combining a series of optimized parameters and
conditions which allow the extraction of large biomolecules from the tissue in droplet form.
All experiments were carried out on a SYNAPT HDMS G2-Si Q-ToF with a Prosolia2D DESI
stage. A modified spray head assembly and inlet capillary with a heated sheath connected to
an adjustable power supply were used to generate variable heating. Optimisations were
performed assessing tissue pre-treatment, spray solvent flow rate, nebulising gas pressure
and solvent composition.
The heated inlet capillary provided enhanced ionisation of proteins and peptides from tissue.
The heated inlet allowed further optimisation in terms of sprayer inlet geometry, solvent
composition, nebulising gas pressure and solvent flow rate. The additional orthogonal
separation of ion mobility was essential to observe the most abundant charge series in the
highly complex data set. Within the rat liver DESI MSI data, the most abundant charge series
observed were those belonging to Haemoglobin with charge states from 9+ to 21+ observed.
Extraction of the trend-lines via the Driftscope software package and subsequent use of the
maximum entropy 1 algorithm allowed a putative assignment of four Haemoglobin subunits:
Alpha -1 and Alpha-2 (with an aspartic acid substituted with alanine), Beta 1 and Beta 1 with
serine substituted with threonine. For the other tissue types, additional charge series putatively
assigned to fatty acid binding protein, heat shock protein and cytochrome c oxidase subunit
for human liver tissue section and myelin basic protein for brain tissue were observed.
Keywords: Imaging, DESI, Tissue, Protein profiling
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Chemotyping of Medicinal Cannabis Phytocannabinoids
A. Elkins1, S. Rochfort1,2, D. Vincent1, V. Ezernieks1 and G. Spangenberg1,2.
1

Agriculture Research Victoria, AgriBio, Centre for AgriBioscience, Bundoora, VIC, 3083,
Australia.
2
School of Applied Systems Biology, La Trobe University, Bundoora, VIC, 3083, Australia.
E-mail: aaron.elkins@ecodev.vic.gov.au
Cannabis is an herbaceous flowering plant of the Cannabis genus (Rosale) that has been
used for thousands of years to treat a wide range of medical conditions. Despite the illicit
status of cannabis, the social push for the therapeutic use of cannabis extracts has steadily
increased over recent years resulting in legislation legalising the cultivation of cannabis for
medicinal use. This has opened the field of medicinal cannabis research. The biochemistry of
cannabis is complex including phytocannabinoids, terpenes and phenolics. Each of these
classes have biologically active compounds that contribute to the medical efficacy of cannabis.
The most abundant of these classes are the phytocannabinoids derived from the glandular
trichomes of the flowering heads of the female plant. We have undertaken the targeted and
untargeted chemotypic analysis of 70 diverse cannabis strains using liquid chromatography
mass spectrometry (LCMS) to characterise the major and minor cannabinoids. Multivariate
hierarchical clustering has been employed to assess similarities and differences between the
strains. This provides an opportunity to target strains with specific chemotypic profiles to be
used in the treatment of specific medical conditions.
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Development of A Liquid Chromatography-Tandem Mass Spectrometry Method for
the Simultaneous Determination of the Three Different Pharmaceuticals in Aqueous
Environments
Farzaneh Feizi1, Ajit Sarmah1
1

Department of Civil and Environmental Engineering, University of Auckland, Auckland, New
Zealand
E-mail: ffei190@aucklanduni.ac.nz

A new and accurate multi-residue analytical method was developed and validated for the
determination of Ciprofloxacin, a broad-spectrum antibiotic, Propranolol, one of the most
common beta-blockers detected in water bodies, and Clomipramine, which is among the most
widely
prescribed
antidepressants,
in
synthetic
wastewater
using
liquid
chromatography/tandem mass spectrometry (LC/MS–MS). Simultaneous detection and
identification of these three organic compounds in environmental samples have not been
studied to date. The analytes were determined in the positive mode electrospray ionisation
(ESI). These pharmaceuticals were analysed using a C18 column (100 × 2.1 mm, particle size
3.5 μm). Ultra-pure water acidified with 0.1 % volume of formic acid and 100% methanol were
used as mobile phases, at a flow rate of 0.2 mL min−1 and a temperature of 40 °C. Sample
injection volume was set at 1 μL and retention times were 5.77, 6.97 and 7.79 minutes for
Ciprofloxacin, Propranolol and Clomipramine, respectively. Optimised collision energy for
Ciprofloxacin’s daughter compounds was -19 and -35 eV, for Propranolol’s daughter
compounds was -17 and -18 eV, and for Clomipramine’s daughter compounds was -40 and 21 eV. This new analytical methodology can be used for the further research on the fate,
occurrence and distribution of these pharmaceuticals in aqueous environmental matrices.
Keywords: Ciprofloxacin, Propranolol, Clomipramine, Liquid Chromatography/Tandem Mass
Spectrometry
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Detection of bioactive peptides in milk and yogurt during gastrointestinal ingestion
J. Gathercole1, H.T.H Nguyen2, L. Day3, J.E. Dalziel4,5
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3
Food & Fibre Sector, AgResearch, New Zealand
4
Food Nutrition & Health Team, Food & Bio-Based Products Group, AgResearch, New
Zealand
5
Riddet Institute, Massey University, New Zealand
E-mail: jessica.gathercole@agresearch.co.nz
Dairy products are a source of nutrition throughout the world and are a quality source of protein
because they provide essential amino acids and bioactive peptides. A large contribution of
dairy products worldwide comes from cows, sheep and goats. Dairy can be sold as many
different products including cheese, yogurt and milk. Each product has unique characteristics
that can improve its nutritional value. Fermentation, e.g. yogurt production, may affect the
bioavailability of the bioactive peptides. This investigation evaluated differences in the peptide
products during simulated gastrointestinal digestion between milk and yogurt from cow, goat
and sheep milk. Simulated gastrointestinal digestion was completed according to the Infogest
consensus protocol. Samples were taken at 0 min, 10 min and 120 min gastric and 10 and
120 min intestinal digestion. The peptides were isolated using a 3 kDa filter and analysed with
label-free LC-MS (Dionex Ultimate 3000, Thermo Scientific, connected via CaptiveSpray to a
Q-TOF, Impact II, Bruker Daltonics). Differing compounds between yogurt and milk in the
same species were analysed further using scheduled precursor lists with LC-MS/MS for
identification. We found that limited proteolysis occurred during the yogurt fermentation
process. Many compounds were found to be more abundant in the yogurt samples than in
their milk counterparts suggesting that during fermentation in yogurt production, proteins
unfold to provide more available sites for enzyme cleavage without extensive proteolysis. To
predict bioactivity, the identified peptides were compared to a list of 37,044 unique bioactive
peptides using in-house developed software. Similar trends between yogurt and milk were
observed in all milk types. The majority of bioactive peptides observed in all of the species
were antihypertensive which were higher in yogurt. This work suggests that some of the health
benefits (such as reduction in hypertension) of milk are improved with fermentation in milk
from these species.
Keywords: Dairy, simulated gastrointestinal digestion, bioactive peptides, label-free analysis,
fermentation.
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A High Throughput Single Platform for High Throughput Quantitative MultiOmic
Studies
Dr Lee Gethings1,
1

Waters Corporation,

A high throughput targeted UPLC-MS/MS single platform, employing a reversed-phase
gradient separation, has been developed for the quantification/monitoring of small molecule
metabolites, lipids and peptides. The platform employs a single LC column and mobile phase
combination which allows the analysis of multiple analyte classes with either positive or
negative ion MRM detection.
The use of metabolic profiling (metabonomics/metabolomics) to discover biomarkers of
organismal response to environmental and physiological change is now widespread. In
biomedical applications metabolic profiling is being deployed as a method for finding novel,
mechanistic, biomarkers of disease with obvious potential for improving diagnosis, and patient
stratification. Hypothesis driven metabolomics delivers detailed qualitative and quantitative
analysis on specific pathways or classes of metabolites, allowing researchers to analyse the
effects of disease or treatments in greater detail.
These targeted assays usually employ “bespoke” methods which are optimized for each
pathway or metabolic class making multiplexing assays difficult. We have developed a single
analytical LC-MS/MS platform which is rapid, simple and reliable. The methodology employs
a single LC column / mobile-phase combination which facilitate bile acids, biogenic amine,
free fatty acids, acyl carnitines, lipids and 100 protein panel. This single platform approach
has been employed for the analysis of plasma from a liver cancer study, showing excellent
throughput and sensitivity.
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Glycopeptide Fragmentation Optimization and Quantitation by Multi Collision Energy
Ramp Scanning Quadrupole Data Independent Acquisition
Dr Lee Gethings1, Dr YiJu Chen2, Prof YuJu Chen2, Dr Robert Plumb3, Dr Johannes Vissers1
1

Waters Corporation, 2Academia Sinica, 3Waters Corporation

Data-independent acquisition (DIA) approaches have gained increasing popularity due to their
high reproducibility. Both targeted and discovery workflows are now routinely used as they
can provide both qualitative and quantitative information in a single experiment. Here, we
describe and evaluate a novel DIA acquisition method, termed scanning quadrupole DIA,
whereby the resolving quadrupole of a high-resolution benchtop Q-TOF instrument is
repetitively scanned using overlapping precursor m/z windows to enable both high sensitivity
and reproducible acquisition of all fragment ions.
LC-MS data were collected in a modified data independent mode of acquisition using
continuous quadrupole scanning between m/z 800 to 1600. oa-TOF mass spectra were
recorded for each quadrupole position and stored into 200 discrete bins. Three alternating
data functions (modes) were acquired: in the low energy MS1 mode, data were collected at
6eV collision energy without quadrupole scanning. In two separate elevated energy MS2
modes, the collision energy was ramped from 12 to 23 eV and from 27 to 50 eV. The spectral
acquisition times were between 0.1 s and 0.5 s for each mode.
Assessment of the raw data shows that implementation of the hybrid mode of acquisition
results in improved fragmentation when compared with data collected using a single collision
energy ramp. For each raw data file, in case of untargeted, library-independent searches, two
processed peak list files were generated from the individual high-energy CID MS2 data
streams. . In-solution digest from tryptic haptoglobulin (HP), a defense response regulator,
was used as a model system for method development. Immunoaffinity and HILIC glycopeptide
HP enriched plasma sample from three human lung cancer cell lines were contrasted in terms
of their relative quantitative glycopeptide profiles. Over 30 potential different glycan structures
were characterized, with a significant number showing over expression for cell lines resulting
from patients with non-small cell carcinomas.
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Rapid Qualitative and Absolute Quantification of Plasma based proteins using a Novel
Scanning Quadrupole DIA Acquisition Method
Dr Christopher Hughes1, Dr Lee Gethings1, Dr Robert Plumb1
1

Waters Corporation

Quantitative proteomics often incorporates the use of stable isotope labels (SILs) to provide
absolute quantification. Recent advancements have seen the introduction of peptide panels
allowing the quantification of over 500 proteins in plasma sample sets. However, this is
technically challenging when attempting to acquire the data using more traditional MS
acquisition modes such as multiple reaction monitoring (MRM), since the duty cycle of the
instrument is compromised and therefore results in under sampling. An alternative approach
is to apply a data independent analysis (DIA) methodology, allowing for high throughput whilst
also ensuring high rates of data acquisition and specificity. Here we describe the use of a kit
consisting of SIL’s capable of quantifying >500 plasma-based proteins in conjunction with a
novel scanning quadrupole DIA acquisition schema in order to quantify proteins of interest for
patient cohorts diagnosed with respiratory disorders.
Undepleted human plasma originating from controls and patients diagnosed with chronic
obstructive pulmonary disorder (COPD) and asthma were reduced, alkylated and tryptically
digested overnight. Prior to LC-MS analysis, samples for their individual groups were pooled
and spiked with PQ500 SIL peptides (Biognosys). In all cases, samples were separated using
various LC gradients (15, 30 and 60 minutes). MS data were acquired using SONAR, whereby
the quadrupole (MS1) was continuously scanned between m/z 400-900 using a quadrupole
transmission width of approximately 20 Da, whilst the TOF scanned between m/z 50-2000. In
all cases, precursor and product ion information were collected. The LC-MS data were
processed with Spectronaut Pulsar X (Biognosys AG and Progenesis QI for Proteomics (Nonlinear Dynamics). Multivariate statistical analysis showed distinct differences between all three
cohorts and proteins corresponding to 86% of the spectral library were quantified. CV’s for
each group were all found to be <5% in all cases and was maintained across all gradient
lengths.
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LipidQuan -Targeted Lipid Profiling solution
Dr Nyasha Munjoma1, Dr Giorgis Isaac2, Dr Lee Gethings1, Dr Robert Plumb1
1

Waters Corporation

Lipid metabolism is complex and involves a large number of metabolic reactions resulting in
an enormous number and variety of actual lipid entities within living cells. LIPID MAPS
(http://www.lipidmaps.org/) currently stores more than 40000 lipid structures. The situation is
further complicated by the wide dynamic range of lipid concentrations which can vary by 106
or more (from nanomolar fatty acids to attomolar eicosanoid lipid mediators). The level of
precision of most systems-wide measurements is not yet sufficient to detail specific levels or
concentrations of cellular components.
In order to compare lipidomic data across laboratories absolute quantitative data must be used
since relative values can vary widely not only between laboratories but also between
instruments due on various factors including analyst errors, sample preparation method
differences (e.g. extraction methods) and ion suppression effects when using ESI MS etc.
The lack of accurate characterisation of the lipid species also severely hinders interpretation
of disruptions to the lipid metabolism associated with disease and physiological states.
The proposed platform is an integrated high throughput analytical tool for accurate and robust
measurement (>1500 injections) of a carefully selected set of lipid species (~currently 500)
from sample preparation through to data handling and pathway elucidation. The platform can
also be used for more in depth targeting of specific class of lipids of interest. Validation of the
chromatographic method will be performed at multiple sites (Wilmslow, Beverly and Duke
University) by different analysts to show robustness and ease of method transfer. A rapid total
lipid extraction method (IPA) and a MTBE extraction protocol for plasma are under
development and show promise. This will grant researchers more flexibility depending on their
specific needs and requirements.
The calibration, system suitability and QC standards used in this platform will be sourced premixed from commercial vendors (Avanti Lipids). SymphonyTM Software will be used to
automate the entire workflow and integrated with Skyline (MacCoss Lab Software
(https://skyline.ms/project/home/begin.view) for data processing to enhance efficiency and
flexibility. Once quantitative data has been generated and processed, pathway mapping tools
and discovery tools by XCMS/METLIN can also be confidently applied to determine biological
relevance of changes in concentration and make data comparisons between laboratories.
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Age-related spatial differences of human lens UV filters revealed by negative ion
mode MALDI imaging mass spectrometry
A.C. Grey1, N.J. Demarais2, P.J. Donaldson1
1
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2

E-mail: ac.grey@auckland.ac.nz
The eye is a highly specialised organ that allows our brain to receive light input and interpret
it as our visual sense. The main components of the eye are the cornea, the lens and the retina.
The lens not only acts as a focusing element for high visual acuity, but also as a protective
element for the retina by containing an array of small molecule UV filters. This study aimed to
map the spatial distributions of tryptophan-derived UV filters in human lenses and assess age
related changes in their location and relative abundance.
Frozen human lenses were cryosectioned axially, and the 20um-thick sections mounted on
conductive carbon tape. An even coat of MALDI matrix was applied via robotic sprayer, and
the sections of each age then analysed simultaneously at 150um spatial resolution using
negative ion mode MALDI-FT-ICR imaging mass spectrometry. Molecular images of detected
UV filters were plotted and their relative abundances compared by lens region. A colocalisation analysis was performed to identify other mass spectral signals associated with UV
filter distributions.
While signal for many UV filters was detected throughout the lenses, signal intensity was
generally highest in the central (embryonic) nucleus and decreased uniformly in outer (foetal,
juvenile, adult) nuclear and cortical regions, and many UV filter signals declined with age. In
contrast, two antioxidant-conjugated UV filters (Cys-3-OHKG and GSH-3-OHKG) were
restricted to the lens nucleus and their relative signal increased with increasing lens age. The
presence of Cys-3-OHKG and GSH-3-OHKG was associated with increased ceramide
localisation in the lens nucleus.
The enhanced spatial resolution and multiplex capability of MALDI imaging allowed the spatial
relationships between lens UV filters to be established, explored, and compared to lens lipid
distributions that also changed with increasing age. Together these results confirmed that the
complement of UV filters in each lens is dynamic and undergoes significant age-related
changes.
Keywords: MALDI imaging, lens, UV filter, aging
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Analysis of PFAAs in Water using Differential Mobility Spectrometry-Mass
Spectrometry
K.C. Hyland1, Matthew Noestheden 2, Simon Roberts,1 Christopher P. Higgins 3
1
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2
SUPRA Canada
3
Environmental Science and Engineering, Colorado School of Mines, Golden, CO USA
E-mail: kc.hyland@sciex.com
The analysis of perfluoroalkyl substances (PFAS) continues to be a topic of significant interest
to testing labs and regulatory agencies. Industrial and regulatory trends have precipitated a
push toward the analysis of smaller chain PFAS, as they may represent an important group
of perfluorinated contaminants in aqueous environments (e.g., groundwater or reclaimed
water). However, short chain PFAS may also be the most analytically challenging, as they
are poorly retained under the reverse-phase chromatographic conditions typically used for
such analyses. This work approaches the challenge of rapid, routine analysis of short- and
mid-chain PFAS (C3 – C10) using differential mobility spectrometry-mass spectrometry (DMSMS) to achieve selective and sensitive quantitation of PFAA congeners. The quantitation of
PFAS in infused aqueous samples has been achieved using sample run times of less than
two minutes. Data from a variety of environmental samples will be presented demonstrating
the utility of this approach as both a screening and routine quantitative analytical method.
Keywords: PFAS, Ion mobility, SelexION, DMS-MS, PFOS, PFOA
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GC-MS/MS measurement of phytosterols in human brain regions reveals lower levels
in neurodegenerative disease
F. Kreilaus 1, A.S. Spiro2, C.E. Shepherd 3, J.J. Kril4, C. McLean5, B. Garner6, A. Jenner7
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Disciplines of Medicine and Pathology, Sydney Medical School, University of Sydney,
Sydney, NSW 2006, Australia
5
Department of Anatomical Pathology, Alfred Hospital, Howard Florey Institute of
Neurosciences and Mental Health, Melbourne, Victoria 3004, Australia
6
Illawarra Health and Medical Research Institute and School of Biological sciences,
University of Wollongong, Wollongong, NSW 2522, Australia
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Bioanalytical Mass Spectrometry Facility, Mark Wainwright Analytical Centre, University of
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Email: andrew.jenner@unsw.edu.au
Phytosterols (PS) are synthesised by plants and have a very similar chemical structure to
cholesterol. PS are absorbed from diet, incorporated into lipoproteins and trafficked to human
tissue along with other lipids. Since PS also inhibit cholesterol intestinal uptake and reduce
serum LDL cholesterol, dietary PS supplementation is now widely recommended to reduce
the risk of cardiovascular disease. Cholesterol is an important and highly abundant lipid in the
brain, but there is no transport across the blood brain barrier. Its synthesis and metabolism in
the brain is tightly regulated to maintain normal neurological function, but sterol pathways are
disturbed in multiple neurodegenerative diseases. To examine the significance of PS on
mental health and brain lipid, we further developed our targeted sterol GC-MS/MS
methodology to measure a range of PS and other phytolipids. Lipid was extracted from
different regions of post mortem human brain, collected by the Australian Brain Bank Network.
After solid phase extraction, the sterol fraction was derivatised, analysed by an Agilent GCtriple quadrupole and then quantified using heavy isotope dilution. Major dietary PS were
measured in all brain regions in the range 0.3 – 10 ng/mg tissue and each region had a similar
relative PS distribution (campesterol> β sitosterol> brassicasterol > stigmasterol).
Furthermore, different PS were significantly reduced in Alzheimer’s disease [hippocampus
and cerebellum] and Huntington’s disease [striatum, cortex and cerebellum] compared to age
matched controls. The variety of PS distributed in the human brain demonstrates that PS can
cross the brain barrier. Lower PS levels in neurodegenerative brain, suggest that PS may be
biomarkers of neuropathology. These neurodegenerative PS changes accompany brain
region disturbances in endogenous cholesterol synthetic and metabolic pathways that we
have previously detected. Evidence is now accumulating that PS can influence a variety of
mechanisms that may influence human health.
Keywords: Phytosterols, brain, neurodegeration, cholesterol, GC-MS
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Surface-Selective Biochip for the Chemical Analysis of Single Cells by MALDI-TOF MS
L. Jiang1, F. Lisi1, L. E. Jeffress1, S. G. Parker1, J. Lian1, L. Carter1, J. J. Gooding1, W. A.
Donald1
1

Australian Centre for NanoMedicine and School of Chemistry, University of New South
Wales, Australia
E-mail: w.donald@unsw.edu.au

Single-cell analysis is used to study cell-to-cell variation in large cell populations of multicellular organisms, tissues, and cell cultures. Matrix-assisted laser desorption-ionization timeof-flight (MALDI-TOF) mass spectrometry (MS) presents a promising platform for single cell
analysis owing to its ability to rapidly detect 10s to 100s of molecules nearly simultaneously
from a single cell. Current single-cell MALDI MS techniques require all cells in a mixture to be
diluted and dispersed onto a target plate. Thus, it is challenging to analyse ‘rare’ but important
cells (e.g. circulating tumour cells) that are present at exceedingly low concentrations (e.g.
one in a billion). Here, the surface of a transparent indium-tin oxide coated borosilicate
microscope slide is modified with an antifouling layer, and ‘decorated’ with surfaceimmobilised anti-EpCAM antibodies. In this way, model circulating tumor cells (MCF-7 cells)
that overexpress EpCAM at the cell surface can be immuno-selectively captured from a
complex sample mixture and then directly analysed by MALDI-TOF MS. This new method will
reduce the sample preparation steps required to perform MALDI-TOF MS on rare single cells,
and provide a platform for examining the molecular heterogeneity between single cells in a
sub-population of diseased cells.
Keywords: single cell analysis, matrix-assisted laser desorption-ionization time-of-flight
(MALDI-TOF), immunocapture
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Quantitative mass spectrometry of lipoprotein-associated proteins using AQUA and
SWATH-MS
T. Kleffmann1, A. von Zychlinski2
1
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2
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E-mail: torsten.kleffmann@otago.ac.nz

An imbalance in the plasma levels of lipoproteins such as HDL, LDL, VLDL and Lp(a) as well
as certain lipoprotein-associated proteins are risk factor for developing cardiovascular
disease. The protein complement of lipoproteins determines lipoprotein function with respect
to lipid metabolism as well as redox, inflammatory and prothrombotic properties.
We used absolute quantification (AQUA) of proteins by mass spectrometry and data
independent acquisition-MS (SWATH-MS) to i) elucidate the stoichiometry of proteins
associated with different lipoprotein particles and ii) quantify the individual protein cargo of
lipoprotein(a) [Lp(a)] isolated from a cohort of 50 subjects. Using both approaches in
conjunction allowed us to estimate the intra and inter assay accuracy of relative protein
quantification by SWATH-MS between four individual experiments that were performed during
a period of two years.
In all experiments and for all targeted proteins the AQUA approach showed lower CV% of less
than 2% for high and <6% for low abundance proteins compared to an average CV% of 11%
for high and 50% for low abundance proteins measured by SWATH-MS. The relative
abundances measured by both approaches correlated well (R2>0.9) for individual experiments
but dropped down to R2=0.751 when all analyses were combined in one big experiment,
indicating stronger experiment to experiment variations in the SWATH-MS approach. Overall
both approaches showed the same trends of relative abundances of Lp(a) associated proteins
and identified significant differences in the composition of Lp(a) particles isolated from 50
subjects. Amongst those 50 Lp(a) samples we identified a group of subjects with high levels
of Lp(a)-associated histidine-rich glycoprotein (HRG). Those subjects also showed
significantly higher levels of known HRG-interactors that are involved in coagulation and
immune response. We hypothesise that Lp(a)-HRG interaction competes with HRGplasminogen promoted regulation of fibrinolysis at sites of atherosclerotic plaques, which
might explain some of Lp(a)’s prothrombotic and atherogenic properties.
Keywords: Proteomics, DIA, absolute quantification, Lipoproteins, Lp(a)
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Analysis of Lipid and Fatty Acid Isomers Using a Travelling Wave Cyclic Ion Mobility
Separator
Tyren Dodgen2, Michael McCullagh1, Martin Palmer1, Russell J Mortishire-Smith1, Johannes
PC Vissers1 and James I Langridge1
1
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2

E-mail: tyren_dodgen@waters.com
Data were collected on a research platform based upon a SYNAPT G2-Si instrument where
the standard T-Wave IM device has been replaced by the cyclic ion mobility (cIM) separator.
The cIM device has multiple benefits: the circular path minimises instrument footprint whilst
providing a longer, higher mobility resolution separation path; a multi-pass capability provides
significantly higher resolution over a reduced (selected) mobility range; the device can be
enabled for mobility separation or by-passed if not required and, the multifunctional ion
entry/exit array can selectively eject species within a range of mobilities, providing additional
functionality. The cIM device consists of a 100 cm path length RF ion guide comprising over
600 electrodes around which T-Waves circulate to provide mobility separation. MS and
tandem MS data were obtained on precursor and product ion separated lipids, respectively,
followed by TOF mass measurement.
Unsaturated free fatty acid (FA) standards, differing in chain length and number of cis/trans
conformations, were chosen to determine the degree of IM separation required to separate
lipid isomers. FAs represent the simplest class of lipid components, and are a core structural
component of each lipid categories. In all direct infusion cIM-MS measurements, FAs with cisdouble bond orientations, introduced as two component mixtures, were found to be more
compact than those with trans-orientations. Moreover, the cis- and trans-orientations for the
monounsaturated FA’s were distinguishable. A different number of cycles through the cIM
separator, thereby increasing the effective path length/resolution, were required to achieve a
similar degree of IM separation for mono unsaturated FAs of differing chain length.
Unsaturated FAs with two or more double bonds, separated by two mid-chain carbons, could
not be distinguished. The separation of other lipid classes by cIM will also be investigated and
presented.
Keywords: Lipids, FA’s, cyclic IMS, TOF MS
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Metal-organic framework solid-phase extraction liquid-chromatography mass
spectrometry for rapid and sensitive analysis of perfluoroalkyl substances in
environmental samples
H. Lee1, and W.A. Donald1
1

Department Chemistry, University of New South Wales, Australia
E-mail: peter.lee610@gmail.com

Per- and polyfluoroalkyl substances (PFASs) are anthropogenic compounds that are heavily
used in various industries owing to their unique physiochemical properties. PFASs are highly
chemical resistant and thermally stable as a result of their many strong carbon-fluorine bonds.
The increase in industrial use of PFASs globally has raised concerns for their adverse health
effects and environmental impact, which resulted in an international treaty on persistent
organic pollutants (POPs, Stockholm Convention, 2001) to declare a phase-out of POP’s. In
2009, perfluorooctane sulfonate was listed under Annex B (restricted use under special
circumstances) of the Stockholm Convention. Other well-known PFASs, perfluorooctanoic
acid (PFOA) and 6:2 fluorotelomer sulfonate, were also listed under review by the convention.
In the Donald group, metal organic frameworks (MOFs) were previously immobilised on
microneedles to fabricate solid-phase microextraction fibres for the rapid analysis of PFOA in
water samples by mass spectrometry. This approach has the advantages that it has low limits
of detection, is fast, and requires very small sample volumes compared to conventional
approaches. However, this analysis was conducted using custom instrumentation which is not
available in commercial analytical laboratories, and the sampling and direct ionization
procedure cannot be readily integrated into accredited methodologies for PFAS analysis.
Herein, we report the integration of MOFs as solid-phase extraction (SPE) materials in an
otherwise routine SPE and LC-MS method for the analysis of PFAS in water samples (EPA537
method). The conditions for PFOA extraction using MOFs was optimized, and this was applied
to over seven PFASs that have different per-fluoromethyl tail lengths and polar head groups.
Of three MOFs that were synthesised and tested against a commercially available reversed
phase SPE polymer (from EPA537), the use of one MOF increased PFAS ion abundances by
up to 15 times compared to the commercially available, and more expensive SPE polymer.
Keywords: PFAS, Extraction, SPE, MOFs, Mass spectrometry
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Adductomics: What are the potential sites of DNA attack by N-acetyl-p-benzoquinone
imine (NAPQI) and benzoquinone?
Siqi Li1, Michael G. Leeming1, Bun Chan2, Richard A.J. O’Hair1
1

School of Chemistry and Bio21 Institute of Molecular Science and Biotechnology, University
of Melbourne, Australia
2
Graduate School of Engineering, Nagasaki University, Japan
E-mail: siqil6@student.unimelb.edu.au; rohair@unimelb.edu.au

Metabolic bioactivation of small molecules can produce electrophilic metabolites such as
epoxides, quinones, and quinone imines that can covalently modify proteins and DNA.
Paracetamol is a commonly used over-the-counter analgesic, and its hepato- and nephrotoxic
effects are well known. The hepatotoxic side effects are postulated to be due to the formation
of electrophilic N-acetylbenzoquinone imine (NAPQI). Previous work in the group established
that NAPQI reacts to form covalent bonds to the side-chain functional groups of cysteine,
methionine, tyrosine and tryptophan residues. While there have been scattered reports that
APAP can form adducts with DNA and that benzoquinones can form covalent adducts with
the nucleobase sites DNA, the structures of these adducts have not yet been fully
characterised. A complete understanding of the types of adducts formed is vital in the
development of MS based “adductomics” protocols for biomarkers of DNA damage.
The four deoxynucleosides, deoxyguanosine (dG), deoxyadenosine (dA), deoxycytidine (dC)
and thymidine (T) were reacted with p-benzoquinone or NAPQI. Formation of adducts was
profiled using liquid chromatography-mass spectrometry with positive-ion mode electrospray
ionisation and collision-induced dissociation. Covalent adducts between electrophiles and
nucleosides were detected for dG and dC and MS/MS spectra revealed common neutral
losses of deoxyribose (116 amu) arising from cleavage of the glyosidic bond with formation of
the modified nucleobase. A mixture of four deoxynucleosides was reacted with pbenzoquinone or NAPQI to compare the reactive potential of deoxynucleosides. Of the four
deoxynucleosides, dC proved to be the most reactive, followed by dG. A pH dependence was
found, with different adducts being formed from dG at pH4.5 versus 7.5. The results of DFT
calculations aimed at understanding the mechanisms of formation of these adducts will be
described.
Keywords: adductomics NAPQI, p-benzoquinone, deoxynucleosides, mass spectrometry
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Are the left-overs important?
T Loo, G Norris
Institute of Fundamental Science, Massey University, New Zealand
E-mail: g.norris@massey.ac.nz
Tanning is the process of processing animal skins and hides to produce leather which
permanently alters the protein structure of the skin, making it more durable and less
susceptible to decomposition. The process of preparing hides and pelts for tanning, known as
the beamhouse process, consists of five steps: depilation, liming, deliming, bating, and
pickling.
These processes are thought to remove all non-collagenous proteins, glycosaminoglycans,
and other biological molecules such as complex lipids and carbohydrates from the skin leaving
behind a matrix of collagen fibres that are then crosslinked using agents such as chromium.
However raw skin is a very complex tissue that has been shown to contain approximately
2500 proteins, and although the collagens are dominant, other proteins such as the hyalectan
proteoglycans, ECM-associated proteins and various enzymes influence its structure. It is not
known for sure if any of these other proteins are left in the pickled skin and if they do remain,
whether they are detrimental to the finished product or whether they give it desirable
characteristics. Modern technologies have provided more sensitive and accurate ways of
analysing and quantitating proteins in biological samples. To identify and compare the relative
concentrations of proteins remaining in sheep skin at each stage of the process, we used
proteomics with label free quantitation. The results of this study will be presented and related
to the changes observed in the physical properties of the skin at the end of the process.
Keywords: proteomics, label free quantitation, sheepskin
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MFGM protein composition in bovine and human milks and ingredient
L. Ma, S. Gallier, A.K.H. MacGibbon and B. Fong
Fonterra Research and Development Centre, Fonterra Co-Operative Group Limited, New
Zealand
E-mail: bertram.fong@fonterra.com
The proteins of the milk fat globule membrane (MFGM) are of interest due to their structural
and bioactive properties. While the general nature of these proteins has been studied, much
less work has been carried out on their quantitation. Previous quantitation has generally been
carried out by gel electrophoresis where the lipophilic characteristics of the protein and
differential staining make quantitation difficult. This work used targeted proteomics on unique
tryptic peptides to determine the concentration of the six major MFGM proteins; butyrophilin,
adipophilin, periodic acid Schiff 6/7, fatty acid binding protein, xanthine oxidase and mucin 1.
The proteolyzed samples were analysed using high performance liquid chromatography-high
resolution mass spectrometry in multiple reaction monitoring mode. The unique tryptic
peptides from MFGM proteins and their isotopically-labelled equivalent peptides were used
for quantification using internal standard methodology.
These membrane proteins were compared between bovine and human milk and bovine milk
ingredient.
The remainder of the membrane proteins were analysed by untargeted proteomics for
comparison between sample types.
Keywords: MFGM, mass spectrometry, membrane proteins
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Structural Variations in Targeted Phospholipids extracted from Yeast Cultures
incubated at Different Temperatures
A.T. Maccarone1, C. Kelso1, M.F. Renne2, A.I.P.M. de Kroon2, T.W. Mitchell3
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Yeast is often used as a prototypical eukaryotic organism to study a range of cellular and
biochemical processes including homeostasis, gene regulation and lipid metabolism. In recent
years lipidomics studies centered around mass spectrometric techniques have identified
around 95% of the molecular lipids species comprising the lipidome. Despite advances in
lipidomics research of late, concern has surfaced around determining further structural
subtleties within these molecular lipid species in order to structurally define them, e.g.
confidently assigning sites of unsaturation on acyl chains identified at a specific glycerol
backbone position. We have combined routine and novel MS/MS techniques namely Collisionand Ozone-Induced Dissociation, respectively, on two separate mass spectrometry platforms
for targeted analysis on a few classes of phospholipids extracted from yeast cells incubated
at three physiologically relevant temperatures (23, 30 and 370C). A hybrid ion-trap/triplequadrupole QTRAP5500 system from Sciex and a Thermo Scientific Orbitrap Fusion have
both been retrofitted with ozone delivery capability to allow reaction in an ion trap between
ozone gas and mass-selected lipid ions. Well known ozonolysis mechanisms guide diagnosis
for sn-position and double bond location. Analysis reveals some unexpected changes in
structural motifs with incubation temperature for certain phospholipid classes. For example
the relative amount of unsaturation within phosphatidylethanolamines (PE) increases with
temperature whereas for phophatidylcholines a decrease is observed. Furthermore for each
of 8 targeted molecular PE species at a given incubation temperature, the results indicate the
presence of up to 4 structurally defined molecular isomers owing to variations in sn-positional
arrangement and double bond location. These results begin to reveal the deeper structural
complexities within the yeast lipidome and hopefully inspire revaluation for other eukaryotic
systems via novel analyses.
Keywords: yeast, lipidomics, ozone-induced dissociation
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Separation of Disaccharide Isomers by Differential Ion Mobility Spectrometry Mass
Spectrometry (DMS-MS)
J. Mastellone, M.K. Kabir, W.A. Donald
School of Chemistry, UNSW Sydney, Australia
E-mail: w.donald@unsw.edu.au
Glycans have important roles in health and disease. Glycan-modified proteins are abundant
on the surfaces of cells, and often have complex structures that are involved in many functions,
such as cell-cell recognition, bacterial colonisation, protein folding, and neurogenesis.
Currently, there is no technique that can rapidly separate biological levels of all glycan
isomers. This fundamental analytical challenge hinders research to sequence glycans and
understand their cellular differences in structure, function and recognition.
DMS is an emerging separation method that exploits differences in ion mobilities in high vs.
low electric fields. Ions are carried between two parallel separation electrodes. A bisinusoidal
RF voltage V(t) is applied across the gap d between the electrodes resulting in an asymmetric,
oscillating electric field. Ion transmission is a function of the ion’s differential mobilities in the
high vs. low field portions of the waveform. By superimposing a DC voltage VC across the
plates, different ions can be transmitted. By scanning the compensation voltage, ions can be
detected as a function of VC and detected by mass spectrometry. In this method, ions are
separated based on differences in many ion properties, including collisional cross sections,
dipole moments, centre-of-mass, and ion-neutral clustering effects.
Here, we report that DMS-MS can separate composition (subunit), conformation (anomeric)
and configuration (linkage) glycan isomers. This was achieved by using high electric field
intensities and an optimised carrier gas method, including a high helium fraction, low flow
rates, and mild heating of the gas. These conditions improve peak resolving power and data
reproducibility, significantly increasing the viability of using DMS-MS for glycan separations.
Keywords: DMS, differential ion mobility spectrometry, glycan, disaccharide, separation
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Use of supercritical chromatography and high resolution mass spectrometry for
analysis of a lipid extract of the thermophilic bacterium Chthonomonas calidirosea
Kevin. Mitchell1, Yinrong Lu1, Kirill Lagutin1, Andrew MacKenzie1, Mikhail Vyssotski1,
Matthew Stott2
1
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Extremophiles are organisms which thrive in harsh conditions detrimental to most life on Earth.
A cultivated thermophilic bacterium of the novel phylum Armatimonadetes, Chthonomonas
calidirosea (strainT49T), was isolated from soil samples from Hell’s Gate in the Tikitere
geothermal system. C. calidirosea contains interesting set of lipids. Previously published work
by our group has shown presence of simple lipids, a number of hopanoids, including
diploptene, bacteriohopanepolyol cyclitol ethers, guanidine-substituted cyclitol ethers,
unsubstituted bacteriohopanetetrol and bacteriohopanepentol. We examine the applicability
of a Waters UPC2 supercritical chromatography system coupled to both a low resolution single
quadrupole Waters QDa mass spectrum detector and a high resolution Waters xevo g2-xs
QTof mass spectrometer for analysis of a lipid extract of T49T and compare this with previous
results obtained from LCMS and GCMS.
Keywords: SFC-MS, extremophile, lipid, QTof, UPC2
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Mapping the effect of oxidative stress on proteins, antioxidants and protein
modifications in the bovine lens with MALDI IMS
M.G. Nye-Wood1, 2, P.J. Donaldson2, 3, K.L. Schey4, A.C. Grey2, 3
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E-mail: m.nye-wood@auckland.ac.nz

The lens in the eye has a uniquely high concentration of soluble ‘crystallin’ proteins that
establish its high internal refractive index. It operates for decades without cell turnover, though
an age-related decline in the delivery rate of antioxidants to its central ‘nucleus’ region
eventually leads to a loss of redox balance, crystallin precipitation, and ultimately age-related
nuclear cataract. This investigation builds upon previous research where MALDI IMS was
used to track the distribution of glutathione and related metabolites in the bovine lens in the
‘hyperbaric oxygen’ model of lens ageing, which operates by inducing oxidative stress.
Previously, the abundance of reduced glutathione was seen to decrease without an increase
in abundance of its oxidised dimer glutathione disulfide, suggesting that reduced glutathione
is not simply oxidised when the lens is subjected to oxidative stress. In order to determine the
fate of reduced glutathione after HBO exposure, tissue sections from control and HBO treated
lenses were prepared for MALDI imaging of lens crystallins. Tissue washing was used to
select for specific crystallin proteins. In the HBO treatment group several signals showed a
+306Da mass shift. Bottom-up proteomics and LC-MS/MS then identified these signals as
glutathionylated crystallins. Importantly, these protein-glutathione disulfide bonds were
specific to the HBO treatment group, and were seen in the same regions where glutathione
was depleted by oxidative stress. Metabolite MALDI IMS datasets were revisited to test for
spatial correlations between glutathionylation and glutathione depletion. A principal
components analysis was used to identify three distinct compartments based upon the
metabolites detected, and revealed a regionally specific decrease in glutathione concentration
that spatially correlate with the appearance of crystallin glutathionylation.
Keywords: MALDI IMS, glutathione, ageing, oxidative stress, protein modification
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Falsely elevated plasma metanephrine by the metabolite of midodrine as measured by
HILIC based LC-MS/MS
L Lam, Z Ou, H Madhavaram, G.A Woollard, W.W Chiu and C Kyle
Department of Specialist Chemical Pathology, LabPlus, Auckland City Hospital, New
Zealand
E-mail: CampbellK@adhb.govt.nz
Free plasma metanephrines (PMETS) are widely used as a first-line screening test for
phaeochromocytoma and paraganglioma (PPGL) due to its high diagnostic sensitivity and
specificity. Patients with PPGLs can present with non-specific symptoms including headache,
sweating and postural hypotension. Midodrine is a sympathomimetic agent used in the
treatment of severe postural hypotension. It rapidly forms into its active metabolite,
desglymidodrine after ingestion.
We present a case of falsely elevated plasma metanephrine in a patient being investigated for
PPGL taking midodrine. The initial metanephrine level was 72,000pmol/L (Reference Interval
<500pmol/L). But an abnormal qualifier to quantifier ion ratio was observed. With the
discontinuation of midodrine, plasma metanephrine returned to normal. Given the structural
similarities between metanephrine, midodrine and desglymidodrine, we hypothesised
analytical interference by midodrine or its metabolite being the cause of elevated plasma
metanephrine.
PMETS were separated through hydrophilic interaction chromatography (HILIC) and
measured by high-performance liquid chromatography tandem mass spectrometry. Offline
solid phase extraction was performed using mixed mode cation exchange. Detection was
, 120.1) and normetanephrine
, 121.1) using their D3 analogue internal standards.
Spiking midodrine itself into plasma did not lead to an apparent increase metanephrine.
However, spiking of midodrine following incubation with human hepatic cytosol reproduced
the increase; an abnormal ion ratio was again noted. A longer HILIC column successfully
resolved the interfering midodrine metabolite from metanephrine.
Patients taking midodrine have been reported to have elevated metanephrine; however,
despite extensive investigations no PPGL could be detected. We report here patients taking
midodrine have falsely elevated plasma metanephrine as a result of isobaric interference from
a metabolite of midodrine. It is likely other laboratories using similar methodologies will be
affected. We advise caution in the reporting of plasma metanephrine in patients on midodrine.
Keywords: Plasma metanephrine, Midodrine, LC-MS/MS, HILIC column,
phaeochromocytoma and paraganglioma (PPGLs)
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The use of mass spectrometry to detect and quantify oxidative modifications on
proteins catalysed by peroxidasin
B. Bathish1, L.N.Paton1, M. Paumann-Page1, R.Turner1, A.J. Kettle1, C.C. Winterbourn1
1

Centre for Free Radical Research, Department of Pathology and Biomedical Science,
University of Otago Christchurch, New Zealand
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Peroxidasin is a heme peroxidase that catalyses the oxidation of bromide by hydrogen
peroxide to form an essential sulfilimine cross-link between specific methionine and
hydroxylysine residues in collagen IV. We investigated cross-linking by peroxidasin embedded
in extracellular matrix isolated from cultured epithelial cells and its sensitivity to alternative
substrates and peroxidase inhibitors. Peroxidasin showed peroxidase activity as measured
with hydrogen peroxide and Amplex red. Using a specific multiple reaction monitoring mass
spectrometry assay that measures NADH bromohydrin, we showed definitively that the
enzyme releases hypobromous acid (HOBr). Results from NADH bromohydrin measurements
indicates that low micromolar HOBr generated by peroxidasin was sufficient for maximum
sulfilimine cross-linking, whereas 100 μM reagent HOBr or taurine bromamine was less
efficient. This implies selectivity for the enzymatic process. Peroxidasin-dependent
modification of other amino acids, such as bromoyrosine were detected quantitatively by LCMS MRM. In conclusion, HOBr is produced by peroxidasin in the extracellular matrix. It
appears to be directed at the site of collagen IV sulfilimine formation but the released HOBr
also undergoes other reactions.
Keywords: Liquid chromatography-mass spectrometry multiple reaction monitoring, oxidation,
quantitation, protein modification, peroxidasin
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Electrospray Deposition for Blended Thin Films
A. Radionova1, H. Kavuri1, N. J. Demarais2, G. Willmott1,3
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Electrospray deposition (ESD) is one of the emerging techniques for thin film deposition. One
of the advantages of ESD is to produce homogeneous thin films in a required pattern. Since
thin films deposited by ESD can be formed only on conductive surfaces - selective coating
can be achieved on a desired substrate area. Consequently, there is no or little loss of sample
compared to other thin film deposition techniques, such as spin-coating, thermal vapour
deposition, magnetron sputtering, etc.
Single-channel electrospray emitters are used in most ESD studies, where premixed solutions
are sprayed onto the substrate surface to form a homogeneous thin film. Theta-channel
electrospray emitters were not previously used for ESD technique. Theta-channel ESD
emitters allow instantaneously blended thin films to be formed. This unique approach takes
advantage of the mixing process that occurs during electrospray to form blended thin films on
a substrate surface. In this study, blended thin films of V2O5 and MoO3 are deposited with
single- and theta-channel glass emitters during ESD experiments. The results show that thin
films deposited by theta ESD have a better quality and better morphology (uniform surface
and smaller particle sizes) compared to conventional ESD technique. Thin films obtained by
both methods were compared and analysed by the use of Laser Desorption Ionization (LDI)
Mass Spectrometry (MS). This study also includes data obtained by Scanning Electron
Microscopy and Nano Electrospray MS.
Keywords: theta-channel emitters, electrospray deposition, thin film deposition, laser
desorption ionization, blended thin films.
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High Sensitivity Phosphoproteomics using PASEF on a TIMS-QTOF mass
spectrometer
Heiner Koch1; Kristina Desch2; Scarlet Koch1; Matt Willetts3; Adam Rainczuk4 ;Thomas
Kosinski1; Markus Lubeck1; Erin Schuman2; Julian Langer2
1
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Frankfurt am Main, Germany; 3Bruker Daltonics Inc., Billerica, USA; 4Bruker Pty. Ltd.,
Australia

High resolution mass spectrometry-based proteomics has become a powerful tool to study
signal transduction pathways. Sensitivity, sequencing speed and peak capacity are
prerequisites for deep identification and quantification into the phosphoproteome. Here, we
evaluate trapped ion mobility spectrometry (TIMS) in combination with QTOF technology using
parallel accumulation-serial fragmentation (PASEF) acquisition mode for deep
phosphoproteomic analysis at record acquisition speeds.
Phosphopeptides enriched from proteolytic digests of HeLa cells or primary neurons were
nano-HPLC separated (nanoElute, Bruker Daltonics) on a 250 mm pulled column (IonOpticks,
Australia) and analyzed on a high-resolution timsTOF Pro mass spectrometer (Bruker
Daltonics) using the PASEF acquisition method. Data were analyzed using PEAKS studio
(Bioinformatics solutions Inc.) and MaxQuant (Jürgen Cox, Max Planck Institute of
Biochemistry).
Increased peak capacity provided by the TIMS separation, PASEF sequencing speed (> 120
Hz) and sensitivity using low sample amounts (200 µg of total protein before IMAC enrichment)
enabled a deep phosphoproteome analysis where > 7,400 unique phosphopeptides were
identified in a 15 min gradient. Increasing gradient length to 90 min and keeping the same
load we identified > 17,400 unique phosphopeptides. TIMS also enables mobility separation
of co-eluting positional isomeric phosphopeptides, differing only by phosphorylation
localization. The mobility separation results in non-chimeric MS/MS spectra allowing both
qualitative and quantitative site localization, fundamentally unique to this technology platform.
Concatenated phosphopeptide enrichment strategies (Fe-NTA and TiO2) using primary
hippocampal neurons (1.25 mg starting material) demonstrated more than 32,800 unique
phosphopeptides identified using PEAKS studio in a single injection in a DDA workflow. The
results show that TIMS and PASEF provide fast and comprehensive phosphoproteome
analysis.
Keywords: phosphopeptides, TIMS, mobility
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The Power of Complementary Ionization with High Resolution Time-of-Flight GC/MS –
Chemical (CI) and Low Energy Ionization
Robert Solazzo1, Viorica Lopez-Avila; Sofia Nieto; Harry Prest; Jeffrey Kernan; George
Yefchak; Robert Clark; Nathan Eno; Jim Oppenheimer; Bill Russ
1

Agilent Technologies, Mulgrave, Vic, Australia
2
Agilent Technologies, Santa Clara, CA,USA
E-mail: robert_solazzo@agilent.com

High resolution accurate mass GC/MS systems are often applied to untargeted screening and
unknown compound identification. In both applications, there are still selectivity and sensitivity
challenges that accurate mass cannot alone address. The Agilent 7250 GC/Q-TOF
introduced a low energy capable EI source, providing an additional selectivity capability
without the need for system venting or retuning. The further complementary information of a
new Chemical ionization source for untargeted analysis will be demonstrated for selected
compounds, predominantly of environmental significance.
Fragmentation patterns of different compound classes of interest were compared between EI,
at both a “traditional” 70 eV as well as low energy, and positive and negative CI modes with
methane as the reagent gas. Compounds included chlorinated phenols, nitroaromatics and
pesticides among others.
CI was found to be particularly sensitive and selective for
organophosphate, organochlorine and pyrethroid pesticides.
Additionally, stereoisomers of azaconazole, etaconazole and propiconazole were
investigated. Alkylation at C2 was found to reduce significantly the abundance of the M- ions
in the trans isomers, as compared to the cis isomers, and lead to formation of different base
peaks in their CI spectra. Fragmentation of these conazoles in negative CI is very different
than in 70 eV EI, where the molecular ions are non-existent, and the fragmentation mechanism
is via elimination of the triazole ring to form a stable tertiary carbonium ion followed by the
opening of the 1,3-dioxolane ring and elimination of the side chain.

Keywords: Chemical ionization; GC/Q-TOF MS; high resolution accurate mass; low energy
EI;
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Analysis of Perovskite Solar Cells by the Laser Desorption/Ionization Mass
Spectrometry
Nishat Sultana1, Nicholas J. Demarais1, Denys Shevchenko2, and Peter J. Derrick1
1

Department of Physics, University of Auckland, Private Bag 92019,
Auckland 1142, New Zealand
2
Solomya, Myskdalen 58, SE 75597 Uppsala, Sweden
E-mail: n.sultana@auckland.ac.nz

Over a short period of time, perovskite solar cells (PSCs) have achieved a fast improvement
in efficiencies starting from 3.8% in 2009 to over 20% in 2018. Despite the incredible
enhancement in device efficiencies, it is however still a challenge to commercialize PSCs due
to their rapid degradation. In the present work, we have used laser desorption/ionization mass
spectrometry (LDI-MS) to investigate the molecular interactions as well as the degradation
products directly in complete perovskite solar cells. By using LDI-MS, we were able to observe
chemical transformations such as corrosion of adjacent charge transport layers, incorporation
of oxygen atoms into perovskite and formation of charge transfer complex between perovskite
and hole transport layer. Our results demonstrate that LDI-MS is a powerful technique to
observe chemical transformations in solar cells. The obtained results may contribute to
increase the stability of the perovskite solar cells and make their commercialization feasible.
LDI-MS method has already become an inevitable analytical tool in life science research. We
believe this method has the potential to make a revolution in the field of solar cell studies as
well.
Keywords: Laser desorption/ionization mass spectrometry, perovskite solar cells
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Sodium deoxycholate assisted tryptic digestion of meat proteins.
A. Thomas 1, S. Deb-Choudhury 1, E. Lee 1, Y. Yangfan 1, S. Clerens 1,2,3
1
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Protein digestion, either enzymatically or non-enzymatically, is very important as most
proteomic experiments rely on digestion of the protein into peptides prior to MS analysis. Over
the years, protein digestion techniques have been improved using novel approaches for better
protein identification and reproducibility of results.
Commonly applied methods for protein digestion involve the use of enzymes. Trypsin is most
widely applied in bottom up proteomics, because of its high degree of specificity, cleaving the
peptide bonds C-terminal to the basic residues Lys and Arg, except when followed by Pro. In
order for proteolytic enzymes such as trypsin to be effective, protein solubility is a prerequisite. However, certain classes of proteins are very difficult to solubilise and digest, which
complicates their analysis with bottom-up proteomics approach. The solubilisation of such
proteins can be improved using detergents, but most detergents are incompatible with mass
spectrometry analysis and must be removed before LC-MS/MS analysis.
In this study, we improved the trypsin digestibility of proteins extracted from lamb meat using
sodium deoxycholate (SDC). Proteins were first extracted using 1% SDC in 50 mM ammonium
bicarbonate and were then subjected to standard reduction, alkylation followed by digestion
with trypsin in the presence of SDC at 37 °C for 18 hrs. Upon completion of digestion, SDC
was precipitated by lowering the pH by adding 1% formic acid and removed by centrifugation.
The supernatant was collected and desalted using C18 spin columns.
Sodium deoxycholate helped to increase the solubility of proteins and improved the overall
performance of trypsin digestion resulting in almost 20% increased peptide and 10%
increased protein identifications compared with the digestion protocol without SDC. An added
advantage is that SDC is easily removed from the digested protein solution by acid
precipitation.
Keywords: SDC: Sodium deoxycholate, LC-MS/MS: Liquid chromatography-tandem mass
spectrometry
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Method optimisation for the quantification of alkaloids in endophyte-infected ryegrass
S. Vassiliadis1, A. Elkins1, K. Guthridge1, S. Rochfort1,2 and G. Spangenberg1,2
1

Agriculture Research Victoria, AgriBio, Centre for AgriBioscience, Bundoora, Victoria 3083,
Australia
2
School of Applied Systems Biology, La Trobe University, Bundoora, Victoria 3083, Australia
E-mail: simone.vassiliadis@ecodev.vic.gov.au
The rapid identification and quantification of alkaloids produced by endophyte-infected
ryegrass is important for the agricultural industry. Endophyte-infection may trigger the
production of beneficial alkaloids, such as peramine, which provides the grass with enhanced
insect protection. Conversely, the production of lolitrem B and ergovaline can negatively
impact livestock. Currently, no one method has been established to measure the
concentration of these alkaloids. This study aimed to develop a robust and reproducible single
method using LCMS to quantify peramine, ergovaline and lolitrem B in the shoots of endophyte
(Epichloë)-infected ryegrass (Lolium perenne L.). Several extraction methods were explored.
Separation of alkaloids were employed by UHPLC, and detection/quantification was compared
across two MS systems; an Agilent 6400 Series QQQ and a Thermo QExactive Plus. The
concentration of ergovaline was also compared by a fluorescence detector (FLD) using an
established method. Extraction efficiency, matrix suppression, level of detection (LOD), level
of quantitation (LOQ) and the recovery was established. Alkaloid quantitation results were
similar across both MS instruments (coefficient of variations values determined at <10%). This
work provides the first highly sensitive quantitative UHPLC-MS method for the accurate and
reproducible quantification of important alkaloids from endophyte-infected ryegrass.
Keywords: fungal toxins, alkaloids, LCMS, pastures.
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Top-down, middle-down and bottom-up proteomics analysis of medicinal cannabis.
D. Vincent, S. Rochfort and G. Spangenberg
Agriculture Victoria Research, AgriBio, Centre for AgriBioscience, Bundoora, Victoria 3083,
Australia
E-mail: delphine.vincent@ecodev.vic.gov.au
Medicinal cannabis is used to relieve the symptoms of certain medical conditions, such as
epilepsy. Cannabis is a controlled substance and until recently was illegal in many
jurisdictions. Consequently, the study of this plant has been restricted. Proteomics studies on
Cannabis sativa reported so far have been based primarily based on plant organs and tissues
other than buds, such as roots, hypocotyl, hempseeds, and flour. Therefore, we set out to
develop mass spectrometry-based proteomics methods to analysis the reproductive organs
of medicinal cannabis.
In this study, we first optimised protein extraction from medicinal cannabis apical buds and
trichomes exploring six methods for top-down analyses by UPLC-MS. We then optimised
protein digestion on the highest yielding protein extract by testing four endoproteases
independently or combined for middle-down and bottom-up analysis by nLC-MS/MS. The
most efficient methods will be applied to the comparison of different medicinal cannabis
strains.
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Computational Approaches for Localization and Quantification of Compounds,
Toxicants and their Metabolites
Jan Kobarg1, Mélanie Lagarrigue2, Régis Lavigne2, Corrina Henkel4, Steve Wilson5, Tobias
Boskamp6, Shannon Cornett7, Charles Pineau2, Dennis Trede1
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University of Bremen, 7Bruker Daltonics Inc., 8IRSET - Institut de recherche en santé,
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Mass spectrometry imaging (MSI) is widely used in drug development and toxicology
studies to gain information about absorption and distribution of parent compound and its
metabolites as well as how the presence of these compounds impacts distribution of
endogenous molecules. Due to the information-rich and tremendously large MSI data, the
lack of bioinformatics solutions that integrate targeted and untargeted data interpretation
workflows currently is still a bottle neck.
We present here an approach for mining MSI data from drug development and toxicology
studies that answers some key questions from targeted and untargeted studies. This
approach includes methods for statistically expressing penetration in both qualitative and
quantitative terms, and for quantification of target molecules.
Computational methods were applied to MALDI MSI (ultraflextreme MALDI-TOF ) data of
chlordecone in the mouse liver. For normalization, an isotope-labelled standard was added
in the matrix solution and uniformly deposited. Distribution of chlordecone in liver was
determined from the test data in both qualitative and quantitative measures.
For qualitative evaluation of compound penetration into the tissue, our algorithm
processed spectra extracted from manually-drawn and automatically generated regions
of interest (ROI) to generate mass filter histograms.
For quantitative evaluation of compound penetration, the ROC analysis had been applied to
the ROIs. To describe the penetration based on the statistical specificity and sensitivity, the
ROC has been used to measure the overlap of ion distributions. We created healthy and in
necrotic tissue ROIs based on H&E-stained serial sections and applied the ROC to the
chlordecone distribution in that ROIs. A ROC’s AUC-value of 0.7 showed that the
chlordecone did not penetrate necrotic areas compared to healthy tissue.
Keywords: MSI, Quantitative, Computational, ROC, MALD
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A Framework for Ultrafast LC Free Metabolomic Profiling Utilizing Isotopic Fine
Structure and Ultra-High Resolution Magnetic Resonance Mass Spectrometry
Matthias Witt1, Aiko Barsch1, Nikolas Kessler1, Mr Steve Wilson4, Christopher J. Thompson5,
Mr Matthew R. Lewis6
1

Bruker Daltonik GmBH, 2Bruker Daltonik GmBH, 3Bruker Daltonik GmBH, 4Bruker Pty Ltd,
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The immense complexity of metabolites in clinical samples is traditionally analyzed by
mass spectrometry through hybridization with GC or LC. While these strategies are
analytically powerful there is a significant time cost involved that can limit sample
throughput and loss of mixture species not compatible with the stationary phase.
Here we present an innovative workflow for analysis of metabolites at the molecular level
that utilizes Flow Injection Analysis (FIA) with ultra-high resolution magnetic resonance
mass spectrometry (MRMS). In this strategy, metabolite identification is based on high mass
accuracy (<500 ppb), and when available, Isotopic Fine Structure (IFS), resulting in principle
only one possible molecular formula for the detected metabolite.
High sample throughput is achieved for complex clinical metabolomics samples by removing
the time- consuming LC separation. With an approximate acquisition time of less than 2.5
minutes, this is almost an order of magnitude faster than a traditional “fast” 20-minute LC
gradient and provides a high number of detected compounds. In this study 250 injections
were acquired in less than 12 hours, for these the FIA workflow permits the detection of
isotopic fine structure (IFS). When observed, IFS directly provide the molecular formula of
the unknown metabolite through resolution of heavy neutrons provided by heteroatoms in a
molecule. The “dark metabolome” consists of relatively small unknown molecule metabolites,
the FIA-MRMS workflow reveals compounds often not readily seen in LCMS workflows (e.g.
polar compounds such as hexose sugars) which can now be annotated with IFS. Additionally,
matching of extracted features to known metabolites derived from the HMDB database
enabled an assignment of approximately 300 metabolites in combined positive and negative
ESI data. These included e.g. small organic acids, amino acids and nucleotides.
Keywords: FIA, MRMS, IFS
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