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Matrix-Assisted Laser Desorption/Ionization (MALDI):
Matrix molecules absorb laser energy, enter an excited 

state, and collide with sample molecules, facilitating 
charge transfer to create ions.

Mass Spectrometric Imaging for biomedical tissue analysis
Kamila Chughtai and Ron M.A. Heeren
Chem Rev. Vol.110(5): pp3237–3277, 2010.

MALDI-TOF
instrument

Conventional MALDI plate
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Vacuum sublimation is used to apply an even 
microscopically thin uniform layer of matrix 

compound onto tissue section
without the need for solvents.

Sublimation: the transition of a substance from solid to
gas phase without an intermediate liquid phase. 

MALDI matrices for lipid imaging:

DHB: 2,5-dihydrobenzoic acid

1,5-diaminonapthalene

Cryosectioning onto Indium Tin Oxide (ITO) coated 
glass slides and scanning digital image of slide for 

“teaching” FlexControl software on MALDI-TOF.

Minimum 2400dpi
cryosection image

Cryosectioning
2.6% Na carboxymethylcellulose

embedded tissue block
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Vacuum sublimation apparatus for matrix 
application in MALDI Imaging.

Vacuum
micro-valve Pirani vacuum

gauge
Digital vacuum

monitor 

Vacuum
sublimation

chamber
vacuum
exhaust

Cold trap

Matrix deposition by vacuum sublimation. 

Matrix
compound

Cold condensor unit
of vacuum

sublimation chamber

ITO (indium-tin-oxide coated)
slide with cryosections

110°C

0.05 Torr

5‐10°C
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Slides with matrix applied by vacuum sublimation.

Deposition of the matrix
compound is at the molecular
level because gaseous
molecules recrystallize at the
relatively cold surface of the
tissue section attached to the
cold condenser.

The uniformity of matrix
deposition onto the slide
attached to the cold
condenser surface reflects
the random Brownian motion
of the released gaseous
matrix molecules.

Conventional MALDI plate MALDI plate for cryosections

Adapted MALDI plate holds slides for
MALDI-IMS.
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Quantitative and Spatial
Analysis of Lipids in the

aging eye lens.
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Specific aims of the study:

1) To characterize and compare the lens lipidomes 
of Mice and Zebrafish.

2) To analyze the changes that occur in the lens 
lipdome with aging.

3) To determine where lipid changes are occurring 
in the lens.

1 month 
12 months

1 month
12 months

Analyzed using ESI-MS/MS 
on Triple-TOF Mass 

Spectrometer

Normalized
weight

6 x 3 lenses
6 x 1 lens

6 x 12 lenses
6 x 5 lenses

Stephen Barnes, Ph.D., Department of Pharmacology & Toxicology, Director UAB TMPL. 

1 month-old Zebrafish eye 12 month-old Zebrafish eye

1 month-old Mouse eye

300M

AGING

12 month-old Mouse eye

AGING

300M

300M 300M
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Mouse lens positive mode (Total lipids).
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In
te

ns
ity

Mass/Charge, Da

MS/MS fragments from782.6 m/z 36:4 PC 
(+mode).

phosphocholine 
head group

O

O

O
O

O P

OH

H
CH3

N CH3
CH3

0

1

2

3

4

5

6

Log2FC
-l

o
g

10
p

-8 -6 -4 -2 2 4 6 8

p˂0.05

120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840 860 880
0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000

1050

1100

1150
790.5569

327.2392

303.2398   FA 20:4

255.2379 FA 16:0

283.2503
792.5702

791.5586

480.3199

328.2431

256.2408
804.5337

343.2343
224.0726

Spectrum from MSMSALL_Neg F2.wiff (sample 1) - Neg F-2, Experiment 2, -TOF MS^2 (100 - 1500) from 840.690 min
Precursor: 840.7 Da

In
te

ns
ity

Mass/Charge, Da

MS/MS fragments from
840.7 m/z 36:4 PC acetate adduct (-mode).

O

O

O
O

O P

OH

H
CH3

N CH3
CH3



7/27/2018

9

Spatial information on lens lipids provided by 
MALDI-Imaging MS.
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16:0/20:4 PC

MALDI-IMS on 16:0/20:4 PC(36:4) in1 year old 
mouse eye.

OLD MOUSE LENS #2
(9-5-2014)

16:0/20:4 PC

Lens 16:0/20:4 PC is localized exclusively to cortical region
of the lens where metabolically active epithelial cells are present. 
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MS/MS on m/z 782.6 
shows fragmentation 

indicative of PC(16:0/20:4)

Mass/Charge (m/z), Da
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783.5930
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599.5165
125.0026

146.9849
185.0812 723.5085

MS/MS of protonated PC(36:4) in eye using
MALDI Imaging MS platform.
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OLD MOUSE LENS #2
(9-5-2014)

725.4652 760.6291710.6615

NUCLEAR LENS region

CORTICAL LENS region #1

CORTICAL LENS region #2

TOTAL EYE spectrum

Reduced diacyl phospholipids in lens nucleus.
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NUCLEAR LENS region

CORTICAL LENS region #1

CORTICAL LENS region #2

Quantitative and Spatial
Analysis of Lipids Involved in

Acute Kidney Injury.
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SWATH (MS/MSALL) 
on 5600 Triple-TOF 
Mass Spectrometer

Normalized
kidney 
weight

Sham 
surgery 
or IR

8-10 weeks
old C57Bl6/J

Nephrectomy
MALDI-Imaging MS 

on a Bruker-TOF 
Mass Spectrometer

Kidney
cryosections

SWATH (Sequential Window Acquisition of all Theoretical Mass Spectra
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SWATH-MS on renal lipids following 
ischemia/reperfusion (IR)-related kidney injury

Early lipid changes in acute kidney injury using SWATH lipidomics coupled with MALDI tissue imaging. Rao S*, Walters KB*, 
Wilson L, Chen B, Bolisetty S, Graves D, Barnes S, Agarwal A, Kabarowski JH. Am J Physiol Renal Physiol, 310(10):F1136-47, 2016.
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1-O-alkyl-glycerol-3-phosphate

Choline

Choline
kinase

Phosphocholine

+

Fatty acyl coenzyme A

1-acyl DHAP 
synthase

1-acyl/alkyl DHAP 
reductase

Rate-limiting peroxisomal enzymes in ether lipid 
synthesis are most abundant in proximal tubules.

18:0 chain alcoholDihydroxyacetone phosphate 
(DHAP)

1-acyl-DHAP

1-O-alkyl-2-acyl-glycero-3-phosphate

1-alkyl-2-acyl-glycero-3-
phosphocholine

+

…to plasmalogens via 1-alkyl-2-
acyl-sn-glycerophosphocholine 
desaturase, methyltransferases 
and base-exchange enzymes.

1-alkyl-2-acyl-glycerol

1-alkyl-sn-
glycerophosphate 
acyltransferase

CDP-choline

CTP:phosphocholine
cytidylyltransferase

DHAP 

acyltransferase

1-alkyl-2-acyl 

glycerophosphate

phosphohydrolase

Other projects using SWATH lipidomics
and MALDI-IMS.

Cosmic radiation effects on vascular inflammation and 
atherosclerosis risk (NASA).

New therapeutic lipoprotein mimetic peptides (NIH) (Drs. 
Roger White and Anantharamaiah, UAB).
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KUCIK

KABAROWSKI

Vascular Lipidomic Alterations in Mice 
Associated with Adhesive Effects of Heavy-

Ion Space Radiation and Potential 
Consequences for Radiation-induced 

Atherosclerosis.

56Fe radiation accelerates the development 
of atherosclerotic plaques in hyperlipidemic

ApoE knockout mice.
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Ex vivo monocyte adhesion assay.
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Exposure of C57BL/6J mice to space 
relevant doses of 56Fe radiation increases 

adhesivity of aorta to monocytes.

Early aortic lipid changes following exposure of 
normal mice to space relevant doses of 

56Fe radiation.

SWATH (MS/MSALL) 
on 5600 Triple‐TOF 
Mass Spectrometer

2-6 weeks

Aortic lipid 
extraction under 
argon + BHT 
(antioxidant 
conditions)
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log2FC (0.5Gy 56Fe vs 0Gy control 6 weeks)
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Early aortic lipid changes following exposure of 
normal mice to space relevant doses of 

56Fe radiation.

Lipoprotein-mediated entry and efflux of arterial 
lipids.
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577.41 Da550.96 Da 603.44 Da
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577.41603.44

853.62

879.41

905.57

550.96 Da 577.41 Da 603.44 Da

Imaging Mass Spectrometry for spatio-
temporal analysis of vascular lipids.
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MS/MS fragmentation during MALDI 
imaging reveals phosphatidylcholine 
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Distinct localization of lipids
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