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Users may desire to test the APA with a positive control DNA probe.  
ProteinOne routinely uses a DNA probe that is recognized by Ap1 as a 
positive control to test for successful 32P incorporation and to verify the 
function of the APA.2 
 
Note: This probe is not provided with the APA kit.  However, it can be synthesized by 
any reputable provider of custom oligonucleotides.   
 
The DNA probe is prepared from the following two oligonucleotides 
(Ap1 consensus site appears in bold): 
 
Oligonucelotide #1:  
 

5’ gtccagttagtctccgataacgctgagTGACTCA ccgaattgacatagccaatgcgctgt 
 
Oligonucleotide #2:  
5’ acagcgcattggctatgtcaattcggTGAGTCA ctcagcgttatcggagactaactggac 
 
Following 32P labeling and successful annealing of the oligonucelotides, 
the DNA probe can be incubated with the APA (we typically use a 0.5 
nM final concentration of the DNA for probing).  The probe should bind 
to Ap1 and to a smaller extent, c-Jun.  A graphic of the expected results 
is below: 

�
�
�
�
�
�
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1. Gramigni C, Penco S, Bianchi-Scarra G, Ravazzolo R, and Garre C.  
(1998)  An upstream negative regulatory element in human granulocyte-
macrophage colony-stimulating factor promoter is recognised by AP1 
family members.  FEBS Lett.  440: 119-124. 
 
2. Ryseck,RP and Bravo,R. (1991)  c-Jun, Jun B, and Jun D differ in  
their binding affinities to AP-1 and CRE consensus sequences: effect  
of Fos proteins. Oncogene 6: 533-542 
 

 

Ap1 DNA Probe Binding to c-Jun 

Ap1 DNA Probe Binding to Ap1 
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The human genome contains approximately 30,000 genes, but it is esti-
mated that in the lifetime of a human, these may be used to encode up to 
a million different proteins via the use of alternate splice sites and post-
translational modifications.  Post transcriptional regulation and post 
translational modification can produce dramatic changes in protein levels 
and activity that are invisible to DNA arrays. Identification of how these 
proteins interact with each other, DNA and other molecules remains an 
enormous challenge particularly for techniques that only allow for the 
characterization of one protein at a time.   

 
Researchers now have a plat-
form that allows for the high 
throughput characterization 
of multiple proteins     simul-
taneously.  ProteinOne has 
developed the         Active 
Protein Array™ platform of 
protein arrays to meet this 
protein analysis challenge. 

�
�
 
 

Description 
The Active Protein Array, Transcription Array Kit is designed for the 
multiplex detection and interaction assessment of 36 activated Transcrip-
tion Factors. The use of whole length, highly pure, biologically active pro-
tein targets on a nitrocelluose membrane makes this kit the first of its 
kind.Using the APA is simple and is outlined in Figure 1.  A protein or 
DNA probe of interest is labeled radioactively and is then used as bait to 
search for interactions with the immobilized proteins.  The signal is visu-
alized on photographic film or by using a phosphorimager.      
 
Unlike other commercial systems, the results obtained with the APA can 
be easily verified in vitro using other techniques.  This is because the pro-
teins spotted on the array are already part of the ProteinOne catalog, thus 
they can be ordered individually in small or large quantities for subse-
quent testing.  Additionally, custom arrays are available.  
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·      Active Protein Array™ (2 each) 
·      Plastic Incubation Tray (2 each) 
·      5X Reaction Buffer (50 mL) 
·      Nonfat Dryed Milk (5g) 
·      Buffer Supplement A (0.2 mL) 
·      Buffer Supplement B (1 mL) 
·      Buffer Supplement C (20 mL)      
·      Positive Control In Vitro Transcription/Translation 
       Template DNA (10mL) 
·      Alignment Template (1 each) 
·      Instruction Manual (1 each) 
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·      Orbital shaker 
·      Kodak Photography Film or Equivalent 
·      Phosphorimager (Optional)�

The Active Protein Array™ currently relies on the use of radioactively 
labeled probes for detecting interactions with  the proteins printed on 
the array.  
 
For protein probes, the recommended methods for labeling include in 
vitro transcription/translation in the presence of 35S methionine or the 
addition of a protein kinase A (PKA) tag at the N- or C-termini of 
expressed proteins and subsequent labeling of the tag with 32P.   
 
DNA probes can be radioactively labeled using a number of established 
methods, but prefered  is T4 polynucleotide kinase (PNK) to 
incorporate 32P. 
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Included with each kit is an in vitro transcription/translation positive 
control DNA template encoding the human c-Fos protein.  This posi-
tive control can be used to verify optimal conditions of both the in vitro 
transcription/translation reaction and the APA .   
 
Procedure for preparing 35S methionine labeled c-Fos: 
 
1. Setup TNT T7 Quick Transcription/Translation Reaction: 
 
       8 ml   Positive Control Transcription/Translation Template DNA 

2 ml   35S methionine  (cat. #SJ1515, Amersham Biosciences ) 
40 ml  reticulocyte lysate mix  

 
Note: Reactions should be set up using gloves and sterile RNase free tips and tubes. 

 
2. Incubate reaction for 90 minutes at 30°C. 
 

Save 2 – 3 ml of the reaction for an SDS-PAGE gel, if desired.  The 
remainder of the reaction should contain approximately 750 mg of 
35S methionine labeled c-Fos and can be diluted directly into 10 mL 
of 1X Protein Binding Buffer (final concentration ~ 75 mg/mL c-Fos) 
for incubation with the APA (see section 5a).   

 
Expected Results:  
 
c-Fos should interact strongly with c-Jun on the array (its natural binding 
partner)1.  It will also interact with Ap1 (a mixture of c-Fos and c-Jun) 
and to a lesser extent with itself.  Some example data is shown below: 
 

 
c-Fos Binding to c-Fos 

c-Fos Binding to c-Jun 

c-Fos Binding to Ap1 
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Weak of no signal 
 

·    Not enough radiolabled probe.   
Recommendation: Check probe concentration by running on SDS- 
PAGE gel (for protein probes) or on an agarose gel (for DNA probes).
Ensure that probes are labeled radioactively.  Increase amount of probe 
used 5-10 fold. 
 
·      Probe does not interact with proteins on array  
Recommendation: Test another probe or use Postive Control include with 
kit.   
 

High background 
 

·    Exposure time is too long. 
Recommendation: Shorten exposure time.   
 
·      Concentration of probe is too high. 
Recommendation: Check probe concentration by running on SDS-PAGE 
gel (for protein probes) or on an agarose gel (for DNA probes).  Reduce 
probe concentration 5-10 fold.   
 
·      Probe not separated efficiently from free label 
Recommendation: When labeling probes with 32P, be careful to remove 
free label after labeling reaction using a desalting column or an appropri-
ate affinity resin.   
 
Uneven background 
 
·    Membrane dried out during incubation or washing 
Recommendation: Keep membrane fully submerged in buffer during all 
incubation steps.   
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Proteins are radioactively labeled by the incorporation of 35S methionine.  
Labeling is accomplished by using a coupled in vitro transcription/
translation system like  the TNT® system from Promega (Madison, WI) or 
the PROTEINscript®  from Ambion (Austin, TX).  These kits are available 
for different promoters (T3, T7, and SP6) and, in some cases, with lysates 
from different sources (rabbit reticulocyte, wheat germ, and E. coli).   
 
Effective expression of a plasmid encoded gene requires an appropriate pro-
moter sequence and ribosome binding site (RBS).  They can be added, if not 
present, by PCR using primers encoding the necessary regions.  The PCR 
product can be used directly or subcloned into a plasmid and used in the in 
vitro transcription/translation reaction. ProteinOne recommends using the 
rabbit reticulocyte based TNT® T7 Quick Coupled Transcription/
Translation System (Promega catalog #L1170) for the production of protein 
probes.  The following graphic outlines primers typically used for the in vi-
tro transcription/translation reaction in template DNA production :   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To test for labeled protein product: Run an SDS-PAGE gel with a small 
aliquot of the completed in vitro transcription/translation reaction, followed 
by autoradiography or phosphorimaging. If labeled protein is present and 
adequate, you may incubate this probe directly with the array in 1X Protein 
Binding Buffer.  
 

Positive Control:  Included in the kit  is an in vitro transcription/translation 
positive control DNA template encoding the human c-Fos protein.  This 
control can be used to validate the in vitro transcription/translation reaction 
and the APA assay performance.  Please see Appendix A for more details.   
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The second method for radioactively labeling proteins is to use the catalytic sub-
unit of cAMP-dependent protein kinase A (PKA) to label proteins containing the 
sequence Leu-Arg-Arg-Ala-Ser-Leu-Gly with 32P.  ProteinOne currently has 
available a series of purified proteins that already contain this sequence.  Please 
contact us for more details or for ordering.   
 
Proteins not containing this tag, we recommend the cloning of the Leu-Arg-Arg-
Ala-Ser-Leu-Gly sequence into either the N or C-terminus of the test protein us-
ing standard molecular biology techniques.  Following protein purification, the 
protein can be labeled with 32P using the following procedure: 
 
1. Set up labeling reaction: 

 
5 mg  protein to be labeled 
6 ml   5x PKA Buffer (250mM Tris-HCl pH 7.5, 50mM MgCl2) 
4 ml   g32P-ATP (cat. #PB10218, Amersham Biosciences) 
1 ml   PKA (~ 2500 units) 
Add sterile H2O to a final volume of 30ml 

 
2.  Incubate for 30 minutes at 30°C  
 
3. Add 1ml of 10mM ATP 
 
3. Incubate for an additional 10 minutes at 30°C 
 
5. Separate the labeled protein from free label using a mini-spin desalting col-

umn such as the Micro Bio-Spin™ columns from Bio-Rad (Hercules, CA).  
Alternatively, if the protein contains an affinity tag such as 6xHis, it can be 
purified from labeling reaction using an appropriate resin.   

 
6. Save a small aliquot of the labeled protein for an SDS-PAGE gel, if desired.  

The remainder of the labeled protein is now ready for testing with the APA.   
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Included with each kit is an Alignment Template.  This clear plastic sheet 
allows for quick determination of which proteins on the array are inter-
acting with your test probe.   Each array is spotted with three spots of a 
special phosphorescent pigment that “glows-in-the-dark.”   These spots 
show up on the developed x-ray film following exposure of the array.  
Using the Alignment template is simple:   
 
1.   Overlay the developed film with the Alignment Template being care-
ful to correctly orient the red circles on the template with the appropriate 
spots on the film (note that the notch may not line up perfectly, but 
the spots should).   
 
2.   Using the chart at the bottom of the Alignment Template, determine 
which proteins are interacting with your probe of interest.  The intensity 
of the spot is directly proportional to the amount of probe interacting.   
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See the manual back cover for individual target descriptions and catalog numbers. 

 
 
Please note: ProteinOne has identified the chemistry of some proteins on the Ac-
tive Protein Array™ Transcription Array – particularly those with high molecular 
weights, are naturally “sticky” which may lead to higher background depending 
on the test probe .  Judging interactions with the following proteins should be 
preformed cautiously: THIIH, RNA pol II, p300, BRCA1, p75, Topo I and p52. 
 

 

Negative BRG1 WT c-myc RNApolII TFIIEb-p34 8 

p300 TOPO p53 RNApolII TFIIEa-p56 7 

p75-CTD TOPO WT pRB TFIIH-p62 TFIIB 6 

p75 HMG1 E2F1 TFIIH TFIIA-p12 5 

p52 DR1 CTF1 TBP TFIIA-p55 4 

PC4 F77P Ap1 Sp1 TFIID BRAC1 3 

PC4 c-jun hRPB9 Rap30 Negative 2 

BRG1 c-fos hRPB5 Rap74 Negative 1 

E D C B A  
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1.   Using forceps, hold the notched corner of the array and carefully 
remove each membrane from its tray.  Drain excess 1X Wash Buffer 
from the membrane by blotting the edge on a tissue.   
 
2.   Place membrane protein-side-up on a clean tissue by orienting 
notch to the top left hand corner. Allow to air dry over a period of 1-2 
hours.  (For more rapid drying, place membrane on a gel dryer between 
two pieces of filter paper for 20 min at 45ºC).   
 
3.   Allow membrane exposure to room light for approximately 30 sec-
onds. The spots used for aligning the membrane with the Alignment 
Template (see section on Interpreting Results) contain a special phos-
phorescent pigment for array orientation (i.e. Glow-In-The-Dark).  This 
results in a signal on photographic film.   
 
Expose membrane (protein-side-up) using either photography film or a 
phosphorimager.  We recommend trying different exposures of varying 
lengths of time (e.g. 30 min – 12hr).  Step 3 should be repeated prior 
to each new exposure.   
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DNA probes can be radioactively labeled using a number of established 
methods.  ProteinOne uses T4 polynucleotide kinase (PNK) for the 
quick and efficient labeling of most DNA species. 
 
PNK catalyzes the transfer of radioactive 32P from ATPg32P to the N-
termini of oligonucleotides.  We label each oligonucleotide in a DNA 
duplex individually and then anneal the labeled oligonucleotides to 
form the DNA duplex.   
 

1.   Reaction setup : 
 

5ml   5mM oligonucleotide #1 
3ml   g32P-ATP (cat. #PB10218, Amersham Biosciences) 
1ml   10x PNK buffer (700 mM Tris-HCl pH 7.6, 100 mM      
       MgCl2, 50 mM dithiothreitol) 
1ml   PNK (~ 10 units) 

 
2.     Incubate for 30 minutes at 37°C. 
 
3.     Repeat steps 1 and 2 for oligonucleotide #2 
 
4.     Mix the oligonucleotide #1 and #2 labeling reactions together and 

place in a water bath at 85°C.  
 
5.     Switch water bath off and allow primers to cool over night to room 

temperature to allow for efficient duplex (ds DNA) formation.  
 
6.     Bring the volume of the annealed oligonucelotides to 50 mL by the 

addition of 30 ml of 20 mM Tris pH 7.9, 50mM NaCl. 
 
7.     Purify the ds DNA from free nucleotide using a mini-spin desalting 

column such as the Micro Bio-Spin™ columns from Bio-Rad as 
per the manufacturer’s instructions.   
If the elution volume from the desalting column was 50 mmmmLthen 
the ds DNA at this point should be approximately 500nM.  

 
8.     The labeled DNA is now ready for testing with the APA. 
 
Please see Appendix B for a description of a DNA probe that can be used to test this 
labeling procedure and to test the function of the APA.   
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Refer to the appropriate section for the desired interactions explored 
(protein-protein or protein-DNA) with the APA.  Prepare buffers 
immediately prior to use (only 1X Protein Wash Buffer and 1X 
DNA Wash Buffer can be stored for 24 – 48 hours at 4°C).   
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1X Protein Blocking Buffer (10 mL) 
               2 mL of 5X Reaction Buffer 
               0.5g of Nonfat Dry Milk 
               7 µL of Buffer Supplement A 
               H2O to 10 mL 
 

1X Protein Incubation Buffer (10 mL) 
               2 mL of 5X Reaction Buffer 
            0.1g of Nonfat Dry Milk 
            7 µL of Buffer Supplement A 
               H2O to 10 mL 
 

1X Protein Wash Buffer (80 mL) 
               16 mL of 5X Reaction Buffer 
               56 µL of Buffer Supplement A 
               H2O to 80 mL 
 

"�������������	�
�1���
	���, �����	����	�
���
 

1X DNA Blocking Buffer (10 mL) 
               2 mL of 5X Reaction Buffer 
               0.5g of Nonfat Dry Milk 
               7 µL of Buffer Supplement A 
               10 µL of Buffer Supplement B 
               H2O to 10 mL 
 

1X DNA Incubation Buffer (10 mL) 
               2 mL of 5X Reaction Buffer 
            0.1g of Nonfat Dry Milk 
               7 µL of Buffer Supplement A 
            50 µL of Buffer Supplement B 
               4 µL of Buffer Supplement C 
               H2O to 10 mL 
 

1X DNA Wash Buffer (80 mL) 
               16 mL of 5X Reaction Buffer 
               56 µL of Buffer Supplement A 
               400 µL of Buffer Supplement B 
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Keep membrane suspended in buffer at all times.  Do not let membrane dry out 
during incubation protocol.   
 
Note: Use appropriate buffers for type of interaction being investigated.   
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1.   Place each membrane into a Plastic Incubation Tray containing 10 
mL of 1X Protein Blocking Buffer.   
 
2.   Place the tray on a shaker and incubate for 1hr at room temperature 
with gentle shaking. 
 
3.   Pour out the 1X Protein Blocking Buffer and briefly rinse mem-
brane with 20 mL of 1X Wash Buffer. 
 
4.   Incubate membrane with 10 mL of 1X Protein Incubation Buffer 
containing ~75 ng/mL of labeled test protein overnight at 4°C with 
gentle shaking. 
 
5.   Wash membrane three times with 20 mL of 1X Protein Wash 
Buffer for 5 min per wash at room temperature. 
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1.   Place each membrane into a Plastic Incubation Tray containing 10 
mL of 1X DNA Blocking Buffer.   

 
2.   Place the tray on a shaker and incubate for 1hr at room temperature 
with gentle shaking. 

 
3.   Pour out the 1X DNA Blocking Buffer and briefly rinse membrane 
with 20 mL of 1X Wash Buffer. 

 
4.   Incubate membrane with 10 mL of 1X DNA Incubation Buffer for 
5 min at room temperature with gentle shaking. 

 
5.   Add between 0.1-10 nM final (1 nM final is typical) of labeled test 
DNA and mix gently by pipetting up and down a few times using a 1 
mL pipet.  Incubate overnight at 4°C with gentle shaking. 

 
6.   Wash membrane three times with 20 mL of 1X DNA Wash 
Buffer for 5 min per wash at room temperature. 
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