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Collaboration with NPL

• Black-tie dinner – Courtney Tuffin

• Initial visit to NPL in early 2012

• GSK need for higher spatial resolution unlabelled imaging 

• Initial OrbiSIMS discussions with Ian Gilmore were in 2013



Sir Colin Dollery (GSK Senior Consultant)

• Visited NPL mass spec imaging lab in 2012

• Concerned about attrition in drug discovery

• Need to know the location and fate of medicines:

• Does it get to the site of action?

• How long does it stay there?

• What is the final fate of the molecule?

Source:  Clin Pharm & Therapeutics 93, 263-266, 2013



Different skills required to drive Innovation

• PRSE  - NPL

• Two equipment manufacturers IONTOF & Thermo. 

• Pharma – GSK

• Academic consultants – Nottingham University

• Prof Ian Gilmore – scientific champion

• Spatial resolution of secondary ion mass 

spectrometry (SIMS) + High mass resolution of 

Orbitrap mass spectrometer.



Artist’s illustration showing  HeLa cell with its top already 

“milled” off being probed by a secondary ion mass spectrometry 

(SIMS) beam. Ions from the cell are seen ejecting from the surface 

in response. The spectra from these molecules are used to map the 

cell sections from which they originate. 

Credit: Donald Bliss, National Library of Medicine, National Institutes of Health

3D imaging on biological surfaces
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OrbiSIMS spectra

DpRE1_058_10_pos #2-240 RT: 0.05-5.01 AV: 239 NL: 1.34E4
T: FTMS + p MALDI Full ms [70.0000-1050.0000]
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3D OrbiSIMS – Launched Nov 2016 
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Nature Methods 2017



How OrbiSIMS has helped GSK

A. Compound/metabolite distribution 

in Tissue 

B. Compound/metabolite distribution 

in Cells

C. Compound/excipient distribution 

in pharmaceuticals

“All animal studies were ethically reviewed and carried out in accordance with Animals 

(Scientific Procedures) Act 1986 and the GSK Policy on the Care, Welfare and Treatment of Animals.” 
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Compound distribution in an individual Villus from small 

intestine of rat and mouse

Composite SIMS image showing 

compound in green
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Depth profile through jejunum of the mouse

H&E



OrbiSIMS: Bacterial application
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BCG metabolism

158 metabolites identified

70 metabolites identified

53 metabolites identified

Aminoacid metabolism Carbohydrate metabolism Lipid and energy metabolism

Vitamin and co-factor 

metabolism
Other aminoacid metabolism Nucleotide metabolism

20 metabolites identified

32 metabolites identified
37 metabolites identified



BCG Metabolite pathways Identified from KEGG 

(Kyoto Encyclopaedia of Genes and Genomes)

Metabolite clusters identified from OrbiSIMS data shown in colour



NiCE-MSI timeline (2013-2018)

Launch event 
Bushy House
9 July 2013

New recruits:
Josephine Bunch
Mischa Zelzer
Rory Steven

Summer meeting II
25 June 2015

Science & Technology Day
OrbiSIMS launch

29 Nov 2016

GSK Master Service 
Agreement

2014

2014

Jose joins 
Sep 2013

Roy Soc Scientific Meeting
22-23 November 2005

2013 2015 2016 2017 2018

NiCE-MSI group
June 2015

http://www.npl.co.uk/science-technology/surface-and-nanoanalysis/nice-msi/


3D OrbiSIMS launched Nov 2016



Many OrbiSIMS around the world



Win-win

• Publications e.g Passarelli et al, Nature Methods (2017)
• Drug development go/no go decisions
• Equipment sales
• Pushes back the frontiers of science

Trust Develops resulting in New & Diverse Collaborations

• Reference the umbrella agreement
• Call off process
• Fixed price list for trial run/ quick look & see experiments



Conclusions :

•Scientific advances made at the interfaces of scientific 

disciplines

•No single organisation has all the skills & knowledge to 

effectively deliver innovation.

•Collaborating with partners who have complementary skills is 

essential

•PRSEs are an important part of the innovation jigsaw
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