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INTRODUCTION 
Breast cancer is a hormonally driven disease. The estrogen receptor (ER) controls the 
response of the normal breast and breast cancers to estrogens. BAG1 is a novel regulator 
of estrogen receptor. During my investigation about BAG1, we found additional 4 
human genes, which have c-terminal homology domain of BAG1. BAG family proteins 
are binding to Hsp70 molecular chaperone. And our data shows that deletion of Hsp70 
binding domain of BAG1 lose it's ability to regulate ER. To understand the mechanism 
of ER regulation by BAG1, we proposed to examine how BAG family protein regulate 
breast cancer cell growth and ER activation. We cloned all full length cDNA of BAG 
family proteins and made constructs for biological and biochemical assay. Recently, we 
generated several antibodies against BAG family protein and tried to detect expression 
level in breast cancer cell lines. Our preliminary data suggested that BAG3 express very 
strongly in breast cancer cell lines. I believe studies of these proteins and their 
interactions with estrogen receptors will improve our understanding of the mechanisms 
that cause breast cancer and lay the foundation for devising novel strategies for 
improving therapy. 

BODY 
Taskl. Deduce the Complete Primary Aminoacid Sequences of BAG-3, BAG-4 and 
BAG- 5. (Months 1-6) 

a. Identify tissues or cell lines rich in mRNAs for BAG-2, BAG-3, BAG-4, and 
BAG-5 by Northern blotting. 

b. Obtain full-length BAG-family cDNAs by conventional lambda phage library 
screening using 32P-labeled hybridization probes or 5'RACE. 

c. Determine DNA sequences of cDNAs and deduce complete ORFs of BAG-family 
proteins. 

a.        Confirm ORFs by in vitro translation experiments. 

Completion of Task 1 has been reported as a genbank submission described below 
(Appendices). We used two kinds of libraries for cloning these cDNAs. One is Jurkat 
lambda ZAPII library and the other is HUCL (Stratagene, La Jolla). Detailed procedure 
has been reported in the 6 month report. 

Task 2. Determine the biochemical effects of BAG-family proteins on Hsc70 chaperone 
function (Months 6-12). 

a. Subclone cDNAs into pGEX4T-l for production of GST fusion proteins. 

PCR based deletion mutant has been made for these constructions using pGEX4T-l 
vector. 5' primers has EcoRI (BamHI for BAG4) and 3' primer has Xhol site. 
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Produce and purify BAG-family proteins from bacteria. 

Most of these fusion proteins are soluble, except BAG5BD2, BAG5BD4.  We are 
trying to determine the condition of expression and purification of these proteins. 

Perform biochemical assays of BAG-family protein effects on Hsc70 chaperone 
activity (refolding assays), ATPase activity, and ADP-ATP exchange. 

Task 3.   Map the domains within BAG-family proteins which are needed for interactions 
with Hsc70 (Months 13-16). 

a. Create deletion mutant of BAG-1 family proteins by PCR mutagenesis of cDNAs. 

See Task 2a. We already made several deletion mutants. 

b. Subclone into pGEX and yeast two hybrid plasmids. 

Same fragment from Task2a were used for yeast two hybrid vectors, pGilda and 
pJG4-5 

c. Perform Hsc70 interaction assays. 

Task 4.   Examine effects of BAG-family proteins on Estrogen Receptor Function. 
(Months 17-20) 

a. Subclone epitope tagged BAG-family cDNAs into pcDNA3 for expression in 
mammalian cells. 

pcDNA3 myc vector was used for subcloning the fragments from Task2a.  All 
construct have been made 

b. Perform transient transfection reporter gene assays for ER function using 
estrogens        and antiestrogens. 

Task 5. Explore the effects of BAG-family proteins on in vitro behaviors of breast cancer 
cells (Months 21-36) 

a. Choose cell lines for studies based on RNA blot analysis of endogenous levels of 
BAG-1, BAG-2, BAG-3, BAG-4, and BAG-5 expression. 
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b. Perform transfections and select for cell lines stably expressing BAG-1 family 
proteins. 

c. Verify expression by immunoblotting, using epitope tags. 

d. Examine effects of BAG-family protein over-expression on (a) steroids; (b) 
chemotherapeutic drugs; and (c) cell motility. 

Task 6. Determine the incidence of BAG-family protein expression in breast cancers 
(months 12-36). 

a. Immunize rabbits with recombinant BAG-family proteins or KLH,OVA- 
conjugated     peptides and produce antisera (Months 0-24) 

b. Characterize antibodies by immunoblotting and immunoprecipitation assays: 
Verify specificity and lack of cross-reactivity with other BAG-family proteins. 

We made several antisera against recombinant BAG family proteins and two of those 
have been characterized. Bur 101 is anti BAG2 antibody and Bur 102 is anti BAG3 anti 
sera. Using these antibodies, we performed western blot analysis using breast cancer cell 
lines. Fig 3. 293 T cell was transfected by pcDNA3 myc BAG3 and BAG2. Anti myc 
monoclonal antibody ( Santa Cruise Biotec), Bur 101 and Burl02 antibody were used to 
compare signals. Anti BAG2 and Anti BAG3 antibodies work on the western blot. Fig4 
shows overexpression of BAG3 protein (~80kDa) in Breast cancer cell lines. Comparing 
to BAG3 expression, BAG2 protein (~25kDa) is pretty low level in breast cancer cell 
lines. Further characterization of these antibody will be necessary. 

c. Analyze BAG-family mRNA and protein levels in breast cancer cell lines by 
RNA   and immunoblotting (Months 25-30). 

d. Analyze BAG-family gene expression in primary archival breast tumor specimens 
by in situ hybridization or immunohistochemistry (Months 30-36). 
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KEY RESEARCH ACCOMPLISHMENTS 
1, Using partial cDNA as probes, we cloned full length cDNA of BAG3, BAG4, BAG5. 
2, cDNAs have been amplified and subcloned into pGEX, pGilda, pJG4-5, pcDNA3 etc. 
3, Purification of GST fusion protein of wild type and deletion mutants of BAG family 
proteins is undergoing. 
4, Rabbit antisera have been generated and characterized. 
5, Preliminary western blot was performed using breast cancer cell lines. 

REPORTABLE OUTCOME 
As listed in Appendices, GENBANK submission has been made by the nucleotide and 
peptide sequence data of BAG3, BAG4 and BAG5. GenBank accession number is listed 
in Appnedices. 

CONCLUSIONS 
As we spent most of the first year for cloning and determination of nucleotide 

sequence, we don't have many important results and implications about breast cancer 
biology.   Determination of full length cDNA sequence and predicted amino acid 
sequence have been finished. Predicted amino acid sequence revealed similar sequence 
at the carboxyl-terminal region of each protein. But the N-terminal region has different 
peptide sequence. 

BAG2 protein is not expressed very well in breast cancer cell lines by western blot. 
This protein might not very important in breast cancer cell biology. We always observe 
higher molecular weight band by BAG2 antibody. More characterization of this antibody 
and protein expression will be necessary about BAG2 project. 

BAG3 protein has WW domain at the N-terminal region and proline rich sequence 
is located in the middle portion of this protein (fig.l). The WW domain has been found 
in many proteins, including Nedd4 ubiquitin ligase, oncoprotein YAP and so on. 
Although, physiological role of WW domain is not clear yet, recently many reports show 
the importance of WW domain as a binding domain of proline rich sequence(l).   In the 
proline rich domain of BAG3, there are several PXXP motifs, which are reported as SH3 
recognition sequences.   From these feature of peptide sequence, we speculated that BAG 
3 binds to partner proteins at the N-terminus and regulate the function of Hsp70 
molecular chaperone at the C-terminus.   It is interesting to find any cancer or growth 
related protein interaction with N-terminal region of BAG3(2). Our preliminary western 
blot shows overexpression of BAG3 protein in breast cancer cell lines (fig.4).   We 
observed several extra band in BAG3 western blot. Shorter band might be the degraded 
protein and more careful characterization will be necessary. Basically BAG3 protein is 
overexpressed in most of the breast cancer cell lines. Interestingly, adreamycine resistant 
MCF-7 has less expression of BAG3 than parental cell. We are preparing RNA for 
northerblot analysis. Comparison between drug resistant cell lines and parental cell line 
might have some clue of the mechanism of upregulated expression of B AG3 in breast 
cancer cell lines. 

The investigation of associated protein of BAG3 might be useful to understand the 
function of BAG3 protein. Recently, bcl-2 binding protein, bis, has been published and 
we found this protein is identical to BAG3. Their report showed BAG3/bis works 
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synergistically in preventing cell death with Bcl-2. It is interesting for us to examine Bcl- 
2 related breast cancer cell biology with BAG3. 

B AG4 protein is also proline rich protein. There are no clear motif in this protein. 
After we cloned this protein as a homologue of B AG3 from EST data base (3), a gene 
encoding silence of death domain (SODD) was identified (4). SODD associated with 
TNFR1 and DR3 to prevent spontaneous death signaling. An amino acid sequence is 
identical to BAG4. At present, we are unable to show their published data about SODD 
by using our BAG4 cDNA clone.   As we are using different system from this group, we 
should be more careful about this story. Recently SODD/BAG4 was reported as a 
overexpressed protein in pancreatic cancer (5). It is suggested that carcinogenesis 
inducing overexpression of B AG4/SODD in this type of cancer. The investigation of the 
mechanism of the upregulation of BAG4 in cancer cell might show an interesting result 
in not only pancreatic cancer but also breast cancer. 

As I showed in fig.l, BAG5 has 4 possible BAG domain. We made several 
deletion mutants to see which BAG domain is important for the binding to 70kDa 
molecular chaperones (fig2). We are trying to purify all of these recombinant GST 
fusion proteins. 
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APPENDICES 

Nucleotide and Amino acid sequence 

1. BAG3 nucleotide sequence and predicted amino acid sequence. 

LOCUS AF095193     2534 bp mRNA PRI    10-SEP-1999 
DEFINITION Homo sapiens BAG-family molecular chaperone regulator-3 mRNA, 
complete cds. 
ACCESSION AF095193 
NID   g4322821 
KEYWORDS . 
SOURCE human. 
ORGANISM Homo sapiens 
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Mammalia; Eutheria; 
Primates; Catarrhini; Hominidae; Homo. REFERENCE 1 (bases 1 to 2534) 
AUTHORS Takayama,S., Xie,Z. and Reed,J.C. TITLE      An evolutionarily 
conserved family of Hsp70/Hsc70 molecular 
chaperone regulators 
JOURNAL J. Biol. Chem. 274 (2), 781-786 (1999) MEDLINE 99091615 
REFERENCE 2 (bases 1 to 2534) 
AUTHORS Takayama,S. and Reed,J.C. 
TITLE BAG-family regulators of Hsp70/Hsc70 
JOURNAL Unpublished 
REFERENCE 3 (bases 1 to 2534) 
AUTHORS Takayama,S. and Reed,J.C. 
TITLE Direct Submission 
JOURNAL Submitted (28-SEP-1998) The Burnham, 10901 N. Torrey Pines Rd., La 
Jolla, CA 92037, USA 
REFERENCE 4 (bases 1 to 2534) 
AUTHORS Takayama,S. and Reed,J.C. 
TITLE Direct Submission 
JOURNAL Submitted (10-SEP-1999) The Burnham, 10901 N. Torrey Pines Rd., La 
Jolla, CA 92037, USA 
REMARK Sequence update by submitter 
FEATURES     Location/Qualifiers 
source 1..2534 
/organism="Homo sapiens" 
/db_xref="taxon:9606" 
/cell_line="Jurkat" 
/cell_type="T lymphocyte" 
CDS   307..2034 
/note="member of the molecular chaperone regulator BAG 
family proteins; BAG-3" 
/codon_start=l 
/product="BAG-family molecular chaperone regulator-3" 

: /db_xref="PID:g4322822" 
/translation="MSAATHSPMMQVASGNGDRDPLPPGWEIKIDPQTGWPFFVDHNS 
RTTTWNDPRVP SEGPKETPS SANGP SREGSRLPPAREGHPVYPQLRPGYIPIPVLHEG 
AENRQVHPFHVYPQPGMQRFRTEAAAAAPQRSQSPLRGMPETTQPDKQCGQVAAAAAA 
QPPASHGPERSQSPAASDCSSSSSSASLPSSGRSSLGSHQLPRGYISIPVIHEQNVTR 
PAAQPSFHKAQKTHYPAQRGEYQTHQPVYHKIQGDDWEPRPLRAASPFRSSVQGASSR 
EGSPARSSTPLHSPSPIRVHTWDRPQQPMTHRETAPVSQPENKPESKPGPVGPELPP 
GHIPIQVIRKEVDSKPVSQKPPPPSEKVEVKVPPAPVPCPPPSPGPSAVPSSPKSVAT 
EERAAPSTAPAEATPPKPGEAEAPPKHPGVLKVEAILEKVQGLEQAVDNFEGKKTDKK 
YLMIEEYLTKELLALDSVDPEGRADVRQARRDGVRKVQTILEKLEQKAIDVPGQVQVY 
ELQPSNLEADQPLQAIMEMGAVAADKGKKNAGNAEDPHTETQQPEATAAATSNPSSMT 
DTPGNPAAP" 
BASE COUNT   596 a 806 c 653 g 479 t 
ORIGIN 
1  gcggagctcc gcatccaacc ccgggccgcg gccaacttct ctggactgga ccagaagttt 61 
ctagccggcc  agttgctacc  tccctttatc  tcctccttcc  cctctggcag  cgaggaggct  121 
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atttccagac 
gcccggcgcc 
ccagagactc 
cccagcatga 
cgcgaccctt 
ttcgtggacc 
cccaaggaga 
gctagggaag 
ctccatgaag 
atgcagcgat 
cggggcatgc 
gcagcccagc 
tgctcatcct 
caccagctcc 
ccagcagccc 
gagtaccaga 
cccctgcggg 
tcaccagcca 
gtcgacaggc 
aacaaaccag 
attcaagtga 
tctgagaagg 
ggcccttctg 
agcactgccc 
catccaggag 
gtagacaact 
accaaagagc 
gccaggagag 
attgatgtcc 
cagccactgc 
gctggaaatg 
acttcaaacc 
ccctgtaaaa 
ttcagagact 
aggcaaaaca 
tctgtacaaa 
agccctgtct 
agctctggac 
tatcagaaat 
actttagaga 
aatgctacat 

acttccaccc 
ggcttcccgg 
ggcgcccgga 
gcgccgccac 
tgccccccgg 
acaacagccg 
ctccatcctc 
gccaccctgt 
gcgctgagaa 
tccgaactga 
cagaaaccac 
ccccagcctc 
catcctcctc 
cgcgggggta 
agccctcctt 
cccaccagcc 
cggcatcccc 
ggagcagcac 
ctcagcagcc 
aaagtaagcc 
tccgcaaaga 
tagaggtgaa 
ctgtcccctc 
ctgcagaagc 
tgctgaaagt 
ttgaaggcaa 
tgctggccct 
acggtgtcag 
caggtcaagt 
aggcaatcat 
cagaagatcc 
ccagcagcat 
atcagactcg 
ttaagtcagt 
ctaataaaag 
taaagaagtt 
acttgggcac 
tggaggggta 
gttgccattt 
gagtaaaatg 

tttc 

ctctctggcc 
acacgtcggc 
gccagcgccc 
ccactcgccc 
atgggagatc 
caccactacg 
tgccaatggc 
gtacccccag 
ccggcaggtg 
ggcggcagca 
tcagccagat 
ccacggacct 
ggccagcctg 
catctccatt 
ccacaaagcc 
tgtgtaccac 
gttcaggtca 
gccactccac 
catgacccat 
aggcccagtt 
ggtggattct 
agttccccct 
ttcccccaag 
tacacctcca 
ggaagccatc 
gaagactgac 
ggattcagtg 
gaaggttcag 
ccaggtctat 
ggagatgggt 
ccacacagaa 
gacagacacc 
gaaccgatgt 
tggtttttat 
ggctaaaaag 
gcttgttgtt 
ccccaccacc 
gatggggagt 
taatgagatg 
tgccaggagc 

acgtcacccc 
ggcggagagg 
cgcacccgcg 
atgatgcagg 
aagatcgacc 
tggaacgacc 
ccttcccggg 
ctccgaccag 
caccctttcc 
gcggctcctc 
aaacagtgtg 
gagcggtccc 
ccttcctccg 
ccggtgatac 
cagaagacgc 
aagatccagg 
tctgtccagg 
tccccctcgc 
cgagaaactg 
ggaccagaac 
aaacctgttt 
gctccagttc 
agtgtggcta 
aaaccaggag 
ctggagaagg 
aaaaagtacc 
gaccccgagg 
accatcttgg 
gaactccagc 
gccgtggcag 
acccagcagc 
cctggtaacc 
gtgctttagg 
tagctgcttg 
gaaaatgatg 
tgagaagttt 
tgttagctgt 
caattaccca 
attttcttca 
cataggaata 

cgcctttaat 
ggcccacggc 
ccccagcggg 
tggcgtccgg 
cgcagaccgg 
cgcgcgtgcc 
agggctctag 
gctacattcc 
atgtctatcc 
agaggtccca 
gacaggtggc 
agtctccagc 
gcaggagcag 
acgagcagaa 
actacccagc 
gggatgactg 
gtgcatcgag 
ccatccgtgt 
cacctgtttc 
tccctcctgg 
cccagaagcc 
cttgtcctcc 
cagaagagag 
aagccgaggc 
tgcaggggct 
tgatgätcga 
gacgagccga 
aaaaacttga 
ccagcaacct 
cagacaaggg 
cagaagccac 
cagcagcacc 
gaattttaag 
gtatgcagta 
cttttcttct 
aaccccgttg 
ggttgtgcac 
tcacataaat 
tctcataatt 
tctgtatgtt 

tcataaaggt 
ggcggcccgg 
cagaccccaa 
caacggtgac 
ctggcccttc 
ctctgagggc 
gctgccgcct 
cattcctgtg 
ccagcctggg 
gtcacctctg 
agcggcggcg 
tgcctctgac 
cctgggcagt 
cgttacccgg 
gcagaggggt 
ggagccccgg 
ccgggagggc 
gcacaccgtg 
ccagcctgaa 
acacatccca 
cccacctccc 
tcccagccct 
ggcagccccc 
tcccccaaaa 
ggagcaggct 
agagtatttg 
tgtgcgtcag 
acagaaagcc 
tgaagcagat 
caagaaaaat 
agcagcagcg 
gtagcctctg 
ttgcatgcat 
acttgggtgg 
atattcttac 
cttgttctgc 
tgtcttttgt 
atgaaacatt 
aaaatacctg 
ggatgacttt 

181 
241 
301 
361 
421 
481 
541 
601 
661 
721 
781 
841 
901 
961 

1021 
1081 
1141 
1201 
1261 
1321 
1381 
1441 
1501 
1561 
1621 
1681 
1741 
1801 
1861 
1921 
1981 
2041 
2101 
2161 
2221 
2281 
2341 
2401 
2461 
2521 

2. BAG4 nucleotide and predicted amino acid sequence 

LOCUS AF095194     1944 bp itiRNA PRI    10-SEP-1999 
DEFINITION Homo sapiens BAG-family molecular chaperone regulator-4 mRNA, 
complete cds. 
ACCESSION AF095194 
NID   g4322823 
KEYWORDS . 
SOURCE human. 
ORGANISM Homo sapiens 
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Mammalia; Eutheria; 
Primates; Catarrhini; Hominidae; Homo. REFERENCE 1 (bases 1 to 1944) 
AUTHORS Takayama,S., Xie,Z. and Reed,J.C. TITLE      An evolutionarily 
conserved family of Hsp70/Hsc70 molecular 
chaperone regulators 
JOURNAL J. Biol. Chem. 274 (2), 781-786 (1999) MEDLINE 99091615 
REFERENCE 2 (bases 1 to 1944) 
AUTHORS Takayama,S. and Reed,J.C. 

11 
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TITLE BAG-family regulators of Hsp70/Hsc70 
JOURNAL Unpublished 
REFERENCE 3 (bases 440 to 1392) 
AUTHORS Takayama,S. and Reed,J.C. 
TITLE Direct Submission 
JOURNAL Submitted (28-SEP-1998) The Burnham, 10901 N. Torrey Pines Rd., La 
Jolla, CA 92037, USA 
REFERENCE 4 (bases 1 to 1944) 
AUTHORS Takayama,S. and Reed,J.C. 
TITLE Direct Submission 
JOURNAL Submitted (10-SEP-1999) The Burnham, 10901 N. Torrey Pines Rd., La 
Jolla, CA 92037, USA 
REMARK Sequence update by submitter 
FEATURES     Location/Qualifiers 
source 1..1944 
/organism="Homo sapiens" 
/db_xref="taxon:9606" 
CDS   43..1416 
/note="member of the molecular chaperone regulator BAG 
family proteins; BAG-4" 
/codon_start=l 
/product="BAG-family molecular chaperone regulator-4" 
/db_xref="PID:g4322824" 
/translation"MSALRRSGYGPSDGPSYGRYYGPGGGDVPVHPPPPLYPLRPEPP 
QPPISWRVRGGGPAETTWLGEGGGGDGYYPSGGAWPEPGRAGGSHQEQPPYPSYNSNY 
WNSTARSRAPYPSTYPVRPELQGQSLNSYTNGAYGPTYPPGPGANTASYSGAYYAPGY 
TQTSYSTEVPSTYRSSGNSPTPVSRWIYPQQDCQTEAPPLRGQVPGYPPSQNPGMTLP 
HYPYGDGNRSVPQSGPTVRPQEDAWASPGAYGMGGRYPWPSSAPSAPPGNLYMTESTS 
PWPSSGSPQSPPSPPVQQPKDSSYPYSQSDQSMNRHNFPCSVHQYESSGTVNNDDSDL 
LDSQVQYSAEPQLYGNATSDHPNNQDQSSSLPEECVPSDESTPPSIKKIIHVLEKVQY 
LEQEVEEFVGKKTDKAYWLLEEMLTKELLELDSVETGGQDSVRQARKEAVCKIQAILE 
KLEKKGL" 
BASE COUNT   53 5 a 480 c 443 g 486 t 
ORIGIN 
1  cggtgggagc ggggcggg aa gcgcttcagg gcagcggatc ccatgtcgg c cctgaggcg c 61 
tcgggctacg gccccagtga cggtccgtcc tacggccgct actacgggcc tgggggtgga 121 
gatgtgccgg tacacccacc tccaccctta tatcctcttc gccctgaacc tccccagcct 181 
cccatttcct ggcgggtgcg- cgggggcggc ccggcggaga ccacctggct gggagaaggc 241 
ggaggaggcg atggctacta tccctcggga ggcgcctggc cagagcctgg tcgagccgga 301 
ggaagccacc aggagcagcc accatatcct agctacaatt ctaactattg gaattctact 361 
gcgagatcta gggctcctta ccca.agtaca tatcctgtaa gaccagaatt gcaaggccag 421 
agtttgaatt cttatacaaa tggagcgtat ggtccaacat accccccagg ccctggggca 481 
aatactgcct catactcagg ggcttattat gcacctggtt atactcagac cagttactcc 541 
acagaagttc caagtactta ccgttcatct ggcaacagcc caactccagt ctctcgttgg 601 
atctatcccc agcaggactg tcagactgaa gcaccccctc ttagggggca ggttccagga 661 
tatccgcctt cacagaaccc tggaatgacc ctgccccatt atccttatgg agatggtaat 721 
cgtagtgttc cacaatcagg accgactgta cgaccacaag aagatgcgtg ggcttctcct 781 
ggtgcttatg gaatgggtgg ccgttatccc tggccttcat cagcgccctc agcaccaccc 841 
ggcaatctct acatgactga aagtacttca ccatggccta gcagtggctc tccccagtca 901 
cccccttcac ccccagtcca gcagcccaag gattcttcat acccctatag ccaatcagat 961 
caaagcatga accggcacaa ctttccttgc agtgtccatc agtacgaatc ctcggggaca 1021 
gtgaacaatg atgattcaga tcttttggat tcccaagtcc agtatagtgc tgagcctcag 1081 
ctgtatggta atgccaccag tgaccatccc aacaatcaag atcaaagtag cagtcttcct 1141 
gaagaatgtg taccttcaga tgaaagtact cctccgagta ttaaaaaaat catacatgtg 1201 
ctggagaagg tccagtatct tgaacaagaa gtagaagaat ttgtaggaaa aaagacagac 1261 
aaagcatact ggcttctgga agaaatgcta accaaggaac ttttggaact ggattcagtt 1321 
gaaactgggg gccaggactc tgtacggcag gccagaaaag aggctgtttg taagattcag 1381 
gccatactgg aaaaattaga aaaaaaagga ttatgaaagg atttagaaca aagtggaagc 1441 
ctgttactaa cttgaccaaa gaacacttga ttaggttaat taccctcttt ttgaaatgcc 1501 
tgttgatgac aagaagcaat acattccagc ttttcctttg attttatact tgaaaaactg 1561 
gcaaaggaat ggaagaatat tttagtcatg aagttgtttt cagttttcag acgaatgaat 1621 
gtaataggaa actatggagt taccaatatt gccaagtaga ctcactcctt aaaaaattta 1681 
tggatatcta caagctgctt attaccagca ggagggaaac acacttcaca caacaggctt 1741 
atcagaaacc taccagatga aactggatat aatttgagac aaacaggatg tgttttttta 1801 
aacatctgga tatcttgtca catttttgta cattgtgact gctttcaaca tatacttcat 1861 
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gtgtaattat  agcttagact  ttagccttct  tggacttctg ttttgttttg ttatttgcag 1921 
tttacaaata tagtattatt ctct 

BAG5 nucleotide and predicted aminoacid sequence 

LOCUS AF095195     4285 bp mRNA PRI   10-SEP-1999 
DEFINITION Homo sapiens BAG-family molecular chaperone regulator-5 mRNA, 
complete cds. 
ACCESSION AF095195 
NID   g4322825 
KEYWORDS . 
SOURCE human. 
ORGANISM Homo sapiens 
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Mammalia; Eutheria; 
Primates; Catarrhini; Hominidae; Homo. REFERENCE 1 (bases 1 to 4285) 
AUTHORS Takayama,S., Xie,Z. and Reed,J.C. TITLE      An evolutionarily 
conserved family of Hsp70/Hsc70 molecular 
chaperone regulators 
JOURNAL J. Biol. Chem. 274 (2), 781-786 (1999) MEDLINE 99091615 
REFERENCE 2 (bases 1 to 4285) 
AUTHORS Takayama,S. and Reed,J.C. 
TITLE BAG-family regulators of Hsp70/Hsc70 
JOURNAL Unpublished 
REFERENCE 3 (bases 1245 to 1957) 
AUTHORS Takayama,S. and Reed,J.C. 
TITLE Direct Submission 
JOURNAL Submitted (28-SEP-1998) The Burnham Institute, 10901 N. Torrey 
Pines Rd., La Jolla, CA 92037, USA 
REFERENCE 4 (bases 1 to 4285) 
AUTHORS Takayama,S. and Reed,J.C. 
TITLE Direct Submission 
JOURNAL Submitted (10-SEP-1999) The Burnham Institute, 10901 N. Torrey 
Pines Rd., La Jolla, CA 92037, USA 
REMARK Sequence update by submitter 
FEATURES     Location/Qualifiers 
source 1..4285 
/organism="Homo sapiens" 
/db_xref="taxon:9606" 
CDS   224..1567 
/note="member of the molecular chaperone regulator BAG 
family proteins; BAG-5" 
/codon_start=l 
/product="BAG-family molecular chaperone regulator-5" 
/db_xref="PID:g4322826" 
/translation"MDMGNQHPSISRLQEIQKEVKSVEQQVIGFSGLSDDKNYKKLER 
ILTKQLFEIDSVDTEGKGDIQQARKRAAQETERLLKELEQNANHPHRIEIQNIFEEAQ 
SLVREKIVPFYNGGNCVTDEFEEGIQDIILRLTHVKTGGKISLRKARYHTLTKICAVQ 
EIIEDCMKKQPSLPLSEDAHPSVAKINFVMCEVNKARGVLIALLMGVNNNETCRHLSC 
VLSGLIADLDALDVCGRTEIRNYRREWEDINKLLKYLDLEEEADTTKAFDLRQNHSI 
LKIEKVLKRMREIKNELLQAQNPSELYLSSKTELQGLIGQLDEVSLEKNPCIREARRR 
AVIEVQTLITYIDLKEALEKRKLFACEEHPSHKAVWNVLGNLSEIQGEVLSFDGNRTD 
KNYIRLEELLTKQLLALDAVDPQGEEKCKAARKQAVRLAQNILSYLDLKSDEWEY" 
BASE COUNT   1201 a 875 c 987 g 1222 t 
ORIGIN 
1  gaagacgccc ggagcggctg ctgcagccag tagcggcccc ttcaccggct gccccgctca 61 
gacctagtcg ggaggggtgc gaggcatgca gctgggggcc cagctccggt gccgcacccc 121 
gtaaagggct gatcttccac ctcgccacct cagccacggg acgccaagac cgcatccaat 181 
tcagacttct tttggtgctt gtgaaactga acacaacaaa agtatggata tgggaaacca 241 
acatccttct attagtaggc ttcaggaaat ccaaaaggaa gtaaaaagtg tagaacagca 301 
agttatcggc ttcagtggtc tgtcagatga caagaattac aagaaactgg agaggattct 361 
aacaaaacag ctttttgaaa tagactctgt agatactgaa ggaaaaggag atattcagca 421 
agctaggaag cgggcagcac aggagacaga acgtcttctc aaagagttgg agcagaatgc 481 
aaaccaccca caccggattg aaatacagaa catttttgag gaagcccagt ccctcgtgag 541 
agagaaaatt gtgccatttt ataatggagg caactgcgta actgatgagt ttgaagaagg 601 
catccaagat atcattctga ggctgacaca tgttaaaact ggaggaaaaa tctccttgcg 661 
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gaaagcaagg 
catgaaaaag 
caacttcgtg 
tgtgaacaac 
cctggatgct 
agaagatatc 
agcatttgac 
gagagaaata 
caaaacagaa 
ctgcatccgg 
tgacttgaag 
taaagccgtc 
tgatggaaat 
gctagccctg 
agctgtgagg 
gtactgaaat 
gtatagagag 
ttgaagcaaa 
gcacgttaac 
gtcctttttt 
atgggttgtg 
cataatacta 
aacacaagca 
aaggcctgat 
ctgttctttt 
cgttttagag 
caaaaaacct 
aagttgcttt 
gatgggaaca 
ctgtagttgg 
atcagaaagt 
gacagccttg 
acccagaggg 
gtaaatgtca 
gcttcctctg 
tgttgcctga 
tgtatttcca 
tgccttgaga 
cctggtcatc 
gctcattgtg 
aaaggagtag 
cttgtctctc 
gttctagaat 
catactactg 
cgttttggcc 
aaatcttgag 
ggctgcagtg 
attctcctgc 
taatttttgt 
tcctgacctc 
ccacggcgcc 
gaaatcatgg 
cattttgtaa 
gacgtttcag 
cgtgtgtgag 
attggtcatg 
gtttcaatct 
acaccggatt 
gcatgtaatt 
aagaatctgt 
aaacgctgta 

tatcacactt 
cagccttccc 
atgtgtgagg 
aatgagacct 
ctagatgtgt 
aacaaattat 
ctgagacaga 
aaaaatgaac 
ttgcagggtt 
gaagccagga 
gaggcccttg 
tggaacgtcc 
cgaaccgata 
gatgctgttg 
cttgcgcaga 
accagagatc 
ctttcagttc 
ttctattcag 
ttttccattc 
ttgcgttttt 
caagcattaa 
ggaaaattat 
gtacatgttc 
tggtcctacc 
gtaaacattt 
aggaatcttg 
ttgagattgc 
tgtttgtaaa 
tttaaattaa 
aggatgaata 
ctgaatgtag 
tcacacctcc 
accaggcctt 
taactacacc 
ggtgcctgct 
aagagccatt 
taaatgcttt 
acatgtgggt 
ctgttagagt 
taactctgtg 
ccttaaatac 
agtatttccc 
cgctggacgg 
caggtccaac 
acagtagttg 
gaagagtttt 
cagtggtgcc 
ctcagccacc 
atttttaata 
gtgatccgcc 
cagcccagga 
ttacgcttca 
agttaaatgt 
tcattctttt 
tacagggtgc 
gaaatgatca 
gttctcgttc 
tagctcttgt 
cttaaactgg 
actgcaagta 

taaccaaaat 
tgccgctttc 
tgaacaaggc 
gcaggcactt 
gcggccggac 
tgaaatatct 
atcattccat 
ttctccaagc 
taattggaca 
gaagagcagt 
agaaaagaaa 
ttggaaactt 
agaactacat 
atccgcaggg 
atattctcag 
tcacttttga 
attgatttat 
tatctgctgc 
ggatcattat 
aatcagaaaa 
aatgcaggtc 
gagaaagggg 
tgtttcatta 
cagcttaacg 
ttagttggaa 
tttttgtgtg 
attaaagaga 
atctgagctt 
gttaatgggc 
ctggagacgg 
cacataatgg 
ccggtgctgt 
cctaggtttt 
tgctccagga 
gaacaactga 
aaagtcagtc 
ctgaggatcc 
ccgagtgtta 
acatctttgg 
tagggagata 
ctaaaagatg 
aatcatgaaa 
tggggtcaga 
tcctggcaac 
taggattgct 
tattttttat 
atctcagctc 
tgagtagctg 
gagttgagat 
cgcctcggcc 
agagttttta 
ggcatattct 
cagcattccc 
caaacaagtg 
tcagctcttc 
gattgacctt 
cttgtaccgg 
cggccttcgt 
gcttgtcaca 
aaacctactc 

ctgtgcggtg 
cgaggatgca 
ccgaggggtc 
atcctgtgtg 
agaaatcaga 
ggatttggaa 
tttaaaaata 
acaaaaccct 
gttggatgag 
gatcgaggtg 
gctgtttgct 
gtctgagatc 
ccggctggaa 
agaagagaag 
ctatctcgac 
tactgttttg 
acgtgcatat 
ttttgatgtt 
ctgtatgatg 
caaaatagag 
tttcagaatc 
aaatttttgg 
tgctcgatag 
gggtggggtt 
aaacagcatc 
caacataaga 
agggataaag 
atagttttcc 
ctttaaaaaa 
gttaccaatg 
ttctcttctg 
tttacaacgt 
ctaggcagtc 
ccaatcagtg 
gctcatgtca 
gtgcgtgaag 
ggtacaaaat 
taacagactc 
aaatccaggg 
gtcactttaa 
acagaagcat 
atcccttgct 
gggcagtcgg 
cgcgggctca 
tttctgtatc 
ttatttttga 
actgcaacct 
ggagtacagg 
ttcaccatga 
ccccaaagtg 
aattagagct 
tccccagagt 
tttaaaagtg 
tttgtgtacc 
caccgtcatt 
gattgactgt 
attattctac 
ggggagctgt 
ttgtattgta 
cccaaaaatg 

caagagataa 
catccttccg 
ctgattgcac 
ctctcggggc 
aattatcgga 
gaggaagcag 
gaaaaggtcc 
tctgaattgt 
gtaagtcttg 
caaactctga 
tgtgaggagc 
cagggagaag 
gagctgctca 
tgtaaggctg 
ctgaaatctg 
cacttcatat 
ttcagtctca 
gcaagacaaa 
tggtgtggtt 
gcagcttttg 
tagaactagg 
ttaaataaga 
aaggcttttt 
tttttgtttg 
tgcattttcc 
aaattatgaa 
gaccagcaat 
ttagtgagta 
aaaaaaggaa 
tcaggttata 
ttgtccaagg 
gagggtagac 
agctgttaac 
aaacctgctc 
tgggcatgtg 
catctctctt 
gatttcccaa 
ctcccccggg 
taatattctc 
acagctcaaa 
agcccttaac 
atgtctttcc 
tatttaggcc 
aggcaggtca 
ataattttag 
gatggagtct 
ccacctccca 
catgtggcac 
tggtcaggct 
ctgggattaa 
ctgtttaatt 
actacttaca 
tccattgttc 
ttttgccaag 
ttgaattgtt 
caggcatggc 
tcctgcaatg 
ttgtgttaat 
tttttgtgat 
tgtggctttg 

tcgaagactg 
ttgccaaaat 
ttctgatggg 
tgatcgctga 
gggaggtagt 
acacaactaa 
tcaagagaat 
acctgagctc 
aaaaaaaccc 
tcacatatat 
acccatccca 
ttctttcatt 
ccaagcagct 
ccaggaaaca 
atgaatggga 
gtgcttctat 
gtatttatga 
tatcattaca 
tgtttggttt 
tagattttaa 
cataacctta 
gtaaggttca 
tttcacttat 
ttcagacagt 
ccatcctcta 
aactaatagc 
aataccttgt 
aattcataag 
acactcatac 
ctaaaactaa 
ctgtaaaatg 
gctgtcagta 
cactcactta 
ggaattaaag 
gtggtttctc 
ctaaaggatg 
agttctgaag 
tcaccttttg 
tttcagagat 
gtagctagct 
aaatcttcag 
tactagaaat 
gtgagcttcc 
ttggaatcca 
aatgctctta 
ctgttgccca 
ggttcaagcg 
catgcctggc 
ggtctcgaac 
cgggtgtgag 
ataccactgg 
ttttaaattt 
tttgaaagta 
ctgtgggcat 
cacatgggta 
tttgtttcta 
aaccctgttg 
atgagctact 
ctgtaatgaa 
ggtctgcatt 

721 
781 
841 
901 
961 

1021 
1081 
1141 
1201 
1261 
1321 
1381 
1441 
1501 
1561 
1621 
1681 
1741 
1801 
1861 
1921 
1981 
2041 
2101 
2161 
2221 
2281 
2341 
2401 
2461 
2 521 
2581 
2641 
2701 
2761 
2821 
2881 
2941 
3001 
3061 
3121 
3181 
3241 
3301 
3361 
3421 
3481 
3541 
3601 
3661 
3721 
3781 
3841 
3901 
3961 
4021 
4081 
4141 
4201 
4261 

gtccatgttc atgcc 
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Fig. 1 Structure of BAG family proteins 
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Fig. 2 PCR based deletion mutants. 
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27.5kDa -^ 
«* 

Anti- Bur 101 
Myc Ab Anti-hBAG2 Ab 

^    /   ^    / 
& V & 

80kDa ■ 
Anti- Bur 102 
Myc Ab     Anti-hBAG3 Ab 

Fig.3 Characterization of anti BAG2 BurlOlAnd anti 
BAG3 Bur 102 antisera 

BAG3 expression in 
human breast cancer cell lines 

BAG2 expression in 
human breast cancer cell lines 

80kDa 

^,£/H ®/ M/%/    °v    $ 

%$$% f f # W 0 
^ MI *   m> 3     *ü      — fc 

25kDa 

Fig.4 Western blot analysis of Breast cancer cell lines by 
anti BAG2 and BAG3 antibody 
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