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ABSTRACT: The interaction of the breast tumor suppressor BRCA1 with the protein BARD1 results in the
formation of a heterodimeric complex that has ubiquitin ligase activity and plays central roles in cell
cycle checkpoint control and DNA repair. Both BRCA1 and BARDL1 possess a pair of tandem BRCT
domains that interact in a phosphorylation-dependent manner with target proteins. We determined the
crystal structure of the human BARD1 BRCT repeats (residues-388) at 1.9 A resolution. The
composition and structure of the BARD1 phosphoserine-binding pogkatePstrikingly similar to those

of the BRCA1 and MDC1 BRCT domains, suggesting a similar mode of interaction with the phosphate
group of the ligand. By contrast, the BARD1 BRCT selectivity pockebibits distinct structural features,
including two prominent histidine residues, His685 and His686, which may be important for ligand binding.
The protonation state of these histidines has a marked effect on the calculated electrostatic potential in
the vicinity of B, raising the possibility that ligand recognition may be regulated by changes in pH.
Importantly, the BARD1 BRCT structure provides insights into the mechanisms by which the cancer-
associated missense mutations C645R, V695L, and S761N may adversely affect the structure and function
of BARD1.

The BRCA1-associated RING domain protein 1 (BARD1) between the ankyrin repeats and the BRCT domains, while
is the major binding partner of the breast and ovarian tumor others (N295S and K312N) occur outside the known
suppressor BRCAL, and it plays a central role in the domains. Three cancer-associated missense mutations, C645R,
regulation of its stability, cellular localization, and function V695L, and S761N, occur within the BARD1 BRCT
(1, 2). The BRCAL-BARD1 heterodimer has ubiquitin  domains (Figure 1A). C645R has been associated with breast
ligase activity and participates in the maintenance of genomic and ovarian cancer, V695L has been found in breast cancer,
stability through its function in cell cycle checkpoint control and S761N has been identified in uterine and breast cancer
and DNA repair {, 2). In addition, BARD1 mediates (7, 9). These mutations adversely affect the tumor suppressor
apoptosis in a p53-dependent, BRCAl-independent mannerfunction of BARD1 @), but the underlying molecular
and BARD1-repressed cells are resistant to apopt8s# ( mechanisms are not known.

Human BARD1 is a 777 amino acid protein that contains  gpcT repeats are phosphopeptide-binding modules found
a RING finger (residues 4€90), three ankyrin repeats j, 5 numper of proteins that function in DNA-damage
(residues 428525), and two tandem BRCT domains (rési- - opecnoint control and DNA repail@—12). Recent crystal-
dues 568-777) &, 6). Germiine and somatic mutations that lographic studies of the BRCA1 and MDC1 BRCT domains
affec_t the BARD.l structure occur in a subset of brea_st, bound to their target peptides offered mechanistic insights
ovarian, and uterine cancers, and some of these mutations,;, ligand recognition by these modulek3¢-17). Specif-
have been identified in hereditary breast and ovarian cancereqly. a shallow pocket (in the N-terminal BRC:I' receives
frqm patients neganve for mutatlonsIBRCAl(?—Q). Two . the phosphoserine (pSer) at position 0 of the ligand, whereas
missense mutations (C557S and Q564H) occur in the region deeper hydrophobic pocketffn the groove between the

_ N- and C-terminal BRCT repeats selects residues at position
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T — | —
BARD1 568 GPLVLI%:SSEQQKMLSEL&VI LKAKKYTEFDSTVTHVVVP - - -GDAVGLGILNGCWILKFE\WKACLRR 642

BRCA1 1646 VNKRMSMVVEELTPEEFMLYYKFARKHHITLTNLITEETTHVVYMKTDAEFVCERILMYELGIAGGKWVVSYFWTQSIKE 1725

MDCt 1892 APKVL VDARGERAVLAL - - - GGSLAGSAAE - ASHLVT- - - - - DRIREUVIFECALGRGIPILSLDWLHQSRKA 1959

M al p1l' al' p2' 3,0b'

— I S— — =
BARD1 643 KVCEQEEKYEIPE---------- GPRRSRLNREQ - LLPKLFDGCYFYLWGTFK KDNLIKLVTAGGGQILSRKPKPDS 711
BRCA1 1726 RKMLNEHDFEVR-GDVVNGRNHQGPKRARE - - - - SQDRKI FRGLEICCYGPFT@;’TDQLEWWQLCGASVVKELS -SFT 1798
MDC1 1960 GFFLPPDEYVVMTDPEQEKNFGFSLQDALSRARE- - - -RRLLEGYEIYVTPGVQ[gs-PPAMGEIISCCGGTYLPSMP- - - - 2030

3]|]C' 3 wdl B3‘ Ba' B‘p o3’
= e

BARD1 712 DVTQTINTVAYHARPDSDGRFCTQYIIYEDLCNYHPERVRQGK- - - - - VWKAP FIDCVMSFELLPLDS 777
BRCA1 1800 LGTGV------------------ HPIVVVQPDAWTEDNGFHAIGAMCEAPVVT) EWVESVA LYQCQELDTYLIPQIP 1859
MDC1 2031 RSYKPQ-------=-vumnennn RVVI-TCPQD-FPHCSIPLRVG- - - LPLLSFEFLSTGVLKQEAKPEAFVLSPLE 2085

®

His685
Ser760

Leu1701
Ser1655 Lys1702 Leu618
Ser575 Lys619

Ficure 1: (A) Sequence alignment of the BARD1, BRCA1, and MDC1 BRCT domains. The protein sequences were aligned using the
program CLUSTAL W 81) and manual intervention. Hyphens represent gaps inserted for optimum alignment. The secondary structure
elements of BARD1, assigned by the program STRIBB) ,(are depicted as orange arroydsstrands) and purple cylinders (helices). The

linker a-helix L is colored pink. The BRCT2 secondary structure elements are labeled with primes. Residues liningritié3mockets

are shown as white letters on blue and red background, respectively. Identical amino acids in two or more sequences are shaded gray, while
residues at the interface of the BRCT repeats are highlighted yellow. Cancer-associated missense mutations are encircled. (B) Ribbon
representation of the BARD1 BRCTs. The location of theaRd B pockets are denoted. Strands and helices are colored as in (A). The
figure was made using BOBSCRIPB3). (C) Stick model superposition of the Pockets of the BRCA*CtIP complex (PDB entry

1Y98) and the unbound BARD1. The CtIP peptide is colored pink, the interacting residues of BRCAL are in green, and water molecules
are cyan spheres. BARD1 residues are colored gray, and an associated water molecule is shown as a red sphere. Nitrogen, oxygen, phosphorus
and sulfur atoms are shown in blue, red, magenta, and yellow, respectively. Hydrogen bonds are dashed lines. The orientation of the P
pocket is identical to that of (B). (D) A weighted=2 — F. electron density map of residues lining the gbcket calculated at 1.9 A

resolution and contoured at &.0Atoms are colored as in (C). For clarity, the model has been rotated approximatetyréation to (B)

such that the view is from underneath thep®cket. The figure was made using POVSCRIB®) (and POV-Ray (www.povray.org).
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+3) (]_'2)’ suggesting that the BARD1 selectivity _determinants Table 1: Structure Determination and Refinement Statistics
are different from those of other BRCT domains.

. . . data set native SAD
To elucidate the molecular mechanisms underlying the wavelength (&) 0.9784 0.9796
function of the BARD1 BRCT repeats, we have determined resolution range (&) 50-1.90 50-2.04
ing i (1.97-1.90) (2.11-2.04)
tge Crys-tal Stmﬁturr]e %thChZie dgml\jlg]élmB;hgTapo forlm' no. of obsd reflections 309077 304610
-omparison with the an RL IS TeVealS  ng, of unique reflections 40185 32924
distinct structural differences in the C-terminal BRCT of  completeness (%) 98.3 (91.7) 99.2 (98.9)
BARD1, the most notable of which is the presence of His685 Edug?;n@/ 673-1 gg'ol)z) 3-3 ((g-:)z)
: - . . (% . i . i
gnd His686 at Fhe seIecnvny.pocketg,Fnggestlng their ovyerall[n/o(l)D 307 (4.3) 19.7 (5.5)
involvement in ligand recognition. In addition, the present g, (%) 19.6
work provides insights into the mechanisms by which cancer- Ryee (%)° 24.7
associated missense mutations within the BRCT modules Ramg;*g‘/g:gg I?O'/O)t 010
. . 0 .
have detrimental effects on BARD1 function. additionally allowed (%) 8.2
generously allowed (%) 0.5
EXPERIMENTAL PROCEDURES disallowed (%) 0.3
bond length%(A) 0.022
Protein Purification and CrystallizationA DNA fragment bond angles(deg) 1.865

encoding the human BARD1 BRCT domains (residues-568 2Values in parentheses are for the highest resolution $Helj, =
777) was amplified using the polymerase chain reaction and 2I! — OV3(1), wherel is the observed integrated intensiti,lis the
cloned into a modified pET-6H vectod®). The BARD1 average |nt¢gra}ted intensity obtained fror_n multlpl_e measurements, and
- - . L the summation is over all observed reflectiohBeysi= Y ||Fo| — KIFc||/
BRCT protein ‘?a”y'”g an N'term'n.al h_exah'St'd'ne tag > |Fol, whereF, andF are the observed and calculated structure factors,
followed by a site for the human rhinovirus 3C protease respectivelyd Ry is calculated afuys using 5% of the reflections
(EVLFQIGP) was expressed tscherichia colBL21(DE3) chosen randomly and omitted from the refinement calculati®Bsnd
cells grown at 37°C until they reached an absorbance at lengths and angles are root-mean-square deviations from ideal values.
600 nm of 0.5, followed by induction with 0.5 mM IPTG at
20 °C for 20 h. The cells were harvested by centrifugation, (21), in combination with manual intervention using COOT
resuspended in phosphate-buffered saline supplemented witf22). The final model, refined isotropically with eight TLS
protease inhibitor cocktail tablets (Roche Applied Science) groups in REFMACS523), contains 3382 protein atoms, 238
on ice, and lysed on an EmulsiFlex-C3 homogenizer (Aves- water molecules, 2 sulfate ions, 3 chloride ions, and 5
tin). Although the majority of the recombinant BRCT protein ethylene glycol molecules. Weak electron density in pocket
was found in the insoluble fraction, an amount adequate for P. was modeled as ethylene glycol in molecule A and as
structural studies was recovered as soluble protethrig/L water in molecule B. The N-terminal residues Gly and Pro
of culture). Soluble 6His-BRCT protein was purified on Ni- that remain after cleavage with 3C protease are native to
NTA resin (Qiagen), eluted with 200 mM imidazole, and BARD1 (Gly568 and Pro569). Gly568 of molecule B is
dialyzed against a buffer containing 25 mM Tris-HCI (pH disordered and was not modeled. PROCHECH) (vas used
7.0), 300 mM NaCl, and 2 mM DTT. The hexahistidine tag for analysis and validation of the refined structure. Glu655
was removed by digestion with 3C protease, and the proteinof molecule A is at the edge of the disallowed region of the
was further purified by size exclusion chromatography on Ramachandran ploi(= 75.7, y = —119.8). The structure
Superdex 75 (GE Healthcare). The BARD1 BRCT protein determination and refinement statistics are shown in Table 1.

was concentrated to 25 mg/mL by ultracentrifugation and
crystallized in 20-25% polyethylene glycol 5000 mono-
methyl ether, 150 mM ammonium sulfate, and 100 mM
2-morpholinoethanesulfonic acid (pH 6.5) at 20 by the

Electrostatic Potential CalculationThe program GRASP
(25) was used to calculate the electrostatic potentials. Charges
were assigned as follows: Arg”Nand Arg N2, +0.5 e;

Glu O, Glu 02, Asp O%, and Asp @2, —0.5 e; Lys N,

sitting drop vapor diffusion method. Crystals were cryopro- 1.0 e. Dielectric constants of 2 and 80 were used for the
tected in mother liquor supplemented with 16% ethylene interior protein and outer solvent regions, respectively. A
glycol and flash-frozen in a liquid nitrogen stream. BARD1 charge of+0.5 e was used for Nand N2 of the protonated
BRCT protein containing selenomethionine (SeMet) was His685 and His686, in addition to the above charges.
expressed in B834(DE3) cells (Novagen) cultured in minimal  Isothermal Titration CalorimetryThe binding capability
media supplemented with SeMet (40 mg/L) and purified in of BARD1 BRCT to various synthetic peptides was measured
a similar manner. Native and single-wavelength anomalous using a VP-ITC microcalorimeter (MicroCal). Briefly, 0.5
dispersion (SAD) data were collected on beamline X12B at MM peptides SRSTpSDDENK and KEESpSDDEDK were
the National Synchrotron Light Source (NSLS), Brookhaven titrated against 0.05 mM BARD1 BRCT protein in phosphate-
National Laboratory, Upton, NY. The data were processed buffered saline (pH 7.4) supplemented with 150 mM NacCl
using HKL2000 (9). The crystals belong to space group at 23°C. Similar experiments were also performed in 100
P2,2,2; with unit cell dimensions = 57.4 A,b = 75.8 A, mM Tris-HCI (pH 7.4) and 150 mM NaCl and in 25 mM
c=116.6 A, andx = 8 = y = 90°. There are two molecules  sodium phosphate (pH 6.0) and 400 mM NaCl at°Z3

in the asymmetric unit, referred to as A and B. Titration curves were analyzed using the program ORIGIN

Structure Determination and Refinemebiata analysis,  2-0 (OriginLab).
location of the selenium atoms, phase calculation, and density,
modification were carried out using SHELXC, SHELXD, RESULTS AND DISCUSSION
and SHELXE g0), respectively. Phase extension and  Structure DeterminatioriVe expressed the human BARD1
automated model building were performed with ARP/WARP BRCT domains (residues 56877) carrying an N-terminal
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hexahistidine tag followed by a 3C protease cleavage site in

E. coli BL21(DE3) cells. We purified the soluble fraction
of the recombinant protein using affinity chromatography,

removed the tag by digestion with 3C protease, and crystal-

lized the native protein using the sitting drop vapor diffusion
method. The structure was determined by SAD, using

synchrotron data from SeMet-substituted crystals. There are

two molecules in the asymmetric unit, A and B, which
display differences in the region spanning residues—708
718. Ano-helix in this area in molecule B corresponds to
two short 3¢-helices in molecule A. Since molecule A has
superior electron density and its ligand-binding region is

more solvent-exposed, thus resembling more closely the

physiologic milieu, it will be used to describe the present
structure. The final model was refined to a crystallographic
factor Reys; Of 19.6% and anRgee Of 24.7% with data
extending to 1.9 A resolution.

Structure of the BARD1 BRCT Repeaihe overall
topology of the BARD1 BRCT domains is similar to
previously determined BRCA1 and MDC1 BRCT structures.
The region spanning residues 56877 folds into two tandem
domains, BRCT1 (residues 56854) and BRCT?2 (residues
669-777), linked by a centrafi-helix (aL) (Figure 1B).
BRCT1 comprises a centrBtsheet formed by four parallel
p-strands §1—/4) and flanked by ther-helicesal anda3
on one side and2 on the other. BRCT2 also consists of a
parallels-sheet formed by thg-strands31'—f$4', which are
neighbored on one side by the-helices al' and a3'.
However, theo2' helix that exists betweefi3' and 4’ in

other BRCT?2 structures is replaced by a short antiparallel

p-strand fd) in BARD1 BRCT2 (Figure 1B). Another

unique feature of the BARD1 BRCTs is the presence of three

short 3o-helices (300, 31¢’, and 3cd’) in the52'—£3' loop.

The two BRCT modules pack closely against each other,

burying a hydrophobic interface 0$1450 & and creating
a surface groove with two pockets, &d RB. The hydrophilic
P, is formed by residues Ser575, Gly576, Thr617, and
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Ficure 2: Electrostatic potential of the BARD1 BRCT surface (A)
at near neutral pH and (B) at acidic pH. PockeisaRd B are
encircled, and the residues that form them are indicated. Arrows
denote the change of the electrostatic potential due to the (de)-
protonation of His685 and His686. Electrostatic potentials were
calculated with the program GRASRY) and are colored as red

Lys619 (Figure 1C), conforming to the consensus motif (Ser/ (acidic, —10kgT), white (neutral, sT), and blue (basic, 1@T).

Thr)-Gly...Thr-X-Lys that is characteristic of the pSer-
interacting BRCA1 and MDC1 Ppockets (Figure 1A). A
sulfate ion from the crystallization solution is present in the
P, pocket, where it makes direct and solvent-mediated
interactions with BRCT residues. Specifically, the sulfate ion
hydrogen bonds with the main chain N of Gly576, the O
of Ser575, and the Nof Lys619 and via a water molecule
to the main chain N of Lys619 (Figure 1C). These interac-
tions are strikingly similar to those stabilizing the phosphate
group of the ligand pSer 0 in the BRCA1 and MDC1
structures 13—17), suggesting that the BARD1; Pesidues
may also be involved in similar interactions with the
phosphate group of the ligand.

The deeper and more hydrophobic pockgisPlined by
Ser616, Met621, His685, His686, and lle764 (Figure 1D).
Two prominent features of this pocket are His685 and
His686, corresponding to Asn1774 and Met1775 of BRCAL,
respectively, that mediate interactions with Ph2 of the
ligand (13—16), suggesting that the BARDL1 histidines could
play a key role in ligand selection. The electron density of
the His685 imidazole is weak, indicating that this side chain
is flexible (Figure 1D). By contrast, the imidazole group of

its N2 atom and the side chain of a polar residue at position
+3 of the ligand. Importantly, calculation of the electrostatic
potential of the Ppocket shows that it is dramatically altered
by changes in the protonation state of His685 and His686.
At near neutral pH, the solvent-exposed!dnd N2 atoms

of His685 and His686 are not protonated, and thpdtket
has a negative electrostatic potential (Figure 2A), whereas
at more acidic pH, these atoms become protonated, switching
the net charge to positive (Figure 2B). This raises the
intriguing possibility that the BARD1 BRCT interaction with
its ligand(s) may be dynamically regulated by the protonation
of His685 and His686 in response to pH shifts in local
cellular microenvironments during various physiological and
pathological conditions26—28). Notably, such a “histidine
switch” mechanism regulates the interaction of the receptor-
associated protein with the low-density lipoprotein receptor-
related protein as a consequence of pH chan@Ss. (
Furthermore, it was recently reported that the protonation
of a conserved histidine at the binding pocket of PSD-95
PDZ3 controls the interaction of this domain with its target
peptide in a pH-dependent mann&Q); It remains to be

His686 is well ordered, and its position and geometry at the determined whether a similar mechanism is operational in

rim of P, favor the formation of a hydrogen bond between

ligand recognition by the BARD1 BRCT domains.
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Ficure 3: (A) Superposition of the crystal structures of the BARD1
BRCTs (beige) and the unbound BRCA1 BRCTs (light blue) (PDB
entry 1INX). (B) Superposition of the BARD1 BRCTs (beige) and
the unbound MDC1 BRCTs (green) (PDB entry 2ADO). The
models were aligned using secondary structure matct86gif
COQT.

Birrane et al.

(. .
Ficure 4: (A) Mapping of the cancer-associated missense muta-
tions C645R, V695L, and S761N on the BARD1 BRCT structure.
The side chains of Arg645 and Leu695 that are predicted to
destabilize the BRCT fold are shown as green space-filled models,
whereas the surface-exposed side chain of Asn761 is colored red.
(B) Proposed mechanism for the abrogation of the BARD1 BRCT

Structural Comparison of the BARD1, BRCAL, and MDC1 fynction by the S761N mutant. The Asn762°!Qs in close

BRCT RepeatsThe BARD1 and BRCA1 BRCT structures

proximity to His686 N2 (2.7 A) to form a hydrogen bond (green

are superimposed well, with a root-mean-square deviation dotted line) that locks the imidazole ring of His686 in a conforma-

of 1.7 A for all C* atoms (Figure 3A). However, there are

distinct structural differences in these domains that likely

reflect their functional differences. Th83—a2 loop of

tion that cannot interact with the side chain of a residue at position
+3 of the ligand. The figure was made using BOBSCRIPT and
POV-Ray (www.povray.org).

BARDL1 is thre-e residues Shorter-than its BRCA1 COUnterpart, (Shown in bo|d) previous]y reported to be recognized by these
and these regions are not superimposable. The BARD1 loopdomains in oriented library screen2). Surprisingly, no
a3—ol is nine residues shorter and adopts an entirely measurable binding was detected with either of these peptides

different conformation from the corresponding loop of
BRCA1L. Thep2 —f3' loop of BRCAL is 19 residues shorter
than that of BARD1 and is missing the threg-Belices of
BARDL1. Furthermore, thei2' helix in the33'—4' loop of
BRCAL is replaced by thgd strand in BARDL.

at pH 6.0 and 7.4 and under experimental conditions identical
to those reportedl@). Furthermore, cocrystallization of these
peptides with the BARD1 BRCT domains yielded crystals
of unbound BARD1 protein (data not shown). These results
contradict the previously reported BARD1 BRCT selectivity

The BARD1 and MDC1 BRCT structures are superim- (12) and could not be easily attributed to different experi-
posed less well, with a root-mean-square deviation of 2.3 A mental conditions. In this context, it is important to note that
for all C* atoms (Figure 3B). One notable difference is the the observed BARD1 BRCT specificities for the ligand

presence of thex-helix aL1l in MDC1 that is absent in
BARDL1. Like BRCA1, thep2 —f3' loop of MDC1 is 21

residues at selectivity positions 048 were relatively low
(12), suggesting that the binding is very weak and perhaps

residues shorter than that of BARD1 and is missing the threetransient. It is therefore possible that additional interactions

3ir-helices of BARD1, whereas the BARDRI3—oL loop is
10 residues shorter than that of MDC1. Tae—f1' loop

between residues surrounding the ligand consensus motif and
amino acids outside the;Rnd B pockets are required for

of BARD1 is 2 residues longer than the corresponding loop high-affinity binding. Alternatively, the BARD1 BRCT

of MDC1, resulting in poor superposition of these regions.

repeats may recognize macromolecular ligands with entirely

Another difference is the presence of the elongated and bentdifferent sequence motifs and structural characteristics. As

o2 helix in the 3 —fp4' loop of MDC1 that is replaced by
the shortga strand in BARD1.

Ligand Selection by the BARD1 BRCTRo study the
ligand-binding properties of the BARD1 BRCTs, we used
isothermal titration calorimetry to measure the affinity of
these domains for the synthetic peptides SRSIDENK
and KEE®SDDEDK, which contain the consensus motif

part of our attempts to identify ligands for BARD1, we also
tested the BACH1 peptide ISRSTpSPTFNKQ, which is an
avid ligand for the BRCAL1 BRCTs, and the doubly phos-
phorylated p53 peptide EPPLpSQEpPTFS for binding to the
BARD1 BRCT domains in similar isothermal titration
calorimetry experiments. However, as expected from the
nature of the BARD1 Ppocket, which is missing critical
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hydrophobic residues that make contacts with the phenyl ring 2.
of Phe+3 in the BRCAZL-ligand structures13—16), no
binding was observed with these peptides (data not shown).
Therefore, the analysis of the structural determinants under-
lying ligand selection by the BARD1 BRCTs will await the
identification of bona fide ligands for these domains.

Mapping of Cancer-Associated Missense Mutatiohs
obtain insights into the mechanisms underlying the disruption
of BARDL1 function by the C645R, V695L, and S761N
mutations, we mapped the substituted residues on the
BARD1 BRCT structure (Figure 4A). Cys645 is positioned
in the loop between the3 and 3qa helices. Substitution of
this residue with a bulkier and charged arginine could disrupt 6.
the hydrophobic interface betwe¢il andal formed by
Leu570, Leu572, Leu592, and Ala594 and/or expose this
interface by breaking hydrogen bonds between Glué#8 O 7.
and His606 K on 53 and between Trp635<Nand the
carbonyl oxygen of GIn646, thereby destabilizing the BRCT1
fold. Val695s is part of thenl' helix facing thejs-sheet of
BRCT2, and replacement of its isopropyl group by the
bulkier isobutyl side chain of leucine could have a destabiliz- 8
ing effect on the BRCT2 fold. By contrast, Ser761 is surface-
exposed and lies at the N-terminal enc@ in the vicinity
of the BARD1 R pocket. This residue corresponds to
Glu1836 in the BRCAZ-CtIP structure, which makes water-
mediated hydrogen bonds with the carbonyl oxygen of Gly
+4 of the peptide and the Arg1699"Nof BRCAL (16).
Thus, it is possible that, in the S761N mutant, a hydrogen 10.
bond is formed between the Asn762'Gnd His686 N,
effectively locking the His686 imidazole ring in an unfavor- 14
able conformation to interact with the side chain of a residue
at position+3 (Figure 4B), thereby reducing the BARD1
affinity for its binding partner.

Perspectie. The crystal structure of the BARD1 BRCT
domains reveals the atomic features of the pocketanie 13.
P, and provides an essential basis for the elucidation of the
mechanisms underlying ligand recognition by these modules
during cell cycle control, DNA repair, and apoptosis. In light
of our binding results, the previously reported selectivity of
the BARD1 BRCTs for peptides having a glutamate at
position+3 (12) needs to be independently verified and/or
reevaluated by future studies aimed at dissecting the ligand =
specificity of these modules. When the physiologic binding
partners of the BARD1 BRCTs are identified, it will be 16
possible to study the role of His685 and His686 in ligand
recognition and analyze the structural consequences of the 17.
cancer-associated missense mutations on the binding proper-
ties of these domains. Perhaps most importantly, the three-
dimensional ligand-binding interface of the BARD1 BRCT 8
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