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Construction of Dynamic-weighted Protein Interactome Network and
Its Application

HU Sai’ XIONG Hui-Jun' ZHAO Bi-Hai' LI Xue-Yong® WANG Jing?

Abstract A protein would interact with different proteins under different conditions or at different time instants, which
is the dynamic attribute of interactions. Proteins participate in different functional modules in different stages of molecular
processing to perform different functions with other proteins. So, research of dynamic protein-protein interaction would
contribute to the accuracy improvement of protein functions prediction. We construct a dynamic protein interaction
network (D-PIN) by integrating protein-protein interaction network and time course gene expression data. To reduce
the negative effect of false “negative” on the protein function prediction, we predict and generate some new protein
interactions which combine with proteins’ domain information and protein complexes information and weight all the
interactions. Based on the weighted dynamic network, we propose a method for predicting protein function, named D-
PIN. Experimental results compared with using three different yeast interactome networks indicate that the comprehensive
performance of D-PIN is 14 % higher other competing methods. Results also verify the effectiveness of the constructed

dynamic-weighted protein interactome network.
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) BE A 2R W 2% v 2 5 2 1) AT B AR D B A
]\ AR %A TR A K 4R I PR AN TR] B9 B i A2 4 1
Rk, Bk S TR B A 2% B R AN
N, K IE BN A A SORT LA T R 2%, CEAN TR 45 AF
ANTR I 20 2 (0 AR e, 2t 1y s LR Bl
REIRE S 42 iy D RE TN L RE £ 3L — B A Rl A2

Yook Z5M 45 H 11y 45 18 4 KR 43 Ty ik mpy B DA
AT A MR E T gL 2f
N IR R B A WL, IE R TR e Th AR b
T, 9285 FAES: TR A E. Tang 552 F
FH 22 TR 2 38 M40 A0 11 AR B AR Y R 2% i i 17—
44 TC-PINS (Time course protein interaction
networks) I > 22 TR LA 9 2%, Jf il 2h Hb
I T S fig 8 150, #£ PPI (Protein-protein
interaction) 445 A7 AEAR T AR HI O AN 8 11 5, 4
EATIAE BE I 220 10y i DR 3 A A6 o 2 — [ 1
B, WA EATHE X — I 2L 3R, JFAE N % (Y
TC-PINS P48 s in—2&14. 2810, ANJ) i E s
RILBAAAEMRNKE S, AMESLIL 0, e K(EHEET
150. 4l g A A [ RE AT A AR RIS B, A7 8
JoCAE AN 0 L A AR Y, RAE R A i e T
AR FE R L K. BRI, BB S — 1 B )
BT # ST aE AT 3 g 1 X A5 A 3 P 8 2 ) 4%
ANHERSy. FEEE A E AR I 2 A AR i R
IRA RN Z 2% 8 R A S MR IEKF. Wua BRI
Wang 514 24 3-sigma i )4 3 5 48 W 4%, 1
EARE - B 8 A TR R R AA ) S (AR e 2 o 5
(GEIN

ARSI AR EEARBLAE LR LS T 1) AEWFST
A B A W 2 by 1) Bl 2 b, 25 B PR 3Rk 1
Wk, e AM G R T I 2) S E A
P3G A AR S WE R, A Te B R AR AR
H, JEXSBha W 2 DAL, B ARAR B A ) Ll e T 3 B
(RIsemi; 3) 25 RERLHURI ) RE 1 3 AR 1k, JE it
FIBh AW %, St — Pz B s Eh RETIIN /5 7% D-PIN
(Dynamic protein interaction networks).

FRANTHE = A AN TR AU 1 1 B A 71 A LA H
25 iz 4T D-PIN A LA EE ) Zh e T 5032
SIS R, D-PIN S0 PG s A8 T I A 1
A 5 A8 TN 2.

1 shasmegiyiE

MO TNz 0, WER

A W2 BFEAT W2, FEEIAEYI R L% L SN T I 4
& MR IECA AR, shA M0
TIP3, 375 5 2% R GAE AN R I 20 1) P e 15
BNA M2 1R B XA E LT Fr:

EX 1. ghEMNRE G @ RIME G =
{G1,Gy , -+, Gy, -+ Gi}, Gi= (V;, E;) 2KHE
IZ1 0 B, Vi={va,vi0 , -+, Vin} R @ I ZY
MEATES, Ei={en, e, €im} /a1 I
ZIH & B O AR S, BE et = (u, v) €
(E\E;_1) R i—1 WZIALEAE, 1M a I 20587 55 1)
MEAE; e =(u, v) € (B \E;) & i—1 %]
AEAE, T 4 2T SR A ELAE

R RAFE I HL IR AN ], 325 99 45 n] AR 43 2
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A EAEH, anAS R 4 sE A5 EAE. IRl Bh A&
26 2 i B 1 D R AE AN [R] B SRR IS 21 23 Bt AN [R] 1
FHEAE T, i R sl i 1 57 AN [A] I 220 2 54 7K 1
ZE AT R A A A BAE R A 8h &8, A
SC A A LTI TR) 3 28 9 28 (1) g ol e LA o
DIREF o e B H

HE DR 20K A 4% 0 R0 I e M AT O R O P, R A
TR HHE AR AR R AN ] 2% A BOAS R B B g
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FIUAS [R] 5 A1 T i PR 3 32 B 4 A 9t 3 2 1 oAl B
ER MBS bk 12, HWH, FHAEE
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. Wu BRI Wang S S50 Hrdg i, A&
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(1) A 40 S o 1 e A AL Rk, T Y i AR e
FHIRBAKEBIENHE. AR T 3-sigma #fE
B4 A R TR S I ) R A KT
I H B R IE A, WA B A A 1 )
212235 WAk e BEASCIHON T BE, X Rk A] BLIK
b Ji 77 3 v ARG BV (R S R, B e SRR I 3 Y
PE.

tbAh, Tu S50 @R S0UR I, W RE ARG —
AR E YO 5 A KB =% B, 2S5 TG B R
JE S W, A R R AR R E . gD,
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Fig.1 Gene expression during the metabolic cycle
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ST AR FH A 25w B o, AT 5w 5o (R
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PN(UZ', Uj) =

H, N; F1N; 25108 v F o, AR5 RUER G
W v, Moy Z WEAAMEAER, W PN(v;, v;) =0.
BNk, A g5 s B AURE G015 Bk 7
PPI M2 i A BAE . X T PPT W& b AT =
ANEAT v; Mo, HESR DA —ANEifsk, D, Ml
D; 53 MFRoR v, Fo; SIS NS, PD(v;,
v;) RS MR, Sk A S s
PD(v;,v;) = M (3)
v | Dil|D;]
X (3) H, D; N Dy Fowi) v, Al v, FelR 45k
A FHES v, Mo, LEFEDE PC(v; A
v;), WEARLW R (4).
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Fig.2 Construction of dynamic networks
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W (vi,vj) = PN(vi, v;) + PD(v;,v5) + PC(vi, v))
(5)

0, v, Fo; B2 RIBUETHE R

W (v;,v;) = PD(v;,v;) + PC(v;, v;) (6)
E' = {(vi, vj)| vi, v; € V, (v;, v;) ¢ E, PC(uy,
v;)+ PC(v;, vj) > 0} ol g i85 B E &
PG EOH B A BAE A S IR (1) 99 28 7] LU
BAG =(V,ENE, W), W = {wle), wle,),
ey w(en) ) wie;) Tanill e; FIBUE.

P 2. WL (1), BER KX =TS
R —A T, AR JEAE R 12 ASa 2, kg A
FIAMEE T FEIMER & R,

PR 3. WEBIAMLE, % (i € [1,12]),
BN E AR A IR E PPT W 48 b A7 A A0 BAE
FH, WA Z IS 21 1 8025 W9 26 v 80— 2 AH BLAEH

2 D-PIN &%

h T B AUF AR TR 1 Bl A IR B 1 IR A
S i s e & D) iR O S S N a7 e
FET B A AU 45 1 D) RE 0l 592 D-PIN. 555
SE AR A5 T D RE IR B TR 12 BT
A S Y RUE UL S A RS, B AR
EETAR . RIS A A0 12 M Z13hE
W 265 2% B 1 AR TR A 1 5 R A A AU
(RN 3k £ 1 i o B Ak i

NEMEES G={G1,Gq, -+, Gia} EMH
AR EAS R 12 MM, Gi= (Vi, B, W;) (i €
(1, 12]), w A ZIEEAR SR T 2 5T, v 4 &%
AN IR T, v EB w MIRER 1)
1393 X R s

12
S_Protein(v) = Z W(v,u) x t; (7)
i=1

X, R (v,u) € By, Wt,=1; W ¢,=0. %
P={p1,p2, -+, pn} R IR T7IEIN w (11T
e e kit s A RES, F={f1,f2, ) fm}
(m >n) & P &G & A5 Ca0 S Rer s
£E. 0T F pR—gikthie f;, K008I
R s

S_Function(f;) = Z S_Protein(p;) X t;; (8)
i=1

A, S_Protein(p;) AMFEIEE A p; FIF0.

%E}Jﬁ Pi @Jél\ljjﬁg fj7 JI_IIJ tij = 1; 715')_1”, ti_j =0. Fﬁ

A% Dy REARHE A2 BE PP HERY, SEVE Ik IRET NV

TR REAE S Ty e A KN ) 2 BT TR Dy RE A1 2. D-

PIN SLEGE v —AMpik 81 1 56, 5 1k Ty RE 1) £k

&, WEIE e R 2 N E AR DR HCE
N HBME. BN R E R R

N = GoNum(p;), HH p; = max (

Kt

NE

ti;

K2

)
(9)

b, GoNum(p;) FRABIERE AT p; WIREEE.
3% D-PIN 5 W T 5& T3 2 M 4% 1) 22 3 5T 2 8 T
DTV R REARHESE,

D-PIN &%

Input: A set of dynamic networks G ={G,,
Ga, -+, Gio}

Output: The set of predicted functions PF

1) For each un-annotated protein v Do

)
2) Get a proteins set P={py,p2, -+, Pn}
3) Get a functions set F'={f1, fa, --+, fm}
4) For each function fi in F' Do
5) S_Function(f;) = > S_Protein(p;) x t;;
i=1
6) End For
7) Order functions of F' descendant by scores
8) PF={fi,fs, -, fn};//N is computed

using Equation (9)
9) Output PF
10) End For

3 KELRFMOM

AT TS50 23 Hr i) PP W9 4% S Y1 TR 374 i
RE, DRk B 40 000 ok 3 PR g ok I 560 9t 1R 47 R FiE A
TR )2 N T D RE TN (R VA, TR P P BEAH B AR
FH W9 2 () Th eV B A ik DR 3k Bdis = S i 8k
P B e A ATAE ). PPL M4 3di T DIPE
BPs FE 2010 4F 10 A 10 HEIRRA, LB A
TERAMESZ MM EAER G, % DIP 2067 5093
ANER AR 24 743 AUAHEAER. H T EeE A e
() 1 0 Sh e A 2 N GO B 5 Ik I 2 1) i
FIRAROL. k1 8 o KR Ik ol K — Ak, AN
FHREE 2 /Dy e T 10 Nk e 238 T 200 AN
FR GO Term KHEAT SLK 50 1F, AAFE S GO
Term %084 267 4~ BbAb, GO FRH +, AL
HAIH Uniprot kR 25 F1 k% UM UniProtKB %
#: 4 Ensemble Genomes Protein, PL{# 5 PPI M
2 v B U IR A% AT .

AL ) 48 K35, (Domain) %4 /2 M Pfam
Bodh R R A R0 A 1107 ANAS TR ) &5 4 3,
WK PPI M4t 3056 N ERER. EARES
WHHE R CYC2008MY Hdi 45, CYC2008 L%
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408 AT Rk A=) 75 T AR B 2 A, I AR
AHER C B EWES, TN TEARE
E P TIN T7 A T I R R A s ) St
6776 NFE A (A B LE 36 AN AN [H %)
[FRFERE. 6776 DNEA BT, 47 4902 I E A
B EAE DIP Hfls e b, S8t 82 A B 7 o 8
it 95 % (4902/5023 = 97.59 %). X T&AFKE
10 B P B T, AT B T R o e DA e A 1
A 0.

AR B D-PIN J7 % 5 HoAth 1 2y 5 0 7
#%: NC (Neighbor counting)!*?), Zhang!*3l, DCS
(Domain combination similarity)!!*. PON (Pro-
tein overlap mnetwork)!®! Fl DSCP (Domain
combination similarity in context of protein
complexes)!M ) iy F &5 $. b DSCP J5 ik &
DCS Tk, dia TEaWERE. Tk
W D-PIN Jj & 1 fig, F AR A2 35 kv,
R — Az AT AR A 5 g WU S VAL T
o BT R A AR NN 2 BR R 4% TR O
HE R D REVE R, JF R 3K A o d B AR
AR, W R B A D REVE R I 8 A AR I
8, JF IR T 0 K £ o 5 B B Rg, O R T
W A5 20 45 R 5 ECSE D) g BEAT BE AL, AN
Dy RE TN SR I VERE. ARSI T, A4 0 R
F B — VL0 G AT SO Ak 32k A & A 500k 1

fE.
3.1 B—iRE

=3 AN — A& AT D RE R B IO
bIREN TR S PSR i S A S riwd el % SN E R R w1
AT & B AT DhRe R, AR — AN AT
HEAT T, I3 5 v FAHERf % (Precision). 4 [A] %
(Recall) F-measure F178 i %, WA A& 45 000 1)
Diferh A 2 Kl 5 2N Dh e 2 (Rl Ge g UL, A
[F] % A2 Fig R0 1R A 11 BT D R AT 22 K g 5 g Y )
DIREULC. F-measure W BEHELFHb [ W VL 255
PEfE, ‘& /& Precision A1 Recall [P FI-FIMHE. &
g o fe 2 /D UGS — 00 Dy 5E 1 A 1 JsLE T A T
(AR B T o LR AR IR SRR E 1 PPT M 4%
i, 5 5093 NMEE B, P 2894 M EE A
HIREERE, BRKAE AN EA . R 1 BT
D-PIN. Zhang. DCS. NC. PON #I1 DSCP 6 F 7
VETII P S ER % . A B2 F-measure {8178

M 1 AT LA, D-PIN 7k &% R o
St Zhang. DCS. PON Fl DSCP Jik#ém T
88.02 % 34.7%- 166.08 % F117.66 %. b, 7k

AR AR Y

D—PIN 7% — HAhSH 8 5%
HoAth B2 o5 %

®1 W AERESR

x 100% (10)

Table 1  Results using leave-one-out cross validation
ik WERE (%) HI%E (%) F-measure % (%)
D-PIN 39.1 44.4 41.6 52.0
Zhang 21.9 21.5 21.7 27.7
DCS 29.9 30.4 30.2 38.6
NC 11.3 48.3 18.3 56.2
PON 14.6 13.6 14.1 19.6
DSCP 34.9 35.4 35.1 44.2

D-PIN 751 4 Bl Z M 55 AR T NC 5
15, X EFh, D-PIN HIEFE T HE 4 5817 1935853 20
RevEREDIRE AR AN M) 8 A T, T NC J7 ik 2R 48 a1
Jr AT D Re A S T A5 U % 8 1, AT R A% UL I
EZ M RE. B2, XFh g S8 NC Jyik
DR Sy e v B B Ko ) e S D e, A4S HE A 2R SR
TR ARREZE T, BAR NC 5k A R L D-
PIN #¢@ 7 8.78 %, {HiEHEffR 21tk D-PIN F[& T
246.02 %, A i EfRbR F-measure b D-PIN FB#
T 127.32%.

TATH) D-PIN J7 363459 T &m0 M gE, F-
measure 73t Zhang. DCS. NC. PON #1 DSCP
P T 91.64 % 37.89 % 127.32%. 194.69 % F1
18.46 %. 1 D-PIN J7iLMHER R L HoAth 5 Fpo7ik
BAPEET 10% U b, m2itm T 2 58 b, ik
Al W, D-PIN 77k B &AL 44t fe. D-PIN &
EEAMIRT NC TR AR, S sh 4
W 2% A5 5 0 R B 9T 42k T e v RSP 23 ) 5 ) 5
AR 5 rp R T AR BH 1 P B A7)

BT 6 e 7 72 0 Sl R T AN [R) 1 2 fie Bl ot
MRESE WS, T AT . 2 b oy B 4% BT
TR RE, BRATTE AT RE Mo Ay 25l 7 3030 AR [ 1)
TR 1 USRI, 6 A — N5 TR0 1 B 1, 40 )
R FR T EE T R K SR AR T IO, ALt
Zhang. DCS F1 DSCP J5ik, #EHET M (M < K)
AU B U, WX M ANE AR ShRe s &4
TENCHT K D REAE A Pl i Dy e, DhREA HE gt i
(PIAHADME W B NAE B R HES ) (B, 5 2 A A R
BRI R F;, WROX L8 0 -5 A5 7 0 & A
AR R S AR ML AR b Thie Fy fIHETAS
43); XFF D-PIN. NC 1 PON J57k, Fdi15 kB
# B INEHMET K A GO Term XF L HEAR KN &
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i, D-PIN J77% /1) F-measure #iZRin24 T 8 b7,
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Fig.3 F-measure curves as K values varies

3.2 EEXXEIE

FaR sz PR A B AR T D-PIN J7iA1E
A8, A B kB R R W] REE R 2, ARG
F5A8 KGR (7-fold cross validation) v4HE— P4l
D-PIN J7yE Mt vE e, A% A8 XU e &+ /6
I3, E BN AR A B T O, BV 6
M Zx, Fol a2 00—t e, 7 IR S5 SR EIEAE R
XEERE R, O T RRRSE g R 2, X R
5100 WK, R RN A IR AAE. 2K 2 B T % F07
1R I S S0 2 R )T S i 22

*2 AXUERZEGHER

Table 2  Results of error statistics using cross validation
ik R (%) Al (%) F-measure i (%)
D-PIN 1.53 1.58 1.51 1.67
Zhang 1.44 1.33 1.84 1.57
DCS 1.57 1.81 1.65 1.95
NC 0.69 1.64 0.95 1.60
PON 1.50 1.42 1.45 1.91
DSCP 1.57 1.84 1.67 1.88

%2 IR WIR, TR VS0 4 R 3 i 2=
LIS, SRS 45 IR LS . K 3 S &Ry
VLR AR A I UE () S50 45 . ASIZIG 45 R A HE
EH, SR AR XGRS, D-PIN MR A i s
IR % F-measure {H, A [R5 F7E 55 20K T
+ NC k.

¥ i 414
* 3 LIRS R
Table 3  Results using 7-fold cross validation
Sk dERR (%) AR (%) F-measure  Hin# (%)
D-PIN 38.3 43.0 40.5 50.9
Zhang 20.8 20.6 20.7 26.6
DCS 29.0 29.6 29.3 37.8
NC 11.8 45.8 18.8 53.7
PON 14.3 13.3 13.8 19.1
DSCP 34.0 34.4 34.2 43.3

3.3 HtBURELSERSN

T AT B AR D RE TR A0, FRATTIE SR
B R AP A AN IR (1% BF PPT 4% (Krogan©)
Hi ZEAT Collins ™ ¥di ) WK T D-PIN Jr ikl
oAt 5 Flook b idk. 2e B S IR AH FLVE FRT B AH
EH G, Krogan i e 3672 AN AT 14317
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Table 4 Results on the Krogan data

Bk WERE (%) BRE (%) F-measure HiiZ (%)
D-PIN 36.7 40.5 38.5 49.3
Zhang 19.3 18.8 19.1 25.3
DCS 29.0 28.8 28.9 37.2

NC 12.0 42.1 18.6 49.3
PON 12.2 11.3 11.7 17.5
DSCP 33.2 33.2 33.2 42.2

# 5 Collins s 4 1

Table 5 Results on the Collins data

Bk R (%) BHEE (%) F-measure HiiE (%)
D-PIN 44.3 48.6 46.3 58.9
Zhang 19.7 19.0 19.4 25.2
DCS 38.1 39.3 38.7 49.3

NC 21.0 60.3 31.1 69.1
PON 15.5 14.5 15.0 20.1
DSCP 39.9 41.1 40.5 51.6
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