. Overview Workflow . Mass spectrometry
The aim of the following studies was the development of a method

suitable for comparative analysis of two highly complex protein
mixtures. This includes di i itati ination of protein
expression, post-translational modifications and isoforms. In order to

obtain this information, the whole sequence of every differential
expressed protein has to be analyzed.

1) Quantitation

@ The ratio of an isotope labelled peptide pair is calculated by comparing their
intensities. This provides relative quantitative information about the differential
protein expression of the 2 cell states.

Cell state 1 Cell state 2

L] 2) Identification
free amino groups in proteins, which allows the usage of any separation
method for proteins and peptides. Quantitation and identification of
differential expressed proteins is then performed using high throughput
mass spectrometry.

Only peptides from differential expressed proteins (ratio not 1:1) are then
selected for identification by sequencing (MS/MS).
}\Am}\

This challenge was achieved by isotope labelling of the high abundant -
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. Introduction o

Quantitative proteome analyses usually are accomplished by 2D- %

electrophoresis  (2DE) followed by mass spectrometric protein t
identification. Although this method is well established, quantitative
determination is not accurate and the reproducibility of the 2D-gels is | no
very poor. Recent developments, like the ICAT reagent [1] or GIST [2] 2Dwﬂm|_c FFE H1D |sepa-
methodology have shown to be powerful alternatives to comparative 2D e l\ ration
gel imaging analysis. Nevertheless, these methods also have their
limitations. Here we describe a new method termed Isotope Coded
Protein Label (ICPL) which is based on isotopic labelling of all free amino
groups in proteins.

Compared to the ICAT reagent, that modifies the low abundant amino
acid cysteine in proteins, higher sequence coverage and thus more
i { about post: { modifications and isoforms are
obtained with ICPL.

With the GIST approaches isotope labelling of peptides is performed
after enzymatic cleavage of the proteins. Although almost every peptide Ms'pa ramete rs

is modified using this strategy, the highly demanded quantitatively

controlled separation dimension on the protein level is lost. Sample preparation: The modified proteins were digested, diluted (except in-gel digests) and
The efficiency of the ICPL method is demonstrated by comparative g"ix:‘z ‘.;.‘x::ig i;;ﬁ;‘g‘;zﬁd;;?i:;‘:’:x:idég:ca)e:":';:;’“"e d°':"a'
a'nalzslsd of tvtvq E. coli — proteomes spiked with different amounts of five stainless steel MALDI target.

standard proteins.

Instrument: Proteomics analyzer 4700 (MALDI-TOF/TOF)
Database search: ~ GPS-Explorer / Mascot

. . Co-migration of light
. Labelling of standard proteins . Analysis of a spiked E.coli - proteome . and heavy labelled

To illustrate the ICPL workflow, 2 mixtures containing the same 6 standard prote"‘]s duﬂng 2DE
:)rotellns in various amlounls were treated as descnbled unc!er . I§otolp!c Comparative analysis of two E. coli -
labelling of all free amino groups was performed using activated nicotinic proteomes, spiked with different amounts of § . §
acid. As nicotinic acid contains 4 hydrogens in the light version which are 5 atanderd proteins.  Separation  was To check if proteins labelled with the
replaced by 4 deuterium atoms in the heavy version, the mass difference performed usi’?wg 2‘ dim:nsional o hgayy or .the light reagent behave
per modified amino group is 4. u similar during 2DE, Spot M from the
N ) o _ » electrophoresis. 2D-gel ( see 7 ) was divided into 4
After dem{atlzatlon, thg combined protein mixtures were enzymatically o Because the same amount of E.coli proteins quadrants as illustrated on the left.
cleaved using endopeptidase Glu-C. The obtained peptide mixture was then x was labelled in both samples, their ratios Each part was individually excised,
applied to a MALDI target without further separation and analyzed. The : - were 1:1. For simulating different protein digested and analyzed by MALDI-
extended views are each showing one peptide pair origin from myoglobin - expression, the ratios of the added standard
and a- i ification of the i in is finally carried out proteins were not 1:1, but varying from 4:1 to
by MS-sequencing followed by database search. - - 3 1:4. From the MS-spectrum on the left (Spot
Ov) one protein from E.coli and one added
MALDI-TOF-spectra of labeled peptides : 3 standard protein could be identified and,
more importantly, correctly quantified.
Accurate  quantification of  co-migrating
Spot Ov proteins during 2DE is not feasible by
Two proteins could be identified differential image analysis of 2D-gels.
and quantified from this spot
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. Conclusion

In summary, the new ICPL approach presented here provides accurate quantitative

determination and high sequence coverage of differential expressed proteins in highly complex

protein mixtures. It offers easier access to basic proteins during 2DE and is feasible to quantify

multiple proteins that migrate to the same position on a 2D-gel. We have currently evaluated 1. Gygi, S. P. etal; Nat. Biotechnol. 1999,
new reagents, that allow multiplexed experiments as well as LC/LC-MS/MS analysis. In the 17, 994-999

latter case, the deuterium isotopes of the heavy nicotinic acid label were replaced by '3C- 2. Chakraborty A. et al; J Chromatogr A
isotopes. This ensures co-elution of derivatized peptides during RP-LC which is required for 2002, 949, 173-184

correct quantification. With the opportunity of using any separation method and protein sample,

this new strategy is suitable to challenge comprehensive quantitative proteome analysis.




