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Delcorte et al., 2007

2D and 3D Imaging SIMS
for organic and hybrid

materials = ano- and
microstructured. .

8.8
nnlvmers re
5o
50

9.961nm

electronics




Secondary ion mass spectrometry
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molecular information and localization with um lateral resolution and nm depth resolution
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1. Fragments for orientation and sequencing
2. Molecular imaging (with surface sensitivity)
3. Desorption and transfer of infact molecules
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Concept: using AA fragments to probe the exposed molecular surface
=> molecule should be larger than the average sampling depth

A. Delcorte, P. Bertrand and B.J. Garrison J. Phys. Chem. B 2001, 105, 9474—9486
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" PB-lactoglobulin adsorbed on —CH; and —NH,
\)\ ~ terminated self-assembled monolayers lon source: 30 keV Bi*

Lysine (K), a)
methionine (M),
proline (P),
cysteine (C) £

-NH, ’/)
/e
0 e° 100 120 140 160
arginine (R), e
asparagine ( ), Most important positive and negative loadings
glycine (G), Loadings (+) Mass a.a. Loadings (-) Mass
glutamic acid (E) 0.365 84.09 -0.249 43.03
0.357 61.01 M -0.243 44.01

K

-0.04 T T T [T T T[T T[T A [T T [T [ToTT 0.304 70.07 P -0.226 28.02

-0.04 -0.02 0.00 0.02 0.04 0.296 47.00 C -0.185 73.06
C

Scores PC1 (86%) 0.257 44.98 -0.140 102.06
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Scores PC2 (7%)
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0.00

*NESAC/BIO MVA toolbox; 44 AA peaks; normalized by sum; mean-centered.

V. Lebec,"j: 1. Landoulsi,'éu' S. Bouiday,j: C. Poleunis,% C.-M. Pradier,i: and A. Delcorte® J. Phys. Chem. € 2013, 117, 11569=11577
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~25 kDa

PC1 (90% of variance) loadings

Pos. Mass a.a. Neg. Mass
0.83 70.07 -0.05 46.99
0.38 72.0 -0.04 43.02
M Arg/his  -0.01 127.10

0.16 60.05 Ser -0.01 58.99
0.15 74.06 Thr -0.01 61.01

PC2 (9% of variance) loadings

Antigen

Binding Site Variable Regions Pos. Mass a.a. Neg. Mass

; 0.63 72.08 Val -0.35 46.99
Fab ' 019 81.04 His -0.27 69.03
(X2) | Light chain ; 0.14 11007  Arg/His  -0.26 74.06
X 0.012. ! 0.13 127.10 Arg -0.23 70.07

Fc Heavy Chain “Cons 0.13 56.05 Llys/Phe/Met -0.18 61.01 Met

,PC2 Scores (99

0012 -0.006 0000 0006 0012  0.018 :
Monoclonal M PC1 Scores (90%) antiglutamate dehydrogenase

Orientation / Biorecognition ?? Biorecognition by PMIRRAS and QCM-D

Anti-GDH GDH

‘ Antigen ' x GDH/An;zGDH:o GDH/Anti-GDH = 0.5 GDH/Anti-GDH = 1.3
'As AZAMANR A AL Y VAV

Antibody II PM |RRA5

CM-D
sufacen @ Lebec et al., J. Phys. Chem. C 2014, 118, 2085-2092
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Protein identification by 3D OrbiSIMS to facilitate

in situ imaging and depth profiling a 8 b
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2. Molecular Imaging (with surface sensitivity)
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A) Collagen inside

Sum amino acids*
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B) Collagen outside
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Figure 3. Positive and negative ToF-SIMS images (field of view 100 pm?) of ITO glass
coverslips used as working electrode for nano-microtubes collection by EPD. (¢
PAH/PSS);/(COL/PSS); nanotubes; (B) (COL/PSS):/(Flu-PAH/PSS); nanotubes; (C
(COL/PSS):/(Flu-PAH/PSS); microtubes. MC means maximum intensity counts. Sum of

TO F_ SI M S amino acids” corresponds to the sum of the images provide by the ions C,H¢N", C,HgN;” and
C,HgNO".
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Multivariate analysis > S -
(PCA) on the SIMS
images of the tissue
Cross-sections
discriminates > <
endometrium and

00) i
Myometrium Endometrium - =i\
f—]—l f—lﬁ

Samples PFA fixated, cryo-
preserved with sucrose,
embedded in carboxymethyl
cellulose (CMC), frozen and
cryomicrotomed. Sections
defreezed for analysis.

endome’rrlum

Basalis Functionalis/Lumen
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endometrium and
myometrium present
different distributions
of lipids

endomeftrium

Phosphatidyl inositol 38:4 (ST,

m/Z =885 MC: 16; TC: 3.007e+04

mm 0 4 8
Sum of: C44H77NOgP-, C44H79NOsgP-, 835.53 u,
C4s5H78013P-, C46HgaNO11S-, 862.58 u, 859.51 u,
Ca7Hg0PO13-

Information is richer in
the negative SIMS

Sphingomyelin 33:1 (ICANNG.

m/z = 687 MC: 15; TC: 8.253e+04

Sum of: C3gH7eN206P-, C3gH77N206P-,
C36HegNO6sP-, C27H450-, C26HasO3K-
MC: 34; TC: 2.601e+05
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endometrium and
myometrium present
different distributions
of lipids

endomeftrium

Phosphatidyl inositol headgroup
m/z= 241

8

CsH10POs-
MC: 27; TC: 1.855e+05

Information is richer in
the negative SIMS

4

8 12 . 4 8 12
CaH7N203- Asparagin ; Cholesterol
MC: 12; TC: 3.544e+05 m/ZZlSl MC: 11; TC: 4.376e+04 m/Z:385
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XPS data

total Sum of: CHaN+. CH N2+, CoHeN+, C4HsO+, Sum of: CsH1sNO+, CsH1sPNOa+, CaoHs1NOsH Sum of: C27Has+, C27Hss0+
MC: 155; TC: 4.341e+06 CaHsN+, CaHsN; MC: 66;TC:2.953e+05 MC: 10; TC: 5.650e+03
MC: 19;TC: 3214 +05
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1.Flash-freezing of the chip
2.Transfer to precooled sample holder (-110°C)
3.Keep at low T° through sample analysis

Three-Dimensional Mass Spectrometric Imaging of Biological SN
Structures Using a Vacuum-Compatible Microfluidic Device

Wenxiao Guo, Michal Kanski, Wen Liu, Mikolaj Golunski, Yadong Zhou, Yining Wang, Cuixia Cheng,
Yingge Du, Zbigniew Postawa,” Wei David Wei,* and Zihua Zhu*

Cite This: An E Read Online analyctzl-n%?\!istry

Liquid cell Flash freezing

Analysis l

beam

Pre-cooled temperature controllable Stage

3-D ion images 3D SIMS analysis

18



olecules

-FN



* 6 kDa insulin without special sample preparation (spin-coating on Si)
 Ratio molecule/fragment 2 22 A with Ar,*

S T T T T T T | T R B A | TR N R N B | R R B | T T T B I N T A B | I B R B | I S B B | T T T N T T R N BN | T T TR B A | | I T TN A B L

Arsp00 10 keV |
3.3 eV/at

Insulin +

Intensity (counts)

Insulin 2+

Chain B +

B|3 30 keV ];
10 keV/at

measurements by K. Moshkunov — A. Delcorte et al., Phys.Chem.Chem.Phys., 2020, 22, 17427 (REVIEW ARTICLE) 20
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2. SDS-PAGE gel 3. ESI-MS of 4. Fluorescence
electrophoresis for digested molecule bioassay to check
mass estimation for sequence ID enzyme activity
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1) Reference X 3
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}]Egr:eBS’SZOB MD simulations predict larger protein desorption!
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65 kDa
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*Multilayers of
virtually any kind
of non-volatile
molecules can be
achieved

*Not feasible in
solution

«Compatible with
any substrate

V. Delmez, B. Tomasetti et al., ACS Appl. Bio Mater. 2022, 5, 3180—3192.
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drop-casted or
sublimated

Here the goal is
to increase
SIMS sensitivity
by transferring
MALDI matrix
in-situ the ToF-
SIMS

1. Matrix transfer 2. Sample analysis
with Ar_* clusters with Bi* or Ar*

Q7

Sample holder geometry inspired by NPL
M. Lorenz, J. Zhang, A.G. Shard, J.-L. Vorng, P.D. Rakowska, I.S. Gilmore, Anal. Chem. 2021, 93, 3436—3444. 25



* a-cyano-4-hydroxycinnamic acid (CHCA), 2,5-dihydroxybenzoic acid (DHB), sinapinic acid (SA)

e
E
11 high mass 5
o0 = . v3
lipids identified g,
7 30 keV
200/200pm analyzed zone Big* _
analysis
° T. Daphnis
= etal.,
£° JASMS
o ES5
24 high mass . 2023,
e C I ki in press.
lipids identified 55
200/200um analyzed zone
26




» Gemcitabine, anticancer prodrug, hydrophilic (logP = -1.4)
* Nucleoside analog used as the standard treatment against
advanced pancreatic cancer and other solid tumors

Si+

PC 32:0 [M+H]+

gemcitabine [M+H]+
—— fragment

gemcitabine [M+Na]+

F——2.00 mm i F——2.00 mm
[ . Ol A :

intensity (counts)

06 08

NHX
: - N |
| Y . o)\N
itabi . 1 fem” HOCH,
gemcitabine [M+H]+ fluence (ionsfcm*2) oy
HoOF
. ki H
OH F

MC: 94; TC: 1.395e+05

S ol

X=H gemcitabine

f——2.00 mm X i T _

< with CHCA

S+

PC 32:0 [M+H]+
gemcitabine [M+H]+
fragment

gemcitabine [M+Na]+
CHCA [M+H]+

gemcitabine [V+Na+] CsHsN:O+
MC: 107; TC: 1.645e+05 (C) MC: 129; TC: 5.984e+05

1'0 1‘5 2'0
» 2ul drops (2-10 g/L) were spotted on brain cross-sections fluence (ions/cm™2)
* Imaging was conducted prior and after CHCA transfer CHCA preferentially enhances (M+H)*, even with a

Master thesis Colin Nicolay very small layer thickness (5-10nm) 27




a-Cyano-4- 3l A 2 " = | =o B. [PClx:y)+H]*

hydroxycinna
mic acid
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» Transfer on silicon and CHCA, similar
spectra as the reference tissue

» Similar enhancement with CHCA and Si:
non-optimal matrix/analyte ratio ?

600

500 1

400 1
J 300 1
200 1
100 1

0

100 1
200 1
300 1
400 4

500 1

600

A Brain
ST(18:0)

i i
vlvlitvl\MAth“W ik hv‘w"v\“ “«/WWJ“ At

'%‘(\‘ﬂ'\‘hmw\“wﬁ‘m*lw}'\m‘\ ,'\\WMMMM\\ qammww NM"\\MMWW\MMW
l [

B Collector

790

810

Sum of sulfatides ions [M-H]

'L WAV "'VMWWW'J""M"“"'HJ

Sum of sulfatides ions [M-H]"

ST(d18:1-h24:0)

o
r<y)W/WVVW\
OH F OH

0
0550 °\/Y\/\/\/\/\/\/\/
oH



Use of fragments for orientation Molecular transfer for
and sequencing microanalysis

a and pro’reln multilayers
e }be ouilt in vacuo
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