D I G E (difference gel electrophoresis)

Built upon the classical gel approach to protein
quantification (gel densitometry)

Separate Samples are treated with unique fluorophore
tags (binding covalently with lysine e-amino groups)

Samples are combined and run on the same 2D gel
(AMW of proteins is negligible)

Quantitative Analysis is based on relative intensities of
fluorescing labels at specific spots (relative
quantitation) or to labeled standard (absolute
quantitation).



Practical Approach to DIGE
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Available Methodology

1) Isotope-Coded Affinity Tag (ICAT) technology
2) 1TRAQ tagging technology
3) Absolute QUAntitation of proteins (AQUA)

4) Stable Isotope Labeling with Ammo acids in Cell culture
(SILAC)



Accurate Quantitation Using Isotope Dilution

-

1Y)
Sample 1 Sample 2
(Reference)
Incorporate Incorporate
Stable Light Stable Heavy
Isotope Isotope
l' Combine Samples

Analyze by Mass Spectrometer

heavy/light analytes are chemically identical = identical specific signal in MS

Ratio of heavy/light signals indicates ratio of analytes



Rel. Abund.

Mass Spectrometry and
Quantitative Measurements

ik o pEd

equimolar mixture
of 2 peptides

Mass spectrometry is
inherently not a
quantitative technique.
The intensity of a peptide
ion signal does not
accurately reflect the
amount of peptide in the
sample.

m/z

equimolar mixture
of 2 peptides

[Val®]-Angiotensin |l

1031.5188 (monoisotopic)

516.725

—

m/z

Lys-des-Arg?-Bradykinin
1031.5552 (monoisotopic)

516.828



Mass Spectrometry and
Quantitative Measurements

equimolar mixture m
of 2 peptides

Rel. Abund

m/z

Two peptides of identical chemical structure that differ in mass
because they differ in isotopic composition are expected to
generate identical specific signals in a mass spectrometer.

Methods coupling mass spectrometry and stable isotope tagging
have been developed for quantitative proteomics.



Relative quantitation : stable isotope labelling is very
fashionable!

Sample A : light isotope Sample B : heavy isotope
N 4

mix, digest

. N
Quantitate and identify ( MS)

+TOF M S : ent 1 44.071 to 46.012 m in 1203 QS _MQ _RuedalCAT1_long... M ax. 649 .4 counts.
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How to label ?

-chemically, post protein synthesis

- “specific” chemical modification of AA side chain
(+) any sample can be done
(-) side reactions

-metabolically, during protein synthesis
—>Incorporation of one or more labelled amino acid

(+) “native” proteins
(-) need cultivable organism



ISOTOPE-CODED AFFINITY TAG
(ICAT): a quantitative method

e Label protein samples with heavy and light

reagent

e Reagent contains affinity tag and heavy or light

Isotopes

Chemically reactive group: forms a
covalent bond to the protein or peptide

Isotope-labeled linker: heavy or light,
depending on which isotope is used

Affinity tag: enables the protein or
peptide bearing an ICAT to be isolated by
affinity chromatography in a single step

&M



Example of an ICAT Reagent

Biotin affinity tag
binds tightly to streptavidin-
agarose resin

i

HN  NH

H H
Z?VWNWOw NOWN%

| H

O

Thiol-reactive group
note similarity to
lodoacetamide

Linker
Heavy version will have deuteriums at *
Light version will have hydrogens at *



Cell State 1 Cell State 2

New Methods :

ICAT:quantitation
and identification C¢E C:)

Quantitate protein levels
m/z by H8 / D8 peak heigth ratios

Modify with Modify with
(H8)-ICAT (d8)-ICAT
HHHH o N v DD DD o
e e ]| I |
ot T N Combine samples ot I N
HH HH H '\ P DD DD H T
HS-@ -SH
*Digest Trypsin
*Purify Cys-containing
peptides on avidin column
Identify proteins by MS/MS
= Al
aad aa2 aal % i
> aa3 1 < A2
= | — —_
e >
£ I m/z




ICAT (+) and (-)

- relative protein quantification by MS

- simplification of complex mixtures by selecting a subset
of peptides after digestion

- eliminate analytical variability by mixing samples

- protein quantification unreliable for weak signals

@ - affinity purification (avidin) : losses for low amounts

- multiple side reactions possible

~15 different isotope labelling methods developed in the last 5 years !!
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IT RAQ (isobaric tags for relative and absolute quantification)

« Uses up to 4 tag reagents that bind
covalently to the N-terminus of the peptide
and any Lysine side chains at the anime

group (global tagging).

« Each sample set is digested separately
and then mixed with the specific iTRAQ tag

A

DIGEST DIGEST DIGEST DIGEST

Label A Label Label Label



IT RAQ (isobaric tags for relative and absolute quantification)

* Fragmentation of the precursor ion (MS/MS) will
reliably separate the tag fragment from the
peptide

* The fragmented tag ions will show up from 114
to 117 m/z on the spectrum

« Quantitative analysis can be made by comparing
the relative intensities of each of the tagged
peaks
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iTRAQ

Isobaric Tag
Total mass = 145 : E
A . Amine specic peptide 1 I
Reporter Group mass  ehmge e . ' : H.\\
144 117 (Retains Charge) |
iy , N PEPTIDE
r -"I | I 1
I 0 M I o !
I i H"‘H -""'f : :
i I LY > A1 J
| 1
M i 0
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e miz 116 (+2) "G, g (42)
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Ross, P. L. et al. (2004) Mol Cell Proteomics 3(12): 1154-69




iTRAQ
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IT RAQ (isobaric tags for relative and absolute quantification)

» Tags were designed to produce
fragments in a “quiet” spectral region

His

Reporter group placement in
spectral “quiet region”

Arg Ph
160000000 A-h A
2‘ 104 L] /'l' 14 118
0 " P e
g 120000000 miz
I= -
- P Summe d len
E 0000000 - Intensity (~75.000
- : Spectra)
L]
£
£ 40000000 -
3
7]
0 <4

0 200 400 L] 800 1000 1200 1400 1600 1§00 2000

miz




iTRAQ

Reduce & Trypsin Label w/
Alkylate  digest 114 tag

Sample 1 | > | > > Mix, dilute in

SCX buffer

Label w/

115 ta

Sample 2 “4
Label w/ \
116 ta

Sample 3 “4/

Label w/

117 ta
Sample 4 | > >:§

‘ Capillary
SCX RPLC-MS

Ross, P. L. et al. (2004) Mol Cell Proteomics 3(12): 1154-69




iTRAQ
1:1:1:1 Mixture 1:5:2:10 Mixture

1

L -
o P
T f T
T— -— b ol

116
117.

o N

[

- -

110 1128 1146 1164 1182 12000 1110 1128 1146 1164 1182 1200
Mass (miz) Mass imiz)

- Peptides have the same mass from each of the samples

- MS/MS of selected mass yields
- Fragmentation spectra for the identification of peptide

- Reporter group gives relative abundance information

Ross, P. L. et al. (2004) Mol Cell Proteomics 3(12): 1154-69




SILAC

Ong SE, Blagoev B, Kratchmarova I, Kristensen
DB, Steen H, Pandey A, Mann M.

Stable isotope labeling by amino acids in cell

culture, SILAC, as a simple and accurate approach A
to expression proteomics. e
[?i-ii_tf" % = LeuD3
Mol Cell Proteomics. 2002 May;1(5):376-86. H#!_ﬁ
S
* Label light / heavy cultures e
(Leu d0 / d3) T
l Precip.
« Stimulate heavy cells ’

* Mix cells or lysates M

* Purify fraction of interest

* Analyse by LC-MS/MS (->ID)

* Quantify signals of ion pairs




Stable Isotope Labeling with Amino acids in Cell
culture (SILAC)

|
e

—
NS
Mix and digest

pur‘ificatinn*

Mass s pectrometry

«Jne of the most accurate procedures for quantitation of
proteins

«Each peptide produced by the cell and cleaved by enzymatic
digestion will have an isotopically identical internal standard

« Works best with cell lines only



Stable Isotope Amino Acid or °N- in vivo Labeling

Cells grown using Cells grown using
THN2C 4N-coded amino acids ZHM3CSN-coded amino acids
or "N-minimal media or 1®M-enriched media

5%
| =pesic)

Denature and reduce
(optional S-alkylation)

Metabolic stable isotope
coding of proteomes

An equivalent number of
cells from 2 distinct cultures
are grown on media
supplemented with either
normal amino acids or 14N-
minimal media, or stable
Isotope amino acids
(?D/13C/>N) or >N-enriched
media.

These mass tags are
iIncorporated into proteins
during translation.



DATA COLLECTION PROTEIN LABELING

DATA ANALYSIS

Stable Isotope Labeling Strateqies

Metabolic stable
isotope labeling

Y

000000000 000000000
000000 (00.0(6/0/¢)
06.0(6/0/0/¢) 0000000
0000000000  COOOBOOOOO

Intensity

m/z

Isotope tagging Stable isotope incorporation
by chemical reaction via enzyme reaction

% Label %%
0/60/6]0]0.0/60) 0/600/6]0]0.0/60)
000000 000000
. 0000000 0000000

Digest 0000000000 0000000000

o%oooooooY 000000000
000000 000000
0000000 0006000
0000050000 ‘w oooooaoooo
Light O I
Mass spectrometry Heavy©

v N
i

Intensity
Intensity

:

m/z m/z



Relative Intansity

g, T

mohalsotopic Cq
380,24 monoisatopic
383 26

Feptide Ratio = 0.58

MCP Papers in Press. Published on April 21, 2004 as Manuscript M400021-MCP200



SILAC (+) and (-)

» relative protein quantification by MS

« eliminate praparative variability by mixing samples immediately
after culture

* eliminate analytical variability

« peptides in native state (no side reactions)

* protein quantification unreliable for very weak signals
» mass shift variable (dependent on number of residues)

* only feasible with organisms in culture




Enzymatic Stable Isotope Coding of Proteomes

Control Experimental

« Enzymatic digestion in the > &F <
presence of 180-water SN
incorporates 80 at the &g
carboxy-terminus of 1—-—~ Denar and racuce —-i
eptides
PEpLC | S S N
* Proteins from 2 different I I
samples are enzymatically “"l 1“-"
digested in normal water or G S
H,'¢0. RSN T
(Arg, Lys) T
™ " B
R1 R2 \ R3 Eﬂﬂ‘:ﬂw\"—‘;\;—? 160N E80-coded
I I I I Y. \ﬁ\;‘\mﬁ peptide mixture

...NH-CH-CO-NH-CH-CO-NH-CH-CO-NH-CH-COOH
. A
Trypsin /H,*0 |

| | | |
...NH-CH-CO-NH-CH-C -'80,H NH,-CH-CO-NH-CH-COOH

C-terminal peptide



Advantages vs.

e Estimates relative
protein levels between
samples with a
reasonable level of
accuracy (within 10%o)

e Can be used on
complex mixtures of
proteins

e Cys-specific label
reduces sample
complexity

e Peptides can be
sequenced directly if
tandem MS-MS is used

Disadvantages

Yield and non specificity

Slight chromatography
differences

Expensive
Tag fragmentation

Meaning of relative
guantification information

No presence of cysteine
residues or not accessible
by ICAT reagent
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