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Abstract

Protein-DNA recognition plays an important role in biological processes, and its binding is influ-
enced by sequence specific recognition and structural characteristics. To investigate the contribu-
tion of residue types and protein secondary structure elements to binding, a new non-redundant
protein-DNA database with 1545 complex structures was constructed. Statistical analysis reveals
that protein residue and secondary structure types have significant contributions to its binding
with DNA. Among the secondary structures, r-helix and B-ladder have the highest preferences. We
classified the protein secondary structures according to their interface preferences, and con-
structed the 60 x 4 amino acid-nucleotide pairwise interface preferences. The amino acid inter-
face preferences obtained from the pairwise ones were used to explore the possibility of predict-
ing protein-DNA binding interfaces for 47 complex systems from the docking benchmark dataset.
The result shows that the pairwise interface preferences can rank the real interfaces in the top
10% of all surface patches for 87.23% of all cases. These results indicate that the 60 x 4 amino ac-
id-nucleotide pairwise interface preferences constructed by us can well reflect protein-DNA rec-
ognition, which is of great significance for interface and complex structure predictions.
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1. 51§

1 F-DNA FH BAF AR SR R X 14555 2 M A 8 b 4538 B E (L] IR T 85 1 5ii-DNA
FHEAE FHA Bl T2l L DR 428 0 2% (KB SO AN TS5 M R 25 M Bt [2] . I LAk, X SRk b AR 2 A
JLPRPIE I VA T A 4R T KEE L R-DNA E5W4i, SRimic AR 2 H M E[3] [4]. Rk, 5k
BT IERENT A S MR =, RIS N S/ nT SE B T S 2k TN 5 & M 45 #4 [5] -

Iy T B AT SR TN S A A ) — AN EE 6], H RTE A -DNA 20T X 2 A 7t 3 224
HLEST 73 BR B [7] [8], BV Gr Ay R 57 ide th X R AE B R ARG M o 140 ik, ZETRiRII 432
HEAIE B AT DA A [X 23 YT R AR 4544 [8] [9] [10] [11]. 2008 4F, Skolnick /NHFZE T & IE LK 5 DNA
B REAI RS SR [7], # DNA BE R NBEER . LB RIS g [0k =N 0y, K FL 8 85 R
-DNA FHEAEH T . 2009 4, Zhou /NHTERE & RE A BREAE S /A S H S (DFIRE) AL Ligt & A
Ji-DNA KISt R R EL[8], T IR a1 RARGE MR TN 45 & ok fitk o 7St 1 212 NMEAR
-DNA S &Y b IRy N & A7 R 15 DNA JR -1 RO 0 AL e, HR3E 3% K 26 & A Ak N
IR T 7 k%L, 2015 4F, Tuszynska 55 A[9]7EFF KM NPDock 4 T A, MHJE K QUASI-DNP
%i1+%4[10]5 DFIRE 4iit#4[8]. Varani A4t #1114 4E, 44T —F “meta-potential” Fl Tk &
FIBi-DNA 3R I RIREE K, TR 1 et S AE WA = S A BLAE R RTIGI &2 & P 4l kg 4 vh () 5
TAERM . HAET, K58 EF-DNA Guit i i BRI LA AN 25 FE 5 T 5 3R 2 X Bons 15 S [8] [9] [10],
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WA 2 R AL T RS SR BRI Li /NHAE 2011 1 2017 A4 7 8 1 F-RNA (1) 60 x 8 [12]
60 x 12 Git#[13], HA AT E A RNA M- R45ME L, SRBHIMALEIE B G TR
SREEFINBE I B S . (EEAR-DNA E8Yd, st B A E ) R mir[14]. dik, Pl
WX A -DNA AW, 518 A5 ARRAE I S R IR - R HF IR s U 14 e 0% 5 4 VP 52 & W IR R A L
ER.. B4h, Rz mirE BT UH T E A5 -DNA S, 84X 04 BT 5 &8ss .

HEATAET, BATEHENAETUAE A R-DNA BG4, gt 7 S E AR R0 A
frtfit, Z5a@BERAZ RN T WG S, WE T 60 x 4 ZHR - M H BB R 25, #M
AR GV SR 0 SRR ST 7 P B T 25 1T -DNA AW T X R03), 3R45 T 4F i 4h

2. BES5FE
2.1. HIRER

AR T #UEF] 2020 4F 10 ] NDB (Nucleic acid Database) [15]44# F (http:/ndbserver.rutgers.edu)
HETA I EE AR -DNA S A45H, $iEh 5387 4. L8 RNA 5 FANA Sz 2 &
W, AR BE RAREE A -DNA [ AW 48 7 51 e xd T 5 CDHIT #4:[16]1 EL i & AR (1) 7 5 A AU
W (AR F S A A AT DNA AR 73 B T 70%A0 90% I &4 IH A —2%, A RN
Ko BeAk, iE2:45 T DNA HiZ IR T 5 FE AWK, FixL DNA Rl fe 25 & a iy
HH. 25t BiRabER, Mg T AETUARE AR -DNA B, g 1545 ME SIS .

FH T ST PR (AT 5 44 25K 1] 2008 4F: Marc van Dijk 25 A 22 (8 1 5T -DNA S 3 e 5E 45171,
AR 47 NEA-DNA ZE59). 38 PSR 1o 350 S5 TR 2 T [X 3k 1) 2 266 1~ 24 5 T Al e 1
KA 2 A Xk

22. EEMIER - ZREBRAEXNERFEFMRERENX

BRI - HERE N BERT T =R FSRERPME—HIEFRES/NT 5 A NET.
FMNARERIZT R ANTA 25 B AR RME TR, A S Z SR A% IR T & A /DNA &4
M. LML E XAV T] J 217 (Solvent Accessible Surface Area, SASA) KT 0.1 A? % iFEe: #
TR IE R 52 SUbRiE NI SASA > 5% S; A?, Si R/ A M i /£ =ik T (B Ala-i-Ala 3535 ) [18]H SASA,
i NEEERRIEA . W RIAT A SR T AR AE A NACCESS 1 % (http://www.bioinf.manchester.ac.uk/naccess/) . i
X 3ok Ay R THT 28 B R A% Y R A BRIV DX 3, TR T R T 9 3 T Hh AN 25 T T B S R A% P R TR 4
2.3. EHR-REHNF BRFHE

R 25 8 % 3i-helix (G), a-helix (H), z-helix (1), turn (T), f-ladder (E), f-bridge (B),
bend (S), ANHfiE 1 HRLERI(M), I DSSP BR[0T THEL . 8 X 2 4574 1) F 1 e - 1 -
Nil/z Nil
Nis/z NiS
o, NS FOR T R RS IR IR S I IR, NS ROR T LB )\ R 2R i

A GUEIRIEE IS0 NP 30K | R RA A I S SRR SRS th I AE B AR R OO, NS

P = 1)

FoREAFAR AR LR S H B AKQ) TR, SRR AR P > LI, Wi RS
R AUGA] F HH AE F
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2.4. REBS - HEBMRI W 1E
M AR RAEHAT A2, T STRIERR - R BRI O (Rl
N;i-b/z Nalli-b

Pali-b — aib (2)
e/ e e

Hr, ay 20 MEBERRRA, i NEAR WG, b4 FRETETIRER; N, R i Boggsih

1) a KEIEMR S b FAZ T RRMAAE T AL DTNy, RS _EITA BB EIERR - A% IR O B B2

aib

By NG ZOR | RGP a REER M BEAR S IR I AN G Ny Y. NS 73502 3R A & i
b

b b BRI FAT A RIS AR, 2Py, > 1, BT ai-b FIERR AT O
R MBER Y m E

25. EEYMEER - ZHBREMN R FAMREEX

ST EAR, KRG A RMEEIE(LLH Ca JRFRR) AL, EPEREE 12 20 A, N3 1m) &
29 [20], AR X ARG TR AR R R VA 7 R S (LB (1 10 ASREER LT
OENZIIEN) Co JRTHIFIE, T R R —0), R4 BRI DX, 37 3R IR A 3 77 7 5 L 2
RO EREE R R AN T 110 B, WRZEESA VIR T OB AR A B AR T X35, B2 I AR T [X 3
KERZIIE[21] . AN ELRITH 102, AR B T X 3P (3R 5 rh Bk S A B 5 A R —
8 G R T X3P A B o s — (U AR T

R FE R ) ST i S 1 A8 5 DU o A R 7 T SO i e (0T B R o S e v B Y SR S S T A
— AR XIS IR A T i, P HRS, SEtICSE S A T %0k 2 i 3R DX HE
Ep

3. BR5WTiE
3.1. BARM DNA BRER —REiap F HmFE D4

ASCGEIR M BEAKPERHT B o3 b 7 2 B R AL IR S a4, ] 1(a). £ 8 Fhii Kz
R, ANEIERR Trp ARG A I wir 1k, HAREEERR AW T HIELS & A b 78 7 MiltAs
LSRR, Tyr. Thr A1 Ser FIF Il e, EATCEH K ILEE A -DNA SEW0 5 W1k
FEEREE[22], FAEH IR LT DA S A SR B AR TAE (23] A AR, I SRR
(Arg. Lys I His)f BRI wLr, JTHZ Arg AT RLF & s, 7 EERR(Glu A1 Asp) s Al T
HPLAE S . R A R-DNA E4924d, DNA T8 5 7 MR LIRS E B £, K B B A
43 1F LSRR 1) S TH R 4 P PE B T - B B B -RNA S AR B mi[22]. 18 4 Fii R, #
HER G AT B S mif A AL m, X 5 B2 58 mERA K, %R G MAMER Rl 5 e kR
5% T BT 2 R B [24]

Ak, RS T R AR BRI, SR WE 10, WEHRTLLE H, 7-helix F1
B-ladder [ 5T ffm i 14 fe i 17 31o-helix Al turn S AN T HBLE LS & FLm o AR, g 45/m
TR Wi F1 DNA 256 k5 e PG OR[25]. B e sk IR 7 L b DL — sy, i r 28 DX el o) 1 H B
TE R H0E P VBRGS0 S I, A3 2 SR 558 DNA VARE SR R BAEH . 55— 7 Hi,
J R G5 TR R P 1R A DX S AR R v 7 B R ST 14 [26]
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Figure 1. Interface preferences of protein-DNA residue types and secondary structure elements. (a) Interface preferences of
amino acids and nucleotides. (b) Interface preferences of protein secondary structure elements

1. ZEAR-DNA REM_REMFTERFE. (@) SERMZERFARFE. () EARZREBFTEMTE

3.2. BER - BHBREN A BRFES

ASCARYE B i A R A w1, B A 395 X(B,G, T; P<1), Y(H,S,M;P=1), Z(E,I;
P>1), AR E, M T HEEAR RN 60 x 4 FILE - IR R S i -

TEFTA A E LB N BR (0 FL T R o, ArgZ-G (BRI 7 a5 W28 - R IR) v
T B, A 4.22;5 Glu_X-A S I SR LT AR, 9 0.15. SRR Arg BOG I ST R 07 e i, H
TEFTA AL Arg- R BRI ST PR SRAEEAR K22 57, Horh Arg_X-C BN IR ST (i 4 (1.8 L) AH X LR, X
AR R R S R R R T R 06 . R A RS B Y, @ R
A XK ) ST i A B MK, BRI A Z B PR Rt ST i e B . LR AR E SRR RR R L, LN e
Tyr-BZH BN 1, Tyr_Y-G Al Tyr_Y-T WS HREFfcmr, 707000 1.83 #1 1.82. Y KA — R 45k 1) St Hl
PR B0, A REAR A Tyr SEAR) i8I o BRESEH 2 5 1 DNA TS 1 RE 1R 1, IX B T I e
Z (RS AR -

33 RERFERFAURSESFASRARXE

AR 60 x 4 SRR AT R IX 70 B S AR E X, Goit 78k R J S FHHTE X BTG R 1H X
B P R IR AL A HE A, AR 2 Fn. ERIL AT ANEEMINE R T, H 26 MERESLR
THI AP X S R 4T 2 RS HEFE BT 1%, ELSEFHTHHER BT 10%[04K 2 5 21 7 BT A 14 R 1) 87.23% (41/47).
i Z AGIRIRUE T BCSE A P ISP R R S 4 5 R 1 X A L A B R 2 R T AR
L 4T NS AR R, 97.87% (46/47) 114 F b FL 2 S i BAG B B () 2 2L BR S T W AP RFAE(Z < 1.64, R
FLAL TR P R B TR SR LA /N T 95%IKI 2 1H X 35), 151 60 x 4 FTHi f 1 RE 0% 1R 1 b [X 3 BL S S T
LAt R TH X 35

3 LA IHIC_ABC 4 R M, 41250 2 B I T T D 44T 4 e o RO TR X Sl R0 B S TR AT 17 BB L
MEHRATLUE 100 i IR T X385 LA S R /N AR — 8, R X s 7 B se S 90%
DL R TRk S . 45 TR PR UIE WA AR SCR A 1) 60 x 4 ST i 47 PT LAHERS 0000 25 & S
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Figure 2. Ranking distribution of the real interface relative to all surface
patches according to the average interface preference of amino acids
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Figure 3. Comparison of the real interface and the best surface patch evaluated with 60 x 4 interface
preference. (a) The real interface of the complex. (b) The surface patch with the best score. Interface
and surface residues are shown in dark
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4. Z5ig

W TEE i -DNA B W) M — 0 25K 1 T 4 2, X 1 8 8 1R -DINA U3 BAT K X
ARSCHEHLT AR ZHEAERRHE, SR 1 T HE A -DNA 60 x 4 SRR - BB IF . FATRI
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