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Conference Welcome 
 

On behalf of the local organising committee, it is with great pleasure that I welcome you to Flinders 
City Campus in the heart of Adelaide, and to the 26th biennial conference of the Australian and New 
Zealand Society for Mass Spectrometry (ANZSMS). 

This meeting promises to be an exciting event, showcasing the diverse developments and impacts of 
mass spectrometry across scientific sectors.  The program combines oral and poster sessions as well 
as workshops, and covers both fundamental and applied concepts in this continually advancing field. 
We bring together more than 100 delegates from industry and academia, both locally and 
internationally, with a stimulating scientific program and highly regarded keynote speakers.  We 
hope to provide a relaxed setting for sharing of scientific ideas in all aspects of mass spectrometry, 
and for extending collegial networks among participants.     

Much appreciation goes to the committee members and conference organising team for their efforts 
in making this a successful event.  The support of the ANZSMS executive has also been invaluable.  In 
particular, I acknowledge the support of our sponsors and exhibitors, and extend a warm thank you 
for the continued commitment to our society and the mass spectrometry community.   

I look forward to your enthusiastic participation at ANZSMS26, and hope you find your time in 
Adelaide socially and scientifically rewarding. 

Dr Tara Pukala 

Conference Convenor 

 

 

Organising Committee 
 

Associate Professor Tara Pukala (Conference Chair), The University of Adelaide 
Dr Marten Snel, South Australian Health and Medical Research Institute 
Dr O. Johan R. Gustafsson, University of South Australia 
Associate Professor Stewart Walker, Flinders University 

Administration of ANZSMS26 has been professionally managed by the team at All Occasions Group:  
p: +61 8 8125 2200 | f +61 8 8125 2233  
e: conference@aomevents.com  
w: www.alloccasionsgroup.com 

  

mailto:conference@aomevents.com
http://www.alloccasionsgroup.com/
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General Information for Delegates 
 

Venue 
Flinders University at Victoria Square 
182 Victoria Square 
Adelaide, SA 
Entry via Flinders Street or Victoria Square 
 
All ANZSMS26 Conference sessions will be held on level 2 of the campus.  The registration desk, 
trade exhibition, morning/afternoon tea and lunch breaks will be held on level 10 of the campus. 
The ANZSMS26 Welcome Reception will also be held on level 10 from 5:00pm - 7:00pm. We look 
forward to welcoming you at this event. Josh Hixson from the Australian Wine Research Institute will 
be the guest speaker for the evening. 
 
Victoria Square is easily accessible by public transport, with many routes stopping by the university 
location. Explore the Adelaide Metro site to find your bus, train or tram to campus. 
www.adelaidemetro.com.au.  Flinders University does not offer on-campus parking. You can park 
anywhere in the city through on-road or commercial off-road parking. There are a range of 
commercial undercover parks close by:   
UPark 
Topham Mall (0.45km) 
Wyatt Street (0.45km) 
Grote Street (0.55km) 
http://upark.com.au/  
 
 
ANZSMS26 Conference Dinner  
WHERE: Adelaide Oval - Cathedral Room 
WHEN: Wednesday 19 July from 6:30pm - 11:00pm 
COST: Inclusive in full registration | Additional tickets are $130 per person 
DRESS CODE: Smart casual 
 
A highlight of the Conference will be the dinner at the stunning Adelaide Oval. With amazing views 
of the St Peter's Cathedral, guests will treated to a 3 course menu accompanied with a showcase of 
South Australian wine. There will be awards on the night including the Morrison Medal, Bowie 
Medal and the Guilhaus Prize.  
 
Please note that delegates will need to make their own way to the Adelaide Oval. A free tram 
operates from Victoria Square to the City West stop, where delegates can disembark and take a 
short walk over to the Oval. Alternatively, delegates may opt to take a taxi at a cost of approximately 
$10 each way.  
 
 
Conference Name Badges 
All delegates and exhibitors are required to wear their provided name badges at all times, which will 
allow access into sessions and social functions. 
 

http://www.adelaidemetro.com.au/
http://upark.com.au/
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Presenter Preparation 
Speakers are asked to bring their presentation on a USB stick to load onto the computer in the 
conference lecture theatre.  This must be done at least by the break prior to your presentation time 
(this may mean the day before your presentation).  All speakers are responsible for ensuring their 
presentation is ready for the session.    
 
Poster presenters are required to stand by their posters to discuss their work with interested 
delegates.  Presentations allocated to an odd number posterboard (i.e. 1, 3, 5 etc.) will be required 
to present their posters during the first hour of the poster session. Presentations allocated to an 
even number (i.e. 2, 4, 6 etc.) will be required to present their posters during the second hour of the 
poster session. Presenters may set up their posters on Monday, 17 July between 4:30pm and 
4:45pm. Posters cannot be removed until conclusion of the poster session at 7:00pm.  The set up 
and take down of the displays is solely the responsibility of the presenter. 
 
Prizes will be awarded for the best oral and poster presentations by a student. 
 
 
Conference WIFI 
Conference WIFI will be provided by Flinders University. 
WIFI NAME: Flinders Conference  
PASSWORD: redforce81 
 
 
Website 
The website will provide up to date information on the program, abstracts and other general 
information.   
http://www.aomevents.com/ANZSMS26 

 
 
Conference App 
Please download our ANZSMS26 Conference app from http://guidebook.com/g/anzsms26 and use 
the passphrase: anzsms26 
From the app you will be able to view the program, abstracts and speaker bios. The app will also 
provide details on our sponsors and exhibitors and provide you with additional useful information. 
 
 
ANZSMS General Meeting 
Current members of ANZSMS are invited to attend a General Meeting of the Society that will be held 
at the Conference on Tuesday 18th July from 4.45-5.30pm.  
 
 
Special Needs & Assistance 
If you have indicated any special needs or require assistance during the Conference, please identify 
yourself to the registration desk staff. 
 
 
 

http://www.aomevents.com/ANZSMS26
http://guidebook.com/g/anzsms26
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Security 
Please ensure that you take all items of value with you at all times when leaving a room. Do 
not leave bags or laptop computers unattended.   
 
 
Conference Evaluation 
An electronic evaluation survey will be emailed to delegates post-Conference. We 
appreciate you taking the time to provide us with your feedback to help improve future 
conferences.  
 
 
Disclaimer 

Whilst  every  effort  has  been  made  to  ensure  all  details  in  this  booklet  are  accurate  at  time  
of  printing, any changes or updates will be indicated as they occur during the conference.  We 
reserve the right to amend or alter any advertised details if necessary, without notice, as a result of 
circumstances beyond our control, although all attempts will be made to keep any changes to a 
minimum. 
 
 
 
 
Please do not hesitate to contact a member of the organising committee if you have any queries or 
require any assistance. 
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Sponsors 
 

We gratefully acknowledge the following sponsors for their support of ANZSMS26: 

 

Gold Sponsor 

 

 

 

 

   Silver Sponsor          Bronze Sponsor 

                                              

 

 

 

 

Workshop Sponsor  

 

 

 

Venue Sponsor       USB Sponsor     Pen Sponsor   

 

 

 

 

 

 

 

Satchel Insert  
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Trade Exhibition 
 

We  encourage  you  to  visit  and  support  the  following  companies  and  organisations  who  are  
exhibiting at the conference.   

 

Booth 5/6 

 
 

Booth 9 

 

Booth 10 

 

Booth 2 

 

Booth 3 

 

Booth 1 

 

Booth 8 
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Invited Speakers 
 

Dr Yu-Ju Chen 
 
Institute of Chemistry 
Acedemia Sinica   
 
 

 

Dr. Chen obtained her B.S. in chemistry from National Taiwan University (1992) and Ph.D. degree 
from Iowa State University (1997). After postdoctoral research work at the Ames Laboratory, 
Department of Energy, USA [1997] and National Tsing Hua University [1999], Dr. Chen joined the 
Institute of Chemistry of Academia Sinica and was promoted to research fellow (2010). Since 2013, 
she has been the Director for the Institute of Chemistry at Academia Sinica. She also currently holds 
con-current adjunct professorships at few universities. 

Her research focuses on methodology development of mass spectrometry-based proteomics by 
integrating novel nanomaterial, advanced mass spectrometry and bioinformatics. In particular, she is 
interested in applying these tools to delineate the membrane proteome and post-translation 
modificome on cancer and stem cell biology. She has received domestic and international awards 
including Outstanding Young Investigator Award from Chinese Chemical Society (2006), 
Distinguished Young Chemists Award from Federation of Asian Chemical Societies (2007), Mr. Wu 
Ta-you Memorial Award from National Science Council (2008), and Research Award for Junior 
Research Investigators from Academia Sinica (2008), the first award for outstanding scholar of 
Taiwan Society for Mass Spectrometry (2011), outstanding young scholar, 13th Shu-Mu Foundation 
of Chemistry (2012), and the outstanding research award from National Science Council (2013). She 
has been the Executive Committee Member of Human Proteome Organization (HUPO), Council 
Member of “Asia Oceana Human Proteome Organization" and “International Mass Spectrometry 
Foundation". She has been the President of the Taiwan Proteomics Society, President of Taiwan 
Society for Mass Spectrometry. She is acting as Senior Editor of “Proteomics" and editorial board 
member of the European Journal of Mass Spectrometry. Dr. Chen has published more than 140 
articles including Nat. Commun., Cancer Cell, Mol. & Cell. Proteom., Anal. Chem., J. Am. Chem. Soc., 
and Proc. Natl. Acad. Sci., and 5 patents.

 

Professor Christophe Jouvet 
 
Director of Research 
CNRS 
 
 

 

Professor Christophe Jouvet is the Director of Research in CNRS. He worked for twenty years in the 
University Paris Sud on the excited state dynamics of aromatic molecule and he has demonstrated 
the crucial role of the Hydrogen loss/transfer in the dynamics of these molecules. Four years ago, he 
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moved to Marseille working on protonated aromatic molecules and I have shown that, for these 
ions, the excited state dynamics and the fragmentation is controlled by an electron transfer to the 
proton which induces the Hydrogen loss/transfer.

 

Professor Dr Jin-Ming Lin 
 
Cheung Kung Scholars Professor  
Department of Chemistry, Tsinghua University    
 
 
 

 
Professor Jin-Ming Lin graduated from Fuzhou University in 1984 and received a PhD at Tokyo 
Metropolitan University in 1997. He had studied and worked in Showa University and Tokyo 
Metropolitan University during 1992-2002. He was selected as “100 Talented Researcher Program” 
for Chinese Academy of Sciences, and obtained the Fund for Distinguished Young Scholars of NSFC at 
2001. He had been a full professor in Research Center for Eco-Environmental Sciences, Chinese 
Academy of Science during 2002-2004. He is currently a full professor of Department of Chemistry, 
Tsinghua University since 2004, and was selected as Cheung Kung Scholars Professor of Ministry of 
Education, China at 2008. He is a Fellow of Royal Chemical Society, a General Secretary and deputy 
director of the Committee of Mass Spectrometry, Chinese Chemical Society, and service as associate 
editor or editorial boards for ten international journals.  
 
Prof. Lin has studied on chemiluminescence and its immunoassay since 1986 to now. He had 
developed a series of immunoassay kits which obtained the application in the clinical diagnosis. His 
current research is focused on the development of microfluidic device coupled with mass 
spectrometry (Chip-MS) for living cells analysis, and sample pretreatment for LC-MS and GC-MS. He 
is the author and co-author of 401 original research papers published in international journals, 31 
reviews, 4 books and 41 patents. He has received several awards for his contributions in 
chemiluminescence and separation science.

 

Professor Myeong Hee Moon 
 
Professor  
Department of Chemistry, Yonsei University    
 
 
 

 
Myeong Hee Moon received his B.S. in chemistry from Yonsei University in 1987 and Ph.D. in 
physical analytical chemistry from University of Utah in 1991 under the late Prof. Calvin J. Giddings. 
After he got his first position at the Dept. of chemistry, Kangnung National University in 1994, he 
moved to Pusan National University in 1999 and to Yonsei University, Seoul, Korea in 2003.  
 
His research has been focused on developing methodologies in flow field-flow fractionation (FFF) for 
the separation and characterization biological macromolecules. His research interests also include 
lipidomic analysis for the study of disease related biomarkers by utilizing on-line or off-line 
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hyphenation of FlFFF with nanoflow LC-ESI-MS/MS. He has published over 140 scientific articles, 7 
book chapters, and holds 5 patents. He has received awards from Korean Chemical Society (2007), 
the Korean Society of Analytical Sciences (2009), and Carbon Culture Institute (2013). He is now the 
president of the Korean Society of Mass Spectrometry (KSMS). He is a member of editorial board of 
Anal. Chem. and J. Proteomics.

 

Professor Jasna Peter-Katalinić 
   
 
 

 

 

Jasna Peter-Katalinić was professor of biophysics at the University of Muenster, Germany, and 
professor of biotechnology at the University of Rijeka, Croatia. Born and educated in Zagreb, Croatia, 
she obtained PhD from University of Zuerich, Switzerland and moved after the postdoc and lecturer 
activities in USA, to Germany. Working as a scientist at the University of Bonn she pioneered the 
introduction of mass spectrometry to structural glycobiology/glycomics. Upon her move to 
University of Muenster, she was the founder of the laboratory "Biomedical Analysis" at the Medical 
School and its director 1996-2008. She published more than 320 articles and chapters in journals and 
books and gave 120 invited lectures in academia and industry, and mentored 38 PhD and MS theses. 
She was the board member of the German Society for Mass Spectrometry 2000-2008 and a member 
of the Human Glycoproteome Initiative (HGPI) from HUPO 2004-2008. In 2002 she received the 1st 
Life Science Award from the German Society of Mass Spectrometry (DGMS). She was visiting 
professor at Virginia Commonwealth University, Richmond, Va., Medical College of Georgia, Augusta, 
Ga., USA, and ETH Zuerich, Switzerland. She served on board of scientific journals, like "Journal of 
Proteomics", "Journal of the American Society of Mass Spectrometry" and “Journal of Proteome 
Research". Since 2001, she is the chair organizer of the ongoing, presently annual, series of “Summer 
Courses on Mass Spectrometry in Biotechnology and Medicine" in Dubrovnik, Croatia. She is the 
founding member and the first president of the Croatian Proteomics Society (CroProt). Her current 
interests are integrated instrumental platforms for high throughput analytics and bioinformatics of 
glycoconjugates.

 

Professor Vicki Wysocki 
 
Professor and Ohio Eminent Scholar    
Department of Chemistry and Biochemistry Director, Campus Chemical 
Instrument Center, Ohio State University    
 
 
 

Vicki Wysocki received her PhD from Purdue University in 1987, under the direction of Professor 
Graham Cooks. Following a National Research Council postdoctoral appointment at the US Naval 
Research Laboratory, she became an Assistant Professor at Virginia Commonwealth University. She 
joined the University of Arizona in 1996 and eventually served as Chair of the Department of 
Chemistry and Biochemistry. In 2012 she moved to The Ohio State University where she is Ohio 
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Eminent Scholar of Macromolecular Structure and Function and Director of the Campus Chemical 
Instrument Center. In 2009, she received the Distinguished Contribution to Mass Spectrometry 
Award from the American Society for Mass Spectrometry, jointly with Professor Simon Gaskell. She 
is the 2017 ACS Field and Franklin Awardee for Outstanding Contributions to Mass Spectrometry. 
Her laboratory is part of the Waters Center of Innovation program. She is an associate editor for the 
ACS journal Analytical Chemistry. She has completed two years as Vice President for Programs of the 
American Society for Mass Spectrometry and assumed a two-year tenure as ASMS President in July, 
2016.  
 
Professor Wysocki's research interests include bioanalytical mass spectrometry, peptide 
fragmentation mechanisms, proteomics and metabolomics (Invasive Aspergillosis, non-small cell 
lung cancer, pre-eclampsia; Salmonella), ion-surface interaction chemistry, and instrument 
development for improved dissociation and characterization of non-covalent protein complexes.

 

Professor Richard A. Yost 
 
Colonel Allen R. and Margaret G. Crow Professor and Head, Analytical 
Chemistry, University of Florida  
Director, NIH Southeast Center for Integrated Metabolomics  
Professor, Pathology, Immunology, and Laboratory Medicine, University of 
Florida  
Professor, Pathology, University of Utah and ARUP    
 

 
Dr. Yost, recognized internationally as a leader in the field of analytical chemistry and mass 
spectrometry, may be best known for inventing the triple quadrupole mass spectrometer as a 
graduate student with Chris Enke.   He received his BS degree in Chemistry in 1974 from the 
University of Arizona and his PhD degree in Analytical Chemistry in 1979 from Michigan State 
University, and then joined the faculty of the University of Florida.  Dr. Yost has supervised the 
research of over 110 graduate students over the past 35 years, graduating over 85 PhDs from his 
group.  He has served as PI or Co-PI on over 100 grants and contracts, totaling over $50M of 
funding.  Research in his group has led to over 190 publications and 16 patents.  His research 
emphasis for the past few years has been the development and application of innovative mass 
spectrometric methodologies, including imaging mass spectrometry and ion mobility, for global and 
targeted metabolomics, lipidomics, and clinical analysis.  
 
The triple quadrupole mass spectrometer that he invented is the most common mass spectrometer 
in the world today, with sales of over $1 billion per year!  Other pioneering instruments from his lab 
that are now widely used as commercial systems include the ion trap tandem mass spectrometer 
and the laser microprobe tandem mass spectrometer.   Dr. Yost’s research has been recognized with 
the highest award in his discipline, the ASMS Award for Distinguished Contribution in Mass 
Spectrometry.   
 
Dr. Yost recently completed terms on the Florida Board of Governors (Regents) and the University of 
Florida Board of Trustees.  He recently began a six-year term as Vice President for Programs, then 
President, and finally Past President of ASMS (the American Society for Mass Spectrometry).
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Dr Alexander Donald 
2015 ANZSMS Guilhaus Research Award Winner  
 
Senior Lecturer 
School of Chemistry, University of NSW 
 
 
 

Dr W. Alexander Donald is a Senior Lecturer in the School of Chemistry at the University of New 
South Wales. The Donald group develops methodologies, instrumentation, and theoretical 
calculations for mass spectrometry with an emphasis on problems in analytical and biophysical 
chemistry. Alex is a recipient of the ANZSMS Michael Guilhaus Research Award (2015), the RACI 
Peter W. Alexander Medal (2016), the RACI Physical Chemistry Division Lectureship (2016), and the 
IUPAC Prize for Young Chemists (2011). Alex was selected as an “emerging investigator” by The 
Journal of the American Society for Mass Spectrometry (2017), The Analyst (2016), and Analytical 
Methods (2015).

 

Professor Kliti Grice 
2017 ANZSMS Morrison Medal Recipient 
 
John Curtin Distinguished Professor 
Curtin University 

 

 
Kliti Grice is an internationally renowned organic geochemist who creatively combines geological 
information with data on molecular fossils and their stable carbon, hydrogen and sulfur isotopic 
compositions to reconstruct details of microbial, fungal and floral inhabitants of modern and ancient 
aquatic environments and their association with prolific source rocks for oil/gas and mineral 
exploration. She is especially well known for identifying a geological and environmental basis for the 
largest mass extinction in Earth’s history, which happened at the end of the Permian Period, about 
252 million years ago and several of the other four of the large five events. Grice’s research over the 
years has integrated molecular and isotopic information on plant and algal physiology, microbial 
ecology, food-webs, organic chemistry, petroleum geochemistry, microbial communities and geology 
with our planet's history. In particular, she has shown how some of the major biological extinction 
events of the geological past can be traced to factors intrinsic to the Earth system, as opposed to 
external factors such as asteroid impacts. Analyses of the natural variation in stable isotopes of lipids 
present in controlled growth experiments from extant plants, algae and grazing organisms carried 
out by Grice have provided new insights into how these systems function across paleoecological to 
modern timescales and across a wide range of spatial scales. Grice’s outstanding research reputation 
includes 2 ARC QEII fellowships, ARC Professorial DORA and more than 160 publications in top 
international journals, plus a number of international, national awards and fellowship Honours. She 
has also attracted many national and international PhD and postdoctoral scholars to the wonders of 
Earth science (25 PhD completions since 2007). 
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Dr Tara Pukala 
2017 ANZSMS Bowie Medal Recipient 
 
Associate Professor 
School of Physical Sciences, The University of Adelaide 
 
 
 

Tara Pukala obtained a PhD from the University of Adelaide in 2006, under the supervision of Prof 
John Bowie. This was followed by a postdoctoral position at the University of Cambridge, UK, 
working with Prof Dame Carol Robinson in the field of native mass spectrometry. Tara returned to 
Australia to her current role as lecturer in the Discipline of Chemistry at the University of Adelaide in 
2008. Here she leads a multidisciplinary research group focused on developing new approaches, 
primarily utilising mass spectrometry, to investigate the structure, function and interactions of 
macromolecules important in biology. Tara served as Vice President of the Australian and New 
Zealand Society for Mass Spectrometry (ANZSMS) from 2011-2015, and is an editorial board member 
for scientific journals including Nature Scientific Reports.  She is the recipient of the 2017 ANZSMS 
Bowie Medal.   
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Program 
 

Sunday 16 July 2017 
13.00 – 18.00 
Level 10 

Registration 

13.00 – 16.00 
Level 1 (R2) 

Student Workshop 

17.00 – 19.00 
Level 10 

ANZSMS Welcome Reception 
Guest Speaker – Josh Hixson, Australian Wine Research 
Institute (AWRI) 

 
Monday 17 July 2017 
8.00 – 9.00 
Level 10 

Registration / Arrival tea & coffee 

9.00 – 9.15 
Level 2 

Conference Open 

9.15 – 10.00 
Level 2 

2017 ANZSMS Morrison Medal Recipient - Professor Kliti 
Grice, Curtin University 
Molecules (and stable isotopes) about the evolution of life and their 
preservation across ocean anoxic events (including major mass 
extinction events) 

Level 2 Environment/Forensics 1 
10.00 – 10.15 Professor Kevin Thomas, University of Queensland 

High-resolution mass spectrometric retrospective screening of newly 
identified contaminants of emerging concern 

10.15 – 10.30 Mr Morphy Dumlao, (Student) University of New South 
Wales 
Solid-phase microextraction dielectric barrier discharge ionisation for 
mass spectrometry 

10.30 – 11.00 
Level 10 

Morning Tea in the Exhibition 

11.05 – 11.45 
Level 2 

Invited Speaker: Professor Jin-Ming Lin, Tsinghua University 
Droplet generation and its application in cell analysis 

Level 2 Clinical/Diagnostics 
11.45 – 12.00 Mr Rafea Naffa, (Student) Massey University 

Rapid simultaneous quantitation of mature collagen crosslinks by silica 
hydride column and liquid chromatography-mass spectrometry (LC-MS) 
without derivatization 

12.00 – 12.15 Dr Taryn Guinan, Monash University 
Desorption ionisation on porous silicon for the rapid detection of 
nicotine from breath 
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12.15 – 13.30 
Level 10 

Lunch in the Exhibition 

12.15 – 13.30 
Level 2 

Workshop hosted by Agilent 

13.35 – 14.25 
Level 2 

Invited Speaker: Professor Richard A. Yost, University of 
Florida 
Ion mobility/mass spectrometry for metabolomics and clinical analysis 

Level 2 Lipids/Metabolites 1 
14.25 – 14.40 Dr Darren Creek, Monash University 

Combining metabolomics and proteomics to reveal the mechanisms of 
action and resistance of peroxide antimalarials 

14.40 – 14.55 Mr Yepy H. Rustam (Student) University of Melbourne 
An integrated ‘omics’ approach toward understanding the role of 
aberrant lipid metabolism in colon cancer 

14.55 – 15.10 Dr Marten Snel, South Australian Health and Medical 
Research Institute 
Inter-generational changes in the gut microbiome and faecal 
metabolome of inbred mice 

15.10 – 15.45 
Level 10 

Afternoon Tea in the Exhibition 

Level 2 Lipids/Metabolites 2 
15.45 – 16.15 Professor Gavin Reid, University of Melbourne 

Illuminating the structural diversity of the lipidome: 193 nm photo- 
dissociation tandem mass spectrometry for comprehensive lipid 
characterization 

16.15 – 16.30 Mr Venkateswara R. Narreddula, (Student), Queensland 
University of Technology 
Photo-dissociation for structural elucidation of isomeric lipids using a 
novel fixed-charge derivative 

16.30 - 16.45 Dr Berwyck Poad, Queensland University of Technology 
Combining charge-switch derivatisation with ozone-induced 
dissociation for facile fatty acid analysis 

16.45 – 17.00 Dr Elizabeth McKenzie, Liggins Institute 
Long-term storage of human skin surface samples for metabolomics 

17.00 – 19.00 
Level 10 

Poster Session 
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Tuesday 18 July 2017 
8.00 – 9.00 
Level 10 

Registration / Arrival tea & coffee 

9.00 – 9.45 
Level 2 

Invited Speaker: Vicki Wysocki, Ohio State University 
Native MS in Structural Biology: SID/IMMS and SID/HRMS 

Level 2 Structural/Native MS 

9.45 – 10.00 Dr Simon Brown, Illawarra Health and Medical Research Institute, 
University of Wollongong 
Lipid-protein interactions: Mass spectrometric tools and techniques for 
structural characterisation 

10.00 – 10.15 Mr Julian Alexander Harrison, (Student) University of Wollongong 
Mass spectrometry analysis of Australian snake venom trimeric 
phospholipase A2 stability 

10.15 – 10.30 Dr Nicholas Demarais, University of Auckland 
Elucidation of disulfide bond connectivity by theta nano-electrospray 

10.30 – 11.05 
Level 10 

Morning Tea in the Exhibition 

Level 2 MS in Industry 

11.05 – 11.20 Mr Alex Oglobline, Chemistry First 
Mass spectrometry in Australia.  a view from a commercial lab 

11.20 – 11.35 Dr Neil Choi, DTS Food Assurance 
Challenges in a commercial food analytical laboratory: 
modernisation of vitamin D3 analysis in infant formula by LCMSMS 

11.35 – 11.50 Sandra Hack, CPR Pharma Services 
Regulated bioanalysis supporting preclinical and clinical studies 

11.50 - 12.05 Jana Skopec, Agrifor Scientific 
Mass spectrometry importance and uses in the industry 

12.05 – 13.30 
Level 10 

Lunch in the Exhibition 

12.05 – 13.30 
Level 2 

Workshop hosted by Oceania Mass Spectrometry Imaging Society 
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13.30 – 14.25 
Level 2 

Invited Speaker: Jasna Peter-Katalinic, University of Muenster, 
Germany and University of Rijeka, Croatia 
A focus on complex carbohydrate mass spectrometry tools 

Level 2 Advances in Instrumentation and Methods 

14.25 – 14.40 Dr Igor Filipov, Mscube Ltd. 
A new high-resolution operational mode for quadrupole mass filters 

14.40 – 14.55 Ms Anna Radionova, (Student) The University of Auckland 
Theta-channel nano-electrospray emitters for biological applications 

14.55 – 15.10 Mr Michael Leeming, (Student) The University of Melbourne 
Non-targeted detection of metabolite-protein adducts 

15.10 – 15.45 
Level 10 

Afternoon Tea in the Exhibition 

Level 2 Imaging 

15.45 – 16.15 Professor Peter Hoffmann, University of South Australia 
Mass spectrometry imaging (MSI) in combination with laser micro dissection 
and LC-MS/MS analysis for cancer diagnostics on tumour tissue 

16.15 – 16.30 Dr Paul Trim, South Australian Health and Medical Research 
Institute 
MALDI imaging of lipids in human prostate cancer explants. 

16.30 – 16.45 Dr Johan Gustafsson, University of South Australia 
Bimodal mass spectrometry imaging of fingermarks and gastric metabolites 

16.45 – 17.30 
Level 2 

ANZSMS AGM 
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Wednesday 19 July 2017 
8.00 – 9.00 
Level 10 

Registration / Arrival tea & coffee 

9.00 – 9.45 
Level 2 

Invited Speaker: Myeong Hee Moon, Yonsei University 
Flow field-flow fractionation and mass spectrometry for proteomic & 
lipidomic analysis 

Level 2 Environment/Forensics 2 
9.45 – 10.00 Associate Professor Stewart Walker, Flinders University 

Use and abuse of mass spectrometry 

10.00 – 10.15 Miss Eliza Moule, (Student) Flinders University 
Rapid detection of THC, MDMA and cocaine in saliva via Direct Sample 
Analysis- Time of Flight Mass Spectrometry (DSA-ToF) 

10.15 – 10.30 Associate Professor Oliver Jones, RMIT University 
Revealing potential route specific impurities in the synthesis of illicit 
narcotics via mass spectrometry 

10.30 – 11.05 
Level 10 

Morning Tea in the Exhibition 

11.05 – 11.45 
Level 2 

Guilhaus Prize: Dr W. Alexander Donald, University of New 
South Wales 
Mechanism and control of the selective fragmentation of protein ions 

Level 2 Ion Chemistry 
11.45 – 12.00 Dr David Harman, Western Sydney University 

Pretty dicey chemistry: an ion trap mass spectrometry study 
into the reactivity of 1-cubyl radical 

12.00 – 12.15 Dr Jiaye Li, The University of Melbourne 
Formation and gas-phase reactivity of atomically size-precise copper 
nanoclusters 

12.15 – 12.30 Mr Hyun Eui Lee, (Student) University of New South Wales 
Capturing reactive high-valent iron(IV)-oxo intermediates of catalytic 
cycles using theta-capillary nanoelectrospray ionisation mass 
spectrometry 

12.30 – 12.45 Miss Fiona Bathie, (Student) The University of Melbourne 
Generation and gas phase chemistry of the elusive organoargentates in 
the +3 oxidation state 

12.45 – 19.00 Free Time 
18.30 – 23.00 ANZSMS26 Conference Dinner at Adelaide Oval 
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Thursday 20 July 2017 
8.00 – 9.00 
Level 10 

Registration / Arrival tea & coffee 

9.00 – 9.45 
Level 2 

Invited Speaker: Christophe Jouvet, The National Center for 
Scientific Research (France) 
Cold Ions, spectroscopy and mass spectrometry 

Level 2 Ion Spectroscopy 

9.45 – 10.00 Dr Christopher Hansen, University of Bristol 
Ion imaging mass spectrometry with VUV universal ionisation: 
exploring the UV photo-dissociation dynamics of 2-bromothiophene 

10.00 – 10.15 Associate Professor Adam Trevitt, University of Wollongong 
Laser photo-dissociation spectroscopy of protonated N-aromatic ions: 
Is it a crap-shoot? 

10.15 – 10.30 Dr David Marshall, Queensland University Of Technology 
Optimisation of photochemical reactions using action spectroscopy 

10.30 – 11.05 
Level 10 

Morning Tea in the Exhibition 

11.05 – 11.45 Bowie Medallist: Dr Tara Pukala, University of Adelaide 
Structural Characterisation of Biomolecular Assemblies by Chemical 
Cross-Linking and Ion Mobility-Mass Spectrometry 

Level 2 Ion Mobility MS 

11.45 – 12.00 Professor Richard O’Hair, University of Melbourne 
Probing the structure of multiply charged betaine clusters using IR- 
vibrational spectroscopy combined with ion mobility-mass 
spectrometry (IM-MS) 

12.00 – 12.15 Dr James Bull, University of Melbourne 
Photoswitching azoarenes: Ion mobility mass spectrometry coupled 
with laser spectroscopy 

12.15 – 13.30 
Level 10 

Lunch in the Exhibition 
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13.30 – 14.25 
Level 2 

Invited Speaker: Dr Yu-Ju Chen, Institute of Chemistry of 
Acedemia Sinica 
Mass Spectrometry-based Strategies towards Comprehensive Phospho- 
proteomic Network 

Level 2 Proteomics 

14.25 – 14.40 Dr Matthew Dun, Unter, University of Newcastle 
Redoxome analysis of mutant FLT3 acute myeloid leukaemia patients 
reveals mechanisms of cooperation between kinase signalling and 
oxidative stress 

14.40 – 14.55 Ms Parul Mittal, (Student) University of Adelaide 
Molecular characterization of metastatic endometrial cancer by mass 
spectrometry 

14.55 – 15.10 Mr Muhammad Zenaidee, (Student) University of New South 
Wales 
Ion ‘supercharging’ significantly improves global protein identification 
in whole-cell protein digests by liquid chromatography tandem mass 
spectrometry 

15.10 – 15.30 
Level 2 

Conference Close & Awards Presentation 
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Accepted Abstracts – Oral Presentation 
Abstracts are provided in order of presentation in the program. 

 

Molecules (and stable isotopes) about the evolution of life and their preservation 
across ocean anoxic events (including major mass extinction  events) 

K. Grice1
 

 
1Department of Chemistry, Curtin University, 

Australia E-mail:  
k.grice@curtin.edu.au 

 
Oceanic anoxic events (OAEs) are sediments that contain high amounts of organic matter that were 
deposited under oxygen-depleted conditions and form an exceptional archive for the reconstruction of 
paleoenvironments. Often OAEs correspond with mass extinction events of life (especially the large 
five events in the past 600 million years) and deposition of petroleum source rocks, even though 
localised OAEs do not always reflect global phenomena. Novel mass spectrometry tools such as 
compound specific isotopes (C, H and S) of ancient molecules (biomarkers) and GC X GC TOFMS of 
highly complex organic mixtures are applied to major extinction events and associated petroleum 
samples to reconstruct microbial environments in ancient seas. 

 
Calcium carbonate concretions often preserved in sediments can contain encapsulated fossil remains 
(e.g., bones, soft tissue). These concretions are formed under highly reducing conditions allow for 
exceptional preservation of soft tissue and biomolecules (e.g., cholesterol). Concretions were formed 
over extended geological time spans, but have never been studied in sufficient detail by organic – 
inorganic approaches. With access to concretions from some worldwide Lagerstätte locations (e.g., 
Lower Jurassic Posidonia Shale, NW Germany; The Devonian Gogo Formation, Western Australia) and 
the surrounding sedimentary shales- organic (biomarkers, biomolecules and stable isotopes, 
inorganic geochemistry and morphology by imaging including TOF-SIMS, TEM) reveal the extent of 
preservation of cholesterol and the entire diagenetic continuum. Outstandingly preserved cells from 
sediments deposited under photic zone euxinic (PZE) conditions provide insights into the 
development and evolution of life (including highly important cellular remains such as red blood cells, 
white blood cells and platelets, collagen) in a vertebrate from a183 million year old extinct ichthyosaur. 
The evolutionary significance of these important cellular remains will be revealed. 

 
Keywords: mass extinctions, biomarkers, molecular fossils, stable isotopes, evolution, petroleum 
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High-resolution mass spectrometric retrospective screening of newly identified 
contaminants of emerging concern 

 

Kevin V Thomas1,2, Saer Samanipour2, Nikiforos Alygizakis3, Nikolaos Thomaidis3 

 
 

1Queensland Alliance for Environmental Health Sciences (QAEHS), University of 
Queensland, Australia 

2Norwegian Institute for Water Research (NIVA), 
Norway 3Department of Chemistry, University of 

Athens, Greece E-mail: kevin.thomas@uq.edu.au 
 
The high resolution, accurate mass and full-scan spectral sensitivity of high- resolution mass 
spectrometry (HRMS) data make retrospective analysis a very attractive feature for the screening of 
previously analysed samples for compounds additional to those analysed previously. Whilst an 
individual laboratory may have an extensive collection of HRMS data, covering multiple matrices with 
broad spatial and temporal coverage, combining these valuable data sources through a collaborative 
network significantly increases the potential of retrospective analysis to rapidly screen a broad range 
of environmental samples for the occurrence of newly identified contaminants of emerging concern 
(CECs) without the need to collect and analyse new samples. A data sharing approach is proposed 
that has the potential to rapidly establish spatial, temporal and matrix occurrence of a newly identified 
CECs prior to further investigation. Thirteen laboratories evaluated such an approach by collectively 
retrospectively analysing full-scan HRMS data from a broad range of environmental samples for 
approximately 150 compounds. The compiled data, along with associated calibration data, were then 
independently checked. The presentation will present the results of this collaborative trial and 
highlight which compounds were detected and in which types of sample along with the benefits and 
challenges of such an approach for retrospective screening. 
Keywords: HRMS, suspect screening, retrospective, contaminants of emerging concern 
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Solid-phase microextraction dielectric barrier discharge ionisation for mass 
spectrometry 

M.C. Dumlao1, D. Xiao2, D. Zhang2, J. Fletcher2, 
J. J. Gooding1 and W. A. Donald1 

 
1 School of Chemistry, University of New South Wales, NSW, 2052, Australia; 

2School of Electrical Engineering and Telecommunications, University of New South Wales, NSW, 
2052, Australia 

E-mail: w.donald@unsw.edu.au 
 
 
A novel plasma-based ionisation source, a solid-phase microextraction which is directly integrated 
with low temperature plasma ionisation MS, is utilised to rapidly detect toxins in complex mixtures, 
including urine. The fibre serves: (i) to extract molecules from their native environment, and (ii) as the 
ionization electrode that is used to desorb and ionize molecules. The SPME fibre consists of 
immobilized zeolitic material on stainless steel needle. Using this method, chemical warfare agent 
analogues (dimethyl methylphosphonate, diethyl ethylphosphonate) and hydrolysis product 
(pinacolyl methylphosphonic acid) can be detected at less than 100 ppb directly in water and urine in 
just ≤ 2 min. Due to surface polarity differences, Linde Type A coating significantly outperformed the 
high alumina ZSM-5 coating of comparable thickness. Conversely, by surface modification  e.g. 
conditioning Linde Type A coated probe with aqueous CuSO4, the ion abundance significantly 
increased resulting to high sample recovery. 

 
We have demonstrated that our ionisation source, when operated at 10 kHz, ~2.5 kVp-p square-
wave alternating current, can consume ≤ 1 μW of power (100× lower than more conventional 
plasmas), significantly more homogenous and produces higher protonated ion abundance as 
compared to sine and triangular. By use of benzylammonium thermometer ions, the extent of internal 
energy deposition is essentially similar using different waveforms excited plasma. 

 
The key innovation of this method is that toxins like chemical warfare agents can be directly and 
rapidly sampled in situ, directly from complex mixtures, including urine, without sample 
preparation/chromatography for detection by MS. This ion source should prove beneficial for portable 
MS applications because relatively low detection limits can be obtained without the use of  
compressed gases, fluid pumps, and lasers. Moreover, the power of our ion source can be 
miniaturised using an H-bridge circuit with optimized transformer which can be continuously powered 
for ~50 h by 9 V-battery (PP3). 

 
 
Keywords: dielectric barrier discharge, thermometer ions, mass spectrometry 
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Droplet generation and its application in cell analysis 

Jin-Ming Lin 
Department of Chemistry, Tsinghua University, Beijing 100084, China  

E-mail:   jmlin@mail.tsinghua.edu.cn 
 
 

Developing analytical techniques with high sensitivity, multi-component analysis and rapid 
temporal response is a prerequisite for single cell. However, commonly used methods, such as 
electrochemical and optical sensors, usually target known compounds, and activated responses 
of the analytes are required. Mass spectrometry (MS) is a label- free, molecular-
specific,sensitive   and   universe   analytical method,  therefore, development of MS as a 
sensor is apparently of great importance. In this study we described a novel method for 
single-cell analysis and lipid profiling by combining drop-on-demand inkjet
 cell printing and probe electrospray ionization mass spectrometry (PESI -MS). 
Through inkjet sampling of a cell suspension, droplets with single cells were generated, 
precisely dripped onto a tungsten-made electrospray ionization needle,  and 
immediately sprayed under a high-voltage electric field. Lipid fingerprints of single cells 
were obtained by a mass spectrometry (MS) detector. A homemade magnetic stirring 
device was applied to the cell suspension reservoir, which controlled the homogeneous 
distribution of cells in liquid and improved  the single -cell-droplet percentage by 43.8%. 
Eight types of single cells were screened in our platform and further differentiated by 
principal component analysis based on cellular surface phospholipids. Thus, this study 
successfully provides a facile method for the direct MS profiling of single-cell lipids by 
PESI-MS. 

 
References 
1) J.  Liu,  H.  Wang,  N. E. Manicke, J. -M. Lin, R.  G.  Cooks, Z.  Ouyang,  Anal. Chem., 

2010, 82(6), 2463-2471. 
2) F. Chen, S. Mao, H. Zeng, S. Xue, J. Yang, H. Nakajima, J. -M. Lin, K. Uchiyama,  Anal. 

Chem., 2013, 85 (15), 7413– 7418. 
3)    W. Liu, N.  Wang, X. Lin, Y. Ma, J. -M. Lin, Anal. Chem., 2014, 86 (14),  7128–7134. 
4) 4) F. Chen, L. Lin, J. Zhang, Z. He, K. Uchiyama, J.-M. Lin*,Anal. Chem., 2016, 88, 

4354– 4360. 
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Rapid Simultaneous Quantitation of Mature Collagen Crosslinks by Silica Hydride 
Column and Liquid Chromatography-Mass Spectrometry (LC-MS) without derivatization 

 
Rafea Naffa1, Catherine Maidment2, Meekyung Ahn3  and Gillian Norris4 

 
1,2,4 Institute of Fundamental Sciences, Massey University, Palmerston North, New Zealand 

1,2,3 New Zealand Leather and Shoe Research Association (LASRA®), Palmerston North, New 
Zealand 

 
E-mail: rafea.naffa@lasra.co.nz 

 
 
The structure of the connective tissues such as skin, bone, tendon, cartilage and dentin are mainly 
made of collagen. During the biosynthesis of collagen, the post-translational modifications result in 
the formation of the covalent crosslinks which contribute to the strength and flexibility of collagen 
structure. So far, several crosslinks have been isolated and characterized in bone, skin and cartilage 
and these are classified as immature and mature crosslinks. Immature crosslinks are lysinonorleucine 
(LNL), hydroxylysinonorleucine (HLNL), dihydroxylysinonorleucine (DHLNL) while mature crosslinks 
are histidine-hydroxylysinonorleucine (HHL), pyridinoline (Pyr), desmosine (Des) and 
histidinohydroxymerodesmosine (HHMD). The existing methods used for collagen crosslinks 
analysis and quantitation are time consuming (> 60 minutes) and require derivatization which 
complicates the analysis due to the formation of multiple derivatives. Although mass spectrometry 
has been utilized previously for collagen crosslinks analysis, total run time was 40 minutes, ion pairing 
agent was required for separation and HHL and HHMD were not analysed. 
 
We have developed a method to simultaneously analyse and quantitate all collagen crosslinks 
including the very hydrophilic mature crosslinks of HHL and HHMD in 10 minutes and without 
derivatization. A complete separation of all collagen crosslinks was obtained on the Cogent Diamond 
hydride column under isocratic and gradient conditions using water and acetonitrile both containing 
0.1% formic acid. Mass spectrometry detection delivered subpicomole sensitivity for crosslink 
quantitation. Fragmentation patterns allowed the direct characterization and quantitation of crosslinks 
in complex mixtures. When this method was applied to skin, crosslinks were detected then quantified. 
Also we noted the potential presence of undocumented crosslinks. This method is applicable to the 
quantitative and qualitative analysis of natural crosslinks in many biological samples as well as the 
characterization of new crosslinks. Our method is label-free, sensitive, selective and faster than all 
previous methods in which HHL and HHMD were analysed by mass spectrometry for the first time. 

 
 
Keywords: collagen crosslinks, silica hydride, mass spectrometry. 
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, 

Desorption ionisation on porous silicon for the rapid detection of nicotine from 
breath 

 
T.M. Guinan1  H. Abdelmaksoud2,3, N.H. Voelcker1,3 

 
1Drug Delivery Dynamics and Disposition, Monash University, Australia 

2Future Industries Institute, University of South Australia, Australia 
3ARC Centre of Excellence in Convergent Bio-Nano Science and Technology, Australia E-

mail: taryn.guinan@monash.edu 
 
Breath testing is a powerful technique, which holds promise in the field of drug detection, and 
biomarker discovery. Exhaled breath is composed of molecules, which are trapped in aerosol  
particles formed from the airway lining fluid. Breath analysis offers a rapid, unalterable and non- 
invasive means of testing, which is globally accepted for point of collection alcohol testing. Recently, 
several studies have emerged which demonstrate the detection of drugs of abuse from breath is also 
possible using LC-MS. Furthermore, nicotine has been detected from vapour using various MS 
approaches. The current validated procedure employs a breath collection device with a filter. The 
filter is designed to trap the aerosol particles containing drug molecules but the drugs must then be 
extracted and concentrated from the filter for mass spectrometry analysis. 
 
Surface-assisted laser desorption ionization (SALDI)-MS is a matrix-free technique commonly utilized 
for the analysis of low molecular weight analytes (< 1000 Da). Porous silicon (pSi) has been one of 
the more successful SALDI substrates, often termed desorption ionisation on porous silicon (DIOS), 
due to its high surface area to volume ratio (600 m2/g) and UV absorptivity. Previously, we have 
utilised DIOS for the detection of illicit drugs from various biological fluids including plasma, urine, 
saliva and sweat. Here, we demonstrate the DIOS-MS detection of nicotine from breath using two 
different facile protocols. Nicotine was used for proof-of-principle studies to demonstrate that small 
molecule detection from breath is possible. Furthermore, breath analysis by DIOS-MS may be useful 
for the detection of a range of small molecules including illicit drugs or biomarkers. Unlike current 
mass spectrometry based techniques, our novel approach allows for direct detection of small 
molecules without the need for extraction, derivatisation or rinsing protocols. This technique also rules 
out the possibility of adulteration since breath samples can be taken directly by the analyser. Breath 
capture and processing was optimised for each protocol with factors including resuspension volume 
assessed. 

 
Keywords: DIOS, nicotine, breath detection, SALDI, body fluids 
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Professor Richard Yost 

Ion mobility/mass spectrometry has tremendous potential for metabolomics and clinical analysis. Ion 
mobility can resolve compounds unresolved by LC/MS/MS, provide additional structural information 
not available from mass spectrometry, and reduce or even eliminate the need for chromatographic 
separation. These features offer significant improvements for quantitative targeted metabolomics and 
clinical analysis, as well as for untargeted (global) metabolomics studies. Techniques to be covered 
include both classic drift tube ion mobility (IMS) and high-field asymmetric-waveform ion mobility 
(FAIMS), with various applications including steroids, bile acids, and Vitamin D. 
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Combining Metabolomics and Proteomics to Reveal the Mechanisms of Action and 
Resistance of Peroxide Antimalarials 

 
D.J. Creek1, G. Siddiqui1, C. Giannangelo1, S.A. Charman1 

 

1Drug Delivery Disposition and Dynamics, Monash Institure of Pharmaceutical Sciences, Monash 
University, Australia 

E-mail: darren.creek@monash.edu 
 
 
Malaria threatens approximately 40% of the world population, causing 429 000 deaths annually. The 
malaria parasite, Plasmodium falciparum, has developed resistance to most approved antimalarials, 
and treatment currently relies on peroxide antimalarials based on the natural product, artemisinin. 
Resistance has recently emerged to artemisinins, and is associated with a mutation in PfKelch13. 
The function of this gene, and the mechanism of resistance, are not known. New synthetic peroxides 
(OZs) are now in clinical trials and early clinical usage, but the mechanisms of action and resistance 
for peroxide antimalarials remain poorly defined. The aim of this study was to combine metabolomics 
and proteomics to reveal the mechanisms or action and resistance of artemisinins and synthetic 
peroxide antimalarials. 
Artemisinin-sensitive and -resistant strains of P. falciparum were cultured and treated with artemisinin 
derivatives or synthetic peroxides. Metabolites, peptides and proteins were extracted in parallel and 
analysed by LC-MS with high resolution accurate mass spectrometry. The untargeted metabolomics 
analysis of drug-treated parasites revealed depletion of specific small peptides, and the kinetics of 
peptide depletion corresponded with the onset of action of each compound. The proteomics and 
peptidomics analyses revealed drug-induced perturbation to haemoglobin digestion in agreement 
with the proposal that these peroxides are activated in the digestive vacuole of the parasite. Multi-
omics analysis of the PfKelch13-mutant resistant parasites revealed specific depletion of PfKelch13 
protein, decreased levels of haemoglobin-derived peptides and accumulation of glutathione and its 
precursor gamma-glutamyl cysteine. Together, these studies implicate haemoglobin digestion in the 
mechanisms of action of both the artemisinins, and newer synthetic peroxide, antimalarials. 
Resistance is associated with a decrease in haemoglobin digestion, as well as decreased levels of 
PfKelch13 and an increase in antioxidant capacity of the parasite. 

 
Keywords: Metabolomics, Proteomics, Peptidomics, Malaria, Drug Resistance 
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An Integrated ‘Omics’ Approach toward Understanding the Role of Aberrant Lipid 
Metabolism in Colon Cancer 

 
Yepy H. Rustam1, Michelle Palmieri2, Dmitri Mouradov2, Oliver Sieber2, Gavin E. Reid1,3 

 

1 Department of Biochemistry and Molecular Biology, The University of Melbourne, Parkville, 
Victoria 3010, Australia 

2 Systems Biology and Personalised Medicine Division, Walter and Eliza Hall Institute of Medical 
Research, Parkville, Victoria 3010, Australia 

3 School of Chemistry, The University of Melbourne, Parkville, Victoria 3010, 
Australia E-mail: yrustam@student.unimelb.edu.au 

 
 
Studies of the proteogenomic landscapes of human colon cancer have been instrumental in 
advancing our understanding of disease biology and the identification of clinically actionable 
aberrations. While the major genomic and transcriptomic hallmarks and subtypes of colon cancer  
have been defined, these 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 signaling molecules. Emerging data indicate profound dysregulation of cellular lipid 
metabolism and signaling in colon cancer, and there is an increasing recognition of their contributions 
to malignant progression. However, a detailed survey of the global lipidomic hallmarks of colon  
cancer, and examination of the interconnected networks and causal relationships between gene, 
transcript, protein and lipid metabolite species on cellular phenotype, is  currently  lacking. 
Furthermore, the clinical and pharmacologic potential of colon cancer associated lipidomes as 
diagnostic biomarkers of the disease, or to predict responses to targeted and cytotoxic agents, remain 
largely unknown. Here, to address these needs, we will describe the development and application of 
a ‘shotgun’ mass spectrometry based lipidomics workflow, for the high-throughput identification and 
quantification of differences in lipid profiles observed between patient matched tumor and normal 
tissue samples, and within a series of molecularly-annotated colon cancer cell lines. We will then 
demonstrate the power of integrating transcriptomic, proteomic and lipidomic datasets for interpreting 
the functional consequences of these differences in global lipidome inventories, and to determine 
whether variations in lipidome profiles across primary colon tumours and cell lines explain part of the 
clinical heterogeneity of the disease and constitute a distinct, or complementary, taxonomy relative 
to the currently used genomic and transcriptomic classifications. 

 
Keywords: lipidomics, colon cancer, biomarkers, mass spectrometry, multi-omics 
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Inter-generational changes in the gut microbiome and faecal metabolome of inbred 
mice. 

 
M.F. Snel1, J.M. Choo2, P.J Trim1, G.B. Rogers2 

 

1Nutrition and Metabolism Theme, South Australia Health and Medical Research Institute, 
Australia 2Infection and Immunity Theme, South Australian Health and Medical Research 

Institute, Australia E-mail: marten.snel@sahmri.com 
 
 
The inbred mouse is one of the most commonly employed and useful animal models in scientific 
research. Like humans, mice play host to a complex population of microbiota. It is increasingly being 
recognised that the bacteria of the gut play an important role in many aspects of human and animal 
physiology. Whereas the genome of the mouse is very well defined and controlled, the microbiome 
has generally been disregarded. In this study, we measured the gut microbiome and faecal 
metabolome over six generations in a mouse colony. 
Mice (C57BL/6J) were housed under strictly controlled husbandry conditions, including housing and 
diet, with minimal variation over six generations. Microbiota were assessed using 16S rRNA gene 
amplicon sequencing and faecal metabolomics was by means of LC-MS/MS. Statistical evaluation 
of results was by principle component analysis. 
The biggest variation in both microbiome and metabolome was observed between the first generation 
(founder generation) and all subsequent generations. A more attenuated drift in microbiota and 
metabolites was observed from the second generation onward. The magnitude of changes in the 
faecal metabolome closely follow the gut microbiota variations, indicating potential metabolic 
consequences that could have a bearing on the results of biological studies. 

 
Keywords: mouse model, inter-generational, inter-institutional, faecal microbiome, 
faecal metabolomics 
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Illuminating the Structural Diversity of the Lipidome: 193 nm Photodissociation 
Tandem Mass Spectrometry for Comprehensive Lipid Characterization 

 
G.E. Reid1,2,3, E. Ryan1, C. Nguyen1, C. Shiea1 

 

1School of Chemistry, The University of Melbourne, Australia 
2Department of Biochemistry and Molecular Biology, The University of Melbourne, 
Australia 3Bio21 Molecular Science and Biotechnology Institute, The University of 

Melbourne, Australia E-mail: gavin.reid@unimelb.edu.au 
 

Lipids play diverse structural and functional roles in the maintenance of cellular homeostasis, 
including as components of cellular membranes and membrane proteins, in energy storage, and as 
intra- and inter-cellular signalling molecules, and are known to be functionally associated with the 
onset and progression of certain metabolically linked diseases. As the biological activities of these 
lipids are dependent on their structures, and due to the limitations of conventional ion activation 
methods employed during tandem mass spectrometry (MS/MS), there is a need for the development 
of improved methods for detailed structural characterization of the diverse range of molecular lipid 
species that may be present within complex lipid matrices (i.e., the ‘lipidome’), potentially comprised 
of tens of thousands of discrete molecular species, including numerous isobaric (i.e. same nominal 
mass) and isomeric (i.e. same exact mass) lipids. Here, the utility of 193 nm ultraviolet 
photodissociation (UVPD)-MS/MS, implemented in an ultra-high resolution Orbitrap mass 
spectrometer, has been explored for the detailed structural characterization of lipid species from a 
range of lipid categories, including fatty acids, glycerolipids, glycerophospholipids, sphingolipids and 
sterol esters. In addition to the product ions formed by higher energy collision dissociation (HCD), 
UVPD is shown to yield a series of novel structurally diagnostic product ions enabling direct 
localization of the site(s) of unsaturation of sphingosine, acyl chain and alkenyl ether double bonds,  
as well for improved characterization of lipid backbone (e.g., sphingoid base, ester-, ether- and amide 
bond-linked acyl chains), and headgroup identities. With activation timescales and dissociation 
efficiencies similar to those employed in conventional MS/MS strategies, this approach is therefore a 
promising new tool in the arsenal of ion activation techniques toward providing complete structural 
elucidation in automated, high-throughput lipid analysis workflows. 

 
Keywords: Lipids, lipidomics, photodissociation, tandem mass spectrometry, 
structural characterization 
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Photodissociation for structural elucidation of isomeric lipids using a novel fixed-
charge derivative 

Venkateswara R. Narreddula1, David L. Marshall1, Berwyck L. J. Poad1, Nathan R. B. Boase1, Todd 
W. Mitchell2, Adam J. Trevitt2, Stephen J. Blanksby1 

Presenting author’s e-mail: venkateswarareddy.narreddula@hdr.qut.edu.au 

1 Queensland University of Technology, Brisbane, Queensland, Australia. 

2 University of Wollongong, Wollongong, New South Wales, Australia. 

Liquid-chromatography mass spectrometry (LC-MS) is emerging as an alternative to gas- 
chromatography for the identification and quantification of fatty acids (FAs) in biological extracts. To 
improve analytical sensitivity of fatty acid detection upon electrospray ionisation from acidified LC 
mobile phases, a new generation of FA derivatives – many incorporating a fixed positive charge – 
have been developed. In addition to enhancements in sensitivity, diagnostic charge-remote product 
ions are observed upon collision-induced dissociation (CID) of these derivatives that facilitate 
structure elucidation and confirm the FA identity, including position(s) of unsaturation. In general, 
however, these product ions are present in low abundance relative to competing charge-directed 
processes giving rise to ambiguity in lipid identity, particularly in complex mixtures where numerous 
isomers may be present. An alternative strategy employed by our group involves preparation of 
derivatives incorporating a photo-labile carbon-iodine bond (Pham, 2013). Photodissociation (PD) of 
this derivative with a single laser pulse (266 nm) produces abundant radical ions that undergo 
extensive carbon-carbon bond homolysis reactions and produce an information rich tandem mass 
spectrum. In this project, we have designed and synthesized a novel derivatization reagent N-(3- 
aminomethylphenyl-4-iodophenyl)pyridinium (I-AMPP) that combines a fixed charge moiety with a 
photo-labile aryl-iodide group to improve sensitivity and specificity of fatty acid analysis. The I-AMPP 
derivatization and PD analysis protocols have been deployed on isomeric FAs, including isomers 
differing in the sites of unsaturation and positions of methyl chain-branching and hydroxylation. 
Subsequent CID of mass-selected distonic radical cations (i.e., PD product ions) delivered distinctive 
structure selective radical-directed dissociation (RDD) product ions, which could unambiguously 
assign the structure of isomeric fatty acids. In this presentation, synthesis and application of I-AMPP 
derivatisation for discrimination of isomeric fatty acids in LNCaP prostate cancer cell lines will be 
presented. 

 
 
Key words: fatty acids, fixed-charge derivatives, photodissociation, radical-directed dissociation 
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Combining Charge-Switch Derivatisation with Ozone-Induced Dissociation for 
Facile Fatty Acid Analysis 
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Gas chromatography (GC) of fatty acid methyl esters is considered the gold standard for fatty acid 
analysis, principally owing to the speed and resolution of the chromatography. GC is most-often 
coupled to electron ionisation (EI) mass spectrometry, which enables generic identification of the fatty 
acid but has limited ability to differentiate between structurally related lipids. To circumvent these 
limitations, novel charge-switching derivatives have been developed for fatty acids, such as N-(4- 
aminomethylphenyl)pyridinium (AMPP). These derivatives are optimised for liquid chromatography 
(LC) hyphenated with electrospray ionisation mass spectrometry and demonstrate improved 
detection sensitivity and diagnostic fragmentation patterns derived from collision-induced 
dissociation. One disadvantage is the inherently lower chromatographic resolution of LC results in 
co-elution of closely related fatty acids yielding composite CID spectra that are difficult to assign. 
Ozone-induced dissociation (OzID) is an ion activation technology that exploits the gas-phase 
reaction between mass-selected ions and ozone inside a mass spectrometer and provides a potential 
solution to resolving isomeric fatty acids in charge-switch derivatisation workflows. 

 
Here we describe a new and versatile OzID configuration specifically for analysis of fatty acids as 
AMPP derivatives that exploits the facile direct infusion “shotgun” approach on a triple quadrupole 
mass spectrometer. A data-dependent batch method was used to target AMPP derivatised fatty acids 
via a precursor ion survey scan for the AMPP head group. Identified targets were mass-selected and 
interrogated by CID to determine acyl chain composition, followed by OzID for 1000ms to determine 
sites of unsaturation. We demonstrate this workflow to profile the fatty acids found in vernix caseosa;  
a highly complex biological matrix containing a vast array of unique lipids that serves to protect the 
skin of newborn babies. This rapid analysis highlights the presence of a range of double bond- 
positional isomers in this fatty acid pool that are not readily observed by conventional analysis. 
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Skin is the largest organ of the human body and its importance in health has only just begun to be 
investigated. Compounds from skin have the potential to answer many questions. They can be used 
for diagnosis, monitoring pollutant exposure, and for understanding the skin microbiome. The ease 
with which skin can be sampled makes it an attractive choice for medical researchers. However, a 
major drawback of skin sampling is sample stability. Volatile samples quickly evaporate if left at room 
temperature, or are stored in inappropriate containers. To assess the feasibility of long term storage   
of skin samples, a pilot study using ‘Twister’ (Gerstel) stir bars was carried out. Skin surface samples 
were collected by rolling the stir bars on skin. Half of the bars were analysed immediately using 
thermal desorption GC-MS. The other half were stored at 80°C in glass 2mL vials with inserts for four 
weeks, then were analysed in the same manner. After correction for compounds from field blanks,  
330 compounds remained. These included fatty acids, alkanes, alkenes, azoles, amines, sulfides, 
aldehydes, acetates, ketones, terpenes, phthalates, and silicones. The majority  (86%)  remained 
stable over four weeks. Furthermore, the difference between stored and non-stored samples was 
smaller than differences between skin sample locations, which means the integrity of the metabolic 
profile was not compromised. Whilst this study was limited in size and requires large scale validation, 
storage of skin samples for long periods appears to be feasible, provided they remained unopened 
and are stored under cold conditions in suitable containers. 

 
Keywords: Skinomics, skin, metabolomics, volatilomics, thermal desorption GC-MS. 
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Native MS in Structural Biology: SID/IMMS and SID/HRMS 
 
 

Vicki Hopper Wysocki, Ohio State University 
 
 

Characterization of the overall topology and inter-subunit contacts of protein complexes, and their 
assembly/disassembly and unfolding pathways, is critical because protein complexes regulate key 
biological processes, including processes important in understanding and controlling disease. 
Conventional structural biology methods such as X-ray crystallography and nuclear magnetic 
resonance provide high-resolution information on the structures of protein complexes. However, 
other emerging biophysical methods that provide lower resolution structural data (e.g. stoichiometry 
and subunit connectivity) on the structures of the protein complexes are also important. Native 
mass spectrometry is an approach that provides critical structural information with higher 
throughput on low sample amounts. The power of native MS increases when coupled to ion 
mobility (IM-MS), a technique that measures rotationally averaged collisional cross sections and 
thus direct information on conformational changes, or to high resolution mass spectrometry 
(HRMS). This presentation illustrates surface-induced dissociation/ion mobility SID/IM MS and  SID 
HRMS for characterization of topology, intersubunit connectivity, and other structural features of 
multimeric protein complexes. Data for a number of protein-partner complexes are under 
investigation, where the partner can be small molecule ligand, protein, DNA, or RNA. 
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Structural characterisation of lipid-protein interactions has focused on protein domains that interact 
with lipids. Substantial information has been revealed about protein structures involved in lipid-
protein interactions, however accurate chemical and structural knowledge about the lipids is often 
limited. 
Indeed, in structural studies lipids are often treated as non-specific molecules, and experimentally 
replaced with detergents and/or generic lipids. Paradoxically, it is these molecule-specific details 
that provide for accurate recognition between proteins and their respective lipid partners. 

 
To accurately describe a lipid-protein interaction, structural techniques must both provide detailed 
identification of lipids at low concentrations in biological samples, as well as describe the changes 
in protein structure that occur during the interaction of the lipid with the protein partner. We are 
developing a core set of mass-spectrometric methods to approach these challenges. These 
methods include lipid capture by co-purification with protein, coupled to high-resolution LC-MS/MS 
and 
infusion-MS, enabling the characterisation of endogenous lipid bound to protein as ligands. In 
parallel, protein structures, dynamics and allosteric surfaces are analysed by hydrogen-deuterium 
exchange mass spectrometry (HDXMS). 

 
Our current key model system is the lipid-binding class of proteins termed lipocalins, and primarily 
we work with the lipocalin apolipoprotein D (apoD). Soluble in aqueous environments, lipocalins are 
atypical lipoproteins, and commonly bind a single lipid by sequestration into a hydrophobic pocket. 
Here, we will present our HDXMS characterisation of apoD, demonstrating substantial allosteric 
changes in apoD dynamics upon progesterone binding. In addition, as an overview of our 
development of lipid capture methodology as well as preliminary identification of lipids isolated 
from apoD and tear lipocalin will be presented. Overall, these methods combine innovative 
analytical chemistry tools with in-solution protein dynamics analysis to create a workflow that will 
provide a greater understanding of bio-molecular interactions. 

 
Keywords: Lipids, protein, structure, apolipoprotein, lipidomics 
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Snake venoms are complex mixtures of proteins and peptides which work synergistically  to  
immobilise prey. A common component of Australian snake venoms is phospholipase A2 (PLA2). 
These proteins containing multiple disulfide bonds and are capable of damaging nerves and muscles 
and/or inhibit platelet aggregation. Their cytotoxic activities are enhanced by forming oligomers; these 
are amongst the deadliest snake neurotoxins. The most common multimeric PLA2 enzymes found in 
Australian snakes are the heterogeneous trimers, which are composed of an enzymatically active 
subunit (alpha) and two ancillary subunits (beta and gamma). Some of these proteins have also been 
shown to have therapeutic properties. Despite these activities, only a handful of studies have focused 
on characterising the structures of these toxins. In particular, there is little research into the stability 
of these complexes and the nature of the subunit interactions. A technique that can be used to gather 
these data is mass spectrometry (MS). 

 
In this study, nano-electrospray ionization mass spectrometry (nanoESI-MS) and travelling wave ion 
mobility mass spectrometry (TWIMS) were used to investigate the stabilities of trimeric PLA2 from the 
snake genera Acanthophis, Notechis and Oxyuranus. The ability of trimers to resist denaturing by 
disulfide reducing agents was monitored by nanoESI-MS. This showed that only one disulfide bond 
was reduced by dithiothreitol, indicating that the quaternary structure of these toxins protects the 
disulfide bonds. TWIMS was used in conjunction with circular dichroism spectroscopy (CD) to 
investigate the stability of venom PLA2 in the presence of organic solvents. This revealed that the 
trimers are capable of maintaining their quaternary and secondary structures in the presence of 50% 
acetonitrile, methanol and iso-propanol. The stability of the trimeric PLA2 indicates that they may be 
suitable candidates for use as calibrants in collisional cross section (CCS) estimations using TWIMS. 

 
Keywords: Phospholipase, Ion mobility, Snake venom 
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This paper is dedicated to the memory of Prof. Peter J. Derrick. 
 

Disulfide bonds can play an important role in determining protein tertiary structure, which 
may ultimately affect their function(s). Fast and efficient elucidation of disulfide bond connectivity is 
important for small, cysteine-rich proteins since they do not fragment efficiently under fully oxidized 
conditions. Here, we present a new technique for the elucidation of disulfide  bond  connectivity 
through the use of theta nano-electrospray ionization (nESI), which is faster, requires less sample 
preparation, and little instrument modification. 

Theta (theta-channel, dual-channel) nESI is a new technique that is gaining attention, where 
two solutions are separated in a glass capillary by a septum wall and allowed to interact at the exit 
orifice. Our recent work has shown that this technique can be operated in such a way that the reaction 
time varies from µs to ms. We apply this technique coupled to FT-ICR MS to sequentially reduce and 
tag the disulfide bonds of small, cysteine rich proteins, and probe the resulting ions by CID and ECD. 

The results of this work demonstrate that the theta nESI technique can be used for the 
advanced structural analysis of proteins, including those with disulfide bonds. Optimal conditions for 
solution mixing are determined and analysis of the different charge state distributions are compared. 

 
Keywords: theta-channel emitters, nanoelectrospray, mixing processes, disulfide bonds 
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Recent technological advances in the separation sciences has required transformation of commercial 
laboratories’ instrumentation from simple chromatography instruments with FID and ECD detectors 
of limited selectivity, to laboratories equipped with advanced capillary gas chromatographs, sub-2um 
particle ultra-high performance liquid chromatographs, supercritical fluid chromatographs, all coupled 
to a variety of mass spectrometry detectors. 
The presentation is focused on the place of MS technology in occupational health and safety, 
environmental and food laboratories operating in commercial environments in Australia and the 
broader role of the technique in industry, regulatory bodies and scientific communities. 
Competitiveness in the trade has demanded more efficient analytical technologies to increase the 
speed of the analysis; provide higher quality and confidence in data; improvement in time consuming 
sample preparation methods such as QuEChERS extraction; and detection of extremely polar 
organophosphate metabolites such as MeH2PO4, MeH2PSO3 or MeH2PS2O2 in routine pathology 
tests. 
The melamine crisis in 2008 changed the landscape of Australian and worldwide labs, with nearly 
30% of infant formula tests being replaced by 2015 with MS, as AOAC International recommended 
methods. This presentation will detail the role of mass spectrometry in commercial food chemistry 
laboratories, with an emphasis on the regulatory guidelines and acceptance criteria for MS detection 
and confirmation. 

 
Keywords: mass spectrometry, commercial laboratory, trends 
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A brief insight into the challenges in a commercial food analytical laboratory will be given, and how 
we keep pace with and utilize mass spectrometry and other advanced technology and methods to 
aid our work. The challenges are balanced on the triangle of compromise which is cost vs turn around 
time vs quality (accuracy and precision). In most cases, achieving two out of the three challenges are 
relatively easy, meeting all three together become more difficult and with compromises. We will 
describe a traditional analytical method for vitamin D3 in infant formula to exemplify these challenges 
and through the use of mass spectrometry techniques such as LC triple quadrupole mass 
spectrometry being the technique of choice, with isotopically labelled standard as the internal 
calibrant, help solve these challenges and modernize the method. A discussion will be made on the 
method development, its challenges and issues such as sample preparation, method miniaturization 
and the LCMSMS instrument set up, and finally, meeting and improving quality requirements to 
satisfy commercial demands. 

 
Keywords: Vitamin D3, LCMSMS, Analytical, Infant Formula. 
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Regulated Bioanalysis supports preclinical and clinical Studies in human health drug development 
for regulatory submission. The FDA and EMA have published descriptive guidelines on the criteria 
for bioanalytical method validation. CPR is a CRO (commercial research organization) conducting 
regulated Bioanalysis of both small molecules and large molecules (i.e. peptides, proteins, 
antibodies) to regulatory guidances such as the FDA/EMA Guidelines, GLP and ICH Good Clinical 
Practice. CPR has formal GLP recognition from the Australian Government’s OECD GLP compliance 
monitoring authority (NATA) for the analysis of drugs and metabolites in biological fluids in biological 
fluids by LC- MS/MS, HPLC and Immunoassay, OECD GLP Certification and ISO 17025 
Accreditation. 

 
Bioanalysis can be separated into the “Quality System” and the “Science” part and is involving three 
main parts Method/ Assay Development, Validation (including Plan, Analysis, Report and QA audits) 
and Sample Analysis (including Plan, Analysis, Report and QA audits). 

 
A dedicated experienced R&D team is developing accurate, precise, robust and compliant assays 
suitable to be validated, with the outcome of a detailed documented method procedure. The 
Regulatory Team then validates the developed method. The validation requires the documented 
execution of the method and all required tests (e.g. accuracy and precision, stability and specificity, 
etc). This encompasses a plan and report and is QA audited. Using the validated method, samples 
are analysed, including a plan and report and QA audits. 

 
CPR has developed and validated PK and PD (Biomarker) assays developed de novo or transferred 
from a different lab. Most Studies supported by CPR are First in Human Studies utilizing new chemical 
entitities. CPR’s experience includes sugars, nucleotides, enantiomers, steroids, prodrugs, peptides, 
immunosuppressants, nanoparticles, neurotransmitters and proteins. 

 
Keywords: FDA/EMA guidelines, GLP Bioanalytical Method Validation, Method 
Development, Regulatory Requirements, preclinical and clinical studies 
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Mass Spectrometry Importance and Uses in the Industry 
Jana Skopec 

 
Mass spectrometry is one of the most important techniques used in today modern 
laboratories and agricultural industry. 
Areas for which Mass Spectrometry is essential tool: 

 
Mass Spectrometry is used in industrial and academic fields for both routine and research 
purposes. The following list will clarify the major mass spectrometric applications: 

• Pharmaceutical: drug discovery, combinatorial chemistry, pharmacokinetics, drug 
metabolism, 

• Clinical: neonatal screening, haemoglobin analysis, drug testing, 
 

• Environmental: PAHs, PCBs, water quality, food analysis and contamination, 
 

• Geological: oil composition, 
 

• Biotechnology: the analysis of proteins, peptides 
 

• Agricultural chemicals 
 
Therefore it is a very important point for the societies such is ANZMS to encourage 
researchers to work hard in this field in order to clarify the main importance and to develop of 
mass spectrometry technique. 
Presentation will have focus on role of mass spectrometry in the Agricultural chemical analysis from 
the manufacture to the regulatory aspects and final registration and sales. 
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A focus on complex carbohydrate mass spectrometry  tools 
Jasna Peter-Katalinić, University of Muenster, Germany and University of Rijeka, 

Croatia 
 
Fundamental research in glycoscience on structure and function of sugars stays in a continuous 
support of advances in biotechnology and medicine. Molecular structure of complex carbohydrates 
as key players in many biological processes was shown to be invaluable for understanding of key 
challenges and its  analytical strategies are undergoing a transformation into an integrated „omics“ 
discipline. Experimental evidence previously collected by mass spectrometry is currently being put 
together with standard  workflows using new technology in mass spectrometers of ever increasing 
mass accuracy and speed of acquisition. A study of molecular properties of naturally occuring 
carbohydrates of increasing size and complexity generates a rapid and continuous growth in the 
generation of glycomic data requiring equally a development of bioinformatic infrastructure for  
applications in biotechnology and  medicine. 
 
For structure elucidation of glycoconjugates fundamental MS instruments of high mass accuracy and   
ability for fragmentation were introduced [1]. To create circumstances for molecular mapping of 
complex mixtures and sequencing of components previous separation by 1- and 2-D gel 
electrophoresis, HPLC or capillary electrophoresis was probed in at- or on-line modus [2]. The speed 
of acquisition and automatisation of sample admission was largely enhanced by introduction of MS 
chips [3]. Experimental data on protein glycosylation sites, type of glycosidic linkages and branching 
patterns, essential for definition of  carbohydrate epitopes and their biological interactions in biological 
and clinical samples,  were obtained probing several fragmentation methods [4]. Investigations of 
carbohydrate-protein non- covalent binding by MS allow insights into basic mechanisms of biological 
mechanisms in cell-cell interactions and cell signalling  [5]. 
Presenting and interpreting such datasets obtained in an early phase of glycomics analysis is in the 
need new organisational schemes for their extraction to be used for understanding of cellular 
processes regulating translational and personalized medicine, development of synthetic vaccines for 
malignant and infectious diseases and in basic chemical biology research by broader research user 
community and for their integration with new generation of data obtained by targeted experiments at 
high mass accuracy and high acquisition rates. 
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A new operational mode for quadrupole mass filters with improved resolving power and ion 
transmission is described. This mode is based on a stability diagram modification, which generates 
a narrow stability band similar to a stability band of a monopole mass filter. Thus, one-dimensional 
ion sorting can be implemented in a quadrupole mass filter. This brings a real possibility of a dramatic 
increase in the resolving power (10,000 at m/z 5,000 Th) while keeping the ion separation time finite 
(around 100 RF cycles). This method overcomes the problem of quadrupole field distortions and can 
be successfully implemented in mass filters with circular electrodes. Additionally, it does not require 
any modification of existing electrode structures and only requires an application of a driving RF 
voltage of a special waveform. 

 
 
Keywords: quadrupole mass filter, high resolution, stability diagram, one-dimensional ion sorting, 
instability suppression 

  

mailto:igor.filippov@mscube.co.nz


44 
 

Theta-Channel Nano-Electrospray Emitters for Biological Applications 
 

A. Radionova1, N. J. Demarais1, P.J.Derrick1,2 
 

1  Department of Physics, The University of Auckland, New Zealand 
2 School of Biological Sciences, The University of Auckland, New 

Zealand E-mail: a.radionova@auckland.ac.nz 
 

This paper is dedicated to the memory of Prof. Peter J. Derrick. 
 

Determination of the principles that govern protein folding and unfolding are under active 
debate, as the reaction mechanisms are not very well studied on short time-scales. The observed 
reaction time for most experiments is often limited by the so-called “dead-time” of the technique, and 
may vary from ms to s. Application of a new technique, theta-channel nanoelectrospray ionization 
(nESI), removes the idea of “dead-time”, since the analytes are allowed to react at the exit of the ESI 
capillary. 

The conformational changes of a protein can be studied by nESI mass spectrometry, as 
these are reflected in alterations of the charge state distribution in the mass spectra. We have further 
developed the technique of theta-channel nESI to study protein folding/unfolding on the µs to ms 
timescale. The reaction time can be manipulated in the real time during the experiment, which gives 
additional advantage over other experimental techniques. In this paper, theta-channel nESI emitters 
are used for short time-scale interactions of myoglobin and acetic acid, and buffered solutions during 
the nESI process. The volume ratio of solutions participating in the mixing events are monitored by  
the use of internal standards. The reaction time for folding/unfolding processes is manipulated during 
the same nESI experiment by adjusting the capillary potential. The shifts in charge state distributions 
as a result of different mixing ratios and time are demonstrated. 

The products of these reactions suggest that a significant fraction of mixing occurs in the 
Taylor cone region rather than in the droplets. This unique approach takes advantage of the mixing 
process that occurs during nES to study real time interactions of biological samples. 

 
Keywords: theta-channel emitters, nanoelectrospray, short reaction time, mixing processes, 
folding and unfolding of the protein. 
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Some small molecule xenobiotics form reactive metabolites (RMs) such as quinones and epoxides 
upon metabolism. Reactive compounds are typically detoxified and eliminated however these 
pathways can become saturated and excess RMs covalently modify adventitious proteins. Evidence 
suggests that immune responses against modified proteins are linked to idiosyncratic adverse 
reactions for a range of compounds. Numerous researchers have proposed that identification of the 
specific target proteins may elucidate a link between covalent binding and adverse events. 

 
At the previous meeting, a twin-ion methodology was presented that can be used for the non-targeted 
identification of the small molecule metabolites of a xenobiotic. Here, this approach is extended to 
macromolecules by development of an experimental and bioinformatic approach to identify the 
protein targets of reactive electrophiles that does not assume advanced knowledge of metabolism 
pathways or protein adduction chemistries. This non-targeted method utilises unique twin-ion 
signatures in LC- MS data to identify peptides modified by drug metabolites. A software suite called 
‘Xenophile’ was developed that attempts to identify the metabolite and modified amino acid based on 
correlations between the MS2 spectra of native and adducted peptides. 

 
To test this method, paracetamol (APAP) and 13C6-APAP were incubated with liver microsomes 
followed by global trypsin digestion and LC-MS/MS analysis. Numerous twin-ions were detected 
indicating drug-modified peptides. To identify the metabolites bound to these peptides, the data were 
analysed using the Xenophile software resulting in the confident assignment of a reactive metabolite 
with the formula C8H7NO2 bound to cysteine residues corresponding to the well-studied paracetamol 
metabolite N-acetyl-p-benzoquinoneimine (NAPQI). Using this data to parameterise subsequent 
database searches, 8 peptides were found with NAPQI modifications that also displayed twin ions. 
These corresponded to 7 unique proteins including multiple that were identified in previous studies 
as RM adduction targets. Related studies on the known carcinogen, bromobenzene will also be 
described. 

 
 
Keywords: Drug metabolism, stable isotopes, proteomics, drug-protein adducts, idiosyncratic adverse 
drug reactions. 
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In this presentation we describe the use of Mass Spectrometry Imaging (MSI) using MALDI-TOF MS 
instrumentation in combination with laser micro dissection and LC-MS/MS analysis as potential tool 
in cancer diagnostics. We have established a workflow for formalin fixed paraffin embedded (FFPE) 
tissue from solid tumours to investigate peptide profiles in different areas of the tissue after tryptic 
digest of the proteins. We can then use these peptide profiles to make prognostic or diagnostic 
decisions which cannot be made by a pathologist using standard methods like H&E staining or 
immunohistochemistry. We have shown examples using ovarian and endometrial tumours as proof 
of principle that this approach is very promising. Additionally we now have also a workflow for profiling 
N-glycans from FFPE tissue in order to have an additional layer of information if the peptide profiles 
are not able to distinguish between clinical relevant cases. The change in N-glycan pattern of cancer 
cell surfaces compared to normal cell surfaces is well-documented in the literature and Imaging Mass 
Spectrometry can show those changes spatial resolved in tumour tissue sections. 

 
Keywords: Mass Spectrometry Imaging, MALDI-TOF MS, N-glycans, Formalin-Fixed 
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Understanding disease pathology, prognosis and efficacy of pharmacological agents in a complex 
heterogeneous sample like prostate cancer tissue requires understanding not only of the lipid content 
of the tissue but also their spatial distribution within the different tissue types. Here, we present a 
MALDI Mass Spectrometry Imaging (MALDI-MSI) lipidomic study in tissue sections obtained from a 
novel tissue culture explant model of prostate cancer. This explant model uses a single tissue core 
which is dissected into several small pieces. This allows tissue from a single core to be cultured under 
different conditions. We have evaluated the spatial distribution of lipids in these tissue samples and 
compared the lipid profiles between drug-treated (enzalutamide) and untreated (DMSO) tissues. 
Using matched controls from the same patient tissue core, treatment efficacy can be directly 
addressed. MALDI-MSI is complementary to more conventional analytical methods that rely on whole 
tissue homogenates, identifying tissue-specific lipid changes. Two different MALDI instruments were 
employed in this study, a Bruker ultrafleXtreme ToF/ToF and a Waters Synapt HDMS Q-ToF. Each 
has specific advantageous attributes: the ToF/ToF provides high spatial resolution with linked 
statistical image analysis (SCiLS), while the Q-ToF has quadrupole precursor ion selection and low 
energy CID MS/MS capabilities to confirm the identity of the lipid m/z signatures highlighted in the 
ToF/ToF ion images. The work presented here is underpinned by extensive, untargeted, lipidomic 
analysis using ESI-MS/MS of whole tissue homogenates. Spatial information of individual lipid  
species is not achievable using other techniques. Therefore, MALDI-MSI provides a unique analysis 
tool within cancer research. 

 
Keywords: MALDI-Imaging, Cancer, explant, lipids. 

  

mailto:Paul.trim@sahmri.com


48 
 

Bimodal mass spectrometry imaging of fingermarks and gastric metabolites 
 

O. J. R. Gustafsson1, T. M. Guinan1, D. Rudd2, H. Kobus3, K. Benkendorff2 and N.H. Voelcker1 
 

1 Australian Research Council Centre of Excellence in Convergent Bio-Nano Science and 
Technology, Future Industries Institute, University of South Australia, Australia 

2 School of Environment, Science and Engineering, Southern Cross University, Australia 
3 School of Chemical and Physical Sciences, Flinders University, 

Australia E-mail: johan.gustafsson@unisa.edu.au 
 

Mass spectrometry imaging (MSI) annotates the spatial distribution of molecules across samples 
ranging from fingermarks to tissue sections, typically through the use of matrix-assisted laser 
desorption/ionisation (MALDI). Pushing the limits of molecular annotation with MSI, to increase both 
the total number and the breadth of ion classes measured, requires multimodal analyses. This is 
achieved by fusing two or more MSI workflows to collect multiple complementary data sets from the 
same sample. Naturally, as the sample preparation complexity reduces, the robustness  and 
modularity of these analyses increases. Surface-assisted LDI (SALDI) approaches are thus ideal as 
a starting point for multimodal MSI development. As they are matrix-free, substantially less sample 
preparation is required, and spectra are free of the low molecular weight matrix background. Here, 
data is presented from our recently published bimodal MSI study employing desorption/ionisation on 
silicon (DIOS) SALDI substrates. By combining DIOS MSI with follow-up silver (Ag)-assisted MSI, a 
complementary analytical workflow could be described, both in terms of detected ion class and mass 
accuracy. These results are discussed here in the context of environmental contaminants and 
secreted compounds in fingermark deposits, as well as for dietary metabolites of 6-bromoisatin in the 
murine stomach, which could be overlaid with multiple putative lipids. 
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Flow field-flow fractionation (FlFFF) is a separation method capable of size-sorting macromolecules 
like proteins, DNA, cells, particles, and etc. in an empty channel space by using two flow streams of 
aqueous buffer solution, migration flow which carries sample components along the channel and a 
crossflow which drives sample materials toward the channel wall for retention. When FlFFF is employed 
to separate biological particles, particle fractions of different sizes can be collected during separation 
and utilized for proteomic and lipidomic analysis using nLC-MS/MS. Covered topics include the 
application of FlFFF for a high speed size sorting of subcellular organelle species from HEK 293T cells 
with confirmation of collected fractions containing different organelles using SEM, Western blot, and 
proteomic analysis with nLC-MS/MS. FlFFF can be utilized for the high speed screening of urinary 
exosome sizes in patients with prostate cancer and fractions of exosome with narrow diameters can 
be further investigated for size-dependent quantitative lipidomic analysis in comparison to those from 
healthy controls by nLC-MS/MS. On-line hyphenation of FlFFF with MS offers a high speed screening 
of targeted lipids from plasma lipoproteins by direct coupling of a miniaturized FlFFF channel with MS 
(mAF4-ESI-MS/MS) so that lipids in different lipoproteins can be directly analysed without extraction. 
mAF4 can be directly hyphenated to inductively coupled plasma mass spectrometry (mAF4-ICP-MS) 
for the analysis of metals in metalloproteins from blood plasma. Since metalloproteins are reported 
as potential biomarkers of disease, selective analysis of metals is important for the metalloprotein 
analysis. An initial study for the direct analysis of metals from metalloproteins by mAF4-ICP-MS will be 
described with lung cancer plasma samples. 
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There are a number of different mass spectrometric techniques that have found use in wide-spread 
application or niche areas of research or application. Examples of beneficial use of mass 
spectrometric techniques to be discussed include ICPMS and IRMS in differentiating and 
provenancing of food, beverages, explosives, humans and drugs and SALDI-tof-MS for enhanced 
ionisation from surfaces. Examples of abuse of mass spectrometry will also be discussed. These 
include over extrapolation of data, over-interpretation and reading too much into slight differences. 
The overall conclusions will be that a range of mass spectrometric techniques can be very useful in 
a range of applications but care must be taken to prevent abuse of mass spectrometry by over 
reliance on any one technique, over expectations of what MS can do and over interpretation of 
results. The ultimate abuse of mass spectrometric techniques will be revealed. 
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The rapid detection of illicit drugs in biological samples is of significant interest for the forensic 
community, as the need for fast and accurate screening is becoming greater. In addition, there is a 
growing trend for analysis of biological samples that are less invasive to collect than urine and 
blood. Furthermore, analyses of urine and blood extracts suffer heavily from matrix interferences, 
and require significant clean-up and chromatography-based mass spectrometry. This work 
demonstrates the use of a new instrument, the Direct Sample Analysis (DSA) accessory coupled 
with a ToF MS for screening biological fluids for commonly used illicit drugs in Australia. The use of 
the DSA-ToF does not require sample clean-up and there are no chromatographic based 
separations prior to introduction into the mass spectrometer. The analysis time is rapid, results are 
seen within 30 seconds of introduction of the sample to the instrument. The detection and 
quantification of certain drugs down to the levels acceptable for forensic analysis was performed 
with a simple and robust method that allows for high-throughput screening of saliva, with minimal 
sample preparation. 
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Illegal narcotics such as ecstasy are produced in clandestine laboratories (clan labs) worldwide, 
usually with improvised materials and methods. Compounds created in this way are usually 
contaminated with impurities from the starting materials, side- and subsequent reactions during 
production, intermediate products, diluents and in some cases, from handling and packing materials. 
Chemical profiling of illicit drugs provides law enforcement agencies with knowledge of the identity of 
the compound, its purity and possible (new) synthesis routes and precursor materials being used.  
This work reports on the use of mass spectrometry based profiling of i) the chemical synthesis of 3,4- 
methylenedioxy-N-methylamphetamine (MDMA) from piperonal prepared via oxidation of piperine 
extracted from black pepper and ii) reported methods for the synthesis of the opioid  painkiller 
Fentanyl. In each case the impurities within each product were characterised by gas chromatography 
mass spectrometry to give a contaminant profile of the synthetic pathway involved. Interestingly, in   
the case of pepper derived MDMA, a chlorinated analogue of piperonal (6-chloropiperonal) was found 
to be created during the oxidation process by an as yet unknown mechanism. This impurity reacted 
alongside piperonal to give chlorinated analogues of each precursor, ultimately yielding 2-chloro-4,5- 
methylenedioxymethamphetamine. The results show that chlorinated MDMA analogues, previously 
thought to be deliberately included adulterants, may in fact be route specific impurities. In the case 
of Fentanyl, the results indicate that synthesis routes detailed on Internet forums may not possess 
the stated efficiencies and also produce numerous, none listed, side products. The results of the work  
may help law enforcement be aware of possible new synthesis routes of illegal drugs, monitor/control 
purchase of industrial chemicals that may be diverted to illicit drug production, be aware of any extra 
health risks from drug impurities and, when linked to physical evidence, to mount successful 
prosecutions of offenders. 
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Whole protein mass spectrometry (MS) is an emerging approach in which intact protein ions can be 
isolated and fragmented without proteolytic digestion. The primary advantage of intact protein MS is 
that degradation products, sequence variants, and different combinations of post-translational 
modifications can be distinguished. However, a key challenge is that ion fragmentation methods 
generally result in non-specific dissociation, which can significantly limit protein identification because 
ion signal is diluted between hundreds of fragment ions. 

 
We have discovered that protein ions in very high charge states (CSs) dissociate selectively in higher- 
energy collision-induced dissociation (HCD). As CS increases, the extent of fragmentation and 
sequence coverage decreases significantly. This is attributable to predominantly non-specific 
cleavages at lower CSs while selective fragmentation is observed at higher CSs. By comparing 
measured cleavage sites to calculated protonation sites, these data indicate that “mobile” protons 
drive fragmentation. At lower CSs, where basic sites are protonated, additional collision energy is 
required to mobilize protons onto backbone sites for fragmentation. At sufficiently high CSs, protons 
are localized on backbone residues prior to HCD. Thus, highly selective fragmentation occurs near  
the predicted sites of backbone protonation. 

 
Our results indicate that low CSs are desirable for obtaining extensive sequence information for deep 
sequence characterization. Alternatively, HCD of high CSs can result in the formation of selective 
sequence ions, which can be used as “sequence tags” for protein identification. Now, the “optimal” 
CSs of protein ions can be predicted to enable selective and controlled dissociation for generating 
sequence tags with maximum sensitivity. 
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The reactivity of carbon-centred radicals can be impacted by the geometry of bonds  around  the 
radical centre. In polycyclic hydrocarbons the radical centre can be contorted significantly from its 
preferred trigonal planar geometry. Such bridgehead radicals are expected to have unique properties 
and are thus attractive targets for gas phase investigations. In this study, distonic radical ions were 
generated from even-electron precursor ions by collision-induced dissociation within an ion trap mass 
spectrometer. In this manner a series of charge-tagged bridgehead radical ions were generated 
including adamantyl and cubyl radicals. Thus formed, bridgehead distonic radical ions were observed 
to undergo rapid reaction with molecular oxygen present in the ion trap. Interestingly, while adamantyl 
radicals gave rise to abundant peroxyl radicals (i.e., [M+32]+ ions), no analogous products were 
detected from cubyl radicals despite a similar rate of reaction. Reactions between cubyl and 
adamantyl radicals were also compared with reagents including chloroform and dimethyldisulfide.  
This presentation will provide a critical comparison between the reactivities of the two bridgehead 
radicals with the findings giving insight into the relationship between reactivity and bridgehead radical 
geometry. 
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Atomically size-precise nanoclusters show size-dependent properties and promising applications in 
imaging,  medicine, catalysis, hydrogen storage and CO2 reduction to produce hydrocarbon species. 
Polyhydride nanoclusters have attracted attention as catalysts for reduction of organic substrates and 
for their role in hydrogen evolution reactions. For example the hydrido(triphenylphosphine)copper(I) 
hexamer, Stryker's reagent, is used in homogeneous catalysis of conjugate reduction reactions. Here 
the results of the mass spectrometry directed synthesis and reactivity studies of the cationic 
polyhydrido copper nanoclusters [Cu3(BH4)(H)(dppa)3]+ (1), [Cu3(Cl)(H)(dppa)3]+ (2), 
[Cu16(H)14(dppa)6]2+ (3) and [Cu18(H)16(dppe)6]2+ (4), where dppa = 
bis(diphenylphosphino)amine and dppe = 1,2- Bis(diphenylphosphino)ethane are described. The 
ESI-MSn experiments with the nanocluster 1 revealed the main fragmentation pathway via deligation 
or BH3 loss to yield [Cu3(H)2(dppa)3]+, [Cu3(BH4)(H)(dppa)2]+ and [Cu3(H)2(dppa)2]+. For cluster 
2, [Cu3(Cl)(H)(dppa)2]+ was the only fragmentation product from ESI-MS2 experiment. Collision 
induced loss of a second ligand from these tri-nuclear clusters triggers hydrogen loss. In contrast, the 
loss of only one ligand from cluster 4 is sufficient to induce the spontaneous loss of hydrogen to yield 
the metallic cluster [Cu18(dppa)5]2+. To clarify this hydrogen evolution mechanism, the ESI-MSn 

experiments were conducted on [Cu18(D)16(dppa)6]2+ (5), which confirmed that the main hydrogen 
evolution pathway (D2) is due to the Cu-D bond breaking via reductive elimination. These results 
suggested larger Cu nanoclusters could be more important materials for developing hydrogen 
evolution catalysts. 
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Efficient and selective functionalisation of C-H bonds is an important goal due to the extensive use 
of organic molecules and polymers in many industries. The White-Chen (WC) catalyst is useful for 
its ability to selectively oxidise inert aliphatic hydrocarbons under mild conditions using hydrogen 
peroxide as a terminal oxidant. However, the active catalytic intermediate(s) of the WC catalyst, 
presumably a high valent Fe-oxo species, has not been directly detected by any experimental method 
(to our knowledge) because the intermediate(s) are highly reactive. 

Here, we use theta nanoelectrospray ionisation (nESI) mass spectrometry, in which two solutions are 
mixed rapidly (sub-µs) immediately prior to ion formation and detection; i.e., this is the fastest known 
mixing system available that enables reaction products and intermediates to be detected. The 
performance of theta nESI for forming and detecting reactive intermediates of metal-mediated  
catalytic reactions was examined using a porphyrin-based iron-oxo catalyst. For theta nESI, the ion 
abundance of reactive intermediate species was over 15 times higher than that measured by use of 
conventional nESI MS with a wide range of terminal oxidants. 

Theta nESI MS was used to investigate the mechanism of WC catalysed C-H bond oxidation that 
converts methyl hexanoate to 5-oxo methyl hexanoate. By rapidly mixing an oxidant with the Fe- 
catalyst immediately prior to ESI, the accurate masses and isotope distributions of ions consistent  
with the molecular formulae of reactive intermediates were detected by high-resolution mass 
spectrometry. If an oxidant was not used, the reactive intermediates were not detected. By correlating 
the ion abundance of these ions to the concentrations of the substrate and oxidant prior to ESI, the 
mechanism of the WC reaction can be inferred. Overall, these results are consistent with a high 
valent Fe(IV)-oxo carboxylate as the active intermediate in the C-H bond oxidation reaction catalysed 
by the WC catalyst. 
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The elusive Cu(III) ate complexes, postulated as key reactive intermediates in C-C bond coupling 
reactions of Gilman reagents, have previously been generated via Electrospray ionization mass 
spectrometry (ESI-MS) and their fundamental chemistry has been probed using tandem mass 
spectrometry (MS/MS) and DFT calculations. In contrast, the chemistry of the heavier silver 
homologues has lagged behind. Here we show that organoargentates in both +1 and +3 oxidation 
states can be transferred to the gas-phase via ESI, where they undergo structure and oxidation state 
specific fragmentation reactions. Negative-ion mode ESI mass spectra of solutions of silver salts that 
were treated with methyllithium showed methylargentate complexes in the +1 oxidation state with the 
general sum formula AgnMen+1- . When allyl iodide is added to these methylargentate solutions, a 
range of new organoargentate complexes were observed, including AgMe4- ,RAgMe3-, 
[Li(RAgMe3)(AgMe4)]-, [Li(AgMe4)2]- and [Li(RAgMe3)2]- (R=allyl). All of these complexes undergo 
reductive elimination and in the case of the hetero complexes cross-coupling to eliminate RMe is 
preferred to homo-coupling to liberate Me2. DFT calculations reveal that these reductive elimination 
steps are concerted and that the barriers for cross-coupling are lower than those for homo-coupling. 
In summary, we have shown that ESI-MS can be used to examine solutions of organoargentates and 
the ionic products of the reactions with electrophiles. 
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Mass spectrometry often uses ions issued from electrospray or MALDI sources, i.e. protonated 

species. In this case, the protonation site may not be so easy to determine. The best determination 

of the most stable protonation site in aromatic molecules relies nowadays on IR spectroscopy 

coupled to ab initio calculations. It appears that these methods are not necessarily unambiguous 

and cannot always be safely employed. We will present a example showing that electronic 

spectroscopy of cold ions complemented with ab initio calculations gives clear results on the 

protonation site1. 

The UV spectroscopy of cold ions can go one step further. In Tandem mass spectrometry (MS/MS or 

MS2), the identification of the ions is obtained by their fragmentation, followed by the fragmentation 

of their daughter ions. A similar method can be achieved adding the power of the optical 

spectroscopy of cold ion: UV spectroscopy of the cold parent ion, cooling of the fragment and UV 

spectroscopy of the cold daughter ion2. This adds two more dimensions (UV parent/UV fragment) 

to the ion analysis process. 

 
 

Energy (eV) 
5.5 5 4.5 4 3.5 
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(1) Féraud, G.; Esteves-López, N.; Dedonder-Lardeux, C.; Jouvet, C. Phys. Chem. Chem. 
Phys. 2015, 17, 25755– 25760. 
(2) Dedonder, C.; Féraud, G.; Jouvet, C. J. Chem. Phys. 2014, 141 (13), 131101. 
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Ion imaging is a technique that allows one to measure the velocity or spatial distribution of an ion 
ensemble at the point of its formation. As with mass spectrometry (MS), it is predicated on ionising 
the sample and then sorting the charged precursor and fragment ions by mass-to-charge ratio. 
However, the frame rates and/or read-out times of conventional imaging detectors are too slow to  
simultaneously image ions of different masses within one time-of-flight (TOF) cycle. Thus the  
detectors are usually gated such that they are only sensitive for one TOF arrival time of interest. 
Furthermore, most ion imaging ionisation schemes are only suitable for a particular quantum state of  
a single species – imaging all the products from a photodissociation reaction becomes either time- 
consuming (at best) or impossible. 

 
Addressing these limitations allows the mass dimension to be retained alongside the velocity or  
spatial dimension. To achieve this, the Bristol ion imaging apparatus has been upgraded to  
incorporate  a new high-frame rate, event-triggered sensor  and  vacuum  ultraviolet (VUV, 118  nm 
≈ 
10.5 eV) ‘universal’ ionisation laser. A single experimental acquisition reveals the full 
photodissociation TOF-MS with velocity information (magnitude and angle) for every ion. 

 
This newly modified instrumentation has been used to study the UV photodissociation (265-245 nm)  
of 2-bromothiophene. This molecule has been studied previously by conventional ion imaging, 
whereby monitoring the ionised Br fragment revealed striking wavelength-dependent photophysical 
behaviour and provided some evidence for gas-phase photochemical ring-opening. In this work, the 
thiophenyl (C4H3S) co-fragment and lighter ions (C3H3+, CS+, HCCS+, H2CCS+) were imaged 
simultaneously following universal ionisation. Comparing these ion images, alongside those of Br+, 
provide further insight into the photochemistry of 2-bromothiophene and allow for careful 
characterisation of the VUV dissociative ionisation process. It is an excellent demonstration of this 
technique and a benchmark for the recently enhanced instrumentation. 
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Nitrogen containing aromatics are fundamental building blocks of many biomolecules, charge-
transfer agents and fluorescent tags. Despite their wide-spread use, there is a lack of information 
about their photostability and fate – particularly for their protonated variants. These details are vital 
to support models of photochemistry involving proton-transfer, electron-transfer and internal 
conversation. 
Generally, modelling excited-state processes is not routine and therefore experimental data 
are required to guide the construction of sound models and computational tools. 

 
We use a combination of ion-trap mass spectrometry and tunable UV-Vis pulsed laser radiation to 
detect and measure the wavelength-dependent generation of photoproducts. Computational 
results for excited-states and ground state photodissociation pathways assist in assigning the 
spectra. 

 
In recent results, we have examined the action spectroscopy of ethynylpyridineH+ and 
formylpyridineH+ ions (ortho, meta and para in each case) for the first time to examine how these 
substituents on pyridinium ion affect the photodissociation pathways and spectroscopy. UV 
photodissociation spectra are measured - which in some case exhibit vibronic detail - and multiple 
photodissociation channels are detected. 

 
For the case of ethynylpyridinium ions, photodissociation pathways lead to either retention of the N 
atom in the ring (from C2H2 elimination) or its expulsion (with HCN elimination) - and presently it’s not 
clear what mediates the photodissociation. Are there common intermediate states? Our group is 
trying to rationalise some guiding principles to understand and predict photodissociation of protonated 
N-containing aromatics. 
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Photochemical reactions provide synthetic pathways to novel products that may be otherwise 
inaccessible (e.g., cycloadditions and radical reactions) and can greatly enhance the selectivity of 
reaction outcomes. Optimisation of photochemical reactions requires detailed knowledge of the 
absorption characteristics of the reagents which can be gained from UV-Vis spectroscopy. This 
method however, does not directly probe the wavelength-dependent reactivity of the reagent(s) and 
is thus insufficient for fully evaluating reaction outcomes or identifying competition from undesired 
reaction channels. Photodissociation action spectroscopy (PDAS) is essentially background-free in 
that only absorption events that produce an ion of different m/z are recorded. Herein, we apply PDAS 
to the formation of nitrile-imine intermediates from 2,5-diaryl-2H-tetrazoles, which – in solution – 
undergo 1,3-dipolar cycloaddition to alkenes, forming diaryl pyrazoles. 

 
PDAS was implemented on a linear ion trap mass spectrometer, previously modified to enable optical 
interrogation of trapped ions. Mass-selected gas-phase ions from electrospray ionisation were 
irradiated with the tunable ultraviolet (UV) output from a Nd:YAG pumped optical parametric 
oscillator, and photodissociation mass spectra were recorded at one nm intervals over the desired 
wavelength range. Normalised photoproduct yields calculated from each photodissociation mass 
spectrum were plotted as a function of wavelength to produce the action spectrum. 

 
The predominant photoproduct observed upon UV irradiation of charge-remote diaryl tetrazoles is 
consistent with loss of molecular nitrogen (-28 Da), with a maximum photodissociation yield around 
λ 
= 250 nm, depending on the aryl substituents. Importantly however, additional photoproduct ions  
(e.g., benzonitriles) also exhibit similar spectroscopic profiles, thus demonstrating that the reaction 
does not proceed exclusively through the desired nitrile-imine at any wavelength. This discovery has 
significant implications for optimising the experimental design to maximise the yield of the desired 
photochemical reaction. This example demonstrates the power of PDAS in providing critical 
mechanistic insight into the efficiency and selectivity of photochemical reactions. 
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Biological processes are carried out and controlled primarily by a complex, precise network of 
interacting macromolecules, which can therefore serve as novel targets for therapeutic intervention 
in human diseases. In order to understand and modulate the cellular machinery, it is useful to have 
a molecular understanding of its components and their binding interactions. However, in many 
cases this remains a challenge due to the limitations of traditional structural biology techniques. 
Mass spectrometry has emerged as a powerful tool for the structural analysis of biomolecular 
assemblies, due to its ability to provide information at all levels of structure and complexity, as well 
as its ability to investigate heterogeneous and dynamic systems. 

 
Our research goals are to describe the structure and interactions of non-covalent protein, DNA and 
lipid assemblies using a combination of complementary mass spectrometric approaches primarily 
including ion-mobility mass spectrometry and chemical cross linking. This presentation will 
describe our recent progress in this area, including novel approaches and applications to protein 
aggregation, gene regulation and protein signalling. 

 
Keywords: structural biology, ion mobility, chemical cross-linking, biomolecular interactions 
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Probing the structure of multiply charged betaine clusters using IR-vibrational 
spectroscopy combined with ion mobility-mass spectrometry (IM-MS) 

 
R. A. J. O’Hair1, J. Seo2, G. von Helden2 

 

1School of Chemistry, University of Melbourne, Australia 
2Fritz-Haber-Institut der Max-Planck-Gesellschaft, 

Germany E-mail: rohair@unimelb.edu.au 
 
 
Betaine (N,N,N-trimethylglycine, Me3NCH2CO2), has been widely studied as a model fixed charge 
zwitterion. We have previously shown electrospray ionisation gives rise to multiply protonated 
clusters of betaine, [Mx + yH]y+. Here we combine IR-vibrational spectroscopy with ion mobility-mass 
spectrometry (IM-MS) to yield gas-phase IR spectra of the simultaneously m/z and drift-time resolved 
clusters [Mx + yH]y+ (x = 2 - 4, y = 1; x = 11 - 13, y = 2). The absence of “magic numbers” in the 
ESI/MS of betaine and the fact that the collision cross sections for the series of betaine clusters [Mx 

+ yH]y+ (x = 1 – 30) fit onto the isotropic growth curve model, suggest that unlike serine clusters there 
are no special cluster structures for protonated clusters of betaine. The IR spectra of the larger 
clusters (x > 4) are very similar and are dominated by spectral signatures of the carboxylate moieties. 
We will present the results of molecular modelling of betaine clusters to establish binding motifs within 
these protonated clusters of betaine and to shed light on the binding forces that allow the [M11 + 2H]2+ 

cluster to be kinetically stable with respect to Coulomb explosion. 
 
Keywords: gas-phase, zwitterion, ion mobility-mass spectrometry, IR spectroscopy 
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Photoswitching azoarenes: 
Ion mobility mass spectrometry coupled with laser spectroscopy 

 
J. N. Bull, M. S. Scholz, Eduardo Carrascosa, E. J. Bieske 
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Molecules consisting of two arene or heteroarene moieties linked by an azo group (-N=N-) exhibit 
E(trans) and Z(cis) isomers about the azo bond, and in some cases possess the desirable 
characteristics for a photoswitch, including high isomerisation quantum yield, photostability and 
possibility of reversible photoisomerisation using different colours of light. They have potential 
applications as biological probes, actuators in molecular machines, as photochromic ionic liquid 
solvents and in light-activated pharmaceuticals. Because of the growing importance of 
photoswitches, it is desirable to understand the switching behaviour of model azo photoswitches in a 
range of environments. 

 
Ion mobility mass spectrometry coupled with laser spectroscopy is used to characterise the gas-  
phase photoisomerisation efficiency of protonated azobis(2-imidazole) (PABI) and the Congo Red 
dianion. Mobility-selected E and Z isomers of PABI exhibit distinct spectral responses, with E-Z 
photoisomerisation occurring over the 360 – 520 nm range and Z-E photoisomerisation occurring 
over the 320 – 420 nm range. The Congo Red dianion has three geometrical isomers, EE, EZ and 
ZZ. Mobility-selected isomers exhibit sequential photoswitching over the 620 – 280 nm range, i.e. EE 
 EZ, EZ  EE + ZZ, and ZZ  EZ. In contrast, gas-phase thermal isomerisation through energetic 
collisions of mobility-selected ions with buffer gas leads to a one-way EEEZZZ cascade, implying 
photoisomerisation is controlled by excited state dynamics. 

 
In a further development, ion mobility mass spectrometry is used as an online technique to monitor 
photoisomerisation efficiency for charge-tagged azo molecules in solution. Comparison of 
photoresponse with a conventional absorption spectrum provides relative  photoisomerisation  
quantum yield. The method avoids ambiguities besetting conventional UV-Vis spectrophotometry 
determination of isomer populations, including overlapping absorption bands for E and Z isomers and 
confusing spectral contributions arising from absorptions by intermediates and degradation products. 

 
 
Keywords: ion mobility spectrometry, isomerisation, excited state dynamics, photochemistry 
Mass Spectrometry-based Strategies towards Comprehensive Phospho-proteomic 

Network 
 

Yu-Ju Chen 
Institute of Chemistry, Academia Sinica, Taiwan 

 
Advances in mass spectrometry-based proteomic technologies have opened the new avenue to 
identify and quantify post-translational modification (PTM) of proteome and their system network 
regulating various biological and physiological functions. Many studies have shown that the 
aberrant post-translational modification, such as phosphorylation, is associated with either 
initiation or progression of diseases. Quantitative proteomics approaches of the aberrant post-
translational modification may provide an in-depth view of the disease-specific expression which 
potentially enhances our understanding on the underlying disease mechanisms as well as the 
opportunity   to  identify   disease-associated  protein  targets.   In  addition,  direct measurement of 
the phosphorylation stoichiometry can  unambiguously reveal whether the signal-induced alteration is 
regulated by upstream kinase/phosphatase activity or by transcriptional regulation to modify protein 
abundance. Furthermore, personalized proteomics start to impact the development of personalized 
medicine by facilitating discovery of protein biomarkers, molecular signature of disease subtype 
and response to treatment of individual patients. In this talk, we will present our efforts in developing 
methodologies for deep phosphoproteomic profiling towards the genomic depth. Selected examples 
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to study phosphorylation-mediated events from broad ranges of fundamental research to discovery-
driven cancer research will be also presented. 
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Redoxome analysis of mutant FLT3 acute myeloid leukaemia patients reveals 
mechanisms of cooperation between kinase signalling and oxidative stress. 
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Initiation and progression of cancer is regulated by a multistage process linked to the overproduction 
of reactive oxygen species (ROS). Patients diagnosed with recurring mutations to the FMS-like 
tyrosine kinase-3 (FLT3), a receptor tyrosine kinase mutated in 1/3rd of all acute myeloid leukaemia 
(AML) patients commonly relapse after initial remission and die with a treatment resistant AML. FLT3-
ITD (Internal Tandem Duplication) mutations are associated with the overproduction of ROS causing 
increased genomic instability and clonal evolution through the oxidation of DNA bases. Additionally, 
ROS oxidises critical cysteine residues of signalling proteins. We sought to determine the cooperative 
mechanisms of activated cell survival signalling proteins by phosphorylation and inactivation of 
tumour suppressor proteins through cysteine oxidation in AML patients samples to help us 
understand how chemical modifications affects the growth and survival of these cells. Bone marrow 
derived mononuclear cells from 14 AML patients were subjected high- resolution quantitative 
proteomic and posttranslational modification analyses. The quantification of 2,678 unique 
phosphoproteins and 4,029 proteins showing oxidisation across all samples. Interestingly, patients 
expressing FLT3-ITD mutations (n=6) showed significantly increased oxidation of tumour suppressor 
proteins compared to patients wild-type for FLT3 (n=6). Significant activation of the oncogenic 
kinases; SRC, MAPK and AKT were observed. Interestingly, proteins important in maintaining cellular 
homeostasis, such as antioxidants were differentially regulated between patient subtypes supporting 
the notion of redox dysfunction in ITD+ patients. Repositioned drugs were used to target these 
pathways. FLT3-ITD AML cells were highly sensitive to pharmacological inhibition of redox signalling 
pathways. The inhibition of pathways responsible for the overproduction of ROS selectively sensitised 
FLT3-ITD cells to standard AML chemotherapies. For the first time we reveal how a recurring genetic 
mutation to an oncogenic kinase increases oxidative stress, damages DNA which leads to increased 
genomic instability to potentially influence resistance to therapies.  
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Molecular Characterization of Metastatic Endometrial Cancer by Mass Spectrometry 

Parul Mittal1, Manuela Klingler-Hoffmann1, Lyron Winderbaum1, Martin K. Oehler2, Peter Hoffmann1* 

1. Adelaide Proteomics Centre, School of Molecular and Biomedical Science, The University of 
Adelaide, Adelaide, South Australia, 5005 

2. Department of Gynaecological Oncology, Royal Adelaide Hospital, North Terrace, Adelaide, 
South Australia, 5000 

 
Email: peter.hoffmann@adelaide.edu.au 

Background: The prediction of lymph node metastasis using clinic-pathological data and molecular 
information from endometrial cancers lacks accuracy and is therefore currently not routinely used in 
patient management. Consequently, although only a small percentage of patients with endometrial 
cancers suffer from metastasis, the majority undergo radical surgery including removal of pelvic lymph 
nodes. 

Methods: Upon analysis of publically available data and published research, we compiled a list of 60 
proteins having the potential to display differential expression between primary endometrial cancers 
with versus those without lymph node metastasis. Using data dependent acquisition (DDA) liquid 
chromatography-tandem mass spectrometry (LC-MS/MS), we were able to detect 23 of these proteins 
in endometrial cancers, and using data independent acquisition (DIA) LC-ESI-MS/MS the differential 
expression of five of those proteins was observed. The localization of the differentially expressed 
proteins, was visualized using matrix assisted laser desorption/ionisation mass spectrometry imaging 
(MALDI MSI) in whole tissue sections as well as tissue microarrays containing a total of 43 patients. 
The proteins identified were further validated by immunohistochemistry. 

Results: Our data indicate that annexin A2 protein level is upregulated, whereas annexin A1 and α 
actinin 4 expression are downregulated in tumours with lymph node metastasis compared to those 
without lymphatic spread. Moreover, our analysis confirmed the potential of these markers, to be 
included in a statistical model for prediction of lymph node metastasis. The predictive model using highly 
ranked m/z values identified by MALDI MSI showed significantly higher predictive accuracy  than the 
model using immunohistochemistry data. 

Conclusions: In summary, using publicly available data and complementary proteomics approaches, 
we were able to improve the prediction model for lymph node metastasis in EC. 

Keywords: Endometrial cancer, metastasis, annexin A2, α actinin 4, MALDI MSI, label free LC- MS/MS 
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Ion ‘supercharging’ significantly improves global protein identification in whole-cell 
protein digests by liquid chromatography tandem mass spectrometry 

 
M. A. Zenaidee1, W.A. Donald1 
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Proteins are complex biomolecules that are crucial for proper biological function. Liquid chromatography 
coupled to electrospray ionisation mass spectrometry (LC-MS) has emerged as a central technique for 
high-throughput protein analysis from complex samples like blood and tissues. Although this is a 
powerful technique, protein and peptide ions, including important biomarkers for disease states, such 
as cancer, are often formed in low charge states and ionize inefficiently, which reduces the performance 
of LC-MS for protein identification. 

 
By using small chemical additives to electrospray ionization solutions, proteins and peptides can be 
‘supercharged’ to allow for rapid sequencing of proteins as large as 60 kDa from a tandem mass 
spectrum of a single protein ion charge state. Here, we show that by coupling LC-MS and supercharging 
using a T-junction, significantly improvements to protein and peptide identification in bottom-up 
proteomics experiments can be achieved. For a single protein digest of BSA, by use of 5% of a novel 
proprietary supercharging additive, the average abundances of peptide ions can increase  by over 25 
times (from 1.2x105 to 3.1x106). For whole HeLa cells, the average peptide  ion abundances increased 
from 3.8x107 (no supercharger) to 1.8x108 by use of this supercharger. These data correspond to an 
increase in the number of peptides identified from 2,500 (no supercharger) to 3,450 (with supercharger). 
By use of this additive, twice as many proteins can be identified by use of this novel supercharger (567 
proteins) compared to not using the additive (267 proteins). This approach is easy to replicate and cost 
effective for enabling the detection of significantly more low abundance peptides than by use of more 
conventional methods. 

 
Keywords: Proteomics, Liquid chromatography mass spectrometry, Proteins, Method development, 
Instrumentation 
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Surface capture of MCF-7 breast cancer cells from complex sample mixtures for single 
cell chemical analysis by mass spectrometry imaging 
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Conventional “bulk” cell measurements lack the ability to characterise rare but important events that 
happen at the single cell level, such as cancer cell differentiation and metastasis. Hence, conducting 
measurements at the single-cell level is advantageous to gain insight into the dynamic nature of cellular 
functionality and the factors that lead to the development of diseases such as cancer. Mass 
spectrometry (MS) presents a powerful analytical tool for single-cell analysis due to its potential for wide, 
label-free multiplexing. However, there are a number of challenges still facing single cell MS, including 
improving sample preparation techniques, detection limits, and throughputs. 

 
We are developing single-cell matrix-assisted laser desorption ionisation mass spectrometry imaging 
(MALDI-MSI) methods in an effort to characterise the molecular profile of unique cells rapidly from a 
wider population. We have shown the ability to use MALDI-MSI to profile the lipid content of single cells 
affixed to a clean ITO slide. Matrix conditions and sample preparation procedures were  optimised to 
detect several unique phospholipid species from individual MCF-7 breast cancer cells. Molecular 
assignments were confirmed using LC-MS/MS. 

 
We also show that this technique can be used to target specific subtypes of cells by using  a chemically 
modified ITO surface to selectively capture diseased cells out of a larger population. Using a 
polyethylene(oxide) antifouling layer decorated with anti-EpCAM antibodies, we have successfully 
isolated live MCF-7 cells directly out of complex sample mixtures. The captured cells were then 
analysed using MALDI-MSI to obtain mass spectra of individual cells. This is the first time that targeted 
surface capture has been combined with mass spectrometry for single-cell analysis. This technique 
shows promise for improving cell isolation and sample preparation techniques for single cell MS, as well 
as the ability to be coupled to other single-cell analysis techniques such as fluorescence. 

 
Keywords: Single-cell analysis, mass spectrometry, breast cancer, MALDI imaging 
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NEW HETEROAROMATIC SCIFF BASE DERIVED CuII AND ZnII COMPLEXES AS 
POTENTIAL ANTICANCER AGENTS 

AlAjmi, MF1, Afzal Hussain, A1, Ahmed, R2, Khan, A1, Alam, P1  

alajmister@gmail.com 

1 Pharmacy, King Saud Univrsity, Riyadh, Saudi Arabia 
2 College of Science, King Saud University, Riyadh, Saudi Arabia 
 
Two new complexes of copper(II), [Complex 1], and zinc(II), [Complex 2], with a tridentate –ONN– 
Schiff base ligand (L), a bioactive scaffold derived from 2- aminobenzimidazole and 1-aminoimizole-2-
carboxyaldehyde, were synthesized and characterized using various spectroscopic techniques, viz, IR, 
1H and 13C NMR,  EPR, HRMS, and elemental analysis. Purity was confirmed by UPLC analysis. Both 
complexes are nonelectrolytic by nature. The newly synthesized complexes were screened for their 
anticancer activity in different cell lines i.e. HepG2 (Liver), SK- MEL-1 (Skin), HT018 (Colon), HeLa 
(Cervical) and MDA-MB 231(Breast). Interaction studies of both the complexes with CT DNA were 
studied by using various biophysical techniques, which showed binding affinity of complexes with CT 
DNA. In vitro cytotoxicity of complexes was evaluated against different human cancer cell lines of 
different histological origins by employing MTT Assay. The apoptosis and necrosis were examined by 
the flow cytometry experiment. Complex  2  showed highly potent and significant activity in SK-MEL-1 
(Skin) (IC50 18 ± 2.3 µg/ml)  whereas Complex 1 showed potent anticancer activity in  MDA-MB 
231(Breast) (IC50 3.5 ± 2.4 µg/ml). The mechanism of anticancer activity of these complexes were 
studies. 

Complexes 1 and 2 showed promising anticancer activities against SK-MEL-1 and MDA-MB respectively, 
compared to standard anticancer drug. 
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A validated high throughput mass spectrometry method for the analysis of erythrocyte 

fatty acids 
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The omega-3 index is defined as the amount of EPA “eicosapentaenoic acid” plus DHA 
“docosahexaenoic acid” in erythrocytes expressed as the percent of total erythrocytes fatty acids. 
Several observational studies and randomised controlled trials indicate that a lower omega-3 index is 
associated with an increased risk of coronary heart disease mortality. Large scale clinical studies ideally 
should measure erythrocyte membrane fatty acids concentration in a large number of samples, however 
the cost, time and sample volume are limiting factors. The aim of this study is to develop a high 
throughput method that will reduce cost, time and sample volume. The current reference method used 
for measuring erythrocyte membrane fatty acids concentration is a single-step extraction, degradation 
and derivatisation method (Lepage & Roy, 1986) followed by gas chromatography flame ionisation 
detector measurement. For the novel method erythrocyte lipids were extracted using an automated 
Methyl tert-butyl ether method and measured by shotgun mass spectrometry. The samples used for this 
study were synthetic PL mixtures and human erythrocytes in order to measure fatty acids concentration 
and determine the omega-3 index. The range of recoveries over five synthetic PL mixtures were 91.3–
105.5% and the coefficient of variation ranged around 0.13-9.4% (within-runs) and 1.2-13.5% (between-
runs). Both methods showed very high correlation (R=0.997) for the erythrocyte omega-3 index and this 
is further confirmed by good agreement by using the Bland Altman plot with the majority of data points 
lying within the 95% confidence interval. The novel automated method is more efficient than the 
reference method and offers considerable advantages in terms of reduce cost, ease of preparation, 
speed of throughput and reduced use of solvents and reagents. 
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Tape stripped stratum corneum samples prove to be suitable for comprehensive 
proteomic investigation of actinic keratosis 
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Actinic keratosis (AK) is a UV light–induced lesion of the skin that carries the risk of progression to 
invasive squamous cell carcinoma. The only method to confirm a clinical diagnosis of AK is 
performing a biopsy, which may lead to complications such as bleeding, wound infection, and 
scarring. Here we report an efficient and non-invasive method of Tape Stripping (TS) for the 
collection and extraction of proteins from the stratum corneum and its use for subsequent 
diagnostic biomarker analysis using proteomic techniques. Human stratum corneum proteins from 
five patients with AK were obtained non-invasively by sequential application and removal  of 
adhesive stripping tapes on the lesional skin surface and their matched normal skin. Following their 
extraction and proteolytic digestion, the peptide digests were analysed by label- free liquid 
chromatography tandem mass-spectrometry (LC-MS/MS). Of the total 613 unique proteins 
identified, 477 proteins (77.8%) were overlapping with those previously identified by our proteomic 
analysis of formalin-fixed and paraffin-embedded (FFPE) AK samples. In addition, differential 
abundance analysis showed 32 proteins significantly increased and four proteins decreased in AK 
samples compared to the normal skin (p<0.05). Ingenuity Pathway Analysis (IPA) and Funrich 
bioinformatics analysis showed that differentially changed proteins in the TS samples are involved 
in tumorigenic pathways including p38 signalling, PI3K/AKT signalling and mTOR signalling that 
were found to be comparably disrupted in the FFPE AK samples. This  pilot study is the first to 
demonstrate the application of a non-invasive method for sampling and extraction of proteins from 
AK lesions for subsequent proteomic investigations. Exploring this technique further will 
revolutionise early diagnosis and management of the skin tumours without the need for traditional 
biopsy. 
 
Keywords: tape stripping, proteomics, actinic keratosis, 
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Gas phase electronic spectroscopy of bare N3   and the N3    - Ar and N5    - Ar complexes 

N. I. Bartlett1, K. J. Catani1, G. Muller,1 E.J. Bieske1 

1School of Chemistry, The University of Melbourne, Australia 
E-mail: nbartlett@student.unimelb.edu.au 

The electronic spectra of bare N + as well as the N +-Ar and N +-Ar complexes were measured over 
3 3 5 
the 240-295 nm range using resonance enhanced photodissociation spectroscopy in a tandem mass 
spectrometer. The spectra were measured by detecting N+ and N + for the bare N + cation, whereas 
2 3 spectra for the complexes were observed  through detection of N +  and N +- Ar for N +-Ar and N +  and 
3 2 3 3 N+ for N +-Ar. The observed band system of the bare N + cation was previously seen using a similar 
5 3 

technique and was assigned to the A3Πu X3Σ - transition.1 This spectrum  is reproduced in the  current 
study, in addition to the generation of other spectra from argon tagged clusters. The main vibronic 
structure of the measured spectra are assigned based on the high resolution study of the symmetric and 
antisymmetric N-N stretches (v1 and v3) with spacings of 1300 and 1700 cm-1. 

The N + cation is known to exist in Earth’s atmosphere where it is postulated to form through the ternary 
reaction of N+ and N2. Gas-phase spectroscopic characterisation of N3

+ and its associated clusters could 
offer insights into the composition and radiative processes in the terrestrial atmosphere. 
 
Keywords: Ion spectroscopy, photodissociation 
 

1. Friedmann, A.; Soliva, A.; Nizkorodov, S.; Bieske, E.; Maier, J., J. Phys. Chem. 1994, 98, 
8896 
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Investigation of Nucleic Acid Triplexes Implicated in Friedreich’s Ataxia Through 
Native IM-MS 

A.J. Begbie, J. Li, D.M. Huang, T.L. Pukala 
 
The neurodegenerative disease Friedreich’s Ataxia (FRDA) features the expansion of a trinucleotide 
repeat (GAA) in intron 1 of the frataxin gene to very large numbers (>500 repeats). This gives rise to 
triple stranded nucleic acid structures which ultimately lead to transcriptional silencing of the frataxin 
protein, and in turn the associated disease characteristics. Despite their known role in FRDA the triplex 
DNA structures are difficult  to characterise and aspects of their molecular features and interactions 
are still poorly understood. Here we have utilised native ion mobility-mass spectrometry (IM-MS) to 
gain insight into the formation of these structures. FRDA features the expansion of a trinucleotide 
repeat (GAA) in intron 1 of the FXN gene to very large numbers (>500 repeats), which presents itself 
as a triplex formation site, ultimately leading to transcriptional silencing. 
Model DNA triplexes based on the GAA repeat were prepared with 18, 27 and 36mer lengths, as well 
as an 18mer triplex containing an RNA based triplex forming oligomer (TFO). All triplexes were formed 
using a pyrimidine based TFO, without addition of metal cations to the buffer system, and were found 
to be favoured under acidic conditions. 
 
Triplex stability was found to increase with increased DNA strand length, however, it this was 
accompanied by a substantial decrease in the amount of triplex formed. Triplexes formed with an RNA 
based TFO exhibited a substantial increase in stability, and were produced in a higher yield at neutral 
pH. These results suggest that the large scale triplex structures formed in FRDA are highly stable 
structures, though further study of triplexes on biologically relevant lengths is required to confirm their 
structure and composition. 
 
Keywords: Triplex, IM-MS, DNA, Friedreich’s ataxia, FRDA 
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Low level Estrogen Analysis by ESI negative Ion UHPLC Mass spectrometry with 
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Steroid Hormone analysis in biological matrices is well documented and discussed. The standard 
panel of 17 compounds is becoming  routine  but the Estrogens  still remain difficult due to the 
lack of ionisable functional groups and previous generation mass spectrometers performance in 
negative ion mode.  The analysis of Estradiol and  Esterol often involves  time consuming  sample 
prep including derivatisation and ( offline/online) solid phase extraction (SPE). Even with these 
involved sample prep strategies low pMol levels are often difficult to quantify. This methodology 
shows UHPLC coupled to a modern LC QQQ for pMol concentrations of Estradiol & Estrogen in 
plasma with a simple protein precipitation and injection on a standard UHPLC LCMSMS system. 

Conclusions 
 
Low level detection of Estrogens is possible with minimal sample prep, direct injection UHPLC 
ESI MSMS. 

The Estrogen`s could be added to a larger panel of steroid analysis sharing a common extraction 
methodology and pos/neg switching acquisition. Lower limits of detection could be achieved by 
adding a liquid/liquid extraction & concentration step if required. 
 
 
Keywords 
 
Clinical Mass spectrometry, Negative ion Mass spectrometry, Steroid hormone, Estradiol, 
Shimadzu. 
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Matrix-assisted laser desorption/ionization mass spectrometry imaging (MALDI-MSI) is a fine art. A 
relatively recent advancement has been N-glycan MALDI-MSI, with only 3 groups worldwide 
orchestrating workflows of their own. In 2014, our group developed and published our very own N-glycan 
MALDI-MSI workflow. Since then, we have applied our workflow to formalin-fixed paraffin-embedded 
(FFPE) tissues from ovarian cancer and osteoarthritis patients. However, further work is required by our 
group to (i) improve and optimize this workflow, and (ii) verify whether MALDI- MSI can be used to 
discover potential early-stage diagnostic markers. This poster will provide readers with (i) detailed 
instructions on how other groups can easily integrate our established workflow into their research 
laboratories, and (ii) specific examples of how this workflow can be used for clinical and diagnostic 
applications in the future. 
 
Keywords: N-glycan, MALDI, mass spectrometry imaging 
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New Insights into Molecular Weight Growth Processes of Distonic Pyridinium 
Radicals with Propene and Acetylene 
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Pyridine stands as the prototypical N-heterocyclic building block from which many biological  molecules 
are derived. The gas-phase molecular weight growth reactions involving pyridine and radical cation 
pyridine derivatives towards many small, unsaturated hydrocarbons remains unknown, and is often 
estimated for use in astrochemical models. 
 
This presentation outlines a combined experimental and computational study into gas-phase ion- 
molecule reactions of the three dehydro-N-pyridinium radical cation isomers with the common 
extraterrestrial hydrocarbons propene and acetylene. Reaction products and kinetics are measured 
using a modified ion-trap mass spectrometer that supports in-situ synthesis of radical ions via 266 nm 
laser photolysis of iodinated precursors. Potential energy schemes of proposed reaction pathways have 
been produced to rationalise observed reaction mass channels and kinetics. 
 
Experimental results indicate increasing radical reactivity towards propene and acetylene with 
decreasing spatial separation between radical site and charged nitrogen moiety. Reaction efficiencies 
have been measured in excess of 70% for 2-dehydro-N-pyridinium + propene and 40% for 2-dehydro- 
N-pyridinium + acetylene reactions. The major propene reaction product has been assigned as 
vinylpyridinium and two low energy pathways to this product have been identified. Acetylene reactions 
show addition of further acetylene units to the reaction adduct leading to potential molecular weight 
growth via ring closure and formation of charged polycyclic species. A pre-reactive dehydro-N- pyridinium 
+ propene complex is predicted to be influencing measured reaction rate coefficients. Further 
experiments are underway with the goal of creating a scaffold to predict N-heterocyclic reactivity towards 
small, unsaturated hydrocarbons. 
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Tuberculosis (TB) is a lung infection and it is a re-emerging disease. Most of the common drugs used for 
the treatment of TB show a loss in activity against multidrug-resistant (MDR) and extensively drug- 
resistant (XDR) tuberculosis. There is an urgent need to develop new anti-TB drugs. 
 
Fragment Based Drug Discovery (FBDD) is an approach that investigates small compound libraries’ 
ability to bind with proteins. Native mass spectrometry (MS) is an approach used to study proteins in the 
native folded state and useful to investigate non-covalent ligand protein complexes. 
 
Merging these two approaches, we identified small molecules able to interact with a set of proteins from 
Mycobacterium tuberculosis. We analysed our Natural Product (NP) fragment library (679 compounds) 
with 20 TB proteins using Fourier Transform MS (FTMS). The result is a large amount of data difficult to 
analyse, as it is hard to have a whole picture by reading numbers from a spreadsheet. By converting list 
into an informatics network map, relationship between ligands and protein targets can be easily sorted 
and understood. Some fragments interacted with one or more proteins, suggesting the presence of 
similar local binding sites. 
 
The application of Native Mass Spectrometry is helping to identify new binding sites as well as identify 
new targetable proteins. Fragment evolution and fragment linking approaches will be used to develop 
new candidate drugs based on natural fragments to treat TB. 
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Title: How specific is Filipin to cholesterol? 
 
Filipin is a highly fluorescent histochemical stain that binds specifically to free cholesterol. This stain is 
used to diagnose the lysosomal storage disorder Niemann-Pick C and in a research setting to detect 
over-expression of cholesterol. But how specific is it? We provide evidence that Filipin stains tissues that 
are not enriched in cholesterol. Brain tissues from a mouse model of mucopolysaccharidosis IIIA (MPS 
IIIA) and normal mice were stained using Filipin. Cholesterol and cholesteryl esters were quantified using 
an LC-MS/MS assay. Free cholesterol was derivatised prior to analysis using acetyl chloride to form the 
acetyl ester. Quantification was by comparison to deuterated cholesterol which was spiked into the 
sample prior to derivatisation. Cholesterol levels were confirmed with a colorimetric cholesterol 
quantification kit. Other lipids were also quantified using LC-MS/MS, including gangliosides. All 
measurements were performed on an API 4000 QTrap coupled to a Prominence HPLC system. 
Comparison of control and MPS IIIA mouse brains showed a positive result for Filipin  in the MPS IIIA 
tissue but not in the control tissue. Interestingly, no increase in unesterified cholesterol was found in 
either sample using mass spectrometry or the biometric assay for cholesterol. We found that levels of 
ganglioside species (GM1, GM2, GM3) were elevated in MPS IIIA mouse brains and we hypothesise 
that affinity of Filipin for these gangliosides may result in the observed fluorescence. Filipin staining is 
clearly is less specific for cholesterol than has previously been assumed. Further experiments are 
planned to measure the spatial distribution of cholesterol and ganglioside in tissue using a MALDI 
imaging approach. We also plan a series of simple in vitro tests to determine filipin’s affinity for different 
lipid species. 
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We present a rapid and high-throughput method for screening important flavour compounds in oak wood 
used for maturing wine. Our approach utilizes a rapid extraction protocol (taking less than one minute) 
followed by Matrix Assisted Laser Desorption Ionisation Mass Spectrometry (MALDI-MS). Triterpenoids 
responsible for sweet and bitter taste attributes and other important non-volatile compounds from oak 
wood were successfully extracted and ionized by MALDI-MS. The elemental composition obtained from 
high-resolution MS and MSMS studies were used for compound identification. Internal standards were 
used for quantitative measurements. Fifteen different  oak boards sourced from a cooperage in France 
were screened to validate the method and to elucidate differences in the non-volatile oak wood 
extractives. A high degree of variation in the non-volatile composition of the different oak boards was 
observed. The oak boards were categorized into different flavour categories according to the levels of 
key flavour compounds. These compounds are of great interest due to their significant flavour impact on 
oak-aged wine and the high degree of natural variation in oak wood chemistry. This method provides a 
powerful approach for the rapid screening of important non-volatile flavour components in oak wood and 
greatly improves sample throughput in comparison with current approaches based on liquid 
chromatography. 
 
Oak wood, non-volatiles, rapid analysis, flavour control, mass spectrometry 
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To protect against oxidative-stress induced protein damage, the lens contains high levels of antioxidants, 
such as glutathione (GSH) and ascorbic acid. The development of age-related cataract  is thought to be 
related to changes in lens antioxidants and other metabolites in specific lens regions, and leads to the 
protein damage, insolubilisation and opacification that characterises lens cataract. In this study, lens 
metabolites have been mapped in the aging human lens to define lens metabolome changes associated 
with normal lens aging, and a method to quantitatively map predominant lens antioxidants developed 
using GSH as a model. 
Cryosections from human lenses ranging in age from 29 to 82, and lens homogenates spiked with 
different concentrations of stable isotopically-labelled GSH were coated with NEDC matrix. The samples 
were analysed by MALDI-FTICR mass spectrometry (Bruker Solarix-XR 7T) in negative ion mode with 
spatial resolution of 150mm. Data were imported into SCiLS Lab 2016b for analysis, while standard 
curves were plotted using Microsoft Excel. 
Signal for glutathione was detected in lenses of all ages, in addition to human lens-specific UV filters, 
which are known to cause pathological modifications to lens proteins with age. For example, 3- 
hydroxykynurenine glucoside (3-OHKG) was more abundant in the lens nucleus than the cortex, and 
signal intensity decreased with lens age. In contrast, a signal for lens fluorophore 3-OHKG-GSH 
increased in the aging lens nucleus. With age, glutathione signal declined, first in the nucleus, then in 
the cortex. For glutathione quantitation, a standard curve using stable isotopically-labelled GSH was 
used to quantitate GSH signal levels in the lens sections, which ranged from 5mmol/g in the cortex to 
0.7mmol/g in the nucleus. This study highlights the metabolic changes that take place in the aging human 
lens, providing a baseline measure for age-related changes to be compared with metabolic changes 
associated with cataract formation. 
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Protein-protein interactions (PPIs) are fundamental to all biological processes. For this reason a key aim 
of molecular systems biology is to better understand the dynamics of PPI networks. It is known that post-
translational modifications (PTMs) can mediate the dynamics of PPIs, and our laboratory  has devoted 
particular attention to the study of arginine and lysine methylation in this context. To create a foundation 
for this work we have produced a detailed map of methyltransferase-substrate interactions, embedded 
within a broader network of PPIs, in the model organism Saccharomyces cerevisiae: the yeast 
intracellular methylation network. 
We are currently studying the dynamics of this network using a technique known as size exclusion 
chromatography-protein correlation profiling (SEC-PCP). This technique involves the fractionation of 
native protein complexes using SEC. Fractionation profiles for individual proteins are measured using 
quantitative mass spectrometry techniques, allowing PPIs to be studied via the correlation of similar 
fractionation profiles under the assumption that proteins in a common complex co-fractionate. 
We have created a reference PCP dataset from 280 SEC fractions of wild-type yeast lysate (70 fractions 
× 4 biological replicates), identifying >200 native core complexes, including complexes that contain 
known methyltransferase substrates. We are characterising the absolute stoichiometries of individual 
methylation sites in these complexes using a library of 34 internal standard heavy isotope- labelled 
synthetic peptides. This has, for example, identified that methyltransferase activity on EF1α – a protein 
observed in 4 distinct complexes – can change when EF1α is associated with different PPIs. We are also 
in the process of producing PCP data from  methyltransferase knockout  yeast strains. This has revealed 
that methylation on K316 of EF1α, which is catalysed by the methyltransferase EFM4, influences the 
formation of the elongation factor 1 core complex. 
Together these studies are providing broad-scale insights into how methyltransferase-substrate 
interactions can mediate the dynamics of PPI networks. 
 
Keywords: protein-protein interactions, systems biology, protein-correlation profiling, post-translational 
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Alcoholic beverages are commonly known to be consumed when people are in social environments or 
are experiencing personal issues. A variety of alcoholic beverages will be analysed to determine whether 
or not they can be detected and distinguished from one another using Headspace Gas Chromatography 
Mass Spectrometry (HS-GC-MS) as well as a variety of other analytical techniques. The purpose of this 
research is to determine the type of alcoholic beverage, not just the amount of ethanol present as like 
the general alcohol detection methods commonly known (BAC). For example, the flavour and aroma 
content of oak-barrel whiskey will be very different from flavoured vodka or a juniper based gin. Within 
this two-part project, HS-GC-MS is an analytical technique that will be used to determine unique chemical 
compounds that are found in specific alcoholic beverages to achieve a unique chemical profile for each 
beverage. Secondly, the detection of the unique beverages added to synthetic urine will be investigated 
to prepare for future research into the detection of alcoholic beverages consumed and metabolised in 
the human body. This analysis may become a new crucial forensic tool in criminal justice. Initial results 
will be presented. 
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Selected Ion Flow Tube Mass Spectrometry (SIFT-MS) has proven to be an effective direct analysis 
technique to monitor analytes at trace levels in air samples in real time. Analysis of methyl nitrate using 
SIFT-MS has been investigated here using a certified standard of methyl nitrate in nitrogen with 
both positive and negative reagent ions. The H3O+ ion exhibited collision rate proton transfer to form 
MeONO2H+; O + reacts with methyl nitrate to form NO +; O- and OH- produce NO - and O - reacts to 2 2 2 2 
form NO -. Methyl nitrate has been reported as a non-invasive marker of hyperglycaemia in Type 1 
diabetes. The combination of real-time monitoring of methyl nitrate in breath using the sensitivity of SIFT-
MS offers exciting possibilities for rapid diagnoses. 
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N-substituted aromatic radicals are commonly encountered in environments ranging from biological 
systems to the atmosphere of Titan. In particular, aniline is a simple N-substituted aromatic molecule; 
thus, the reactivity of its radical derivatives forms an important case study in understanding the reactivity 
of N-substituted aryl radicals in general. It is notable that only a few of the reactions of these radical 
derivatives of aniline have been investigated; specifically, significant research is yet to be completed 
regarding distonic ammoniumylphenyl radical cations. In this study, the reactions of these distonic radical 
cations with short-chain unsaturated hydrocarbons such as propene, propyne, ethene and ethyne are 
investigated, with a particular focus on reaction kinetics and product branching ratios. 
 
Experimentally, the target radicals are created in situ from UV laser photodissociation of the 
corresponding iodoanilines in an ion-trap mass spectrometer modified to allow irradiation of trapped ions 
with laser pulses. The hydrocarbon reactant (e.g. propene) is supplied to the mass spectrometer as a 
trace component of the He buffer gas. Mass spectra are obtained at varying storage times in order to 
extract kinetic data. Concurrently, M06-2X/6-31G(2df,p) calculations are underway to assist  in 
elucidating the reaction mechanism and rationalise the product branching fractions. 
 
Calculations on the reaction of the different ammoniumylphenyl species with propene indicate that 
cyclisation of the adduct (m/z 135) followed by hydrogen loss is a favourable process both energetically 
and entropically relative to other mechanisms of hydrogen loss; the presence of a m/z 134 peak in the 
mass spectrum of this reaction shows that hydrogen loss is occurring to a non- negligible extent. Taken 
together, these results hint that such reactions may be important in forming nitrogenated polycyclic 
aromatic hydrocarbon (PANH) species thought to be responsible for the tholin haze in Titan’s 
atmosphere. 
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Froth-flotation is a common process for separating valuable sulphide minerals from gangue using 
chemical reagents to selectively alter the mineral surface hydrophobicity. Unfortunately, the xanthate 
collectors and cyanide depressants used to bring about these changes in mineral hydrophobicity are 
often environmentally hazardous. A potential solution to this problem is bioflotation, a new process  that 
uses microorganisms and their extracellular polymeric substances (EPS) to alter the surface 
hydrophobicity. The mechanism by which this occurs varies with microbial species, pH and Eh. 
 
This study has successfully identified several species that contribute to the hydrophobicity of pyrite using 
Time of Flight Secondary Ion Mass Spectrometry. Pyrite, a gangue mineral, was exposed to two different 
iron- and sulfur-oxidising microbes. The results indicate larger molecular weight fragments as a 
“fingerprint” region for proteins, polysaccharides and lipids. 
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Insert In order for non-covalent protein complexes to be preserved and detected in the gas-phase  they 
need to be analysed at near physiological pH. The technique is known as "Native Mass Spectrometry" 
and routinely used for the structural analysis of protein complexes, providing information that can 
complement traditional methods such as NMR, and X-ray crystallography. Here we describe the use of 
native MS to detect and characterise large protein complexes using Size Exclusion Chromatography 
coupled with ion mobility and TOF MS. A number of critical parameters such as sample purity and 
instrumental pressure have been addressed which appears to make native MS analysis of non-covalent 
protein complexes robust and reproducible. The following proteins were investigated: ADH (Sigma 
A3263), C-reactive protein and Streptavidin. Sprayed from an aqueous solution containing ammonium 
acetate, ADH (~147 kDa), C-reactive protein (~115 kDa) and Streptavidin (~53 kDa) form non-covalent 
assemblies that are detected around m/z 5600, m/z 4800 and m/z 3500 respectively. Size Exclusion 
Chromatography made use of a UPLC H-Class with an Acquity UPLC Protein BEH SEC Column (200Å, 
1.7µM, 4.6mm x 150mm). 
 
SEC-native MS allowed on-line sample clean up without manual de-salting procedures that can be both 
time-consuming and error prone. Research software was used to provide optimum gas control for 
recording MS data of non-covalent protein complexes upon Synapt G2Si. The use of SEC combined with 
optimised instrumental gas flow produced a substantial reduction in the overall width of the non-covalent 
protein assemblies. For example, the peak width obtained using static needles or conventional standard 
ESI probe at flow rate (5uL/min) and manual de-salting procedures is typically 9m/z (FWHM) for ADH. 
During this study the peak width of the tetramer ions was 1m/z (FWHM) - close to the theoretical isotopic 
peak width for the detected charge states of the native species. 
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Quadrupole time-of-flight (Q-TOF) MS is a well established tool for both discovery and quantitative 
applications. A new mode of DIA operation, SONAR, was recently introduced whereby a low- resolution 
quadrupole is scanned repetitively over alternating low (MS1) and elevated energy (MS2) scans, 
producing data of a similar format as Ion mobility enabled modes by utilising the same multi- dimensional 
acquisition system 
 
Samples were analysed on a Xevo G2XS Q-TOF. The quadrupole mass filter of the MS was 
characterised to allow various transmission windows to be employed for different molecule classes; 
peptides, small molecules (metabolites and lipids). Initially, the full m/z range of the quadrupole was 
continuously and repetitively scanned and the MS2 CID energy applied in a linear fashion to 
correspond with the quadrupole mass position. Further optimisation of the collision energy can be 
achieved by segmenting the quadrupole m/z scale into multiple steps. 
 
Experiments were carried out to determine optimum collision energy ramps using one quadrupole 
mass range; m/z 400 – 900 for analysis of complex peptide mixtures and m/z 500 – 1200 for small 
molecule applications with the starting and ending collision energy values altered in 5 V steps. 
Optimum ramps were initially determined as 14 to 40V for proteomic and 20 to 50 V (+ve) and 25 to 55 
V (-ve) for small molecules. The potential to further optimize collision energy ramps is apparent as 
there are distinct retention time regions where SONAR experiments would potentially benefit from 
using multiple quadrupole m/z ranges and collision energies, i.e. retention order, dependent. Analysis 
of complex proteomics samples shows the multi-step method increases coverage and subsequent 
quantitation by > 20%. For small molecule lipidomics experiments the same method increased feature 
identification rates significantly, improving the qualitative information by extraction of analyte class 
information based upon neutral loss or product ion extraction. 
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Lambda and 186 bacteriophages, known as “gene switches”, are both models for understanding gene 
regulation as the lytic-lysogenic decision in bacteriophages depends on repressor proteins (such as the 
CI protein) bind to a DNA operator site. Although numerous studies have investigated these gene 
switches, some structural details of the protein-DNA interactions are still unclear. Here we developed  a 
native mass spectrometry approach to probe these details. 
 
Ion-mobility mass spectrometry (IM-MS) is a powerful and sensitive mass spectroscopic technique, 
which allows separation of ions based on both mass-to-charge ratio (m/z) and collision cross section 
(CCS), and is applicable to study of intact biomolecular assemblies in the native state. This research 
aims to detect the details of structures for lambda CI protein and 186 CI protein binding to various 
operators, such as OL1, OL2 DNA, via IM-MS experiments. 
 
Our data shows the oligomerisation states of both lambda CI protein and 186 CI protein. Furthermore, 
the lambda CI protein binds to the OL1 operator with pairwise cooperatively, such as dimer, tetramer and 
octamer stoichiometries, which is consistent with the reported results of repressor binding to long range 
DNA loops. 
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The TB epidemic is larger than previously thought with an estimated 10.4 million new TB cases worldwide 
in 2015. There were an estimated 1.4 million TB deaths and an estimated 480,000 new cases of multi-
drug resistant TB (MDR-TB) in 2015. New drugs are essential to contribute to the “End TB strategy”. 
Modern drug discovery and development is heavily dependent on rapid and insightful analytical methods. 
FTMS is the highest performance MS method currently available. It provides ultra-high mass resolution 

and mass accuracy, non-destructive detection, high sensitivity and multistage MSn, making it an 
increasingly useful tool in drug discovery and development. 
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 
showing a MIC following 11-point dose response analysis. With the guidance of NMR fingerprinting, we 
proceeded to direct isolate active compounds in the active fractions. 
Additional to the previous data, we have also been successful in a Target Identification strategy that 
identifies specific binding proteins using our native mass spectrometry platform. Rather  than  hundreds 
of up or down regulated proteins from proteomics, we identified the specific protein target using the TB 
active fractions. 
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The skin is the largest organ of the mammalian body and serves as a first line of defence against physical 
trauma, microbial infection and UV-radiation. It consists of three distinct  layers;  the epidermis, dermis 
and the subcutaneous fat layer. The epidermis is the most superficial layer of the skin and functions as 
a barrier to the environment. The dermis is predominantly made up of collagens that are responsible for 
the tensile and tear strength of skin and the subcutaneous fat layer is largely for insulation. These 
physical properties present challenges in extracting and solubilising proteins for analysis by mass 
spectrometry. 
 
Sheep, deer and cow skins are by-products from the NZ meat industry, which are subsequently 
processed to leather used for making garments, footwear and upholstery. Although there has been a 
substantial body of research that has concentrated on the arrangement of collagen fibers/fibrils in 
different animal skins, the molecular factors responsible for these structural differences are less well 
understood. 
 
In this study, we describe sample preparation procedures to improve the solubilisation of sheepskin 
proteins and compare the merits of gel-free vs gel-based approaches using the number of total  protein 
IDs obtained. In the gel-free method, proteins were sequentially extracted prior to the trypsin digestion. 
In the gel-based method, solubilised proteins were sequentially extracted before being fractionated into 
broad molecular weight ranges using 1D-SDS-PAGE prior to trypsin  digestion. Trypsin digested peptides 
were analysed using either a 60 or a 95 min gradient on a nano-LC-MS/MS (Q-Exactive Plus, 
ThermoFisher Scientific). Proteins were identified using Proteome  Discoverer  (v.2.2, ThermoFisher 
Scientific) searched against the ruminant NCBI database with a FDR of 1%. The optimised method was 
then used to analyse and compare extracted proteins from cow-, goat- and deerskins. 
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Coinage metal nanoclusters have attracted a lot of attention due to their photophysical properties and 
roles in catalysis. In particular, Stryker’s reagent, [HCu(PPh3)]6, is widely used in stereoselective 
reductions. We have previously described the mass spectrometry directed synthesis of a range of silver 
and copper nanoclusters, including a ligated trinuclear copper hydride complex, [Cu3(μ3-H)(μ3- 
BH4)LPh  ]BF4.  Here  we  describe  the  use  of  mass  spectrometry  experiments  that  facilitated  the 
synthesis of an unprecedented mixed copper hydride dithioformate nanocluster [Cu3(μ3-H)(μ2- 
S2CH)LPh

3]BF4 (LPh = bis(diphenylphosphino)amine), which was structurally characterised via a number 
of techniques including X-ray crystallography, ESI-MS and NMR spectroscopy. The cluster cation 
[Cu3(μ3-H)(μ2-S2CH)LPh ]+ is observed upon electrospray ionisation mass spectrometry of solutions 
containing carbon disulfide and the mixed copper hydride borohydride nanocluster. By the addition of 
excess CS2 to an acetonitrile solution of [Cu3(H)(BH4)LPh ]BF4, cooled to 0 °C, we were  able to isolate 
the aforementioned dithioformate nanocluster for subsequent studies. Furthermore, combined gas-
phase experiments (LPh) and DFT calculations (LMe) reveal how loss  of a ligand from the cationic complex 
[Cu3(H)(S2CH)L3]+ provides a change in geometry that facilitates subsequent  loss of CH2S to produce 
the sulfide cluster, [Cu3(S)L2]+. These results encouraged efforts to explore the reactivity of these copper 
hydride nanoclusters with other heterocumulenes, which will be described. 
 
Keywords: gas-phase, copper hydride nanocluster, DFT, X-ray  crystallography,  electrospray ionization 

mailto:hma1@student.unimelb.edu.au


94 
 

Fragment-based Drug Discovery using Native Mass spectrometry 
 
 

Mak, T. C. , Quinn, R. J. 
 

Griffith Institute for Drug Discovery, Griffith University, Australia E-mail: 

t.mak@griffith.edu.au 

 
 
Fragment screening using Fourier Transform Mass Spectrometry (FTMS) is a label-free method that 
permits the observation of non-covalent protein-ligand complexes. 
 
Malaria is a life-threatening disease. Parasites that are resistant to drugs have been reported which 
makes the development of new drugs against malaria critical. 
 
FTMS can directly observe weak, non-covalent protein binding of low MW (fragment-sized) compounds. 
We report 95 low molecular weight natural products identified as binding partners of 31 putative malarial 
targets, Twenty-nine of these fragments have direct growth inhibition activity against Plasmodium 
falciparum validating 16 molecular targets for further drug discovery efforts. 
 
Keywords: FTMS, fragment screening, Plasmodium falciparum 
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Flavins are blue light photoreceptors which contain an alloxazine group. Uracil, lumazine and lumichrome 
can be considered prototypes of biologically relevant flavins. Riboflavin (vitamin B2) is an important 
biological molecule that decomposes under visible light (at wavelengths less than ~530nm). These 
molecules have several potentially viable protonation sites. The photostability of flavins and flavin 
precursors are not well understood, especially regarding the effect of protonation. 
 
An LTQ XL ion trap mass spectrometer was used for collision induced dissociation (CID). Ultraviolet 
laser pulse redirected into the ion trap to initiate photo-dissociation (PD). A tuneable laser is used to scan 
wavelength dependence on PD in an LTQ Velos ion trap. Preliminary field asymmetric ion mass 
spectrometry (FAIMS) experiments probe the presence of protonation isomers are also underway. 
 
Preliminary results show differences in the CID and PD dissociation pathways of lumichrome and 
riboflavin. Because CID excites molecules gradually, the molecules can isomerise to less stable 
protomers prior to dissociation. In contrast PD can access different pathways, perhaps with less 
isomerisation. Photo-dissociation spectra of both riboflavin and lumichrome show unique dissociation 
pathways for distinct wavelength regions and this is currently being investigated. These spectra 
compared with excited state calculations (TD-DFT) aim to elucidate the presence of protomors. This is 
compared to FAIMS experiments that indicate the presence of two protomers are present. 
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During food processing and storage, crosslinks can form between proteins, which profoundly  influence 
the nutritional value and properties of food. One crosslink that can form with heating and basic pH, two 
typical food processing procedures used in milk products, is lysinoalanine. This crosslink is interesting 
because it has been shown to decrease essential amino acid availability (particularly lysine) and protein 
digestibility, protein quality and mineral bioavailability. Despite the potential deleterious effects of 
lysinoalanine, its formation and biological fate is not well understood. Harnessing the highly accurate 
analysis of small quantities of analytes afforded by mass spectrometry provides a means to detect and 
characterise lysinoalanine in milk proteins. The typically low relative abundance of crosslinked peptides 
compared to linear peptides and the complex  fragmentation pattern produced by crosslinks compared 
to linear peptides, together with several  other  factors, makes investigating crosslinked peptides in food 
is challenging. As a means of simplifying  the complex fragmentation patterns and narrowing the potential 
number of analytes, we subjected two short synthetic peptides, each five amino acids long, to heat and 
alkaline treatment and identified a putative crosslink of lysinoalanine between the peptides. We are in 
the early stages of characterising the fragmentation pattern of this simple crosslinked unit. We anticipate 
that the characteristic pattern  of this simple model can be used as a diagnostic tool for identifying 
lysinoalanine crosslinks in larger protein complexes and untangle the many unknowns of crosslinks food 
proteins. 
 
Keywords: proteomics, crosslinking, food, lysinoalanine 
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There is very little knowledge about the UV photostability and deactivation pathways of 
protonated substituted-pyridines, in particular oxygen-containing derivatives, despite containing 
the founding atoms of life: nitrogen, carbon, oxygen, and hydrogen. The photodissociation of 
protonated N-formylpyridines is investigated by performing UV photodissociation action 
spectroscopy for the 2-, 3- and 4- isomers using a combination of ion trap mass spectrometry 
and tunable UV laser photodissociation spectroscopy. The detected photoproducts are m/z 78, 
79 and 80 for all isomers corresponding to loss of 30, 29 and 28 m/z, respectively. Each isomer 
exhibits a photofragmentation spectrum with some vibronic details, with spectra acquired over 
285-225 nm (35000-44000 cm-1) using a ∆λ=0.1 nm resolution. 
 
TD-DFT calculations guide the assignment of key spectral features of the 2- and 4- 
formylpyridineH+ isomers are due to excitation of a S2  S0 transition. Similarly, the 3- 
formylpyridineH+ is a S3  S0 excitation. In each case it is a π*  π transition. Furthermore, 
quantum chemical calculations of the Franck-Condon factors for vibronic features allow 
assignment of some feature in the photodissociation spectrum. 
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Mass spectrometric characterisation is vital for the identification of prohibited substances  during human 
sports doping control. SR9009 is a synthetic REV-ERB agonist that is not explicitly stated on the World 
Anti-Doping Agency Prohibited List, but due to its nature would be considered banned via the S0 “Non-
Approved Substances” classification. SR9009 could potentially be classified as a metabolic modulator 
and is purported to have effect on the alteration of gene expression involved in lipid and glucose 
metabolism. The agonist, often referred to as “exercise in a pill”, is thought to  provide increased exercise 
capacity without any known detrimental side effects and is therefore of great interest to athletes. Although 
SR9009 is not approved for therapeutic use, black market sources of the substance have now been 
identified. As the use of SR9009 as a doping agent is anticipated, anti-doping laboratories must rapidly 
develop fit-for-purpose testing methodologies. To support this endeavour, the National Measurement 
Institute has synthesized two putative phase-I metabolites of SR9009 (M2 and M6) and certified them 
for distribution as reference materials. Subsequently, comprehensive mass spectrometric 
characterisation of SR9009, M2 and M6 was undertaken to determine  fragmentation  pathways  and  
diagnostic  ions  to  support  development  of  drug  testing 
methods. LC-ESI-MS/MS analysis of SR9009, M2 and M6 verified their protonated molecular ions ( 
[M+H]+ ) as m/z 438, 314 and 283 respectively. Product ion scans yielded the major ions m/z 268, 221 
and 142 for M2 and m/z 237, 125 and 112 for M6, which confirmed the proposed fragmentation patterns 
published in the literature. The production and distribution of certified reference materials of 
the SR9009 metabolites M2 and M6 and their mass spectrometric characterisation provides the ability 
to detect SR9009 use in routine anti-doping screening procedures world-wide which should help 
discourage its use amongst athletes. 
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Electronic spectra of the Ã2Πu ← X ̃2Πg transition of weakly bound HC4H+-Arn (n = 1-3) and HC4H+-N2 
complexes have been obtained in the 425-530 nm range through vibrational predissociation 
spectroscopy using a tandem mass spectrometer. The origins of these bands are observed at 19 746, 
19 770, 19 786, and 19 782 cm−1 for HC4H+-Ar, HC4H+-Ar2, HC4H+-Ar3, and HC4H+-N2, respectively. 
The vibronic structure is assigned using time-dependent density functional calculations (TD-DFT), and 
the dominant progression in the visible range is due to the C-C symmetric stretching mode (ν3), which 
lends intensity to the C≡C-C antisymmetric bending vibration (ν7) due to Fermi resonance. The C2Πu 

← X2Πg transition of HC4H+-Ar has been recorded from 275-350 nm with a measured origin at 29 723 
cm−1. 
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Acute Myeloid Leukaemia (AML) carries a 5-year survival rate of 24%. Current treatments include high 
dose chemotherapy and bone marrow transplantation; however development of treatment resistance 
and relapse is common. Internal Tandem Duplication (ITD) mutation of the receptor tyrosine kinase FLT3 
is the most frequent driver mutation in AML (~25% of cases), and is associated with poor prognosis. 
Therapeutic inhibition of FLT3 has however proven difficult to achieve, with FLT3 inhibitors displaying 
limited monotherapeutic success. Therefore, the characterisation of the oncogenic signalling pathways 
downstream of FLT3 mutation may identify improved therapeutic approaches in AML. To identify new 
drug targets the primary blast cells of 6 AML patients (3 FLT3-ITD, 3 FLT3-wildtype) were isolated and 
tryptic peptides were labelled with isobaric tags prior to being subjected to a multistage process of 
phosphopeptide enrichment, offline HPLC fractionation and high-resolution mass spectrometry. 4803 
phosphosites on 4085 unique phosphopeptides from 1905 proteins were identified across the 6 AML 
patient blast samples. Analysis of differentially expressed phosphoproteins in FLT3-ITD versus wildtype 
AML patients identified dysregulation of DNA double strand break repair pathways with decreased 
phosphorylation of Homologous Recombination Repair (HRR) proteins, including BRCA1 and increased 
phosphorylation of Non-Homologous End joining (NHEJ) proteins, especially DNA-PK, as well as 
increased ƴH2AX. Targeting DNA-PK induced selective toxicity in FLT3-ITD cell lines. DNA-PK inhibitors 
combined with FLT3 inhibitors including Sorafenib which enhanced this effect, leading to G1 phase 
accumulation followed by synergistic cell death in FLT3-ITD but not FLT3-wildtype AML cell lines. 
Similarly, DNA- PK inhibitors in combination with the DNA-damaging chemotherapy agent Cytarabine 
displayed synergy in FLT3-ITD cells. Our phosphoproteomic data shows that FLT3-ITD AML is 
associated with activation of the error-prone NHEJ pathway, which may contribute to genomic instability. 
Targeting DNA-PK in combination with standard therapeutic agents has the potential to improve 
outcomes for this poor-prognosis AML subtype. 
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Prostate cancer is the most common cancer in Australian men and 16,665 new cases are estimated to 
be diagnosed in 2017. Enzalutamide is used to treat patients with advanced prostate cancer by 
antagonising androgen binding to the androgen receptor. We are using an explant model of prostate 
cancer in which small pieces of biopsy tissue are cultured in the absence and presence of enzalutamide 
to identify novel biomarkers. Here we describe the development of  an LC-MS/MS  assay for precise 
quantification of enzalutamide in the tissue and growth medium. Duplicate tissue pieces were cultured 
for 48 hours at 37°C on gelatin sponges pre-soaked in media containing 10 µM enzalutamide for the 
treated group and DMSO for the control group. Two extraction methods have been evaluated, protein 
precipitation and liquid/liquid extraction (Folch extraction). Drug quantification was by multiple reaction 
monitoring on an LC-MS/MS system (API 4000 QTrap coupled to an Acquity UPLC). Drug penetration 
into tissue was assessed using MALDI MS/MS imaging on a MALDI Synapt HDMS system. The pre-
incubation signal intensity for both extraction methods was equivalent. Post incubation media 
measurements were lower, 83% (Folch extraction) and 62% (protein precipitation)   of pre-incubation 
values. Signal intensity in tissue was 29% (Folch extraction) and 47% (protein precipitation) of pre-
incubation media values. No quantifiable signal was detected in the blank samples for all experiments. 
The imaging data showed that enzalutamide was distributed evenly throughout the tissue after 24-48 
hours. Both extraction methods performed similarly. The protein precipitation method was experimentally 
simpler and will be used as the standard method in future experiments. We aim to validate this method 
according to US Food and Drug Administration Bioanalytical Method Validation guidelines. 
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Dried blood spot (DBS) is one of the most successful blood sampling technologies of the 21st century, 
being used mainly in newborn metabolic diseases screening. DBS platform is an alternative to traditional 
blood analysis systems, being one of the main advantages the collection of  microvolumes of blood. 
Additionally, after blood drying, DBS samples are easily transported without the need for cold chain 
logistics. 
One prominent drawback associated with DBS is the lack of uniformization regarding the blood collection 
media. Conventional DBS consists of the collection of micro volumes of blood in cellulosic papers. Before 
analysis, sample extraction and sample cleanup steps are required to achieve high- quality samples, 
subsequently analysed for the presence/quantification of a large variety of proteins, metabolites, 
pharmaceuticals, among others. 
Solid phase extraction (SPE) is a common practice during the analysis of dried blood spot samples to 
remove a compound of interest from the complex matrix before analysis. This process is time- 
consuming, yet, automation reduced the time necessary to process SPE samples. Porous polymer 
monolith (PPM) is an alternative material to perform SPE of biological samples. Due to a non-porous or 
macroporous system, negligible back pressure is generated allowing high throughput analysis workflows. 
Our work presents a custom made PPM-SPE cartridge treated with a hydrophilic coating that can be 
used as a blood storage medium. Due to the unique surface chemistry of this type of substrate, sample 
clean-up and sample extraction can be easily achieved with a two-step flow through process. This 
represents a considerable optimization of the multi-step process presently adopted. Sample processing 
times are significantly reduced with this simplified sample clean-up and extraction procedure. 
This material was used to adsorb and store dried blood samples (DBS), for later direct extraction to a 
mass spectrometer. This work presents an alternative to the conventionally established DBS analysis 
workflow. 
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Schizophrenia is a severe mental disorder that affects approximately 1% of the global population.[1-2] 
There are several common symptoms that characterise schizophrenia including delusions and 
hallucinations, dysfunction and altered cognitive behaviour. It is thought that the onset of schizophrenia 
is caused by either or both of genetic makeup and environmental factors. Several classes of metabolites, 
including lipids and organic and amino acids, have been identified as potential biomarkers for 
schizophrenia.[1-4] 
 
As part of an ongoing program looking at identifying biomarkers for mental illness, plasma from a cohort 
of schizophrenia patients was analysed. Plasma samples were prepared for metabolomic and lipidomic 
sample analysis by both high resolution LC-MS and 1H NMR. Putative biomarkers were 
identified and confirmed through online database searches and additional chemical analysis. This 
presentation will discuss the current results of this ongoing research project, including sample 
preparation and analysis, multivariate statistical analysis results and biomarker identification. 
 
[1] Ying Qiao et al. Plasma metabolomics study of first-episode schizophrenia treated with olanzapine 
in female patients. Neuroscience Letters, 2016, 617, 270-276. 
[2] Y. He et al. Schizophrenia shows a unique metabolomics signature in plasma. Translational 
Psychiatry, 2012, 2, e149. 
[3] Matej Orešič et al. Metabolome in schizophrenia and other psychotic disorders: a general 
population-based study. Genome Medicine, 2011, 3:19. 
[4] Matej Orešič et al. Phospholipids and insulin resistance in psychosis: a lipidomics study of twin pairs 
discordant for schizophrenia. Genome Medicine, 2012, 4:1. 
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Whiskey labeling and branding is highly regulated to protect distillers and consumers. Development of 
analytical tools to quickly and easily authenticate whiskeys is therefore important to protect 
consumers and distillers alike. Direct Analysis in Real Time (DART) is a highly useful ambient ionization 
technique that benefits from the need for little to no sample preparation and no chromatography, 
allowing the user to directly analyze a sample within minutes. In this work, DART has been coupled 
with simple mass detection (QDa) to provide a tool for rapid identification of whiskey samples. Twelve 
different brands of whiskey were analyzed, including samples of bourbons (Kentucky and Tennessee), 
Irish whiskey, blended Scotch, and single malt Scotch. A DART-QDa method was established to 
provide the most unique mass spectra for each sample. The data obtained for all twelve whiskeys 
analyzed were used to construct a PCA and LDA based statistical model using a prototype model 
building software. The statistical model generated was used to make identifications of unknown 
whiskey samples as the mass spectra were being acquired or by a raw data file provided. Using the 
model created, unknown samples of each of the whiskeys were successfully identified in real time 
with greater than 97% confidence. Amongst all the samples, the five bourbons analyzed were most 
similar when statistically modeled. Despite their similarity, they were successfully identified by brand 
in the twelve whiskey model. The current study demonstrates the utility of DART-QDa in the 
authentication of whiskeys. This technology could be used to rapidly screen bottles of whiskeys to 
determine the need for further analysis of suspect samples. The data also implies usefulness in 
applications in the distillery to monitor the quality of production and blending of whiskeys. 
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Amorphous silica plays an important role in heterogeneous catalysis as a support for metal catalysts and 
is frequently presumed to be “inert”. The structure of the supported catalyst is key to understanding the 
stability and reactivity of catalytic systems. To provide vital insights into the surface reactivity of silica, 
polyhedral oligomeric silsesquioxanes (POSSs) can act as realistic homogeneous molecular models for 
silica surfaces. It is difficult to study isolated solid phase reactions of surfaces with the energetics of 
catalytic species. However, the reactivities of energetic model compounds can be followed in the gas 
phase by mass spectroscopy. Here, we report novel reactivities associated with the silica surface, 
derived from our insights obtained by means of such model systems with potentially significant 
implications in catalysis when employing silica-supported catalysts. In this work, the gas- phase 
reactivities of two cyclohexylsubstituted POSSs, namely the completely condensed triganol prism 
[Si6cy6O9] (a6b0), and the incompletely-condensed partial cube [Si7cy7O9(OH)3] (a7b3), with cy=c-C6H11, 
were studied by using atmospheric pressure chemical ionisation (APCI) and collision- induced 
decomposition (CID) spectroscopies. Tentative structural assignment was achieved using deuterated 
and non-deuterated methanol and benzene solvents in combination with the high resolution and accurate 
mass Fourier transform ion cyclotron resonance (FTICR) mass spectrometry to determine reactivity with 
the solvent or the air using proton transfer and electron transfer mechanisms. Silsesquioxane a6b0, 
containing three-membered rings, was found to be much more reactive, undergoing novel CH2-insertion 
on reaction with gas phase molecules—a reaction not observed for a7b3, containing only four-membered 
rings. Both silsesquioxanes displayed the ability to trap ammonia formed in situ within the mass 
spectrometer from N2 in the instrument. This work also demonstrates the applicability of APCI and the 
role of CID in elucidating reactive POSS structures, highlighting novel gas-phase reactivities of POSS. 
 
Keywords: Silsesquinoxanes, siloxane, atmospheric pressure chemical ionization, mass spectrometry, 
collision-induced dissociation 
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Bitterness is primarily caused by the limonoid compounds present in citrus fruits. The concentration of 
limonoids and their chemical forms (aglycones or glycosides) play a critical role in determining the flavour 
of fresh fruits and processed products. During fruit maturation, the natural debittering process involves 
the conversion of bitter aglycones into tasteless glycones leaving small amount of aglycones responsible 
for bitterness. Limonoid aglycones above threshold levels (approx. 6ppm) negatively influence the 
consumer acceptance of the products (such as juice). Several factors including environment, rootstock, 
harvest maturity and postharvest storage can affect the level of limonoids in juice. However, the effects 
of such factors on limonoids in ‘Kinnow’ mandarin juice are currently unknown. Therefore, in the present 
study we used metabolic profiling employing liquid chromatography-mass spectrometry to identify and 
characterize the limonoids present in ‘Kinnow’ fruit juice as influenced by preharvest (location, rootstock, 
maturity) and postharvest (low temperature storage) factors. In 'Kinnow' mandarin, limonin was found to 
be the major limonoid aglycone and limonin glucoside, the major limonoid glycoside. Targeted metabolic 
profiling of limonoids suggested that the contents of limonoid aglycones (limonin, nomilin and 
obacunone) and limonoid glycosides (limonin glucoside) were significantly altered by factors such as 
location and rootstock. The data from different maturity stages revealed that juice from fruits harvested 
in early-February (maturity stage 6) showed lower aglycones and higher glycosides levels. Further, the 
low temperature storage also affected the bitterness in juice by decreasing limonoid aglycones content. 
Thus, metabolomics in combination with liquid chromatography is a powerful technique for identification 
and characterization of limonoids in citrus fruits providing insight into the factors responsible for bitterness 
in juice, making  it suitable for fresh and processing industry. 
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World Anti-Doping Agency (WADA) accredited laboratories utilise gas chromatography-combustion- 
isotope ratio mass spectrometry (GC-C-IRMS) to detect the administration of synthetic forms of 
endogenous anabolic androgenic steroids (EAAS) via the measurement of the carbon isotope ratio (δ13C) 
of their metabolites present in urine samples. In order to obtain results that are comparable 
between other WADA laboratories, traceability to the international standard Vienna Pee Dee Belemnite 
(VPDB) must be demonstrated during calibration of the GC-C-IRMS system. The Identical treatment 
principle (IT principle) is acknowledged in the IRMS community as the most appropriate approach to 
calibrate IRMS systems. However, there are no commercially available steroid metabolite certified 
isotopic reference materials. In this poster, we will describe the process of  the certification of 
a suite of in-house steroid isotopic reference materials at the Australian Sports Drug Testing Laboratory 
(ASDTL) and demonstrate how their use ensures the δ13C values resulting from the measurement of 
samples can be compared across all anti-doping laboratories world-wide. 
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Oil oozing from the ground must have fascinated humankind since we first walked the Earth. For 
thousands of years civilisations made use of oil seeps without understanding what they were. Our 
understanding of the nature of oil has only taken shape in the last few decades, since mass 
spectrometry has allowed us to interpret the chemical structures of thousands of compounds present 
in oil. However, some oil seeps still remain a bit of a mystery. 
 
The vast oil seep known as Pitch Lake in Trinidad has become a tourist destination and, like our early 
ancestors, we come to gaze at oil emerging from the earth. Pitch Lake is the largest natural deposit of 
asphalt in the world covering 40ha at La Brea in southwest Trinidad. At the opposite end of the chain 
of Caribbean islands lies Cuba. Here, oil seeps from mountains, sometimes emerging from rocks not 
normally associated with oil. Due to the extent of biodegradation and the evaporative processes from 
the hot Caribbean sunshine on both these seeps, the oils are incredibly difficult to analyse using 
traditional GC-MS. The unresolved complex mixtures, or 'humps', of hydrocarbons,heterocyclic and 
polar compounds make producing chromatographic peaks sufficiently resolved to obtain good mass 
spectra challenging. Using two dimensional gas chromatography with time-of-flight mass spectrometry 
(GCxGC-TOFMS) the resolution is dramatically improved allowing mass spectra to be obtained. 
 
Biomarkers can be seen as molecular fossils providing us with a view of past climates and sedimentary 
conditions. By applying GCxGC-TOFMS following minimal sample preparation, we were able to obtain 
good mass spectra for a range of biomarkers, including diamondoids, present in oils from Cuba and Pitch 
Lake. 
 
Keywords: oil, GCxGC-TOFMS, biomarkers, diamondoid, UCM 
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Gas-phase linkage photoisomerization in a ruthenium bis-sulfoxide photoswitch 
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The ruthenium sulfoxide complexes [Ru(bpy)2L]2+ (bpy = bipyridine, L = bidentate bis-sulfoxide ligand) 
have three linkage isomers where each sulfoxide can be coordinated to the metal center through an S 
or an O atom. These complexes have been proposed for use as molecular batteries, with solar  energy 
stored as a high-energy metastable O-bound state and released upon relaxation to the ground S-bound 
state. Previous time-resolved pump-probe spectroscopy measurements on these complexes in solution 
have shown sequential photoisomerization dynamics: starting from the S,S-bound isomer, the first 
photon produces the S,O-isomer on a ~150 ps timescale, and a second photon produces the O,O-isomer 
on a similar timescale. However, because photoisomerization occurs through a series of coupled metal-
ligand charge transfer and metal-centered states of mixed multiplicity, it has been difficult to compare 
solution-phase experimental results to gas phase ab initio calculations. 
 
Using a custom-built tandem ion mobility-mass spectrometer coupled with laser spectroscopy, we 
provide the first direct evidence for photoisomerization of a transition metal complex occuring  in the gas 
phase. The S,S-bound isomer undergoes isomerization to both the S,O- and O,O-isomers following 
absorption of a single UV photon, unlike in solution. The S,O-isomer predominantly gives the O,O-isomer 
upon irradiation with blue light. Minor reversion from the O,O-isomer to the S,O- and S,S- isomers is 
observed when irradiated in the green. Our experimental approach allows for study of photoactive 
transition metal complexes without the complication of solvation, which can dramatically alter their 
already-complex potential energy surfaces, and allows for straight-forward comparison to high-level 
theoretical calculations. 
 
Keywords: photoisomerization, ion mobility, laser spectroscopy, ruthenium, linkage isomerism 
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Comparative whole membrane proteomics analyses of marine cyanobacteria 
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Abstract: 
Marine cyanobacteria Synechococcus are abundant, globally distributed and genetically diverse. 
Synechococcus strains have developed distinct strategies to cope with a wide range of marine 
environments, from turbid, estuarine waters to transparent oligotrophic waters and various temperatures 
across 120˚ of latitude. We analysed the membrane protein composition of strains isolated from different 
regimes to gain an understanding of how these bacteria interact with their environment. Whole 
membrane proteins of four Synechococcus strains namely CC9311(clade I), CC9605(clade II), 
WH8102(clade III) and CC9902(clade IV) have been analysed by a bottom-up proteomics approach 
using a Q-Exactive Orbitrap mass spectrometer. Synechococcus CC9311 and CC9902 represent 
temperate strains while CC9605 and WH8102 represent strains predominantly found in warm tropical 
waters. More than 200 proteins identified from each Synechococcus sp.  contain transmembrane domain 
(TM). Interestingly, protein phosphatase 2C is one of the highest expressed proteins in Synechococcus 
CC9311 and CC9902. This protein is suggested to play a role  in signal transduction but the exact role 
in marine cyanobacteria remains elusive. FutA (iron ABC transporter substrate binding protein) unique 
to Synechococcus clade III has been identified as highly 
expressed in Synechococcus WH8102. In contrast, the iron Fe3+ ABC substrate binding protein 
expression level of sync_1545(CC9311), syncc9605_1578 (CC9605) and Syncc9902_2002 (CC9902) 
is relatively low. Overall, the high expression level of FutA suggested the high binding affinity of iron is 
important for iron scavenging in tropical oligotrophic waters. A large number of expressed membrane 
proteins have no known function, or only general predictions, which indicates that more work is required  
to  understand  the  spectrum  of  chemical  compounds  that  these  cells  are  capable  of 
transporting. Among the top 50 expressed proteins, we also identified five proteins which are unique  to 
Synechococcus CC9311 suggests there are specific adaptations in Synechococcus CC9311 for survival 
in coastal waters. 
 
 
 
Keywords: membrane proteomics, cyanobacteria, Synechococcus, microbiology, transporter 
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EmporeTM assisted rapid fractionation improves protein identification in bovine milk 
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Heating processes such as pasteurisation and ultra-high temperature (UHT) treatment of milk improve 
food safety and shelf life of liquid milk. However, these treatments can cause physical and chemical 
modifications to milk proteins thus introducing changes in the flavour and nutritional qualities of liquid 
milk. Most studies involving bovine milk protein composition have focused on the most abundant proteins 
present because of the technical challenges associated with the characterisation of the low abundant 
proteins. But it is important to maximise the identifications of low abundant proteins as they may play 
significant roles in the protein modifications during processing treatments of bovine milk. 
 
For this study, supermarket-bought UHT milk was prepared by acid precipitation into casein and whey 
fractions. Protein extraction was performed by shaking the fractions overnight at 25°C in a buffer 
containing 7 M urea, 2 M thiourea, 50 mM dithiothreitol and 50 mm Tris. The precipitated proteins were 
subjected to standard reduction, alkylation and digestion methods. 

EmporeTM assisted extraction is known to improve purification and concentration of analytes from 
aqueous samples. In this study we explored a novel rapid fractionation approach involving C18 
EmporeTM.  Tryptic  peptides  were  first  bound  to  EmporeTM  at  a  high  pH  for  3  hours  at  room 
temperature with light vortexing. The bound peptides were then sequentially eluted using 10% followed 
by 50% acetonitrile in 10 mM ammonium formate solution, pH 10. The two fractions were then individually 
dried down and analysed by LC-MSMS. This fractionation approach is rapid and simple, compared to 
column-based pre-fractionation, with an added advantage of reduced sample loss and enhanced protein 
identifications compared to the use of strong cation exchange (SCX) fractionation and clean up prior to 
LC-MSMS analysis. 
 
Keywords: LC-MS/MS: Liquid chromatography-tandem mass spectrometry, UHT: Ultra-high temperature 
processing, SCX:  strong cation exchange, C18 EmporeTM. 
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Organophosphates are widely used for insect pest control. Some of the most toxic organophosphates 
synthesized by humankind have been used in warfare causing thousands of fatalities. Acute and chronic 
exposures to organophosphate insecticides have been documented to cause adverse health effects. 
However, the mechanism of the toxicity is still not clear because of the lack of an analytical method for 
the global detection of proteins of that have been covalently modified by organophosphates. 
 
We developed and applied a novel mass spectrometry method to provide a solution to identify OP- 
modified adducted proteins in non-targeted fashion. We incubated human plasma with a mixture of 
isotope labelled and unlabelled organophosphate pesticides, parathion and dichlorvos. All proteins  and 
any protein-adducts were digested followed by LC-MS analysis to locate “twin ion” peaks of peptides 
adducted by organophosphates. Tandem mass spectrometry was used to identify the peptides and 
modification sites. The LC-MS/MS data was processed by the development of blended data analytics 
software called Xenophile, which is capable of identifying the amino acid residue of any proteins that 
were modified by the labelled organophosphates. This approach has the advantage that there is no need 
for specific parameterisation of protein database search algorithms. Using this method, the number, 
location and combinations of organophosphate adductions to protein targets in human plasma was 
characterized. This information will be useful for unveiling the mechanism of organophosphate toxicity 
and designing novel therapies for organophosphates exposure. 
 
Keywords: Organophosphates, protein target, non-targeted identification, LC-MS/MS. 
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Colon cancer is currently the third most common cancer in both men and women. Research studies have 
reported extensive alterations in protein glycosylation patterns in cancer tissues. However,  during these 
studies, the tissues are homogenized and the spatial information showing the  localization of the glycans 
is lost. Mass spectrometry imaging (MSI) is an  established analytical tool for biomolecular research 
which can accurately determine the spatial location of molecules in a tissue section. Recently, methods 
have been developed to determine released N-Glycans directly from tissues. A major challenge in the 
analysis of N-glycans is the large number of isobaric glycans resulting from their complex structures with 
branched chains and multiple additions residues. Here we report the advantage of ion mobility separation 
to differentiate these glycans in a MALDI MSI workflow used in the analysis of human FFPE colon cancer 
tissue. 5µm FFPE tissue were deparaffinised in xylene, rehydrated in different composition of 
ethanol/water solutions, transferred in citraconic anhydride buffer for antigen retrieval and water washed. 
To release the glycans from their proteins, a PNGaseF solution was sprayed on the tissue. A solution of 
MALDI matrix was sprayed onto the  tissue. Experiments were carried out on a SYNAPT G2-Si HDMS 
system(Waters) where the tri-wave separated ions according to their ion mobility in the gas phase. The 
overall MALDI spectrum shows strong signal for N-glycan molecules, demonstrating the effıcacy of the 
digestion step of the methodology. MALDI MSI could distinguish the tissue morphology and determine 
the tumor region based on specifıc ions. When the IMS was explored using the DriftScope software, it 
could clearly be observed that two nested trendlines in m/z vs. DriftTime existed. The data will be 
displayed and discussed to derive knowledge of the species and distribution within the tissue. 
 
Keywords: MALDI, Imaging, Ion Mobility, Tissue, Cancer 
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Quadrupolar Detection 
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For FT-based MALDI imaging applications, reducing the acquisition time of each spectrum by a few 
milliseconds can shorten the total measurement time by hours. Quadrupolar detection (2ω) enhances 
FTICR imaging studies by providing high MS performance with significantly reduced transient length. In 
this study, we evaluated the speed benefit of imaging with 2ω vs 1ω and compare MS performance from 
each. 
 
Rat kidney and brain were sectioned at 12 μm thickness and coated with matrix using a pneumatic 
sprayer. 7T and 12T solarix systems were used. Each was fitted with a dynamically harmonized cell 
modified with new electronics that improves the 2ω signal intensities and allows fast  switching between 
excitation and detection modes at the same electrodes. MALDI sensitivity was optimized for m/z 200-
900 and images were collected at different transient sizes and signal lengths. 
 
A bottleneck for MALDI FT-ICR imaging is the low sample throughput, due to the compromise one must 
make between acquisition speed and high MS performance. With a small electronic change to a 
commercial system, one can achieve the same mass resolving power in half the acquisition time, or  2x 
the mass resolving power from the same acquisition time. For example, using a 7T system, a 2s transient 
of 1ω signal produces a resolution of 300k at m/z 800 while the 2ω signal produces resolution of 300k 
from a 1s transient. The significance being that each spectrum can be acquired in half the time without 
loss of mass accuracy or resolution. Alternatively, when comparing quadrupolar detection, 2w, with 1ω 
detection for the same 2s transient time, the 2ω detection yields 2x the resolving power, 600k at m/z 
800. Although no speed benefit is realized in this mode of operation there is benefit to resolving isotopic 
fine structure at higher m/z for added confidence in formula identification. 
 
Keywords: FTMS, MALDI-imaging, isotopic fine structure, speed, ultra-high resolution 
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Palladium-mediated CO2 extrusion followed by insertion of carbodiimides as a route for 
the synthesis of amidines: translating fundamental gas-phase studies to the condensed 
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We recently described a new palladium mediated “one pot” synthesis of thioamides from aromatic 
carboxylic acids (ArCO2H + RNCS → ArC(S)NHR + CO2) that was discovered by gas-phase 
experiments and theoretical studies. Palladium-mediated decarboxylation of aromatic carboxylic acids 
followed by addition of substituted isothiocyanates leads to the corresponding thioamide derivatives. 
Here we extend the concept of gas-phase directed reaction discovery to the synthesis of amidines, a 
class of functional group found in natural products and used in organocatalysts, ionic liquids, and as 
ligands for metal catalysts. A combination of multistage mass spectrometry (MSn), collision-induced 
dissociation (CID), ion-molecule reactions (IMR), and DFT calculations are used to examine 
decarboxylation of palladium complexes of aromatic carboxylates to form aryl palladium complexes 
followed by insertion of carbodiimides (RNCNR) to form amidate complexes. We then used NMR 
experiments to monitor the palladium mediated transformation of aromatic carboxylic acids to 
amidines. Finally, a one-pot synthetic method was developed that allowed the isolation and full 
characterisation of the amidines. 
 

Keywords: gas-phase, palladium complexes, collision-induced dissociation, ion-molecule reaction, 
DFT calculation 
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Fragment-linking Strategy Using Native Mass Spectrometry 
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Fourier Transform mass spectrometry (FTMS) equipped with electrospray ionization was used for the 
screening of low MW natural products and 26 fragments were detected to bind with 10 different 
tuberculosis (TB) proteins. An interactive network map was developed, which showed fragments in 
common with different proteins. 
 
With the aid of molecular docking, binding site and binding mode of each fragment was analyzed in the 
protein pockets. The analysis data showed examples of two fragments occupying a binding site close to 
each other. The two fragments were screened together by FTMS to validate the docking results. 
New molecules were designed in silico by linking pairs of fragments and docked into the protein pocket. 
The binding poses and important interactions with the residues in the binding site were analysed to 
determine if the interactions were maintained in the new molecules. These molecules will be synthesized 
and tested by native mass spectrometry to determine the binding affinity. This study might be able to 
discover new potential inhibitors for tuberculosis. 
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Within the field of lipidomics it is known that changes to lipid populations are indicative of cancer. Hence, 
detection of these changing patterns to lipid abundance via mass spectrometry is being actively explored 
as a means to more fully define the composition of tumours and to aid medical diagnostics. While 
changes in the lipidome between healthy and diseased tissue can be profound, understanding the 
biochemical mechanisms behind these alterations requires a more detailed understanding. 
 
Changes to the unsaturated lipid profile provide critical insight into the modulation of lipid uptake and 
biosynthesis in cancer, but this is not easily visualised by conventional mass spectrometric means. 
Existing methods are adept at reporting the mass-to-charge ratio of ionized lipids that, when  measured 
with sufficiently high mass accuracy, can enable the assignment of lipid class, the number or carbons in 
any acyl chains and the overall degree of unsaturation. Significantly, however, the position of carbon-
carbon double-bonds within the fatty-acyl chains cannot be derived from conventional approaches, 
representing a crucial impediment to the elucidation of enzyme action. 
 
To circumvent this, we have deployed a novel mass spectrometric technique known as ozone- induced 
dissociation (OzID) to investigate the site(s) of unsaturation in lipids present in a range of prostate cancer 
cell lines. Preliminary results indicate that some metastatic cell lines reveal the presence of positional 
isomeric lipids differing only in the site(s) of unsaturation. Significantly some of these unusual unsaturated 
lipids carry the monounsaturated 18-carbon fatty acyl chain – 18:1(n-10), which has never previously 
been reported in mammalian cell lines. 
 
The presence of these lipids provides a clear biochemical marker of aberrant biosynthetic activity in the 
metastatic cell lines, pointing to a change in substrate preference for the FADS2 desaturase enzyme 
from palmitic acid (16:0) to stearic acid (18:0). 
 
Keywords: lipidomics, fatty-acids, unsaturated, ozone, desaturase 
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Mass spectrometry along with protein libraries have provided us with tools to identify peptide 
sequences and protein modifications. These tools allow the evaluation of large numbers of protein 
modifications caused by food processing. It is hypothesised that protein modifications in food may 
change the nutritional value of proteins and protein by-products. Identifying what changes occur  
during different stages of food treatment will highlight processes that could be altered to improve the 
nutritional value of food. 
 
Milk is a source of many nutrients but is generally treated in various ways prior to consumption, which 
can modify its nutritional components. Heat treatment (pasteurisation) of milk removes microbes and 
is often required by law prior to selling. Homogenisation is undertaken to eliminate the separation of 
cream and milk and mix the cream into milk to produce a homogenous solution. Studies on heat 
treatment of milk have shown differences in protein modification due to the different heating  conditions 
but limited publications have discussed protein modification changes due to homogenisation. Milk 
homogenisation involves using temperature and pressure to immerse the cream into the milk. 
Temperature and pressure can both induce chemical changes, and changes in the distribution of 
proteins are known to occur in homogenised milk. This led us to hypothesise that  protein modifications 
would also occur in homogenised milk. 
 
This study examines the effect of two different homogenisation methods on milk. Protein modifications 
in the homogenised milk were compared to raw and pasteurised milk. Protein modifications were 
identified from LC-MS/MS (Amazon ion trap, Bruker Daltonics) and compared using an in-house 
developed algorithm and scoring system. The results have determined modifications of interest that 
change due to homogenisation of milk. Understanding these molecular changes opens up new ways 
to optimise dairy processing steps and produce high quality products with maximum nutritional value. 
 
 
Keywords: Protein modifications, homogenised milk, LC-MS/MS. 
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Vale Prof. Jim  Shannon 1926 - 2015 
 

Jim Shannon was the Australian pioneer of the applications of mass spectrometry to determinations 
of molecular structure, and his seminal contributions in the early 1960s motivated the subsequent 
remarkable growth of organic mass spectrometry Down Under.                                           

After wartime service with the RAAF, James Stanley Shannon graduated in 1949 with first class 
honours in Chemistry from the University of Adelaide. Following postgraduate studies on terpene 
stereochemistry, he was granted one of the two prestigious British Council Fellowships for 1952, 
which allowed him to undertake physical organic research at Imperial College London on 
homogeneous hydrogen-transfer reactions and for this research he was awarded his Ph.D. and DIC in 
1954. 

 Jim joined CSIRO in 1955 at the Division of Coal Research in Sydney, where his leadership qualities 
and acumen were quickly recognised and he soon gained promotion to Senior Principal Research 
Scientist. In the course of a major review in 1957-58,  Jim vigorously argued that the Division would 
languish unless it had access to advanced  scientific instrumentation to enhance its research 
potential. His powerful advocacy persuaded the review committee to recommend the purchase by 
CSIRO of a mass spectrometer and NMR spectrometer for the Division of Coal Research as soon as 
possible. 

Jim had justified the case for mass spectrometry in coal research by referring in particular to a 
landmark paper (1) from Reed's group in Glasgow, one of the very few laboratories where basic 
studies on the applications of mass spectrometry to structure determination of complex molecules 
had begun. He spent 1959-60 with the group in Glasgow and soon realised that their Metropolitan 
Vickers MS2 mass spectrometer, without an appropriate vacuum lock and insertion probe, was really 
quite unsuitable for efficient analysis of organic compounds. Nevertheless, when Jim then visited 
Australia House in London where Commonwealth purchases were being processed, he was informed 
by a very important bureaucrat that an order would be placed forthwith for an MS2! Jim remained 
very calm but insisted that the mass spectrometer to be purchased for the Division  must be an Atlas 
CH4 from  Germany. The senior bureaucrat eventually relented.  

After Jim travelled to Bremen to witness the final construction of the Atlas CH4, he persuaded the 
engineers at this late stage to modify the sample inlet system and vacuum lock and thus permit 
temperature control of the oven for organic compounds of low volatility. His crucial modification 
proved to be prescient and it thereby allowed the CH4 to be superior to other mass spectrometers 
of the day for applications to organic chemistry. 

When the Atlas CH4 was installed in Sydney in 1961, it was the only mass spectrometer in 
Australasia devoted to structural elucidation of organic compounds. Jim was soon inundated with 
samples and requests from organic chemists on both sides of the Tasman and his reputation rapidly 
grew as a scientist who could resolve cryptic problems of molecular structure by mass spectrometry. 
As is evident from his applications to triterpenes, alkaloids, purines, fungal metabolites and other 
complex molecules, he made major contributions in these collaborative studies by deciphering 
structures of complete unknowns and by correcting structures that had been previously assigned 
erroneously. For example, he used mass spectrometry to elucidate the structure of zeatin (2), the 
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first plant cell growth factor isolated in a pure form, and this very successful scientific collaboration 
between Australia and New Zealand even merited an editorial in the Auckland Times.  

With his research background in physical organic chemistry, Jim also recognised in these pioneering 
applications that there was an urgent need to apply rigorous mechanistic principles, supported by 
isotopic labelling, to establish structure/activity correlations and thereby enhance the scientific 
credentials of organic mass spectrometry. He proposed the 'fishhook and arrow' symbolism for 
distinguishing homolytic and heterolytic cleavages, with odd-electron ions (open shell) and even-
electron ions (closed shell) denoted by +. and + respectively. The Shannon conventions were 
adopted internationally, leading  to increased confidence by mass spectrometrists for eliciting 
persuasive mechanisms of fragmentation pathways. 

In his initial publication in mass spectrometry in 1962, Jim described for the first time the use of 
deuterium labelling of hydrogen atoms in situ to elucidate the intriguing fragmentation after 
electron ionisation of benzyl alcohol and its various hydroxy derivatives (3), and this was quickly 
followed by a second paper  in which rapid hydrogen randomisation in aromatic molecular ions was 
revealed (4). Moreover, in order to study more extensively the mass spectrometry of compounds 
labelled with deuterium at specific locations, often difficult to achieve with conventional organic 
syntheses, he set up a successful programme with his research group to apply metal-catalysed 
hydrogen-exchange reactions for selective labelling of such compounds (5). He extended the scope 
of mass spectrometry by applying it to metal coordination compounds and thereby recognised that 
the dissociation pathways after electron ionisation were markedly dependent on the valency states 
normally adopted by the metal atom. He therefore proposed the concept of valency change and 
found supporting evidence to explain these peculiar fragmentation pathways (6, 7). In addition, 
during the course of these studies, he and his research group discovered the very first example of 
the phenomenon of intramolecular chelate linkage isomerism of coordination compounds (8). 

In 1967, Jim was awarded the degree of Doctor of Science by the University of Adelaide at the 
relatively young age of 41, principally because of his remarkable scientific contributions to mass 
spectrometry. In the same year he was granted the highest award of the RACI, the H.G. Smith Medal, 
due to his outstanding achievements in the development and applications of mass spectrometry  to 
molecular elucidation in organic, biological, and metal coordination chemistry (5). Also, the journal 
Organic Mass Spectrometry was founded in 1968, with Allan Maccoll as its Editor-in-Chief, and Jim 
was the obvious choice as its Australasian Editor, a role he filled until 1982. 

However, the forces opposing the Division of Coal Research finally were triumphant, and 
internationally renowned research teams at the Division were either dispersed or disbanded. Jim 
and his group were transferred to Canberra in 1968 to provide mass spectrometry and research in 
the biological sciences at Black Mountain. He was  promptly headhunted and, the following year, Jim 
was appointed to a personal chair as Professor of Chemistry at the University of New South Wales, 
although he maintained his close collaboration with us in Canberra on strategic studies in ion 
structures and reactivity. 

In 1970, Jim was awarded the highest ARGC funds by far to purchase one of the first mass 
spectrometers outside of the USA and Europe that was devoted to research in the then recently 
discovered field of chemical ionisation. He soon recognised the fascinating hydrogen and skeletal 
rearrangements that can occur in closed-shell gaseous ions and he therefore focused the efforts of 
his research group at UNSW on their elucidation (9). 
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The inaugural  meeting of the Australian Society for Mass Spectrometry took place at Macquarie 
University in 1971 and Jim played the crucial role in persuading us all that subsequent conferences 
should be named ANZSMS to accommodate the participation and significant contributions of our 
colleagues across the ditch. The final ANZSMS Conference  that Jim attended was the 20th in 
Glenelg, 2005, where he delivered the Keynote Address on the historical development and 
applications of mass spectrometry. 

Jim's leadership, diplomacy and persuasive advocacy were prominent at UNSW and he became 
increasingly involved in the academic administration. He spent seven years cumulatively as Head of 
the School of Chemistry and was on innumerable committees of the Professorial Board of the 
University. He served as Chairman of the Research and Higher Awards Committee and was Chairman 
of the Board of Studies in Science and Mathematics. Additionally, he was elected to the University 
Council where he represented the Faculty of Science. 

Jim's role and influence on the continued developments of mass spectrometry at UNSW and the 
research achievements of the University were substantial. Thus, he enabled the transfer in 1980-81 
of Peter Derrick's grand-scale MMM mass spectrometer from La Trobe after Peter was appointed as 
Professor of Physical Chemistry at UNSW and, in 1985-86, he persuaded the University to purchase a 
Bruker  FT-ICR mass spectrometer for various advanced research studies, including those of novel 
fullerenes. 

Jim retired from UNSW in 1987 and he was immediately appointed Emeritus Professor. A 
commemorative issue of  Organic Mass Spectrometry was published (10) in recognition of his major 
contributions to mass spectrometry and of the high regard with which he was held by his 
contemporaries, colleagues and past students. A more detailed account of his career was included in 
this issue. 

Jim met Vois, the love of his life, on the boat to London in 1952 and they were devoted to each other 
in marriage for 59 years. He died on May 3, 2015 and is survived by Vois. Many scientists including 
ourselves have benefited from his wise counsel and are deeply indebted to him. We are privileged to 
have known such a remarkable Australian and such an exceptional scientist. 

 

Michael Lacey 

Colin Macdonald 
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