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MALDI-MSI — A NEW TOOL FOR METABOLITE ANALYSIS
IN FORENSIC SCIENCE.

Abstract: Imaging Matrix Assisted Laser Desorption Mass Spectrometry provides a new
powerful tool to analyse the distribution of metabolites within plant or animal tissues
and to compare with an untargeted approach different tissues or samples from different
organisms. Metabolites may be mapped at a single cell resolution and the technique
may be used to resolve the differences between two samples of tissue.

Introduction

The aim of the work reported in this paper was to develop a method, which
would allow the cellular distribution of metabolites in plant tissues to be determined.
Metabolic fingerprinting and profiling is an emerging technique and has recently
been used to identify ecologically important genes and traits'. In a recent study of
Arabidopsis petraea it was used to identify that individual plants of this species from
different countries were significantly different. Plants from the same country were
more closely related?.

To understand the control of metabolism one needs to determine the amounts
of metabolites present in the cell and the amounts of enzyme present®. Many recent
studies with techniques such as immunolocalisation and in sizu hybridisation have
demonstrated that cells from the same tissue can have different patterns of gene
expression®>. With plant material the task of measuring metabolites is very large since
there are in excess of 100,000 metabolites that can occur®’. Thus homogenisation of
a whole tissue can potentially reduce a high concentration of a compound present in
a few cells to a level that is not detectable.

Matrix Assisted Laser Desorption Ionisation Mass Spectrometry Imaging (MALDI-
MSI) offers potential as an approach to both analyse in a targeted way the distribution
of metabolites across tissues, and to profile in an untargeted way individual samples.
MALDI is a very versatile technique since it will ionise compounds from a wide range
of chemical classes®. MALDI-MSI is a derivation of this technique where the sample
on the MALDI stage is moved on the x/y axis and each sample position is assayed’.
Therefore by recording the mass spectrum at each position a two dimensional image of
the metabolic profile of a sample may be obtained. The diameter of the laser in modern
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mass spectrometers is in the order of 100 pm or less. Thus at a spatial resolution of 100
pm it is possible to obtain a mass profile of those compounds present on the surface
of a tissue. With modern high resolution mass spectrometers and careful selection of
the matrix MALDI has the potential to allow analysis of metabolites and avoid too
many interfering peaks.

In this paper we have examined the usefulness of the method for metabolic profiling
of different plant tissues. It has also been used to measure the distribution of drugs
applied to skin and the metabolism of these drugs!?

Materials and Methods

Wheat ( Triticum aestivum L. var Axona) plants were grown as described previously'!.
Orchid material Goodyera repens was collected from the wild and maintained in a
growth room. Longitudinal sections (60pm thick) were prepared, in a Leica Cryostat,
from roots flash frozen in liquid nitrogen. Arabidopsis thaliana seedlings were grown
as described previously'? and roots taken from 7 d old seedlings. Sections were freeze
dried prior to coating with matrix. Sections were coated using an airspray with a
solution of 25mg ml! a-cyano-4-hydroxycinnamic acid in methanol containing 0.1%
(v/v) trifluoracetic acid.

MALDI MS spectra were acquired with an Applied Biosystems/MDS Sciex hybrid
quadrupole time-of-flight (Q-Star Pulsar-i), fitted with an orthogonal MALDI ion
source and an Nd:YAG laser. The instrument conditions were Repetition rate: 1000Hz,
Laser energy 20% (2.3p]) and analysis time of 5 seconds per position. Images were
created from the Analyst data files with Biomap 3.7.5.

Principal component analysis of mass profiles in images was performed using the
program Simcal supplied by UMetrics.

Results and discussion

An analysis of sections from wheat endosperm is presented in Fig 1. Some 40,000
masses were detected in these sections and taking into account that adducts of
sodium and potassium as well as the protonated ion can occur then this figure could
represent about 13,000 metabolites. It can be seen that the mass of 175 for arginine
is not evenly distributed across the section at any stage of development (figure 1a).
Thus an analysis involving extracting the whole grain would grossly under estimate
the concentration present in certain parts. The mass of 175 was shown to be mainly
arginine by a MS/MS analysis (data not shown). The distribution of arginine (175)
is similar to the distribution of ornithine (133) but not sucrose (343) and aspartate
(134) (figure 1b). Arginine is synthesized in the ornithine arginine cycle. The images
therefore suggest that the cycle is operating in the seeds rather than representing just
an accumulation of the arginine.

As demonstrated by Burrell et al. 20077 solution of less than 1ug ml! can be
detected. This is equivalent to detecting approximately 1.2 pg of compound if it is
all present in the area covered by the laser during one pulse. Several researchers have
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developed methods to map metabolites in tissues'*!5. These methods can be very
sensitive and where fluorescence is involved certainly may be more sensitive than
MALDI-MSI. However a direct comparison of the sensitivity of different methods has
not been undertaken to date. MALDI-MSI offers two benefits as a mode of analysis.
First it simultaneously measures many compounds and secondly it does not depend
on chemical class it only requires the compound to become charged.

The diameter of the laser is approximately 100pm. It was of interest to determine
whether the resolution of the images could approach the size of cells. Mycorrhizal
roots (symbiotic interactions between plant roots and fungi where the plant exchanges
carbon for mineral nutrients from the fungus partner) were chosen since they have cells
some of which approach the size of the laser and one would expect the metabolism
of fungal infected cells to differ from the host plant uninfected cells. It is clear from
figure 2 that mass 184 is specifically localized to certain cells thus demonstrating the
method is sensitive for near cellular resolution. The latest software for MALDI-MSI
allows the horizontal resolution to be decreased below the diameter of the laser.

MALDI-MSI provides a method to achieve untargeted analysis of metabolites.
With many thousands of masses detected one needs a method to separate those
masses which are evenly distributed from those that are localized in areas. A PCA
analysis (figure 3) of the data used to provide the image in figure 2 provides a method
of identifying these masses. Mass 184 is well separated from most masses and from
sucrose identifies as the potassium adduct (381). Similarly this approach may be used
to determine whether two samples are from the same individual or species. Figure
4 shows an analysis of the surface of two plant roots from the species Arabidopsis
thaliana. Each laser position used to acquire the image has been treated as a separate
sample. It is clear that the wild type and putative mutant roots are different and that
there is variation across the surface of the root.

Conclusions

MALDI-MSI provides a powerful targeted or untargeted method of analyzing
small molecules such as endogenous metabolites or exogenously applied compounds.
Sample preparation is simple and analysis time is rapid. The method can be used with
many different tissues. It can be used to identify the presence of known compounds
and associated metabolites and to identify where in a sample metabolism is occurring.
Alternatively it may be used to identify whether two samples are from the same
individual.
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Figure 1 — Distribution of amino acids in developing wheat grains.
A. The distribution of the mass 175 (arginine) during different stages of development
B. The distribution of arginine (175), ornithine (133), members of the ornithine arginine cycle
compared with aspartate (134), and sucrose (343) in a section of grain taken 15 days post anthesis.
Red indicates a high intensity of signal, blue a low intensity.

315



-0.02

-0.03

-0.04

-0.05

-0.06

PR N L A7 Y-V A
o A AL s ia L s gha “‘
4 s a4 G s |
.t W s aa O
Aa a," L
4 P
ata aa
‘a aas AAA f‘l‘
POl
¥y a‘
-001 0.00 0.01 0.02 0.03 0.04 0.05 0.06 007

pl2

R2X[2] = 0.0813703 R2X[3] = 0.0312573

Figure 3 — PCA analysis of image from the analysis shown in figure 2.
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Figure 4 — PCA analysis of two images from roots of Arabidopsis thaliana.
The metabolic profiles obtained from the individual laser positions used to obtain an image of the
two roots were used as separate data sets in the analysis. The roots from one sample were labeled
w and those from the putative mutant root were labeled m.
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