Development of New Soft lonization Mass Spectrometry Approaches for Spatial Imaging of

Complex Chemical and Biological Systems
Research Team: Julia Laskin, Ljiljana Pasa-Toli¢, Brandi Heath, Ingela Lanekoff, Christopher Anderton, Anthony Carado,

Errol Robinson, Gordon Anderson
Key Collaborators: Ron Heeren (FOM), Pieter Dorrestein (UCSD), Jim Fredrickson, Matthew Marshall, Alice Dohnalkova,

Alexander Laskin (PNNL)

Purpose
= Multimodal chemical
characterization of
microbial biofilms focused
on understanding
= Extracellular electron
transport of interest to
bioremediation
= Metabolic exchange
between bacterial
colonies
= Develop novel mass
Spectrometry-based
chemical imaging
capabilities broadly
applicable to multiple
chemical and biological
systems

Key Successes

= Developed unigue tools for
Imaging biological materials
with high specificity and
sensitivity using mass
spectrometry

= 7 published papers, 4
submitted, 3 in preparation

= Our mass spectrometry
Imaging program Is
recognized by the scientific
community

Research Accomplishments

Developed nanospray desorption electrospray
ionization mass spectrometry (nano-DESI) as a robust
tool for chemical imaging of biological materials

Nanospray Capillary
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= No sample pre-treatment
= Sampling of living microbial
colonies
= High sensitivity
= High spatial resolution
(~10 um)
Laskin J et al. 2012. Analytical Chemistry 84(1):141-148.
Lanekoff IT et al. 2013. Analytical Chemistry 85(2):882-889.
Lanekoff IT et al. 2012. Analytical Chemistry 84(19):8351-8356.
Developed unique approaches for in situ
guantification of metabolites in nano-DESI imaging

experiments.

Quantitative imaging of nicotine in rat brain tissue sections with
subfemtomolar sensitivity achieved by by doping the working solvent with
an isotopically labeled standard.

Lanekoff IT. 2013. Analytical Chemistry 85(2):882-889.

Demonstrated for the first time spatial profiling
of chemical gradients of living bacterial colonies

= Detailed

characterization of Anal)ISt

metabolites produced
by Synechococcus sp.
PCC 7002 colonies

= Salt-tolerant analysis

= Only two molecules,
sucrose and
glucosylglycerol, are
secreted onto agar

" Their chemical . L
grad ients depend on Lanekoff IT. 2013. Analyst 138(7):1971-1978.
the age of the colony

www.rsc.org/analyst

Developed molecular networks—a unique approach for
facile classification and identification of hundreds of
metabolites in living bacterial colonies

5. coelicolor A3(2)

""g:.h__

Lipids

. R

] =i

I- E = ‘I..
| :
..l .I. l.- -l
4 i
d ..' - .-.

¥ .J

r -

i o
y ) 4 2 o .. h.ll o ] : 1
: i
E 1 'I “' T o EBA+Ph
— .:-* v -
M Y
441 906 | dr :
[ s s | o Prodignine

_-". - { 4 __.-"'
_:'I 610 K | _*_f g ;’; N
/ ) ¥ - lle/Leu S iF il e ¥ N . Y

S | Al saeB

o

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Ballelle Since 1965

Project 2.2; October 2010 — September 2013

High spatial and mass resolution C,, secondary ion
mass spectrometry (SIMS) — a unique tool for
chemical imaging of biological materials

Designed and built world’s
first C¢, SIMS FT-ICR MS.
Unique capabilities for
imaging biological
samples:

"High mass accuracy

(<1 ppm)

"High mass resolving
pPOwWeEr (m/Am5o% K . |
>3,000,000) it ol R
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Smith DF et al. 2013. Analytical Bioanalytical
Chemistry, In press.

Conducted first multimodal imaging of biological materials
using nano-DESI, SIMS, and matrix-assisted laser

desorption/ionization (MALDI)
SIMS MALDI Nano-DESI

Complementary
characterization of lipids
and metabolites using
different imaging
modalities

Next Steps

Four proposals submitted to National
Institutes of Health (NIH) are under review,
one Is In preparation. Overall, we participated
In 7 proposals submitted to NIH.

Three proposals for Exploratory
Collaborations between EMSL and the Joint
Genome Institute are under review

PNNL-SA-96630
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