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1 PROJECT EXECUTION

1.1 General project objectives

The Computis project concerns imaging mass speetrgnmand its application to many
biological questions of present-day import. Imagim@ass spectrometry is an excellent
discovery tool as it allows visualizing the spatiédtribution of hundreds of bio-molecules
within a biological sample in a single experimehhe technique can be used to investigate
the distribution of multiple classes of bio-molexsjl does not require the bio-molecules to be
tagged prior to the experiment, can be applieditbssue / cell types and the results can be
compared with other imaging modalities.

The goal of the Computis project is to develop,irojte, combine, correlate and apply
methods of mass spectrometric molecular imaginge@ally various specialized methods of
Secondary lon Mass Spectrometry (SIMS) and Matssigted Laser Desorption lonization
Mass Spectrometry (MALDI-MS), and to merge the hsswith well known pathological /
histological pictures of cells and tissues intamanmon image. The principal objectives are to
innovate in MS imaging instrumentation, realize atted molecular image-based diagnosis
methods for identifying and classifying diseasesd @ monitor therapeutic effects on
expression patterns and distributions.



1.2 Contractors involved
Table 1 presents the different partners involvethis project:

. Participant Participant L
Participant e R Scientific team
organization | organization Town Country
no. leader
name short name
1
Scientific | Commissariat # Olivier Gal
Leader |©Energie CEA Saclay France
1 Atomique Marie-France
Coordinator Robbe
2 JUSt.US L|_eb|g JLU Bernhard Giessen Germany
University Spengler
Dutch
Foundation for
3 Fundamental FOM Ron Heeren Utrecht Netherlands
Research on
Matter
Centre Nationa Gif-sur-
4 de la Recherch’ CNRS Alain Brunelle France
. Yvette
Scientifique
Power
5 Comput-lng .& X PCC Ronald Schut Amsterdam Netherlands
Communications
UVA BV
n 11} n 1 F"dor
6 G"n"thon G'"n"thon Svinartchouk Evry France
7 Novartis Novartis Markus_ Basel Switzerlana
Stoeckli

Table 1: Partners of the COMPUTIS project

Marie-France Robbe

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

Coordinator phone:
Coordinator fax:

(33) 1 69 08 87 49
(33) 1 69 08 60 30

The partners of the project are presented in Figjure
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Figure 1: Partners of the Computis project
The fields of competences of the partners wereu(€ig@):

Clinics/Pharmaceutics

Figure 2: Complementarities of partners' competence



1.3 Work performed and end results
The work performed and the major achievementseperted for each work package.

1.3.1 Work Package 1 2Sample selection and preparaitn®

1.3.1.1 Reference chemical compounds

The deliverable D1.1 reviews the choice and theradtarization of several chemical
compounds which will be utilized along the programreferencesfor (ME-) SIMS and
MALDI mass spectrometry and mass spectrometry intagi

The objective is to enhance the performance of MAald SIMS mass spectrometry towards
their imaging capabilitiesPeptides, proteins, lipids, polymers and oligosacittes are
mapped with MALDI with the help of MALDmatrices while lipids are mapped with SIMS
with and without coating. In all the cases thesepounds 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 Desoigot lonization) and (ME-)SIMS:
this first class of compounds are the matrices iwhiaeke possible the ionization of:

- peptides and proteins,
- lipids,
- oligosaccharides.

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

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

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

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

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

6) Polymers: the sixth class of compounds can bd asecalibrants and to test the mass
spectrometer configuration for the measuremenbbfrpers.

All these compounds, as well as the reference spemte available all along the duration of
the project to characterize and test the ion déisorpnethods, instrument performances in
terms of sensitivity, mass resolution and/or spagisolution.

The deliverable D1.2 reviews the choice and therattarization of reference biological
samples which will be utilized along the programreferencesfor SIMS and/or MALDI
mass spectrometry and mass spectrometry imagingieisas their most utilized samples
supports, sample preparation methods, sample stoeay One important accomplishment is
that silicon wafershave been agreed by all the involved partnersetmime the reference



sample support (Figure 3) for the future of thejgeb This material brings together several
important and necessary features, flatness, conatycipurity, adhesion of samples, as well
as a moderate price and an excellent reprodugibilit

i B
Figure 3: Samples (12 !'m thick sections) deposdetb a Silicon wafer (2 inches diameter)

Nevertheless, some of the other sample support&ghwiluere previously utilized by the
different partners, will still continue to be utiéid for particular cases (e.g. optiTOF plates for
the fixation of whole-body tissue sections). Congsg the standard samples, a general
agreement has been found during the meeting hekdfisur-Yvette in December 2006 for rat
brain tissue sections (Figure 4) and several welkn and well characterized cell lines.

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

1.3.1.2 Reference biological samples

In the report D1.2 are also provided characterispectra and images of the reference
biological samples. Some examples are given inrEga to 10:
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Figure 5: Image recorded over an area of 18x18& ranthe surface of a rat brain tissue
section, 256x256 pixels, pixel size 70x70 AnPrimary ion Bi*, Primary ion dose density



10° ions.cn?. The name of the compounds or the m/z value op#ak centroid, the maximal
number of counts in a pixel (mc) and the total nemif counts (tc) are written below each
image. The color scales correspond to the intgfyahc].
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Figure 7: High mass resolution FT-ICR imaging onbrain sections
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Figure 8A: Light microscopic images of human renahcer cells on gold-plated target.
Before (a, 650 x 500 !m) and after (b, 320 x 250)!addition of matrix (DHB).

Figure 8B: Spatial distribution of m/z 551 (100601 m).
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Figure 9: Metal assisted (Meta)-SIMS analysis afroblastoma cells.

Figure 10A: Whole-body rat sections: Image of hesigmal (m/z 616) acquired on a whole-
body Brown-Norway rat section. Grayscale rangirgiO to 5000 (a.u.).
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Figure 10B: Optical image of the same section l@efoatrix coating. The blood distribution
matches well with the MSI signal.

m/z 184

Figure 10C: SIMS of a whole mouse section. Imagpiimed in the positive ion mode (left)
and in the negative ion mode (right) withsBprimary ions (6.19ions.cn?), 84x28 mm,
768x256 pixels, pixel size 109 macquisition time 12 h. no normalization.
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1.3.1.3 List of defined and validated preparation ad treatment protocols

In the report D1.3 are described and discusseddiifierent sample treatments protocols
utilized by the partners. The aim of these treatento obtain, for molecular imaging, and
in both MALDI and SIMS, the best sensitivity, withe lowest spatial delocalization of the
compounds. In MALDI, the application of a matrixtaé surface of the sample is mandatory,
and different methods (Figures 11 to 13) are noppknting the original method in which
the tissue surface was manually coated with aspaayer. Some of these methods can also be
transposed to SIMS in which the addition of a nxatn the surface is not always utilized.

Electrospray ionization

3.5 kV -

ground! : - .

Airspray

Air spray head — adjusiable aperiuns and
drive  pressure  allows fine and
reproducible control of matrix coating.

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

dried droplet air spray electrospray electrospray

F bt 8

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

At CNRS-Gif, a prototype of an automatic spotteig(ffe 14) has been developed in
collaboration with a French company (Siliflow). Tkleoplets are delivered by a patented
piezoelectric ejector, having different nozzle deens (80 & 150 !'m), with different ejected

droplet volume (1 & 6 nL, respectively). The ejec connected to a syringe pump and all

11



the sucking, ejection and rinsing steps are fulljomated and computer controlled. The
precise positioning of the droplet on the samplpedormed by a computer controlled plate.
This system is presently able to deposit sevei@ghldts of ~400 !'m diameter (depending on
the tissue, the sample support, etc) at the saisieqro

Figure 14: Piezoelectric droplet ejector developgdSiliflow for CNRS-Gif and Sinapinic
acid droplet

1.3.1.4 Achievements of the project compared to thabjectives and the state-of-the-art
The main objectives of work package 1 28Sample siele@nd preparation® concerned:

Reference chemical compounds
Reference biological samples
List of defined and validated preparation and treatt protocols

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

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

In addition, some additional test and comparisomsewalso done with different sample
supports (stainless steel plates, glass plated,agalted glass plates, ITO coated glass plates,
silicon wafers) and a agreement was found to chdbsesilicon wafer as the universal
biological sample support.

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

Then, after an overview of the state-of-the-arttte# beginning of the project, all the
objectives of the work package 1 were met and exereded.

1.3.2 Work Package 2 2Instrumentation development®

WP 2 is the central workpackage of the COMPUTIS jgmio to develop necessary
instrumental components. It includes componentsdewefor all of the following
workpackages 3 to 6. Key to mass spectrometric imgag the development of enhanced
instrumental techniques for desorption, ionizaaod detection of biomolecules.

12



The specific objectives of WP2 are:

To develop enhanced biomolecular desorption andation methods

To establish suitable analytical standards

To improve sensitivity, resolution and informatibnantents of MIMS

To establish complementary optical techniques bra@cing analytical validity.

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

1.3.2.1 Optimization of new cluster sources

This task included the optimization of new clussewrces for SIMS imaging. CNRS has
compared, using rat brain tissue sections (defased standard biological sample in WP1),
the capabilities of liquid metal ion guns fittedtlvia gold or a bismuth emitter and fullerene
cluster ion sources. Primary ion currents, ion seustability, secondary ion yields,
disappearance cross section, efficiency, specdia date and useful lateral resolution have
been evaluated using several secondary ions afseedeas standards in WP1. The main
conclusion is that the bismuth ion source (patebteton-Tof GmbH), when choosing Bi3+
or Bi52+ primary ions, is the best cluster ion seurThe capabilities of a C60 fullerene ion
source towards depth profiling directly into alatin tissue section are topic of D3.3.

It has been investigated by FOM whether the impmoeet in sensitivity provided by a cluster
source on native tissue sections is also generaftt the tissue sections have been
chemically modified by a thin gold coating or matdeposition. These chemical modification
technigues have been independently reported to witeeased molecular ion yields. It was
found that the molecular ion yield improvementsivdgkbd by surface modification and
cluster sources were somewhat additive, and tleatrtbst intense signals were obtained by
exploiting their combination. Initial attempts tapoit this combination suffered from an
unstable cluster source: however, such instathiity been addressed by the manufacture and
long experiments (high resolution experiments ofdaareas, of uncoated tissue) have been
performed by the CNRS group (Figure 15).

25 4

ka
=}

relative intensity
>
L

o
1

Bi" Bi* Bi’ B2 Bi?* Bi2*
native gold matrix native gold matrix

Figure 15: Comparison of ion yield enhancementhefigher mass molecular ions obtained
with Bis”* polyatomic primary ions (with respect to;Batomic 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 microscomalenimaging detector that can record (X,
y, t) information with 1 ns time resolution and 8th spatial resolution, for the purposes of
rapid protein imaging. FOM has assembled the diteyeetector (Figure 16) and mounted it
on a non-imaging MALDI-ToF mass spectrometer td the data acquisition, control (and
optimisation) and processing facilities of the &rig software.

To test the (x, y, t) capabilities of this detecfon an instrument without the necessary
imaging capabilities), a mask was placed in franthe detector assembly, which contains a
series of lines of decreasing dimensions. The maglarts this lined-structure onto the

detected ions, thus allowing the imaging capabsiof the (X, y, t) at different resolutions and
with different analyte ions. Using a range of iomgluding the large protein ions bovine

serum albumin and trypsinogen, the (X, y, t) detelsas spatially and temporally resolved the
lined structures of dimensions > 50t with 1 ns time resolution.

Figure 16: Delay-line detector

One of the major difficulties found during this at, is the limited multi-hit capabilities of
the commercial software. Though the detector isgdes to allow multi hit capabilities when
operated in ADC (Analog-to-Digital-Converter) moadgse examination of the commercial
software revealed that it uses very basic pick ipgkalgorithms. This has resulted in the
software rejecting the majority of the protein wignals, and thus limiting the contrast of the
images. Two solutions to this problem will be deysd in parallel:

The detector will be used with TDC detection onlllS instrument, in which the lower
count rates will limit the number of multi-hit evsrencountered by the (x, y, t) detector.

New software will be developed to deconvolute tH@CAmMulti-signals.

1.3.2.3 Gold implantation and surface coverage

This task included the development of protocols dptimized gold implantation and gold

surface coverage for biomolecular imaging. The affef gold implantation and surface

coating on sensitivity; spatial resolution and aoef charge build-up was investigated. From
these results, a standard protocol was devisedrdeide optimal sensitivity and spatial

resolution for Molecular Imaging Mass SpectroméWyMS) of peptides, proteins and other

biomolecules. The so-called MILDI method (Matrixpghanted Laser Desorption lonization)

was evaluated.

On the one hand, the obtained results were rateeoutaging and showed that the sensitivity
of the method is not sufficiently high to be funthevestigated for imaging mass
spectrometry. Gold implantation and gold coatingenavestigated in their ability to improve
the sensitivity of SIMS, MALDI and LDI for the analis of biological samples. The results

14
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