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Introduction 
Laser Ablation Electrospray Ionization Mass Spectrometry 
(LAESI-MS) is a powerful technique for the direct imaging 
analysis of frozen tissue sections at atmospheric pressure. 
The Protea LAESI DP-1000 is a direct ionization system that 
uses LAESI technology combined with an advanced 
translational stage for molecular mapping. The LAESI DP- 
1000 uses a mid-infrared (MIR) laser (2.94 µm) that is 
readily absorbed by water containing species to generate 
gas phase, neutral molecules.  Ionization is achieved by 
capturing the ablated plume of sample with an electrospray 
ionization (ESI) plume located above the sample, (see 
Figure 1).  The LAESI DP-1000 can directly analyze water-
containing samples, e.g. frozen tissue sections, without 
additional sample preparation beyond cryosectioning. This 
allows for faster sample analysis in addition to simplified 
methods and protocols. 
 
In comparison, MALDI-MS imaging is also used for imaging 
tissue sections and is widely recognized because of well-
established methods and protocols.  However, MALDI 
imaging requires time-intensive sample preparation beyond 
typical cryosectioning.  For example, MALDI-MS imaging of 
tissue sections first requires a rinsing step followed by the 
application of multiple layers of an organic acid matrix to the 
sample. In addition, the amount of matrix that must be 
deposited is at least a hundred times more concentrated 
than the amount of analyte in the sample.  Also, the 
application must be very uniform for optimum results, which 
requires expensive instrumentation.  Additionally, MALDI 
imaging is typically performed under vacuum and therefore 
requires that the sample be desiccated prior to analysis. 
 
Here, cryosectioned mouse brain sections were 
comparatively analyzed by the LAESI DP-1000 and a third 
party vendor MALDI using parallel imaging mass 
spectrometry methods.  The results achieved with imaging 
produced several characteristic mass spectral fingerprints for 
mouse brain tissue.  In addition to various lipids, many 
metabolites and other biomolecules were detected and 
putatively identified using high mass accuracy. 
 
Experimental 
Tissue Cryosectioning 
Samples for both imaging techniques were obtained from 
freshly culled mice and the brains were stored in a 10% 
formalin solution.  After fixation, the brains were snap frozen 

with liquid nitrogen and then stored at -80 oC.  The brains 
were cryosectioned into matched 50 µm thick sections that 
were thaw-mounted to 25 x 75 mm positively coated 
microscope slides and stored frozen at -80 oC.   
 
LAESI-MS Analysis 
All LAESI-MS data were collected using the Protea LAESI 
DP-1000 Direct Ionization System. The ESI spray solution 
was 50:50 methanol:water with 0.1% acetic acid.  The ESI 
emitter was a 5 cm stainless steel emitter with a 100 µm ID 
and a 320 µm OD purchased from New Objective.  A 
zoomed-in view of the LAESI interface region is shown in 
Figure 1.  Tissue samples analyzed by LAESI-MS were 
directly analyzed without prep and were kept frozen 
throughout the analysis using an integrated Peltier cooled 
sample stage at a temperature set point of -10 oC.  A dry 
nitrogen bath gas was used to remove humid air from the 
sample analysis area.  An ESI voltage of 4 kV and an ESI 
flow rate of 1 µL/min were used.   The laser parameters were 
set for a frequency of 10 Hz and an output energy of 600 µJ, 
with a laser spot size of 200 µm.  A center-to-center laser 
spot distance of 280 µm was used for the LAESI-MS 
analysis with 10 laser pulses at each location.  The LAESI 
DP-1000 data acquisition required 112 minutes to complete 
using a Waters Synapt™ G2 mass spectrometer.  Mass 
accuracy was maintained throughout the acquisition using a 
lockmass of 445.1206, which is a polysiloxane background 
ion.  Putative identifications were achieved using 
MarkerLynx software and online database searching.  Ion 
maps were created using ProteaPlot™ software.  
 

	  	  	  

Figure 1: An annotated 
image showing the 
critical parameters of 
the LAESI DP-1000 
interface.  The emitter-
to-sample distance is 
shown in yellow, the 
emitter-to-MS-inlet 
distance is shown in 
red, the laser-spot-to-
emitter distance in 
orange, and the 
focusing-lens-to-
sample distance shown 
in purple 
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MALDI-MS Analysis 
The tissue samples analyzed by MALDI-MS were removed 
from the freezer and rinsed twice with deionized water.  
Next, the samples were desiccated for an hour to remove 
water from the tissue. Then, multiple layers of DHAP matrix 
were sprayed onto the sample and after each application the 
layer was allowed to dry for ten minutes.  Once the samples 
were prepared, they were analyzed using an AB Sciex™ 
4800 MALDI TOF/TOF™ Analyzer in reflector positive ion 
mode.  The MALDI-MS analysis used a UV laser with a 
wavelength of 355 nm and a laser spot size of 150 µm with a 
280 µm center-to-center laser spot distance.  The MALDI-
MS data acquisition required 97 minutes to complete.  After 
analysis, the data was analyzed with TissueView™ imaging 
software. 
 
Results and Discussion 
LAESI-MS analysis of mouse brain coronal sections was 
compared against MALDI-MS for evaluation of imaging mass 
spectrometry capabilities.  A Nissl stained image of the 
mouse brain coronal section is shown in Figure 2 for 
comparative purposes.  In Figures 3A and 3B, representative 
“fingerprint” mass spectra for LAESI-MS and MALDI-MS 
workflows, respectively, demonstrate the biomolecule 
complexity observed by each technique, especially for the 
characteristic lipid region (m/z 700-800). The spectrum 
acquired with LAESI DP-1000 ionization shows a rich signal 
in the low mass range, whereas the MALDI-MS spectrum 
shows a prominent peak at m/z 153 from the DHAP matrix. 
 

	  

Figure 2. A Nissl stained image of the brain region that was 
analyzed by both the LAESI DP-1000 and MALDI-MS.  The 
lateral ventricles are outlined in red circles.  Image adapted 
from K. Franklin & G. Paxinos The Mouse Brain 2008; Plate 
37. 
 

 
Figure 3A. LAESI DP-1000 “fingerprint” mass spectrum of 
the analyzed brain. Note the intense lipid region (m/z 700-
800).  

 
Figure 3B. MALDI “fingerprint” mass spectrum of the 
analyzed brain.  Note the intense lipid (m/z 700-800) and 
lipid dimer (m/z 1400-1600) regions.  The intense peak at 
m/z 153 is from the DHAP matrix.  
 
Three sets of ion map comparisons are shown for LAESI-MS 
(Figures 4A, 5A, and 6A) and MALDI-MS (Figures 4B, 5B, 
and 6B) imaging for the selected masses of m/z 734.5, 
481.5, and 760.9, respectively.  In Figures 4A and 4B, the 
delineation of the brain section is clearly seen in the ion 
maps for the glycerophospholipid.  However, for the MALDI-
MS ion map in Figure 4B, the intensity of the analyte 
appears to be higher at the edges, possibly due to lipid 
migration from the matrix application steps. LAESI DP-1000 
does not require any matrix addition, providing an accurate 
representation of molecular distribution. Another 
glycerophospholipid is mapped in Figures 5A and 5B, where 
the LAESI DP-1000 ion map (5A) shows a lower, diffuse 
spatial concentration than the glycerophospholipid from 
Figure 4. In Figure 6A, the LAESI DP-1000 ion map for the 
selected glycerophospholipid shows both a marked local 
concentration and a clear delineation of the lateral ventricles 
in the coronal section.  In comparison, however, the MALDI-
MS ion map shown in Figure 6B, shows an apparent lateral 
diffusion and loss of feature resolution for this analyte, as 
well as a loss of the delineation of the lateral ventricles. 
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Figure 4A. The LAESI-MS ion map of m/z 734.5 a 
glycerophospholipid (GP) from the mouse brain.  Clear 
delineation of the brain is seen.  The intensity of the ion 
is fairly uniform across the entire brain section. 

Figure 4B.  The MALDI-MS ion map of the GP with 
m/z 734.5 as in Figure 4A. Delineation of the brain is 
also seen. However the intensity of the ion appears to 
be higher at the edges, possibly due to lipid migration 
from the matrix application steps.  
 

 

 

Figure 5A. The LAESI-MS ion map of m/z 481.5 
identified as a GP based on accurate mass.  Lower 
intensities of this molecule are observed compared to 
the biomolecule observed above in Figure 4A. 

Figure 5B. The MALDI-MS ion map of m/z 481.5 for 
the same molecule shown in 5A.  This lipid is lower in 
intensity for both LAESI and MALDI.  However, the 
decreased intensity is more dramatic for MALDI.  
 

 

 

Figure 6A. The LAESI-MS ion map for m/z 760.9 with a 
center-to-center laser spot distance of 280 µm.  Circled 
in red is the lateral ventricle, which agrees well with the 
stained image in Figure 2. 

Figure 6B. The MALDI-MS ion map for m/z 760.9 with 
a center-to-center laser spot distance of 150 µm.  The 
lateral ventricles are much less evident here. 
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Conclusion 
LAESI DP-1000 and MALDI-MS workflows were compared 
for their utility in analyzing mouse brain sections for imaging 
mass spectrometry applications.  While there were analytes 
for which the techniques demonstrated comparable results in 
the quality of the ion maps produced, there was a marked 
increase in the data content value of the LAESI DP-1000 
spectral fingerprint over that of the MALDI-MS analyses.  
The MALDI-MS spectral fingerprint evidenced a strong 
DHAP peak at m/z 153 and a large component of dimer 
species and adducts, all of which may result from the 
artifactual contamination of the tissue sample with the matrix 
that is a required component of the MALDI-MS sample prep.  
The matrix application and sample prep for the MALDI-MS 
analysis required at least 90 minutes of additional time per 
sample for this study.  Additionally, the application of matrix 
can lead to lateral diffusion of some analytes, which may 
result in decreased ion map resolution and accuracy.  In 
contrast, the LAESI DP-1000 analytical approach required 
significantly less time, and the resultant spectra are free of 
these artifact peaks due to the matrix-free workflow. The 
LAESI DP-1000 spectral fingerprint also shows good 
spectral information and data content over a broad mass 
range.  Combining the additional benefits of multiply-charged 
ESI mass spectral data and ambient pressure ionization, 
which allows the analysis of vacuum-incompatible samples, 
the LAESI DP-1000 is a powerful tool for mass spectrometry 
imaging workflows.  
 
 
 
	  


