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Beyond Tissue: Using MALDI MSI to Investigate 
Protein Glycosylation States in Human Serum#55

APPLICATION NOTE

Application & Background
    Matrix-assisted laser desorption/ionization (MALDI) mass 
spectrometry imaging (MSI) has been used to visualize the 
distribution of many different biochemical molecules in thin tissue 
slices, including N-glycans. However, there is a lot of interest in 
enabling this technology to be used on less-invasive sample types, 
including hair, fingerprints, and biofluids. In this study, a novel 
technique was developed to enable the MALDI MSI analysis of 
glycoproteins from human serum. The wide applicability of this 
methodology to a variety of biofluids, combined with the wealth of 
information gained from multiplexed antibody arrays, make this 
protocol a valuable asset not only for many other research groups 
in the MSI community, but also for clinical scientists as they look 
to expand their knowledge and detection of early disease states 
using N-glycoprotein biomarkers. An overview of this workflow is 
shown in Figure 1.

Experimental
Experimental Design
    The multiplexed antibody panels used to analyze N-glycans from 
immunocaptured proteins via MALDI MSI were fabricated using 
nitrocellulose-coated slides with an 8-well module attached (Grace 
Bio-Labs, Bend, OR, USA) (Figure 2) . 1.5 μL volumes of up to 

eight validated antibodies containing only MS-compatible 
ingredients were spotted into each well on the slide at a 
concentration of 133.3 ng/μL (Figure 2C) . The slide was then 
placed inside a homebuilt-humidity chamber consisting of an 
immunoblot incubation box with 1 paper towel and two Kim 
Wipes saturated with double-distilled water (~3 mL) and left to 
incubate overnight at 4⁰C. The next day, the slide was removed 
from the incubation chamber and allowed to air dry at room 
temperature until the antibody spots were opaque (~45 minutes), 
Figure 2D.  Then, 500 μL of detergent wash solution (Table 1) 
was slowly pipetted into each well to remove any unbound 
proteins from the slide. The wash solution was dumped out and 
the slide was gently tapped against the bench to remove excess 
liquid. Next, 500 μL bovine serum albumin (BSA) blocking buffer 
(Table 1)  was pipetted into each well and slide was replaced in 
the humidity chamber. The chamber was placed on a benchtop 
shaker at room temperature for 1 hour with gentle shaking in 
order to prevent proteins within the samples from binding non-
specifically to antibodies or the slide. Each well was then washed 
twice with 500 μL phosphate-buffered saline (PBS) (Table 1)  for 
3 minutes each time and with 500 μL of double-distilled water for 
1 minute. After each wash, the wash solution was removed 
without any shaking. 

Figure 1. Overview of MALDI MSI workflow.
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Serum Sample Preparation
     Serum samples were collected following 
the Early Detection Research Network SOP 
for serum collection. They contained no 
preservatives and were stored at -80⁰C until 
use. Samples were thawed at room 
temperature and mixed by pipetting prior 
to dilution in PBS. The dilution factor 
varied based on the specific experiment, 
but typically a 1:100 or 1:1000 dilution was 
used. 500 μL of diluted serum samples were 
added to each well, and the slide was 
replaced in the humidity chamber. The 
chamber was placed on a benchtop shaker 
at room temperature for 2 hours with 
gentle shaking. Next, each well was washed 
with 500 μL of detergent wash solution 
twice for 1 minute. Each well was then 
washed twice with 500 μL PBS for 3 
minutes each time and with 500 μL of 

Table 1. Recipes for all solutions used in MALDI MSI antibody workflow.

Table 2. Spraying parameters for enzyme and matrix deposition.

Enzyme and Matrix Application using the HTX TM-Sprayer 
 Using the HTX TM-Sprayer, PNGaseF (Table 1) was applied to 

the slide using the parameters displayed in Table 2. As the enzyme 
was being sprayed, a second humidity chamber constructed from a 
plastic cell culture dish with 1 paper towel and two Kim Wipes 
saturated with double-distilled water (~3 mL) was placed in a 37°C 
oven for 15 minutes to preheat. After the enzyme was sprayed on the 
slide, the slide was removed from the HTX TM-Sprayer and placed 
face-up in the second humidity chamber. The chamber was left to 
incubate overnight in a 37°C oven. The next day, the slide was 
removed from the humidity chamber, and the bottom of the slide 
was dried using a KimWipe. Using the HTX TM-Sprayer, α-
cyano-4-hydroxycinnamic acid (CHCA) matrix (Table 1) was 
applied to the slide using the parameters displayed in Table 2. 

MALDI MSI
 Prior to imaging, the slide was scanned at 1200-ppi resolution. All 

imaging experiments were performed on a 7.0 Tesla solariX Legacy 
MALDI Fourier-transform ion cyclotron resonance (FT-ICR) mass 
spectrometer in positive ion mode with a 2-kHz Smart Beam II laser 
at a laser spot size of 25 µm (Bruker Daltonics, Billerica, MA, USA). 
At each pixel, 200 laser shots were collected in a smartwalk pattern at 
a 250 µm raster.
Data Analysis

 The data were collected using flexImaging v5.0 software and 
normalized to total ion count (Bruker Daltonics, Billerica, MA, 
USA). N-glycan peaks were manually selected based on their 
theoretical known mass values using a mass filter interval to 0.005%. 
Then, the data were imported into the SCiLS Lab software 2019 and 
quantified by measuring the area under the curve for each 
monoisopotic peak (Bruker Daltoniks, Bremen, Germany). 

Figure 2. (A) Diagram of 8-well modules attached to nitrocellulose-coated slides, (B) Image of 8-well 
modules attached to nitrocellulose-coated slides, (C) Validated antibodies spotted in 8-well modules on 
nitrocellulose-coated slides, (D) Dried antibody spots in 8-well modules on nitrocellulose-coated slides.

double-distilled water for 1 minute. After each wash, the wash solution was removed without any shaking. The well module was then removed 
from the slide, and the slide was immersed in 50 mL double-distilled water for 1 minute to remove any residual salt and then air dried at room 
temperature.
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Results
   Results from this methodology are N-glycan profiles of immunocaptured proteins captured out of biofluids such as serum. N-glycan 
signals can be visualized as heatmaps across the slide using FlexImaging. Signals are localized to each individual capture spot as 
illustrated in Figure 3A, which shows representative images of N-glycans detected on simultaneously captured serum proteins. The N-
glycan profiles will differ for each captured protein, with some glycans being found on many proteins while others are seen on only a 
few, Figure 3B. The data shown here were collected from 20 µL human serum added to antibody panels assaying 7 glycoproteins 
simultaneously. N-glycan intensities on each protein can then be quantified using SCiLS Lab software and compared across different 
sample groups such as the patient groups shown in Figure 3C. This method can be used for profiling N-glycosylation on proteins in any 
disease state. Analysis of 7 glycoproteins simultaneously is shown here, but this system can be expanded with larger wells for the analysis 
of potentially hundreds of glycoproteins.
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Figure 3.  (A) MALDI MSI images of 3 N-glycans localized to immuocaptured proteins. (B) Example abundant N-glycans detected for each captured 
glycoprotein. (C) Quantification of two N-glycan signals on two different proteins in human serum from patients with and without cancer. 

Conclusions 
    We demonstrate the use of the HTX TM-Sprayer for N-glycan release and matrix coating on immunocaptured protein arrays. This 
method has been successfully used for multiplexed N-glycan profiling on serum proteins. MALDI MS analysis illustrated that N-glycans 
can be detected at localized capture spots with high accuracy. This methodology could be further applied to other biofluids or cell 
supernatants, assaying any glycoproteins for which validated antibodies exists. 
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HTX M5 Sprayer™ System is an  
Automated MALDI Matrix Deposition System 
Offering High Reproducibility and Superior 
Data Quality for Imaging Mass Spectrometry

The HTX M5 Sprayer™ is an easy-to-use, versatile spraying 
system that provides automated processes for sample  
preparation in imaging mass spectrometry.

The proprietary spray technology of the HTX M5 Sprayer™ 
guarantees a very fine, uniform and consistent matrix coating 
crucial for high-resolution imaging and relative quantification 
of analytes.

The unique ability to control liquid and propulsion gas 
temperature creates a fine solution mist that can be  
deposited in a precise and adjustable pattern over all or 
part of any MALDI plate. 

Spray characteristics (wet or dry) are easily adjustable via  
the intuitive operator interface. Users can create and save 
methods for reproducible operation.

Key Characteristics
◆ Proprietary technology providing very small matrix

droplets ( <5 microns)

◆ High flow rate and fast sample prep (2 to 18 minutes
per slide)

◆ Highly consistent matrix deposition across entire
sample area (+/- 3% by weight)

◆ Unique use of temperature and nitrogen flow to
control evaporation rate and matrix crystal formation

◆ More than 30 validated protocols covering trypsin
and most matrices (e.g.: SA, CHCA, DHB, DAN,
9-AA, DHA, CMBT, THAP)

◆ Validated protocols for Trypsin digestion of FFPE

◆ Continuous matrix coverage as needed for
high-resolution imaging

◆ Rugged operation and easy clean-up

Addressing the Matrix Deposition Challenge 
The main challenge when preparing samples for MALDI 
Mass Spectrometry Imaging is to balance the positive  
effects of the matrix solution penetrating the tissue and  
co-crystallizing with the analyte, and the negative effects 
of analytes delocalization. 

The all-new M5 chassis, high velocity stage and heated 
sample holder drawer contribute to a greater user  
experience and expanded process capabilities including:

◆ Faster and drier deposition capability

◆ On-tray trypsin digestion capability

◆ On-tray sample re-hydration

HTX M5 Sprayer™ Tissue MALDI Sample Preparation System

HTX TM-Sprayer™ and M5 Sprayer™ are available worldwide exclusively 
from HTX Technologies, LLC.  To request further information, please 
visit www.htximaging.com or contact us at info@htximaging.com.

The images and data presented here were provided by Alyson Black, Dr. Peggi Angel, Dr. Richard Drake, and Dr. Anand Mehta of 
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glycoprotein biomarker discovery from patient biofluids by antibody panel based N-glycan imaging. Analytical Chemistry. 
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