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I. INTRODUCTION

AntibodyArray™s contain hundreds of high quality antibodies against well-studied pro-
teins. The antibodies are immobilized on a membrane, each at a predetermined position,
and they retain their capabilities of recognizing and capturing antigens as well as antigen-
associated proteins. The proteins captured on the array can then be detected by im-
munoblotting.

AntibodyArray™ offers a high-throughput method for protein studies. It has many appli-
cations, including:

1. Examining protein expression profiles

2. Screening protein-protein interactions

3. Studying protein posttranslational modifications

AntibodyArray™s developed by Hypromatrix are especially suitable for screening pro-
tein-protein interactions and detecting protein tyrosine phosphorylation.

5@

Immobilize antibodies against
a plurality of protein ligands
on a solid support to make an
AntibodyArray.

=]l

«E«Eig

Prepare a protein lysate and
incubate the lysate with the
AntibodyArray, to allow the
antibodies to capture their
respective antigens and
antigen-interacting proteins.

Detect the protein of interest.

From the position where the
protein of interest is located,
the identity of its interacting
protein is identified.

00000

Overview of the method for screening protein-
protein interactions using AntibodyArray™

When AntibodyArray™s are used to detect protein-protein interactions or protein tyro-
sine phosphorylation under different conditions (e.g., different cell types under the same
condition or the same cell type under different conditions), valuable information on
changes in protein-protein interaction or protein tyrosine phosphorylation can be ob-
tained.

For further information regarding these applications and other issues, please contact
Hypromatrix.
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I1. LIST OF COMPONENTS

A. AntibodyArray™
Store at 4 °C until use. Good for at least 3 months.

I11. ADDITIONAL MATERIALS REQUIRED

The following materials are needed but not supplied:
A. Antibody to the protein of interest

B. Reagents required for antibody-HRP conjugation
EZ-link™ activated peroxidase and antibody labeling kit (Product # 31497ZZ) from
Pierce (Rockford, IL).

C. Materials required for antibody biotinylation
EZ-link™ Sulfo-NHS-LC-Biotinylation kit (Product # 21430ZZ) from Pierce (Rockford,
IL).

D. Solutions:
1. Blocking solution:
5% dry milk in TBST (150 mM NacCl, 25 mM Tris, 0.05% Tween-20, pH 7.5).

2. Extraction solution:
Triton Extraction Solution: 15 mM Tris pH 7.5, 120 mM NacCl, 25 mM KCI, 2 mM
EGTA, 2 mM EDTA, 0.1 mM DTT, 0.5% triton X-100, 10 pg/ml leupeptin, 0.5 mM
PMSF.

RIPA buffer: 150 mM NaCl, 1.0% NP-40, 0.5% DOC, 0.1% SDS, 50 mM Tris (pHS8.0).

3. Washing buffer:
TBST (150 mM NacCl, 25 mM Tris, 0.05% Tween-20, pH 7.5).

E. Peroxidase substrate:
1. ECL™ Western blotting detection reagents from Amersham
Pharmacia Biotech.

2. NEN™ Western Blot Plus from NEN™ Life Science Products.

Hypromatrix, Inc. 3
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IV. METHODS

A. General considerations

1.

Before using AntibodyArray™, tests should be done to get information on the quality
of the antibody against the protein of interest. The HRP-conjugated antibody should
work well in Western blotting and the sensitivity should be comparable to that of
unconjugated antibodies.

The extraction condition should be optimized to ensure that the protein of interest and
its potential interacting proteins are extracted as much as possible from cells and their
interactions should not be disturbed.

Protein-protein interactions detected by AntibodyArray™ should be further con-
firmed by other methods, such as co-immunoprecipitation and in vitro binding assay.

B. Protocol 1 for screening protein-protein interactions

1.

Incubate AntibodyArray™ in blocking solution for at least 1 hour at room tempera-
ture with slow shaking. The preferred blocking solution is 5% dry milk in TBST
(150 mM NacCl, 25 mM Tris, 0.05% Tween-20, pH 7.5).

2. Incubate AntibodyArray™ with a protein sample (e.g., whole cell extracts) for 2
hours at room temperature with slow shaking.

3. Wash AntibodyArray™ with TBST, 3 x 15 minutes.

4. Incubate the AntibodyArray™ with HRP-conjugated antibody against the protein of
interest in TBST for 2 hours at room temperature.

5. Wash AntibodyArray™ with TBST, 3 x 15 minutes.

6. Apply peroxidase substrate and expose to X-ray film.

Note:

1. When the antibodies against the protein of interest are not available, the protein of
interest can be expressed as a recombinant fusion protein with a tag, which can be
detected by available antibodies. Such tags include but are not limited to His, Myc
tag, or GST and green fluorescent protein.

2. Biotinylated primary antibodies may be used. In this case, after incubation with the
biotinylated antibody and wash (as in steps 4 and 5), incubate the array with HRP-
conjugated avidin for 30-60 minutes, then wash and apply peroxidase substrate.

3. Affinity purified antibodies are recommended. The suggested concentration is 1.5-10
pg/ml for high affinity antibodies or 10-50 pg/ml for lower affinity antibodies.

4. Multiple sites may have positive signal, which suggests that several proteins interact

with the protein of interest. These interactions may be direct or indirect, e.g., through
a third protein.

C. Protocol 2 for screening protein-protein interactions

In this protocol, the potential interacting proteins and the protein of interest are applied to
the array sequentially. That is, the cell lysate (containing potential interacting proteins) is
incubated first with AntibodyArray™, and the protein of interest, e.g., as a recombinant
protein, is subsequently applied to the array for interactions to occur.
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1.

Incubate AntibodyArray™ with blocking solution for at least 1 hour at room tem-
perature with slow shaking. The preferred blocking solution is 5% dry milk in TBST
(150 mM NaCl, 25 mM Tris, 0.05% Tween-20, pH 7.5).

2. Incubate AntibodyArray™ with a protein sample (e.g., whole cell extracts, nuclear
extracts) for 2 hours at room temperature with slow shaking.

3.  Wash AntibodyArray™ with TBST, 3 x 15 minutes.

4. Apply the protein of interest, e.g., as a recombinant protein, to the array and incubate
for 1-2 hours to allow the interactions to occur.

5. Wash with TBST, 3 x 15 minutes.

6. Incubate the AntibodyArray™ with HRP-conjugated antibody of interest in TBST for
2 hours at room temperature.

7. Wash AntibodyArray™ with TBST, 3 x 15 minutes.

8. Apply peroxidase substrate and expose to X-ray film.

Note:

1. The protein of interest can be expressed in the form of a recombinant protein, such as
recombinant GST fusion protein, His tagged protein or GFP fusion proteins. The an-
tibody against the tag (GST, His or GFP) can then be used.

2. The following conjugated antibodies are available from Hypromatrix:

HRP conjugated anti-His tag antibody
HRP conjugated anti-GST antibody
HRP conjugated anti-GFP antibody
HRP conjugated anti-c-Myc tag antibody
Biotinylated anti-His tag antibody
Biotinylated anti-GST antibody

D. Protocol for screening protein tyrosine phosphorylation

1.

Incubate AntibodyArray™ with blocking solution for 1 hour at room temperature
with slow shaking. The preferred blocking solution is 5% dry milk in TBST (150
mM NacCl, 25 mM Tris, 0.05% Tween-20, pH 7.5).

2. Incubate AntibodyArray™ with a protein sample (e.g., whole cell extracts or nuclear
extracts) for 2 hours at room temperature with slow shaking.
3. Wash AntibodyArray™ with TBST, 3 x 15 minutes.
4. Incubate the AntibodyArray™ with HRP- conjugated anti-phosphotyrosine antibody
in TBST for 2 hours at room temperature.
5. Wash AntibodyArray™ with TBST, 3 x 15 minutes.
6. Apply peroxidase substrate and expose to X-ray film.
Hypromatrix, Inc. 5
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Note:
1. Protein Ser/Thr phosphorylation can be similarly screened by using phospho-Ser/Thr
specific antibodies.

2. When screening protein tyrosine phosphorylation HRP-conjugated anti-
phosphotyrosine antibodies are available from Hypromatrix.

3. The change in protein tyrosine phosphorylation under two different conditions can be
compared.

E. Preparation of whole cell extracts

Care should be taken to make sure that the protein of interest and its potential interacting
proteins are extracted as much as possible from cells. For many proteins, such as cy-
toskeletal proteins, detergents have to be used to solublize them.

For protein-protein interaction studies, mild condition should be used to maintain native
protein-protein interactions.

The following is a protocol that can be used to extract most proteins from cultured mam-
malian cells and maintain protein-protein interactions.

1. Grow cells for two days into fresh confluence in 100 mm petri dish.

2. Remove the cell culture media and wash the cells twice with ice cold Tris saline (50
mM Tris pH 7.5, 150 mM NaCl, 1.5 mM PMSF).

3.  Add 1 ml Triton Extraction Solution to cell monolayer and incubate at 4°C for 30
minutes. Triton Extraction Solution contains 15 mM Tris pH 7.5, 120 mM NacCl, 25
mM KCl, 2 mM EGTA, 2 mM EDTA, 0.1 mM DTT, 0.5% triton X-100, 10 pg/ml
leupeptin, 0.5 mM PMSF.

4. Pellet cellular debris by centrifugation at maximum speed (14,000rpm) in a desktop
centrifuge at 4°C for 15 minutes. Transfer and collect supernatant for AntibodyAr-
ray™ assay.

5. Before assay, dilute the protein extract in 5 ml extraction solution containing 1%
BSA or 1% dry milk, final concentration should be between 0.5 pg/ul and 5 pg/pl.

Note
1. Radio immunoprecipitation assay buffer (RIPA buffer) can also be used to prepare
cell extract for protein-protein interaction screening.

2. For screening protein tyrosine phosphorylation, denaturing buffer can be used. For
example, cells can be lysed in 0.6% SDS in PBS and then dilute SDS out with 4 vol-
ume of 0.5% Triton in PBS.

F. Preparation of Conjugated Antibody:

Because AntibodyArray™s contain antibodies from several sources, including mouse, rat,
rabbit and goat, enzyme-conjugated secondary antibody cannot be used. Enzyme-
conjugated or biotinylated primary antibodies have to be used.

HRP Conjugation:
1. Dissolve 1 mg HRP in 0.25 ml of water.

2.  Add HRP to 0.1 ml of freshly prepared sodium periodate solution and incubate at
room temperature for 20 minutes.Sodium Periodate solution: 0.1 M sodium periodate
in 10 mM sodium phosphate (pH7.0).
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Sodium Periodate solution: 0.1 M sodium periodate in 10 mM sodium phosphate
(pH7.0).

3. Dialyze the above solution overnight at 4°C in 1 mM sodium acetate (pH 4.0).

4. Add the dialyzed HRP to 0.1 ml antibody solution and incubate for 2 hours at room
temperature.
Antibody solution: 1 mg/0.1 ml in 20 mM carbonate buffer (pH9.5).

5. Add 20 pl of sodium borohydride (4 mg/ml in water) and incubate at 4°C for 2 hour
6. Dialyze against PBS.

Antibody Biotinylation
1. Add 20 pl of N-hydroxysuccinimide biotin to 100 pl antibody and incubate at room
temperature for 4 hours.
N-hydroxysuccinide biotin: 10 mg/ml in dimethyl sulfoxide.

Antibody solution: 1 mg/ml in sodium borate buffer (0.1 M, pH 8.8).
2. Add5 pl of 1 M NH,4CI and incubate for 10 minutes at room temperature.

3. Dialyze the antibody solution against PBS.

Note

1. It is important that before using conjugated primary antibodies in AntibodyArray
assay, test them in regular Western blotting assay. The conjugated antibody should
work well in Western blotting and the sensitivity should be comparable to that of
unconjugated antibodies.

2. Other methods can be used. For further information on antibody conjugation, please
see Harlow and Lane, 1988, Antibodies, a laboratory manual. Cold Spring Harbor
Laboratory Press.

3. Kits from several commercial sources can be used for antibody HRP conjugation and
biotinylation.
EZ-link™ activated peroxidase and antibody labeling kit (Product # 31497ZZ) from

Pierce.

EZ-link™ Sulfo-NHS-LC-Biotinylation kit (Product # 21430ZZ) from Pierce.

Hypromatrix, Inc. 7
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V. TROUBLESHOOTING

If the results you obtained is different from what you have expected, use the following
guide for troubleshooting. For further help, please contact Hypromatrix.

(Observations

IPossible Causes

Solutions

INo signal

The protein of interest
and its interacting pro-
teins are not extracted.

|Vary the extraction conditions. Western blot mayj
be performed with the extract to see whether the
rotein of interest is in the extract.

Primary Antibody is not
sensitive enough.

[Use a antibody with higher affinity. Increase the
antigen concentration by increasing the amount]
of protein extract may also partially overcome
this problem.

Conjugation is less satis-
factory

Before using conjugated primary antibodies in|
IAntibodyArray assay, test them in regular West-
ern blot assay. The conjugated antibody should|
work well in Western blotting and the sensitivity|
should be comparable to that of unconjugated|
antibodies.

Signal is weak

Dissociation of interact-
ing proteins during incu-
bation.

IDecrease the incubation time. Wash for less
time.

Too much
lbackground

IBlocking is not complete

Block the array overnight.

IAntibodies contain reac-
tivities to some compo-
nents in blocking re-
agents

Pre-incubate the antibodies with the blocking
reagents. Add blocking reagents in Washing so-
lution.

Too many posi-
tive spots

IAntibody used contains
non-specific activities,
such as reactivities
against all mouse or rab-
bit antibodies.

Further clean the antibody. If the antibody is not
affinity purified, affinity-purify it.

8 Hypromatrix, Inc.
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VI. SUGGESTIONS FOR ADDITIONAL EXPERIMENTS

Hypromatrix suggests the following steps to confirm the results obtained with the first
screening.

A: Record the positive spots
Carefully analyze the results. Sometimes, a weak positive spot may be real.

B: Repeat the experiment

The positive result from the initial screening should be repeated and confirmed under dif-
ferent conditions. A convenient and economical way to do this is to repeat the experiment
using Custom AntibodyArray™s that contain all the antibodies giving positive results.
Such customized arrays can be ordered from Hypromatrix.

At least two conditions should be used:
1. Repeat the experiment under the exact condition used in the initial screening.
2. Perform the assay without protein lysates. This will eliminate false positives that
result from direct binding between HRP-conjugated detecting antibodies and
membrane-bound capturing antibodies.

Other conditions may also be desired. For example, assays can be performed with protein
lysates prepared under conditions that the expected interactions will be unlikely to occur.
Such conditions include but are not limited to using protein lysates that does not have the
protein of interest; preparing lysates under denaturing conditions that disrupt protein-
protein interactions. This will ensure that positive signal is not due to direct binding of the
same protein by both the capture antibodies and the detecting antibodies.

Carefully compare the results obtained from each condition. Only the antibodies that give
positive signals under correct conditions but not under control conditions should be con-
firmed in additional experiments. Abandon those spots that give signals under control con-
ditions.

C: Confirm the positive results by co-immunoprecipitation.

The results should also be confirmed by other methods, such as immunoprecipitation and
in vitro protein binding assays. To do this, select the antibodies that give most consistent
and reliable results, and perform co-immunoprecipitations with those antibodies. We sug-
gest that individual antibodies used in AntibodyArrays™ from Hypromatrix be used first;
then additional antibodies from other sources are used for confirmation.

In many situations AntibodyArray™ assay is more sensitive than co-immunoprecipitation.
This is partially due to the fact that antibodies are immobilized at high concentrations on
the membrane; and the high antibody density significantly increases the binding of anti-
gens. In addition, because both capturing and detecting antibodies have to bind the same
protein complex in order to produce a signal, the chance for false positive result is lower
than immunoassays that only require one antibody binding.

Therefore, when a novel interaction identified by AntibodyArray assays is unable to be
demonstrated by standard co-immunoprecipitation, it is still quite likely that the interac-
tion is a real one.

D: Additional experiments that may be used for confirmation.

These include in vitro binding assays with recombinant proteins and double immunostain-
ing that can reveal cellular co-localizations of two interacting proteins. In vitro binding is
particularly helpful because the assay can tell whether the protein-protein

Hypromatrix, Inc. 9
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interaction demonstrated in AntibodyArray™ and co-immunoprecipitation is direct or
indirect binding. In addition, some protein interactions that are difficult to demonstrate by
co-immunoprecipitation can be revealed by in vitro bindings, particularly when right do-
mains of the involved proteins are used in the assays.
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APPENDIX I. ANTIBODY LIST BY POSITIONS

A. Signal Transduction AntibodyArray™
Updated: 3-20-2003
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Apoptosis AntibodyArray™

B.

Signal Transduction AntibodyArray™ (continued)
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Trial AntibodyArray™

: 3-20-2003

Updated

A.

C. Cell Cycle AntibodyArray™

: 09-20-2003

Updated
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AntibodyArrayTM Instruction Manual

APPENDIX II. PRODUCTS FROM HYPROMATRIX, INC

A. AntibodyArray™s:
1. Signal Transduction AntibodyArray™

Catalog Number HM3000
2. Apoptosis AntibodyArray™
Catalog Number HM4000
3. Cell Cycle AntibodyArray™
Catalog Number HMS5000
4.  Custom AntibodyArray™
Catalog Number HM6000
B. Antibodies
1. HRP-conjugated antibodies
a. anti-GST
b. anti-GFP

c. anti-6XHis

d. anti-Myc-tag

e. anti-phosphotyrosine
f. HRP-avidin

and more...

2. Primary antibodies
Hypromatrix offers a variety of high quality antibodies. For a complete list of antibodies
and their specificities, please visit our web site at www.hypromatrix.com

EZ-link™ is a trademark of Pierce Chemical Company
ECL™ is a trademark of Amersham Pharmacia Biotech.
NEN™ is a trademark of NEN™ Life Science Products.
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