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10:00 Welcome and Intreduction Rima Kaddurah-Daouk, Duke University
Session|  Chair: Mioara Larion, National Cancer Institute s o
10:05 “Single cell metabolomics for biomedical and drug research” ponsorecy:

Thomas Hankemeier & Ahmed Ali, University of Leiden

./1/,

10:35 "High throughput metabolomics of individual cells in the brain” [

Jonathan Sweedler, University of lllinois Urbana-Champaign METABOLOMICS
11:05 "Optical methodologies to ch ize the bolic underpinnings

of breast cancer "

Nimmi Ramanujam, Duke University
11:35 Break

Metabolomics Association

Session Il Chair: Jennifer Kirwan, Berlin Institute of Health of North America
11:55 "Towards super-resolution metabolic imaging using mass spectrometry imaging”

lan Gilmore, National Physical Laboratory, London »
12:25 “Integrative approaches to study cancer and immune cell metabolism”

Shawn Davidson, Princeton University s
General Discussion Chair: Jonathan Sweedler, University of lllinois Urbana- = 2 [~

Champaign |

12:55 Discussants: S. Davidson, |. Gilmore, T Hankemeier, |. Lanekoff, L-1. McCall, s @

N. Ramanujam, J. Sweedler b e e

lan Gilmore
National Physical Laboratory, UK
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‘Towards super-resolution
metabolic imaging using
mass spectrometry
imaging

‘r’ NPLI N;CE-MS|

National Centre of Excellence
National Physical Laboratory in Mass Spectrometry Imaging

N CE-MS

of Excelle
eclrnmz ry Imaging

Adapted from Gilmore, Heiles & Pieterse, Annual Reviews Analytical Chemistry (2019)
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Genomics

Next generation
sequencing
(genome < $1k)
Single-cell isolation.
Laser micro-
dissection (but
limited quality DNA)

Transcriptomics
Single cell RNA-seq
for up to 10,000
cells.

Spatial information
using FISSEQ,
MerFiSH.

Laser micro-
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dissection

Using antibodies with a
.rzpq__rmr - 4 LC-MS with cell
. f;per-msolution () - extraction.
{ﬂmﬂ ' MALDI .{2 um
itioyo] . ; ( resolution)
(m 4 SIMS (2 um
resolution)

Metabolomics

* LA-ICP-

Gilmore, Heiles & Pieterse, Annual Reviews Analytical Chemistry (2019)

GRAND CHALLENGE £ CANCER

RESEARCH
UK

FUNDED TEAM

|_JRECOTTT)

ow does MSI work?

Mass spectrum generated at each position (XaY)

% CANCER
RESEARCH
UK
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High Ambient

MSI across the length scales

High

throughput resolution
High 2D and 3D

Multi-site throughput
capability

imaging

Single cell

Emerging No sample
standards preparation

imaging

Ultrahigh
resolution

Imaging of
metabolic
pathways
and
processes

N CE-MS/

National Centre of Excellence

A unique
3D small

molecule
imaging
capability

High mass
resolving

in Mass Yy

Imaging of
elements iknife - real
and time tissue
proteins via profiling
tags during
surgery
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. ces @] | NiCE-MS|
Going small needs sensitivity! NBL
I
1 um
100 x 5
reduction in
material
9
Qo . N PL E] | NiCE-MSsS)
We need ions not neutrals! ol Siereoell B
Low ion yield:
Neutrals « reduces sensitivity
« competitive ionisation limits
quantification
Solutions:
» photoionisation
* Chemical ionisation with matrix
(e.g. MALDI) or ice
10
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N CE-MS|

National Centre of Excellence
in Mass Spectrometry Imaging

Rat villus (~circa 2015) NPL

National Physical Laboratory

-
3

2
@GIaxoSm ithKline

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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ToF-SIMS Challenges NPL B | i
1. Sensitivity too low
2. Too much fragmentation
3. Mass resolution and mass accuracy too poor for
identification
If lucky enough to detect a signal, have no clue
what it is, and it is probably a fragment of
something else anyway
13
Super-resolution metabolic imaging road map N Pl_ -

National Physical Laboratory
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3D OrbiSIMS launched Nov 16

N, CE-MS|

National Centre of Excellence
in Mass Sp y Imagi

=

Thermo

SCIENTIFIC

NPL

National Phy Lab tory

The University of

Nottingham

r

UNITED KINGDOM - CHINA - MALAYSIA
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““““ 3D OrbiSIMS NPL

National Physical Laboratory

N/iCE-MS|

National Centre of Excellence
in Mass Spectrometry Imaging
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From Biswapriya Misra to Everyone
Lovely "super-resolution metabolic...

Passarelli et al, Nature Methods, 14, 1175-1183 (20
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resolving power above 240 K (at m/z 200)

—
500 pm

® Gssueiing i . .
QSSUE imaging with sub-cellular resolution and mass

b4

Tissue level Cellular level Subcellular level

N

NICE-MS)

National Centre of Excellence
in Mass Spectrometry Imaging
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Single-cell metabolic profiling iCE- A
N P L EOHEBE’G MCECHCC
National Physical Laboratory in Mass Spectrometry Imaging
'd Key E:"%E Iso-surface parameter 40%
[
Passarelli et al, Nature Methods, 14, 1175-1183 (2017)
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& *“% Single-cell metabolic profiling N;iCE-MS)|
N P L National Centre of Excellence
National Physical Laboratory in Mass Spectrometry Imaging
D
c Key Egﬂ% Iso-surface parameter 40%
E "
8 i
a“u 1x107 Vi
7
T3 ©
- & ,7 a=5.467x10
—_— v
3 = ¥, b=193.9
u) ?_- N 4 Pearson’s
Y 6 5x10 7’ correlation
_é‘ e =0.91895
w
S = R-square
t 4 o =0.83739
5 —_ E 79
Y
o L} - L] i 1
0 1x107 2x107
Amiodarone
Intensity of [M+H]* peak (a.u.)
Passarelli et al, Nature Methods, 1+, 111u=1100 (VYT
20

10



8-

ToF-SIMS single cell studies NPL NACE-MS)

National Centre of Excellence
MNational Physical Laboratory in Mass Spectrometry Imaging

NR8383

Hek 293

Cells inclubated with amiodarone for 2 hours with 9.7 nmol/mL

Carla F. Newman, Anal Chem, 89, 11944 (2017)

21

NICE-MS||

National Centre of Excellence
in Mass Spectrometry Imaging

B
Histogram of single-cell drug uptake N PL
ToF-SIMS
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Amiodarone intensity per cell measured by ToF-SIMS (counts)

Carla F. Newman, Anal Chem, 89, 11944 (2017)
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Super-resolution metabolic imaging road map
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Super-resolution metabolic imaging road PP L [E]

National Physical Labor: r

N;CE-MS)

National Centre of Excellence
in Mass Spectrometry Imaging
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@ Cryo-OrbiSIMS of a Biofilm %1 | NiCE-MS |
ry N ?1|L| National Centre of Excellence
Heterogenei

9eneity  pature Biofilm
¢ S extracellular matrix

> water
> Polysaccharides
» eDNA

» Protein

Biofilm: v Increased tolerance to antibiotics
v' Associated with chronic infections

» Average thickness: > 10um

> Over >90% Water =) HPF + Cryo-OrbiSIMS

» Quorum Sensing Signals

27
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National Centre of Excellence
in Mass Spectrometry Imaging

“ Cryo-OrbiSIMS NPL

Mational Physical Laboratory

Sample mounting Sample transferring Sample loading

Leica EM VCM Leica EM VCT-500 Cryo-OrbiSIMS

Zhang et al, Anal. Chem. 92, 9008 (2020) 2
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eicucn:  Cryo-OrbiSIMS of frozen-hydrated biofilm

-----LMIG-ToF Reconstructed 3D Images N P L

I Physical Lab ¥

NIiCE-MS)

National Centre of Excellence
in Mass Spectrometry Imaging
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Zhang et al, Anal. Chem. 92, 9008 (2020) Foss a0, i
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NiCE-MS|

National Centre of Excellence
in Mass Spectrometry Imaging

° ! Cryo-OrbiSIMS of frozen-hydrated biofilm —
NPL

----- GCIB-Orbitrap 2D images at various depth

National Physical Laboratory

Slice 1-2 Slice 3-4 Slice 5-6 Slice 7-8 + Pearson correlation coefficient = 0.946

: T
1§
|
.
c
. ...

Field of View: 100 x 100 pm

» Detected adenine comes mostly from bacterial cells r University of
» NHQ is fairly co-localized with bacterial cells J' Sl Nottingham
UK | CHINA | MALAYSIA
Zhang et al, Anal. Chem. 92, 9008 (2020) =
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NiCE-MS|

National Centre of Excellence
in Mass Spectrometry Imaging

- ' Fundamental studies of nutrition and N PL

longevity in Drosophila - direct analysis National Physical Laboratory
of autotoxin lipids

Collaboration with: Alex Gould

CRICK
INSTITUTE

Clare Newell

Why use fruit flies?

= Short generation time (10 days) and lifespan (2 months) beneficial
for longitudinal studies.

= Sophisticated genetic tools are available — it is possible to increase
or decrease expression of nearly every gene.

= 75% of genes causing disease in humans are also found in the fly.

30
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PHYSICAL CHEMISTRY
Letters

An Experimental and Theoretical Study of Laser Postionization of
Femtosecond-Laser-Desorbed Drug Molecules

Comelius L. Pieterse, Ivan Rungger, Tan S. Gilmore, Raveendra C. Wickramasinghe, and Luke Hanley*
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Creating tomorrows drug discovery toolbox

Dr Tony Wood,

SVP, Medicinal Science & Technologies. GSK, UK
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Dr Steve Rees
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