Image analysis

:‘a%'“"""""""r' — — H eg PDQueSt (BiO-
-- Rad), ImageMaster

(Pharmacia)

= Database storage of
many gel images

Multi-image

manipulation and
comparison

e = Creation of master

[.lna.; NNl e B0 TOO0GT

gel image (“typical”
profile)

Comparison of
individual
experimental gels to
master

Ildentification of
variant spots




Technology

s Gel spot excision
and digestion

e |ndividual variant
Spots

Washing (de-
staining)

Digestion (trypsin)
Peptide extraction
Clean-up (desalting)




High-throughput analysis

s Robotics (1)

o Gel-spot excision

= Driven from gel
Image
= Cuts out gel spots

= Transfers to
microtitre plates




High-throughput analysis

s Robotics (2)

 Protein digestion

= Washes gel pieces
Digests with trypsin
Extracts peptides
Desalts peptides

Applies peptides to
MALDI plate




Technology

s Protein
identification

e Mass spectrometry

= MALDI/TOF-MS

] Q—TOf—MS/MS




Database Search (Bioinformatics)

Amino Acid =
Analysis Data AA composition

database

N-Terminal Sequence
Analysis Data

sequence tag

Pl and MW Target database
el 24D Protein

| Identification protein + genome
Experimental Data sequence database

2001 Proteomics Group, Institute of Biological Chemistry, Academia Sinica




FIJP L 95557 2 e el 5 554
Cell mapping, and |dent|f|cat|on of proteins
In complexes:

or “pull-down™ technigues using

antibodies directed against one of the
component proteins

using affinity-tagged
recombinant proteins and antibodies directed
against the "tag" epitope

(e.g., using recombinant glutathione S-
transferase (GST)-fusion proteins and
glutathione-affinity chromatography)

(e.q.,
nuclear pore complexes, ribosome complexes,
and spliceosomes).



Macromolecular complex

LC/tandem mass spectrometry

\

Protein/nuclectide database -  —

'

Protein identities

FIGURE 1.9. Cell mapping: Affinity capture methods.



Comparative Proteomics

FELE:I;E}TIE [JF}EI =8

n AP s S8 SR i
s Fluroscence label (Cy3, Cy5)




DIGE: Quantitative 2D-PAGE

s Sample multiplexing: f'iMinden group
at Carnegie Mellon University In
Pittsburg i >, 3Bk grf He et T 1=
i

= Pﬁﬁﬁ” \fﬂJﬁ‘JH*j« | (Cy3, Cy5) Ei+t,
V.xiﬁi =%t [F S 5B 175 Ar-Difference
Gel Electrophore3|s (DIGE).




DIA: Difference in gel analysis

s For a DIA analysis, samples are minimally
labelled with either or fluorescent
dyes, and then pooled prior to 2D PAGE.

The same Isoform with the

 Fluorescent ratios can be compared after
normalization.

 The reported ratio indicates changes iIn
expression levels.
s A reciprocal gel is run where the dye label

IS reversed.

« Avoid differences In reactivity between dyes for
the proteins.




Unlt,M., Morgan, M. E.,

and Minden, J. S. (1997).

Difference gel
electrophoresis: a single
gel method for detecting
changes In cell extracts.
Electrophoresis,18,
2071-2077

| 1 =
| |
T
(GHeke [(CHz)

ClkH CHy

Wildtype protetn extract

label protemn extract with Cy3

Figure 1. DyLight™

Step 1. Labeling reaction

Add protein to vial of reconstituted dye.
Incubate 45 minutes at room lemperature

Protein Labeling Kit Protocol

Pierce

Step 2. Removal of excess fluorescent dye

'

it
s A4 g,
| _-.fd_

[ =4
- Centrifuge ===

2 minutes @
)

Apply labeling reaction to
ZFeba™ Desalt Spin Column

Racover labeled protein

| I
Ol 0

i 1
(CHzls CHy

C0,R

IMutant protetn extract

o
-,“'
.--

label protemn extract with Cyo




Fluorescent dyes

Cydye DIGE Fluors (Cy2, Cy3, and Cy))
- cross-link to epsilon amine on lysine via amide linkage
- are size and charge-matched (positive charge on Cydye
replaces charge on lysine - pl unchanged and

proteins with different labels will overlay

- have narrow excitation and emission bands







Gel Image

32 40 5.0 55 6.0 7.0 80 9.0100 32 4.0 5.0 ) 6.0 7.0 8.0 9.010.0

CNT1 labeled with Cy3 KDML105 labeled with Cy5




Combined 2 Images

6.0 70 8.0 9.0 10.0




Imaging of Fluorescently labelled 2D gels
Fluorescently labelled gels are imaged using a Typhoon 9400
scanner

excitation A emission A

430 510




Sparking:Internal standard could be adopted

Pooled internal

label with Cy2

Protein extract 2
label with Cy5

(@)

o

Mix labelled
extracts

Og)_

standard @)

o

«

0%)"

(@)

2D separation

.| Image gel with

Typhoon
Variable
Mode Imager

Image analysis and
data quantitation
with DeCyder
Differential Analysis
Software
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BIOLOGICAE MASS
SPECTROMETRY

o i) FEHHIEIAL TR TR T

MALDI-TOF
o ")F ENEE - DUIEFF*’E’T‘“EF"‘ ESI-Q-Tof
. |||)3Tz7h§l%_,g -1 LC-MS
m IV) LC-MS/MS




s [learly 1990’s, @T%%Eﬁiﬁxﬁ\éﬁ%&

1E A5 Electrospray ionisation (ESI)
e i =B VIR S matnix-

assisted laser desorption/ionisation

(MALDI) were developed by Fenn et al.

(1989) and Karas and Hillenkamp

(1988), respectively.

* fi PSSk Soft ionisation: very little
Internal energy Is imparted into the ions
during Ionisation, resulting in the
formation of intact ions, with minimal
fragmentation.




MALDI-TOE mass spectrometry.

s TSI TR RS - -Matrix-assisted laser
desorption/ionizationtime of flight (MALDI-TOF)

mass spectrometry
s AT IS, PR, T

e protein and nucleic acid sequence, structure, purity,

heterogeneity, cleavage, post-translational modification,
and a host of other molecular characteristics that are often
difficult to study by other means.
= MALDI-TOF 4" *]7% QC tool:
» verify peptide, protein, and DNA syntheses, etc.




MALDI = Fi= #73:

= MALDI-TOF: il - Hi5 f%? (M+H)™
where M = the bIO ogic I chIecE le and H

75E lonisation,
(AEVE 55 #E Mass separation, and
73] Detection.

H+

(or a proton), 55+ rﬁfﬁzﬁf
s EE IR

Sample mixed with matrix

commonly used for
peptide analysis

sugar analysis
Sample: pico gram

BT [ ST ) A 55
Iaser (337 nm for N2 IaserE,

A dense plume containing matrix and analyte molecules
IS produced and analyte molecules interact with

hydrogen atoms from the matrix to form mainly singly
charged (M+H)* ions.






FE FETORSERE %, FlI microchannel plate
detector (MCP)[Enif].

-a uniform electric field
IS generated at the end of the TOF tube

which effectively pushes the ions back In
the opposite direction.—p" 77~ E?*] =P

The mass range of a TOF analyser Is,
theoretically, infinite although, practically,
It has an




Matrix

Suppression Reflectron
Lens Detector

/ lon Beam

Flight Tube

Reflectron
Assembly Linear
Detector




PROTEIN IDENTIFICATION BY PEPTIDE MASS MAPPING

« COMPUTER EXERCISE #3: Investigate peptide mass mapping used for
protein identification
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a ME-Fit - Microsoft Internet Explorer

HWEE &HE 8RN FIREEAQ) ITAD HRE® Q- O

FEM) :&'] hmﬂpmwechrmsl'edmsfhmﬂdﬂﬂmmm

Mazimum Reported Hits:ﬁ —I
Sample 1D (comment): [Mage Bult dge
Sort By: ScoreSot v _
Min. # peptides required to match: |4 _
Report MOWSE Scores: Plactqr_:?o" |
Chem Score: [ | Met Ox Factor: ﬁ

Instrument; MALDITOF v

Peptide masses are: | "

Contaminant Masses:

L P rTe@ e | 2-8B-0U 3 v
FOSSIDIE
Modifications Crndation of M

Prodein M-terminng Acstvlated

Mode (default)

User Defined Modification 1:
| Phosphorylation of §, Tand ¥~ v |
OR
Homology Mode (select any mode b'l!i ide;ntiijrj

Mass Tolerance: #;5’3 | il |
Systematic Error: ©
\Data Format: | FPM/2Z Chasge v

Display Graphs: [

Data Paste Area_

676.3718 -
825.4571
1017.5370
1026, 5954
1040.6121
1105.4550
1196,7132
1218.5796
1243,5887
1255. 6538
1260, 5923
1266, 6281
1276, 5836

ARDLET I

Search mode: Hentity i -
Min. # matches with NO AA substitutions: !

&




a ME-Fit Search Results - Microsoft Internet Explorer

WEE WO Ay SORFe IAD HEE O-0 M2 & J g & T~ 3 "
FLD) | ] htp Hiprospector vest eduiucsibind Mnsfitci viBIBE Emr ” & waws ¥ G
o

Data Set 1 Results
MS-Fit search selects 240 entries (results displayed for top 5 matches).
Results Summary

MOWSE #I50(%) % 9% Mean Data
8€8 o TIC Err Tol
Matched ppm ppm

Keratin, type Il cytoskeletal 1 (Cytokeratin 1) (K1) (CK
13211e+08 9 (18) 22.018.0-3.54 497 32806 66018/8.2 FP04264 HUMAN 13 (67 kDa cyiokeratin) (Hair alpha protein)

Ribosomal protein S6 kinase alpha 5 (Nuclear mitogen-

and stress-activated protein kinase-1) (@0 kDa
29.544e404 5(10) 9.0 10.0-2.33478 148699 89866/6.6 075582 HUMAN Hbosomal protein 56 kinase 5) (RSK Jike profain

kinase) (RLSE)

Keratin, type 11 cytoskeletal 2 epidermal (Cytokeratin
39.465¢+04 7 (14) 15.014.0 1.59 348 35320 65866/8.1 P35908 HUMAN %) (K28) (CK. 26)

Eibozomal protein 56 kinase alpha 5 (Nuclear mitogen-

and stress-activated protein kinase-1) (90 kDa
47.097e+04 5(10) 8.0 10.0-233478 91738 96584/6.9 0QB8CO50 MOUSE ihocoraal broteln S6 kinase 57 (RSE Tk profein

kinase) (RLSK)

IEN A pseudouridine synthase A (Peeudouridylate
52.876e+04 5 (10) 18.010.0 954 68.1 98869 30272/89 (QBZINB9 SALTY synthase [) (Pseudouridine synthase I) (Uracil

MS-Digest Protein MW Accession Soaciar Profein N
Index # (Da)ipl # pecies Protein Name

hydrolyase)
32806 |- L1 L= -] i e R » B SUR . 0, 4 W 0 N S0 SRY . O
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LT 703 T ) = =~ 5 L
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Electrospray Quadrupole-
Time-of-Flight (ESI-Q-Tof)
s ESI-MS was first reported in 1968 by

Dole et al. improved at 1984
(Yamashita and Fenn, 1994).

o [l TEIRAL TR i, 1 R
nanoES (Wilm and Mann (1994, 1996),
nanoelectrospray) fi*| gold tipped
glass capillaries. (<50 fmoles of total
protein) 20-50 nL min-—.




[EIEERE = APV i 7 I S~ 3-4 kV),
A=Y B T I ﬂ“"qﬁzﬁ] [ F,gﬂ% “(ions of the
type where M = the peptide

molecule, nH Is the number of protons
attached to the molecule and n+ Is the net
charge of the biological ion.)

s AR BEEE %, S R T E T T A

The multiply charged gas-phase ions are
then formed as a result of desorption
processes which occur due to evaporation
of the solvent droplets (lribarne and
Thompson, 1976).
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MS1 (Quadrupole MS)

LC —-MS/MS




s ES| == I\/IALDIT [ﬁj%ﬁ'
* = il T IR RS
* i rﬂTzﬁle;m—m
O Fl [EWEHFT g grﬁijj4 -
» Relatively high molecular weight samples
can be analysed by mass spectrometers

with modest mass ranges (because mass
spectrometry Is concerned with the
measurement of mass-to-charge (m/z) ratio,
as opposed to mass).
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mvoglobin

"

Relative Intensity (%)

N J

a0oo Sooo 10000 12000 100 lsooo 13000 Z00O00

1117 =

£83.185 (M + 1 + 1}{n + 1)

942.75 = (M, + n¥n
n =17

B48.5

M,.Theoretical = 16950.7
M Measured = 16951.9 = 1.7
A = +0.007%

RELATIVE ABUNDANCE




MS/MS

. BT

Dyl 4 PP B P

 first developed by several groups in 1993 (Henzel
et al., Mann et al., Pappin et al., Yates et al.).

- R

* (8) *EErf e R R N2 E S
N (o) fﬁ%ﬁ?@?ﬁﬂﬁﬁipl fzzﬂjﬁfﬁéfliﬁiﬁ (the map represents
a mixture of proteins).

» MS/MS: Mann and Wilm (1994) and Eng et al.
(1994), peptide sequencing techniques using
which compared database peptide sequences
with MS/MS data.




A MS/MS-TOF ['#r}}'glfl IR aeE
» | A E peptides 77| (X5 (low-energy
collision-induced dissociation (CID)
processes)fiEl Jj .
» During low energy collisions in the [/“f
7= (Q-Toh)yH FIMS, y type ions: philiH
(C-N bond) (retention of the charge at

the C-terminal side) and some low
molecular weight b type ions (retention
of the charge at the N-terminal side).




Electrospray mass
spectrometry
(for sequencing of
individual peptides)

o

1051 5

] e

1600 200(

Relative abundance 5

Relative abundance o

200 400 600 800 1000 1200 1400
miz
A sequence tag is derived via manual interpretation of
the spectrum, which can now be used to search
nucleotide and protein sequence databases.
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171 242 299 402 473 530 601

cumulative mass




2 TOF MEMS 523 259E5+

9325.54

|f934.5? 1095.45
LU, ./

LINNL AR B L LA B IR

ESI-MS/MS spectrum of a doubly charged ion (Im/z 523.29) of a trypsin
autolylsis product from porcine trypsin. Subtraction of the masses of
adjacent fragment ion peaks (y-type) corresponds to the masses of the
amino acids in the peptide chain. Hence, the complete sequence of the
peptide is LSSPATLNSR.




Posttranslational modification:

e More than 200 kinds of Posttranslational
modifications (PTMSs).

= €.9., methylation: 14.0269 Mw, GalN:

161.1577,phosphorylation: 79.9799 Mw, etc.

« Two major PTMs of proteins:

P
IFIJ%

nosphorylation, and glycosylation.

I IMS/MSSHR T3 HeL 5 Pt .




2l

= [ERH & BT =5 (e.g.,
PthsphoryIatlon detecting by MS)

= MALDI: (example-#{|*|PSDi*)

1. Post source decay (PSD): perform PSD
on reflectron-equipped MALDI-TOF at
first field free region.
= P-Ser/Thr: loss of H;PO, -- 98 Dalton.
= P-Tyr: loss of HPO,; -- 80 Dalton.

« Annan and Carr, 1996
2. Alkaline phosphate treatment:

MALDI before and after alkaline phosphate
treatment.
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;‘;LE[ETFE#[H, (Protein Microarray)

= Poor coorelation between mRNA and
protein expression levels.

= DNA chips fail on PTMs signals.
= Applications:

o Study enzyme-substrate, DNA-protein,
protein-protein interactions on
proteomic scale.

« MacBeath and Schreiber (2000):
protein arrays containing more than
10,000 proteins.




Classes of capture molecules for protein microarrays.

Antigen-antibody Aptamers

K+ ADP

P

Enzyme-subtrate

Protein-protein Receptor-ligand




TABLE 1.7. Protein arrays: Classes of capture molecules

Capture molecules Source "~ Technique References
mAb mouse hybridoma * Goldman (2000)
scFv/Fab diabodies antibody libraries phage display, in vitro Gao et al. (1999); Ryu and Nam (2000);
evolution Krebs et al. (2001); Lecerf et al. (2001);
Raum el al. (2001)
Affinity binding agents  recombinant fibronectin  in vitro evolution Kreider (2000)
structures
Affibodies microorganism heterologous expression Gunneriussion et al. (1999a,b)
Aptamers (DNA/RNA/  library - - SELEX/mRNA display, Jayasena (1999); Brody and Gold (2000);
peptide) in vitro evolution Hoppe-Seyler and Butz (2000); Lee and

Walt (2000); Lohse and Wright (2001);
Wilson et al. (2001)

Receptor ligands synthetic combinatorial chemistry MacBeath et al. (1999); Lee and Walt (2000)
Substrates of enzymes  synthetic; pro- and protein purification, Arenkov et al, (2000); MacBeath and
eukaryotic organisms recombinant protein Schreiber (2000); Zhu et al.(2000)
technelogy (bacterial

fusion proteins, baculo-
virus, peptide synthesis)

This table summarizes classes of molecules that have the potential to be used or are actually used as capture molecules in protein microarray systems.
Abbreviations: (Fab) Antigen-binding fragment; (scFv) single-chain variable region fragment; (mAb) monoclonal antibody.
Reproduced, with permission, from Templin et al. (2002).



Overview of the SELDI Process

824 prepositioned o
areas that contain b

"

2
selective bait matrices . o oW -

2 mm 1n diameter
1-2 uL. capacity
., 100 addressable regions by laser

Separation of proteins by Bound Proteins
chromatographic surfaces

g, S
Application of crude
cell lysate

Detector

Time-of-Flight Analysis
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s http://www.ciphergen.com
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fou ask the biomarker questions.

Ciphergen Diagnostics

ind out hiow
Ciphergen’ s new
Diagnastics Division is
using SELDI
FroteinChip® technolooy
to revolutionize protein
1y en:lilardiagnnstics.

CIPHERGEM MEWS

110708 - Ciphergen
Announces Audit Comimit tee
Fewiew: Delayin Filing Form 10-
i@ for Third Guarter of 2004

110408 - Ciphergen's Mew
Equalizer(Th) Technolooy
Substantially Increases the
Mumhber of Proteinsg Detected in
Lring

10MEME - Ciphergen sidgns
izollaboration Agreement to
validate and discover newy
biomarkers for Breast and
Cvarian Cancer

oaszam0s - Ciphergen’ s Mew




s Expasy (http://tw.expasy.orq)
m efc...




Domains, functional sites,
protein families
PROSITE

InterPro

Pfam

PRINTS

SMART

Mendel-GFDb

2D and 3D Structural dbs
HSSP
PDB

PTM
CarbBank
GlycoSuiteDB

2D-gel protein databases
SWISS-2DPAGE
ECO2DBASE
HSC-2DPAGE

Aarhus and Ghent
MAIZE-2DPAGE

Human diseases

MIM

Protein-specific dbs

GCRDb
MEROPS
REBASE
TRANSFAC

Nucleotide sequence db
EMBL, GeneBank, DDBJ

Organism-spec. dbs

DictyDb
EcoGene
FlyBase
HIV
MaizeDB
MGD
SGD
StyGene
SubtilList
TIGR
Tuberculist
WormPep
Zebrafish
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i FxPASy Home page I Site Map | search FxPASy | Contact ns J

Search | SWISS-2DPAGE v for |beta actin human

Swiss-Prot/ TrEMBL
Swizs-Prot/TrEMBL (full text)
PROSITE

SWISa e e
I MEWT T * .
SUN Two-dlsaver famies. lvacrylamide gel electrophoresis
et ExPASy web site
database

SWISS-2DPAGE contains data on proteins identified on various 2-D PAGE and SDE-PAGE reference maps. You can locate these proteins on the 2-D PAGE
maps or display the region of a 2-D PAGE map where one might expect to find a protemn from Swiss-Prot [More details / References / Linking to SWISS-
2DPAGE / Commercial users f Disclaimer].

Release 17.3, March 2004 and updates up to 03-Apr-2005 (contains 1265 enfiies i 36 reference maps from human, mouse, Arebidopsis thaliana,
Dictyastelium discoideum, Escherichia coli, Saccharomyces cerevisiae, and Staphylococeus aurenus (N315)).

Recent additions: 2-D PAGE reference maps for Staphylococcus aurens (N315) new and for Human lanphocvtes MW

[Search][Docmnents][Services][Software][Related servers][Other databases][Job openings]

Access to SWISS-2DPAGE SWISS-2DPAGE documents

s by description (any word in the DE, OS, GIN and ID lines) User manual

s by accession number (AC lnes) Release notes (MMarch 31, 2004)

o by chcking on a spot select one of our 2-D PAGE or SDS-PAGE FAQ (Frequently Asked Oueshons about SWISS-2DPAGE)
reference maps, chck on a spot and then get the corresponding

information from the SWISS-2DPAGE database. « Protocols:
o by author (EA lines) o Technical wformation about 2-D PAGE (IPG's, silver staining,
s by spot senal number (2D and 1D knes) protocols, etc)
o by fill text search o High performance 2-D gel companson

o retneve all the protein entnes identified on a swen reference map
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Image Analysis
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Key Technologies in Proteomics

Standard Protocols

1 siandand profocol - Microsoft Intlernet Explorer

Standard Protocols
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