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Analysis of protein-protein interactions of signal transduction
pathways using a docking prediction program

YURI MATSUzAKL P! YUSUKE MaTsuzaki,i! Tosuryukr Sarot?
and YUTAKA AKIyama

We have developed software for analyzing protein-protein interaction using tertiary struc-
ture data of target proteins by postprocessing outputs of a docking prediction software. Possi-
ble applications of our software include predicting accurate docking form of two proteins and
discovering new combinations of proteins that can form complexes using amounts of protein
structure data. Here we focused on the latter type of application and evaluated the proposed
software by applying it to a real signal transduction pathway of bacterial chemotaxis, which
has nine kinds of proteins in the pathway.

We first got docking prediction data by applying tertiary structure data of chemotactic pro-
teins to ZDOCK 3.0.1. Then the outputs were clustered based on the structural differences
of each docking prediction. We then evaluated the affinity of two proteins using the clus-
tered data. As well as the results of evaluation of our software in protein-protein interaction
prediction of bacterial chemotaxis, difficulties in applying our software to the real biological
pathway are discussed.

1. FC&IC

BRI, VSRR—BRICKBEVRVERYFVITF
HIF— 2 OBNEY T I (FRETIR TR+ 5%
AT L) R BRELREY. TOVAFLIE, Ry
FYIFHEY T v 27 ZDOCK BT BRSNS
FRTF—2%EISAZY T UTEREL, XY
BOMBEDRIC DN THEER TR DEERHET 5.

ARRTIE P32 IBNAEY X7 LEREOECESR
WGEAL, MEREEFHE LIsBRIC OV TERNS. MEoE
{LERE L D OEECHEOMENEATEDYD, &
N BROEEBROEL VHEMCE>TWVB D, &
EIDRREEME & LTz, EROEMIRDISAT o A BIERIC

11 BRI ERZ RS R TSR
Department of Computer Science, Graduate School of Infor-
mation Science and Engineering, Tokyo Institute of Technol-
ogy

12 BT ERERR 4L

Mizuho Information and Research Institute

Ry F 2T L8y X5 LA T 5, R >7zm
IZDWVWTHABRS.

2. WREFZE
2.1 HEDOEHE

E. coli 7z & DR IIBREE D E(LIT IS U Tk S X —
ZELER, KOHFELUWEREICBETT 3. BREERER
MUCGEHBRETHAIMEL— X —ICBEZ BV T FIVinE
R, E. coli TIIEICH 1 DEZETERINATV 3.

HMEOEMMC BT 5> VT IVEEIROFEMIIET
KALTDOREBH, L AFIUFF—BEEEEDOZA
DT L 52 b 2ME AR L AT Y VRLRE 25
HiL, fioX OBl VEERERT S L0 S R
BHBEL TS, SHEIE E. coli \CIFET % 9 BOENMYE
RUNTBLZDREQTEBNGLE Uz,

2.2 FE(EICREET 22 NI BDEET—42

X9, MEOECEICEEST S XV EDERKT—
2% PDB 7F— 2 \—XXORRBLTHELRE. chbo



. stimuli

methyl-accepting chemotaxis proteins,

MCP) . MY TId Tar (Asp EHA) BLU Tsr (Ser BAEM) %HS.
> EXFIVFF—E) .
B2 VB{EL, CheY & CheB i) VMEE#t5T 3.
! 3 A )l

C. )l
CheW [EHXVRTH.
TRIEEZ

1 E. coli DIL¥EMITIT 5 FFIRERE

£ 1 FHMERBRICAVWEEHKD PDB 7—%

PDB ID | #&KMKER | PDB ID | HAKERER
1A00 CheA, CheY 1U0S CheA, CheY
1B3Q CheA, CheA 1U8T CheY, FliM
1BC5 CheR, Tar 1VLT Tar, Tar
1EAY CheA, CheY 2B1J CheY, FliM
1F4V CheY, FliM 2CH4 CheA, CheW
1FFG CheA, CheY 2D4U Tsr, Tsr
1FFS CheA, CheY 2PL9 CheY, CheZ
1FFW CheA, CheY 2PMC CheY, CheZ
1KMI CheZ, CheY

T—RICDNT, HARDERT LIcHBELTHEET 71
W2ER L, BRYyFU TR Tol. TDES5KRRFyFY
7% “Bound docking” ¥ FEEN 3.

SEIOEHIIIHNEY A7 LOFHETH 578, RyF
YUFREGRYREL IS, EEROERT— 2D
DHFHD B F> 7 (“Unbound docking”) 135HflIc 5
B IEMROEEN SR Uz,

BRI, 2O 0B8R EDF—T— FRRICKD
BELI24DT7—20D5 5. FlT5E0DX PDB 57—
RICBENDT I JBEMN 10 BAREO/NETEZ 0%
B0 17 DT —% (F 1) ZFELE. E. coli DF—
& 10 #, T. maritima DT —& 31, 8. typhimurium
DF—Z AGBEENS.

HBDIz8, 22T 8 Ry F Y T FRIORE 2Tl
BZHABRTREENTVS ZDOCK RVF—F F— &%
D55, 43DF—ZEBAOIAEEANBREETo7. F
A UTe 7 —2 O DOWTIBISCEY Icsti LT3
LIz OF—2ty MeDWTIREIC TRYF—2 ] &
£iLT 5.

2.3 ZDOCK &#BNEBY X7 LDERA

RuF 2 7FHY 7 by 27 ZDOCK O3—323.0.1)
BANE LT RV RIBDZRTHEE T — 2% D2+
F, ZEDSBY A XBRENEISTE% “Receptor”,
NEWF % “Ligand” LFER., SEIZ, BELE 17 DX
RN EEERT— 2D DER LNV BORET— 2%
FEEL, YA XDKEVE D% “Receptor” & Liz. Kic
£ “Receptor” IZDWT, £ “Ligand” X /37 E L D

HEDYE (17x17) T, ZDOCK lc k3 Ry F> 57 Fil
BR2EE. RyFr UBEREDHNEKIT ZDOCK ©
FIT 4V THB 2000 & Lz

Ric, BENIESRERBOBERLMEICESWT
SRR ETol. RvFy IBNEY 27 LT,
AVN—HNEL, HhDRATDBENTF—REELI S5
Z—IHEEMERICED 2 BETRIT — 2 2 SURRENENE
WEREL. TDXS5TSAZ—IEETBESICE
ZDRUNRTBEROBRENEGVEHET S L L L.

BRIV TAZY) Y TFERHB UTRERD S, 28O
RN B TOMBE/EANRHRREIC B TR BT
WHELTNE T LR ENZY. 22 TSEIGBTiE5:
ERWEISAZ) VT RITS 7.

2.4 HEERNOKRE

RIETEIZ 1T X 17T DR VIR ZBRCDONTD Rw
TEETHT—2ZNFhestsic, UTFOFIECHENE
FRTEEE DORHE %47 - 7z.

BBARTIE, FyFr7B0EY 25 LOGHANAEE
Ry F I FRIE L HEFRRHEREICDOWT, %E
CEREBNTVS. 207, FyFr o /FilesIEN
C LTI DOV T U BERED L1, 7S5 A%Y
VIREROFIRAAEN R B mhH 5.

(1) 2000 DFHIT— 2 ZHERLIEICED X BT
TISARVVTT 3.
(2) IIRZVIIRERRE LICUTOHETR Y
B BES % M E R RES 5.
o BITGAZ— C; FDT—ZIZBWT, ZDOCK
KEBARAATHBRRDEDERET—2 LT
5. REF—RITDONT, 2000 DLBEHEF—
Z0 ZDOCK RATICMNT B Z %R s; & F
B. JIARZPR N LTBL, Ci(1<i<N),
si(l<i< N)TbH3.
o BYFAR—C; DAVINE|Ci| lIEDWTERN,
N DT SAZR—RTDERA YV N—EERE
M&UTEHE L Z{ER m; &5 59,
o m; NEEm* KOKREVISAZ—DESY
Creds. CricEEnNs7S5AX—DREME
s DB, BAERFHEEE L3 5.

Cr=A{Cilmi 2 m"} (1)
B mazx s;, 1 € C1 i C1# ¢ )
0 otherwise

(3) UEDESICULT 17 x 17T DRVIRTVENETIC
DUWTHMMEDOFEE E ZRE L%, EHRIE
E*Plbeaa 220 B0N%, HEERTEEEH
ET 5.

FHEEERTIE, BIfEm* % 0.0~3.0 £ TO54HT, B

fE E* % 3.0~10.0 £ T 0.1 XA TEELT, B85 A—

ZOEBEDRIC DN THER B L

3. #® g

3.1 BHINhIBEER
K 2ic, FMECBIZBEmM* 2 0.0, BEE* 257L
UTBRC R SN HEERERS. ThSDRS5A—4

72‘7



@

(b)

YA [Tar [ Y F0M[ Y [ Y[ Y [ Y [ Y] Fid[ Tar | Fisdd| W[ Tsr [Z [ 2 A|R|IW[Y | Z ] Tar [ Tsr [ FliM
{1adlo)Che\ % » * CheA [ * [ - - -z = g
(Ib3q)CheA ¥ % ¥* 3 i » CheR - |- -
(1he3)CheR i i3 1w ® * * » CheW | * - -
(leay)CheA " % 2l * CheY |2 * [* 1% [-]- -
(1£4v)CheY - * Ik ¥ | * CheZ fll - -
(1fg)CheA ¥ Tar N Fr | % pe
(1fs)Che A = ¥ I I B %
(1Hw)CheA * E2 FInT E3 E3 £3 rh
(ki CheZ R ¥ FETE TR ¥ TR ¥ e
(lubs)CheA | * L ®
(1u8t)CheY i ® S A L3 (g)
(1vit)Tar L7 hd
(2b1)CheY = ol Bl
(2ch4)Che A B * £ [®]= % &
(2d4u)Tsr * * ® * + | *
Cpl)CheY [*F ¥ |7 ¥ *
(2puic)CheY * * ® *

B2 FRENEZNRTERBEEER. ()17 x 17 O2BEBEDRICHI 2HEFHATFARE. FRl
ENTRELERZ*EAITRY. (b) XSV EOMBET LICTFRHRREL LHIbD. (c) FRIE
NIRAMEESFRDO—D (CheA~CheZ) ICBIT 3 FHlE iz Ky F> Jiil. EfIA CheA,

AN CheZ TH 5.

fEld, BHEREROEMRBER L BEEROENEKRICE T
ETH3.

X 2(a) i3, 17 x 17 DR TOEAEDRICT DV TORH
WERTHD. EEREEDE Ry BRI NENE
BRI TRLTVS.

(b) 1, (a) BRI BOBECLICER LItDT
HB. (a) ITBWVTC, —DTHLHEEAMEHEhIzER
BORZHEEL LTS, HEKOIEEENMESh T
BOEBEDELED T, ERICHEERANREREENTY
SHHAEDRE (a) LEROEROMHENI TR L. EE
DHEENTERINE, EMENCHEEROTREEN TR E N
TWAHEAEDLETHS. TDOXSEFlD—DL LTHER
CheA & CheZ DRy F 7 FRIKEER (c) DK S IcE>
TWz. BIRFE T CheA & CheZ DEEERIZHERE O
TWEWAY, CheA @D short form T35 CheA, & CheZ
CHEFRAT ST EDMBNTVS. CheA, & CheZ D
BAICRELEINS Cys BESD 2EETRLUE.

3.2 HEFAMRHOREE

31T, BIEERERVFI—VTF—ZDOHEIC Ry F
VTR 2T R LT B O i REE S R 2 R
7. WRERE LT, BUEDISAZY VT RTDT,
ZDOCK @ 2000 fEDHAID S BEADZAIATICDONT,
2000 {EFEDHFTOD Z fERFHEEIC LT T— 2 & RLTW
% (¥ 3, “maxscore” T—XZF) . 2(a) DXAER
ERELIEEEEZERYE, ThUNOBEERBEL FHIL
TEEzBEEEE UTEHE LR F ETHERRN:.

ELHEROBERTIE, BEmM" =0.0 & LB, Zh
ThODZINTEOHIBEDLRITDONT E* = 7.2 THE
ERTRE L ¥IE LIRAIC F EDREKA (0.32) otz
FHERERIE G A T2/35 A—ZDEIC X > TREBH, %<
D56, BE E* =6.5~7.5 DBRICEVEERB TV

NVFR—YDERTIE, FEDE—IHBXDERHT,
m* =25, E* =78 L LEIC F ENEKA (0.44) I
ol iz, EEMERICHNT, WREREL DBV
EzRbhaEa b o/,

ZODOF—2Ly bT, BEDEERBLNS IS A—
ZERZEZ> TV BECHHEL THEEEDRBERS
bNBINTA—RLLTE, FIZREm* =10, E*=175

Chemotaxis proteins data.
05 T T T T
m' e 00 ———
maxscore
04 |
:
o
£
[
Threashold value (E*)
Benchmark data
0.5 T T T T
M =25 e—
0.4 | maxscore
g 0.3
]
€ 02
o
o1
0 s L L ' s s

3 4 5 8 7 8 g 10
Threashold value (E*)

3 RuFrIisEy 27 LOWEEHE. HicEeER 17 x 17), F
IRV F =7 (43 x 43) DFERZERT. HERAHEIERXRHO F
1, BESARESERHERIT - TBROMIE E* T%%. “maxscore”
ELIT =R I T A2 VT RTDREVNRER.

DEAETHELISES, ELERTF#0.24, NXVFv—
UTFE036 L7553,

4. E ®

4.1 BRHEThAEEER

FHRIETh7ZHEEROHICIX, CheA-CheZ, CheZ-
CheZ DEED X S, EMENFBEIDZLICHS D
TRENEDD, #EETEHHREESRRINTVEEDOH
FENTWz (K 2(b) DEVEEENIERS) . HIXIE CheA
O short form(CheA;) i&, CheZ &AL, ZTAMKMNIEA
EBOTRIS DD Y 7 F IVRESIEZ1T > TV B ATREMED
BEINTVE®, Fiz, CheZ ZEZDOAY dv—%TF
FXL, CheY DV VERLIREED & b WL HIEZTTS DT
JFEVHEEVDNTVSEY. EEITIIR 2(c) KR L
CheA-CheZ D B+ JREEEFE, CheA, A’ CheZ &
ERTEHEDIHBELEIND Cys BEOMBLIZDLE



BN, TOBERHFEAIC L TEBICKEET 2EAEE
EZFHT R VI EHELEILONS.

SHBIEITDES %, FuF T eBNEIc k> TGREE
NIRAMEEVEROREEC DOV T & B AN TR 217
Wiz,

4.2 RBEOVTFIVEERNDBRAICH T BRIES

EROEYRIC Ry F2 TBIEY AT LRHEHAT 31
B7zh, LTFOXKS AREEN D> Tz,

F—2DREM

FREQHRBREZINIETH>TD, TEKD, £HL
, FHER, BREDBVASD B9, OB
£o TR, ThHDRMGEEEICHHEKL TRITNSDOT—
2EPRET BRHENDB. TDD, BMNAHRERTHEE
VEFRIEDIREL 5% 2>/ ED PDB KiET— 2 24
HB T LIFBEE TR,

HEFRREBEONERRE

HEERAMRHEOERICONT, M3 TiESEEED
BRYFVIERHLUERICE, ZhSN0OEAEDESE
FRILIZBRICIZERE L, FHME (FHE) ZRLTWVWA.
EEERITDONTIE, B & LIeFRIDfIc, EEic
BHEDEETH S LEZ SNZHEFEDEDNEZLEEN
TWB7d, FHREERINYFI—IF7—Z LHEBL TR
{ZE>TWVie.

ERRICIE, REOHREZURZETHNUIRIOESE
HROZ VI BTH> TERERTETH 2R H5.
LAL, SERAVWET—ZtEy MCRERSEYERLER
FIZREMNBEEL T zlizh, Ry F U FBIUIEY X5 L0
HRESHEDOBE D 51F, BRYF VLN BRZBICERE
RAdcemitdiz.

—AT, FuFrI7%0sEeHH L ROEEEROR
REVWSEHZEZ R L, MHRET BT —ZRITDWVTODEE
HOOMEETREMZ IR U T, BIUEEY X5 LK% 3
TEHHEHEE L.

=EHUEDE VN EERE

SEIOFHTTIE, 1R 1DRISVEDRYF TR
RERL, ZDOLUEDR VI ETHERENIESKEE
BLTWaEWV. LAL, EEICHEELTVWAE XV I\VEE
BRI, ZBEUEDEDEZV. SBRIEICDESKE
BIEWA D EDICFERIET ST ENLEELL

BIZE, H222R7EBOEBEDBICDOVTERL 1
1D Ry FVTFREFEL, BDOZISTELOFKTF
BHE Ry F 2 A EH#ET B LV SHBEIEZI BN
3. TORBICKD, HENC BEEPERT 5HEEEH
X, ZBHRU EOBEERERR LB X2V BT ER
AL TFHRITE, SRR \OISHAEEEZRTS
TEMNTES.

4.3 HEEFANEHORE

L, RyFUIrFRIZEROEZ 7 ERMEER
DFFFTICBNT, EROBESRER ERICTRITS Ry
VIR E, BROE I EDEFIEDED LEEER
DEFEEZRE T 2 HEMERMNMRHEED IR EAT
&=,

FHEFERNT A—RICB X 3D, FyF o FRHEETIE
UA—REREBITRARZV VITHREETHB LV EE
2RO U, MHEMFANREMETIRERS TIRET
BHEDIES DEEDNBVEVWS EERBTVHBEY.

TNEDZDOOMERARRKFOEEEEDLEZ BN
5. HEEAXMORHICBOTIE, EEEERFRICEL
X0d, EOBEZDDRINVEIEEER LT VN
LWV FREOHIBICE SR BV FEORBAREIC K
5LEbNnS.

SEHRR UTAIEEAN ORHFERERZ, EEEREAY
FI—IT—2LT, BOREERBLONSIHE/ S5 A—%
OEEN - L ah o7 T—2tEy FARLKZEETE
ONA MCFIHTE SRR FECOVTEERLTVL
EhH 5.

5. & B

HMEOEEICEET 3 17 DEEERT—2%28 LI,
17 x 17 DB EDEOF N SHEERT S Z I\ V8%
BT 27075 LEERA L. 27 EO KGR
R 2 A IV 2 FERSBREERHRSED—D
WS35 LHRENS. AMENHEADIGHICEL TIX
—DDRYNGBICZDULEDE VIRV BIREET Bx
L, AVATLTRBEL T TR EE L 125,
R 5h b EIFR R EBEL OB SEE RO
BEMEREIS AR EDHRBEHIEZI DN S.

HEF APERO—EIE, CEHEEEE IRIEREME
BV Ial—varyV T MU T OBIERE) OXEI
KOEBENTNS.

2 £ X ®

1) ARETHRST, MRS, RS2, LR 220 E
FHEEFRTRIOIDD F v+ FHBIEY 25 L0
FA%E, 35 13 BN T EIREH RS TRE, BIO-13-5
(FIF5E2%) (2008).

2) Falke, J.J., Bass, R.B., Butler, S.L., Chervitz, S.A.
and Danielson, M.A.: The two-component signal-
ing pathway of bacterial chemotaxis: a molecular
view of signal transduction by receptors, kinases,
and adaptation enzymes, Annu Rev Cell Dev Biol,
Vol.13, pp.457-512 (1997).

3) Matsuzaki, Y., Kikuchi, S. and Tomita, M.: Ro-
bust effects of Tsr-CheBp and CheA-CheYp affin-
ity in bacterial chemotaxis, Artif Intell Med, Vol.41,
pp-145-150 (2007).

4) Mintseris, J., Wiehe, K., Pierce, B., Anderson,
R., Chen, R., Janin, J. and Weng, Z.: Protein-
Protein Docking Benchmark 2.0: an update, Pro-
teins, Vol.60, pp.214-216 (2005).

5) HEFEST ¢ X R EREEERATFRIORHD Ry
FUTRIEY AT LOBMFE, BERITEAREELIHIRE
#3C (2008 £E 2 A).

6) O’Connor, C. and Matsumura, P.: The accessi-
bility of cys-120 in CheA(S) is important for the
binding of CheZ and enhancement of CheZ phos-
phatase activity, Biochemistry, Vol. 43, pp.6909—
6916 (2004).

7) Blat, Y. and Eisenbach, M.: Oligomerization of
the phosphatase CheZ upon interaction with the
phosphorylated form of CheY. The signal protein of
bacterial chemotaxis, J Biol Chem, Vol.271, No.2,
pp-1226-1231 (1996).





