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*+ Mass spectrometry moves across disciplines
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“+* What is mass spectrometry?

Technique that measures the mass-to-charge ratio and abundance of gas-phase ions.
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¢ Components of a mass spectrometer

Sample PR Mass lon
Introduction Analyzer detection
Inlet / vacuum

- El - Electron Multiplier System Control / Data
" EISI - Microchannel Plate Acquisition system
- APCI

-HPLC - MALDI

il gg - etc. - Quadrupole (Q)

- Direct Infusion
- Sample Plate
- efc.

- Quadrupole lon Trap (QIT)
- Time-of-Flight (TOF)

- Fourier transform ion cyclotron resonance (FTICR)

- Orbitrap

http://www.asms.org/about/about-mass-spectrometry




¢ Highthroughput

¢ Quantitative and qualitative
analysis

¢ Imaging

¢ Versatile
¢ Direct analysis or coupling
¢ High selectivity and specificity
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*» Direct analysis of ordinary objects in their

native environments

Main types of ionization methods

El Energetic | Vapors El
electrons
(Electron
lonization)
Cl Gas phase | Vapors APCI
i ions
(Chemical
lonization)
Sl Electric Solutions ESI
field,
(?pra!v nebulizing
lonization) gas
DI Energetic | Solids MALDI
. particles, SIMS
(Destorpftlon photons
lonization)

Cooks et al. Science (2006) 311:1566
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Implication of
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DESI

DeSSI ELDI Electrospray
HAPGDI 'f‘*\ LAESI emitter
DART DBDI '\I |
DAPCI PADI | H

\ : ' o8 ND-EESI
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¢ Direct analysis

¢ No sample preparation

+¢ lonization in open environment (in-situ)
¢ Real time

¢ High throughput

Venter et al. Trends in Analytical Chemistry (2008) 27:284

, SSP, DART, ASAP,
ELDI, FD-ESI, DAPCI,
AP-IR-MALDI, MALDESI,
JeDlI, EESI, DeSSl, APTDI,
LAFAPA, PADI, DBDI, ND-
ESSI, LDTD, LAESI, IR-
LAESI, DAPPI, APGDDI,
EASI, RASTIR, PESI,
FA-APGD, LTP, DEMI, LMJ-
SSP/ESI, SACI, SPAMS, LTP,
DICE, LAMICI, EASI, PESI,
Paper Spray, touch

spray....



“* Direct analysis of ordinary objects in their native environments

DESI-MS PROFILING DESI-MS IMAGING

LI;;\L]( &t of Mass

" : | W Spectrometer
High Voltage Z, ] | 4 \ JA
Connection o | § ‘
._ S ra e \ | 3
y = gy 8 |

Piosolia, Ine. RN S ooy B fan Source

http://www.prosolia.com/ Costa et al. Chemical Physics Letters 464 (2008) 1-8



DESI imaging

*¢* Mass Spectra linked Spatial Coordinates (X,Y)

e " ’ ——)

» i Thaw slice anto

L\i\ '= glass slide i
T Y

X X S m/z 281
m/z 349

3D molecular images

Xiong et al. JASMS, 2012, 23, 1147. Pirro et al. Analyst, 2012, 137, 2347.



DESI methodology
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+¢* Nano-DESI

+*» Higher spatial resolution
s Imaging

Nanospray Capillary__

Laskin et al. Anal Chem, 2012, 84, 7179.



Drug mapping and screening

Dried blood spot
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Pharmaceutical tablet analysis
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Food and leaves
analysis

P

m/z 104

Bjarnholt et al., Nat. Prod. Rep., 2014, 31, 818

’ '
—_— m/z 399
L
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J. F. Garcila-Reyes et al., Anal. Chem. 81, 820 (2008).
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Ink analysis

DR. Ifa, LM. Gumaelius, LS. Eberlin, NE. Manicke and RG. Cooks, Analyst, 2007, 132, 461

1432 Qg

2mm mfz 372.4 (3) n/z 4845 Overlap
Opticalimage  Basic Violet 3 Basic Blue 2 Overlay of Basic
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Latent fingerprint chemical imaging by mass spectrometry

DESI image of Computer-
distribution of cocaine generated
on a LFP blotted on glass fingerprint from
DESI image
Ink fingerprint blotted on Computer-generated
paper and optically fingerprint from
scanned optical image

Science. 2008 Aug 8;321(5890):805.



CSl video on DESI-MS imaging of latent fingerprint




Analysis of sexual assault evidence by desorption electrospray
ionization mass spectrometry

latent fingerprints blotted on different materials after touching a Trojan Enz® condom

NL: 1.47€2

. o [MeH)"
¢+ a [MeNa)*
= [M+K}*
e [MeNH,)*

glass metal | paper Glass
dfter one
month

Polymers: nonoxynol-9; polydimethylsiloxane; polyethylene glycol

J Mass Spectrom. 2013 Jul;48(7):774-8.



Metabolic profiling directly from the Petri dish using nanoDESI imaging mass
spectrometry

A S. oneidensis Mixed B. subtilis B
MR1 biofilm 3610

Optical image
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Individual oocyte and embryo
analysis by DESI - Workflow

Sample washing in
PBS + 0.1% PVA.
Wash in MeOH/H,O

1:1 (v/v)

"';‘%\:& é

- &

ol S

= : -

o X DESI-MS
- X analysis

Ferreira et al. JMS, 2012, 47, 28.
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¢ Zebrafish. Lipid dynamics during development

DESI-MS & nanoESI analysis

48 h (N = 19)
72 h (N = 16)
96 h (N =13)

Oh(N=22)
24 h (N =22)

negative ion mode

Data in publication

Workflow of the zebrafish
sample handling.




Whole Zebra fish Frozen moulds of Mount mould onto Zebra fish tissue
carboxymethyl cryomicrotome slices
cellulose

m/z 834

5000um 0%

Chramow et al. Rapid Commun Mass Spectrom. 2014 28:2084-8.



¢ Pig fetus, 35 days of gestation. Organogenesis

heart

brain liver
FA dimer PI (38:3)
miz = 509.25 miz = 887.65

20 40 60 B8O 100 120 20 40 60 80

miz = 187.33

miz =179.42

MVZ = 247.42

Oleic acid
miz = 281.67

Data in publication
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Side view

Top view

Transversal
view

m/z 537.3 + m/z 788.8
Overlaid



=
=Y
&

o
=
®

¢ Ovarian cycle lipid dynamics

o
g
8

o
5
2

o001 |

Average TIC Normalized Abundance

°
8
®

0.005

0.004

0.003

0.002

0.001

Average TIC Normalized Abundance

miz

1

g
6 T‘-' ?W
il

plasay
300 400 500 600 700 800 900 1000

0.000

Physiological cycle of corpora lutea

“Peak”
< Luteum

“Regression”

< Albicans

“Initiation”
€ Hemorrhagicum
b _--‘;'.. = i

(b1

Blood within
void in tissue

Scar tissue — Corpus luteum
collagen tissue

Corpus luteum
tissue

Stroma

Data in publication

700 750 800 850 900 950

miz

1000

Average TIC Normalized Abundance

Average TIC Normalized Abundance

:

g

:

g

o
8

g

d
00054
00044
0.0034

0.0024

00014

0000+
700

m/z 885

Negative ion mode

(d)

Absolute MS Abundance

P o @
(=] (=] (=]
(=] (=] (=]
M TR

300+
200+

100+

200 300 400 500 800 700 80O 800 1000

Average TIC Normalized Abundance
3 = e =3 =3
g 8 8 8 8

g

200 300 400 500 600 700 BOD 800 1000
m/iz

e

Average TIC Normalized Abundance
5 ° o o o
g 8 8 8 8

o

750 800 850 900 950 1000 750 800

mz

i staining and ion images

H&E staining

m/z 885 — Pl (38:4)

(e)

T
Hemeorrhagicum

T T —_
Luteum Albicans



Relative Abundance

Cancer diagnostics

NL:8.31E1
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31.67 659.17  750.67 | 83867} 45908
ok bbbt
0 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
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Sustaining proliferative
signaling

Evading growth
SUPQPrEssors

Inducing ' Activating invasion
angioganasis and metastasis

Enabling replicative
immaortality

a) PS(18:0/18:1)- m/2788.7

T e
4 f:.g .

b) PI(18:0/20:4)- m/z 885.7

e)FA dimer- m/z537.5

g{)-}jh 2%
- JB X
-

normal

Cell. 2011 Mar 4,;144(5):646-74.
Hallmarks of cancer: the next

generation.
Hanahan D, Weinberg RA.



15t - Tissue sample 2md - Sectioning 3rd - Staining normal tumor

~ig- 2

Histopathological
’ H&E/immunestaining examination
Thow slice anto analysis
gloss slide
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4t - DESI image acquisition ‘ Chemical
DESI-M5imaging h . .
iy characterization

—  MSinterface

e sample measurement 4 3 l“‘

—— Extended SS capillaryr . . . .
e DESI spot size ~250 pm » Pixel dimension

¢ Y : number of rows (steps of the motion system)

variable ____
y :ﬁ: e X dimension : sampling rate of MS * surface velocity

Paper
= " e MS: negative ion mode, mass range m/z 150-1000

Sampling spot y L
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Pirro et al. Analyst (2012) 137:2374



a) m/z 885.7
PI(18:0/20:4)

e) m/z 913.5
PI(22:4/18:0)

b) m/z 788.5
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-------
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Metal cationization, Ag+
, Ag .
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Metal cationization is beneficial for ambient MS while avoiding
extraction, clean-up, desalting process prior to MS analysis. Metal
cationization (i) increases desorption and ionization efficiency, (ii)
minimizes ion suppression, and (iii) adds chemical specificity leading
to structural identification

Gonzalez-Serrano et al. PlosOne (2013) 8:e74981



3D DESI-MS

Side View Front View Cross-sectional View

m/z 834.4
(PS 18:0/22:6)

m/z 888.8
(ST 24:1)

Overlaid
Opaque

Overlaid
Transparent

Xiong et al. JASMS (2012) 23:1147



“Morphologically friendly” solvent system
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DESI-MS IMAGING MALDI-MS IMAGING HISTOCHEMISTRY

% ambient matrix deposition vacuum matrix washing
\ \ Colocalization

(A) m/z 283.5, FA(18:0);
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— =
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Eberlin et al. Anal Chem (2011) 83:8366



Brain parenchima : glioma vs
normal grey and white matter
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NAA distribution within tissue sections
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2HG, 2-hydroxygluteric acid
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Classification strategy to predict the tissue
state for unknown samples....
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s LASSO discriminant technique

DESI-MS lon image
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DESI analysis of tissue smears

3D printed device Bt

Analysis




Smears are chemically homogeneous
and provide high quality spectra

Normal Grey with 2° infiltration (~10%)
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DESI analysis of tissue smears and tissue
sections yield equivalent information

Canonical correlation analysis (CCA) supports the chemical
information is equivalent

1]

{ Metabolites
1 (m/z 80-200)

r=0.9911

Lipids
1 (m/z 700-1000)
r=0.9918

Tissue Smears
Tissue Smears

Tissue Sections Tissue Sections



Thank you for your attention
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