
                                       AD_________________ 
 
 
 
Award Number:  W81XWH-05-1-0233           
 
 
 
TITLE:  A proteomic approach to identify phosphorylation-dependent targets of BRCT 
domains 
 
 
PRINCIPAL INVESTIGATOR:       Zhou Songyang, Ph.D.                         
 
 
CONTRACTING ORGANIZATION:   Baylor College of Medicine  
                                                           Houston, Texas  77030 
 
 
 
REPORT DATE:  March 2006   
 
 
 
TYPE OF REPORT:  Annual  
 
 
 
PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
                                Fort Detrick, Maryland  21702-5012 
                 
 
DISTRIBUTION STATEMENT: Approved for Public Release;  
                                                  Distribution Unlimited 
 
 
 
The views, opinions and/or findings contained in this report are those of the author(s) and 
should not be construed as an official Department of the Army position, policy or decision 
unless so designated by other documentation. 



 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY)
01/03/2006

2. REPORT TYPE
Annual   

3. DATES COVERED (From - To)
1 Mar 2005 – 28 Feb 2006

 5a. CONTRACT NUMBER 
 

A proteomic approach to identify phosphorylation-dependent targets of BRCT 
domains 

5b. GRANT NUMBER 
W81XWH-05-1-0233 

 
 

5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
   

5d. PROJECT NUMBER 
 

Zhou Songyang, Ph.D.    5e. TASK NUMBER 
 

 
E-mail:  songyang@bcm.tmc.edu 

5f. WORK UNIT NUMBER
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
 

8. PERFORMING ORGANIZATION REPORT   
    NUMBER

Baylor College of Medicine                                             
Houston, Texas  77030

 
 
 
 

 
 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)
U.S. Army Medical Research and Materiel Command   
Fort Detrick, Maryland  21702-5012   
 11. SPONSOR/MONITOR’S REPORT 

        NUMBER(S)

   
12. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for Public Release; Distribution Unlimited  
 
13. SUPPLEMENTARY NOTES
  
14. ABSTRACT  
 
 BRCA1 C-terminal (BRCT) domains are novel phosphopeptide binding modules.  Cancer-associated missense and deletion 
mutations have been found in the BRCT repeat regions of BRCA1, suggesting an essential role of BRCT domains in regulating 
BRCA1activity.  In addition, BRCT domains are found in many proteins that regulate DNA damage repair, cell cycle, and 
genome stability, implying a more global role of BRCT domains in genome stability surveillance. These results suggest that the 
BRCT domain acts as a sensor to protein phosphorylation in response to DNA damage, recruits phosphorylated cellular 
targets, and mediates signaling complex formation.  However, the identities of the in vivo BRCT domain targets are largely 
unknown.  In order to understand the role of phosphorylation in protein-protein interactions, we developed several approaches 
utilizing peptide libraries and peptide arrays.  We propose to use these methods to systematically identify phosphorproteins 
that can interact with BRCT domains.  In addition to potential new regulators of genome stability, the approaches can identify 
phosphorylated sequences on proteins that are important for DNA damage responses and cell cycle. Such information should 
prove valuable, especially for the development of new screening strategies, drug targets, and treatment for breast cancer. 

15. Subject Terms (keywords previously assigned to proposal abstract or terms which apply to this award) 
BRCT domain, peptide library, OPAL, peptide array, proteomics, genome wide, signal transduction pathways, androgen 
receptor 
16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT

18. NUMBER 
OF PAGES

19a. NAME OF RESPONSIBLE PERSON
USAMRMC 

a. REPORT 
U

b. ABSTRACT
U 

c. THIS PAGE
U 

 
UU 

 
8

19b. TELEPHONE NUMBER (include area 
code)
 

 Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18



Table of Contents

Cover……………………………………………………………………………    

SF 298…………………………………………………………………………….  2

Table of Contents.....................................................................................    3 

Introduction…………………………………………………………….……     4

Body………………………………………………………………………………  4

Key Research Accomplishments………………………………………….    7

Reportable Outcomes…………………………………………………………  7

Conclusions……………………………………………………………………   7

References………………………………………………………………………  7



                                                                                                                      

4

Introduction

Understanding the molecular and cellular mechanisms that trigger breast cancer is
essential to the prevention and treatment of this disease. The BRCA1 C-terminal (BRCT)
domain, was first identified in BRCA1 (1, 3).  Cancer associated missense and deletion
mutations have been found in the BRCT repeat regions of BRCA1, suggesting an important
role of BRCT domains in regulating BRCA1 activity (16, 23).  In addition, the BRCT domain
is found in many proteins that regulate DNA damage repair, cell cycle, and genome stability,
implying a more global role of BRCT domains in genome stability surveillance (1, 3).
Consistent with this notion, the BRCT domain has been shown to mediate protein-protein
interactions.  For example, BRCT domains of BRCA1 associate with helicase BACH1 and
CtBP interacting protein CTIP (4, 49).  Recently, our lab and others have discovered that
BRCT domains are novel phosphopeptide binding modules (20, 32, 48).  BRCA1 BRCT
domains associate with residue Ser990 on BACH1 in a phosphorylation-dependent manner.
Furthermore, we found that several other BRCT domains including those from MDC1 and
tumor suppressor BARD1 can bind specific phosphorylated peptides (12, 19, 38).  These
findings suggest that the BRCT domain recruits phosphorylated cellular targets and
mediates signaling complex formation.  However, the identities of the in vivo BRCT domain
targets are largely unknown.  In this application, we propose to use peptide libraries and
peptide arrays to systematically identify phosphoproteins that can interact with BRCT
domains.  We may uncover potential new regulators of genome stability; more importantly,
the approach can identify phosphorylated sequences on proteins that are important for DNA
damage responses and cell cycle. Such information will help us to understand the
mechanism of how protein phosphorylation modulates DNA damage responses and cell
cycle in breast epithelial cells.  In addition, it should prove invaluable for the development of
new screening strategies and treatment for breast cancer.

Body

A.  For Task 1, we proposed to identify phosphorylated peptide sequences that
specifically bind BRCA1 and BARD1 BRCT domains.  This will be achieved by (1)
establishing Oriented Peptide Array Libraries (OPAL) and using OPAL to examine the
specificity of BRCA1 and BARD1, and (2) by establishing peptide chips to screen for BRCA1
and BARD1 BRCT domain binding targets.

1)  For the first part of Task 1, we focused on BRCT domain fusion proteins and OPAL
arrays, both of which are key reagents.

     1.1  First generation OPAL was syntheized on cellulose paper and worked well with
SH2 domains and kinases.  We therefore carried out analysis of BRCA1 and BARD1 BRCT
domain fusion proteins using cellulose paper based OPAL arrays.  The set up of OPAL is
depicted  in Figure 1a (left panel) and the results of BARD1 BRCT domain is shown in
Figure 1 (right panel).  Clearly, the BARD1 BRCT domain had no specific sequence
preference for the amino terminus of the peptide.  Furthermore, it showed preference for
Asp and Glu residues at the carboxy terminus.  This result is conssistent with our published
finding that BARD1 prefers acidic residues at position C-terminus to the phosphoserine



                                                                                                                   

5

A X  X  X  X [pS/pT] X  X  X  X A
-4     -3    -2    -1                    +1   +2   +3  +4

KRH DEN QSTAG PILV MF YW

Fixed amino acid scan

P-4

P+1
P+2
P-1
P-2
P-3

P+3
P+4

 A X  X  X  X [pS/pT] X  X  X  X A
-4     -3    -2    -1                    +1   +2   +3  +4

KRHDENQSTAGPILVMFYW
P-4

Po
si

ti
o
ns

P+1
P+2

P-1
P-2
P-3

P+3
P+4

stxxx

Figure 1.  Left, OPAL strategy.  A library AXXXX[pS/pT]XXXXA is synthesized on cellulose
membranes.  The X position is substituted by one of the 19 amino acids (except Cys).  A total
152 library pools are synthesized for the array showing.  Right, OPAL analysis of BARD1 BRCT
domain.
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Figure 2.  Schematic representation of the
Gateway cloning system.

using soluble oriented peptide libraries (9).  However, these arrays generally had very high
background.  For instance, nono-specific binding to F, W, and H.  Furthermore, many of the
“interactions” observed appeared to arise between the cellulose surface and BRCT fusion
proteins, rather than between the spotted phopshopeotides and BRCT fusion proteins.

    To solve the non-specific binding and high background problem, we are establishing
different approaches to synthesize OPAL.  One method is to increase the distance bewteen
phsophoserine and the cellulose surface.  This can be achieved by adding longer linkers on
the cellulose surface.  Another method is to synthesize soluble peptide libary pools and then
spot the peptide libraries on different solid supports such as glass.  These changes
represent significant changes to our established protocols.  However, we do not forsee
major setbacks because numerous studies have been done to optimize peptide synthesis

on different surfaces such as glass.

    1.2  We are in the process of
cloning and constructing expression vectors
for all the BRCT domains in the human
genome.  To accomplish this, we are utilizing
the Gateway® cloning system ((Invitrogen).
In this case, we have collected several BRCT
domain cDNAs in Gateway pENTR vectors,
and engineered a collection of epitope-tag
destination vectors (e.g., GST) (Figure 2). The
various BRCT domains can then be
conviniently shuffled into the destination
vectors via clonase-mediated recombination.
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BARD1 BRCT domain

Non-BRCT domain ctr

32x16 peptide chip

Criteria for selecting phosphorylation sequences:
1. Proteins are involved in DNA damage response.
2. Sequences show high conservationthroughout

evolution (e.g., from fish to mice and human).
3. The sequences agree with known kinase target sites.

Sample list of Proteins from which sequences were selected:
BRCA1, Chk, Chk2, BACh1, MDC1

Figure 3.  Top, selection criteria for the peptide sequences selected.
Bottom, two peptide chips were probed with BRAD1 BRCT domain
or a control domain.

2)  The second part of Task 1 seeks to screen for BARD1 binding peptides.  To
accomplish this, we systhesized an array (peptide chip) containing ~500 potential DNA
damage phosphorylation sites selected from a number of proteins (Figure 3).  We performed
binding assays using BARD1BRCT domain and control proteins.  The approach was
validated by our identification of a number of target sites.  For example, phopshopeptide
sequences from BACH1 were identified for BRCA1 BRCT domain using this method.

There were a few
reactive spots on the
array when probed with
BARD1 (Figure 3).
However, the same
spots were also positive
in the control array
experiments probed
w i t h  n o n e - B R C T
proteins.  Therefore,
n o n e  o f  t h e s e
phosphopeptides bound
specifically to BARD1
B R C T  d o m a i n ,
suggesting that they are
not targets of  BARD1.
We are current ly
generating larger arrays
or developing new
methods to identify
BARD1 BRCT targets.

B.  For
Task 2, we proposed
to characterize breast
cancer genes and

BRCT binding sites identified in Task 1, by RNAi and by determining the role of BRCT-
phosphopeptide interaction in DNA damage.  While we are optimizing screening
conditions and generating assay reagents, we have conducted more detailed analysis of
BARD1.

Three retroviral RNAi vectors for BARD1 have been made.  We also have obtained
two different antibodies for human BARD1.  We currently analyzing these antibodies to
make sure that they can both immunoprecipitate and western blot BARD1, which should
help us to identify the RNAi vectors that significantly knockdown BARD1 expression.
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Key Research Accomplishments

A number of key findings have resulted from the work so far:

• Analyzed BRCA1 and BARD1 BRCT domains using OPAL spotted on cellulose
• Analyzed BARD1 BRCT domain using peptide chips containing ~500 peptides
• Constructed RNAi vectors for BARD1
• Engineered Gateway pENTR and Destination vectors for epitope-tagged BRCT domain
expression
• Prelininary data on BARD1 BRCT binding sites
• Demonstrated feasibility of using OPAL to screen for phospho-binding sites
• Identification of problems associated with cellulose based binding assays
• We have already obtained and verified a collection of GST-BRCT domain fusion proteins
• We showed feasibility of peptide chips containing ~500 peptides for binding analysis

Reportable Outcomes

We have utilized the OPAL and peptide chips approach to investigate the binding
specificities of BRCA1 and BARD1 BRCT domains.   A motif for BARD1 BRCT domain
recognition was identified.

Meeting abstract/presentation
Specificity of BRCT domains and breast cancer. (2005) Maria Rodriguez, Zhou

Songyang.  SCBA Annual Research Conference.  Houston, TX

Conclusions

In summary, we have conducted pilot screens of BRCT domain interacting sequences
using peptide chips.  Furthermore, we are in the process of optimizing OPAL for BRCT
interaction screens.  We determined that a different surface (other than cellulose) or longer
linker may be necessary for our proposed screen.  Lastly, we have generated the necessary
reagents (such as RNAi vectors, antibodies) for the second phase of our project. The
information obtained from our studies should prove especially useful for the development of
new and effective screening strategies, drug targets, and treatment for breast cancer.
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