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PROTEIN BIOCHIPS
on the threshold of success
With sales of protein biochips set to top $700 million in 2006, we present a
current overview of this fast moving technology and the applications for the
pharmaceutical industry as a whole.

O

n the surface (pun intended), it appears
that the protein biochip is the logical
extension of the DNA biochip. Genes
code for proteins, genomics gives way to proteomics. This extension, however, will be anything
but linear. Nucleic acids have four building blocks,
but proteins have 20; genes are one-dimensional
codes, but proteins are multi-dimensional enzymes,
receptors, and structural components; the genome
is a manageable and well-defined collection of
approximately 40,000 genes, but the proteome is a
loosely-defined collection of hundreds of thousands of proteins1. The first challenge for protein
biochips is to manage this complexity by dividing
and conquering the proteome.
The first division is between protein expression
and protein interactions. The study of expression
asks the simple questions of whether or a not protein is present and, if so, how much. For these studies capture agents, most commonly antibodies, are
immobilised on the surface. The capture agents
bind the specific proteins of interest in the sample,
and the resulting signal is quantified. The study of
interactions asks the simple questions of which
proteins interact with which other molecules of
interest and, if so, how fast and how long. For
these studies peptides or proteins are immobilised
on the surface and then other proteins, protein
domains, lipids, small molecules or other ligands
are added, followed by quantification of the resulting signal.
On the expression side, coverage of the entire
proteome is especially challenging because of the
limited availability of capture agents. Neither suppliers nor potential customers have large sets of
antibodies or other capture agents, which will
force the density down into the range of hundreds
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or even as low as tens of capture agents per
biochip. For this density to provide value, the protein biochips will have to be focused on areas of
interest for researchers. The most obvious focus is
on druggable target classes, such as kinases, receptors and secreted proteins. Another high-value
focus is pathways, such as signal transduction,
inflammation and apoptosis.
The limited availability of capture agents is a
major hindrance to the industry. Several companies, such as Perkin-Elmer, Prolinx, Zeptosens and
Zyomyx, have platforms that have been launched
or are nearing launch, but the rate of commercialisation has been held back by the content problem.
Other industry participants are attacking the content problem directly by attempting to boost production of capture agents. One approach, led by
companies such as Cambridge Antibody
Technology and Dyax, is to bypass the slow and
laborious method of producing monoclonal antibodies in animals and use combinatorial and phage
display methods instead, but generating high-affinity binders can take multiple rounds of engineering. Another approach is to develop entirely new
classes of capture agents, such as ribozymes from
Archemix, molecular imprints from Aspira
Biosystems, fibronectins from Phylos and aptamers
from SomaLogic, but the ability to generate large
numbers of high-affinity binders has not be definitively demonstrated.
If the content problem can be overcome, there are
multiple drug discovery and development applications for expression biochips. In drug discovery,
researchers commonly investigate the roles of protein classes and protein pathways in disease processes. Current methods, such as mass spectrometry and
2-D gel electrophoresis, are low-throughput and can
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Figure 1
Biacore and Ciphergen
account for the majority of
sales in the first three years,
but then new players drive the
growth in the later years.The
projected compound annual
growth rate from 2001 to
2006 is 58%
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be cumbersome, which creates enormous opportunities for a versatile, high-throughput system. In
drug development, researchers are very interested in
finding molecular markers for toxicity and efficacy.
In the ideal case, the researchers would be able to
rule out toxic compounds and rule in efficacious
compounds as early as possible, thereby greatly
increasing the probability of success in expensive
clinical trials. These molecular markers have yet to
be determined, but demand is high to search for
them, creating near-term opportunities. Long-term
opportunities will depend on the success of developing the markers.
Expression biochips could be incorporated
quickly into research and development programmes because DNA biochips have already
opened the doors. Scientists have years of experience generating and analysing gene expression
data, and the transition to protein expression data
should be straightforward at least, or possibly even
liberating. DNA biochip users often have difficulty
analysing the tens of thousands of data points per
experiment, especially in terms of finding the biological significance. Expression protein biochips,
by contrast, would have fewer data points to
analyse, and the proteins are one step closer to cellular functions, greatly increasing the likelihood of
finding the biological significance.
The number of expression chips used will
depend on specifications and cost. The single most
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important specification for potential customers is
the ability of the capture agents to bind their ligands in a linear fashion under the same conditions
across the entire biochip. Meeting this specification
requires a laborious trial-and-error approach to
selecting monoclonal antibodies, although the ability to engineer capture agents may help with this
process if they can be selected in parallel under the
same conditions. Other important specifications
include sensitivity and dynamic range, but the
exact requirements depend on the measurements
and the applications. Even if all of the desired specifications are provided, however, researchers will
not use the biochips in large numbers if the costs
are too high. The researchers will be driven to
other less expensive methods, such as ELISA assays
or bead-based detection systems. In fact, the lower
the density of the expression biochip, the more
attractive the other methods will be.
On the interaction side of the protein biochip
market, the content problem is different. If the
interaction biochips use peptides, then the content
can be synthesised. Jerini, for example, can synthesise up to 10,000 peptides on a glass slide. If the
interaction biochips use proteins, then the generation of the content can leverage genomics technologies and automation for high-throughput
expression and purification. Protagen, for example, routinely expresses and purifies more than
10,000 unique human proteins, and Protometrix
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has expressed and purified more than 90% of the
yeast proteome2. Even with these large numbers,
however, the best practices can only cover a small
fraction of the human proteome. Focus will be critical, and druggable target classes and pathways
will again provide the value.
If the development of content for interaction
biochips continues on its current rate of progress,
the biochips should be in use for a wide range of
drug discovery and development applications within one to two years. In drug discovery, identifying
the role of proteins in pathways is critical, providing
identification and validation of promising targets.
Current methods for studying protein interactions,
such as yeast two-hybrid and immunoprecipitation,
are low-throughput, slowing down the research.
Protein biochips would provide a much faster platform for generating valuable interaction and pathway data. If, for example, a protein occupies a ratelimiting step in a pathway that is specific for a disease, it will likely be a valuable drug target. If, by
contrast, the protein only plays a minor part in a
ubiquitous pathway, it would likely be a poor target,
and possibly even a dangerous one. In drug development, the interaction biochips could play a significant role in lead compound optimisation. Lead
compounds could be evaluated by an interaction
chip for specificity and selectivity in binding to drug

targets, thereby decreasing the likelihood of unforeseen and potentially toxic side effects.
The rate of incorporation of expression biochips
into research and development programmes is difficult to project at this time. Unlike the smooth
transition from gene expression data to protein
expression data, the transition to interaction data
will be quite abrupt. Scientists have little experience with high-throughput studies of interactions
and pathways. Analysing the data, designing follow-up experiments, and uncovering the biological
significance is likely to be a trial and error process,
especially in the beginning. This potential for slowing down the rate of incorporation, however, is
likely to be balanced by the ability of the expression biochips to provide data that could not otherwise be obtained. BioInsights projects that this balance between novelty and enabling will make scientists cautious at first, but as soon as the technology is proven, the adoption will grow rapidly.
The use of interaction biochips will also be
determined by the specifications and the price. One
of the most important specifications will be density, because the interactions occur in vitro, and the
more controls and cross-correlations the better the
quality of the data. In addition, the higher the density, the greater the differential between competing
methods that are low throughput and the lower the

Case studies

ZYOMYX is developing a protein expression biochip.The company’s protein biochip technology is based on the
creation of novel structures with sophisticated surfaces that allow the immobilisation of individual proteins while
retaining native function and structure. The company was initially planning to launch a biochip with 10,000
addressable spots, but the content problem has proved to be challenging, even with collaborations with both BD
Biosciences and Dyax. Zyomyx retrenched and adopted a divide and conquer approach, switching to a lower
density platform.The company recently announced that GlaxoSmithKline became the first early technology access
customer for a biochip platform for studying the expression of 30 cytokines in human serum samples.The primary
application is the analysis of key components involved in inflammation and immune disorders. Until the content
problem is solved such that Zyomyx can fill all 10,000 spots, the success of the company will depend on the further
implementation of the divide and conquer strategy.
PROTOMETRIX was founded for the purpose of commercialising the protein interaction biochip platform
developed by Michael Snyder and his research group at Yale University2. The company has a massively parallel
technology for efficient and cost-effective production of proteins. The proteins are fused to glutathione Stransferase-polyhistidine, expressed in yeast, purified in a 96-well format using glutathione-agarose beads, and
immobilised on nickel-coated slides in active conformations. In addition, the company has developed proprietary
algorithms for identifying proteins, both novel and known, for use in the protein biochip assays as well as
proprietary algorithms for analysing the data from the assays.The company has demonstrated protein-protein and
protein-lipid interactions with 5,800 proteins, or more than 90% of the yeast proteome. Moving from yeast to
human, however, will create a vast increase in complexity – more proteins, more cell types, more isoforms and
more post-translational modifications.The company recognises this challenge, and plans to generate biochips for
different families/groups of proteins. The company has already validated this divide and conquer approach by
expressing, purifying, and immobilising 121 of the 122 known yeast kinases4.
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price sensitivity. Another important specification is
the ability to retain the active conformations of the
immobilised proteins to increase the physiological
relevance of the interactions. The more closely the
interactions mimic those occurring in vivo, the
more valuable the data.
Despite the challenges in covering the proteome,
BioInsights is extremely optimistic about the opportunities for the protein biochip market. With at least
25 companies either selling protein biochips today
or preparing to enter the market within the next two
years, sales in this industry are poised for enormous
growth. According to our most recent market
report, the sales of protein biochips will top $700
million in 2006, almost a 10-fold increase from sales
DDW
of $76 million in 2001 (Figure 1)3.
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