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MALDI-based Imaging Mass Spectrometry (IMS) is an analytical technique that
provides the opportunity to study the spatial distribution of biomolecules including
proteins and peptides in organic tissue. IMS measures a large collection of mass
spectra spread out over an organic tissue section and retains the absolute spatial
location of these measurements for analysis and imaging. The classical approach
to IMS imaging, producing univariate ion images, is not well suited as a first step
in a prospective study where no a priori molecular target mass can be formulated.
The main reasons for this are the size and the multivariate nature of IMS data. In
this paper we describe the use of principal component analysis as a multivariate
pre-analysis tool, to identify the major spatial and mass-related trends in the data
and to guide further analysis downstream. First, a conceptual overview of principal
component analysis for IMS is given. Then, we demonstrate the approach on an
IMS data set collected from a transversal section of the spinal cord of a standard
control rat.
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1. Introduction

Mass spectrometry allows one to very accurately measure the molecular masses
found in an unknown sample. It has become one of the primary analytical
instruments in proteomics and peptidomics research, which is the study of re-
spectively proteins and peptides within the scope of an organism, tissue, cell,
or organel and under a set of known physiological and environmental condi-
tions.! Most proteomics and peptidomics studies, however, disregard the exact
spatial origin of a sample within tissue, focusing solely on identification and
quantitation. A number of studies®> ® have demonstrated that incorporating
spatial information into the analysis can provide further insight into biological
processes.

The study of the spatial distribution of biomolecules in organic tissue
requires that an explicit link is preserved between proteomics/peptidomics-
oriented mass spectral measurements and their exact spatial origin within an
organic tissue section. For this purpose we employ a relatively new technology,
termed laser-based or MALDI-based imaging mass spectrometry.

1.1. MALDI-based Imaging Mass Spectrometry

MALDI-based Imaging Mass Spectrometry** (IMS) is a technology that uses
the molecular specificity and sensitivity of normal mass spectrometry to col-
lect a direct spatial mapping of biomolecules (or rather their ions) in tissue
sections. It allows for massive multiplexing of followed molecules (covering an
entire mass range) and does not require complex chemistry or an a priori
target molecule as is the case with complementary technologies such as im-
munochemistry and fluorescence microscopy. IMS has been succesfully used in
a number of pioneering studies that mainly focused on mammalian tissue.®*
The wet-lab side of the procedure consists of cutting an organic tissue sec-
tion, mounting it on a MALDI target plate, applying an appropriate chemical
matrix solution, and performing a MALDI mass spectral measurement at each
grid point of a virtual array that has been superimposed on the tissue sec-
tion. The result is an array of spots or ‘pixels’ covering the tissue section, with
a mass spectrum linked to each individual pixel. Figure 1 gives a schematic
overview of the wet-lab and in silico steps involved with performing IMS on
the cross-section of spinal cord nerve tissue. Typically, the data generated by
an IMS experiment populates a mathematical space that has two spatial di-
mensions (the  and y-dimension) and the mass-over-charge dimension (m/z).

HMALDI stands for ‘matrix-assisted laser desorption ionization’ and refers to a particular
mass spectrometry ionization method which is well suited for the study of larger biomolecules
such as proteins. It involves firing a controlled laser shot at the sample embedded in a
crystalline chemical matrix solution on the target plate.

































