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In vivo biochemical analysis

100 um

Laser ablation of soft tissue:
e surgery, nanosurgery
 transfection
» elemental analysis
* biochemical analysis

Obstacles for in vivo
observations with mass spec:
e vacuum conditions
» denaturing matrixes in MALDI

Objectives:
e explore plume dynamics
 MS imaging at atmospheric
pressure with no matrix
« 3D chemical imaging



Mid-IR laser ablation of water
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Similarity modeling: Taylor

Er:YAG laser, 2.94 ym, water

= |. Apitz and A. Vogel, SPIE, 4961 (2003) 48.
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Mid-IR laser ablation of tissues
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AP IR-MALDI imaging with PDF
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AP IR-MALDI detection limit Pulsed dynamic

focusing (PDF)
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Plant organs - leaf

AP IR-MALDI: Cilantro — Coriandrum sativum
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« >50 metabolites
* Numerous metabolic pathways

.~10 mDa mass accuracy 100 200 300 z::;)z 500 600 700
Li, Shrestha, Vertes, Anal. Chem., 2008, 80, 407.



Plant organs - seeds
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lons from plant tissue
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Mass accuracy of assignments
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ldentified from plant tissue

Over 50 small metabolites including:
« carbohydrates and oligosaccharide synthesis
e amino acids
e organic acids
e lipids
 miscellaneous metabolites

Metabolic pathways:
 glycolysis pathway
 phospholipid biosynthesis
 reactants and/or products of amino acid biosynthesis
* nucleotide biosynthesis
 oligosaccharide biosynthesis
 flavonoid biosynthesis

Li, Shrestha, Vertes, Anal. Chem., 2008, 80, 407.



Citric acid cycle -
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White lily

Plant transpiration

Collision activated dissociation
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Plant transpiration
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AP IR-MALDI of PEG M_ 570-630

With water 1:3 - 10 laser shots
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Mid-IR laser ablation of tissues
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Laser ablation electrospray
ionization (LAESI)
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Droplet formation and fission in ESI
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LAESI MS capabilities

From small drug molecules to large biomolecules:
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LAESI for in vivo spatial profiling

LAESI profiling of 1-week old French marigold (Tagetes Patula) seedlings
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LAESI of PEG-1500
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Fast (7 ns) imaqging of LAESI

LAESI mechanism with 50% ethanol

Pulsating mode Cone-jet mode

LAESI mechanism:
 Electrospray operating in (preferably) cone-jet mode — critically charged
droplets
» Infrared laser ablation of target — LA plume of neutrals (particulates,
nanoparticles, clusters, etc.) produced
» Intersection of LA plume and spray — neutrals engulfed by spray droplets
» Electrospray ionization follows — multiply charged ions generated

Nemes, Vertes, Anal. Chem. 2007, 79, 8098.



LAESI molecular imaging
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Metabolic pathways
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Conclusions: chemical imaging

« AP MALDI

Peptide mixture samples: up to 3 kDa, PEG 570-630

Pulsed dynamic focusing for 5x signal gain — 3 fmol/pixel LOD
Positive and negative ions — >50 metabolites

MS/MS for structure identification

Molecular imaging of plant tissue

Metabolic pathways and transpiration experiment

 LAESI

High mass capabilities: proteins up to 66 kDa, PEG 1500
8 fmol LOD

Quantitation: four-decade dynamic range

MS/MS for structure identification

Secondary metabolites in variegated plants

LAESI molecular imaging of plant tissue

3D chemical imaging demonstrated

AP IR-MALDI and LAESI are complementary
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