
44 TODAY’S CHEMIST AT WORK JULY 2004 ©2004 AMERICAN CHEMICAL SOCIETY

IM
AG

E:
JU

LI
E 

FA
RR

AR

PRODUCT REVIEW

When Samuel Mok was looking
for ovarian cancer markers, he
used cDNA microarrays to

identify differentially expressed genes. But
Mok, at Brigham and Women’s Hospital,
also used protein biochips because, he says,
“Changes seen at the protein level may not
occur at the RNA level, and vice versa.”
By analyzing serum in a commercial
system, he found a protein fragment—the
alpha chain of haptoglobin—that was >6
times as abundant in ovarian cancer
patients as in healthy women. The protein
stuck to the chip because it bound to
copper, whereas more abundant proteins,
such as albumin, did not.

“Protein biochip” usually refers to the
protein microarray, which has an orderly
arrangement of many different proteins,
such as antibodies, whose coordinates on
the chip are known. Those proteins serve
as capture agents for selected proteins in
a sample. The captured proteins are made
detectable either by labeling them direct-
ly with a fluorophore or, in the case of
antibody chips, by adding a layer of
labeled antibodies to make a sandwich.
The position at which a protein binds
reveals the type of antibody to which it
binds and therefore its functional identi-
ty. The strength of the signal from that
location indicates the protein’s concen-
tration. Antibody microarrays have the
advantage of high throughput—in theo-
ry, they could simultaneously analyze
thousands of proteins in a drop of sample,
such as serum.

Protein biochips that are not microar-
rays have also been pressed into service
for biological and medical research,

making it easier to study biomolecular
interactions or to select proteins out of
complex mixtures.

Several companies sell protein biochips
and the components for making them, but
a few are selling integrated protein biochip
systems. Such systems consist of chips and
reagents, an instrument that processes
chips, a method for detecting and quan-

tifying captured proteins, and software that
can analyze large volumes of data. “The
advantage of buying a complete system
rather than assembling your own is that
the amount of quality assurance in an inte-
grated production system goes far beyond
what a homemade instrument would
receive,” says Tom Wida of Biacore.

Protein biochip systems, which
appeared in 1990 with the launch of the
first Biacore system, now account for 70%
of the protein biochip market. In 2003,
this market was worth $170 million. By
comparison, the worldwide market for
DNA chip systems is estimated at close to
$1 billion.

Many Challenges, Varied
Solutions
Protein biochip systems have to overcome
challenges that do not apply to DNA chips.

First, there might be as many as 1 million
different human proteins compared with
only 30,000 or so genes. In addition,
protein biochips must be able to detect
low-abundance proteins despite the lack
of an amplifying technology such as PCR.
Therefore, capture agents must have at
least nanomolar affinities for proteins, but
the development of capture agents can be
lengthy and costly. On top of that, these
systems must cope with the wide range
(up to 8 orders of magnitude) of protein
expression levels, and detection methods
must be highly sensitive. Moreover, chip
surfaces must immobilize capture agents
without causing conformational changes
that interfere with normal interactions.
Finally, capture agents must interact with
specific ligands without cross-reacting
with others.

The protein biochip systems on the
market today represent a variety of solu-
tions to these problems. They differ in
biochip substrates, type of protein on
the chip, detection methods, and through-
put. However, they fall into three major
categories according to the type of protein
analysis provided. Capture chips use
immobilized capture agents to detect the
presence and measure the abundance of
proteins in a sample. Interaction chips
permit real-time studies of interactions
between immobilized proteins and other
proteins or small molecules. The chips of
protein discovery systems select proteins
out of complex samples for identifica-
tion by MS. Capture chips are further
subdivided into chips with capture agents
already integrated onto the chip and
naked chips for users who want to devel-
op their own capture arrays. Table 1 lists
selected commercial systems that fall into
these categories. This list is meant to be
representative rather than comprehensive;
some companies offer products that are
not listed.

Biochips Go High-Tech
Protein biochip systems automate protein
identification, quantification, and studies.

Linda Sage
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Model

Manufacturer

Platform

Components

Approximate cost
of system/chip
(U.S.D.)

Chip and substrate

Detection method

Amount of sample
needed

Number of assays
that can be per-
formed simultane-
ously on one chip

Number of chips
that can be ana-
lyzed at one time

Special features

Protein Profiling
Biochip System

Zyomyx
26101 Research Rd.
Hayward, CA 94545
510-266-7500
www.zyomyx.com

Ready-to-use capture
chip systems

Computer-operated
workstation; single-
wavelength fluores-
cence scanner; data
analysis software; full
set of reagents (cali-
brators, multiplexed
detection reagent set)

$150,000/$750

3D silicon chips with
high-performance sur-
face coatings; shipped
fully loaded with cap-
ture agents 

Fluorescence

20–40 µL 

180–300

12/workstation
(in 3–4 h)

Focused arrays of anti-
bodies; multiplexed
detection reagents
and calibrators
shipped with chip

PerkinElmer System

PerkinElmer Life and
Analytical Sciences
710 Bridgeport Ave.
Shelton, CT 06484
203-925-4602
www.perkinelmer.com

“Use-your-imagina-
tion” capture chip sys-
tems

Piezorray; ProteinArray
Workstation; ScanAr-
ray; analytical soft-
ware

$70,000–220,000/$15

Glass slide coated
with proprietary
HydroGel

Fluorescence

75 µL

User-defined 

12

Tyramide Signal
Amplification; Protein-
Array analysis software

SELDIb ProteinChip
System

Ciphergen Biosystems
6611 Dumbarton Circle
Fremont, CA 94555 
510-505-2100
www.ciphergen.com

Protein discovery 
systems

ProteinChip System;
ProteinChip Arrays;
ProteinChip Software;
Biomarker Pattern
Software; Ciphergen
Express database

$160,000/$40–80

Chromatographic sur-
faces and biological
surfaces

MS

0.5–1 µL

16

12

Integrates chip tech-
nology with MS

8500 Affinity Chip
Analyzer

Applied Biosystems
850 Lincoln Centre Dr.
Foster City, CA 94404
650-638-5800
www.appliedbio

systems.com

Interaction chip
systems

Analyzer; computer;
data analysis software

$225,000/$150–250;
Spotter: $40,000–
100,000

Gold-coated plastic
chip with 1-cm2 active
area; other surfaces
include protein A/G,
streptavidin, or Neu-
trAvidin

Surface plasmon
resonance

2–10 µL target (2–5
nL/spot); 2–5 mL ana-
lyte

400 + 400 reference

1 (4 in 8 h)

Label-free; real-time
kinetic data; high
throughput

Protein Microarray
Platform

TeleChem International
524 East Weddell Dr.
Sunnyvale, CA 94089
408-744-1331
www.arrayit.com

“Use-your-imagina-
tion” capture chip
systems

Printer; fluorescence
or colorimetric scan-
ner; analytical
software 

$25,000–200,000/$10

Amine, aldehyde,
epoxide-derivatized
glass, plain gold, and
membrane, all in slide
or plate format

Colorimetry or
fluorescence 

20 µL

10,000+

12

Patented microspot-
ting technology

Biacore 3000

Biacore
Americas Regional Office
200 Centennial Ave.
Ste. 100
Piscataway, NJ 08854
732-885-5618
www.biacore.com

Interaction chip systems

Detection unit; automat-
ed immobilization and
sample injection station
with integrated micro-
fluidics and sensor chip
handling; system control
and evaluation software

$300,000/$125 

Glass coated with gold
film and surfaces such
as carboxymethylated
dextran (CMD), short
CMD, reduced negative
charge CMD, lipid bilay-
er, streptavidin; also ma-
trix-free (plain gold)
chips

Surface plasmon
resonance

20–80 µL

4 (but automated
repeated runs) 

1 

Label-free; real-time ki-
netic data; automatic re-
covery and integration
with MS

aSome companies offer multiple systems. Contact the vendors for their complete product lines.
bSELDI: Surface-enhanced laser desorption/ionization.

Table 1. Selected Protein Biochip Systems.a

http://www.zyomyx.com
http://www.perkinelmer.com
http://www.arrayit.com
http://www.appliedbiosystems.com
http://www.biacore.com
http://www.ciphergen.com


Ready-to-Use Capture Chips
Antibody arrays are useful because they can
reveal the presence and abundance of
hundreds of different proteins in a single
small sample, such as a drop of serum. For
researchers who focus on specific classes of
proteins and do not want to develop and
validate their own assays, the Zyomyx Pro-
tein Profiling Biochip System is preloaded
with optimized capture agents (antibod-
ies) and full sets of validated calibration
and detection reagents. It uses a fluores-
cence scanner for detection. According to
the company’s Peter Wagner, it provides the
highly accurate measurements of multiple
proteins in small samples that are needed
to “expedite the large number of genomic-
derived drug targets through the develop-
ment process and to identify targeted
patient populations in clinical trials and the
practice of medicine.”

Zyomyx chips are made of silicon,
which is microfabricated into posts to
create a 3D substrate. This technology
offers better performance than pin-print-
ed spots on glass slides, Wagner says. A
proprietary organic film that binds and
orients specific quantities of antibodies
coats the posts. Although Zyomyx protein
biochips have utility in almost all areas of
drug development, they are used prima-
rily to identify disease biomarkers, validate
potential drugs, test drug specificity and
selectivity, evaluate mechanisms of action,
and stratify patients for clinical studies.

The company’s first chip, launched in
February 2003, contains an array of anti-
bodies to human cytokines and thus is
appropriate for studies of inflammatory
processes and disorders such as cancer and
rheumatoid arthritis. This 30-plex chip
has 6 channels, and each channel contains
200 posts, making a total of 1200 per chip
(to provide multiple data points per
analyte). Suitable samples include serum,
plasma, cell lysate, synovial fluid, and
supernatant from tissue culture. The
second chip, launched in March 2004, is
an array of antibodies to mouse cytokines.

The disadvantage of using antibodies
exclusively is that the number of highly
purified and very specific antibodies avail-
able for making microarrays is still quite
limited, says Michael Snyder of Yale Univer-
sity. “We are just at the early days. But for
anyone who is profiling small numbers of
proteins, that technology has the potential
to be extremely powerful,” Snyder adds.

“Use-Your-Imagination”
Capture Chips
Many researchers prefer to design their own
chips because antibody arrays for captur-
ing the proteins that interest them are not
commercially available. Even so, they might
want to save time by automating chip
preparation and processing. “We provide
the tools for protein microarray experi-
ments, and researchers provide the imagi-
nation for where they want
to take their assays,” says
Amy McCann of Perkin-
Elmer.

The main differences
among these systems are
the types of substrates
available, the spotting
technology, and the detec-
tion technology. Perkin-
Elmer’s system, centered
on its ProteinArray Work-
station, uses glass micro-
scope slides, which the
company can coat with
HydroGel, a proprietary
polyacrylamide hydrogel that forms a
3D substrate.

A researcher who wanted to make, say,
an antibody array, would deposit puri-
fied antibodies using the Piezorray non-
contact dispensing system, which prints
333-pL spots into a HydroGel-coated glass
slide. The microarray would then be trans-
ferred to the ProteinArray Workstation for
all subsequent steps, which include sample
application, incubation, washing, and
further processing for detection. The typi-
cal sample volume that can be applied to
each array in the processor is 75 µL. All
of these steps happen in an automated
fashion as dictated by the user. Using a
computer, the researcher determines how
long, how gently or vigorously, and at what
temperature the sample should be agitat-
ed on the slide. The system works with
typical antibody sandwich assays or with
protein–protein interactions in which the
second protein is labeled directly.

To amplify signals, PerkinElmer has
devised Tyramide Signal Amplification.
Fluorophore-labeled tyramide is added to
the protein complex containing horse-
radish peroxidase. The peroxidase activates
the tyramide, depositing additional fluo-
rophores onto spots that have captured
proteins. This technology reveals even low-
abundance proteins to the laser scanner.

TeleChem International also markets
a system for manufacturing and process-
ing protein microarrays. “One key compo-
nent is our patented spotting technology,
which prints multiple samples, multiple
times, over multiple substrates after one
low volume of sample is loaded,” says the
company’s Todd Martinsky. This tech-
nology involves Micro Spotting Pins,
which have a very tight mechanical toler-

ance, foolproof capillary
delivery, a loading channel
with a defined volume,
and a tip that aligns hori-
zontally with the center-
line of a pin’s shaft.
According to Martinsky,
this device is the most
widely used microarray
technology in the world,
with more than 2000
installations. It is suitable
for microarrays of proteins,
antibodies, antigens, pep-
tides, DNA, small mole-
cules, carbohydrates, and

lipids. “If it can be suspended in solu-
tion, we can print it into a microarray,”
Martinsky says. TeleChem also offers the
option of printing at cold-room temper-
atures. “We want to keep the samples
happy while they are being printed,”
Martinsky explains. The special buffers
used during printing keep spotted proteins
stable for up to a year. TeleChem also offers
the choice of fluorescence detection or
enzyme-based colorimetric detection.
“The advantage of enzymatic reactions is
that they increase detectivity,” Martinsky
says. “The downside is that it’s more diffi-
cult to get quantification.”

Possibilities for substrates on Tele-
Chem’s ArrayIt chips include surfaces with
amine, aldehyde, or epoxy groups. Chips
with hydrophobic surfaces, such as the
ZetaGrip chip, are also available. To study
autoimmune disorders, Stewart LeBrun
(who developed the ZetaGrip at Miragene)
prints spots of highly purified proteins
known to be targeted by the immune
system onto the chip, which is coated with
a membrane. The membrane binds to the
hydrophobic core of proteins, opening
them up to expose their epitopes. To
reduce background noise, the valleys
between the spots are blocked with a
reagent that does not bind to the sample
and also colors the background white,

The advantage of
buying a complete
system instead of
building one is the
amount of quality
assurance.
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eliminating refraction patterns from the
glass slide. “So the peak sensitivity is much
like that obtained with fluorescent labels,
but the background noise is much lower,
which gives us a really nice signal-to-noise
ratio,” LeBrun says. Captured antibodies
are made visible with a colorimetric assay
involving alkaline phosphatase.

Porous substrates, such as nitrocellulose
and hydrogels, usually offer a higher
protein-binding capacity
and more suitable surface
chemistry for protein
immobilization than solid
substrates, says Gang Bao
of the Georgia Institute of
Technology and Emory
University. “However,
nonspecific binding in
porous substrates increas-
es with protein-binding
capability; thus, develop-
ment of efficient blocking
reagents is necessary,” he
adds. “A porous substrate
may also slow down the
overall transport–reaction process.”

Some experts are not convinced of
the importance of proprietary substrates
for attaching proteins to a chip. “These
companies have made some nice improve-
ments, but I don’t think the surface is the
critical part,” Snyder says. “The hardest
part is getting the antibodies you need.”

Bao is not yet convinced of the accu-
racy of microarray systems. “The field is
still underdeveloped,” he says. “If you are
studying a protein for which the chip has
already been validated, that is okay. But
you usually want to study new proteins.
If those proteins differ in size, you have
an intrinsic problem because different
proteins have different binding affinities
and because diffusion-dependent reaction
kinetics are sensitive to size. So I would be
cautious at this point.”

Interaction Chip Systems
Whereas capture chips are designed main-
ly to detect the presence and abundance
of certain proteins in biological samples,
interaction chips can assess the functions
of proteins by making real-time measure-
ments of the specificity, kinetics, and affin-
ity of binding between proteins and
ligands, one protein and another, or multi-
ple proteins. Experiments such as these are
performed on unlabeled proteins. “There-

fore, the sample is looked at as close to its
native state as possible,” says Wida.

A phenomenon called surface plasmon
resonance makes label-free detection possi-
ble. A protein (or ligand) is immobilized
on a glass chip that has been coated with
a gold film and an immobilizing surface.
A beam of polarized light shines onto the
underside of the chip, and the layer of gold
reflects it back. However, the difference in

refractive indices between
the two materials on either
side of gold film—glass on
one side, sample on the
other—causes some of the
photons in the incident
beam to convert to plas-
mons, which are dissipat-
ed into the gold film. This
loss of energy makes the
reflected beam dimmer
than the incident beam.
When a sample binds to
a ligand, the resulting
minute change in solute
concentration affects the

refractive index on the sample side of the
surface, altering the angle at which the
energy-deprived beam is reflected off the
underside of the chip. A sensor measures
this change in angle, relating it to the
change in the ligand’s concentration. A
protein of interest can be digested from
the chip for analysis by MS.

Biacore makes a system for the phar-
maceutical industry, the Biacore S51, and
one for academic researchers, the Biacore
3000. The latter selects samples from vials
or microplates and injects them into four
flow cells on the chip surface. Each flow
cell has a surface for immobilizing
proteins. A fluidics cartridge then flows
possible ligands or buffer over the captured
proteins, using one cell as a reference.
Moreover, the system washes off one
ligand and then adds another, making it
possible to expose an immobilized protein
to a series of ligands. The chip can be used
multiple times and is automatically regen-
erated for repeated runs.

Chips come with a variety of immo-
bilization surfaces, such as carboxymeth-
ylated dextran, which covalently anchors
proteins and provides a hydrophilic envi-
ronment for molecular interactions. Suit-
able samples include crude extracts, small
molecules, lipid vesicles, viruses, and
cells—samples do not have to be trans-

parent because the light beam does not
pass through them.

In September 2003, Applied Biosys-
tems introduced the 8500 Affinity Chip
Analyzer, which uses grating-coupled
surface plasmon resonance to provide
simultaneous label-free measurement of
binding interactions in real time. The
system uses a 25 × 75 mm chip with a
large (1 cm2) grating. Up to 400 differ-
ent biomolecules can be spotted onto the
grating using a typical microarray spot-
ter. Analyte flows over these targets. This
protein microarray system takes advantage
of the space between the spots, which
provides a local reference for each spot.
“The higher capacity allows the researcher
to analyze multiple concentrations and
replicates of each target on one chip in a
single experiment,” says Tony Chiulli of
Applied Biosystems. “It has an addition-
al benefit of minimizing any potential run-
to-run variability due to replacement with
a new chip because all the experiments can
be performed in a single run.”

Supported antibody applications
include comparative kinetic or end-point
analyses, peptide epitope mapping, and
identification of matched antibody pairs.
Interactions of proteins with nucleic acids,
peptides, or other proteins can also be
investigated. “An example of an applica-
tion that takes advantage of the higher
chip capacity is our peptide epitope appli-
cation,” Chiulli says. In a peptide epitope
experiment, for example, a researcher can
investigate the effects of tens to hundreds
of single-base-pair mutations to a biotin-
ylated peptide and determine how those
changes may affect binding affinities to an
antibody or protein.

Protein Discovery Systems
Whereas antibody microarrays identify
proteins and peptides by their immuno-
specificity, Ciphergen’s surface-enhanced
laser desorption/ionization ProteinChip
System identifies proteins by selecting
them from complex mixtures using chips
and transferring them directly to a mass
spectrometer. The system is targeted to
researchers who want to study interactions
among proteins or discover biomarkers to
create assays. For example, scientists at the
Johns Hopkins School of Medicine are
using it to develop a protein-based diag-
nostic test for early-stage ovarian cancer.
“This system is typically used by people

The hardest part
of working with
protein biochips 
is getting the
antibodies you
need, says Snyder.
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who want to understand differences
between biological states on a proteome
level,” says Martin Verhoef of Ciphergen’s
biosystems division. “It can also be used
to understand the etiology of a disease at
the molecular level and to test drug
compounds in rat toxicology models.”

The automated system uses chips that
hold up to 16 samples and an autochip
loader that holds 12 chips.
Thus, one person can run
300 samples in an 8-h day.
For biomarker studies, the
chips are coated with
substances similar to those
used in chromatography
columns—copper, nickel,
cobalt, or zinc—for captur-
ing different types of metal-
binding proteins, chips
with anionic or cationic
surfaces for capturing
charged proteins, hydro-
phobic chips for captur-
ing hydrophobic proteins,
and normal-phase chips.
Researchers looking for a
biomarker can run their
samples over each type of
chip to see which gives the
biggest difference between,
say, patients and controls.
They would then build
their assay on that chip. For
Mok’s research at Brigham and Women’s
Hospital, the copper-coated chip was the
most useful. “The advantage of using the
chip is not just that you need a smaller
amount of sample,” Mok says. “The chip
also fractionates the sample into those
proteins that bind to the surface and those
that do not, reducing the complexity of
the sample.”

Ciphergen provides preactivated chips
for studies of protein interactions.
Researchers covalently attach their own
proteins to these chips and determine
which proteins in a sample bind to the
capture proteins. In June 2003, Ciphergen
launched a matrix-free chip for peptides,
aiming to reduce background noise.

Ciphergen uses a TOF mass spec-
trometer as its detector. This technology
is similar to MALDI MS and permits
label-free detection. “If you used an anti-
body chip and a fluorescence detector, you
would get just one signal for, say, beta-
amyloid peptide, which plays a big role in

Alzheimer’s disease,” Verhoef says. “But
15 different forms of the peptide bind to
a single antibody. Mass spectrometry can
differentiate among those forms because
they differ in size.”

The informatics specialists at Cipher-
gen have also developed many pattern
recognition tools. “This extremely impor-
tant aspect has been much overlooked,”

Verhoef stresses. “No
biological change in the
body produces a change
in just one protein.”
Ciphergen’s software can
look at many changes in
parallel and use decision
trees to classify women
as having or not having
ovarian cancer, for exam-
ple.

“Systems that can be
used to do protein profil-
ing as well as protein
sequence identification
will be very useful,” Mok
says. In fact, he has been
using a new system devel-
oped by Bruker Dalton-
ics to identify biomarkers
for ovarian cancer. The
ClinProt solution uses
functionalized magnetic
beads to capture proteins
and peptides prior to

target loading. The targets are analyzed
with high-performance MALDI TOF and
MALDI TOF-TOF MS. The MALDI
targets are standard microwell plates that
use a proprietary AnchorChip technolo-
gy to concentrate samples 10–100 times
prior to analysis. The mass spectrometers
can be run in both a linear mode—to
obtain the largest dynamic range—and a
reflector mode—to obtain the highest
resolution.

Even Smarter Systems
Over the next few years, protein biochip
systems are likely to become user-friend-
ly. “The most important thing regarding
the use of any of these research systems is
to get proper training and support,” Wida
says. “If you do not interpret the data or
use the instrument correctly, your results
are not going to be valid.”

Academics such as Bao are trying to
improve protein biochip technology. Bao
has developed a method for accelerating

reaction kinetics and improving overall
assay performance. His technology filters
samples back and forth through a stack of
capture membranes so that capture agents
and analytes are more likely to contact
each other than when analyte flows only
in a direction that is parallel to a chip’s
surface.

Protein microarrays are also taking new
directions. SomaLogic, in Boulder, CO,
uses photoaptamers instead of antibodies
as capture agents. Zyomyx has two other
platforms under development: a label-
independent protein interaction chip and
the first membrane protein biochip for
measuring ion channel activity with elec-
tronic readout. Molecular Staging, in New
Haven, CT, has developed a rolling circle
amplification technology to increase
dynamic range. And whereas most
microarrays detect and quantify proteins,
a new class of chips, called functional
protein microarrays, probes for enzyme
activity or protein–protein interactions,
making it possible to determine a protein’s
function in the cell and how its activity
can be altered. These chips contain arrays
of highly purified proteins instead of anti-
bodies. The most comprehensive func-
tional chip to date, based on Snyder’s
work, is the ProtoArray from Protometrix
of Branford, CT. This chip contains an
army of capture agents—about 4500 high-
ly purified yeast proteins, representing
most of the yeast genome. The company
plans to release a similar microarray of
human proteins, according to Snyder, a
consultant to Protometrix. “It will be
important to explore the use of function-
al protein chips for detecting posttransla-
tional modifications,“ Bao says.

Within the next few years, more
companies are likely to enter the protein
biochip field. “Protein microarrays have
been billed as more difficult to implement
than DNA microarrays,” Martinsky says.
“But I have been around the microarray
industry since 1995, and I’m here to tell
you that DNA technology wasn’t that easy
nine years ago. Nine years from now,
protein microarrays will be common tools
in every research and diagnostic lab around
the world.”

This article is reprinted with permission from Analyt-
ical Chemistry, April 2004, pp 137A–142A.

Linda Sage is a freelance writer and editor based in 
Eugene, OR. ◆

Protein micro-
arrays have been
billed as more
difficult to
implement than
DNA microarrays,
but the DNA
technology wasn’t
that easy years
ago, says
Martinsky.


