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Functional site prediction of BRCT domain containing
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Abstract: The BRCT domain (after the C-terminal domain of a breast cancer susceptibility protein) is an important
signaling and protein targeting motif in the DNA damage response system. To clarify possible interaction mechanisms
between the BRCT domain, which contains phosphate binding pocket and its phosphorylated ligand, we analyzed the
structural conservation and electrostatic surface potentials of XRCC1 BRCT1, PTIP BRCT4, ECT2 BRCT1 and TopBP1
BRCTL1. The results showed common structurally conserved and positively charged grooves located around the phosphate
binding pockets of these domains. These grooves possibly act as functional sites in the four BRCT domains due to the
extensive existence of similar grooves in the BRCT domains containing phosphate binding pocket. The two sides of the
groove were composed of positively charged and hydrophilic residues and the bottom was composed of hydrophobic and
hydrophilic residues, suggesting that the groove binds to BRCT domain ligand mainly through electrostatic and
hydrophobic interactions. The groove was mainly located in individual BRCT domains and differences in shape and
charge distribution among the four BRCT domain grooves were observed, indicating that ligand binding specificity was
predominantly determined by individual BRCT domains. The groove was centered by the phosphate binding pocket,
implying that the groove interacted with residues located at both the N-terminal and C-terminal sides of the
phosphorylated residue.
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il ATM (ataxia telangiectasia mutated protein)ak
ATR(ATM-Rad3-related Kinase) i 1 11, 16 1 (1) 25 11,
JF DNA S5 A6 345 Nl o> 1 il Ll
L ARBERRAG I R A AR R E R H 1 4217 21 DNA

110347 15 (Dulic et al, 2001; Mohammad & VYaffe, 2009;

Glover et al, 2004). BRCT £5 43k fu 4 95 AN F
PR, JLRa) E 3 - IR e S8 4 4 TAT
(1) B- 241 (P1-01-B2-B3-02-P4-a3, al-Fil a3-1ZjiE
BT B-F 20—, o2-BRBENIAL T 55— ) (Zhang et
al, 1998). 7t DNA 4L 111 F1 XRCC1(X-ray repair
cross complementing protein 1)%:4E [+, BRCT 454
B LLRARTE A A AR I R 4% D BE(Dulic et al, 2001). 7F
BRCA1 #1 MDC1 (mediator of DNA damage
checkpoint 1) 17, BRCT 4 Fsk il d1 41 LAl
K 20~30 PN FERRIRIERT P> BRCT 4R kA
RS BRCT AHEAEHI T X AR PR3 4 |
R 1 S B4R (Sheng et al, 2011; Rappas et al,
2011): | 28 HAAK RIS BRCT ik N
BRCT(BRCTa)#) a2-Zi¢t5 C ¥t BRCT(BRCTb)IH)
ol - o3-BRHE I — IR R I (& 5, IS BRCT
() B~ JZAH ELSFAT, 4 BRCAL AT MDCL i) A
(Williams et al, 2001, Glover et al, 2004); Il 28 ik
(¥~ BRCT nJ fiEidi ik BRCTa ) 02-151iE 15 BRCTh
[¥) B-Fr 2R 4 &, WIS BRCT (1) B-F J2AH B 1R 1,
an PTIP (PAX transcription activation domain
interacting protein 1)BRCT1-2 1 BRCT3-4, TopBP1
BRCT4-5 (Rappas et al, 2011; Sheng et al, 2011). 7E
TopBP1 (topoisomerase (DNA) Il binding protein 1)/
Ect2 (epithelial cell transforming sequence 2)f) N %,
BRCT Ziflal th 741 L AHRR ~20 M LRy AE ) =
AN BRCT 41#(TopBP1 BRCT0O.BRCT1 # BRCT2)(=
RAA), AHATHIP S BRCT LA B-H 240 B 25 B
J7 ) AH H 4545 (Rappas et al, 2011; Sheng et al, 2011).
WIFLER W, 1R%Z BRCT ity &a i
B1- C ik FEM1 Ser Al Gly, al- N %K) Arg Fl 02- N
Uit 1) Ly's 2B IR B 2 45 45 1145 (Williams et al, 2004).
IR &h & 48 51X 6 BRCT [ D) RE &% ARG, 9,
RFC1(replication factor C large subunit) ' f] 5. {4
BRCT 1] LA4E 4 DNA A3 2 (Kobayashi et al,
2010). {HAFFT I 2 IR | 28 AU S i 1R
W E RIS BERR R B0 4%t BRCTa ()
PR &5 & MAS E M 45 BRCTa 15 BRCTh AHEL{E )
—IREHR X . BRCTa IR LS 5 N AREE S EIR 22K

PR (W IR 22 A TR 45 v X)), T — MR o X &5 5 Wl PR 22
R C w5 — B A = A7 0Bk IR (O S 1k R
[X)(Williams et al, 2004) . $h4b, R 455 H 48R A7
BT 22 5 A a8 R BLARE A, 1
H AR = BEAA[ BRCT . 1 FiX = 2% BRCT
5V AR R B2 e, L I 2R IR
44 D454+ BRCTh 1 A& BRCTa, ‘& AI19FA
T SRR o YU R ) SR R X

WFFLR WX =2 BRCT R LLgE & & B L1
BCAA(Yu et al, 2003; Rappas et al, 2011; Masson et al,
1998; Munoz et al, 2007; Kim et al, 2005), {H H 1k
BUHIAE 2 o BRI, AWFFTR X =28 BRCT BT T
GERL LR S PE RN R iR H Ao B, IR LGS S IR
ABCAR IALHRIEAT TR0

1 #MR57%

BRCT Z5#Ia (1) 4544 1 2k YT PDB i 1
(# 1), ECT2 BRCTO0-2 Al PTIP BRCT3-4 [{] [ £
14 /| Discovery Studio 2.5; ECT2 BRCT0-2 Al
PTIP BRCT3-4 [n] Y551 £ (1) B4R 43 1) & TopBP1
BRCTO0-2 #1 TopBP1 BRCT1-2(PDB ID: 2xnk)(Sheng
etal, 2011). ECT2 BRCTO0-2 Il PTIP BRCT3-4 Ljfi
BB 51 EE s “Align: Multiple Sequences”#idk;
XRS5, H A FHERIA S 5™ 4 20
AGER, RGBT IR XA 2E 10 AN g5, 1
PR 200 AN G5 R IR AR R SR K I AR S e 45
B PIAMREE LR Profile-3D MEAT 45Ky A1k P
fi. XRCC1 BRCT1. PTIP BRCT3-4, ECT2 BRCT0-2
1 TopBP1 BRCTO-2 [¥[AIJE)T4115K [ NCBI nr (4l 5,
FPA48 2 A Blastp, KHUERIAZ £ (Altschul et al,
1997). fiH MAFFT J7i%, KA genafpair il (Katoh
et al, 2002)73 5%} XRCC1 BRCT1. PTIP BRCT3-4.
ECT2 BRCTO0-2 I TopBP1 BRCTO0-2 [R5 )43k
ATHORT o KBRS A OO ST RN B (1) BRCT 4544
SRS F] ConSurf Bk, A FH e AR T
# XRCC1 BRCT1. PTIP BRCT3-4. ECT2
BRCTO0-2 #I TopBP1 BRCTO-2 [ 4 ¥y {5 <F 1k
(Landau et al, 2005). i HL # 1 5H AL H PyMol
) APBS R (Schrodinger, 2010; Baker et al,
2001), REERINS 4.

2 5 R
AW EE T T XRCCL BRCTL(H44) PTIP
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Tab. 1 Structures of BRCT domains

BRCT 4543 PDB %i'5 BRCT 4! TR A5 O AR AR VAR X LR AT ) B R
BRCT domain PDB ID BRCT type Phosphate binding pocket residues Conserved residues in groove
F330(8),0331(9),N332(9),P333(9) F33
. $328(9),G329(9),R335(9), 4(8),R339(9),L343(8),K348(8), Y 349(9),
XRCC1BRCTL 2d8m single T367(9),K369(9) R350(7),A363(9),F364(8),R382(8),
K383(9)
XRCC1 BRCT2 lcdz single no no
: R68(8),M72(8),H79(7),Y81(8),N94(7),
REV1 BRCT 2ebw single N57(9),G58(9),K99(9) L 95(%) P95(9)
. K436(7),V437(8), T438(7),5442(8), K44
RFC1 BRCT 2ebu single T415(9),G416(9),R423(9),K458(9) 3(8), K444(0) KABL(O)
Pesl BRCT 2ep8 single no no
TopBP1 BRCT6 3pd7 single no no
BRCTa:S1655(8), SDR:R1699(8),L1701(8),F1704(7),N1
BRCALBRCT Ly dGroup | G1656(6), T1700(9),K1702(9) 774(7),M1775(7),R1835(5),L.1839(6)
MDC1 BRCT 2azm dGroup | ?;%g“sgs(g)'61899(9)'“932(9)'K SDR:\/1932(8),R1933(9),P2009(9)
R721(9),K725(7),A733(9),K734(6),Y73
PTIP BRCT3-4 dGroup I BRCTb:T714(7),G715(9),K755(9) 5(5),T736(8),Y738(7),C740(8),K758(6),
W762
F155(8),R156(8),K157(5),K158(7),L 16
' . - . 1(5),V165(8),H169(9),V174(8),1175(9)
ECT2 BRCT0-2 triple BRCTL:T153(9),G154(8),K195(9) RL76(2)K177(9) DLI8(6) FLTOEINL
80(5),E194(6),V198(6),L202(7)
BRCT1:R121(9),V135(7),D138(7),L139
_ (7),N140(7),K154(5),V158(5),N161(6)
TopBP1 BRCTO-2 2xnk triple BRCTL-TLL4(8),S115(8),K155(9) BRCT2:L210(6),R215(9),K216(6),N219

BRCT2:T208(8),G209(5),K250(9),

(5).Y229(8),M230(6),G231(9),N232(5),
1.233(8),G248(8)

“PRAZEE K B P . dGroup | 47 | 8 1A, dGroup I K7 11 2R T IAA . /NS PEUELA B ConSurf TSR FEEAT 43 . “SDR™ &7

“-"means the structure was derived from homology modeling. dGroup | means group | double BRCT, dGroup Il means group Il double BRCT. The value in the

parenthesis is the conservation score calculated by ConSurf. “SDR”means specificity determining region.

BRCT3-4(1l 2 Ik{A). ECT2 BRCTO-2 fil TopBP1
BRCTO-2( — 1 A4c) 1 &5 74 £ <3 1 1 2% 1 i v

PTIP BRCT3-4 fl ECT2 BRCTO-2 () =44 #im i
YRR AT 2, BEg L5 Profile-3D 4T #0071
SN A A B K AR B 2 [R] (PTIP BRCT3-4 414>
h 62.36, dm/N IR KIHERAE 43 0 4 37.94 1 84.31;
ECT2 BRCTO-2 #1434 96.45, f5e/ MR K EE{E Ny
56.68 Fll 125.96), UtHARLA LS & GBI Z5RLR
SEYE T 7R, XRCC1 BRCT1.PTIP BRCT4.ECT2
BRCTL1. TopBP1 BRCT1 il TopBP1 BRCT2 H [1)fif
TR 45 & FASHR L2 IR S I (B 2L ConSurf 143 6~9,
# 1), HTAIPUA BRCT 13 45 A R AL Be AR 1) 4R
(Rappas et al, 2011; Masson et al, 1998; Munoz et al,
2007; Kim et al, 2005), JTLAFRATT N —20 143 b 32 %2
EI ST 4 /> BRCT. 453278, XRCC1 BRCT1. PTIP
BRCT4. ECT2 BRCT1 Fll TopBP1 BRCT1 HIffliR 45
A A JH IO AFEAE — 2L RAF (1) (5L ConSurf ]
7y 5~9, % 1). XRCC1 BRCT1 ffla4h & M43
FEA ARSI DI —N al-HT B2-40%, J1—
A al-FT a3-2H (% 1A). PTIP BRCT4 F1 TopBP1

BRCT1 [JERTHIIR T IX AL SAHL, #E T ol- 2]
B2-Fl B3-2 [8](FI3R[X (K 1B, C). ECT2 BRCT1 [{1#
THPRSFIX B al-%22 p2-X g 3] BRCTO A1 BRCT1
FIEAEFHRIX 5 1D). X PYA~ BRCT HIFRSF X AE
SERPERR T B AR 25 5 1 A8 4 O VA RS . Ak,
X4e BRCT KA E = E 5 2 ik A4 i
MIPRSEIX I, BRI, R A & A8 S L R R Oy X
TE SRV ] g S X 4% BRCT 2 ZhREN 1

R AT R, XPUA BRCT H RS,
A SRR ST DX # s A B o i) 1E L3 (B 1E, H).
T R DR S PR LA — BOMESR R TRAT], SX AR
NI RE T IR S O 48 1) BRCT 45 M35 3 [F) 4
fiEe A THUFX— i, BABESHT T HE A6
R4t A 148 ) BRCT. 453 BN, 45 MR
(ConSurf $7 43 5~9 [F5EFEAL BR) 1K) 7 11 FL A1V
W AFELE T Y8 2E 140 REV1(deoxycytidyl transferase)
HHF LA BRCT (35 1), 1128 64 BRCTb @i PTIP
BRCT2 fl TopBP1 BRCT5(A 4 i HAKE ). 128
IR R R S 1 e XA A O F AR L TR
rp a7 LXK (] 41), RFCL 454 DNA 47 5
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B9t 32 %

WA I B OR S B . I Ah, 7B
R4S & 48 (1) 8k BRCT f1 XRCC1 BRCT2(/
1J). Pesl(pescadillo homolog 1) BRCT #I TopBP1
BRCT6 ', MR 4h & 11 4845 ) (1 7 B A 2 i

4546 AR SE (ConSurf #1743 1~4) /0T HAE

FEAL R IE A, PRI, BEIR 45 G 11 48 [l
IE LA DR ST VA AE AR v] BE 2 BRCT 5 & i 5
(R A A B A 25

A 1% XRCC1 BRCT1. PTIPBRCT4. ECT2
BRCT1 Al TopBP1 BRCT1 HE4T Eb# )G A BN, HAR

A XRCCI BRCTI B PTIP BRCT3-4 C TopBP1 BRCTO-2

. LII‘I! g

Jrg ™ L4 BRCTO- . AL
G TopBP1 BRCT0-2 H ECT2 BRCT0-2
) F - = “, 3 ‘ ']

1 BRCT sl ity 45 A6y O~ A 1 i iy 34
Fig. 1 The structural conservation and electrostatic surfaces of BRCT domains

(A-D): XRCC1 BRCT1 (PDB:2d8m), PTIP BRCT4, TopBP1 BRCT1(PDB:2xnk) 1 ECT2 BRCT1 454 ~F 11k (11435 WAL 1] B IR 45 & VA8 ] 2 (0 S5
ZR(ConSurf 14y 7~9), &5k JGRI BRCT S5 M8 [0 AR X b i o
(E-H): XRCC1 BRCTL, PTIP BRCT4, TopBP1 BRCT1 I ECT2 BRCTL [ f . B LIE~1H MRLEMES 5K 1A~1D A, HHRe:
B ARG bR, TR kb
I: BRCAL BRCT &4 dal it 2 i i th 35
J: XRCC1 BRCT2 [HR THIEf L3 . WARR LS £ L AS X I FH AR B e
K: PTIP BRCTb VARSI S SEBRARIE AT . 45 Er BRI R AR T 2 (0 27, BRI 5 MR FFUAH EL A ) R bt o YRR 00 5 B P Bl € (s, VO
JEEFBIIERIE R (0 B

(A-D): the transparent surface view of structural conservation of XRCC1 BRCT1 (PDB:2d8m), PTIP BRCT4, TopBP1 BRCT1(PDB:2xnk), and ECT2
BRCT1. The phosphate binding pockets are highly conserved (consurf scores: 7-9) and colored yellow. The secondary structural elements and the linker
between BRCT domains were labeled.
(E-H): the electrostatic surfaces of XRCC1 BRCT1, PTIP BRCT4, TopBP1 BRCT1, and ECT2 BRCTL. Figure 1E-1H are in the same angles as Figure
1A-1D respectively. The phosphate binding pockets were labeled with ellipse. The directions of grooves were shown with arrows.
I: the transparent view of electrostatic surface of BRCA1 BRCT (PDB:1t2v).
J: the transparent view of electrostatic surface of XRCC1 BRCT2 (PDB: 1cdz). The phosphate binding pocket region was labeled with ellipse.
K: the groove residue arrangement in PTIP BRCT4. The phosphate binding residues were colored yellow. The possible interactions between
phospho-serine and the phosphate binding pocket were shown with dashed lines. The residues at the two sides of the groove were colored blue and the
residues at the bottom of the groove were colored magenta.
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XPUAS BRCT R4S & DS RV REAE TR BAT VAR X H iy 43 A RIE ik 2 5t 1 WX 48 BRCT W] fE 45
FrESE, BEE al & 2 X. VU4 BRCT ) al S AR, BRSSO ASAr TR by,
2 B2 XA ARSI Arg, Lys B8 His, HIFRA R BHIAHE AT BE fe 1% [ B 45 4 10 1A B 19 A 2 356 1R Wk ik
BAEDUA BRCT i ORs7 1R (I 2), BEEIHITE  IPRERIF 8. | 28 AR It ¥ e X 1 BRCTa
X4 BRCT ¥ (43 A 2 AR JRI . PTIPBRCT4.  JEf§15 BRCTb, SHIEAF K%, XRCC1 BRCTL.
ECT2 BRCTL #l TopBP1 BRCT1 fJ7Afli4k{u &1 PTIP BRCT4. ECT2 BRCT1 A1 TopBP1 BRCTL1 [¥]
o2 FIOL T B2 Al B3 Z A PR IX M AR THT X 48k, (2 9 =850 A TIX PY> BRCT B, 1WA AEE 5
= BRCT 7 X it i A LR R sy sk AE o ixXFl M2 A BRCT €.

10 20 30 40 50 60 70 80 90
! l ! 1 ' i ; ! ' ' ' v ! i ! ) ' !
XRCC1_BRCTI_22-106 |l_‘.‘ﬁ\"\\'\-l.Sﬁ|-fJ\l'FRSl':LRl)K.'\Lh-:-L(.i.'K\'ﬁi‘iLl“l'RL‘S]“L ICAFANTPKYSQVLGLGGRIVREKEWYLDC - - - -HRMRRRLPSQRYLM
TopBP1_BRCTI_105-189 \".\1.‘i|J\"|'|5('1'.‘6|.|.Kl‘.KRr_l:\lH\'T\U.\IA--\I(i(]]{\"i\'ﬂinl.x\'.‘i\'1|||.|.'\i'r|.\"(iSKN\'L\'A.’\\[.!\Kl'|| LPSWIKTL -« - -WEKSQEKKITRYTDe
ECT2 BRCTI_145-229 SMMNLVLCFTGF - -RKKEEL|VRLVTLYV {H\l(‘r(]\'|.R&!|']FN5K\"THl.\'.-\\('T(}(-iF.l\'.l:R\'.—\\"Sl.(‘rTP|\1KPF.\\'|'|'H.-\- ---WERRNEQDFYAAVD
|
PTIP_BRCT4_705-793 PCSQHI ISVTGFVDSDRDDLEKILMAYL - |-/- AGAKYTGYLCRSNTVL ICKEPTGLKYEKAKEWR IPOCVNAQWLGDILLGNFEALRQIQYSRYTA
e . g * 2
LN | ) p— ] et ) e i > {.B3> <f3-> [ -t 02 L 1S 2 SR | X e—

2 A XRCC1BRCT1, PTIP BRCT4, TopBP1 BRCTL #l ECT2 BRCT1 f)¥ 51 Lt X}
Fig. 2 Sequence alignment of human XRCC1 BRCT1, PTIP BRCT4, TopBP1 BRCT1, and ECT2 BRCT1
SEET IR L A IR AL P B AR, T el s 1E L R R K T b
The phosphate binding residues were marked with stars. The positively charged residues forming the groove were marked with rectangles.

UEAL, RIEFRATRIEMPUA BRCT SEikgiiAl, /KPR IEERRILIE(Williams et al, 2004). FA1FTHF5T
BATTE A3 A7 T VR S R R AR A A ) g5 b ) BN BRCT AR IX B 5 | 28 AR ek iR
PLE AL SRS, WP Z R iE e BIKARBUR AR A [ HEA, 38X Y4~ BRCT i
R 2 R iR I, IR 2 Mgk AR R 25 & AT B | 2R IR SR 45 6 07 0
TR FE (B 1K) RV | R BRI v DXt AL, T LA X AR AR ik Rt ] R 5 O A4 T I A
HA IR IE > A (Williams et al, 2004), (HUL E g, Hor, SUBER0ERBESS v A SRS S e A
V4N~ BRCT AR & =BT IE i 28 %, KA AR SEAS SR e Ea ¢, (AR
BeH(al 22 B2 X)), 101K BRI BRCALAIMDCL  IRgE S HLHIEH it — Do, | 28 AR i iR
RE Sk o K S — RIS IE e ik EE (N S50 DR TR S & I i) —am, PRI L R4 &
BRCAL: Arg1699 #ll Arg1835). I, VAMEIX W MRZZZ C uigl)v41, HiXDYA~ BRCT MR 45 &
ST IE A A3 1X 28 BRCT E sl i) T4 &y VSO VARSI 3, wimiPUAS BRCT nJ figid 4 45
UAREEN TN BT BERR AR HE N Sy (1) 53 o
3 W gh ORI IE, BATHE— DR Tix e BRCT

Al HE 45 G I RCAR DL R BC AR 45 A HLEl . XRCCL

AWF5T R I XRCC1 BRCT1. PTIP BRCT4. BRCT1 fi[i T 45+ PARP1(Poly(ADP-Ribose)
ECT2 BRCT1 fil TopBP1 BRCT1 (MR 45 41148 Polymerase 1)H 0l 55 58 10 B R IR - A% B I A& 1
S B A7 G5 R LR~ 17T IE FL BRI, SR ABLIiA 1) [X 15 (Masson et al, 1998), i%i# XRCC1 BRCT1 1]
A T H e S HBRRES & 148 BRCT gifgtk  Aedhi& BRI P B2 . TopBP1 BRCTL nJLA
M H RFCL (A il Jo s 4 DNA KumffIX 3, 456 ik CK2(caesin kinase2) @R L.1¥1 RAD9 C i) 7
| 2R AR v AR A SR B T Hds e 5U(SPVLAED([pS387]EGE)(Rappas et al, 2011). MJF
Y [X (Glover et al, 2004; Kobayashi et al, 2010). iX  FInCAE H, MR %R pS387 Wity i A i 6t Ha fu
BZEL UL, A TR IUAS BRCT At n]  5RkEE, nIfEY; TopBP1 BRCTL A4 P ] (¥ 7 1 i fu
RE L A 25 40 C A el IR A AT B 3 DX R BREAHTAEM . PTIP BRCT3-4 (11 28 HE4A) AN

XPYAS BRCT Al REREN | 28 “HAAMALEE  BRCTS-6(1 2K HA) LRI 454 53BP1 N /741
REEARUE. 76 | R, iR A 0485k (DTPCLIIED [pS25]QPESQVLEDD), ifiH
B RO R 22 2R 1 (I BEIR AL B A B sl 2h B, BRCT3-4 5 BRCT5-6 #BANfE Ll 455 1% )7 41
o S P TR DX (9 1E AR B S AR R i S i sk (Munoz et al, 2007). IXBAS AT LA PTIP
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WK 2%

BRCT4 #1 BRCT5 R4 & 114%, PTIP BRCT5-6
0 1) - 45 5 R IR 22 %R C-uiny 55 — A Ay i /K Bk L 11
JIkE i pSQVF (Munoz et al, 2007), H PTIP 454
53BP1 iz 22 % R pS25 C i (15 = A N & R
(Glu28), i nfEAE BRCT5-6 44k 2 %R
pS25 KT 4. 54k, 53BP1 pS25 P — bk
F 751 5 TopBP1 BRCT1 454 1t RADO (1))F 41| 4
[ sk AH4RL, i H. PTIP BRCT4 5 TopBP1 BRCT1 K
VEIRE DX EAT AL R r 20 A (8] 2), PRTAR AT g
PTIP BRCT4 454 pS25 K H M3 ) 41, 1
BRCT5-6 &4 pS25 N-ii &}, C iR ¥/ 41 . ECT2
BRCTO-2 iffij 55 ECT2 C-3itf) DH(Dbl homology)/
PH(pleckstrin  homology) 4% ¥4 45 X AH 5.4 H 1y 41 il
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