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1 PROJECT EXECUTION 

1.1 General project objectives 
The Computis project concerns imaging mass spectrometry and its application to many 
biological questions of present-day import. Imaging mass spectrometry is an excellent 
discovery tool as it allows visualizing the spatial distribution of hundreds of bio-molecules 
within a biological sample in a single experiment. The technique can be used to investigate 
the distribution of multiple classes of bio-molecules, does not require the bio-molecules to be 
tagged prior to the experiment, can be applied to all tissue / cell types and the results can be 
compared with other imaging modalities. 

The goal of the Computis project is to develop, optimize, combine, correlate and apply 
methods of mass spectrometric molecular imaging, especially various specialized methods of 
Secondary Ion Mass Spectrometry (SIMS) and Matrix-Assisted Laser Desorption Ionization 
Mass Spectrometry (MALDI-MS), and to merge the results with well known pathological / 
histological pictures of cells and tissues into a common image. The principal objectives are to 
innovate in MS imaging instrumentation, realize advanced molecular image-based diagnosis 
methods for identifying and classifying diseases, and to monitor therapeutic effects on 
expression patterns and distributions. 
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1.2 Contractors involved 
Table 1 presents the different partners involved in this project: 

Participant 
no. 

Participant 
organization 

name 

Participant 
organization 
short name 

Scientific team 
leader Town Country 

1 
Scientific 
Leader 

Olivier Gal  

1 
Coordinator 

Commissariat # 
l©Energie 
Atomique 

CEA 
Marie-France 

Robbe 

Saclay France 

2 Justus Liebig 
University 

JLU Bernhard 
Spengler 

Giessen Germany 

3 

Dutch 
Foundation for 
Fundamental 
Research on 

Matter 

FOM Ron Heeren Utrecht Netherlands

4 
Centre National 
de la Recherch" 

Scientifique 
CNRS Alain Brunelle 

Gif-sur-
Yvette France 

5 

Power 
Computing & 

Communications 
UvA BV 

PCC Ronald Schut Amsterdam Netherlands

6 G"n"thon G"n"thon F"dor 
Svinartchouk 

Evry France 

7 Novartis Novartis Markus 
Stoeckli 

Basel Switzerland 

Table 1: Partners of the COMPUTIS project 

Marie-France Robbe 

Coordinator e-mail:  marie-france.robbe@cea.fr

Coordinator phone: (33) 1 69 08 87 49 

Coordinator fax: (33) 1 69 08 60 30 

The partners of the project are presented in Figure 1. 
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Figure 1: Partners of the Computis project 

The fields of competences of the partners were (Figure 2): 

Figure 2: Complementarities of partners' competences 
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1.3 Work performed and end results 
The work performed and the major achievements are reported for each work package. 

1.3.1 Work Package 1 ªSample selection and preparationº 

1.3.1.1 Reference chemical compounds 
The deliverable D1.1 reviews the choice and the characterization of several chemical 
compounds which will be utilized along the program as references for (ME-) SIMS and 
MALDI mass spectrometry and mass spectrometry imaging. 

The objective is to enhance the performance of MALDI and SIMS mass spectrometry towards 
their imaging capabilities. Peptides, proteins, lipids, polymers and oligosaccharides are 
mapped with MALDI with the help of MALDI matrices, while lipids are mapped with SIMS 
with and without coating. In all the cases these compounds can be used either as calibrants or 
to adjust the mass spectrometer parameters. 

The compounds are separated in six classes: 

1) Matrices for MALDI (Matrix Assisted Laser Desorption Ionization) and (ME-)SIMS: 
this first class of compounds are the matrices which make possible the ionization of: 

- peptides and proteins, 

- lipids,  

- oligosaccharides. 

2) Peptides and proteins: this second class of compounds can be utilized as calibrants in 
MALDI mass spectrometry, as well as to test the efficiency of matrices or mass 
spectrometer configuration (source, analyzer, detector) and performances. 

3 a) Lipids for SIMS: this third class of compounds can be used in SIMS to check the 
SIMS spectrometer parameters (primary ion source efficiency, analyzer, detection). 

3 b) Lipids for MALDI-MS: these compounds occur in biological systems ubiquitary and 
are very important for adjusting SMALDI ion sources for generating high quality 
images of biological samples. 

4) Oligosaccharides: they are the fourth class of substances and from biological interest. 
They can be used as calibrants and for MALDI mass spectrometry, as well as to test the 
efficiency of matrices or mass spectrometer configuration (source, analyzer, detector). 

5) Oligonucleotides: this fifth class of compounds can be used as calibrants and to test the 
mass spectrometer configuration for the measurement of samples derived from DNA 
and RNA samples. 

6) Polymers: the sixth class of compounds can be used as calibrants and to test the mass 
spectrometer configuration for the measurement of polymers. 

All these compounds, as well as the reference spectra, are available all along the duration of 
the project to characterize and test the ion desorption methods, instrument performances in 
terms of sensitivity, mass resolution and/or spatial resolution.  

The deliverable D1.2 reviews the choice and the characterization of reference biological 
samples which will be utilized along the program as references for SIMS and/or MALDI 
mass spectrometry and mass spectrometry imaging, as well as their most utilized samples 
supports, sample preparation methods, sample storage, etc. One important accomplishment is 
that silicon wafers have been agreed by all the involved partners to become the reference 
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sample support (Figure 3) for the future of the project. This material brings together several 
important and necessary features, flatness, conductivity, purity, adhesion of samples, as well 
as a moderate price and an excellent reproducibility. 

Figure 3: Samples (12 !m thick sections) deposited onto a Silicon wafer (2 inches diameter) 

Nevertheless, some of the other sample supports, which were previously utilized by the 
different partners, will still continue to be utilized for particular cases (e.g. optiTOF plates for 
the fixation of whole-body tissue sections). Concerning the standard samples, a general 
agreement has been found during the meeting held in Gif-sur-Yvette in December 2006 for rat 
brain tissue sections (Figure 4) and several well known and well characterized cell lines. 

Figure 4: A rat brain section (thickness 12 !m) deposited on a silicon wafer 

1.3.1.2 Reference biological samples 
In the report D1.2 are also provided characteristic spectra and images of the reference 
biological samples. Some examples are given in Figures 5 to 10: 

Figure 5: Image recorded over an area of 18x18 mm2 at the surface of a rat brain tissue 
section, 256x256 pixels, pixel size 70x70 !m2. Primary ion Bi3

+, Primary ion dose density  
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109 ions.cm-2. The name of the compounds or the m/z value of the peak centroid, the maximal 
number of counts in a pixel (mc) and the total number of counts (tc) are written below each 
image. The color scales correspond to the interval [0, mc]. 

Figure 6: High resolution MALDI stigmatic ion optical images of a tissue section of a male 
Wistar rat. Pixel size = 600 nm and spatial resolution = 4 mm. (Red: m/z 1857; Blue:  
m/z 1755, Green: vasopressin 

Figure 7: High mass resolution FT-ICR imaging on rat brain sections 

Figure 8A: Light microscopic images of human renal cancer cells on gold-plated target. 
Before (a, 650 x 500 !m) and after (b, 320 x 250 !m) addition of matrix (DHB). 

Figure 8B: Spatial distribution of m/z 551 (100 x 100 !m). 
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Figure 9: Metal assisted (Meta)-SIMS analysis of neuroblastoma cells. 

Figure 10A: Whole-body rat sections: Image of heme signal (m/z 616) acquired on a whole-
body Brown-Norway rat section. Grayscale ranging from 0 to 5000 (a.u.). 

Figure 10B: Optical image of the same section before matrix coating. The blood distribution 
matches well with the MSI signal. 

m/z 184m/z 184

m/z 224m/z 224

m/z 369+385m/z 369+385

m/z 577m/z 577

m/z 281m/z 281

m/z 385m/z 385

m/z 465m/z 465

m/z 679m/z 679

Figure 10C: SIMS of a whole mouse section. Image acquired in the positive ion mode (left) 
and in the negative ion mode (right) with Bi3

+ primary ions (6.108 ions.cm-2), 84x28 mm2, 
768x256 pixels, pixel size 109 !m2, acquisition time 12 h. no normalization. 
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1.3.1.3 List of defined and validated preparation and treatment protocols 
In the report D1.3 are described and discussed the different sample treatments protocols 
utilized by the partners. The aim of these treatments is to obtain, for molecular imaging, and 
in both MALDI and SIMS, the best sensitivity, with the lowest spatial delocalization of the 
compounds. In MALDI, the application of a matrix at the surface of the sample is mandatory, 
and different methods (Figures 11 to 13) are now supplanting the original method in which 
the tissue surface was manually coated with an air sprayer. Some of these methods can also be 
transposed to SIMS in which the addition of a matrix on the surface is not always utilized. 

Figure 11: Apparatus used for matrix deposition in ME-SIMS. The airspray is also for 
MALDI experiments. 

Figure 12: Comparison of the matrix coatings obtained using different deposition techniques. 

Figure 13: Renal tissue coated with pneumatically assisted spray (Sinapinic acid, 1:1, v/v, 
MeCN/0, 2% TFA). 

At CNRS-Gif, a prototype of an automatic spotter (Figure 14) has been developed in 
collaboration with a French company (Siliflow). The droplets are delivered by a patented 
piezoelectric ejector, having different nozzle diameters (80 & 150 !m), with different ejected 
droplet volume (1 & 6 nL, respectively). The ejector is connected to a syringe pump and all 
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the sucking, ejection and rinsing steps are fully automated and computer controlled. The 
precise positioning of the droplet on the sample is performed by a computer controlled plate. 
This system is presently able to deposit several droplets of ~400 !m diameter (depending on 
the tissue, the sample support, etc) at the same position.  

Figure 14: Piezoelectric droplet ejector developed by Siliflow for CNRS-Gif and Sinapinic 
acid droplet 

1.3.1.4 Achievements of the project compared to the objectives and the state-of-the-art 
The main objectives of work package 1 ªSample selection and preparationº concerned: 

· Reference chemical compounds 

· Reference biological samples 

· List of defined and validated preparation and treatment protocols 

For the reference chemical compounds, matrices, peptides, proteins, lipids, oligosaccharides, 
oligonucleotides and polymers were tested with the spectrometers available at the beginning 
of the project in the different lab. A final list was validated by all the partners, in order to pick 
in it to test methods, instrument performances during the next work-packages. This list was 
therefore extremely helpful of all the partners. 

For the reference biological samples, a general agreement was found quickly to choose rat (or 
mouse) brain sections. Reference spectra and images were also recorded with the different 
equipments available in the partner's labs. 

In addition, some additional test and comparisons were also done with different sample 
supports (stainless steel plates, glass plates, gold coated glass plates, ITO coated glass plates, 
silicon wafers) and a agreement was found to choose the silicon wafer as the universal 
biological sample support. 

In a last task, the partners have tested and validated different sample preparation protocols, 
particularly the different matrix deposition methods. All the existing methods have been 
compared, and one partner (CNRS) developed in collaboration with a company a prototype of 
a robotic spotter. 

Then, after an overview of the state-of-the-art at the beginning of the project, all the 
objectives of the work package 1 were met and even exceeded. 

1.3.2 Work Package 2 ªInstrumentation developmentº 
WP 2 is the central workpackage of the COMPUTIS project to develop necessary 
instrumental components. It includes components needed for all of the following 
workpackages 3 to 6. Key to mass spectrometric imaging is the development of enhanced 
instrumental techniques for desorption, ionization and detection of biomolecules. 
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The specific objectives of WP2 are: 

· To develop enhanced biomolecular desorption and ionization methods 

· To establish suitable analytical standards 

· To improve sensitivity, resolution and informational contents of MIMS 

· To establish complementary optical techniques for enhancing analytical validity. 

Some of the highlights of the work package are summarized in the following: 

1.3.2.1 Optimization of new cluster sources 
This task included the optimization of new cluster sources for SIMS imaging. CNRS has 
compared, using rat brain tissue sections (defined as a standard biological sample in WP1), 
the capabilities of liquid metal ion guns fitted with a gold or a bismuth emitter and fullerene 
cluster ion sources. Primary ion currents, ion source stability, secondary ion yields, 
disappearance cross section, efficiency, specific data rate and useful lateral resolution have 
been evaluated using several secondary ions also defined as standards in WP1. The main 
conclusion is that the bismuth ion source (patented by Ion-Tof GmbH), when choosing Bi3+ 
or Bi52+ primary ions, is the best cluster ion source. The capabilities of a C60 fullerene ion 
source towards depth profiling directly into a rat brain tissue section are topic of D3.3. 

It has been investigated by FOM whether the improvement in sensitivity provided by a cluster 
source on native tissue sections is also generated after the tissue sections have been 
chemically modified by a thin gold coating or matrix deposition. These chemical modification 
techniques have been independently reported to offer increased molecular ion yields. It was 
found that the molecular ion yield improvements delivered by surface modification and 
cluster sources were somewhat additive, and that the most intense signals were obtained by 
exploiting their combination. Initial attempts to exploit this combination suffered from an 
unstable cluster source: however, such instability has been addressed by the manufacture and 
long experiments (high resolution experiments of large areas, of uncoated tissue) have been 
performed by the CNRS group (Figure 15). 

Figure 15: Comparison of ion yield enhancements of the higher mass molecular ions obtained 
with Bi3

2+ polyatomic primary ions (with respect to Bi1
+ atomic primary ions) for uncoated, 

gold coated and matrix coated tissue sections. 
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1.3.2.2 Microscope detector evaluation 
This task included the evaluation of a microscope mode imaging detector that can record (x, 
y, t) information with 1 ns time resolution and 80 mm spatial resolution, for the purposes of 
rapid protein imaging. FOM has assembled the delay-line detector (Figure 16) and mounted it 
on a non-imaging MALDI-ToF mass spectrometer to test the data acquisition, control (and 
optimisation) and processing facilities of the existing software. 

To test the (x, y, t) capabilities of this detector (on an instrument without the necessary 
imaging capabilities), a mask was placed in front of the detector assembly, which contains a 
series of lines of decreasing dimensions. The mask imparts this lined-structure onto the 
detected ions, thus allowing the imaging capabilities of the (x, y, t) at different resolutions and 
with different analyte ions. Using a range of ions, including the large protein ions bovine 
serum albumin and trypsinogen, the (x, y, t) detector has spatially and temporally resolved the 
lined structures of dimensions > 500 mm with 1 ns time resolution. 

Figure 16: Delay-line detector 

One of the major difficulties found during this project, is the limited multi-hit capabilities of 
the commercial software. Though the detector is designed to allow multi hit capabilities when 
operated in ADC (Analog-to-Digital-Converter) mode, close examination of the commercial 
software revealed that it uses very basic pick picking algorithms. This has resulted in the 
software rejecting the majority of the protein ion signals, and thus limiting the contrast of the 
images. Two solutions to this problem will be developed in parallel: 

· The detector will be used with TDC detection on a SIMS instrument, in which the lower 
count rates will limit the number of multi-hit events encountered by the (x, y, t) detector. 

· New software will be developed to deconvolute the ADC multi-signals. 

1.3.2.3 Gold implantation and surface coverage 
This task included the development of protocols for optimized gold implantation and gold 
surface coverage for biomolecular imaging. The effect of gold implantation and surface 
coating on sensitivity; spatial resolution and surface charge build-up was investigated. From 
these results, a standard protocol was devised to provide optimal sensitivity and spatial 
resolution for Molecular Imaging Mass Spectrometry (MIMS) of peptides, proteins and other 
biomolecules. The so-called MILDI method (Matrix Implanted Laser Desorption Ionization) 
was evaluated. 

On the one hand, the obtained results were rather discouraging and showed that the sensitivity 
of the method is not sufficiently high to be further investigated for imaging mass 
spectrometry. Gold implantation and gold coating were investigated in their ability to improve 
the sensitivity of SIMS, MALDI and LDI for the analysis of biological samples. The results
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of FOM demonstrated that gold implantation did not provide sufficient sensitivity for 
functional imaging mass spectrometry investigations, too. 

On the other hand, gold surface coverage (Figure 17) was extremely promising: it provides 
significantly more sensitivity, is applicable to both SIMS and MALDI and is compatible with 
high resolution imaging. In SIMS, the sensitivity enhancement provided by gold coating on a 
sample is comparable to that obtained by using a cluster source. As indicated in WP2/Task1, 
the combination of cluster source and gold coating provides the highest yields. These yields 
were found to be sufficient to investigate the sub-cellular distributions of lipids using their 
molecular ions. This latter aspect is of vital importance as it enables the analyst to distinguish 
between lipids and thus investigate the spatial distributions of lipids with more specificity. 

Figure 17: A photograph (a) and SEM micrograph (b) of a rat brain tissue section coated with 
1 nm of gold. Scale bar = 100 nm. Under ambient light conditions the gold-coated samples 
often have a greenish hue 

The only drawback of gold coating on a sample is that, with SIMS, it can be difficult to 
determine which analytes will be detected with higher sensitivity. However, as each 
experiment can be performed in a few minutes, a simple trial experiment can quickly establish 
those questions that can benefit from gold coating. The conductivity provided by the gold 
coating improves the performance of mass analyzers that are sensitive to surface charge 
(Figure 18), such as the stigmatic ion optical microscope or the time-gate of a TOF/TOF 
analyzer, to such an extent that it is becoming one of the standard sample preparation 
treatments in biological imaging mass spectrometry.

a) b)



16

Figure 18: Comparison of the positive-ion SIMS spectra obtained from uncoated and gold-
coated tissue section using Bi1

+ and Bi3
2+ primary ions. The spectra concentrate on the lipid 

region of the mass spectra, and clearly show substantial changes. 

1.3.2.4 Desorption Electrospray Ionisation for MIMS 
Various versions of Desorption Ionisation Electrospray (DESI) interfaces were developed and 
tested (Figure 19). A nitrogen gas assisted version of the imaging DESI source for the 
COMPUTIS project gave excellent results in comparison to literature (non-imaging) values. It 
was found however, that the DESI method, even under optimal conditions, cannot be regarded 
as an advantageous method for imaging purposes as aimed at within the COMPUTIS project. 

Figure 19: Desorption Ionisation Electrospray (DESI) interface 
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The limit of detection (LOD) was found to be still much too high under optimized conditions 
and is not sufficient for imaging real biological samples like tissues and single cells. The 
usable lateral resolution was found to be rather poor, due to sample migration effects and 
divergence of the primary ion / spray / gas beam (Figure 20). A minimal usable (effective) 
lateral resolution of about 1000 !m was found (going down to about 100 to 200 !m with 
unfavourable deterioration of sensitivity). Substance classes were limited to lipids, small 
molecules and small peptides. For larger molecules such as proteins, LOD values significantly 
increased. Biological samples were found to be severely destroyed by the intense nitrogen gas 
stream under optimized sensitivity conditions. The method thus appears to be unfavourable 
for sensitive biological samples. 

In total, the investigation of the DESI method for MS imaging purposes has shown that it is 
not advisable to further follow the instrumental and methodological developments of DESI 
imaging within the COMPUTIS project. 
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Figure 20: DESI imaging experiment of different felt tip pen entries on PMMA surface. Plate 
size was 2 cm x 2 cm. 

1.3.2.5 UV-Confocal Microscopy combined with MIMS 
A new setup of combining scanning Matrix Assisted Laser Desorption Ionization (MALDI) 
with confocal microscopy in the UV range was developed and tested. This setup is shown in 
Figure 21: 
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Figure 21: Scheme of the setup for combined confocal MALDI-TOF mass spectrometric 
imaging and confocal fluorescent imaging 

Results obtained with the combined setup are demonstrated in Figure 22: 
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Figure 22: SMALDI and confocal microscopy (CLSM) performance tests. A patterned silicon 
wafer was used as a test specimen.  

A: Silicon wafer with line pattern imaged in a conventional scanning electron microscope 
(SEM). The specimen plane is tilted by 60 degrees against the beam line. The fracture shows 
the line profile being elliptic. 

B: The same wafer pattern filled with DHB aqueous solution and air dried to crystallization. 
The bars are not covered with DHB and thus remain dark. Imaging in a conventional 
microscope (Olympus BX-40) working in epifluorescence mode. Excitation at 320-380 nm, 
fluorescence detection 410 nm long pass filter.  

C: CLSM image obtained from line pattern wafer in the MALDI confocal UV microscope in 
reflection mode at 349 nm. Illumination with a frequency-tripled Nd:YLF laser. Detection of 
the reflected light after filtering by a non wavelength-selective beam splitter. The bright lines 
represent the wafer bars. The dark regions correspond to the grooves etched into the wafer 
surface.  

D: SMALDI image of DHB at m/z = 137 u. The same pattern as in C filled with DHB and 
allowed to dry. The bars are dark while the DHB gives a bright signal.  

E: As in D but the wafer filled with a mix of DHB as MALDI matrix and the peptide melittin 
for detection. SMALDI image was composed from signal of melittin at m/z = 2846.8 u ( 
[M+H] +

mono).  

F: Superposition of C and E. The green channel contains the reflection light signal while the 
red channel represents the melittin mass spectrometer signal. 

1.3.2.6 Instrumentation for combined imaging and structural analysis of biomolecules 
This task addresses the development of new technical capabilities (Figure 23), concerning the 
ion generation, ion fragmentation and ion detection, and of optimized preparation protocols, 
that ensure molecular imaging mass spectrometric (MIMS) measurements of precursor (MS) 
and fragment ions (MSn). 

  
Figure 23: Photo of the AP SMALDI setup plugged to the Finnigan LTQ-FT mass 
spectrometer 
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Three types of combinations of ion sources and mass analyzers were developed, MALDI-
TOF, MALDI-(LTQ)-FT-ICR and SIMS-TOF. The MALDI-TOF imaging mass spectrometer 
at FOM is operating in the microscope mode employing a delay line detector.  

The imaging MALDI LTQ FT-ICR combination at JLU operates under atmospheric pressure 
in the ion source and allows for MSn with highest mass accuracy and resolution. 

PSD like MS/MS methodologies have been worked on and completed for the third mass 
spectrometer type, a SIMS-TOF (ToF-SIMS IV, Ion Tof, M$nster, Germany) at CNRS. This 
method could already be applied to biological samples like rat brain sections and showed its 
potential for structural characterisation of the observed compounds (Figure 24). Using SIMS-
TOF for imaging, lateral resolutions on the submicrometer scale can easily be achieved at 
present combined with MS/MS capabilities. 

Figure 24: TOF-SIMS images of the precursor ion (phosphocholine headgroup, m/z 184) and 
its fragment ions (at m/z 60, 86, 104, 166) at the edge of the corpus callosum of a rat brain 
section deposited on a stainless steel plate without treatment. Field of view 500 x 500 !m2; 
pixel size 1 !m; compression to 4 !m; Bi3+ projectiles; primary ion dose density: 1x1012 
ions.cm-2. mc corresponds to the maximal counts on one pixel and tc to the total counts of the 
image. 

1.3.2.7 Position calibration target 
Localization of specific microareas of a sample, which is under investigation in different 
instruments (SIMS, MS-SIMS, MALDI microprobe imaging, MALDI microscope imaging) 
and different laboratories (France, the Netherlands, Germany), is not a simple task. These 
instruments differ considerably in terms of spatial resolution, field-of-vision and GUI. They 
are also very different in technical concept and features regarding the development of a 
common position calibration target. Generic calibration targets with position markers usable 
by various instruments had to be developed. Several strategies were tested as common 
position calibration systems. 

Additional structures had to be added to the standard targets in order to allow for calibration 
with high resolution. Various structuring technologies were evaluated with respect to 
requested lateral resolution and accuracy, compatibility with target specifications,
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manufacturing times, availability, and cost. From the set of available techniques, three main 
candidates were evaluated in this task, laser etching, photolithography and soft lithography.  

Due to significant advantages of the soft lithography/micro contact printing technique and due 
to the limitations of the other techniques, micro contact printing was used as the standard 
fabrication method for the high resolution position calibration system (the micro-structured 
area in one corner of the targets). An example of a standard calibration target with additional 
microstructures for high resolution position calibration is shown in Figure 25. 

Figure 25: Standard target covered in the corners with cuts of prepared PDMS structures 
formed by soft lithography 

Different versions of the patterned concave structures were used, in order to allow their use as 
optimal position (and orientation and size) calibration markers, as optimal sensitivity 
calibration structures (lines to be filled with differently concentrated solutions) or as optimal 
resolution calibration structures (concave saw tooth structures to be filled with analyte 
solution and to be scanned by MIMS). 

1.3.2.8 Achievements of the project compared to the objectives and the state-of-the-art 
WP 2 was focused on instrumental developments in order to improve MS imaging techniques. 
The specific objectives of WP2 were: 

· To develop enhanced biomolecular desorption and ionization methods 

· To establish suitable analytical standards 

· To improve sensitivity, resolution and informational contents of MIMS 

· To establish complementary optical techniques for enhancing analytical validity. 
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Cluster sources for SIMS measurements were further improved by FOM and CNRS. Gold 
coating of samples in order to improve the performance of mass analysers that are sensitive to 
surface charge was further optimized within this work package.  

The developments also include the first implementation of FTMS based imaging methods at 
JLU and FOM. These measurements provide unprecedented mass accuracy for MS imaging 
experiments and allow confident identification of imaged compounds. The JLU source offers 
for the first time spatial resolution in the micrometer range for MALDI measurements. A set 
of sample supports for calibration and sample exchange was developed.  

A delay-line detector was developed for microscope mode mass spectrometry imaging. This 
unique device allows simultaneous detection of mass (flight time) and position. All these 
developments are major improvements in MS imaging technology. They are the basis for the 
method development in WP3 and biological applications in WP 6. 

1.3.3 Work Package 3 ªAnalytical studiesº 
Workpackage 3 has focused on the application of the developed imaging MS methodologies, 
strategies and protocols to various analytically challenging problems in the life sciences. In 
doing so it has highlighted the advances in the European imaging Mass Spectrometry realized 
by the efforts of the Computis consortium. Several of the developed strategies have found 
their way to research professionals all over the world demonstrating the broader international 
impact.  

The objectives of this work package through the project were: 

· Perform comparative bioanalytical studies  

· Definition, evaluation and validation of calibration protocols 

· 3D MS imaging strategies for biological tissue 

· Identification and characterization of relevant biomolecules from tissues by established 
and new bioanalytical strategies 

The concise list of analytical scientific results below is a selection of the highlight of the 
project. 

1.3.3.1 Calibration targets and comparative studies 
Round robin samples and calibration targets with pre-patterned peptides, proteins and lipids 
have been designed and evaluated (Figure 26). It has resulted in standardized methodologies, 
protocols and sample standards between the partner laboratories. This comparison of the 
results of all partners demonstrated the strength and weaknesses of the imaging methods 
applied to determine LOD, spatial resolution and molecular sensitivity. 
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Figure 26: SIMS and MALDI images of calibration targets of various compound classes. 
Spots are ~100 micrometer in diameter. 

1.3.3.2 3D MS imaging of biological tissue 
Two three-dimensional reconstructions from six slices of a MALDI-ToF analyzed human 
breast cancer xenograft tumor are shown in Figure 27. Panel A shows m/z 616 (free heme) 
and panel B shows m/z 773 (PC 32:0). These masses exhibit a complementary distribution 
revealing some of the three-dimensional tissue morphology. 

The data acquisition and analysis for this type of analysis is extremely time-consuming, as 
each individual section takes approximately 24 hours to prepare, analyze, process and add to 
the 3D volume. The protocol developed has demonstrated that for small stable molecules, it is
feasible to perform 3D tissue analysis with a z-resolution of 500 micrometers. Ultimately the 
throughput of imaging mass spectrometry instruments will need to be improved drastically to 
allow the 3D imaging of less stable compounds. 

Figure 27: 3D reconstructions from six slices of a MALDI-ToF analyzed human breast cancer 
xenograft tumor. 
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1.3.3.3 Depth profiling tissue for 3D reconstruction. 
Ion images of 110x110 !m2 surface were recorded with Bi3

+ primary ions. The four rows in 
Figure 28 show the total image (sum of all the step B measurements), the ªtopº images 
(accumulation of the step B measurements over the first part of the irradiation, i.e. during the 
steep s1 slope, from the beginning to a dose density of 2.8x1015 ions.cm-2), and the ªmiddleº 
and ªbottomº images (sum of the step B measurements during the s2 slope, for dose densities 
ranges of 2.8x1015 to 1.5x1016 ions.cm-2, and 1.5x1016 cm-2 to 2.8x1016 ions.cm-2, 
respectively). 

It can be seen that most of the intensity is concentrated in the ªtopº images for lipids such as 
cholesterol, while the intensity of the images remains readable until the end of the irradiation 
for sodium, potassium and phosphocholine ions. 

B
: t

op
C

: m
id

dl
e

D
: b

ot
to

m
A

: t
ot

al

before

after

Na+ K+ Choline Phosphocholine Cholesterol Total ion

B
: t

op
C

: m
id

dl
e

D
: b

ot
to

m
A

: t
ot

al

before

after

B
: t

op
C

: m
id

dl
e

D
: b

ot
to

m
A

: t
ot

al
B

: t
op

C
: m

id
dl

e
D

: b
ot

to
m

A
: t

ot
al

before

after

beforebefore

afterafter

Na+ K+ Choline Phosphocholine Cholesterol Total ion

Figure 28: Left:  Video images recorded before and after the depth profiling experiment. The 
corpus callosum can clearly be distinguished (dark area on top left). The 300x300 !m2

sputtered area is clearly visible. The green rectangle (110x110 !m2) shows the area where the 
ion images are recorded. 

Right:  Secondary ion images of different ions recorded at the edge of the corpus callosum at 
the surface of a rat brain tissue section, at different stages of the depth profiling 

1.3.3.4 Significant dynamic range in the spectra 
Without any quantitative information in terms of amount of matter or concentration, it is 
possible to evaluate the ability to get significant information from a very tiny peak compared 
to other much more intense peaks. This is impressively highlighted when selecting a very-
low-intensity peak in the mass domain produces a clear and significant image in space. 

An attempt to assess the range of peaks between MALDI-Tof and Tof-SIMS spectra was 
carried out, from selected data processed by CEA (Table 2). 
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· MALDI spectra can be characterized by a high-level baseline even after denoising, 
whereas SIMS spectra present no (or almost no) baseline. 

· The ratio in amplitude between high peaks and the baseline is about 400 for MALDI 
spectra, and about 104 for SIMS spectra, for the data studied by CEA in the framework of 
the Computis project. 

· The ratio between the high peaks and the small speaks with a significant physical sense is 
in the same order of magnitude with both imaging techniques: about 40 for MALDI, and 
about 50 for SIMS. 

· Peaks are large in MALDI imaging and very thin in SIMS imaging. The width at mid-
height of high peaks is about 5 to 6 mass units for MALDI, and only of about 0.2 mass 
unit for SIMS.  

 MALDI SIMS 

Amplitude of small peaks 
with a physical sense (in 
DAC units or counts) 

105 200 

Level of the baseline after 
denoising (in DAC units or 
counts) 

104 Almost 0 

Amplitude of the high peaks 
(in DAC units or counts) 

4. 106 104

Width at mid-height of high 
peaks (in mass units) 

5-6 0.2 

Table 2: Assessment of the dynamic range in spectra for MALDI and SIMS imaging 
(according to the data processed by CEA in the framework of the Computis project). 

1.3.3.5 Characterization of Human Pancreas Diseases 
Human pancreas sections were analyzed to compare lipid profiles of different disease states. 
Pancreatic cancer is typically diagnosed at an advanced stage, thus the survival rate compared 
to other types of cancers is poor. Donor pancreas, chronic pancreatitis and pancreatic cancer 
were sectioned to 15 !m on a cryo-microtome, washed in 70:30 ethanol:water for 1 minute 
and coated with 5 layers of � -cyano-4-hydroxycinnamic acid diethylamine salt (100 mg/ml, 
2:1 ACN/H2O (0.2% TFA)) and 30 layers of 10 mg/mL � -cyano-4-hydroxycinnamic acid (2:1 
ACN/H2O (0.2% TFA)) with an ImagePrep matrix deposition device. 

The samples were analyzed on the MALDI FT-ICR MS described in deliverable 2.6 of this 
project. The resulting data was analyzed with statistical tools (PCA and pLSA, developed 
outside the Computis project) to aid in data interpretation. Accurate mass measurements from 
FT-ICR allowed confident identification of phosphatidylcholine and triacylglycerol lipids 
directly from the tissue surface without MS/MS. Figure 29 shows the results for healthy 
pancreas, Figure 30 for chronic pancreatitis and Figure 31 for pancreatic cancer. 
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Figure 29: pLSA and PCA results with selected feature defined masses for healthy pancreas. 
The scale bar in each image is 1.5 mm. pLSA identifies features with phosphocholines (PC), 
triacylglycerols (TG) and higher mass compounds. Selected component spectra were 
internally calibrated with respect to PCs for assignments. New calibration routines, such as 
INCAS and multiple linear regression have been developed to allow high mass accuracy over 
the entire dataset. 

Figure 30: Selected feature defined masses for chronic pancreatitis. The scale bar in each 
image is 1.5 mm. pLSA distinguishes three unique areas with different characteristic masses. 
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Figure 31: Selected feature defined masses for pancreatic cancer. The scale bar in each image 
is 1.5 mm. Matrix peaks were identified as a distinct component in each data set, as shown for 
component 6. PCA component 2 matches well with pLSA component 2, however the 
positive/negative scaling is not straightforward. 

1.3.3.6 Analytical studies ant high spatial resolution 
At JLU spatial resolution for MALDI was further increased in order to closer investigate 
regions of interest. Figure 32 B shows an AP-SMALDI image of an area of the urinary 
bladder with two different, adjacent tissue types, acquired with a step size and ablation spot 
size of 5 !m. Ion distributions again correlated well with histological features indicated in the 
stained tissue image (Figure 32 A). The image provides pixel-sharp separation between the 
muscular layer (m/z = 741.5307 u, green) and the urothel tissue (m/z = 798.5410 u, red) with 
no blur or signal overlap (yellow pixels), demonstrating that the effective analytical resolution 
is indeed in the range of 5 !m. 

Figure 32: (A) Optical image of same tissue section after histochemical staining (toluidine 
blue). All ions are of type [M+K]+ except for heme.  
(B) Overlay of ion images: 5 !m step size, m/z = 114.9039 (In+ substrate, blue),  
m/z = 798.5410 (PC (34:1), red) and m/z = 741.5307 (green). 

Using dedicated imaging software, high mass accuracy and resolution were preserved when 
selecting mass spectral images. All images were generated using a highly discriminatory m/z 
bin width for image assignment of m/z = 0.01. This was necessary to distinguish compounds 
which were significant for structural contrast but were close in m/z. 


