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Introduction to SALDI MS

" Surface-assisted laser desorption/ionization (SALDI)

" Laser desorption/ionization technique, which employs
nanostructured surfaces instead of organic matrices
(>< MALDI) to promote the analyte desorption and
lonization.

" Also known as:

* DIOS (desorption/ionization on silicon),

 DIUTHAME (desorption/ionization using
through-hole alumina membrane),

* NALDI (nano-assisted LDI),

* NAPA-LDI (nanopost array LDI)

* NIMS (nanostructure-initiator MS)

Analytes




A brief history of SALDI MS

Composites-based substrates
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Metal/metal oxide-based substrates Silicon-based substrates COFs-based substrates

- cobalt powders porous silicon spherical COF (TpBD)
(Koichi Tanaka et al.) (Jillian M. Buriak et al.) (Dan Feng et al.)

graphite partieles MIL-100(Fe)
(Jan Sunner et al.) |proposed “SALDI-MS” (Chia-Her Lin ef al.)

Carbon-based substrates MOFs-based substrates

Film-based substrates

Huang, H., Ouyang, D., & Lin, Z. A. (2022). Recent Advances in Surface-Assisted Laser Desorption/lonization Mass Spectrometry 3
and Its Imaging for Small Molecules. Journal of Analysis and Testing, 1-18.



“SALDI” nanosubstrates

" Nanosubstrates can be of various chemical nature and morphology.

Sputtered metal Solid

* Au, Ag, Cr, Pt, ... nanosubstrates
S * Mainly silicon-based
= Gold ; substrates
« silver Nanoparticles « Nanostructure:
Carbon (NPs) porous, nanopillars,
= Commercial NALDI * Metallic NPs (Au, Ag nanospikes, ...
.Stohz * Metal oxide NPs

- (TiO,)

e Carbon NPs

" The nanosubstrates play a key role in SALDI MS by absorbing the laser energy,
promoting the analyte desorption and providing a source of ionization.




Fundamentals of SALDI
____lonization

" Mainly a laser-induced thermal " Mainly a non-thermal process
process: promoted by various phenomena:

Rapid and highly localized (confined) heating

of the nanosubstrate surface Charge transfers

* Photo-ionization reactions

* Surface melting/destruction

* Presence of pre-existing ions in the

Surface restructuring or destruction sample

* Emission of hot electrons by plasmonic
materials

" Other non-thermal phenomena:



Some advantages of SALDI MS

" Limited chemical background in the low m/z range:

= Particularly effective for the analysis of small molecules (< 900 Da).

" The nanosubstrates do not have to co-crystallize with the analytes (as opposed to
a MALDI matrix):

= Easier sample preparation;
= Access to high lateral resolution imaging (with appropriate sample preparation);
= Increased signal reproducibility.

" Most nanosubstrates can be used in both ionization modes (dual-polarity
capabilities);

" The surface of the nanosubstrate can be functionalized with ligands to improve the
sensitivity and selectivity of the analysis.



Analytical strategies for SALDI
MSI

8 - ¥ 3 —— " The main differences in the MALDI vs.
] J . SALDI analytical procedures lie in the
o - L application/use of the nanosubstrate.
Matrix Matrix MPs spraying Metal Sample deposition
spraying sublimation )L sputtering ar imprinting
| e ) ( T—— ] " The nanosubstrates offer new analytical
. strategies:
Sample preparation
,', * New substrate application/use for sample
- ~ - N preparation: sputtering, deposition,

imprinting/blotting
 Functionalization of the sample surface
* Acquisition of dual-polarity images

* Vi
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Some applications of SALDI FT-ICR MSI in the MSLab
Imprinting sample preparation for agar-based samples

" Addressed scientific issue: Agar-based microbial cultures require laborious and
time-consuming preparation prior to MALDI MS analysis,

" Results: We present a rapid and easy sample preparation using a DIUTHAME
membrane with a blotting method to image the metabolites in agar-based
bacterial co-cultures.

" Desorption/lonization Using Through-Hole Alumina Membrane, Hamamatsu

. DIUVTHAME: Porous alumina (Al,0,) '

membrane coated with a 10-nm
thick layer of platinum

e The DIUTHAME membrane is used
(1) for the transfer of the
metabolites from the sample to the
membrane, and (2) as assisting
material in SALDI MS imaging.

Mdaller, W.H., et al. (2022) Imaging Metabolites in Agar-Based Bacterial Co-Cultures with Minimal Sample Preparation using a

DIUTHAME Membrane in Surface-Assisted Laser Desorption/lonization Mass Spectrometry. ChemistrySelect, e202200734



Some applications of SALDI FT-ICR MSI in the MSLab
Imprinting sample preparation for agar-based samples

" Methods. Sample preparation with DIUTHAME
turn-around times in minutes

Apply the membrane directly Stick the membrane on an

on the bacterial colonies ITO-coated glass slide
Agar-based bacterial < —
co-culture
Bacillus
velezensis GA1
b 3 T 1 "“r‘;\_"_.
e Culture = #/ /7
w & bacterial ' n'/ V Ms| pro[-:):zing
¢ . §
et Pse:stMR: 12: colonies Cut out the bacterial :
Sl colonies and stick the Chooze &
sample on an [TO- Dry the prepare the Apply the
coated glass slide sample matrix matrix

Sample preparation for MALDI
turn-around times in hours

Mdaller, W.H., et al. (2022) Imaging Metabolites in Agar-Based Bacterial Co-Cultures with Minimal Sample Preparation using a

DIUTHAME Membrane in Surface-Assisted Laser Desorption/lonization Mass Spectrometry. ChemistrySelect, e202200734



Some applications of SALDI FT-ICR MSI in the MSLab
Imprinting sample preparation for agar-based samples

DIUTHAME

MALDI

DIUTHAME

MALDI

Results

Optical
images

Unknown compound
m/z 503.3

Canonical Surfactin C14 Iturin A C14

m/z 1044.7 m/z 1065.5 100%

Orfamide D Sessilin A 0%

m/z 1275.8 m/z 2050.2 -

wo ¢

Rapid & easy sample preparation

Suitable for the analysis of small
molecules with limited interference

Effective in both ionization modes

Potential preferential blotting []
selectivity

Imprinting failure [] biased ion images
Low signal intensity
Membrane damage (tear)

Potential preferential blotting
[] selectivity issues

Mdaller, W.H., et al. (2022) Imaging Metabolites in Agar-Based Bacterial Co-Cultures with Minimal Sample Preparation using a

DIUTHAME Membrane in Surface-Assisted Laser Desorption/lonization Mass Spectrometry. ChemistrySelect, e202200734



Some applications of SALDI FT-ICR MSI in the
MSLab

" Addressed scientific issue: Some lipids are preferentially detected in the positive
ionization mode, and others in the negative one. Thus, their MS analysis may be challenging.

" Results: We present a SALDI MS imaging dual-polarity approach to image the lipids
detected in both polarities from the same tissue section. We show the complementarity

of the dual-polarity data, regarding the lipid coverage and the spatial distributions of the
detected lipids.
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Mdaller, W.H., Verdin, A., Kune, C., Far, J., De Pauw, E., Malherbe, C., Eppe, G. (2021). Dual-polarity SALDI FT-ICR MS imaging and 11

Kendrick mass defect data filtering for lipid analysis. Analytical and Bioanalytical Chemistry, 413(10), 2821-2830.



Some applications of SALDI FT-ICR MSI in the
MSLab
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Mduller, W.H., Verdin, A., Kune, C., Far, J., De Pauw, E., Malherbe, C., Eppe, G. (2021). Dual-polarity SALDI FT-ICR MS imaging and 12
Kendrick mass defect data filtering for lipid analysis. Analytical and Bioanalytical Chemistry, 413(10), 2821-2830.




Interested in SALDI MSI?
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