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New approach: in vivo imaging mass spectrometry



Technical challenges for imaging MS

Obstacles for (in vivo) 
observations:
• vacuum conditions
• denaturing matrixes in MALDI
• diffraction limited resolution

Objective: 
High resolution MS imaging at 
atmospheric pressure with no 
matrix



Mid-IR laser ablation of water-rich targets

Vapor plume with ions

Neutral particulates

0.3 – 3.6 J/cm2 per pulse at 2.94 μm
Er:YAG laser, 100 ns pulses
Nd:YAG + OPO, 4 ns pulses

Introduce postionization

Maximize ion collection

(Plant) tissue target

Laser



Mid-IR laser ablation of tissue

Single shot ablation of leaf
• cuticle
• upper epidermal cells

Ablation of leaf with multiple shots
• cuticle
• upper epidermal cells
• palisade and spongy mesophyll
• subaxial epidermal cells
• cuticle

2 J/cm2 per pulse

Sample for ions
AP IR-MALDI

Sample for neutrals
LAESI

Single pulse

Multiple pulses



High voltage (HV)
Capillary (C)
Counter electrode (CE)
Syringe pump (SP)
Mass spec (MS)
Sample
Sample holder (SH)

Laser ablation electrospray 
ionization (LAESI)



From small drug molecules to large biomolecules:

Antihistamine excretion

Quantitation: 4-decade dynamic range

Human serum albumin in serum

Fexofenadine (FEX), the active component of 
Allegra, detected directly from urine 2 hours 
after administration caplet.
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Limit of detection: 8 fmol for verapamil

LAESI MS figures of merit

P. Nemes and A. Vertes, Anal. Chem. 2007, 79, 8098.



Protein identification - LAESI
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Laser ablation electrospray ionization (LAESI) mass spectrometry
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High mass discrimination 
resolved: 

Molecular mass 66,547 Da



LAESI for in vivo spatial profiling 
LAESI profiling of 1-week old French marigold (Tagetes Patula) seedlings

after

Organ-specific chemicals detected in vivo, e.g.: 
• kaempferol dirhamnoside (m/z 579.1) in leaf
• cyanidin glucoside m/z 449.1) in stem
• methylsalicylate (m/z 154.0) in root



Explosive detection
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Conclusions - LAESI

• Introduced novel ambient ionization technique
• LAESI figures of merit

• High mass capabilities up to 66 kDa
• Quantitation: four-decade dynamic range 
• 8 fmol LOD

• LAESI molecular imaging of plant tissue
• 300-400 μm spatial resolution
• MS/MS for structure identification
• Secondary metabolites in variegated plants

• Depth profiling and 3D molecular imaging 
• LAESI promises cell by cell analysis



Metabolic response to genetic changes

Variegated tdy1 maize mutant 
shows accumulation of soluble 
sugars and starch in yellow 
sectors.

Braun et al., Plant Physiology, 142, 1511 (2006)

Anthocyanins accumulate in 
yellow sectors



Problems in Chemical Ecology

Cotesia glomerata wasp –
a parasite of imported cabbageworm

http://www.ento.vt.edu

uses fatty acids 
in host searching

Horikoshi et al., J. Chem. Ecology, 23, 1505 (1997)

Oleic acid
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Challenges - Depth profiling
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