Protein Chemistry/Proteomics/Mass spectrometry Uni. of Helsinki

Preparation of tissues for MALDI imaging and
profiling
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Scheme of utilization

. Collecting the tissue samples (usage of fresh
frozen material or FFPE archives),

. Slicing and tissue preparation,

. Matrix deposition

. Rastering of an image,

. Acquiring spectra,

. Image processing

. Statistical analyses.

. In parallel, consecutive sections can be stained
using classical (immuno)-histochemical methods
allowing pinpointing regions of interest (i.e.
tumour versus non tumour or focusing on
defined anatomical structures).

. MALDI-PMS can be performed on localized,
“discrete " regions of the tissue, while MALDI-
IMS requires larger, continuous areas of the
tissues.

10. Subsequent validation analyses involve tissue
microdissections, fractionations, enzyme
digestions, MS and MS/MS runs and database
searches. Alternatively, Tag-antibody approach
(TAMSIM) might be utilized.
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Collecting the samples

1. Sample handling and preparation of sections for i mage analysis are critical to
the spatial integrity of measured molecular distrib utions.

2. Any molecular degradation that occurs in the tim e between sample collection
and analysis can adversely affect the results.

3. A typical study may involve samples collected ov er a lengthy period of time, and
standardized procedures are therefore required to m inimize experimental
variability over the time course of the study.

4. Good communication among all personnel involved with collecting, storing and
analyzing samples is critical.

5. Ideally, samples are frozen immediately after co llection and stored at -80 1€ until
sections for MALDI-IMS analysis are cut on a cryomic  rotome just before
analysis.
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1. Animals are usually killed by cervical dislocatio n, after which the tissue of
interest has to be rapidly removed and immediately processed:

A. Flash frozen in liquid nitrogen (30-60 sec) and s  tored at -80 1€

B. Flash frozen in liquid nitrogen cooled isopentane and stored at -80 1€ until
sectioning in order to minimize proteolysis and con serve PTMs of peptides and
proteins.

C. Small sections can also be frozen using dry icea  nd ethanol

D. Alternatively, the tissue may be frozen in a mix  ture of dry ice and hexane at -
75 1€, embedded in a 2% gel of sodium carboxymethylcell  ulose (CMC) and
stored at -80 1€ until further use.

E. Embedding in gelatine has been used to facilitat e handling of small or fragile
samples (e.g., biopsies).

Lalowski et al., J Proteomics, in revision
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Step 1: preserving the tissues

1. Similarly, biopsy/autopsy human material
can be stored at -80 1€ after being
subjected to a conductive heat transfer
The methodology was developed to
stabilize biological tissues and fluids at the
moment of sampling ( Denator AB ,
Gothenburg Sweden)

. The tissue stabilization system utilizes a
combination of heat and pressure under
vacuum and its utility was demonstrated by
monitoring the PTMs and stability of
proteins and by checking the enzymatic
activities in the mouse and human brain.
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Step 1: preserving the tissues
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1) Contamination with embedding media for cryosectio n, such as agar, a
polysaccharide, Tissue-Tek® and OCT (optimal cutting temperature compound),
a combination of polyvinyl alcohol and polyethylene glycol polymers, should be
avoided as they suppress ion formation in MALDI MS.

2) To facilitate handling of small or fragile sample s (i.e., biopsies), embedding in
gelatine or agarose has also been used.

3) At present, the most widely used technique is to affix flash frozen tissue on a
cold MALDI target plate or to a conductive surface, I.e. nickel or ITO-coated
(indium-tin-oxide) glass slide with a minimal amoun t of OCT so that it is not in
direct contact with the sectioned tissue or microto me blade during sectioning.

4) The microtome blades (preserved in mineral oil) s hould also be washed with
acetone or methanol to prevent chemical contaminati on if no disposable blades
are used.
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1) The thickness of tissue for MALDI-PMS and MALDI-IMS lies within a range of 5-40 um ;
however, for most of the applications  10-20 um thin sections are used.

2) While thinner sections are difficult to handle, t hey provide higher quality mass spectra,
especially in higher mass range, the thicker sectio ns require longer drying times and
have electrically insulating properties, which can adversely affect the image scanning
performance.

3) Typically, the sample stage temperature in the mi  crotome is maintained between -5 I€ to -
20 IE€. The tissue sections with higher amount of fat re  quire (i.e. brain) lower temperature
(-15C to-20C) for optimal cutting.

4) The cut tissues are placed by forceps or an artis t brush onto a cold surface and thaw-
mounted with a warm finger (or placed in a desiccat  or). Alternatively, the tissue samples
might be placed directly on a slide kept at room te mperature; however, usage of the cold
plate (slide) method is preferred as water-soluble compounds will remain within the
tissue sample and the tissue alterations are minima .

Lalowski et al., J Proteomics, in revision
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Step 3. tissue pre-treatment

1) Before protein/peptide imaging is executed, thet issue needs to be rinsed to fix
proteins and remove contaminants such as endogenous molecular species
(lipids or biological salts) and tissue-embedding m edia, which may affect protein
desorption/ionization efficiency.

2) Usually washing increases the intensity of observ ed signals 3-10 fold,
depending on the sample . For example HPLC-grade ethanol- based tissue
rinsing, performed for approximately 30 seconds, im proves the quality of mass
spectra and preserves the tissue over time. Usually the first washing step in 70%
of ethanol is followed by 95% ethanol or a mixture of 90% ethanol, 9% glacial
acetic acid, and 1% deionized water

3) Before (and after) the tissue washing procedure i s implemented the sections are
usually dried in a desiccator for 15-20 min., or briefly under an  itrogen stream.
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Step 3: tissue pre-treatment

To improve signal sensitivity in MALDI profiling ex periments, Lemaire et al., 2006
have developed a tissue-washing procedure using org anic solvents traditionally
used for lipid extraction, i.e., chloroform, hexane , toluene, acetone, and xylene. The
increased detection for peptides/proteins (m/z 5- 30 kDa) was close to 40% with
chloroform or xylene, and 25% with hexane, while al  so improving sample
reproducibility for each solvent used in the study.
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Step 3: tissue pre-treatment

Systematic study exploring the effects of 11 differ ent solvent combinations in
tissue-washing approaches, for their effect on prot ein and lipid signals was
performed by Seeley et al., 2008. In that study, al cohol-based washes of sections,
in particular consecutive washes with isopropanol (7 0% and 95%), were found to
be most effective for protein analysis when conside ring MS signal quality, matrix
deposition regularity, and preservation and histolo gical integrity of the tissue.
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Step 4. Matrices

One of the major requirements of successful MALDI-P ~ MS and MALDI- IMS is the proper incorporation of
tissue analytes into a thin matrix layer deposited d irectly on the tissue and the choice of suitable ma  trices
for different molecular classes.

1. Sinapinic acid (3, 5-dimethoxy-4-hydroxycinnamic acid, SA) at ~10-30 mg/ml, has been reported as a
matrix of choice for protein analysis both in the | inear MALDI-TOF MS and higher resolution MALDI-IMS. It
has a high gas-phase basicity (206 kcal/mol) that is particularly suitable for protein MALDI ionization :
given its low tendency in analyte fragmentation].

2. CHCA, Bmyano-4-hydroxycinnamic acid, on the other hand is more suitable for the analysis of smaller
molecules, especially peptides (below 4 kDa).

3. DHB, 2,5-dihydroxybenzoic acid, ordinarily known to be suitable for negatively charged less than 4 kDa
molecules, such as carbohydrates, is less commonly used as the crystals it forms are larger and mainly
suited for certain profiling experiments requiring lower resolution images.
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Step 4. Matrices (other)

The typical solvent used to dissolve the matrix: 50 % acetonitrile/0.1% trifluoroacetic acid, also
solubilises proteins, such that the application of matrix solution to tissue is thought to delocalize
analytes and disturb tissue integrity if no prior fi xation step is performed.

In the course we will utilize 60% acetonitrile/0.2%  TFA, which in our hands performs best.
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Step 5: Methods of matrix application
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Step 5. Methods of matrix application

Vibrational vaporization of the matrix with a piezo- electric spray head is utilized in the  Imageprep
from Bruker Daltonics . An optical light-scattering sensor assesses matri X thickness,
tissue wetness and drying rate during the whole pro cedure (approximately 120 minutes for one slide).




Protein Chemistry/Proteomics/Mass spectrometry Uni. of Helsinki

Step 6: matrix application

1) In MALDI-PMS experiments matrix is either applied to a discrete spots on the tissue, by depositing
small droplets of matrix on defined regions of the tissue (using pipette, syringe pump or an automated
robotic spotter) or fully covering the tissue secti on with fine matrix layers selecting the zone of in terest
to where the laser pulses will be directed.

2) For MALDI-IMS, coating of the entire tissue with a homogenous la  yer of the matrix solution is utilized.
The techniques for matrix deposition in MALDI-IMS i  nclude manual protocols, which suffer from low
reproducibility: i.e. spraying using an airbrush or TLC sprayer, dipping the tissue sections into matri X
containing solutions or automated ones.
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Step 7: (Immuno)-Histochemistry
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Step 7: (Immuno)-Histochemistry

The regions of interest can be well
defined by histopathology directed
profiling using classical
histopathology stains, with
preferential usage of hematoxylin-
eosin Y (H and Y stain), methylene
blue, cresyl violet, DAPI and/or
immunohistochemistry allowing
the recognition of tissue, region
specific molecular signatures.
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FFPE archaised tissues

MALDI tissue profiling was
combined with in situ tissue
enzymatic digestion,

which appears to be
mandatory for FFPE tissue
analysis Wisztorski et al, 2007.
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Alternative protocol: TAMSIM

Thiery et al. developed TArgeted Multiplex
MS IMaging ( TAMSIM), utilizing
photocleavable mass tags that are
covalently coupled to antibodies.

With the usage of MALDI laser pulses,
those tags are cleaved off generating ions
of known masses, which enable further
tracing of the immunodetected structures

in the tissues.

Comparative MALDI mass spectra in the
linear positive mode recorded on two
adjacent rat brain sections in the same
region of the brain after ICC experiment
with a primary antibody directed against
carboxypeptidase D protein and an anti-
rabbit FITC polyclonal secondary antibody
(a) or bearing the photocleavable linker/tag
system (b).

Lemaire, et al. J Proteomce Research 2007
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Welcome to the EUROKUP course!!!




