Research Papers [ iEaE iE

N Lok semmmin
. . Progress in Biochemistry and Biophysics
)i 2014, 41(5): 462~471

BB cFERSERREEERUSKREFESHT

% )]] 1 %%g‘,\l,z) ﬂilbé\l,Z) ,’—gﬁ:,}}gﬂggl) igi%;l,z)n

(O 1EINE B EL HE R AR, 18N 2530235 2 1L ARG LI BE R 2 TR B I R S (RE N A2 BT, 48N 253023)

FE  ASCHEA 7R A (DPs) 5 HA B G SAE BRI A7 SR SERRAE AT TR, 2 S8 B50His 1 v gk R R 411 109 4%
IDPs 5 1 okl B 5 H ARG 44 2 B I 299 A IDPs- S AR E A Y, R )G 5SS b 1 0 A T AR F A 551 IDPs- 25 1 5k
K. IX 109 %% IDPs HEH AL S A 50 031 ANEERRIRHE, Hph b TAERAL AUREREEG 4 822 4. 04 KN, 20 P IR TE
TE 18 IDPs- 25 [ JFURH T A FH A s 5 2 I HAT A ) R P, AR T S A7 s e (R ) P, 20 B B8 AT 70 i = K28 i
M JEFR(ILE. LEU. ARG. PHE. TYR. MET. TRP). "[a]# % &M (GLN. GLU. THR. LYS. VAL. ASP. HIS). ik
1) B 2 JE R (PRO SER. GLY. ALA. ASN. CYS). WFFU&: ik iE—0 %M, RFEEIER AR F X5 T X 58E
IDPs- & 1 F 4 A A s R B BT e AN ). Hidh, 258 TRP. LEU. ILE. CYS TEH %A TG X 3 A YA s i s i 2=
s, W% AR GLU. PHE. HIS. ALA NZEAGA 2 K705, X IDPs- & A FUAH T AR F AL sk 2= B AL RRAE JEAT 23
MrRM: Bk PSR, (UEE S B A D, ARPER N EARIN] BRI . MBI R A R A K IR S R I L A 1 )

FIRISAE AL ik TR T8 R B, SRIEFINAGA . OB AAR A 70 R R SR i AR A1 P AL A i e K

KR [P EADPs), A RRIAHIE, X, X, IR AP

ZR9ES Q615 Q7

B PERS AR 20 4 — = A SR
th, FfJ5 Linderstrom-Lang $&H T 8 BT — 2 45
Ky TRER . SRER U, AR B T
HEBIFIYOE LR g5k yoe Dise . bl
Ja. X RV R T SR UESE. SR, 20 AL
90 AR & BL 1 [E A 6 J¥ & % (intrinsically
disordered protein, IDPs)E{HFR A KA JCHT S 4 i
(natively unfolded protein, NUP)HIFT# T “J¥%1 -
g5 - DhEe” me R R,

IDPs & — 38 5 DU A% 48t 1 5 A [A) 2R 1L 11
HER. EREATAERRICRET, weRkA
FEIE ) = e /0o, BROSER PR B
YIRS E LR, BRI LIPEE, AHN
(1] DX 35k % A TG )7 [X. (intrinsically disordered regions),
A RGE S5 K4 1) X S5FR A 7 X (ordered regions).
T IDPs TG J7 X 3 1) B8 B IR Wk 6 AT BG4 it 7K 1 LA
SASRKWE R RAEN, X BT X S
PAHUPIRES. 2 IDPs AL &5, BTl
fi I B, IDPs 1R JG 7 X 23 6 1) 1 78 i & 4R

DOI: 10.3724/SP.J.1206.2013.00214

AU ZREAEARA TR AT E, I HIEAT
FAREZAEY) A DhRe, 8RS UM BAE
2R AR . IDPs 52> 1 R0 40 A Y1
OO G A SR U 4 M U A 2 R AR B
TG BIOCHEAE R, g 2 R0 AR IS B AT
J& I8 A S AR A B AR R s B 0,
IDPs- MU A& I AH BAE IR 3 7 5 21 AR 1) 27 1)
AE. MAh, IDPs it 55— S8 RPN I R A % D)
KARW, WS EREA T PS3 B2 Sl E AR
AH K11 a-synuclein AT tau & [ 535 & [ A7 TG &
M. EHERA SCHERER HI04 9, IDPs [ )7 X Ik /e 5
BV RIAHEAE A R T EZERE. IDPs
P JE P X0 L2 5 — %) 2 50 2560 — A BAE

* [E 5 H AR RFFIE 42(31000324, 61271378, 30970561) F 1l 445 A 4R
RBl2£3E42(ZR2011FLO11, ZR2012CL09) % BhIH H .

= JH R AL

Tel: 0534-8985933, E-mail: jhw25336@126.com

Wk E 39T 2013-05-17, #32 Hl: 2013-08-14



2014; 41 (5)

#ll, %: BALFERSEARBEERMLAZEFES *463

H, X /& IDPs JyRe 2 #F 1 () J 2 SR pA0eL Rt
WG AT oy A5 AR A=Y K 7 A BAE
JUIR 5 A 2 1 i AR A AT R

B A S0 5 A (1) gt A, 4 K LY IDPs
fofVe- R R d R UBT:S: Y] IS PSS ISV A Sl Iy N 2da et
S G I Y B 1) TGP B 1 B E (http:// www.
disprot.org/)"", BTSRRI JE 7 8 1 TGP IX 3811 4
H T4 2004 455 1 W) 154 ASF1 190 4538 o3
2012 FHFTRR I 654 ASFIT 1513 4. It4k, IDPs
P BAT ARV EY) 2 D et E e — D .

Wz —. HEr, EWAMEX IDPs FFRE T OKE K
FOLAEFFIAR T — BRIV R . A PR A 078 %
IDPs 4 7 5 To 7 42 s AR IR AR FE R AR EAT T 20 47
RN IDPs 42 i P (0 22 B R 1)t K M AT 3K 2 il
Woijtas S5 5T T PL7 2 (counter ion)5 IDPs ]
B, 45 R R WP B 12538 ik 98> IDPs (1)
Hi x0T % IDPs (A 5. A IRIESE /N 41094
XJ IDPs &I T 40 ¥ 8 S BRI, I R JE A
X} IDPs [#14 J5l 1 K Jii -1 B B4 77 . Fuxreiter
INHPFST T 24 4% 1IDPs 755 ECARSS GRS i 42
AR R oA, DA AARRT IDPs 47 2 1)
S, RIIEE coil 45 MRz LR AR EL), B
{f IDPs SPCARSE G I, EATM S5 B AN 2 58 4
AP, Bribz s, HIRZ2EHELTIA & -
BCARE A, Tk T — RPN HEAT TP 2 H
Jot 55 A O A AH B AR F I A AT R AR AR ]
ST, 7, IR LTI R AT (R SRS B A gk
Pewm, S J7 I, A WA IDPs 5 At 43 AH
HAERAL SRR R IE . B SRR St 5
TIERI R, 854 O s I B R AR Bl 0k — 42
P, X LLHAT R TR S TS, 5 kA
i), B4 IDPs 5 HAth 8 1 AH BAE AT,
AT JEFTIIET X IDPs 55 HoAth e 70 A0 T AR FIAV R Bk
JE T A

A SCHE T IAT 1 B4 BT [ 6y 8 11 (IDPs)
5 T BAE AL s R SR AT T 9T
T e BT AN S S O A R,
F X IDPs- 5 U2 G W I AE - A7 R B AT T
I3HT.

1 BESHHESHRAZE
AT FUH i A P 8 IR A [0 8 8o

J# (Disprot, http://www.disprot.org/), 1R E AW
SERRYR TR T A5 A E(PDB, - http://www.rcsb.
org/pdb/home/home.do). PDB 4 7 /1 TG /7 85 1 -
AR AV R 2 LR &0 a. JTiF5Tn
IDPs HEAE R GW TP RARAS: b, XK X 4
ERTIN BRI B G54, FER 7 HEAE SA LA
c. MR MSIARBARIG RN K454, I PDB 3
PR — ANk d. AFEEAE B by o HIIIE
FARB BN R GWLE. RP5IX 4 N5, ikt
126 %% IDPs 4.y 136 G % AR UL A2 =1 1) IDPs %
EEWIL, EHERET IR, AT PISCES
1E 2% 4K AF (http://dunbrack.fccc.eduw/PISCES . .php), X}
326 tH K 126 2% W7 TG 7 28 13 UREREAT T 25004 ik
B, EFF IDPs HEIKC KT 40 AN EBERR 1K)
FUBE, JF HA AR & T 25% (1) IDPs B 42 # 2%
B fw o FRATTIR I O S T R S AR 109 4%
IDPs %} 299 4> IDPs- # R &Y. AE LTI
FUHRRS, I - R SO AR AT SR A R AR
it H bR 15 HARC AR R 1 2 D) 1R 2 3k o LI
2 H bR ) 2 SRR R AL S A A4 R 1 2 R IR ik
BEZ T PR AN THEABE R, s Iz LR 2
HFRE I - S VE AL ik A SCIRR H ik
HEIA)ER 85k oE S IDPs- 2 s A/E AT sk 2, 4
TP AR BRI AT — R 5 H AT B AE R
JEAT— S IR /N SA B, A I LR ik
Fepli 2 IDPs 55 HoAt o (1 J5oAH T AR FH I R AE AL 5
Bk Kk, IDPs )7 X 85 A P KSR 2, K
disprot H#s R AR

2 HR5ITH

2.1 IDPs-ZEHRIEAN SR E IR E ST

ek LIRS 13 21 109 4% IDPs 1, 3%
5 50 031 ANIEIR RS, g T IDPs LJF X
BRAIERIEAT 11 285 N 22.6%), & T4 % X B8 1)
BRIEEAT 38 746 N 77.4%). MAEAE AT AR I
SE N, XL EIERRIE FEIE K IDPs- 25 [ 54 T A7 A5
BRAE 4 822, Ho, K% IDPs TG X 1 A7
12414, VRGP0 F 3 581 A, AR
& 1% TDPs- 25 15 A A7 i 5k 56 1) 1 ol G Pl 1 Jop
Ny B AR IR BE R R AR A RO EEAT T 7 X
B ETE 7 X



o464 EYUESEYYIRHRE

Prog. Biochem. Biophys. 2014; 41 (5)

ALA ARG ASN ASP CYS GLN GLU GLY HIS ILE LEU LYS MET PHE PRO SER THR TRP TYR VAL

Amino acid

Fig. 1 Distribution of 20 kinds of amino acids forming IDPs-Protein interaction sites

Grey represents binding sites located in disordered regions and black represents binding sites located in ordered regions. B : Binding sites in ordered

region; M: Binding sites in disordered region.
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Fig. 2 The distribution of each amino acid in residue
ensemble of IDPs and IDPs-proteins interface sites
x-Axis represents amino acids' probability in 109 IDPs chains and y-Axis
represents amino acids' probability in IDPs-protein interface. Red and
blue points denote that amino acids deviate from the straight-line

obviously. The slope of straight-line is 1.

XA EL P ERRIN S, AL IDPs-
AU AL AR B L3 K T4 IDPs$

0.5r
0.4}
03r
02r
0.1

AAP

-0.1}
-0.2}
-03}

—04l

PRO SER GLY ALA ASN CYS GLN GLU THR LYS

PP I L. WU, % AR A
IDPs 1 I LA AR AN, H& BATILE T % IDPs-
A RIE A A T RS — AN ROR L
[FIFERRE L, XT3 HZ N7 IR IR RS, 1
IDPs R LAECR, (HJEE A4 IDPs- EEI)ﬁ
(VE AL AR & TR AT — AN FEE NI L. 2
*?’ﬁ%@ﬁﬁ@ii%%‘ﬁﬂéﬁﬁﬁﬁE‘J’ﬁ%@?ﬁ%‘i%ﬁ%ﬁi
IDPs- & 5t FR A F AN s s 2R UL Ay AN Ti] P e ) 47

N T R W S e e (6T ) T A IDPs- &k it R A
AL s 5k 3, AT 91 N T AAP (amino acids
propensity)Z 3. AAP E N :

Aﬂﬂyﬁggl

o, Pe(X)RREIEM X E 109 4% IDPs
HUHB I LA, Pes(X) R N2 EEIR X 7EAE AL s A
AL JLE.

Y5 AAP BN, AT EUHI W 2 SRR B B IDPs-
I AL RIS B i PE. AAP>0, RN T E
2 T LR AR BT R, 1 o
1R B AT JE 1 IDPs- H [ 54 F A s Bk 5 1R 6 ) 7
M, AAP<O, XFNT B 2 Hipr TR HEk
TR, 1% R A BA Y A AL s 5%
B e, AV E T 20 P BRI AAP H,
WiEE 3 fios.

VAL

ASP HIS ILE LEU ARG PHE TYR MET TRP

Fig. 3 The AAP values of twenty kinds of amino acids in IDPs

FR4E AAP A RN, FRATTAT LUK 20 PR SE R
I3 K AAP>0.1 RAIEIR, w2 S B4
HR; AAP<-0.1 [NZIEIR, FRZ AR m) 2 3

1R —0.1<AAP<0.1 [F1% 5E MR AR 2 hy 0] 24 41 3
fR. fEW 3 LLEH, i B SR A

ILE. LEU. ARG. PHE. TYR. MET. TRP; 3E

o ) B 2 L8 E 247 PRO. SER. GLY. ALA.
ASN. CYS; 1 [a] B2 R f : GLN. GLU,
THR. LYS. VAL. ASP. HIS. Fuxreiter 25257
R, TCE I 5 L X ST 7] T T i o-helix,
XL R — sk W S SRR - AR AHE
EF . 1f PRO J2& a-helix M sme% 1%, Brilik



<466+ EYMUF EEYIIR R

Prog. Biochem. Biophys. 2014; 41 (5)

PRO A th BLAE £ 1 0 - 8 TR A ) i
Ab. X5 3 o PRO HATH/MA AAP IR AR S
JE 1% IDPs- £ 1450 1/ R sk AR — 3.
2.3 SRERRTE IDPs AR XgFE

] —Fh = LR AV 1%, IDPs- 25 1 JR AR AL 1 ik
LI, A5 IDPs 1A 75 T X n] fig BAT AN [R5
WL BT AT eEAT E S, BRATKE 109 &
IDPs 5 [ Bk JE A6 2 IO B 43 . A e DX Sk
B THE Som MG P IX 3k 5% 3 T4 Spms,  [DPs- # [1
FAERAL AR SR Gl 7 A P s VR AR P X 3
(RVFRFE T 5 Soms FHVR AL TCIT X IR R L 4 Sps.

(@
12}

1.0}
0.8}
0.6}
0.4}
02}
0
-0.2}F
-04}
-0.6%

AAP

(b)
1Lof

0.5F

|dis4 A P-orderA A Pl

CYS PRO SER GLY ASN ALA LYS GLNTHR GLU

b G TF 5 H R o S SRR AE AN R X S ¥ AA P (E, B
TC P X Ak BE BE 1) AA P {H (disA A P) AT P X 38 5% 3
K] AA P(orderAAP). w5440 FFT/R:

orderAA P(X ):;;‘;Bsigg—l
PR!

disAAP(X):ngg_l

A Poss(X)HT Popr(X) 73 1l 5 A BE R X AR RE-S
Sous 11 Sope IR JLEE,  Pops(X)F Por(X) 73501 2
IR X AE TR Spus M Spe PHBLAGJLAE. H&
FERRAEAN R X I AA P AE W] 4a T,

VAL HIS ASP TYR PHE ARG ILE MET LEU TRP

Amino acid

CYS PRO SER GLY ASN ALA LYS GLN THR GLU VAL HIS ASP TYR PHE ARG ILE MET LEU TRP

Amino acid

Fig. 4 Compared with the 20 kinds of amino acids’ AAP values in IDPs’ different regions

(a) AAP values of amino acids in different regions of IDPs. Grey indicates disordered regions and black indicates ordered regions. [l: disAAP; H:
orderAAP. (b) The absolute value |disAAP—orderAAP| of AAP in IDPs different regions.
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Wi, X 6 A EEAL B2 . B K PE (hydrophobicity,
H). Pk (polarity, PI). #1tZ (polarizability, P2).
) 5 4§ (side chain's volume, VSC). fMJ%% ¥ 15
faf $5 % (net charge index of side chains, NCISC)F1#%
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Table 1 Six major physical and chemical properties of the 20 kinds of amino acids™

Amino acid H VSC PI P2 SASA NCISC
ALA 0.62 27.5 8.1 0.046 1.181 0.007187
ARG -2.53 105 10.5 0.291 2.56 0.043587
ASN -0.78 58.7 11.6 0.134 1.655 0.005392
ASP -0.9 40 13 0.105 1.587 -0.02382
CYS 0.29 44.6 5.5 0.128 1.461 -0.03661
GLN -0.85 80.7 10.5 0.18 1.932 0.049211
GLU -0.74 62 12.3 0.151 1.862 0.006802
GLY 0.48 0 9 0 0.881 0.179052
HIS -0.4 79 10.4 0.23 2.025 -0.01069
ILE 1.38 93.5 52 0.186 1.81 0.021631
LEU 1.06 93.5 4.9 0.186 1.931 0.051672
LYS -1.5 100 11.3 0.219 2.258 0.017708
MET 0.64 94.1 5.7 0.221 2.034 0.002683
PHE 1.19 115.5 52 0.29 2.228 0.037552
PRO 0.12 41.9 8 0.131 1.468 0.239531
SER -0.18 29.3 9.2 0.062 1.298 0.004627
THR -0.05 51.3 8.6 0.108 1.525 0.003352
TRP 0.81 145.5 5.4 0.409 2.663 0.037977
TYR 0.26 117.3 6.2 0.298 2.368 0.023599
VAL 1.08 71.5 59 0.14 1.645 0.057004

H: Hydrophobicity; VSC: Side chain's volume; PI: Polarity; P2: Polarizability; SASA: Solvent accessible surface area;

NCISC: Net charge index of side chain.
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Fig. 5 The effects of physical and chemical properties on IDP-Protein interface residues

The x-axis is (a) Hydrophobicity. (b) Polarity. (c) Solvent accessible surface area. (d) Net charge index of side chain. (¢) Side chain's volume. (f)

Polarizability. The y-axis is the AAP value of amino acid. Red circle: amino acids in disordered region; Blue triangle: amino acids in ordered region.

The AAP values are fited through line. ®: Amino acids in disordered region;

Linear Fit of orderAAP.
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Table 2 The loading of the different parameters

on the top three principal components

Parameter PC1 PC2 PC3
H 0.0233 0.6964 -0.2069
NCISC -0.1585 0.2487 0.9531
VSC 0.5637 0.0069 0.0552
SASA 0.5465 -0.1816 0.1221
PI -0.2172 -0.6470 0.1013
P2 0.5574 -0.0394 0.1436
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An Investigation on Characteristic of Residues Involved in Intrinsically
Disordered Protein-Protein Interaction®

DONG Chuan", CAO Zan-Xia"?, ZHAO Li-Ling"?, SUO Zhen-Peng", WANG Ji-Hua"?"
(" The College of Physics and Electronic Information of Dezhou University, Dezhou 253023, China;
2 Key Laboratory of Functional Macromolecular Biophysics of Shandong (Dezhou University), Dezhou 253023, China)

Abstract In this study, we investigated the characters of residues in IDPs that involved in the interations with
other proteins. Firstly, 109 IDPs' chains and 299 IDPs-protein compounds which meet the requirement in database
were selected; secondly, 4 822 interface amino acid residues which involving in interaction were extracted from the
totally 50 031 amino acid residues in the 109 IDPs chains. The results indicated that the 20 amino acids have
different propensities when forming IDPs-protein's interfaces. Therefore, we divided the 20 amino acids into three
parts based on their propensities: propensity amino acids (ILE, LEU, ARG, PHE, TYR, MET, TRP), middle amino
acids (GLN, GLU, THR, LYS, VAL, ASP, HIS) and non-propensity amino acids(PRO, SER, GLY, ALA, ASN,
CYS). Moreover, the results show that the 20 amino acids have different propensities in IDPs' different regions
(ordered or disordered regions). For example, TRP, LEU, ILE and CYS are more frequently observed compared
with ordered and disordered regions. However, there are no obvious difference for GLU, PHE, HIS and ALA
residues between ordered regions and disordered regions. Besides, the amino acids which have larger
hydrophobicity, polarizability, side chain's volume, solvent accessible surface area, smaller polarity and net charge
index of side chain tend to be IDPs-Protein's interface. The results obtained by principal components analysis
showed that the polarizability, side chain's volume and solvent accessible surface area of residues had more affect
on the IDPs-Protein's interaction residues.

Key words intrinsically disordered protein (IDPs), residue characteristics of action sites, ordered regions,
disordered regions, physical-chemical properties of amino acid
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