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Sir — The BRCAI gene is linked to
about one-half of familial breast
cancers and over 80% of families
with inherited breast and ovarian
cancer'. Although somatic muta-
tions of BRCAI in sporadic breast
and ovarian cancers are rare?™, loss
of one of the BRCAI alleles has
been observed in many of these
tumours>. Moreover, a transfected
BRCAI gene inhibits the growth of
breast and ovarian cancer cells but
not of other malignant cells®. Thus
BRCALI appears to act as a tumour
suppressor but the actual function
of the protein is not known. BRCA1
consists of 1863 amino acids and
contains a highly conserved, N-ter-
minal RING finger domain’. The
rest of the protein has not shown
statistically significant similarity to
other protein sequences.

In seeking to explore in detail
potentially important but relatively
weak sequence similarities for the
BRCALI protein, we examined the

globular domains of the protein.
Long regions with predicted non-
globular structure in proteins fre-
quently have a biased amino acid
composition that can obscure func-
tionally  important  conserved
motifs in database search outputs®.
Therefore, we partitioned the
BRCA1 sequence into putative
globular and non-globular domains
using the SEG program, with para-
meters optimized for this purpose®,
and searched the non-redundant
protein database at the National
Center for Biotechnology Informa-
tion (NIH, Bethesda) separately
with each of the 6 putative globular
domain sequences using the
BLASTP program!® and different
amino acid substitution matrices of
the BLOSUM series!!. Apart from
the previously described RING fin-
ger domain in the N-terminal glob-
ular domain, the remaining 5
globular domains did not show
high similarity to any proteins in

the database. We noticed, however,
a moderate similarity between the
202 amino acid residue long C-ter-
minal globular domain of BRCAI
and an analogously located region
of a human protein, designated
53BP1 (ref. 12), that has been iden-
tified by its ability to bind p53, the
universal tumour suppressor'?, The
statistical significance of the align-
ment was not strong (P value = 0.15
with the BLOSUMS85 matrix). Nev-
ertheless, when the database was
searched with either the C-terminal
domain of BRCAI or the 53BP1
protein sequence as the query, the
alignment of these two sequences
had the highest score (excluding
trivial hits to mouse BRCA1). This
alignment included two distinct but
compatible segments separated by
100 and 97 amino acid residues in
BRCAI and 53BP1, respectively.
The aligned regions were posi-
tioned at almost precisely the same
distance from the C termini of the
proteins.

Given the biological plausibility
of the similarity between BRCAl
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Fig. 1 The BRCT domain family. a, Multiple alignment of BRCT domains. We construct-
ed the alignment using the MACAW program, with some modifications introduced on
the basis of analysis with the CLUSTAL W program?7 and visual inspection. Distances
from the protein termini to aligned regions and distances between the aligned blocks
are indicated by numbers. Distance from the 53BP1 N terminus is shown in parenthe-
ses as the available sequence of this protein is incomplete. The two tandem BRCT
domains are aligned to each other. The consensus lines for the two domains (consen-
sus N and consensus C) include amino acid residues conserved in all of the 6 aligned
sequences (upper case) or in at least 4 out of 6 sequences (lower case). U= bulky
hydrophobic residue {|, L, V, M, F, Y, W); O = small residue (G, A, S, T, C);B=DorEZ=
Eor Q;and $ = S or T. The residues conforming with the consensus are in bold. The
most conserved motif, located at the C terminus of each of the two BRCT domains, is
double-overlined. Amino acid residues comprising a unique signature derived from the
N-terminal BRCT domain are indicated by asterisks. This signature can be presented
as R[TSIXK[FY][ILYMFIxx{ILVMFIxxGxxx[ILVMFxxx[FYW][ILVMF] (x = any residue; alter-
native residues are in square brackets. The pattern was expanded to include similar
residues, even when only two were actually observed). The predicted secondary struc-
ture elements are shown below the alignment, with E/e indicating extended conforma-
tion (B-strand) and H/h indicating o-~helix. Upper case indicates the most reliable
prediction (>829% accuracy), and lower case indicates prediction with ~72% accura-
cy8. Exclamation marks indicate the positions of two missense mutations associated

gment separating two aligned blocks. The BRCA1/HUMAN, BRCA1/MOUSE, and

RADY/YEAST sequences were from the SWISS-PROT database (Accession numbers P38398, P48754, and P14737, respectively); the 53BP1/HUMAN,

KIAAD170/HUMAN, and SPAC19G10_7/SCHPO sequences were from GenBank (A

ccession numbers U09477, D79992, and Z69909, respectively). In

addition to the aligned proteins, we detected a clear similarity to the predicted p53-binding domain in putative products of ESTs R24832 from human,
D67484 from C. elegans , and N37100 from the nematode Brugia malayi . b, Organization of the large BRCT domain-containing proteins. The protein dia-
grams are aligned by the tandem BRCT domains. The predicted globular and non-globular domains are shown; the prediction was made using the SEG
program with the following parameters: window size 45, trigger complexity 3.4, extension complexity 3.75 (ref. 9). The dashed line to the left of 53BP1

indicates that the sequence of this protein is incomplete from the N terminus. The dashed lines in the midd
duced on the diagram into the central non-globular domain that includes over 950 amino acids. The diagram
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le of KIAAD170 indicate an interruption intro-
s are roughly to scale as shown at the bottom.
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and a p53-binding protein, we
investigated this potential relation-
ship in detail. A 36 amino acid-long
alignment of the most conserved
regions of human and mouse
BRCALI and 53BP1 was converted
to a position-dependent weight
matrix. Using this to scan the data-
base with the MoST program!* and
using a highly selective cut-off
(ratio of 0.005 for the expected
number of retrieved segments to
the number actually observed),
only two additional sequences were
retrieved, those of uncharacterized,
putative proteins from human and
fission yeast (designated KIAA0170
and SPAC19G10_7, respectively)
that showed a highly significant
similarity to one another. MoST
searches with a lower cut-off, as
well as BLASTP searches with the
detected sequences as queries also
detected the motif in the yeast
RAD? protein, which is involved in
the control of the DNA damage-
induced cell cycle arrest at both the
G, and G, checkpoints'*16, A reci-
procal search — using aligned
sequences of the conserved seg-
ments from 53BP1 and the unchar-
acterized human protein to derive a
matrix that was run against the
database — retrieved the human
and mouse BRCAI corresponding
segments (probability of detection
by chance below 107). From the
most conserved motif, we derived
an amino acid signature that is not
present in any sequence in the data-
base except for the above 6 proteins
(Fig. 1a). Based on these findings,
we conclude that BRCAI1, 53BP1,
RAD9 and at least two uncharacter-
ized proteins contain a new, con-
served domain.

Multiple alignment analysis with
the MACAW program!’ revealed
additional, weaker motifs; all are in
the C-terminal portion of the
aligned proteins and contain ~180
residues in 5 proteins, but two
inserts of ~30 residues each in
RADY (Fig. 1a). Secondary struc-
ture prediction using the PHD
method'® suggests that the con-
served domain consists of a 3 sheet
(Fig. 1a). The domain could be the
result of an internal duplication
(Fig.1a); the presence of two tan-
dem domains is supported by
sequence conservation in a large
superfamily of nuclear proteins
mostly involved in cell cycle check-
point functions (PB. et al, in
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preparation). We propose the desig-
nation BRCT (after BRCA1 C Ter-
minus) for each of the tandem
domains.

We define the family described
here as a subset of a BRCT super-
family. All proteins in this proposed
family are quite large and appear to
have similar organization — BRCT
domains located at the C terminus
and upstream portions containing
long non-globular regions (Fig. 15).
Proteins in this family may bind
p53 or structurally similar proteins
via the conserved C terminal
domains. This is supported by the
observation that the C-terminal 270
amino acids of 53BP1 are sufficient
for p53 binding'?. Truncation of
BRCAIL, even at position 1853,
which removes only the 10 C-ter-
minal residues, abolishes the ability
of BRCALI to suppress breast cancer
cell growth®. Truncations in the
BRCA1 3'-terminal portion also are
among the most frequent muta-
tions in familial breast cancers',
Furthermore, two missense muta-
tions associated with such cancers
mapped to the BRCA1 C terminus
(refs 1,2; Fig. la). These data
emphasize the potential importance
of the BRCAl C-terminal region,
corresponding to the BRCT
domain, for BRCAl-mediated
breast cancer suppression. This
domain may be required for cell
cycle control in breast epithelial
cells but not in other cell types.

Since there are remarkable analo-
gies between the phenotypes of
yeast RAD9 mutants and p53
mutant human cell lines?®2!, there
is also the possibility that RAD9
binds a yeast protein structurally
related to p53 even though there is
currently no evidence of a yeast p53
protein.

The  putative  p53-binding
domain, a RING finger domain and
two putative nuclear localization
signals in BRCA1 are all compatible
with the reports on its nuclear
localization?”~24, Recently, however,
it has been reported that BRCA1 is
secreted from breast epithelial cells
and contains an amino acid
sequence pattern typical of granins,
secreted proteins that are precur-
sors to several active peptides®,
The granin motif, however, has no
statistical support. Given that the
PROSITE database? contains 1179
motifs, one would expect to find by
chance, within the 1863 residue

BRCAI sequence, approximately
two motifs with an information
content equivalent to that of the
granin motif. Assuming a Poisson
distribution, this gives a probability
of approximately 0.87 that at least
one such motif would be found. In
contrast, an analogous calculation
performed with the BRCT signa-
ture (Fig. 1a) yields a P value less
than 3 x 10~

In addition to granins them-
selves, the granin motif has been
detected in 14 proteins in the com-
plete  non-redundant  protein
sequence  database, including
human BRCAL. None of these pro-
teins produced an extended align-
ment with granins, and they did
not appear to have any common
structural or functional features.
Furthermore, the murine BRCA1
protein contains a substitution in
one of the motif’s invariant posi-
tions, and if this substitution is
allowed, the motif is found in a het-
erogeneous set of 28 sequences
unrelated to granins.

The finding of a conserved
domain in BRCAIL, 53BP1 and
RAD? indicates that BRCAL is like-
ly to function in the cell nucleus
and may be involved in one or more
cell cycle checkpoints. The nature
of the discrepancy between the
experimental results on BRCAI
localization remains to be elucidat-
ed. The predictions made here can
be tested in a variety of experi-
ments, A direct demonstration of
the predicted BRCAI interaction
with p53 or a similar protein and
elucidation of the effect of point
mutations in the BRCT domain on
BRCALI activity are only the most
obvious of these,
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tumours arising in patients with
BRCALI lesions®. This genetic event
documents two important facts.
First, the cell must be null for the
normal gene product and second
the mutation is cell autonomous.
The fact that BRCAI and BRCA2
lesions cause disease in the het-
erozygotes argues very strongly
against these gene products being
secreted, since loss of heterozygosity
of a secreted gene product is highly
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