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(57) ABSTRACT 

The present invention relates to a probe for the analysis of 
one or more analytes, particularly proteins or compounds 
capable of binding or otherWise interacting thereWith, by 
laser desorption/ionisation mass spectrometry, more particu 
larly MALDI MS. It also relates to a protein microarray, a 
method of producing a protein microarray and a method of 
analysing a protein microarray. The probe comprises a 
support having an electroconductive target surface thereon 
characterized in that the target surface comprises a micro 
array having a plurality of discrete target areas presenting 
one or more analyte capture moieties. Each discrete target 
area has an area of less than 1000 pmz, more preferably still 
less than 500 pmz, and more preferably still less than 100 

2 
pm. 
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Experimentai Section 

Matrix formulation for protein microarray 
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FIG. 1b 
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Analysing PEG-PLL-Biotin af?nity capture surface 
with a dual wavelength interferometer 
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PROBE FOR MASS SPECTROMETRY 

[0001] The present invention relates to a probe for the 
analysis of one or more analytes, particularly proteins or 
compounds capable of binding or otherWise interacting 
thereWith, by laser desorption/ionisation mass spectrometry, 
more particularly MALDI MS; It also relates to a protein 
microarray, a method of producing a protein microarray and 
a method of analysing a protein microarray. 

[0002] Such a mass spectrometry probe, upon Which a 
microarray has been fabricated, enables interrogation of 
protein—small molecule interactions in a label-free manner 
by desorption and ionisation of analytes (e.g. protein, drug 
or drug candidate, carbohydrate, DNA, RNA or other test 
molecule). The probe and methods are particularly useful in 
the drug discovery process, for example in hit series evalu 
ation, lead optimisation, predictive toxicogenomics and 
metabolite pro?ling. 
[0003] Analysis of disease processes and drug effects have 
traditionally focussed on genomics, Whereas proteomics, the 
study of the expressed fraction of a genome; offers a more 
direct analysis of proteins and their inter-action. Proteomics 
Was initially the quantitative and qualitative study of Whole 
cell, tissue, organ or organism protein expression or frac 
tions thereof Often it involves comparing samples of similar 
biological origin exposed to different conditions or compar 
ing diseased and non-diseased tissue. One advantage of 
proteomics over genomics is that it alloWs quantitative 
identi?cation and analysis of proteins; by contrast, genomics 
can only predict the presence of proteins on the basis of 
mRNAs that might be translated into proteins. Furthermore, 
proteomics can identify posttanslational modi?cation of 
proteins and can therefore draW conclusions about the 
activity of proteins rather than merely describing its pres 
ence. 

[0004] Conventional analytical methods in proteomics are 
based on 2D-gel electrophoresis for protein separation fol 
loWed by proteolytic digestion of the proteins and analysis 
by mass spectrometry. Alternatively Edman degradation can 
be used for protein identi?cation after separation. HoWever, 
both methods suffer limitations due to their bias toWards 
highly expressed proteins and the destructive method of 
separation. Therefore proteomic methods Which avoid the 
need for 2D-gel electrophoresis, such as isotope coded 
af?nity tag (ICAT, Gygi et al. 1999), tandem af?nity protein 
puri?cation (TAP, Gavin et al. 2002) and protein microar 
rays (McBeath and Schreiber, 2000), are gaining popularity. 
Furthermore, these neW methods have broadened the scope 
of proteomics from collecting and cataloguing data to a 
stage Where relations betWeen molecules can be assigned; 
this is noW referred to as functional proteomics. 

[0005] Protein microarrays have most commonly taken 
the form of collections of immobilised antibodies that can be 
used, for example, to monitor protein expression levels in a 
miniaturised ELISA format (SchWeitZer et al. 2002). The use 
of protein microarrays to analyse the function, rather than 
simply the abundance, of the immobilised proteins have 
received limited attention but recent examples include the 
analysis of substrate speci?city Within a set of yeast kinases 
(Zhu et al. 2000) and the identi?cation of calmodulin- and 
phospholipid-binding proteins Within a proteome-scale col 
lection of yeast proteins (Zhu et al. 2001). 
[0006] To date, protein microarrays have been analysed by 
enhanced chemo-luminescence (ECL), ?uorescent or radio 
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active labels or via antibody based detection systems, but not 
by mass spectrometry. The current methods of analysing 
protein microarrays are therefore restricted by the availabil 
ity of appropriate labelled ligands. Examples of labelled 
ligands that have been used successfully include ?uores 
cently-labelled antibodies and radio- or ?uorescently-la 
belled small molecule ligands. HoWever, for drug-like small 
molecules, Which often have molecular Weights of less than 
1000 Da, neither radio- or ?uorescent labels are desirable; 
radiolabels are disfavoured for health and safety reasons, 
Whilst the introduction of a ?uorophore into the small 
molecule could signi?cantly perturb the structure activity 
pro?le in an unpredictable manner. It is therefore clear that 
a label-free method to detect interactions in a microarray 
format Would be a major advance and Would greatly broaden 
the range of applications to areas Where labelled compounds 
are not available or Where labelling Would alter the proper 
ties of the ligand. This Would be particularly useful in the 
early stage of drug discovery, Where great numbers of 
compounds are screened against proteins. 

[0007] Amongst the label-free detection methods that are 
currently available, mass spectrometry has the unique 
advantage of being able to determine riot only the presence 
but also the identity of a given ligand. HoWever, the devel 
opment of a MALDI MS-compatible protein microarray is 
complex since existing methods for forming protein 
microarrays do not transfer readily onto to a MALDI target. 
There are a number of reasons Why this is the case, inter alia 
the specialised nature of the probe surfaces and the potential 
for salts present in reaction buffers to interfere With the 
detection method. In addition, procedures knoWn in the art 
for MALDI typically require the co-crystallisation of the 
aqueous analyte With acidic energy absorbing molecules, or 
‘matrix’, to promote ionisation of the analytes (Karas and 
Hillenkamp, 1988). The method of co-crystallising analyte 
and matrix for MALDI as knoWn in the art, typically results 
in a heterogeneous crystallisation process and yields dis 
crete, spatially separated crystals that each contain differing 
amounts of matrix and analyte. As a consequence it is often 
observed that individual crystals contain insuf?cient analyte 
for analysis by MALDI. This in turn results in a requirement 
for the analyser to sample multiple (ie. 10-100 or more) 
discrete locations Within a given target area in order to 
obtain a good analyte signal; this is sometime referred to as 
“the search for the sWeet spot” and imposes a signi?cant 
loWer limit on the siZe of individual target areas that can be 
routinely interrogated by MALDI MS methods knoWn in the 
art Infact, the target area generally has as area of at least 0.5 
mm2. 

[0008] In order to generate MALDI MS-compatible pro 
tein microarrays, solutions for the aforementioned short 
comings of the prior art are required that enable both 
miniaturisation of the target areas and functional analysis of 
the arrayed proteins. 

[0009] Some examples of the af?nity capture of analytes 
for mass spectrometric analysis have been described to date. 
HoWever these examples relate to the use of single antibod 
ies, nitriloacetic acid, anion exchangers or cation exchangers 
immobilised on the surface of the MALDI target or the use 
of bead based affinity capture reagents (Hutchens and Yip, 
1993, Brockman and Orlando 1995, Wang et al 2001). 
HoWever, all these methods suffer from one or more of the 
folloWing limitations: 
























