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Topics.......

A quick overview of Genomics Vs. Proteomics

A General Look at the Field of Proteomics; MS vs. Other
approaches.

Overview of Instrumentation, generating MS for PME vs.
Tandem MS and why.

Separations when needed, Top-Down overview Vs. Bottom up

and MuDPIT.

MS Data Analysis using Matching Algorithms (a focus!).

Validation??




Genomics Vs. Proteomics?
Genomic studies will always remain important!

However, we're finding that gene transeription does
not necessarily equate to gene translation.

Therefore, many genes are transcribed that do not
lead to translation, or to functional proteins!

Finally, post-translational modification (PTM) events
will dictate the 1) cellular location, 2) biological
process, or 3) molecular function.

What Tools Encompass

Proteomics?

Relative or Absolute Quantification of Known
Proteins
Mass Spectrometry ( Heavy Labeled Stds, i.e.
AQUA)
Immuno-Directed (examples)
1) Protein Arrays, 2) Western Blot, 3) ELLISA, 4)
Bioplex/ Luminex
Characterization of Unknown Proteins/
Mapping Post Translational Modifications
(PTM’s)
Sequencing of Unknowns, Mass Spectrometry
alone!




Soft lonization Techniques
(Question;
why are these two approaches special for proteomics?)

Analyle solution

analyzer
Needle (kV+) Y

MALDI-
(singly charged SN Matrix/analyte crystals &
on targel plate

To mass
analyzer
Pulse of ions

Baldwin M.A., Mass spectrometers for the analysis of biomolecules, Methods in Enzymology, Vol 402

Molecular Characterization

So....There are just three simple points to remember
in the business of molecular characterization.

) Generation of a parent & daughter ion mass spectra.
Lonly]; for di d proteins the peptide mass fingerprinting
[PME] (protein must be nearly pure)
[MiS?|; sequence data (high purity is not necessarily required)

estion and predicted size
of peptid om proteins for example (MS!) & fragmentation
(MQ’)
) ed on the known size of fragments,
m amino acids.

5)) Vahdatlon
]nnnm]()-dﬂ]nlt\' tec hnlqu( s (Western analysis, Immuno-




Proteins to Peptides....

Even today, we are highly limited by decreased detection,
resolving power, and poor fragmentation of “whole”
proteins!

Therefore, we “digest” proteins to peptides prior to MS
analysis.

Many chemical and enzymatic techmques have been
published: however, trypsin remains the most commonly
utilized enzyme for use in proteomsi

This enzyme cleaves at arginine and lysine, yielding
peptides that are easily detected and fiagmmited in the most
common mass analyzers today.

Keeping in mind that utilizing multiple digestion procedures
carried out on the same sample can be very complementing!

hittp://donatello.csi edin)
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Concept of PME [MS-]

Question; What’s the downfall of this approach, upswing?

MS* approaches — spectra containing peptide parent
molecules only!

This type of unambiguous protein 1D is referred to as
“peptide mass fingerprinting” (PMF) mntroduced ~1990.
In this case, no sequence information is generated, but it is
very sensitive when very little sample is available!

The downfall is that the sample must be very pure! Highly
complementing for 2D PAGE work.

However, high mass aceuracy is a must as well!

Owerall, these days.. .unless absolutely

necessary I should not be used!

There are simply too many matches possible with this
esolution instruments.

Protein Fragmentation [MS?]

Both ESI and MAILLDI based tandem instruments
are comimon in most core settings, each with a
combination of mass analyzers.

Bach source and combination of mass analyzers
have their selective advantages worthy of a second
talk!

Fragmentation is generally similar, primarily with
the generation of either

b and' y ions; collision induced decay (CID) & infrared
multiphoton dissociation (IRMPD)

z and ¢ ions; electron transfer dissociation (ETD) &
electron capture dissociation (ECD)




Many Instruments for Many

Applications!
Quad. Tol”, low Trap. and...or 1?7

IT-LIT Q-Q-ToF  ToF-ToF FT-ICR Q-0-Q QQ-LIT
Mass accuracy Low Good Good Excellent Medium  Medium
Resolving power Low Good High Very high Low Low
Sensitivity (LOD) Good High Medium High High
Dynamic range Low Medium  Medium Medium High High
ESI - - - - -
MALDI (1) () v
MS/MS capabilities - - - - - -
Additional capabilities Seq. MS/MS Precursor, Meutral loss, MEM
Identification ++ ++ ++ +++ + +
Quantification + o b ++ ot ot
Through put +++ ++ +++ ++ ++ ++
Detection of modifications + + + + ¥+

Domon & Aebersold, Science, V312, 14 April, 2006

Principals of the

MALDI-ToE/ToF 4700
(for peptide sequencing )
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Figure 1: Finnigan LTQ FT schematic describing conditions ideal for Top-Down analysis

FT-ICR or Orbitrap




65 minute RF Elution Profile
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(Question.

» In-General, Why is one Instrument better than the other, for
what experiments??

» What would you do for a

> In-Gel 1D experiment (complex mix)

> In-Gel 1D experiment (after an IP experiment)

> In-Gel 2D experiment (complex mix)

>

In-Solution Digestion of any kind other than a pure
protein.
> In-Solution, whole Proteins Vs. Large Native Peptides
> Quantitative Proteomics Experiments (many to choose
from)?
» What about Price for each, is that important?




Top Down Vs. Bottom Up Proteomics

Complex Protein Bottom-UP
Mixture

: a Chemical or Multidimensional
A O ol . "
z 8,00 Enzymatic Digestion Separations
8 ¥ 2 KA Affinity, CaP-LC

i
b,

MS/MS Analysis

Multidimensional
Separations

Affinity, 2D, HPLC

Computational Time
Extensive
Pure Protein
Chemical or Enzymatic /
MS Analy .
Computational Time » Protein 1D

Minimum

Digestion
-
(true Top-Down; in
source isolation and
fragmentation)

Multidimensional Protein Identification

Technologies (MuDPIT)

ted or Cellular Proteins
(Combined and Pre-fr

Gradient Elution
Stepwise Elution—— FI1 (LC/MS)

- . F2_
Tryptic Digestion —> ||SEX Column > P
B

F5

Peptide Pairs ﬂ
Relative
Quantification

Automated Spectral Analysis <« LCMS(MS)2
and
Identification

MudPIT developed in John Yate’s Lab, Scripps Research Institute




Quantitative Proteomics
Using a Bottormw UP or Shotgun Approach!

Stable Isotope Tags:
ICAT (isotope coded affinity tag)
SILAC (stable isotope labeled AA in cell culture)

1ITRAQ (Isotope tags for relative and absolute and
quantification)

180) Digests (labels trypsin digested peptides at
lysine and arginine)

Many Other Chemical Tags

Stable Isotope Labeling with Amino Acids
(SILAC)!

(a)KO Cells (b) Control Cells
I3C/4C Labeled Amino Acid? 12C Non-Labeled Amino Acid

S, (ombine Equal Volume g

of Media/ Equal Number of Cells
Leu-13C6 Leu-12C6

Concentrate Media Proteins/ Fraction Cell Compartments®
Pre-fractionate Proteins?

MuDPIT

Quantification by MS
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Protein Quantitation and Identification Using

LC-MS/MS

1 Observed ratio 1:9

614 LI 6l8 LML
it

EAAASLSLTLOK
i

&I 624

W4

o0
w | b 0
i g W
5w Sow
5 0 é Wl
£ = HE
E e | i {mimuiss} ; 4 '||l [
i E
i
n ., | | \ ] |||||| |!
mw . || | il u?.jrs‘l‘ l:iil "';li,-'l
0 ! 1) Y111 A A TP

WG R 9 "z kol
iz

LTRYpSQGDDDGSSSSGOSSY AGSQSTLFK

*
LITE

1 &
ATa
¥ Dby sralanine
§1 I W L i
i ”
" o ! oae nes “ P! cam s I i
GBI g ¥l HOE g IS il pam
e 1 FIEE- I L /n 1 t "-"‘“‘nl yid ¥l
S PETETIRL A Lo Itine LA IS 18R
i | |- | e
e f " I [ | I

Protein Mixture A
(Non-treated Cells)

Protein Mixture B

(Treated Cells)

MS/MS

ICAT Approach

Characterization

Ton Current

Ton Current

MS

Quantification
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Example of Spectra Taken From an ICAT Run

>200 Proteins Identified in a Single Fraction

"' Base Peak (2D m/z vs. mtie in the background)

Base Peak (relative intensity)

Time (minutes)

MS (23.42 min.) MS? (859.6 & 869.5 peaks everlaid), . J
p— SFGTC*DER

(camn label up to 8 samples in @ single run!)

iTRAQ - Reagent Design

Isobaric Tag
(Total mass = 145)

—
| Reporter |4J;\ Balance |jr> PRG

Charged Neutral loss

v Gives strong signature ion in ¥ Balance changes v Amine specific
MS/MS in concert with
¥ Gives good b- and y-ion series. reporter mass to
¥ Maintains charge state maintain total mass
¥ Maintains ionization efficiency of 145
of peptide v'Neutral loss in
+ Signature ion masses lie in guiet MS/MS
region
Iscbaric Tag
(Total mass = 145)
r —
Reporter

(Mass = 114 thru 117)
. Peptide Reactive

A
o~ Qa—

Group

Balance
(Mass = (145 - reporter))




Reporter Tags for iTRAQ

S
3 mE:

Ona Panent kon
(AN Bgual NS)
ireporter-talance-riad)

1381

| . [ ".:- =
.,..—.,T'—'.:J,;'b.é.r ™ Lol c ok 31

Any Other Examples?

Question What are we missing?

Non-Tagged Proteomics (Top-Down) or
Peptidomics (shotgun, Bottom-up)

This can be carried out in a Mass Spectrometer

or via 21D PAGE for example.
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Data Analysis

A standard 1D LC-ESI run may have as
many as 4,000-6,000 MS files!!

A MuDPIT run may contain 25,000-60,000
files!!

While LLC-MALDI runs generate far fewer
data files, they still contain too-much data to
analyze by hand!

Therefore, automated data analysis is
required!!

Data Analysis

Common Matching Algorithms;
Sequest, MASCOT, X Tandem
Automated Denovo Sequence Tools:
Pealks, Raprd Denovo, Denovo X, Mascot Distiller,
Pep Novo, others
Statistical Software
Scaffold. Protein Profit, 'innigamn, others...
Standardizing the Field!

Trans Proteomic Pipeline ((Sashimu Project;
mzX ML based universal software package)

14



Matching Algorithms

Allmatching algorithms (i.e. SEQUEST,
MASCOT, X!ITANDEM) are based on

generating a score based on “closeness of fit™
between the peptide fragments measured in
the mass spectrometer and the un-silico
digestion/ fragmentation of known genes or
proteins in a database.

The two most commonly used databases include:

NCBI-NR and Uniprot

Getting at the Good Stuff; Overview of
Scaffold and Such.....

Protein Profit.....or Scaffold?
Great Overview at
http://www.proteomesoftware.com/

hittp://www.proteomesoftware.com/Proteome_
software_pro_interpreting.html

15



Overview of Stats Approaches
(n=7)

MS Based Analysis can Include;

Quantitative Tags

AQUA (knowns)

Non-Tagged (MS or 2D PAGL)
Either way, Filter MS Data with High Confidence
Cut off’s.
Combine the common hits from each arm of the
experiment (i.e. how common is of interest, what do
we do with the zero’s?).
Carry out basic statistics for each hit, i.e. non-
parametric tests to filter out less significant hits.

Multivariate and Classification

Techniques

Visual Assessment of differentially expressed

proteins, post filtered as discussed with

application of Clustering Approaches.
Principal Component or Multidimensional Scaling
Hierarchical Clustering Analysis

Classification of larger data sets can be carried

out using KNIN/ Boot Strapping/ LOOCY

16



Example (HCA)

Difference Plat

—— A549 (average)
H460 (average)

Relative Intensity (AU)

4 —— 84 a1 5D
[| w1 m
[ 1
Il
il
I

l:ll_ﬁlhl

il

Healthy vs. Cancer (w/o outliers)
Final Configuration
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Overview of Systems Biology

Approaches

» The “So What” Factor........how do we side
step this after a large experiment?

» Great Overview at........
» http://www.cytoscape.org/

» http://cytoscape.org/cgi-
bin/moin.cgi/Presentations

Example:

Protein bands were excised from the 1D gel for Ras and Ras:p53-63, digested with
trypsin and run with LTQ-XL/CID mode. The results from LTQ-XL were run
through SEQUEST to identify proteins. The proteins unique to Ras;p53-63 was
run through *Cytoscape to see how those proteins relate to one another based on

their molecular functions.

I

Bingliilg

Tﬁéﬁsferase
Protein I Ligase

modification O\ )
A Receptor -

“Cytoscape is an open source bioinformatics software platform for visualizing
ilar interaction networks and integrating these interactions with gene

sion profiles and other state data.
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Total Unigue Proteins = 277
Brain (B) 119
Liver (Li) 75
Lung (Lu) 122
Kidney (K)

Example of Common Proteins
*Acyl-CoA-binding protein
Aldose reductase

*Alpha-enolase

*Apolipoprotein D precursor
*ATP synthase-coupling factor
Bisphosphoglycerate mutase
*Copper transport protein ATOX1
*Cytochrome c oxidase
*D-dopachrome decarboxylase
Dynein light chain roadblock-type 1

Common (>2) 57 *Glutathione S-transferase P 1
*Common (a" 4) 33 Isopentenyl-diphosphate isomerase 1
L-xylulose reductase
*Peptidyl-prolyl cis-trans isomerase A
*Phosphatidylethanolamine-binding protein 1
Polyadenylate-binding protein 1
Protein S100-A6
*Ptms protein
*Selenium-binding protein 1
*Superoxide dismutase [Cu-Zn]
Thioredoxin
*Thymosin beta-4
*TSC22 domain family protein 1
*Albumin
*Apolipoprotein A-11
Calmodulin 1
*Caronic anydrases (2)
*Hb-alpha
*Hb-beta
*Keratin Subtypes (10)
*MIF
Mitochondrial Membrane Tim8 A
Mitochondrial Membrane Tim8 B
*Niemann Pick type C2
*Prosaposins (3)
Ubiquitin C, full insert sequence
*Unknowns or Not Annotated (8)

Validation.....

Relative or Absolute Quantification of Known
Proteins.......

Mass Spectrometry (Mass Tags/ AQUA)

Immuno-Directed (examples)
1) Protein Arrays
2) Western Blot
3) ELISA

4) Bioplex/ Luminex
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Ex: HTP Validation of Novel Markers
with Multiplex Bead Assays (Lumine

IL-6
Hl =20
IL1B = TNFa  j1p
e & s
L dR P '
#IL-5

Multiplex Bead Assay for cytokines

The highlighted area represent populations of fluorescent beads, distinctively labeled, and
carrying capture antibodies for sandwich assay of different cytokines.

All detection antibodies carry the same fluorophore, which is read in a third channel

to quantify sample cytokine concentration
Bosch 1. et. al. work in progress!

Summary:

Whether or not you do the MS work yourself,
Know the specifics...... !
Know the limitations.....!
Sample Prep is always important..... but which instrument
you have access to is also important!
Similarly important....how is your data analyzed??
Denovo?

Mix of tec

What are the cut off points and does it make sense?
Keep in mind that validation must be part of your
workflow!!

So., make sure you have confidence in your choices before
going forward!

)
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Useful Links!

1-1mMass. com 10NSOULCe.com
Spectroscopynow.com brulker.com
expasy.ch/tools thermo.com
cprmap.com appliedbiosystems.com
psidev.sourceforge.net shimadzu.com
prospector.ucsf.edu luminexcorp.com
jeolusa.com/ms/docs/ionize. html

asms.org (become a member!)

hupo.org

matrixscience.com

proteomecenter.org/software.php
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