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Abstract. Since the identification of the human breast and ovarianit may be involved in meiotic and mitotic recombination as well as
cancer gene, BRCAL, a large spectrum of germline mutations hasne or more DNA damage response pathways (Scully et al. 1997
been characterized that predispose women to developing thed®97b). Two recent studies have demonstrated an interaction b
diseases. We have determined the complete coding sequence fwween BRCAL1 and p53 that stimulates transcriptional activity
the rat BRCA1 homolog and compared it with those of the mouse(Zhang et al. 1998; Ouchi et al. 1998). These functions are con
dog, and human to help identify the important functional domainssistent with the observation that BRCA1 localizes to discrete
of the BRCAL protein. The overall r&8rcal amino acid identity  nuclear dots in a cell cycle-dependent manner, and these prote
compared with the predicted mouse, dog, and human gene prodomplexes are sensitive to various forms of DNA damage (Scully
ucts is 81%, 69%, and 58%, respectively. In spite of this lowet al. 1996, 1997b).
overall homology, the amino terminal RING finger domain and  We and others previously characterized the mouse homolog ¢
one of two nuclear localization signals are highly conservedthe BRCAL1 gene and mapped it to the distal region of mouse
among these species. In addition, two BRCT domains at the caichromosome (Chr) 11 (Able et al. 1995; Bennett et al. 1995).
boxy terminus and a highly acidic region are relatively well con- Murine Brcaltranscripts are highly expressed in the mouse testis
served. We have also identified several putative regulatory eleand moderately expressed in several lymphoid organs, consiste
ments through comparison of the bidirectional BRCA1 promoterwith observations in humans (Miki et al. 1998rcal is also
regions among the rat, mouse, and human genes. These inclutigghly expressed in various cell types of the mammary gland anc
motifs for CCAAT and G/C hoxes, as well as potential SP1, ovary during normal growth and differentiation (Blackshear et al.
CREB, and NFKB transcription factor binding sites. Finally, analy- 1998; Lane et al. 1995; Marquis et al. 1995; Phillips et al. 1997).
sis of splice variants from rat mammary gland, ovary, testis, The human BRCAL gene was originally reported to share &
spleen, and liver tissues revealed that, while alternative transcript895-nucleotide bidirectional promoter with the upstream NBR1
are detectable, full-length transcripts are the predominant steadgene previously designated 1A1.3B (Brown et al. 1994). Surpris:
state form. ingly, there is a genomic duplication of this human region (Barker
et al. 1996; Brown et al. 1996; Smith et al. 1996) which is not
conserved in the mouse (Chambers and Solomon 1996). Two pr
mary transcriptional start sites have been identified in the huma
Introduction BRCAL sequence that give rise to transcripts containing exons 1
or 1b, yet there have been no reports of multiple mRNA specie:
The early-onset breast and ovarian cancer gene, BRCAL, was idefetectable in mouse tissues (Xu et al. 1995).
tified in 1994 by positional cloning (Miki et al. 1994). The inac- The rat has been used extensively as a model to study norm:
tivation of both BRCAL alleles appears to be necessary for neomammary gland development and carcinogenesis. Chen and ass
plastic progression in the breast and ovary, suggesting BRCA1 actjates have reported a partial sequence of threal gene and
as a tumor suppressor gene (Stratton 1996). Likewise, the intranapped it to Chr 10, using a (WKY x WR)K WF backcross
duction of wild-type BRCA1 into breast or ovarian cancer cell (Chen et al. 1996). This observation is consistent with the remark
lines has been reported to result in growth inhibition, whereas it€bly high degreee of synteny observed among rat Chr 10, mous
transfer into lung or colon cancer cell lines has no effect on growthChr 11, and human Chr 17 (Remmers et al. 1992; Yamada et a
rate (Holt et al. 1996). Although the primary function of BRCA1 1994). Interestingly, rat mammary tumors induced with 2-amino-
remains to be determined, there is good evidence that this proteib-methyl-6-phenylimidazo[4,5-b]pyridine were shown to have
is involved in multiple cellular processes. The carboxy terminalspecific allelic losses in the region of rat Chr 10 that is syntenic
region of the human BRCAL protein can function as a transactiwith the BRCAL region on human Chr 17q (Toyota et al. 1996).
vator of transcription (Chapman and Verma 1996; Monteiro et al.  Interspecies protein comparisons of the BRCAL gene produc
1996, 1997; Zhang et al. 1998; Ouchi et al. 1998) and contains twénay identify functionally significant protein domains that should
BRCT (BRCA1 C terminus) regions (Koonin et al. 1996). The be highly conserved among species. In this report we determine
highly conserved zinc binding RING finger domain at the aminothe sequence of the complete coding region for the rat BRCAI
terminus of BRCAL has been shown to interact with at least twohomolog. In addition, approximately 1.4 kb of upstream promoter
proteins. The first of these interacting proteins, BARD1, also con+egions from the rat and mouse were sequenced and compar
tains RING finger and BRCT domains (Wu et al. 1996). The with the homologous human BRCAL1 region. Interspecies compari
BRCA1 RING domain also interacts directly with a newly iden- sons of these homologs have enabled us to identify several cor
tified ubiquitin hydrolase, BAP1, which can suppress cancer celiserved regulatory elements in the promoter region that may contrc
growth when overexpressed (Jensen et al. 1998). In additiorBRCAL expression at the transcriptional level. Finally, in contrast
BRCA1 has been shown to complex with RAD51, suggesting thato the two transcriptional start sites in the human BRCAL gene, the
rat homolog appears to use the single first untranslated exon t
_ produce the full-length transcript that predominates in all tissues
Correspondence to:.M. Bennett (Bennett@nichs.nih.gov) examined.
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Materials and methods region by use of a PCR-based approach with both rat genomi
DNA and testis cDNA. The raBrcal coding region of 5451
Characterization of the rat Brcal homologhe initial ratBrcal ~ nhucleotides encodes a predicted protein of 1817 amino acids (Fi
sequence was amplified from Sprague-Dawley genomic DNA with oligo-1). This deduced amino acid sequence shares 81%, 69%, and 58
nucleotides on the basis of mouse exon 11 sequencés (5 identity to the predicted mouse, dog, and human BRCAL proteins
GCACATTTATTACAGGACCACA and 5-ACTTCCACCT-  respectively. This was not unexpected, since the rat is evolution

CAGCCTATTTTT). The resulting fragment was isolated, sequenced, a”darily more closely related to the mouse than to either the dog o
determined to be raBrcal from nucleic acid homology with mouse and

human. cDNA was generated from rat testis mMRNA with the Reverse : . oo .
Transcription System (Promega). A series of rat-specific primers were used While overall sequence identity is low among these species

in combination with various mouse oligonucleotides to isolate the entire ra>€Veral regions are highly conserved (Fig. 1). The amino terming
Brcal coding sequence and the bidirectional promoter region shared b#Nd of the human BRCAL gene product shares strong homolog
Brcaland the upstream gemdbrl (primer sequences available on request With a number of zinc-binding RING finger proteins. As previ-
from L.M. Bennett). The PCR conditions were 94°C for 3 min followed by ously reported, the amino terminal 100-amino acid region is the
35 cycles of: 94°C for 1 min 55°C for 1 min 72°C for 1 min. The coding most homologous domain among the rat, mouse, dog, and hume
information was generated by the direct sequencing of cDNA PCR prodBRCA1 proteins (Bennett et al. 1995; Chen et al. 1995; Szabo €
ucts. Isolated PCR products were sequenced with a PRISM dye terminatgy| 1995). There is a 58-amino acid stretch between codons 17 ar
'gt on an ABI 373 automat]?tcihfluortescent sequzn;]:er (Apgl;zeg AI\Bliosystems)M that contains only two conservative substitutions among the
equence comparisons of the rat, mouse, and human genes wi ; ; . :
performed with GAP, BESTFIT, PILEUP, and MOTIFS software from the Jour species. Rats and mice carry a D67E substitution, while the
GCG package (Program Manual for the Wisconsin Package, Version 8‘?09 sequence has KS6R alteration (F'Q- 1)', A bipartite nucle&}l
September 1994, Genetics Computer Group). localization signal (NLS) has been described in the human proteil
sequence (Chen et al. 1995; Thakur et al. 1997; Wilson et al
. ) . . . . 1997), and the analogous regions in the rat (NLS1: 496-502 an
Northern analysisBrcal expression was examined in multiple rat tis- NLS2: 599-610) are identical to human and mouse. Surprisingly

sues by Northern analysis (Clontech) with a rat exon 2 through 7 cDN . .
probe generated with the primer§ BSAATGGATTTATCTGCTGTTCG he dog sequence for NLS1 has diverged dramatically compare

and 5-ATCTGTTGAAGTTTTTTGACGC. The filter was hybridized in  With the other mammalian species (Szabo et al. 1995). Consistel
Hybrisol | (Oncor) at 42°C overnight and washed twice in 2xSSC (1xssc:With other mammalian species, the gitcal protein contains a
1.5m NaCl/0.15m sodium citrate, pH 7.0) for 5 min at room temperature, highly acidic domain (codons 1112-1447), including a region
twice in 2xSSC/1% SDS for 30 min at 65°C, and twice in 0.1x SSC/0.1%where only one basic amino acid is present among 16 acidic res
SDS at room temperature for 30 min. Autoradiography was performed atlues (codons 1301-1347). A distal carboxyl terminal domain (ral
=70°C with X-Omat AR film (Kodak) for 7 days. codons 1589-1740), which overlaps with the BRCT domains de:
scribed previously (Koonin et al. 1996; Bork et al. 1997), shares
Cloning of the rodent promoter regionghe mouseBrcal promoter /0% identity to mouse, dog, and human sequences. _
region was isolated from a previously described P1 genomic clone (Bennett Jensen and coworkers have proposed that the BRCA1 protei
et al. 1995) with a mouse primer specific for exon one& 5 contains a granin motif that directs its secretion from the cell in a
AGAAAAAAGATCCGTACTTCCA and an SP6 vector primer. A PCR regulated manner (Jensen et al. 1996). Six of the seven amino aci
product was generated from rat genomic DNA with a murine primer fromthat constitute the putative granin motif (rat codons 1178-1187
intron 1 of Nbrl (3-AATCGTCGCGGCCAGCT) and a rat-specific  gre conserved in rats; however, the leucine at position three, whic
primer for exon 1 ofBreal (5'-CTTTCTTCCGAGAAAAACCT). These s thoyght to be required for function, has diverged to aspartic aci

PCR products were cloned into pSKIl (Stratagene) and sequenced as dg- P . - .
scribed above. The cloning of these promoter fragments by PCR may hav%nd methionine residues in the rat, mouse, and dog proteins, r

resulted inTag polymerase errors. Spectively (Fig. 1). Likewise, 16 potential N-linked glycosylation
sites are present in the human BRCAL protein, but only one o

o ) these is preserved in the rat (codons 1509-1517), mouse, and d

Identification of 3 ends of the rat Brcal transcript&’ ends of the  gene products (Fig. 1).

tratﬁrctalge”e V;’e,r;gﬁz“fﬂed W”htMfatthor&‘reg‘dy{gtctf;t's C':t)_NA (Clon- = The missense mutations, polymorphisms, and many of the un

ech) to generate ragments. A standard 50 reaction was - o assified human sequence variants that have been reported to t

set up with 0.5ul of rat cDNA, 1.5 mm MgCl,, 200 nv forward primer . - P
(AP1, 5 RACE System, Gibco/BRL) and a rf,ﬂ exon three reverse IC)rimerBreast Cancer Information Core database are highlighted in Fig.

(5-TTCTGGTTAAGGAGTTTCAGCA), 1x thermophilic DNA polymer-  (BIC database, June 1998). Missense mutations at 18 locatior
ase buffer (Promega), 100ndNTPs, and 0.13 unitFaq polymerase.  have been reported in the human. Twelve of the 18 amino acids :

Nested PCR was performed with\8 of primary PCR product with the  these positions are identical in the rat, mouse, and dog (Fig. 1,
AP2 primer (3 RACE System) and rat exon 2 reverse primér 5 while four amino acid positions have highly conservative amino
GGCCACGCGTCGACTAGTACACCGGTTCTTTGATCAGTTCC  acid substitutions and two (Y105F in rodents and M1627S in the
(modified to incorporate restriction enzyme sites for cloning manipula-qog) represent nonconservative changes. In contrast, of the 2
ti.?.”z)' Tze FI”OdLC’iCt.S Obtégrl‘jld f1r_°m the ”eSt‘Td PCR reaction were gel F]Z“r‘esidues where clear human polymorphisms have been identifie
rified and cloned into pSKIl. Twenty-two clones containing inserts o o : :
Brcal sequence were sequenced as described above. only 12 po'SItlons are.lde.mlcal among hum.an’ roden't, and do
sequences; four substitutions are conservative, and nine are no
o . _ . conservative. Finally, 114 residues are designated as unclassifie
Identification of alternatively spliced mRNA speci@stal RNA  variants that alter an amino acid but have not been clearly show
isolated from rat tissues was used to prepare CDNA by reverse transcriptioy segregate with the disease in large cancer families, and the
(Promega). cDNA PCR was performed as described above with variou equency in appropriate human control populations is unknown
combinations of rat-specific forward primers in exons 2, 9, 10, and 11 an omparison of rat, mouse, and dog sequences reveals 50 residL

reverse primers in exons 12, 13, and 16 (sequences available upon requesy); t identical the f . 23 at sit ith
Discrete PCR products were isolated by agarose gel electrophoresis, clon are igentical among the tour species, at sites with conse

into pSKIl, and sequenced as described above. The sequences were a¥&live substitutions, and 41 with nonconservative changes.
lyzed with the software contained in the Wisconsin GCG package.

Results Brcal expressionBRCAL expression has been shown previously
to be high in the testis of both humans and rodents and moderate

Interspecies comparison of the Brcal coding regidncDNA high in lymphoid tissues (Bennett et al. 1995; Chen et al. 1996

contig was assembled that spanned the entireBreal coding  Miki et al. 1994). Northern analysis of mRNA from multiple rat
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Hum

LSALRVEEVQNVIN, KILECPICLELIKEPVSTKCDHIFCKFCMLKLLNQKKGPSQWP! ITKRSLQESTRFSQLVEELLKI 100
Rat G-A 100
Mus 100
Dog 100

k a

Hum YAN. FAKKENNSPEHLKDEVSIIQSMGYRNRAKRLLOSEPENPSLQETSLSVQLSNLGTVRTLRTKQRIQPQKTSVY 5 200
Rat C--G§S-S--K-S-S-L-NEDA-----V-----V-K-Q-I- i 199
Mus LT-33S-S~-R-~--C-R-NE-A--~-- V=== VR--P-V- 199
Dog F-D-| 1 199

* *
Hum DOHELOTTPQGTRDEISLDSAKKAACEFSETDVTNTEHHQPSKND NTTERRS {AERHPEKYQGSSVSNLH EPCGTNT X SSLOHENSSLLLTKDRMNVE 300
Rat --—8F--A-G-AG--GK~N=--———-— D---.GIR-T-~--C-DK-5-P--NHT- -~ CPRI--A-V- RGTR---F-E--LDA- 298
Mus --s--TA--EAG--GK-H--EE- .GIR-TI----C-D. ~-P- -NHT- -~ ——— C-SI-I--VC| 297
DOg -D-#f.E--5--A-A-A--NP--—-----~ GDI~~I--=-§-—K-pTmm - 297
* *

Hum KAEFCNKSKQPGLARSQHNRWAGSKERC ‘RSIESTEKKV‘DLNADPLCERKE 400
D R--G~-A-P-V-S--G~-Q~ 398
-~GE--GP---S-SD-EK- 397

—————— VV-=-L--Gr=-L- 397

Hum GESESNAKVADVLDVLNEVB!EYSGSSEKIDLLASDPHEALICKSERVHSKSVESNIEDKIF%KTYRKKASLPNLS?VTE’NLIIGA VTEPQIIQERPLTN 500
Rat RRPA---EA-V--E-S---2GCFS--K----V-P--DN-VM-T~G-DF-~P--NI- N———gg——-QR G-R-H- N'ﬁ -—.. THT -F-4- 496

Mus RRH----EA-V--E-§ ?‘;GGFS--R T--VTP---HT-M---G-DF--P--D--§-- - ~§-QR-G-R-H- -F-{- 495
Dog -.--L~TE-GGAVE~-P-~ 8 ————————- M----QD-F=-E-=-~-T-P-GGm~—~~ 44 ——-- R----~ KV-#T--V-T--fAT---TM-TH-FM- 496

Rat ~P-D-A-S-

Hum KLKRKI RPTSGLHPEDFIKKADLA . VQKTPEMINQGTN EQNGQVMNIT%SGHEN‘KTKGDSIQNE NPEESLEKESAFKTKAEPISSSISNMELELN 599

N-Q--RAT-NDL-RGR- ; : 594

Mus 593
Dog 596
Hum 699
Rat 691
Mus 691
Dog 696

Hum LKLTNAPGSFTKCSNTSELKEFV[QPSL REEKEEKLETVKVSNNAEDPKDLMLSGERVLQ . TERSVESSSISHYPGTDYGTQESI SLLEVSTLGKAKTEP 798

Rat E~~M-KA-LL-S--SPRKPQGP-fi--Pl-KGI-Q. ~-MCQMPD-NKELG--V-G--PSGKP--P~E--T-V-4% -D---D--N-V-I--AN-VRY-R~GS 790
Mus E--M-KA-LL-S--SPRKSQGP-=--P{-TGT-Q.-~-RQM-DS-KELG-RV-G~-PSGKT-D--E--T-V-4 790
Dog LT---VS-F-ANY-SS-KPQ-CIk-G-H--~I--SRRMTQ--DSTR~--E-V---G-G--.-—-—-—=-T---4 795
Hum NKCV; AAFENPKGLIHGC QSFARPFSNPGNAEEECATF SAHSGSLKKQSPK 898
Rat VQ-MT,FV-S----E-V- -KLRSPQKD-TLVG-R-VPSREP-~- 888
Mus AQ- FV-S-~--E-V-~ --T- —--Q--—r- ~K-RSPQKD-...,---VPS-EL--- 884

Dog -QQANfi--TI--—-EP--- f----------T-C-R-M-----f--—_L--Y-RDP--D-V-VCPR--AFG--G-- 895

Hum VTFECEQKEENQGKNESNIKPVQTVNITAFPVVGQK . DKPVDNAKCSIKGGSRFCLSSQFRGNETGLITEN

LLONPYRIPPLFPIKSFVKTKCKKN 997

Rat --SRG----.R--QE--E-SH--A-TV-V:L--PC-E.G--GAVIM-A.D.V--L-P--HY-SC-N--N-TD-g-IS--SHFRQSVS-LR-SI--DNR-T 984
Mus --AKGK---.R--QE-FE-SH--A-AA-VHL--PC-E.G-LAADTM-D.R~,C-L-P--HY-5G-N- - SATG-§-IS-- SHFKQSVS--R-SI~-DNR-P 980
Dog --L--G--~-=-§---K-~E-RH--A-HTN-#~SA-S--AK~+G-F=--- =~ AV K-K--E-LIA- urs————ﬂ—h—sw-R C---L-QE- 995
.
Hum LLEENFEEHSMSPEREMG IPSTVSTIS%NNIRENVFKEA&SSNINEV’ STNEvc;ssINE1GsSDENIQAELG@NRGPKLNAMLRLGVLQPEWKQ 1096
Rat -T-GR--K-Ti.. --G--@h:ﬁzwq--m———“‘—- -GDAC -G. -VI-VH~TG--V-GQ-Dji~-~----V-TVSL-DST--G-S-- 1066
Mus —T—GR——R—T? T-MAV-$--TLQ- - -H-V- -G-AC -G. . . - ~H-VC-TGDSFPGQ- —% - - - - -V-TVPP-DSM--G-CQ- 1065
Dog -S--K--Q- --AV-#-RV-Q-- -~~~ g CAs—,vgg——sv- ——————— V=-V-mmGmmm = | - EE— LM----C-- 1095

Hum SL%SNCKHP%KKQ EYEEWQTVNTDFSPYLISDNLEQP%G DLLDDGEIKEDTSFAENDIKES SAVFSKSVQKGELSRSPSPFTHf 1195
Rat -A2V-D.-YL-=-.-.-S....KA-SA----C-F--H--K i v--] 1159
Mus - -D.-YL- . 1158
Dog --§L------- L it 1195

Hum CLSKNTEENLLSLKNSLNDCSNQVILAKASQEHHLSEETKCSASL| 1295
Rat URVPEKAKGTQAPR-S-IS--N-E---GE--—-YQF--DA---G-M| 1257
Mus URMPEKA - GTQAPW-G-SS—-N-E--MIE~--~-QF --DPR—-G-M| 1256
Dog LG —NK---—— D---m-- §-T-—~~PS-mmm—mmcmem AR--G--[1295
*
Hum | FSSQCSELEDLTANTNTQDPF . . LIGSSKOMRHQSESQGVGLSDKELVEDD. {GLEE . NNOEEQSMDSNLGEARSGCESET SEDCSGLSSQSDI 1391
Rat |----H-AALGSP--ALS—--D. .FNPP--~R---A-NEEAF-- - : AAC---ASD-—2D-TIPD. .SV---Y-—-ANj-———- .-—--]1348
Mus H-AAQGS---A-S-~8N. . F-PP- - -RS--CGNEEAF -~ --D-D--£D-IIPD. .SE---Y- 1347
Dog |------ y N SV SMFDPT-=-V---=~ NLD- . LN- -=DSP- &~ ~V--D-~~V--~Y--- 4, 1394

Hum L'I"I‘QQRDTMQHNL§KLQQEMAELEAVLEQ GSQPSNSYPSIISDgSALED PEQSTSEKAVLTSQKSSEYPISQONPEGLSADKFEV . SADSSTSKNKE| 1490
Q

D---NR-GT-I--~-KNIN-N-V----KRACD--SQPQPP-GLP-GD--| 1448

1447

--=-HE------g--L-A-%CSP- -] . . 1492

* e

Hum PGVERSSPSKCPSLDDRWYMHSCSGSLONRNYPSQEELY EEQQLEESGPHELTETSYLPRODLEGTPYLESGI SLFSDDPESDPSEDRAPESARV 1590
Rat S-M P—AF S-LTSS-CSAREH-R~~---- ST~===~- . .R--DSESPKV--L- 1541
Mus S-MG:P--F-S-LAGS-GSA-§--RH--K--S-—-~-~ OPA .R--ESESPK-P-HI 1540
Dog ——MI;};————QSRL——T--—V—@ PR---DT-C---K--ff--~ 1592
Hum GNIPSSTSALKvgg KVHESAQSPAAAHTTDTAGYN. EESVSRExg:ELT TERVNKRM 1690
Rat G 1636
Mus 1633
Dog 1692

%
Hum KIFRGLEICCYGPFTNEPTDOLEWMVQ| 1785
Rat -L-E--Q-Y-CE----@-K-E--RiL- 1730
Mus -L-K--QVY-CE- L-|1727
pog |-R---------—-%-—Q--—-BB--5------1D-F 4B ——————ESQDR-——— T __ W _____ 1792

Hum DSVALYQCQELDTYLIPQIPHSHY* 1863 £
Rat SV-R-RD--A--VON-TCGRDGSEPQDND* 1817
Mus -RD--A--VON-TC, . DSSEPQDND* 1812

Dog +d [ inkae i | S ke teiaindatute inkaiet RTAADSSQPCV* 1877

Fig. 1. Alignment of the predicted human (U14680), rat (AF036760), nuclear localization signal, (d) putative granin motif, (e) acidic domain, (f)
murine (U32446), and dog (U5070B)ycalamino acid sequences. Dashes conserved BRCT repeats. Positions of missense mutations are indicated |
represent amino acids of identity, and dots represent gaps in the sequend#ack boxes, polymorphisms by light gray, and unclassified variants by
Boxed regions include: (a) C3HC4 RING finger domain, (b) the only dark gray. The asterisks designate missense changes at residues conser
potential N-linked glycosylation site conserved among species, (c) bipartitén the four species.
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and 911 (nucleotide numbers given are for rat sequence; see Fi
3 for alignment with mouse and human) and one G/C box at 274

2

H
tc E o5 § E.f-j In addition, there is a conserved SP1 site in exon 1 of the NBR1
3%3 E>.:38 gene at nucleotide 17, a potential NFkB site at 1131 in exon 1 o
Kb IO JdJ10X- the Brcalgene, and a CREB site at 886. The rat promoter regior
contains CpG islands between nucleotides 18 and 401, includin
9.5 — the first exon of Nbrl, and from nucleotides 991 to 1191, which

7.5 — . encompasses the first exon Bfcal (GCG Wisconsin Package).

4.4 — Although wide variations exist among these species, sequenc

analysis indicates that the homologous regions in mouse and ht

Fig. 2. Northern analysis of man are also significantly enriched for CpG sites.

the expression oBrcal in
1.35 — - mMRNA isolated from various
LaFJ!SSL(‘jeS'.:;]he filter Waszh3;' Variability in 5' ends of the rat Brcal transcripts’ RACE ex-
ricized with an exon e-= periments were performed to determine whether thBrred1gene
probe. - . ) ;
utilized an alternative first exon, as has been observed in the ht
man BRCAL1 promoter region (Xu et al. 1995). A rat Brcal exon

tissues with a probe spanning rat exon 2 to exon 7 revealed @ Primerwas used to reverse transcribe&ds from rat testis RNA

7.5-kb transcript consistent with that predicted for the full-length followed by cDNA PCR. The resulting products were subjected to

Brcal gene (Fig. 2). As expected, the expressionBotal is a s_econd rour_ld of _PCR with nested Eltal_and anchor primers.

highest in testis, but present at lower levels in other tissues. Irf his resulted in a diffuse product of approximately 250 bp that was

addition, transcripts are detectable in several tissues of approxRurified by gel electrophoresis. Variation in the RACE product

mately 1.4 kb, suggesting alternatively spliced formSofal sizes obtained was explamec_:l by differences in Fhe_erﬁd start
Splice variants that remove all or most of human exon 11 yieldSites. Of the. 25 clones examined therg were 9 distinct transcrip

BRCAL1 products that are localized to the cytoplasm instead of thdional start sites. However, no altgrnatlv_e first exon was detecte

nucleus where they may have distinct cellular functions relative t®@Mong the 25 RACE clones of various sizes that were isolated an

full length BRCA1 (Chen et al. 1995; Thakur et al. 1997; Wilson Sedquenced.

et al. 1997). RNA from five rat tissues was examined by cDNA

PCR with a variety of primers, and five unique alternatively Discussion

spliced Brcal messages were identified (Table 1). Two of the

MRNA species excise exons 3 or 5 through 15, resulting in se-

verely truncated proteins, and are likely to represent the 1.4-kbThe BRCA1 gene product s likely to play multiple roles in normal

species detected by Northern analysis (Fig. 2). Another SpIiCe(growth control and/or differentiation. Mutations in the coding re-
form removes only exon 5, which encodes 26 amino acids of th(%lon that truncate the protein or result in missense mutations hav

: f L : : een implicated in the development of a significant subset of he
RING finger domain, and maintains the reading frame. This tran-_ " : . Qe
script is analogous to one identified previously in a normal huma editary breast and ovarian cancers (Couch and Weber 1996; Sh:

breast cDNA library (Miki et al. 1994). In addition, alternative uck-Eidens et al. 1995). We have identified several important

franscripts were detected that excised exons 10 and 11, resulting i UCtural and regulatory domains of the Ecal gene ﬁnd Its
a severe frameshift, or deleted thesid of exon 10 and all of exon protein by studying sequence conservation between humans a

11, but maintained the open reading frame (Table 1). AIthoughrOdemS’ yet the precise functions of the BRCAL gene produc
remain elusive. The overall sequence homology between the de

these rat Brcal transcripts resemble the alternatively spliced formg?uced human BRCAL gene product and the rat homolog was low

observed in humans that lack exon 11, their steady state (ca. 4.5- o : .
transcripts) were undetectable by Northern analysis in multiple radUt S|m|Ia( to that observedlprewoysly for the plredlcted Mouse an
tissues (Fig. 2). og proteins (Ben_nett et al. _1995,_ Sgabo et a._1995). _

The conservation of the zinc-binding RING finger domain and
the bipartite nuclear localization signal motifs among species art
Interspecies comparison of the bidirectional Brcal/Nbrl promoterconsistent with the reported localization of BRCA1 to the nucleus
region. The human and mouse BRCA1 and NBR1 genes lie in a(Scully et al. 1996, 1997a, 1997b). The net negative charge of th
head-to-head conformation, with transcription occurring in oppo-deduced Brcal amino acid sequences from rat and other mamm
site directions (Brown et al. 1996; Chambers and Solomon 1996ljan species is suggestive of acidic transactivators of transcriptiol
Smith et al. 1996). The rat promoter sequence shares 90% and 68ftat have distinct DNA-binding and activation domains (Hahn
identity to the mouse and human sequences, respectively. Con1993; Tijan and Maniatis 1994). The BRCA1 protein was initially
parison of the rat Brcal promoter region to the human and mousproposed to regulate gene expression on the basis of its zinc
promoters indicates that the bidirectional nature of this region isinding RING finger motif and the highly acidic carboxy terminal
conserved in rats and the rat Brcal/Nbrl promoter lacks TATAdomain (Miki et al. 1994). Consistent with these predictions, the
boxes as previously reported for the human and mouse genekighly conserved carboxyl terminal region of the BRCAL protein
Several putative transcriptional control elements are conservettansactivates transcription of reporter constructs in yeast an
among all three species in the 1.4 kb of upstream sequence that viammalian cells (Chapman and Verma 1996; Monteiro et al.
have examined. Two CCAAT sites are conserved at positions 156996; Zhang et al. 1998). Several missense mutations in this ca

Table 1. Alternatively spliced forms of raBrcal

Splice Tissue mMRNA (kb) Junction Predicted protein
Deletes exons 3-15 liver, testis, mammary gland, and spleen ~1.4 ATCTG/AAGGA AAA 27-1817
Deletes exons 5-15 liver, spleen, and ovary ~1.4 TGCAA/AAGGA AAA 45-1817
Deletes exon 5 liver ~7.5 TGCAA/GAGCC AAA 45-71
Deletes exons 10-11 liver, mammary gland, and ovary ~4.5 TGCAG/TGGCG AAA 215-1817

Deletes internal 3exons 10-11 liver ~4.5 TGAAG/TGGCG AAA 198-1328
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Nbr Exon 1
Ra  CCCCCTTA( COCACGEGEEECECTTGCCAGTEGCCAGTGCAAGAATCGTTCGCGGCCAGCTCAACTCCTATCCITGCGGGGTGAATCTAA 100
L e T G-Cm—mmmmmmmmmmm oo L e e 100
Hu  ~TT------ . ~-GC-G=-A-==--AG-C---C=—T==== == =T P P 91

Ra  CATGGCGGACAGAGACCGGGCCTAGTCCCATGTTTCCCGGAGTTTTCCACAAGATG,
MU e e e e e e

Hu  ——mmmm— e A-===A-TAA-======— e T~C-Crmmm GC--=-- A

CTCTGTCTATTTGCCCCTCAAAATCACCACTCTATCGAT 200
-~ Commmmmm e A-——Tmmm e C---- 200
- ---TA-C-C---T-mm o CG---A-C-C--T--C 189

Ra  TGGTCAATGCTGCGTTGGCAAGGGCGGGACAGAAGCTCTCTGAACCGCACAACAATAACAARCACCCAGGCCGA 295
VT —— e A mo o U 295
HU  --~-GGCGAT-----C-A-GGA-Aw——-G--A-—--AAG-~--=~ T I NS TGG---T- 287
G/C box
Ra  TGICAGCTGGTTGGATTTCCCTTTCCCAAGCCGATTGGCCACCCTCTGOTTTTTC . CAGETCACTGACATTGGAGGACTAGTTACCCGAGAATCGCGGEE 394
Mu S G 394
HU  --GGUCAGA-CGCAT--C--GC—-=-G--AA-=C-G-G-T~A-~~~G=CCC~G~~Crmm oo C--ACAA-----C--G---C==-C=~CT---- 387
Ra  CTGGACGGGAATTGTAGTCTTCCT. . . .. GGAACTTGCAGCTCCTTTTAGCCTATTTTTGGTGCGCAAACCACGAACACARRATG . . . CTGCGATGCATA 489
MU mmmmmmmemm—mmmmmmemmm oo Cmmmmm e L o S - — T T---- 489
Hu  ommem G R C=--AAAGA-TTGTAC-T-T--TT-~AAG- - G---CT-CTTT-n--AT----~ A--—T-—CA...--C-AG-C---- 487

Ra CCAGCCAAGTGACATAACCGCGAGAAGGTC TCTGTTGTATCGACTGGGTTACTGTGGTAATCGTGCCTGCTTCCGGCGTGGGAAGCTCCTTTTCCGTAAG 586

Mu  G--~-T--~ACG---=-~- Pommm- G-—-===~ C-Cmm===Cmmmmmm e o Cmmmmm e T---A-~A--=-T-=-Commeun 586
Hu  A-TGTTG-CAAGT-C--G====~CAC-=====- CAA-C----C~~~=-A--T-C~=-AG=~--T-----C-=, ==T=-TA-T-~=T-T----C~, -~A---- 582
Ra 665
Mu 669
Hu 680

Ra  CTCTATTTACCGAAACTGGAGA.TTCCATGGCAGGAATGCTGAGGGAGGGATAAGGCCTCGTCTTGCAACTGCTTTGGGCACTACCTTGCGCTCATATTC 776
MU Teemmmmmmmmm e Cmmmmmmm e Gmmmmmmmmm e e T---—~ PG m e 781
TAGG-CGGAAAGAGT--G-~AT~GGGA-~-~T-=--A-G-~-—-=——=-— A--A--GG~A---A-TC-GAC- 792

Ra CGGCCTCAGGTAGCGATTCCGACCCTTTGTACAGAATTACTGTGACGTAATAGGCAGGGGTAGATGCG . AAGGGGCTGCCTAATAGAAAACT . GAAAATT 862

MU m———me CmmGmmmmmm L C-=-TTw==-C-——————======-AA-—=—C-===-==~= Amvom o G-———~ C-~Cmmmmmem 869
-Hu TTCGTA-A~. . .o n -A-TTAC-GTG-TGC---A-GCCGC~AC~GGA--AGTAGA-GCT-GAG-GC---CA--TTA-GGC-A-CTCAGGT~-G---- 870
v
Ra .. CCCGAGCCCAGAAAGAGTTTCAGC . GCCCCACGCCTCAA 948
Mu -G-A-A----—--- Cmmmmmm - AC----C-C--C~~~ 969
Hu  —=-C---m———m o - O - C -G~ . . .. .GGC==——-G-——GHoe v d A e CmmGmm e e e et eeeeenn CG-~-TGG 949
CREB v CCAAT
Ra CTTGCTCCTCCTCTCCCTTCCGCTGA . CGTGTCTAGATCTCTTGTTCCGAAAGGCTAGCACTAGGCGCCAAGCGGCCGGTTTCCTTGGCGACGA . AGAGC 1052
Mu . .G 1067
Hu

1049

Brcal exon 1

V— —
Ra  GCGGGAATTTCAGATAGATTGTAATTGCGGCTGCGCGETYGCCGCTGGTGCAACTCGAAGACCTATCTCCTTCCCGG CGGCATTTAGGC| 1152
T i e R Ccq-~T--CC----~- G-C. .-GAGGA-CCAG-ACCT-TCTTjeskiaid c-T-| 1157
T Ammmm e Y C{TGA- - ~C-CTG-GACTTCCTGGACGGGGGACAGS - T~ A-AT-AC-G---| 1149
NFkB
Ra | CTCGGCGTTTGGAAGTACGGAGGTTTTTCTCGGAAG . AAAGGTGAGACAGCCCTGAGGAACAGAGACGGTACCTCGGAATACTCTTAGG . . AAAGGTGGG 1249
Mu | -——---- Cmmmmmmm e TC--~-- TCTC-G=-An == === === A-Gmm e L A--T-, . ———— CA-- 1254
Hu | -C-T---C-CA-G--GC-TTCACCC-C-GCTCTGG-T-~~H~-AGT-G--T=~C~G-A--GG--C-G--GG-~CAA-TGATGCTC-G--GT-CT--CGT~ 1246
Ra  AAGCTGCAGGTGGAGACGGGTGTTTACTGATTAGGAAAACGCCTGGAGC . GRGAACCAAAGTTCC. . . . . AAGACTTGAAACAGGACTCCTGGGAA. . .GG 1342
MU mmmmmmmm e e AGT---—-- G-m . mm C~~GGT-CC.AG-C~TT-CCm— === === Pomeae ...-- 1352

Hu GGAGAGTG—A—TTCCGAA—C——ACAGA——GG——TTCTTTGArGG--G—TA...GG.GGC—GAA-CTGAG-G—CG—AAGGCGTT»TGAA—CCT—GGGA -- 1359

Ra  GTGCAGTTTGTGCATTCCCAGGGECAACTGTGAGGAAGACGGCAATGGATGT . .GTGAGG 1398
MU mmmmmmmmmmmemeeeee G-~ Gmmmmmm e G A----C-AC-A-G-- 1409
Hu  —G---——-——— AGG-CG-GAG--A. -G-GC TC-G-AAGGG~-CAC-GA---TCC 1418

Fig. 3. Alignment of the bidirectional promoter regions of the rat, mouse, and human BRCA1/NBR genes with the identification of several put:
transcriptional control elements conserved among all three species. Arrows indicate the alternative start sites identifR&Ofy dnalysis. [Genbank
accession numbers: AF080589 (mouse) and AF080590 (rat)].
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boxyl region, identical to those identified in breast cancer patientsinterestingly, BRCAL1 has recently been shown to interact directly
abrogate the transactivating activity of fusion proteins (Chapmarwith RNA helicase A in the RNA polymerase Il holoenzyme com-
and Verma 1996; Monteiro et al. 1996), while some commonplex, which also includes the CREB binding protein transcriptional
BRCA1 polymorphisms retain the ability to activate transcription coactivator (Anderson et al. 1998). Interactions of these and othe
(Monteiro et al. 1997). various transcription factors within the bidirectional promoter re-
The majority of mutations identified in the human BRCA1 gion are likely to regulatdrcal expression. Site-directed muta-
gene are frame shift, nonsense, and splice site mutations, whigenesis studies of this complex promoter region are needed t
result in the premature truncation of the protein product (Couchdissect critical regulatory elements governBigal transcription
and Weber 1996). In addition, approximately 160 amino acid resiin target tissues.
dues have been identified in the human coding region that harbors The biological significance of any alternatively spliced Brcal
putative missense mutations, polymorphisms, and unclassifiedhessage identified in various rat tissues is unknown. If alterna
variant sequences (Fig. 1, BIC database, June 1998). Comparisotigely spliced forms of BRCAL are biologically significant, they
of the codons at these positions with those of other mammalianvould be expected to be conserved in other mammalian specie
species may help identify amino acid substitutions that merit deWhile it is unlikely that the forms resulting in severely truncated
tailed human case-control studies to distinguish between neutrddrcal proteins have functional significance, two spliced forms tha
polymorphisms and biologically significant missense mutationsmaintain large portions of the full-length protein merit further
that may be of relatively low penetrance. The evolutionary con-investigation. Possible roles for the spliced species lacking exon
servation data presented in this and previous reports support tHAAA 45-71) are intriguing, since the resulting protein has lost a
notion that mutation of amino acids that are conserved in rodentsignificant portion of the RING finger domain. The RING finger
and the dog are more likely to be missense mutations in humandomain has been shown to interact with at least two other proteins
than are those that are not conserved (Able et al. 1995; Bennett 8ARD1 (Wu et al. 1996) and BAP1 (Jensen et al. 1998). Inter-
al. 1995; Szabo et al. 1995). estingly, a similar spliced transcript has been observed in norme
Alternative BRCA1 transcripts resulting from the use of two human breast tissue (Miki et al. 1994). Missense mutations in exo
first exons were detected in all human tissues examined by R altering the cysteines at codons 61 and 64, which are critical fo
PCR (Xu et al. 1995). Exon 1a was the primary transcript detectedhe RING structure, result in strong predisposition to tumor devel-
in breast tissue, while the exon 1b species was expressed moegment in human BRCAL mutation carriers. The rat BradD/11
frequently in human placenta. Analysis of @t RACE products is structurally most similar to the previously identified human
from testis failed to reveal an alternative exon 1b as described foBRCA1-A11b andA11l spliced forms which appear to be prefer-
the human BRCA 1 locus. This finding was not unexpected, sinceentially localized in the cytoplasm rather than the nucleus (Thaku
genomic sequence analysis of the complete human BRCA1 locuat al. 1997; Wilson et al. 1997; Cui et al. 1998). It will be inter-
indicates that almost 42% of the 81 kb are comprised of ALUesting to determine whether this is coincidence or whether this
repeats (Smith et al. 1996), and the comparison of exon 1b tepliced form harbors an important and perhaps conserved biolog
human repetitive elements revealed that this exon shares 83%al function.
identity to an ALU element (L.M. Bennett, unpublished observa-  This report describes and compares a variety of features amor
tions). The observation that ALU elements can act as exons is ndhe ratBrcalgene and previously reported mammalian homologs.
unprecedented. In fact, exon 4 of the human BRCAL gene, whicfThese studies provide a foundation upon which more detailed ex
was detected in a single cDNA clone from a human placentapminations can be made with regard to (1) unclassified sequenc
library (Accession U15595), also is a reverse ALU sequence. variants that merit further investigation as disease-related missen:
We observed 5transcriptional start sites of the latcalgene  mutations; (2) regulatory elements in the promoter region; (3)
to be variable, as reported previously for the humastart sites  biological significance of alternatively spliced mRNA species; and
for exon 1la (Xu et al. 1995). The GCG Wisconsin package pro{4) the transcriptional transactivation activity of BRCAL. Since
gram FOLDRNA was used to predict the hairpin loop structures ofrats are widely used in carcinogenesis experiments, this report wi
the 5 sequences of rdBrcal Of the nine transcript species de- facilitate additional studies addressing the role of BRCA1 defect:
tected, three were interrupted in a putative loop structure and sii hereditary breast and ovarian cancer.
stopped in the putative stem region similar to that observed for the

human BRCAL promoter region (Xu et al. 1995). This Observa‘t'onAcknowIedgments\Ne appreciate the critical evaluation of this manuscript

1S CO,nS'Stent with the suggestlon that a complex secondary Strucb'y Dr. Donna Bunch and Arti Patel. S. Hagavik’'s present address: Uni-
ture in the 5 untranslated region of the BRCAL1 mRNA may block versity of Chicago, Chicago, lllinois, 60615.
first-strand reverse transcription, resulting iIFFACE cDNA PCR
products of variable lengths.
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