
Applications for MALDI-TOF Imaging  
Present and Future 
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Outline 

ÅProtein bead arrays 

ÅSurface Imaging of cells grown on slides 

ÅBiological tissue imaging 

ÅNovel technologies for samples preparations   



 
Å Affinity Arrays: 

Å Use specific capture molecules 
to quantify analyte (ELISA type) 

 
Å Reverse Phase Array (Lysate Arrays): 

Å Spot complex sample 
Å probe with antibodies 

 
Å Functional Protein Arrays: 

Å Spotted purified protein array 
Å Assay protein-protein 

interaction 

Protein Arrays 

1. Sheehan, KM et al. άUse of Reverse Phase Protein Microarrays and Reference Standard Development for Molecular Network Analysis of Metastatic  Ovarian 
Carcinomaέ Mol Cell Proteomics.4(4): 346-55 (2005) 

Detection based on 
fluorescent signal  
after secondary 

interaction 

Massively-parallel way to generate information regarding molecular 
interactions: protein-protein, protein-DNA, protein-drug etc... 

http://www.mcponline.org/cgi/content/full/4/4/346


Addressing the Weaknesses of Conventional Protein Arrays 
Å Inability of Fluorescence to: 

Å Reveal the molecular details of bait and prey interaction 
Å Perform label-free detection of small molecule (e.g. drug) interaction 
Å Facilitate multiplexing (e.g. of multiple  prey interacting with array) 
 

Å Mechanical or Piezoelectric Protein Printing on Array Surface Results in: 
Å Relatively low array density  
Å Poor reproducibility of spot size, shape and uniformity 
Å Printing-induced damage to delicate proteins (e.g. drying and/or surface induced denaturation) 
Å Non-parallel printing process results in higher costs per array 
 

Å 2D Fixed Array Results in: 
Å Poor kinetics for protein binding & interactions 
Å IƴŜŦŦƛŎƛŜƴǘ ŀǳǘƻƳŀǘƛƻƴ ƻŦ ǇƭŀƴŀǊ ƳƛŎǊƻŀǊǊŀȅ ΨŎƘƛǇǎΩ όŜǎǎŜƴǘƛŀƭƭȅ м ƳƛŎǊƻǎŎƻǇŜ ǎƭƛŘŜ ǇŜǊ ǎŀƳǇƭŜύ 

 

1. aŀǊƪ WΦ [ƛƳ a WΣ [ƛǳ ½Σ .ǊŀǳƴǎŎƘǿŜƛƎŜǊ Y LΣ !ǿŀŘ !Σ wƻǘƘǎŎƘƛƭŘ YΣ άCorrelated matrix-assisted laser desorption/ionization mass spectrometry and 
fluorescent imaging of photocleavable peptide-coded  random bead-arraysέ wŀǇƛŘ Commun. Mass Spectrom. 2014, 28, 49ς62 

       AmberGen, Incorporated, 313 Pleasant Street, Watertown, MA 02472, USA 

Mass Spectrometric Bead-Array Technology  
Overcomes These Limitations 



!ƳōŜǊDŜƴΩǎ .ŜŀŘ-GPSϰ Mass Spectrometric Bead-Array Technology 

Mark J. Lim M J, Liu Z, Braunschweiger K I, Awad A, Rothschild K, ñCorrelated matrix-assisted laser 

desorption/ionization mass spectrometry and fluorescent imaging of photocleavable peptide-coded  random bead-

arraysò Rapid Commun. Mass Spectrom. 2014, 28, 49ï62. 

Å Random bead-array encoded with 

Photocleavable (PC) Mass-Tags (MT             ) 

 

Å Measuring interaction of prey such as 

enzymes, DNA, antibodies or small molecules 

with a bead-library of bait molecules (e.g. 

proteins ) 

 

Å MALDI-MSI decodes the PC-Mass-Tags and in 

some cases the label-free small molecules 

 

Å Fluorescence may also be used for 

quantitative hit detection and correlated with 

MALDI-MSI 

 

Å Label-free detection (e.g. drugs) 



Workflow 

Complex sample 

Differentially  
functionalized 

beads 

Incubation / bind 
 

Spread on µwell plate 

Add matrix 
Analyze 

by MALDI-TOF 
Fluorescence  

For location and quantitation 

Bead identification 



 
 

Sample Acquisition 

- SimulTOF 200 MALDI-TOF mass spectrometer (SimulTOF Systems, Sudbury, MA) 
  Capabilities: 
 - Max accelerating voltage 20 kV 

- Max laser pulse frequency 5000 Hz  
- Max scan speed 10 mm/s 
 

Acquisition parameters 
- Reflector mode using positive-ion polarization 
- Acceleration voltage 20 kV  
- Mass range 450 ς 2000 Dalton  
- Focus mass 1,000 
- Laser pulse frequency 1000 Hz 
- Laser pulse energy 12 µJ 
- Scan rate 1 mm/s  
-100 µm raster to cover each sample position 
 



 Matrix peak & calibration standard 
used for mass calibration 

AmberGen proprietary micro-well plate used in the analysis  

Even distribution and  
intensity of mass standard 

Results from MSI of AmberGen Bead-GPSϰ Array 
Scan by SimulTOF Instrument 

Scan from 5x5 mm area 



Color-coded TIC of 12 peaks from mass range 1500- 1700Da 

2D plot of selected signals show their location 


