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Introduction 
Mass spectrometry Imaging (MSI) is a rapidly developing 
technique for mapping the spatial distribution of 
biomolecules, metabolites and pharmaceuticals over a 
sample area. This technique has shown great potential for 
new diagnostic biomarker discovery, and benefits from the 
molecular specificity and sensitivity of mass spectrometry. 
For example, some tissue sections indistinguishable by 
histopathological methods can be differentiated by the 
spatial distribution of certain biomarker molecules. Lipids 
are one of class of biomolecules that lipidomics 
researchers are very interested in obtaining molecular ion 
maps by MSI. Lipids are structurally diverse compounds, 
which are most commonly known for being a major 
component of cell and organelle membranes. They are 
also involved in a wide range of cellular processes such as 
energy storage, membrane anchoring, cell signalling, 
subcellular partitioning and protein trafficking. 
 
Molecular imaging by mass spectrometry has been 
traditionally accomplished by techniques such as 
Secondary Ion Mass Spectrometry (SIMS) and more 
recently using Matrix Assisted Laser Desorption Mass 
Spectrometry (MALDI-MS). Although SIMS offers higher 
resolution than MALDI-MS, MALDI-MS has become more 
common for MSI because of the ability to generate 
molecular ions. SIMS tends to fragment molecules during 
analysis because of the high energy used for ionization.  In 
addition, SIMS has a low molecular weight range of about 
<1000 Da. In this work, we utilize Laser Ablation 
Electrospray Ionization (LAESI) to image lipids on mouse 
brain tissue sections using the Protea LAESI DP-1000 
system. LAESI is one of the more recent ambient 
ionization techniques recently developed and applied to 
mass spectrometry imaging. In LAESI-MS, molecules are 
ionized at atmospheric pressure, and not under vacuum as 
in MALDI-MS, allowing for greater versatility in sample 
type and form. A mid-infrared laser is used to ablate the 
tissue samples and the resulting ablation plume is 
intersected with an electrospray stream which ionizes the 
analytes as they are delivered into the mass 
spectrometer1. The natural water content of animal and 
plant tissue therefore makes LAESI a great technique for 
MS analysis of such samples. In addition, imaging of lipids 
with Protea’s LAESI DP-1000 does not require any sample 
preparation after the tissue is frozen, sectioned, placed on 
the slide and stored at -80oC. The tissue slide can be 
retrieved from storage and analyzed with the DP-1000 
system without further processing. Presented here are 
molecular images for lipids detected on formalin fixed 
mouse tissue sections analyzed with LAESI-MS and 
ProteaPlotTM imaging software. 
 
 
 

Experimental 
 
Tissue Sectioning 
Swiss Webster (CFW®) mice (Charles River; Wilmington, 
MA) were euthanized by an overdose of isoflurane gas 
within the parameters of the 2007 AVMA Guidelines for 
Euthanasia and the WVU IACUC Policy on Pain and 
Distress and Human Endpoints. The mouse brains were 
removed and fixed in 4% formaldehyde in phosphate 
buffered saline (PBS). The fixed mouse brains were 
adhered to a specimen disc with an ice slush made from 
deionized water. The specimens were sectioned in a 
CM3050 S cryostat (Leica Microsystems; Nussloch, 
Germany) with a section thickness of 100 µm at -19°C. 
The brain sections were thaw mounted onto clean 
Superfrost™ Plus microscope slides (Ted Pella Inc., 
Redding, CA) and stored at -80°C until LAESI analysis. An 
optical image of the mouse brain tissue section analyzed is 
shown in Figure 1. The mouse brain has well defined 
anatomical regions that can be easily visualized to help 
with the interpretation of the LAESI-MS images.  
 
LAESI-MS Analysis 
LAESI Mass Spectrometry Imaging of mouse brain was 
performed using the LAESI DP-1000 system attached to a 
Thermo Scientific LTQ Velos mass spectrometer (San 
Jose, CA). The laser spot size diameter was 200 µm with a 
200 µm or 300 µm spot to spot distance used for the 
analysis. The LAESI-MS analysis was carried out using a 
2.94 µm infrared laser, with a laser energy of 400 µJ, and 
a repetition rate of 10 Hz for 15 laser shots at each 
location. All the lipid species reported here were analyzed 
in positive ion mode for a mass range of m/z 150-2000. 
The collected mass spectra were processed using 
ProteaPlot software to construct ion maps for specific m/z 
values. 
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Figure 1: Optical image of a formalin fixed mouse brain 
tissue section taken after LAESI-MS analysis with a spot to 
spot distance of 300 µm. 
 
Results 
Lipids are the most common biomolecules found in the 
mouse brain, and therefore the positive ion mode LAESI 
mass spectra for brain tissue are dominated by 
phosphatidylcholines (PC), a major component of cell 
membrane, and sphingomyelin molecules with proton, 
sodium and potassium counterions2. The source of the 
sodium and potassium is mostly from the salts of the intra 
and inter-cellular fluid. In this work, several of these 
abundant lipids were imaged using ProteaPlot software. 
The general structure of phosphatidylcholine lipids is 
shown in Figure 2, and different molecules are denoted by 
PC [x:y], where x represents the combined number of 
carbons for R1 and R2 groups and y represents the number 
of double bonds in the R groups. 

 

Figure 2: General Structure of phosphatidylcholine 
 

Figure 3 shows the full scan mass spectrum from a LAESI 
analysis of mouse tissue at a specific location. A peak at 
m/z 239.4 was selected for MS/MS and the resulting 
spectrum is also shown, confirming its identity as a fatty 
acyl chain from a phosphocholine R group3. Also in Figure 
3, is the ion map for the molecule throughout the mouse 
brain, demonstrating that that the molecule is mostly found 
in the lower half of the brain. Similarly, Figure 4 shows the 
ion map for the protonated PC 34:0 molecule and is also 
confirmed by MS/MS (insert) by a neutral loss of 184 from 
the phosphocholine head group. As expected, this lipid 
molecule was detected in most sections of the mouse of 
the brain.  
 

 

 
Figure 3: Ion map, full scan MS, and MS/MS mass 
spectra of a fatty acyl chain from a PC molecule. 
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Figure 4: Ion map (upper panel), MS (lower panel), and 
MS/MS mass spectra (inset) of PC 34:0 + H lipid.  
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Figure 5: Ion maps of several phosphotidylcholine lipid 
molecules 
 
Figure 5 shows the ion maps of more phosphotidylcholine 
molecules demonstrating that the lipids are present in 
most parts of the brain. The peak at m/z =184.5 
corresponds to the phosphocholine head group 
(C5H15O4N), which is a breakdown product from the 
abundant phosphotidylcholine species present on the 
tissue sample3, 4. This fragment molecule is evenly 
distributed throughout the mouse brain.  
 
 
 
 

Conclusion 
This work demonstrates successful mapping of lipids in 
mouse brain tissue sections using the Protea LAESI DP-
1000 system, and Protea’s mass spectrometry imaging 
software ProteaPlot. Identifying and determining the 
distribution of lipid molecules will increase the 
understanding of the functionality of phospholipids in the 
brain. 
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