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Abstract

Protein-peptide binding plays various important roles in living cells. In many cases, the peptide-
binding sites of proteins are not known in prior. Then, computational prediction of the peptide-
binding sites is desirable. Popular programs for protein-peptide docking usually depend strongly on
the initial positions of peptides, such as Rosetta. To overcome this limitation, here we develop a
global docking approach in which the peptide is initially distributed evenly on 26 surface locations
of a virtual sphere around the protein, and define a selection parameter for discriminating na-
tive-like binding site from non-native sites. We used this approach to predict the native-like bind-
ing conformations of peptide-protein complexes, and in most cases the peptide-binding sites were
correctly predicted, with C.-RMSDs below 5.5 A with respect to the crystal structures of peptides.
The results of this study suggested that our approach may be very useful for the identification of
peptide-binding sites of proteins.
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HE

Lk - EERAOAHLEREEMARTREESHEREZNEN. BFBLT, EMNZEANEERER
RARHM . Bk, FATEITERRNE AR EEEER L. T ERosetta R K H AN ERAAE R B
BIRBIBE A BRI ATIRX —RRYE, ABFFARE T —FMERNER T, UREEEARR
RARH L, BEIPFHBSHAAERT 26 MIE b; RNEXT —MRXIRREGEHENERRLG G
FEEESY. AERFERNEZIHK - BEEARNEEHER, SRENZITERBRIITNEL RS A
R, BEHERIBRHRKIC-RMSDFES.5 AU . Bk, HALRKRYE, FIRBHINEEEORZK
Ga AL RPN 77 T A 1R B SR B

XK ia
Zhk - BEHRMEER, ZREGAR, oTFxE

1. 518

Frey i S TR EE AR AR - A EAE A, A5 R R Z IR
1, TESRANARt, eAEh T AR EREEN AL, BT, |AR - ZHEAERH CSEHIZ.
AEPIBR (U B T SRR IN) [2] FEAIRRIC ) A=Ak SRR [ 3] DA 2 BR 2546 T S AR BTz ML [4]
Rk, FRIAN S T2 K - B A EAE R T A BRI 25 I A R L o PRI S M
Wi CATEZ IR - B AT SRS T R R] 77 2 N, ARG R RIER X S RATH% (5] SR,
BT 2 0 R (048 B 1 R AT S A B 38 (1D A7 AE AR KPR R AN PR, T EL SR A G, T2k B oo

N IR R, AT DA SR VR R B TN AR A - Z KA EAE o A R TN A
H - 2 B EH BT ER AR —. Hil, MR EZR4$5: AutoDock[6], RosettaDock[7]
F1 DOCK([8]%5:55 . (HRTESE A ARMEAEE BRI~ , BHTE AR - 2 B0 BAE FH 7 v 3 5o &R
G715 . AutoDock A& B AT I — R R, HATE A M2 kA K BRI AN9]. 4 —FE Xt
BT vi ik FORBRIE, SRMAENIEE] b, BARAL i — IS FE R R UCR I A8 [10]. 534k, 1EVF
ZHFH, AR AR A RS IE T BCE BB A8 RIS A A s R 1]

tbAh, TETFE A SR, T2 KNS SRR B A AR, FEREN, ZREARAN
HEHEE[12], BN EARZ BARRE T IE AR A TR AR [13], R R A AT R ok 4E
HAR[14) AW TR, 25 18 2 IR 00 2 14 e % 38 Inoxsd B2 00 X HEAf 14 [15] [16] . [RIE, A G 78 27, Rosetta
FlexPepDock A5 REMS 1 S 2 BRI ST, 3 SEB XS B2, (ER 2R RN o BARME B [7]. N T ik
RAERE, AT T R E T, BIERF EAEFEEMRTHE T, A Rosetta FlexPepDock F2 /7
SEHUAH EAE FHAL S R Ge T, HLR SR TR I 1A

2. M5 7&E
2.1. Bk - ERREAMEHNES
TR AR - 2 E A4 K355k 5 PDB (Protein Data Bank) & [ (L% 1) 46—
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Figure 1. (A) Flowchart of the global docking approach for protein-peptide interactions; (B) The sketch map of the
systematic docking with 26 initial locations; (C) The bindingscore-RMSD landscapes with the example of Calmo-
dulin-MLCK docking pair
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Table 1. Structures of protein-peptide complexes for systematic docking

1L RGEMENEHK - ERREAMEN

PDB ID Protein Length(AA) Peptide Sequence
2UZT PKA 336 PKI TTYADFIAS
41IMY CycT1* 266 AFF4 LSSRIQSML
1SSH LAS17 60 SLA1 PPPAMPARP
1T7R Androgen 269 FxxLF SSRFESLFA
1CaGl Chymotrypsin A 245 TATI TGPCRAMIS
3T04 ABL1 123 7C12 EFTVPGYYS
205G Calmodulin 148 MLCK AVRAIGRLS
1D4AT SLAM 104 CD150 SLTIYAQVQ

LRORAESTIUREI, AR 3MIO [ Tat Z ikt K, BN ISR, Tat 2 IkA AFFA th BB R0AR TR (18],

NG, ERRHE T R ULLOR Y TR, Ah, WREAR PGSR B 2 M
FE¥ MODELLER #H AN MWEAR - ZIIIE SWEN b, SBUES: 9 MR Fr BUI 2 IE Xt
2B JRIAT: £ Rosetta FlexPepDock H1, HI T X421 2 IR 9 AM71, 534h, fE50HT
A BT SIRIER KRR, HBOARE DA Z 9[17]. A, 9 AESERI L IRy BOrT DAL A B
NEETE AR BT

2.2. TRRIRAGHIIIE

FEARFIHARAE S AHTHE N, Rosetta £2 /738 % A BE R I 22 151 - 22 KA ELAE AL e D 1 4R B0
WAV E, WS Python JIACR SEHL 4 RIXHE R G : LURABUOVERDG, K2 Ik 2]t
JHCE EBRTH 26 MWIUAHTE . Rosetta #2711 FlexPepDock A58 ] DA[R] s S Bt B A MK T, 4y 4 4k
B, [F]—Z IRAE 26 NI E B RIS B E v F (14 1B).

2.3. MRFHERZESH%

BT FIRMEI RASLICPAT I, HFREMKNSE19], A E X 74E 5000 MA%, HHE
X e AR 45 & F R (RN S5 &R M) RN THET . 456 B BRI, HEpdar. fExE, 44
H i RE{H B8 ] Rosetta £46 it B B BUE R 7~, Bl Rosetta F2/5 115 AT #31) binding score. %% K
A - B A XHE S HTRERE[7] [20], AR binding score MR NS R, HHAFIHLEMWENSEH S
(1) RMSD (347 R fi 25 ) [E.(Z H M % 1) RMSD = 0). LIRS ) RMSD {E #4445, 3 binding score A4
B, FRAFET 5000 XA G binding score-RMSD i st & o

NN 26 ANWIAEALE R e H 22 IR S X BE R AR A0 B, FRATTXT binding score-RMSD AU EAT T IR
NG, AWHRRE AL, S5 7 — MG s EVIBM BN AR AN IR : X AE Va0 E H
RATHEFTA31) 5000 MA %, #E binding score HEFERT 20, HIL RMSD {5 KT 0 H/NTF 7A MM G, #)
JR— MG BN N (0 <N < 20748, FFT i/ RMSD {H RMSDmin, Xf R4 G 7E 14 binding
score FFF¥ 9 Rankmin FeAT TR B, 3 £ MK B 3R A3 B RFAE S H0AE DA T BU43:: NWRMSDmin 1 Rankmin
/N, binding score /N, BCE R T AP AT HEA B . Rk, AN TR ARG A B
256 A 3
-BS,

SP(Selection Parameter ) =
RMSD,,. -N2-/Rank

€3]



FMEZ M B - S B ELAE H ) 42 RHZ TS

30 BS, /2 5000 AN % B A binding score E, K124 5000 AN 4244 % 4 K34 () binding score
NHUE, FTCOX AN MESR /N TZI, N0UE. B, BATRI b i N T B A B 0 i A 4
Ko NBBALERIER, BT AR BE, 2840, Rankmin X T i gh BAE BN, B Hk AT Ty b B,

XFE, AR — A IA A B AT IR A3 5000 M S, WnRIL N > 0, ] A b xURfE THE A B
i) SP{E, ek SP AL B B NS S HEIA A B . XN = 0 I, AFE BN e IR
WALE. F4h, 5 MEGxTr, XtEat R e 10 IRIAM R 4+, 3 C,-RMSD £ 5.5 A LI
) AR R D) TR 2 o

2.4. EAFNGFH ISR &

ISR FJZFRRDE A L —F, ISR o —MiEH T/ M7 - AR 2R xR E B RLE2L], B
FRR X5 BRs S R XA ISR 5 i& H /N r P 5 B A i x4 22] o tH B A Rl R [21]

SE

ISR="2 )

OE =|Epy, —(Ep )| ®)
AE = \(E3)—(Ep )’ “

O FRIZAER, RUER/NAER E,, SHMRITIAER (Ey) MZEM, AE R RIAE RN,
ISR 283 1ISR-Affinity S EEREHT BB R, AR H I SP 745 ISR yEEAT HhE, #t—PiE
B AT EEE .

3. {R511E
3.1. Bindingscore-RMSD & B H R8-S B iFi%

TR IR A B T R AR AL, T URSCIR B (ML Calmodulin-MLCK 9%, L4 1C), %
BAam ARt EmLESH . RIEERARQ), ¥rraA=0EH & MAIa A B ik ok, FAAMARE.
fiH 2, 4, 8, 10, 12, 18, 25 (PKA-PKI), fi# 7, 9, 10, 12 (CycT1_Tat-AFF4), { & 2, 5, 8, 11,
13, 17, 18, 23 (LAS17-SLA1), {7 & 4, 5, 7, 10, 14, 15, 19 (Androgen-FxxLF), fi#& 2, 6, 12, 16,
17, 18, 19 (Chymotrypsin A-TATI), 7% 1, 2, 3, 4, 5, 8, 11, 12, 15, 16, 18, 23, 24, 26 (ABL1-7C12),
& 1, 2, 3, 4, 8, 12, 21, 24 (Calmodulin-MLCK), fi# 2, 5, 10, 12, 18, 24, 26 (SLAM-CD150).
Xt F RN (FORELIG G e 0 B, T AR RLIY) SP1E, oK SP B AT TE I I UA 1 B B S v aa o &
W7 2. SR ER, PKA-PKI [ EWIGG A7 B /= 10 (SP value =1.646), CycT1 Tat-AFF4 [ tEVIMAAI B
JE 7 (SP value = 0.800), LAS17-SLAL [ HHIUGAL E 2 2 (SP value = 1.487), Androgen-FxxLF [ H:4]
4617 B & 15 (SP value = 1.543), Chymotrypsin A-TATI [{1 5 FE¥I46 1 B #2& 19(SP value = 1.751), ABL1-7C12
(R LRI AA AL B 2 23 (SP value = 1.021), Calmodulin-MLCK {1 fE#I 4R B L 24 (SP value = 1.142),
SLAM-CD150 [f1 e ERI 41 & 72 26 (SP value = 1.376).

3.2. ETF¥BMAENARIERE

BT IR ARMAIALE, THE 4SS B R HERT 10 KRR C,-RMSD A (5 SR ZE AR EL, W
% 3)e HERLERAHLL, Hod 6 AMII T I C,-RMSD fE7E 5.5A LAWY, #iA A IR T %, 4.
Chymotrypsin A-TATI, Androgen-FxxLF, LAS17-SLA1, Calmodulin-MLCK, ABL1-7C12 f1 CycT1 Tat-
AFF4, 145 PKA-PKI I SLAM-CD150 (C,-RMSD 4354 7.71 A 1 8.05 A)AS/E IE B TN T s 1 . 4 2,
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Table 2. The SP value results docking from 26 initial locations of each protein-peptide pair
72 2. BXEAR - ZIET 26 MIRAER SP &

Location PKA-PKI CycTl_Tat-AFF4 LAS17-SLA1 Androgen-FxxLF ChyA-TATI ABL1-7C12 Calmodulin-MLCK SLAM-CD150

1 - - - - - 0.245 0.145 -

2 0.195 - 1.487 - 0.101 0.424 0.200 0.106

3 - - - - - 0.160 0.030 -

4 0.036 - - 0.048 - 0.180 0.401 -

5 - - 0.082 0.068 - 0.027 - 0.156

6 - - - - 0.063 - - -

7 - 0.800 - 0.729 - - - -

8 0.027 - 0.183 - - 0.275 0.149 -

9 - 0.109 - - - - - -
10 1.646 0.727 - 0.052 - - - 0.440
11 - - 0.054 - - 0.111 - -
12 0.119 0.506 - - 0.035 0.016 0.027 0.096
13 - - 0.326 - - - - -
14 - - - 0.077 - - - -
15 - - - 1.543 - 0.622 - -
16 - - - - 0.037 0.025 - -
17 - - 0.132 - 0.109 - - -
18 0.335 - 0.029 - 1.246 0.142 - 0.059
19 - - - 1.066 1.751 - - -
20 - - - - - - - -
21 - - - - - - 0.201 -
22 - - - - - - - -
23 - - 0.020 - - 1.021 - -
24 - - - - - 0.252 1.142 0.625
25 0.074 - - - - - - -
26 - - - - - 0.021 - 1.376

Table 3. The lowest C,-RMSD with respect to the crystal structure, binding score and rank of the binding score
52 3. 5 Rkt & /) C,-RMSD {&, binding score & HHEF

The lowest C,-RMSD values (A) from the

PDB ID top 10 lowest binding score conformations ElsiEeel L
2UZT 7.71 -15.1 2
4IMY 2.10 -16.4 1
1SSH 5.35 -12.6 9
1T7R 4.03 -16.0 2
1CGlI 5.24 -19.4 2
3T04 5.16 -13.7 10
205G 3.55 -16.2 1
1DAT 8.05 -16.1 5
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K2 H 1 (0 25 R F2 BRI, WL 2A.

Guit s Won (W 2B), fE45E H HHAE TOPL Mg R, TNIE#A= A 25%, 4% CycT1-Tat-AFF4
A1 Calmodulin-MLCK, %} i ] C,-RMSD 18431l & 2.10 A (Rank1)F1 3.55 A (Rank1). 7£ 454 [ HfE TOP2
kg % b, T IE# %N 50%, 35 CycT1-Tat-AFF4, Androgen-FxxLF, Chymotrypsin A-TATI,
Calmodulin-MLCK, XN ff] C,-RMSD 1t 43 7l & 2.10 A (Rank1), 4.03 A (Rank2), 5.24.A (Rank2)#1 3.55 A
(Rankl). 7E454A H HifE TOPS [ig5r, il IEff % 50%, (5 CycT1-Tat-AFF4, Androgen-FxxLF,
Chymotrypsin A-TATI, Calmodulin-MLCK, /] C,-RMSD {47l 2.10 A (Rankl), 4.03 A(Rank2),
5.24.A (Rank2)13.55 A (Rankl) . E45 & [ Hifit TOP10 FIA R, Tl IE W2 7F 75%, £L45 CycT1 - Tat-AFF4,
LAS17-SLAL, Androgen-FxxLF, Chymotrypsin A-TATI, ABL1-7C12, Calmodulin-MLCK, % B f#] C,-RMSD
553552 2.10 A (Rank1), 5.35 A (Rank9), 4.03 A (Rank2), 5.24 A (Rank2), 5.16 A (Rank10)f1 3.55 A

v ok S, v N N Ny N A TIA 25— L ) =
(Rankl). [HIt, SPIEREHE MIIRAI KRG GG . 28K, N T ReW BTN A T A 30 1% 7V R T Sk, %
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Figure 2. (A) The crystal and predicted conformations. Shown are the native binding pose (magenta) and
the final predicted binding pose (blue); (B) The percentages of near-native models of C,-RMSD values
below 5.5 A with respected to crystal structure in binding score poses of top 1, top 2, top 5 and top 10; (C)
ISR-Affinity plots of the eight docking pairs

2.(A) BIFHEREE)MFTUNER(ER); (B) 4546 BHAEAHEF 7 3I7E top 1, top 2, top 5 1 top
10, EMKRREAMR (5 RELEMMELL, C,-RMSD % 5.5 A IR MFENRIIZE; (C) /\4

5T ISR-Affinity & E
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Table 4. Comparison of SP selection results those of ISR selection
7 4.SP 5 ISR AR

PDB ID SP selected points ISR selected points
2UZT 10 1,4,12,18, 23
4IMY 7 7,10, 15, 19, 20
1SSH 2 3,12,13,17,18
1T7R 15 6, 15, 19, 20, 22
1CaGl 19 11,12, 15,18, 19
3T04 23 1,2,15,16, 21
205G 24 8,12,15,21,24
1DAT 26 10, 14, 17, 24, 26

Ve HARIZERI AL B AR SP %5 ISR IR HELLIE, RUHLIAGLERIR SP %5 ISR LRI LA

3.3. 5 ISR kb

AL RN, SP TRIGIE RS AE K 2 8 TR R BRI R . HAERII T Fifa 7R, 1SR [HREMS )k
WL/ NGr - - B DN B S v o B T LG SP RV 5 ISR IR, FRATHRE] 7 BAAER AR R
£ ISR-Affinity LA F, kT4 EJ5R A, ISR H DLACERIVE#R S e K. 7E 8 Mol 124, SP ik
16 tH I 23 ILE ISR-Affinity S50 B A E 7 RERE R 21 il I 5 ORI B0 L (1] 2C, & 4). 5 ISR VEAMILL,
YR T 45 SR AL FE : CycT1_Tat-AFF4(fi7 & 7), Androgen-FxxLF(fii & 15), Chymotrypsin A-TATI({7 & 19),
Calmodulin-MLCK (17 & 24), SLAM-CD150(f. & 26). U Tl 45 Fm45: PKA-PKI(AZE 10 5 ISR v T
MEIHLE 1 AH4R), LASL17-SLAL (f7 8 2 5 ISR vET 47 & 12 #H4T), ABL1-7C12 (fi & 23 5 ISR 74T
MHIALE 15 AT, 45BN, SP VL ISR VLA 62.5%1HEHE T A 100% A BRI ICRL 2R . ok, 5
SP ik AHEL, ISR ik AR B 45 RIFAKGHE, TREMSLERT 5 MR h R BB B, Tk E
FARBI BRI B . Rk, SP i A T8 KRG A 34

4, 4Eig

AHFFRM T R ZRE - ARG E R, K2 Ik Sy o A 1 UL B3 RO G I ER T _ESEEL
ATRE, JFERE T A S HOR AR SP IR RIFIE B R, RASIRER, ZHEZ RTINS
C,-RMSD 7 5.5 A LI'F, 3 AR BIANTN £ Ik - A B EAER, ARSI Bimsg aM%. 5
HREBAERT, BATITR XM W T, SEM T - AP ISR AL, B
(g —2ebk, T H T DR S0 45 R v R 2B . 4R b, FERFMERT EARE BRI T, A Z
THERE I TI A - ZIRMSS S, ERARS 2RGS0, Bk e IrERa
R HI R FANE -

mEEE
T E R R E (B111),
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