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Abstract

Despite the fact that intrinsically disordered proteins (IDPs) lack stable spatial structures under
physiological conditions, they perform critical biological functions in organisms. Moreover, intrin-
sically disordered proteins (IDPs) are associated with many major human diseases. Therefore, the
systematic study of disease-associated intrinsically disordered proteins (IDPs) can further under-
stand the pathological relationship between intrinsically disordered proteins (IDPs) and a series
of diseases, providing a new idea for protein drug design and disease treatment. Some studies
have shown a specific correlation between codon usage bias and intrinsically disordered proteins
(IDPs) or intrinsically disordered regions (IDRs). In this paper, we analyzed the use bias of syn-
onymous codons and GC content in nucleic acids encoding the disease-associated intrinsically dis-
ordered proteins (IDPs). Moreover, we studied the distribution of four nucleotides at three sites of
the codon in encoding the ordered/disordered regions of these proteins. The results showed that
the use of synonymous codons, the content of GC, and the distribution of four nucleotides at three
sites of the codon are biased in the encoding of ordered regions and disordered regions of dis-
ease-associated intrinsically disordered proteins (IDPs). The results can provide a reference for
further study of intrinsically disordered proteins (IDPs) or intrinsically disordered regions (IDRs).
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1. 51§

—HLLK, ARG AEDFRI AR AT 5 AT B T e e 17 [ 2546 4 fe 1B R AR )
fe, B “Fd) - 454 - ThRe” mvsai R 2k, 1845 o & A (Intrinsically Disordered Proteins, f&#R IDPs)
[L] R BATRE TiX e BALFES, BIERBIRE ARG —Mag I =4E450, H2KRRE
AT E LAY 6. REREAM LT WL T RAE T AR, TN EARTYLF, W
A DAR B 57 A0 i LA L KR I B o AR o, B ALK — 0 B, X ETET B
B RR A 45 7 X (Intrinsically Disordered Regions, &% IDRs), TMji& /™ )5 77 41 H A A 44 G 11X 45k
WeRRANA FIX(ORs). WAL, [EA TR EAERZEDT S REFESE, MHA LR EA L7 E
HMSLRIER, BRZAEYIN S, EEZAEY IDPs FBE el 68 & 5T B AZ AW 5 24 A R 3% 2]
[ Jo e B G AA . RIEEm . AR T BAARGREN R =R45M, (HREdEyisn
ZHRENMBES S DNA SRR mRNA nJ2885 U], & #8521 55 B 2 0 6E[3] [4] [5] [6]-
G 7w E R TN R EREE DR A, JUONEER S EA1S N2 5 R0 % V1A
Ky WRTRRIFERTG - MG ARI SN 551X Le s 5] 44 (1) e #8457 88 B BOH G X (IDRs)
FYIFHK[7] [8]c NUPRL & —FZ DR ME A L7 EE, el R Lt . 1222 FR5
Kz 5EESERNRE. P53 B AR AT MRS CHIEG L EE, EHRE S TN T
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EH AR, ERDRek R n] BN ik g FLINIE R 2, A8 MR o R I P53 [ RAR Y TP53,
P53 A AR e HANHE R AT Re 2 ik, dEfi 51 A Mg . [FIB P53 SRBETEAE WA I KB A, WSR2k,
T R RO 2 R T A 2 AR A R PR LR FI[9] [10]. WO FU R A G I I A T B
(IDPs)&k IDRs BA B K (1 4E W) i L2 2 fH

— MM, RIERRTE 4 o7 & A (1DPs) H (16 /7 X (IDRs) AL 17 X I A A AF TR AR K 2, TEIF
X (IDRs) & A PEI, FrHa, SEKMEMEREE[11]. S — 2, RITMaFRRmM, %iseE AR K%
FRAE SIS )T X (IDRs) R4t A 7 [X 45 (ORS) i1 /7 41 2 [ R I HE B8 Tl 22 [12] . HH T % X 3B A A B
HHER R, RILTF X XA 5 R AR R 55— 7i & T X (IDRs) 5 %57
EEAE L, Hh S AS TAE FHRE T B [13] [14]. BbAh, BRRRE] . EERAEY T g X e
(I3 R 7 #1 A L JE  [X (IDRs) L AT 80 1 GC & &E[15]. W4k, —S8[E4 TR & A L7 X (IDRs) 4 5
) GC & &Emts[15] [16]. Jo/7 X (IDRs) GC & & [A] ()55 & VH B T-F 7 X 45 (ORs) M JL /7 [X (IDRs) Z [A]
RERE M ZE[16]. HET BIRHT, AR, WATERMWE T N5 3 FEBMAHXME G TP &EE
(IDPs)IHHEE . S8 ), fERELE AT, AT 1 F CERF R MmLF, GC & &, LRI
S =AM S UM R A, S5 R IL: A UERS 1. GC Fr&ET1E 3 2850 AH KN IDPs
W 5 FITC X SAEAEAS IR S A A A 5 4l 3 SR AHOCIY IDPs 309 18 7 FIEF X 3 A4
PL R A AR — B 22 5, Xt U S HART 7T IDPs 4848 7B 21 B .

2. MR 55%
2.1. PIRIEE

ST S A 2 1 [ A T B L (IDPs) B A PR, AT H A UniProt 28 E[17] Rk AR A E A ()
5 9606 £ H i ID: UP000005640), F-ill i E B A5 B 3kt 59 (cancer) . «0 I %0 (cardiovascular)
12384k 597 (neurodegenerative) 55 1 2K 1, 3t 20386 N M I EE 4 K B a2 h i B 1 %5 5 DisProt
Kol FE[18] P IR AR B BEAT EEXE, 5 C 2 4% DisProt $udi FEdicsr, %R A 1984 JE 15 B LA DisProt
el PE e s T A A DisProt il FE SR B 8 2741, FIH MobiDB3.0 [19]H' MobiDB-lite il &% 1
ITEE T EA . g6 FIREREA LT EE, S85H CD-hit AR BRIFEJEME > 30% K74, &
2849 B AH I 1Y [B1 B TG 2 1 £0dE FE (disease-related-disordered proteins), &%k DDP #3E 72, A5
EMBL [ [2013k 25 57 () mRNA 55 (RS : 5 mRNA 551 ({1 3%t B[ IDPs & ), XFE R4S 3]
LI REMI DS IDPs A 7166 > mRNA 741, 5.0 M %MAHEH IDPs F 4092 > mRNA 741, Szt
IEAT MBI AE IS IDPs 45 4341 2 mRNA 751, 1ENERA W 7B 45 .

2.2. BERFE

221 EHBTEMAMR
BATER ST B h 0 M SEit 1 3 RSN R I AT o 8 L JE 7 P 5106 B2 mRNA 751 o 64
AT ISR . &%, KA EREALRT PR T 64 4EIRHE A &

Pcodon :[Pl’PZ'“"P64] (1)

pi:% (i=123,-64) 2)

Horp, on 25 MRS T /E mRNA FRA1_EH BRI .
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222.GCHE

GC &&N: [(G+CMEEE)(A+T+C+GHEHE)]*100%. GC FEMHH T IS, —MEE
RN GC S &EmETRREA, e 7ET NS T[21] [22] [23] [24]. ASCXF 3 285595 AH < (1) & 45 T8 7 & (A 4
. mRNA oI, 3 lgeit 7A F XATERF X H) GC F & .

22.3. FESh
Ji Z 5T (AR ANOVA)V AR “AZ oy tir” 8L “FARSR” , —RE MG ik, & RAEmA LR
WS 2H DA b (R REAS 25 %02 il 1) B 2 PEAG 36 [25] [26] [27] [28] [29]. ANOVA 5 2 HFEA Y E I 2 = 7
AL A @) KER:
MS, = MS, +MS,, (3)

Hrr, MS RELITT, MSgAARAELTT, MS, AARANEIT
AT 77 M N 27 KA v Gl B F AR, SRET SN EREAK H A R TR 8 — &R
FIsNE . F AR L AR (R)RR:
F-value = MS, /MS,, 4)

it 22 30(4) AT A 5 22 o A AL RS S A 07 BB (B F{E), 8% F RO, PRI
— B P AE/NT 0.05, WMIESTTHAEE, SAREARBLIEAT 25 45 P (/T 0.001, WIS AIAEA ]
MZERES T LA BB ER.

AT TT Z 0 Geit 64 M 7RI, LA GC &8 AEH FFIX P IX & B AL B 7 et

2.2.4. BWETFHEERE
PATE SE T ADNEIRBRIES AN T 1A [H) D758 B & RSCU [30],
Xij
10
PR
o, g H | AN ] DF W T RIS, n 2SI | DRI FE G TR . )
59 ME] G T (AR 3 ML TAG. TGG. TGA AU —AN35 0 T4 iid (K R E R ATG K fh
AR TGG ML) EH F AT F X HE A i AT YA o 45 %0 8 F i, U RSCU 24 1;
FAZ ST L HoAh R SRS FHSE A, W H RSCU KT 15 2R,

3. BR5WiE
3.1. 3 KERmEXNEALFERFEFNIFXEERNSH

MAARD)~2), FADHGE T 64 DMEMTAE 3 KPR E A T & A A P XML F
X IR, HHAAXE)~@)FZE S gi T 64 MEMTHIEARFIETF X ERA RENES.
SRR T REAR R IE A TP R A A 58 MEM TR F ML X RAEREZERN: MWid
O IR A SR B [ T P 8 1 R AT 57 NSRS TR P A 7 X AR R S35 2 5 1Y S 22 IR AT
PEBIR AR SR I [ JE P SR A 56 NS T EA P M XOE A7 AR B & 2 57 . XL R %
A3 3 PR A T AR A XAE P X RS ZR, ETRALFEA
SMWREEWEVIMR, T — Dl PR L 22 7 8 25 % 0 1 R R B B A e s A KT
X

RSCU, =

®)

>
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3.2. 3 RERFEXNWEALFERAFEFMEFEX GC S ENSIT

AV AGT T 3 FEHAHCHIE A L E AR AT XRET X GC &, HHAREG)~4) 7%
ST AL GC HREAFALFX Z2EA REMNER. GC &N DNA 4iffett:, GC &
BHEOMLT & EAK[21] [22] [23]. ASCHFFRAREH: GC & &RAEIX 3 PN AHCHE A Tor E E
BRI F XFEREZER, REIET GC RS LF XA —EMRE[21] [22] [23], F—SH AT LK
GC & ®IEANSHH T IRAIE A LT E AN LT X,

3.3. 3 KR XN E A LTFER P EFMLFXRE L ELTER R

M2 3(), FeA17rm et T 59 A FE SCE S T1E 3 S50 5C 1 4 JCFr 38 A A Fe XN 7 X R
FAXHE IR, SRR FEAEAH ORI IDPS 3t 28 ML 119 RSCU KT 1, Hrh AT XIF
BT TAFAEZE I 4 NEIST, CGC, AAC 1EA 7 X H BN MAR; ET0H X H B (i AAT,
GGG fEL 7 X BRI s 247 7 X HH B M v o

O LE A KK IDPs 47 27 DMERGT 1 RSCU KT 1, Horb o e TG 7 IX [5) SUB S -F A7 12 22 57
WA 3 MRS T, GCT A XM BUIR R 70 X BUR f; ACT, GGG fEJET X B
fifts FEA Fr X H B g i o

MZIRAT LS AHOCH) IDPs H A 28 MRS T-) RSCU KT 1, HA A P AT X R SUE S 7 A77E
ZERIAE 4 MEWT, CGC, AAC 1EA FIX HBUIRMIK; EF X IR M AAT, GGG 7
Fe X BRI AT 7 X I BUIR s . VEARSS RN ] 1-3 P

The RSCU value of the disordered region of the cancer-related IDPs
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The RSCU value of the ordered region of the cancer-related IDPs
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(b) Ordered regions

Figure 1. RSCU value of Cancer-related IDPs
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“The RSCU value of the disordered region of the Cardiovascular-related IDPs
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The RSCU value of the ordered region of the Cardiovascular-related IDPs
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Figure 2. RSCU value of Cardiovascular-related IDPs
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The RSCU value of the disordered region of the Neurodegeneration-related IDPs
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Figure 3. RSCU value of Neurodegeneration-related IDPs
3. SHAZRITHEMEXHNERFEBREXHER TR RSCU E

PSRRI, FEG0RS 3 SRBAN I IDPs Hh ) SO 51 IR A8 S A7 AE AN IR BE (i 4 8 0 EL S
32 GBS A P X AN TE P DX A 1 I A o2 AR R I 22 5, XTI FU A P XM P [X R 7 A1
A 7S A R[22 —BUH
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3.4. S 3 KERFEXNERFLFERBET 3 MR LRENSH

DALt U R ] OB R A PR A, 3 R AT Sts 3 S I 8 A TE T B
BT 3 AL _ERRIE LR, LR PR X B RN 05 4 B ) AR R 75 A A 2 et
g, @RFIER 1-3. WRFATIL: TEGmALIaAEAH ¢ 1) A Tor B A A P AP X R —0r a1, B
A G C THHREER, B A EWEG C, THREEER, BofAMEA C TARE
5. RGO M BIRAKMEE TP RAATFHEFXHE AL G, C, THREEER, £
RistidtE A, G, C, THREEZER; $=fAIE A, CHEEER. EHILE BT IR IS
ELXFEAEFMEFXPE AL A, G, C, THEFER, B Wit G, C, THEEE
Sy HANRIE A, C, THEEFEES. WL, 4l 3 JSMAHEN IDPs FI L1 5 AN s _EAgIE i)
MR b B2 2 X e S AT — 25 ) DNA A1 B 50 # 145 T8 1 2R -5 00 i SR B 4 7 (i
s S

Table 1. Four base content in three-site of encoding Cancer-related-1DPs codons

=1 REEEAXHEBLFEENERTF=MIR 4 BENSE

Disordered regions ordered regions
Base
First second third First second third
A 26.11% 31.61% 22.77% 27.19% 32.32% 20.06%
G 34.09% 21.76% 27.56% 31.36% 17.96% 28.54%
C 26.75% 33.23% 27.74% 24.32% 22.00% 28.30%
T 13.05% 13.4% 21.93% 17.14% 27.72% 23.10%

Table 2. Four base content in three-site of encoding Neurodegeneration-related-1DPs codons

2 REHSRITHARREXNEATFERNERF = MIR 4 HENSE

Disordered regions ordered regions
Base
First second third First second third
A 32.3% 39.12% 28.58% 34.36% 40.65% 24.98%
G 41.12% 26.22% 32.67% 40.35% 23.18% 36.47%
C 30.65 37.83% 31.52% 32.31% 29.32% 38.37%
T 26.54% 27.84% 45.61% 25.27% 40.76% 33.97%

Table 3. Four base content in three-site of encoding Cardiovascular-related IDPs codons
3. RO MERFEXNESLTFEANERTF= IS 4 BENSE

Disordered regions ordered regions
Base
First second third First second third
A 32.86% 39.50% 27.65% 32.70% 40.96% 23.75%
G 40.80% 26.09% 33.11% 39.77% 23.26% 36.97%
C 30.28% 37.02% 32.70% 31.37% 28.35% 40.27%
T 26.74% 29.11% 44.15% 25.84% 42.27% 31.89%
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4. #hig

ASCHET Uniprot ZELL K disprot. mobidb £#E 7, 33 A 3 8P H L [l o7 B A BE 4 .
I mRNA FFHIF AT, EREI: 1) 3 FEBAHRIIE A TP E A 64 N T HISRIES T
T XAFAEZE 5, R TERSIE AR DG I [ o7 8 A v 58 NI F7EA 7 AT X H IR A7 1E 6 2 22
S RO MU BIRAH G AT TE P R AR 57 AN PG P FAE T X B AFAE W35 2 1) 7E
ZIRATHERAH O 1 A TE T B A R 56 AN TR T AE T X IR A B E R 2) 3 2w
MISCHIE G 78 A H GC & &AEH AL T X MFE B3 2 55 3) R UG T8 3 FSBmAHSE ) IDPs
W 7 AT P X S8 A7 CEAS IR B (4 F R 1 s 4) 4l 3 S8 A X 1) IDPs [ # RS T84 - RIE P IX. 3
AL SRR AL B AFAE— B R R FON TSR RIEA TP &, UAEE LT EASE
R TIRIF IS HE R

S

T EE 44 FOVP B KA I E SR L,
E&InE

A H E S B AR A5 410 H (62262050) 1 [ 5K B SRR 3 4% T H (62141204) % B R 5€ ik
SEHk
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