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Overview 
Ø Objective: Demonstrate the method transfer to the M5 TM-Sprayer for MALDI Mass Imaging 

with high mass accuracy and resolution for enzyme applications (PNGaseF and trypsin); test 
increased throughput using higher velocities and flow rates for lipid imaging using the M5. 

 
Ø Methods 
     -Cross sections of formalin fixed tissues and fresh frozen tissues 

     -On-tissue N-linked glycan release, tryptic cleavage of peptides, and matrix coating using M3 

and M5 TM-Sprayers 

     -MALDI Mass Spectrometry Imaging by FT-ICR (solariX™ Legacy 7.0 T, Bruker)  

     -Data Visualization and Analysis by FlexImaging and SCiLS Lab (Bruker) 
 
Ø  Initial Results 
    - Comparable performance by the M5 TM-Sprayer model to the M3 model in glycan, peptide, 

and lipid workflows 
 

 - For lipid imaging, increased velocity of M5 decreased preparation time without   
compromising data 

Conclusions 

Introduction 

Workflow /Methods 

A: Tissue preparation 

Ø  FFPE Tissue Samples (N-glycans and tryptic peptides): Sections were cut at 5 
µm from human colon FFPE blocks onto glass slides. Samples were heated 1 
hour at 60°C prior to dewaxing. Dewaxing utilized washes of xylenes 2 x 3 min, 
one min each 100% ethanol x2, 95% ethanol, 70% ethanol, water 2 x 3 
minutes. Tissues were antigen retrieved for 30 minutes immersed in ~4.5 mM 
citraconic buffer pH 3 using a vegetable steamer. Slides were cooled by 
exchanging buffer with water after retrieval. 

Ø  Fresh Frozen Tissue Samples (lipids): Rat brains were sectioned at 10 µm and 
thaw mounted onto indium tin oxide coated glass slides (Delta Technologies). 
Samples were stored at -80°C, then dried 5 minutes in a desiccator, prior to 
matrix application. 

B: Enzymatic Digestion and MALDI Matrix Application 

Ø  FFPE sections were sprayed with 0.1 µg/µL recombinant PNGase F or 
Trypsin using M3 and M5 TM-Sprayers (HTX Imaging). PNGaseF 
application parameters were 15 passes at 45°C with a 1200mm/min velocity 
and push solvent at 25 µL/min. Trypsin application parameters were 8 
passes at 45°C with a 1200 mm/min velocity and push solvent at 30 µL/min. 

Ø  For enzymatic digestion (Trypsin and PNGase F), slides were incubated for 
2 hours at 37.5°C in a closed cell culture dish with 5 mL of water. 

Ø  α-Cyano-4-hydroxycinnamic acid matrix (CHCA, 7 mg/mL in 50% ACN/0.1% 
TFA) or 1,5-diaminonapthalene matrix (DAN, 5mg/mL in 90% ACN)  was 
sprayed onto slides using M3 and M5 TM-Sprayer (HTX imaging). 
Parameters for CHCA application were 10 passes at 77°C with a 1300 
velocity, 40 mm distance from sprayhead to slide surface, 3 mm offset, 10 
psi, and push solvent at 100 µL/min.  

D: MALDI IMS 
Ø  N-glycans were imaged on a solariX™ Legacy FT-ICR in positive ion, broadband mode 

using a 512k time domain resulting in a 1.2059 second transient with an effective on-tissue 
mass resolution of 52244.79 at m/z 1419.5024. Images were collected at a 250 µm raster 
spanning m/z range 500-5000.  

Ø  Images were visualized in FlexImaging v4.1 (Bruker) and SCiLS lab (Bruker) normalized by 
total ion current. 
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Ø New M5 model TM-Sprayer has comparable performance capabilities to the M3 model. 

Ø Laboratories using the M3 or M5 Sprayers will be able to reproducibly exchange 
enzyme and matrix application methods. 

Ø The M5 Sprayer allows users to increase spraying velocity for lipid imaging without 
compromising imaging data. 

Result A: Comparison of N-Glycan Workflow 

M3 
Model 

M5 
Model 

Comparison of representative images from serial tissue sections prepared by the M3 and M5 TMSprayer 
models.  

m/z 1257.4426 
Hex5HexNAc2  
+ 1Na 

m/z 1976.7146 
Hex5HexNAc4NeuAc1 
+ 2Na  

m/z 1663.6124 
Hex5HexNAc4  
+ 1Na  

m/z 1809.6743 
Hex5dHex1HexNAc4 
+ 1Na  

Comparison of M3 and M5 overall average spectra from serial colon 
tissue sections. Data are shown in mMass. 

Ø  82 N-glycan species were 
detected and peaks 
reported a 0.99 correlation 
coefficient between tissue 
sections. All peaks 
reported area under the 
receiver operating curve 
(ROC) less than 0.7.  

Result C: Comparison of Lipid Imaging Workflow and Spraying Velocity 
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Result B: Comparison of Trypsin Digestion Workflow 

MALDI imaging mass spectrometry is a powerful tool for on-tissue 
analyte localization. Specialized application of enzyme and matrix is 
essential for consistent cleavage as well as accurate localization of 
target species on tissue. In this study, we performed experiments 
using workflows typical for MALDI IMS of N-glycans, peptides and 
lipids using the new M5 HTX Imaging spraying device for application 
of enzymes and matrices. Side-by-side comparisons of M3 and M5 
sprayer models were performed in order to test the performance of the 
new M5 model in N-glycan, peptide, and lipid workflows, with the goal 
of ensuring that methodologies could be exchanged between the two 
models with reproducibility.  

Velocity 
(mm/min) 

Flow Rate 
(µL/min) 

1300 100 

2600 200 

3900 300 

Comparison of images from serial colon tissue sections prepared by the M3 and M5 TMSprayer 
models. Of the 106 identified peaks, all peaks reported area under the receiver operating curve 
less than 0.7 with an overall correlation coefficient of 0.87. 

Representative images of rat brain serial sections prepared on the M3 and M5 
sprayers, imaged in negative mode. All identified peaks (n=196) reported area under 
the receiver operating curve values less than 0.7 with an overall correlation 
coefficient of 0.97. 

Ø  Tryptic peptides were imaged on a solariX™ Legacy FT-ICR in positive ion, broadband mode 
at 512k time domain resulting in a 1.2059 second transient with an effective on-tissue mass 
resolution of 52324.31 at m/z 1416.9420. Images were collected at a 250 µm raster spanning 
m/z range 500-5000. 

Ø  Lipids imaged on a solariX™ Legacy FT-ICR in negative ion, broadband mode at 1M time 
domain resulting in a 0.97 second transient with an effective on-tissue mass resolution of 
78933.69 at m/z 762.5092. Images were collected at a 150 µm raster spanning m/z range 
200-1800. 

m/z 1419.5024 
Hex6HexNAc2  
+ 1Na  
 

Representative images of rat brain serial sections prepared on 
the M5 sprayer at velocities 1300, 2600, and 3900 mm/min, 
imaged in negative mode.  

1x 
velocity 

2x 
velocity 

3x 
velocity 

M3 
Model 

M5 
Model 

Segmentation analysis in SCiLS illustrating 
the clustering of lipid species. 196 peaks 
were used for segmentation to generate a) 
4 and b) 5 tree combinations. 

a. b. 

m/z 
744.5654 

m/z 
747.4949 

m/z 
766.5468 

m/z 
885.5484 

m/z 
906.6431 

m/z 
744.5654 

m/z 
747.4949 

m/z 
766.5468 

m/z 
885.5484 

m/z 
906.6431 

m/z 958.5496 

Comparison of overall spectra at velocities 1300, 2600, and 
3900 mm/min. Spectra normalized by TIC. 

m/z 984.1468 m/z 1055.4518 m/z 1106.5518 m/z 1174.1833 
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C: MALDI Matrix Application for Lipid Imaging 

Ø  1,5-diaminonapthalene matrix (DAN, 5mg/mL in 90% ACN)  was sprayed 
onto slides using M3 and M5 TM-Sprayer (HTX imaging). Parameters for 
DAN application were 10 passes at 77°C, 40 mm distance from sprayhead 
to slide surface, 3 mm offset, 6 psi, velocity and flow rates varied as shown 
in the table below.  

Velocity 1300 

Velocity 2600 

Velocity 3900 

M3  
Model 

M5  
Model 

13:20 mins 
per slide 

6:40 mins 
per slide 

3:20 mins 
per slide 


