
Figure 5. Application of the workflow to a breast cancer clinical
serum set. N-glycan profiles of pooled serum samples from
obese and nonobese patients that had a benign lesion or
breast cancer were analyzed in quadruplicate. The average
relative intensities (normalized to the overall sum of N-glycan
intensities) of four N-glycans are shown as a heatmap image
array and a bar chart with error bars displaying the standard
deviation. The relative intensities of the blank wells were used
for background signal subtraction. BN = nonobese patient with
a benign lesion, BO = obese patient with a benign lesion, CN =
nonobese patient with breast cancer, CO = obese patient with
breast cancer.

Developing High-Throughput MALDI Mass Spectrometry Imaging Methods for N-Glycan 
Profiling of Clinical Biofluids

Calvin R. K. Blaschke, Alyson P. Black, Peggi M. Angel, Anand S. Mehta, Richard R. Drake
Medical University of South Carolina, Charleston, SC

• Changes in the N-glycan composition of blood
glycoproteins are a dynamic metabolic indicator of health
and immune status.

• Multi-lab validated N-glycan MALDI imaging mass
spectrometry workflows developed for tissue analysis were
adapted to biofluids.

• Several different combinations of sample preparation were
evaluated comprising spotting, fixation, rinsing and PNGase
F digestion.

• The goal was to maximize the number of N-glycans
detected in the shortest amount of processing time.

• Multiple processing workflows are feasible with total
processing and analysis times under 8 hrs.

INTRODUCTION

• Multiple approaches can be done to perform slide-based solid
phase PNGase F digestions and MALDI-FTICR analysis of
released N-glycans from biofluids

• Workflows are rapid (6-8 hrs) and can be shortened by
automating several steps

• The amine-reactive workflow has shown to be very robust by
detecting as many as 75 glycans in less than one microliter of
serum or plasma

• Sulfated N-glycans are readily detected, although definitive
structure confirmation is still to be done

• The method can be readily adapted to profile N-glycans from
any biofluid

CONCLUSIONS

RESULTS
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Figure 1: Multi-lab validated PNGase F spraying and
MALDI-FTICR N-glycan analysis workflow for FFPE tissues.

Figure 4: Repeatability of the serum N-glycan profiling method
on three successive days. (A) Average relative intensities
detected for the twenty most abundant N-glycans (normalized
to the overall sum of N-glycan intensities). Sums of
abundances of N-glycans within (B) high and (C) low
abundance structural classes are displayed. Error bars indicate
the standard deviation of four replicates.

Figure 2: Workflow for biofluid N-glycan profiling utilizing
mass spectrometry imaging. Slides are coated in an amine-
reactive hydrogel and data was collected with a Bruker 7T
SolariX. The N-glycan compositions are represented by
blue squares for N-acetylglucosamine, green circles for
mannose, yellow circles for galactose, purple diamonds for
sialic acid, and red triangles for fucose.

Figure 6: The proposed method was adapted for spotting on
a steel MALDI target plate. In place of immobilization step
needed for the amine-reactive slides, diluted serum spots
were desiccated overnight before being washed. (A) Display
of the full steel MALDI target plate. (B) Image of the serum
spots on the MALDI target plate. (C) Representative image of
the abundance of a m/z = 2289.7326 N-glycan.

Figure 7. Endo F3 modification to the workflow for fucose
location identification. If there is a fucose on the farthest n-
acetylglucosamine on the reducing end, Endo F3 cleaves both
the fucose and the N-acetylglucosamine it is attached to. (A),
(B), and (C) The N-glycan profile of a serum standard and a
plasma standard was analyzed in quadruplicate by a treatment
with PNGase F or a PNGase F and Endo F3 mix. The intensities
of a non-core fucosylated N-glycan (m/z 2289.7326), core-
fucosylated N-glycan (m/z 1809.6393), and Endo F3 product
(m/z 1460.5020), respectively, are displayed for both treatments.

Figure 3: Partially annotated representative spectra of serum
and plasma standards from healthy individuals obtained with
serum N-glycan profiling method.


