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Mass Spectrometry Imaging
(MSI)

MSI: part |

T

What usefulness is imaging in
the pursuit of biological
research?




Imaging Experiments

What kind of questions can be
answered?

What's there?

Who's there?

How much is there?
What changes occurred?
Others...???

Imaging and biological research:
dissecting microscope
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Imaging and biological research:
light microscopy

Imaging and biological research:
confocal microscopy
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Imaging and biological research:
electron microscopy

The technology

Using MS to create pretty images.

Comparable to traditional histochemistry
techniques to identify macromolecular
species present in tissue sections

Diverse applications and approaches to
answering biological research questions
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Mass spectrometry

What kind of questions can be
answered?

What's there?

Who's there?

How much is there?
What changes occurred?
Others...???

Mass spectrometry imaging (MSI)

MALDI-TOF mass spectrometer




Early MSI: elemental analysis
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Environmental Health Perspectives
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New Techniques for Imaging and
Analyzing Lung Tissue

by Victor L. Roggli,* Peter Ingram,t Richard W. Linton,:

William E Gutknecht.t Pat Mastin.* and .lohn D. Shelburne*

Early MSI: Bio-macromolecules

olecular Imaging of Biological Samples:
ocalization of Peptides and Proteins Using
ALDI-TOF MS

Richard M. Caprioli,* Terry B. Farmer, and Jocelyn Gile
Anal. Chem. 1997, 69, 4751—4760

By Vasopressin
Diacetyl alpha-MSH

anterior F =t

3/16/2011



AB(137)  ~~=="7 s L ABG38) T

Identify PTMs

AB(1-39) =77 x1 | AB(1-40)

~High spatial resolution ™"
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Seeley et al. (2008) PNAS:18126-31.

What ionization source is

commonly used?

SIMS - Secondary lon MS

DESI - Desorption ElectroSpray lonization

MALDI - Matrix-Assisted Laser Desorption lonization
MALDESI

LAESI -Laser Ablation ElectroSpray lonization
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SIMS

Used in early studies (elemental analyses)
Very high resolution (>50 nm)
Principle of ionization: collated ion beam

Time of flight secondary ion mass spectrometry (TOF-SIMS)

P S o
NN ~ ToF-measurement ™~
N ‘,/of secondary ion mass spectrum \
ANy /
S~ L

vacuum x> )
SN Emission of neutrals,
~~_— positive or negative

Sample\ 55“’*‘:? - secondary ions

Sample holder (e.g. glass, silicon wafer)

Destructive, penetrating, low mass range

DESI

Moderate resolution (20 - 300 um)
Principle of ionization: Charged solvent spray

HV power supply
Solvent
\ ' b
N, . B
* \\Q_ \\ Inlet of mass specirometer
SN, Gas capillary
AN\

Solvent \\\\X Sample jons

Freely Moving

Sample Stage

Surface molecules, multiply charged, low -
mid mass range
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A pretty darn cool MSI

experiment...

DESIimage

Computer-generated
from preceding image

Ifa et al. (2008) PNAS Brevia:805.

A pretty darn cool MSI
experiment...

Latent Fingerprint Chemical Imaging by Mass Spectrometry

Demian R. Ifa, Nicholas E. Manicke, Allison L. Dill, R. Graham Cooks* “"\N\\
m/z 253 m/z 257 m/z 304 m/z 253

Fatty acid on Explosive on Cocaine on Fatty acid on

glass plastic adhesive tape  adhesive tape

Ifa et al. (2008) PNAS Brevia:805.
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MALDI

Currently the more commonly used
ionization source in MSI

laser

analyte/matrix spot ~ P€am

I
I
I
+ I
o @ [
+
@ I , To mass

I spectrometer
|
I
matrix I

ions I =« [74 University of

y, | @ BRISTO

sample plate extraction

arid

Analyzers/detectors

Basic schematic of any given mass spectrometer

What MS platforms can you think of and
how they can be used for MSI?
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“Profiling” versus “imaging”

BREAST CANCER TISSUE

= MALDI matrix

“Profiling” versus “imaging”

Profiling:
Limited, directed information
Rapid analysis = high throughput
Useful for clinical applications and biomarker
discovery.

Imaging:
Extensive, high-resolution
Time consuming, laborious
Useful for investigative research (and fingerprints...)
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Matrix choices - depends on desired

analysis

O, OH
DHB- 2,5-dihydroxybenzoic acid % oH

Commonly used for small molecules

CHCA- a-Cyano-4-hydroxycinnamic

. N\
acid N o
Commonly used for peptides and small +Ho /" o

proteins
SA- Sinapinicacid o
H,CO 2
Commonly used for peptides and whole

proteins (<100 kDa) HO

OCHs

Matrix solvent/acid

Acetonitrile is the solvent of choice
Range of percentage of solvent
Depends on application (tissue types)

Sometimes the solution is augmented with different
additives including detergents

Acid is also present in the matrix solution
Commonly formic acid
Promotes ionization

Ranges of percentage is also possible (upwards of
10%)
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Spotting/spraying matrix

Multiple technologies available:
Hand-spotting
TLC spraying
Sublimation

Precision mechanical spotting:
Acoustic devices.
Chemical printers
Inkjet printers

Many options = OPTIMIZATION!
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Slide adapted and modified from Kyle Floyd
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MSI: part I
S e

Application of the technology

A true application of the technology

The greatest project in the history of science

Led to and continues to lead to scientific journal
articles

Facilitated the funding of multiple research
projects

Advanced the field of vision science
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A true application of the technology

@he Nniversity of Alabama
at Mirmingham

My the anthority of the Board of Trustees
on the cecommendation of the faculty of the
Muiversity of Alabama at Birminglam Gradnate School
the degree

HBoctor of Philosophy
fwith all the panying rights and privileg
has been conferred upon
Bavid Ray Stella
An Testimony Whereof, this diploma is issued with the seal of the Muiversity
and the signatures anthorized by the Trustees hereunto affixed.

Given af the Muiversity ot Wiewingham on the
ciglteenth day of Becember, 2010.

Cart § bw«':‘)

Do, Gxiuate Sekusl

LENS CATARACT: BIOCHEMICAL
ANALYSIS OF THE ALPHA
CRYSTALLINS

m/z = 6,409 Da
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Anatomy of the eye

Sclera = =
Ciliary body\

Anterior chamber /) i
containing d \W\
aqueous humor \
Lens Vitreous body
Comea— [ ( / Optic disc
[l
\ Optic nerve
Iris (colored part /‘ {/ /
of eye) \ A \ \
-

Posterior chamber
containing aqueous
humor

Macula

Retina
-\\\: 77— Choroid

What was the project?

Understand more about the protein
localization in the ocular lens.

Interesting lens facts:
From “womb to tomb”
No protein turnover
Limited translated proteome
Expanded PTM proteome though!
Predominantly alpha crystallin proteins
small heat-shock proteins

16



3/16/2011

Rat model of cataract disease.

ICR/f rat (Ihara/Inherited Cataract Rat, strain-f)
Model of age-related disease.
Spontaneously develops cataracts by 10 weeks of age.
Possible result of early oxidative insult.
Compare 21-day vs. 100-day

MALDI-MSI of the ICR/f rat lens

Light
microscope
image

Pre
cataractous
(21-day)

Post
cataractous
(100-day)

Stella et al. (2010) Invest Opth Vis Sci:5153 - 61.
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MALDI-TOF solubility profiles:

water soluble

Water soluble protein extraction

19,822 Da 6,409 Da 5 19,822 Da . 6,409 Da "

= Prefcataractous

9922

6ot 9921 9423 l10490l11650

10488
15 9428 LJJ1249 14005 15780

6000 8000 10000 12000 14000 16000
m/z

Stella et al. (2010) Invest Opth Vis Sci:5153 - 61.

MALDI-TOF solubility profiles:
water INsoluble

Water INsoluble protein extraction

19,822 Da 6,409 Da 19,822 Da 6,409 Da
Y  —

L 4 A
= Pre-cataractous J/\. = Post-cataractous

9429

4 10118, , 1 4g1964 17570 19400
L 15774 19830
9428 &°
7000 1011811046 17569 19830 -
6000 B;]UO 1UIDEID 12‘DOU 14‘000 TSIEIDO '\éODO ZDIOUE ZZIOUD \<\
m/z

Stella et al. (2010) Invest Opth Vis Sci:5153 - 61.
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OK, so who are these proteins?

..Li,li‘:._w,“ AL _.5.,,,.4‘ TR o

Extracted ion:  Extracted ion: Mer:ged
19,822 Da 6,409 Da images
c

Pre-
cataractous

Post
cataractous

technologies/techniques are

available for identifying these
ELE
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“Top-Down"” Proteomics

Obtain protein identity Without proteolytic digestion.
“chemistry in the gas phase”
Using a high-resolution FT-ICR mass spectrometer:
1. Measure mass of the “whole” protein - “Precursor ion”
2. Measure masses of multiple “fragment products” = “Fragment ions”
Precursor lon Fragment lons

Crash & @ @
. >

lon Into @x
inertgas gwa

Top-Down Protein Assignment

Protein ID Predicted Mass (Da)* | Residues
Crystallin, alpha A 5,053.50 1-42
Crystallin, alpha A 6,409.19 1-53
Crystallin, alpha A 6,565.29 1-54
Crystallin, alpha A 9,284.76 1-78
Crystallin, alpha A 9,421.80 1-79
Crystallin, alpha A 10,110.11 1-85
Crystallin, alpha A 11,041.61 1-93
Crystallin, alpha A 11,842.04 1-100
Crystallin, alpha A 11,956.08 1-101
Crystallin, alpha A 17,562.77 1-151%
Crystallin, alpha A 18,043.96 1-1568
Crystallin, alpha A 18,200.06 1-1578
Crystallin, alpha A 18,823.44 1-1638
Crystallin, alpha A 19,393.70 1-1688§

Fulllength ———p Crystallin, alpha A 19,822.89 1-173¢
* = N-terminal acetylation included (+42.01 Da)
Stella et al. (2010) Invest Opth Vis Sci:5153 - 61.
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sHSP Structure: Domains

r
alpha crystallin domain domain

Substrate recognition and oligdmerization
NTD - msrestructural domain

cTD * RBLFRIRISRG RS 1dentity
- v A RMSBAIEBR sERE FHELEERS, oo

sHSP sequences

Partial bovine aA-crystallin Structure:

Dimerization Interfaces

AP =interface

\“/ g U
NIDEACD: &

Laganowsky et al. (2010) Prot. Sci. :1031-43
Image generated using PDB: 3L1E with VMD 1.8.6 software
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Localization of Validated aA-crystallin

Protein Species

1. Nuclear localization

1-79 1-85 1-93 1-100 1-101

MDVTIQHPWFKRALGPFYPSRLFDQFFGEGLFEYDLLPFLSSTI

SPYYRQSLFRTVLDSGISEVRSDRDKFVIFLDV HFSPEDLTVK

VLEDFVEIHGKHNERQDDHGYISREFHRRYRLPSNVDQSALSC

SLSADGMLTFSGPKVQSGLDAGHSERAIPVSREEKPSSAPSS
CTD

Stella et al. (2010) Invest Opth Vis Sci:5153 - 61.

Localization of Validated aA-crystallin
Protein Species

2. Cortical/Nuclear-ring localization
1-151 1-156 1-168 1-173

pre-

post-

MDVTIQHPWFKRALGPFYPSRLFDQFFGEGLFEYDLLPFLSSTI
SPYYRQSLFRTVLDSGISEVRSDRDKFVIFLDVKHFSPEDLTVK
VLEDFVEIHGKHNERQDDHGYISREFHRRYRLPSNVDQSALSC
SLSADGMLTFSGPKVQSGLDAGHSERAIPVSHEEKPSSAPSS

CTD
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MS Imaging Study Summary:

Biologically funcational PTMs

14 alA-crystallin truncation products were
observed in the ICR/f rat lens.

* Independent of cataract state.

aA-crystallin with greater than 22 C-terminally
truncated residues were:

1. localized within lens nucleus.
2. enriched in the water-insoluble fraction

Overall

MSlis providing researchers new tools

The field has rapidly expanded over the last 5-
10 years.

An increasing interest is leading to technological
breakthroughs

Matrix spotting technologies, novel ionization
techniques, novel MALDI matrices

Has across-the-board capabilities - clinical
and basic research!
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