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Protein profiling comes of age
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Abstract

Ever since DNA microarrays were first applied to the quantitation of RNA levels, there has been
considerable interest in generating a protein homolog that can be used to assay cellular protein
expression. A recent paper describes the first microarray that can be used for such protein profiling.
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For the past 10 years there has been considerable interest in

the creation of high-density arrays of nucleic acids for use in

genomics and ‘transcriptomics’. Since the first model experi-

ments in academic laboratories [1], the number of spots on

each array has steadily grown whilst the overall size of the

arrays has shrunk (see [2-4]). Today’s DNA microarray is the

size of a thumbnail and can contain over 10,000 different

oligonucleotides. The pages of scientific journals are pep-

pered with advertisements touting robots for probing DNA

microarrays, machines for imaging DNA microarrays, soft-

ware for analyzing DNA microarrays and, of course, the DNA

microarrays themselves; the estimated annual market for

the technology is in excess of $527 million [5]. The applica-

tion of DNA microarrays is equally widespread, ranging

from DNA sequencing [6,7] to the genotyping of disease

genes [8-10].

It has long been the goal of molecular biologists to develop a

technology that can quantify, in a reliable and reproducible

manner, the expression level of every individual protein in a

tissue sample. DNA microarrays have been used extensively

for the analysis of RNA in cellular extracts, from which the

expression of individual proteins can be inferred by assess-

ing the levels of their corresponding mRNAs [11-13] (see [14]

for a review). Changes at the mRNA level, however, are not

necessarily proportional to changes at the protein level

because of differences in rates of protein translation and

degradation. Furthermore, nucleotide screens are unable to

provide information on the post-translational modifications

of a protein, which may be critical for a protein’s function.

After all, it is the protein and not the mRNA that provides

cellular function, whether it be for communication, metabo-

lism or building cellular architecture.

Although two-dimensional pulse-field gel electrophoresis (2D

PFGE) can be used to analyze the proteins expressed in dif-

ferent cellular extracts directly, it requires both a high degree

of technical skill and sophisticated computational analysis to

identify protein spots that are present on the gel or blot from

one extract but not on the other. Even then, it is still neces-

sary to determine the identity of the corresponding protein.

The Holy Grail for such proteomic analyses is a highly sensi-

tive protein array screen, in which the strength of the signal

at each point on the array provides a readout of the expres-

sion level of each protein in the human body. The paper by

Haab, Dunham and Brown in this issue of Genome Biology

[15] indicates that such a screen may be close at hand.

The Brown group was among the pioneers of DNA microar-

rays [11,16], developing many of the robotic systems and

protocols that are currently used for screening at the nucleic-

acid level [17]. They have now applied the same techniques

to the creation and screening of protein microarrays, con-

sisting of either spotted antibodies or spotted protein anti-

gens [15] (see Figure 1). As each of the antibody-antigen

pairs is mutually exclusive - that is, each antibody only binds

to a single cognate antigen and vice versa (a feature that

makes antibodies particularly well suited to the task of

protein profiling) - a single microarray comprising 115 anti-

bodies can be used to assay the presence of different target

antigens in a complex mixture. Although the concept of

using antibody arrays to profile protein expression is not
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new, the screen described by Haab et al. [15] achieves, for

the first time, the kind of sensitivity and reproducibility that

would be required to detect the vast majority of proteins

present in a human cell lysate. Furthermore, the protocol is

centered on well-established technology that could easily be

reproduced by any researcher well versed in the art of DNA

arrays. Indeed, the same glass slides, robotic gridders, dye

labels, slide readers and image analysis software have simply

been adapted for use with proteins rather than with DNA.

Over the past three years there has been considerable excite-

ment about the impending availability of protein arrays, yet

remarkably few publications to justify it [18,19]. Of course,

protein is quite different from DNA. Whereas the immobi-

lization of DNA to a solid support requires a simple charge

interaction, a protein must be attached in such a way as to

maintain its folded (and thereby functional) conformation.

Although the nucleotide sequence of one piece of DNA

differs from the next, they generally have similar chemical

and physical properties. Two proteins, on the other hand,

may be quite dissimilar, having different sizes, charges, sta-

bilities and solvent solubilities. The binding of one protein to

another is an even more complicated affair. The strength of

the interaction between a single strand of DNA and its com-

plementary strand is mainly dictated by the length of con-

tiguous base pairing, which on a DNA array can be

controlled by laying down different oligonucleotides of the

same length. Each interaction that occurs on the surface of a

DNA array therefore has a similar (high) affinity. By con-

trast, different protein-protein interactions may have affini-

ties ranging from femtomolar to micromolar - 12 orders of

magnitude difference.

Finally, a truly high-throughput array requires a wide range

of binding molecules, each of which has a unique specificity

for a given target present in the cell lysate. For DNA arrays,

oligonucleotides can be synthesized that correspond to spe-

cific nucleotide sequences known to be present at the RNA

level. For each protein in the lysate, however, a cognate

binder must be first isolated and then tested to confirm its

contextual specificity. Thus, if a human cell lysate is to be

probed, each binder in the array must specifically recognize

a single protein in that lysate and not cross-react with any

others. This is where antibodies come into their own. Highly

specific monoclonal antibodies can be generated either in

vivo by mouse immunization [20] or in vitro using tech-

niques such as phage display [21,22]. Ideally, the antibodies

are coupled or adsorbed to a solid support and then probed

with a labeled lysate. Several model systems have demon-

strated the feasibility of this approach using a handful of

antibodies [23-26]. The publication by Haab et al. [15] takes

these experiments one step further, using over a hundred

different rodent monoclonal antibodies to simultaneously

assay the levels of their respective cognate proteins in a

complex antigen mixture.

So what comes next? Obviously, for an antibody array to

profile an entire human proteome there needs to be at least

one specific antibody directed against each human protein

product. As there are estimated to be 50,000 human genes,

with each giving rise to an average of perhaps five functional

variants (by differential splicing, phosphorylation, glycosyla-

tion and so on), 250,000 different antibodies would be

Figure 1
From DNA to protein. Although the appearance of the final
product is very similar, DNA microarrays (top) are a world
apart from protein microarrays (bottom). Images courtesy
of Brian Haab. 
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required. Because, in practice, it would be useful to have

several antibodies against each protein variant, this equates

to a total of more than a million different (highly specific)

antibodies. Obtaining them by mouse immunization is likely

to be very costly, not to mention the ethical considerations

that may be encountered. In vitro methods of selection are

therefore increasingly regarded as the key to isolating mono-

clonal antibodies for such proteomic screening [27,28]. The

use of such recombinant antibodies together with the

protein-microarray technology described by Haab et al. [15]

may lead to the creation of vast antibody microarrays that

can rapidly determine the protein profile of any organism,

no matter how complex.
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