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JATFNLED D & EDOFKILT & O 2 T WHMEMN T X/ BEEBIZHENED LS ITELT 0%,
HAMDRFPLXLDEE LS TURLE, EOERBIZONTE, 7/ BELOZET
B LRI TR D TERRICEATWD Z ERNbnd, £z, 4 FEOE RR O & i
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COREFRDIZOIT, T2 BEWRICHE S FEREOD L L2 HFARIZBIT 505
TOREZHK LT, K332 vy hLTHIZ, BAEMY VY F—AIZBNTHED P LN
IRVEREL TR, FBRAEBIC L > T L EITBMNEZ 5 2 Li3d v, Zhid, 7oL 2B
WAL CH-THRILTH D, T LT, BAEMTRELDLWTWNDEMNLT, FRIEELIZHE
T BEEODLENRKREILETE D, HDOWTE T BB A THERND,

13@vAL

B3-1 Ebr-YYF—LDOIFEE

TI/BEBRICHEIPLEDERILEFAER) Y F—LOPLE

: 0.6
RN <
04 o
o
c
©
1.2 A A 1 0.2 (-:.)
3 I '\ A | c
> 1 I W WARAINMa? 7 NA 4 MVRA 0 %
2 I A g
Z 08 V —o.zu_‘sj
<
WL ) SAYIPEIAl]
g0 WYLV W VT
E 0-2 Il Il Il Il
0 20 40 60 80 100 120

Residue number

3-2 FI/BMEBRICHEIEFORLEOEL (L. AER) EFER)SF—LIZETIHRFD
WoE(TF, EBE) . FLONRT, 4 ODERMY V' F—AZONTRLT,

14



TI/BEBRICHESPLEDEILEHFERICE T HPoEDEREEDHEE

0.50
® Y20A T52A V74G ® V110G
@ 20 © 52 074 @110

< 025

[

En .

® 12 .

< °

2 0.00 ﬁ@«r -:w v -

'-g . ‘e % . L . .

© . 0%

3 ]

S

2 -025

-0.50
0.20 0.40 0.60 0.80 1.00 1.20

Fluctuation (A) (wild type)

X 3-3 PI/BERICHESEFROEDEILEFAERCETIRFHLEORES LNDIEM

1 ODOREPAFEEOERIY V' F— NIBITHET I BERKICINT 5, BRUTLIZH
ST LTERLTWS, BTHERY L-MIFER SN T IV BELEOT — 2 2R LT
Do

4 3-4(a) 1%, 7 X/ EEIEHIZ X 2 FRAD7Z2 SRR S O IR AL & BEEEALIC BT 528k &
DOHEEHT-ZLOTHD, Fay b LR EIE, B0 “RiEEEZR L TS, R0V
a7 AR BIEICE ENDEBEDOEAMIT—MRIT/NE L, RE S EBIAAEM L TND

DIINV—THEIRTH D, TITITEHN 2 AREBRELZLT L2560 H 5, EERNZE L JRET
ZEAEICiE, RFTE LR RE SN e & W00 RMEENHL L9 THLIN, 1E-o% 1
EL7ZHDOTII R,

F7o, K 3-4(b) TiX, BRI EE TOT I BREBRIMOEILEZDD 5 E DL
DB Z PR ThIz, BEBAMOPHEDELNRE WEBIATYLT L FFIREEN K E <
BALLTWDE DT TR, IFEAEHBENA LN,

DI 3-5 121, 7 X BREHUCLE S BRI IE ORI & R AL OB Z R L
72, Val2, Val74 (w~7€§ﬂz) L Valllo (o ~VYU v 7 ADHEEA) T Arg, Met, Tyr HD KX
TR BICEBR LG A IR ERBA O 5 TR KL TWbH, Va2, Val74,
Vall10 TlxZh < 10 %iuxw%?ﬁ&ﬂw%%mi INGLSNOT X BEA~DOERTIIPHE
MRELBENT D LT, LoT, —RIC, ZEEICL LT, BEANOPH EDE
BRI 5 T BAR DRI AT R TR E TR L LAHE VTRV, Sz X9,
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T3 BEREBLC ST S EEN T OB EEL

~
o
~

2.5 T T T T T T
a o+
* B
loop %
g 2r * ¥ T
o *
3 E3
2 o N #
24 " o N
3. * ®
E 1.5 . -
o +
- KK me
] 3 -
5 . Ko [
] 1F + o+ ¥t N ¥ |
3 * ® ke ok
= R+ +
e ® ez #7TT x¥ ® +
3 e ETER *
T . X
2 e L K ¥+
w05 %, * - * + -
k3 5 ¥oao¥F *
£+ +
1] 1 | 1 1 | 1
0.5 06 0.7 08 09 1 1.1 1.2
RMS deviation in static structure (A)
T 37 BEEMEATI B D R TE (b & ShAOIEZE (LD FR R
07 T T T T T
o +
p
06 - . * loop #®
*
z 0.5 F -
§ * * *
3 04 * A
8 " *
b 03 o —
&
g o2f £ it . . . E
-t + * *
o ¥ +
g 01 - R * o ® E
= E3 *
g oo G BE e ok *
[3] 0F *p o+ + + -
c L S FiTi I PR LIRS +
g + * + o+
g 0t ® + + F k¥ 3 |
g0 -
3 + ®
-2 B
03 -
*
04 1 1 | 1 1
0 0.5 1 1.5 2 25 3

Structure deviation at replaced residue (A)

H3-4 BHHLAEEDEHRNELLBAHUEILOHEE () BIURMILAEEDBIMEL
EWLEDELEDEBE (), (a) BAM LY I /B 1 FRILEHIEDOSAREEZ EHF IR L
THEHAGDY, BFALED 2 REMZRD T, 5Fa2EICR L TR Lz jEz 2 fmagZit,
EHENLIC BT DR 2 WP L E LT, TOMBEZR LIz, (b) EHEIBALIZISIT 5 &AL

(RPATEIZEAL) (SR D EHERLOW b EDZ{bZ 7 1y b Lz, &7 I/ BRIEEIT, Th
BIET 2 KRG L > TR LR FZ N T Ty LTH D,
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T I EEEEEA BT D E ST
0.7 T T T T T

o +

06 - ® + loop  # ]
" S-Sbreak =

05 | -
04 | " + "
03 | -

02

01+ m B T AL s

o LT T > S * |

Fluctuation change at replaced residue (A)

0.2 - B

0.3 - B

0.04 0.06 D.08 0.1 0.12 0.14 0.16
RMS of fluctuation change for all residues (A)

3-5 PI/BEBEHRICHESIDLEFDOLEMEILLBFAMZELDIEES
BEHARIZONT, BAER L DD H E DL ST 2RITK LT U7 8 (Bil) & @& B
2B DL X0 (th) &7 my FLi, 1 208D 1 DOEBKY V' F— ATkt
JT 5, AEBRHE, B O RS L > TREEZZLEZ TR R LTINS,

ZHOLTT I BEBRIZEDPL IO EARTS DL, TNUNEEMIICBEICEZ S
VNI DT TIERNZ Db D, LA, BERNREIEZSIESEI LTS EFZ LD,
I T, BRREEN EAR LD TH DN LNIT D720, ERD T &IsH L TH
776

X 3-6 1%, FEHAY V' F—LICBITD 130 FEOD L EDE(LEE 130 RITDRT Kb
TR LRI L, TRTOBEBREEZERE L TERD O EIToTRE R LD TH D,
MEHE CTEE LGS OO EOEMD ERFITERE DT I/ WIS (Argdl, Asp87, Argll3,
Argll9, Argl22) ORERELICHIETON TN L7z —27 Lo TR, T2
DOEAERAFEIZ 72> TR (a), ZHUSH LT, EHETOREEBELIZDL EDOELD
F5y (b) THEZ D LicE—2 R 720, EHEBEEDD S ERRKE VWL DDA <
SEY LHENTND, BEMIZIE, RO LI BREFAKRESDHNTND,

A: B-rich KA A L H® loop fHIE (62~76)
B: o-helix % 272 < loop fEiK (100~104)

C: a-helix D% -+ 1loop fEL (113~116)
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D: o-helix % 27¢ < loop il (117~121)
E: C K loop S (125~130)

ZL T, 32DFEHSIE, ZNHHMOP L EDRK/NDOMAGHOETRELTE D,

A B C E
1% principal comp.: + + + 0 0
0 0 - ++
3" principal comp.: - - ot ++ 0

B EMSIE. o RAAL U E B RAL COMKIREIZ TH D, & 2 BRkTIE, C Kind
RERDLETHDH, FH 3 LS TIE. B RAAL U EENITADWNE HL—T(100~104) D
FEDIMZ O, C UL DAL= RRELSDPLSEE TH D, 29 LI, 73 /72
EHUZ L DD 5 XD, BN ELICEZ 2 60D K0 b, 5 1~ 3 EfHyTERS
N5 LD REEOMALGOE CHEAMICRBITEZDZ LZ2RBL TN,

ETAT, THHIT I FRERERS 3R E R &, TR TOBEBREKD T — X ITk$ 25 EAL
DOHTTH D, SEEIEEWAMAIL, 77-95 D S-S fEA YK 5 E# (Cys—Ala) 12 %, o
H O —ODOENLTT IV BREHR LI LOTHD, S-S AW, Yk Lisn @k & idk
ELERLZERTRINTETED, EAbERE, 1VEREEREOT — 27215 2> TRLT
IS EDENDER D N EIT> TH:iz, LinL, RERERIIA SN T (K
U)o

B 3-7T 121, 7 X/ BRERIEDOD S XTOED LR EDO %R Ui, SEHRIEOHE 1
BLOE2 ElmEE 7 ey b LTz, BAERO N2 —0F, MIHREFETEDP 5 E Tl
FRHMED AR DURNLET D K O BRFFRR D TH 72 (o), FHETFOPH EITH
L CIEBEARONEE D72 (b)), AR EF L X 9 720 b &% K-> TV % mutant group A
X) IZBWTH, EHODL IS MOFRMATICHLONATEND, L LERTDOW
5B U CEAERDL FIZRR A 72 mutant group B (*) (2B W T H RIEEZREAA R 55 D
T, BARICRER 2 E TIE R0 d L,

X 3-8 (ZiL, AT D5 X OB OB AR L BB DA FE R AR Uiz, 158
ERAR & B AR OB D75 & BALERE DWW 5 & & OB Z KBRS LT 1 RTic7e v b Lz,
FR D =X (BPTI DX 1-1(C)Zxt T D X)) DIt EFE A2 ka0 B CHEDEDL— k
TEl-> THEIEL7=b D (Wb 2/HEMRE) OZE(ER)E . B L LaWisHEo £ £ ol
(FEDIZOWT T ay b LTz, BAENLZXO TFTOHFIZT T 7 LR CEAD R TR Lz, BRI E
OHBEANLIAIRE NS OBRATRLTEY, ZALSOZEM T, FHEITHE KXk

ST,
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(a)

EFAERY S F—LbD B ELT I EERICH D DL EFOELOERS T

1.2 T T T T T T
1-5t
2-nd
1k 3-rd -
[T —
08 -
06 -

<
- 04t -
g ‘ i
g 02 l K I -
) el U A Figso .J‘ V k [\ "
02+ —
_0_4 - -
06 1 1 1 1 1 1
] 20 40 60 a0 100 120 140

Residue Number

(b)

Main-chain Fluctuation (A)

0 20 40 60 80 100 120 140
Residue Number

B 3-6 PS/BMEBRICHSHOEOELDERS A
AR 130 BT 50 b EDOBLEE 130 IRITDRY hLTF—F L Hp L, TTH
BEIREIEAR L U CERS O ZITo72, B 1. H2, H3Tm e, EERyOBRfERL
TWb, (a) BRFOPHE, (b) EHREFOHOD L EEZBRE Lok,
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(a)

Principal Compornent Analysis of Fluctuation Change

1 T T T T T T T T T I

wild type  +
o mutant group A
mutant group B ®
0.8 | o mutantgroupC  © |
other mutants
o]
o]
06 a B
o
o . *
x - -
- 0.4
T
=3
(5
£ 02t -
o
o
=
Q
o 0+ e
w
-0.2 - + B
04 + _
06 | | | | | | | | |
-0.8 -0.6 -04 -0.2 0 02 04 06 0.8 1

First Principal Axis

(b)

Principal Compornent Analysis of Main-chain Fluctuation Change

wild type  +
0.4 | mutant group A B
mutant group B *
= mutantgroupC  ©
* o a g other mutants
02 = -
2 or 1 8 |
x o
= o
g
o -02F B
£
@
=]
g _G 4 = -
3 .
w
-06 -
08 i
-1 | | | | | | | | |
-0.4 02 0 02 04 0.6 0.8 1 12

First Principal Axis

H3-7 73/ BEBADOPLEDEILDEMSIED S
BHEBEOFE 1 BLOHE 2 TRl EEZ 70y F LIz, @ MEHRTETEDP L DTS
A5, (b) EHFE T DD H E DTS5,

20



NhIALTP ——
05 | 1ip2G48A E
1di3R50G ——
1ckhT70V ——
1gb8V74M ——
. e s a ThniC77A

1IjP1036 ———
x 1 1 1 | 1 1 1 1 1 1 1 1

10 20 30 40 50 60 70 80 90 100 110 120 130
residue number

(b)

1IhIA4TP ——
1ip2GA4BA
1di3R50G ——
1ekhTTOV ——

05

1gbBV7AM ———
« 1hNICT7A
1IhjP103G ——

I on & &

1 | | | | | | | | | |
10 20 30 40 50 60 70 80 90 100 110 120 130
residue number

H3-8 RFR7OPLZFOHEANDHFLERLEZRERDE

1 RSB HA L B AR OFBI O 78 & BN O H & L OB Z K FEIEICR LT 1 Rtz 7 e v
N U7z, #HBEO =AK (BPTI DK 1-1(OIZXIET 5X) OIEXAER %, xHAMRO B A OE
D— N TES THIEE L2 b D (Wb 2HBRE) OZE( LK) E . B LR iExHE D F F
DIEDOE(FEICOWT T r Y b Ui, BAEMNEZKO FOHIZT T 7 LR CADR TR L, &
BN & OB IR E VW E ORBATRLTEY . ZRUSAOERR X, RS E Y K

ERGAY/Ael
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4. RS2 VY BRI DL

ProMode (27 —# RNERMINTE T, AWCHRAZRZ I BELEEND L IICR-TE
7=, & Z T, ProMode Ti%, SCOP <C[d] U superfamily (ZJ& 9 5 & 7 7 H Z B\ MIHAIR 72 &
VRIBERIRL, FNOLOHETHZ LIk o T, U EOSARREE ORI, Bk
WMERND Z L a2RAT, MR 7ol T, ETR_ZEH57% 1 ErLEEOT
2 BRER L TR . BRI T 4 RIZEARICEICW A b oD, TR BRECAIE A
RO BRRDZENHY, T, TIBEEOFEA c RELHDHZ EnD, Wil a2
2\ %@El%?é&woﬁnfi&< 9 LRREMZRRENS, HFEZ 7 BT
BEOLIRWEES, llx DX Ry BRI tOME R R0 B e TR 5 HE 7
EICHEB LT a2 Th s 9,

B4 4-1 1%, FFZ 37 B % el U7 R %2 278 L7z ProMode O O—FITh %,
DHEWZHIFE 722 > 87 B ASH EMEEND Y 7 R afio CVAESET 744 A ML, £
N> TRFOMNEBODLHE, BLIOHADDLEZ—2>D 7T 7OHFIZHRKRL, g
TE DX LT, MEROFHFISAEMEDO I T <, $ b E L) BIFRHEIC OV T,
HUWIZEITWDESy, B mbnrs Lol lic, 77270 I, 73 /@il e —
UGS R L, kG L ORE, 7 BRI OEW & O EEARIAENTRSL Z &
NHIkL X 2L,

F 410D 4521, AWIHIFEZR # o8y B a2 e LT3R % 5 FilFIZE Lz, & 2 C,
ZZTIEET, WEFHICOW TR, ENEND superfamily (Z[EA OFIHIL, KO L
DR TG Z Lzt b,

fRIT 3

1) fH[FE & ™7 E
SCOP D SLARKEE /7 FH TR U superfamily (232 & O &R R & X7 EH & BIp LTz,

2) NKHERET T A AV B
7w 77 2 ASH(Toh, 1997; Daiyasu & Toh, 2000){Z & - T, FHIA R & > /N7 EH O SARKEE~
IWTFTI e T T A L NEIToT,

Toh, H., Introduction of a distance cut-off approximation into structural alignment with the
double dynamic programming algorithm. CABIOS 13 (1997) 387-396.

Daiyasu,H. & Toh, H. (2000) Molecular evolution of myeloperoxidase family. J. Mol. Evol. 51
(2000) 433-445.

3) @) R A A DOIRE

) R A A COREZ, FEF— FIZBT 2#EDW 5 X2k L Tid DynDom (Hayward &
Lee, 2002; Hayward et al., 1997)% 72, £72, X TOE— FORFFEPEENBHE LS Ca
JFRF~T7OPHEDOMHEL S LI, kmeans VEIC K> TT I VKA 7 72—k L, £h
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B RAALEEET DI EBITo((FESM), FiE X ProMode TAB L TWAEIK K A A
VTCTHDHN, BT RITLIWZRAAL VUNERINDTZD, HEOX X T H 2T 5D
THFEVESRNWEEZ, BEOHETERSINTE RAL X > Tl EITo 72,

S.Hayward, R.A.Lee, Improvements in the analysis of domain motions in proteins from
conformational change: DynDom version 1.50. J Mol Graph Model, 21 (2002) 181-183.

S.Hayward, A.Kitao, H.J.C.Berendsen, Model-Free Methods of Analyzing Domain Motions in
Proteins from Simulation: A Comparison of Normal Mode Analysis and Molecular Dynamics
Simulation of Lysozyme. Proteins, 27 (1997) 425.

EHTER
5 2O superfamily (22T, ZFNENROFEREZ R LT,

1) VRGO ERG DY (X 4-2, 4-8, 4-14, 4-20, 4-26)
FRANZ2AEIE I D 726D ASH Z A S T2 NLIRRNE T T A4 A FORERZ  &I12, SRS
DEREDEEZITV, FBREMR LT, TNENDZ R EER R HATERRLTND,
F7-. SCOP TO/¥EMEH Class & Fold D itk 7~ L7,

2) TR BRI, kAN, FRIEDORMFERE (K43, 49, 4-15, 421, 4-27)

72 REcA & TS A XA L2 PDBsum ()OO E o — Lz b O a it T
FefiylL, &7 X VBEEORFOREICL > TESITINTEY, REESNDERAL, AR
LTV DOND L DI TS, £z, VAV FEAEMRE LR RINTND,
EBHIZPROSITE OF —X13H 5 HDICHONWTIE, BIREDTFT—4 biBN#E R Lz,

* PDBsum http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/

3) BWTOMNEBEODLE, “HADOWDL T OkEE (K44, 4-10, 4-16, 4-22, 4-28)
FAowbLE, “HAODPLED T T 7%, SHEHEET 74 A FORERIZHEN, xS
T HFRIEDBE CALEICS AR ITHiE L7z, ZHUZ L - T, AWICHERZ X7 DT
DPLEDOHRMDOENE LD Z ENTED, iz, KOO, ViEkEEZERGDER L
TOTH (HHEEOEN) bFRR L,

4) BIF) R A A (K45, 4-11, 4-17, 4-23, 4-29)

CaD@bEIDHEZ S LT, BN N A A U ERDTFER A LIRS RIS 1T L THRR
L7c, tHREIZRZ VB THETE D L), TEDHRTHIET D RAAL URFE CAIZRD
EolconiFiz, L, ERINTERAALAUBRHEIY o RX7EBRTHT LL Uo7 —#
T HDTTIEARVO T, AOREITRITHR TITo 72, L L, iEEEREbETHRD L,
A USEIROER Y b, H@EPER L2 TE 72,
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5) L IO~y S LB R A A 2 (X 4-6, 4-12, 4-18, 4-24, 4-30)
CaD@bLIDMEZ S LT, BN R AL UNERINDEET 2 BKMITRT 720, RED
IR NI E BRI OB, M~y T L RS L o TERINTZ KA A ONLKHE
ELETOMEZEST L TRLTE, £, [ U superfamily NOTXTO X X7 HIZIHG@E L
TIEDOHEZ L ORENT ., HDHVITAOHEE L ORI T 2T L CER LT,

6) HFEDFEIERTE— R TOE R A A > (X 4-7, 4-13, 4-19, 4-25, 4-31)

BB RTEIZONT, RIREIE— Kb — D%, £ DOEHET— FiZxt L T DynDom T
EFRINTZ FAAL Ol Z | SEREE RIZ6ES T L TOR LT, EARMIZITRE bIRWIRE & —
RZiE&A 7223, DynDom TIX RAA UMERINLWNWZ ENEL (FOHAIX. &R —D
DRAALVEEREINZELEZLND), TOHEICIE, 2FBUBROKIEST— Koz
LT, £l2. RAAL VIO EE 2, SHAEE L AR LIzt E05FAMbER LT,
ZZTRLEKIE, ProMode ETRRSNTWAOHEFRICHEDTH S,

FER DS

5 D® superfamily ZH#L L T, L FOEBH LN >T,

1) ZREEENOFFOPH IR L TS WD, LA D & REWERL, /NS WEMZAH
Do a~UyZ 2L, ZHADDL T T RXTORET/hIS WD, fEE LTIy &
FZAbI, WAL 2P EEDORE &iE, FOHF LTI WERALD LA EE S v, 1m0
LD S < XD RANREB Z KL TWD &EEXbND, — . BHEEIT M A
DPHENRRKREL, RDLNY, ZOENITFEF DD S ED/NIS VDL, HEANENIZ
WEZHED RS2V E S ITHMAICEIK 2D TH A 9,

2) ZIRIEEDOW B E (X, MHRZ X7 ERITIE, EENICHEEMICHE L LTV,
=TT DI « RRBHLNLDHETH, ©HEDORE SITHE D BT
VW (72 & 20X, flavoprotein @ 1qr2A), —J7, A— 7L, —KICD L ENKEZ LV, L
LEZEDOREZSE, AN RERZKMLT, ERENOZ o RITETRESERD,

3) CafflD b XEDMENLER I RAL X, RAAL ORI, MFEZ X7 B
TRV ERDD, ZOFEEHSITIS —H LTS, HIZ, oI HITL>Th7Rb
HEpDMRG 0L, £ 95 LIEESITERENDZ X7 EORMENR K STV 5 5y
EEZDOND, RAAL AT LT, MELERGDOERMNGZ 9 LeZ & FAI
WO, b HY LERNZRIFNEEZE 2, BEFHEZIT O LE S D,

4) il x DE— FTIE, FUCE— FEZRLEPIIET D E WV DT TIERWOT, Higd 252

SIFEEL WV, L2, WCE DI FAS UNERSI, R XKD 7 FAA R OFE )
ZATOF— RPHAILHLND Z E BENTH D,
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PDBj {Pf M d Enter PDB id: | Chain: [ _Search |
o ro O e Search along the SCOP classification. _Enter

Database of normal mode analvsis of proteins

Comparison between proteins in the same superfamily
SuperFamily:SH2 domain

M 1:1ayas W 2:ilcsya M 3iidata M o4iimil W s:2plds. W 6:2pna

% Fluctuation of atom positions © Fluctuation of torsion angles

Execute SuperFamily List

5 — l:ilayad — Z:lcsya F:ld4dcd 4:1mil S:iplda — 6G:idpna

\ /\‘é\/ //\JAAM/\&/\\ /ﬁ{ﬂ\ ,/\»\

S V- DL o e TH I TR <A

BE.M.8 fluctuation {A)
-
[

————————— B i e it A e i i T e it T
1:layah ---------- MR-R-WFHPHITGVEAEHLLL -TR-GYDGSFLARPSKESHP G -DFTLSVRRHGAVTHIEIQHTGD -¥YY¥DLY - - -GG - -EEKF ATLAELYOY¥YHEHHGOLEEEH-GDVIELEYPLH - - - -- -
2:1csyR GSRRASVGSHEEMP -WFHGKISREESEQIVL - IGSKTHGKFLIR][RDN'NG——EE%EEEE;{EGI%S'E]?[?%RIDKDKTGKLSIP———EG——KKFDTL‘WQLVEH -¥SY-KADGL-L----RYLTVFC-0OKIGTO
Fidd4th --------- HD]lV]l—VIHGKISRETGEKLLL—HT—GLDGSYLLRDSESVPG—VYCLCVLYHGYIYTYR‘JSl]TETGSWSHET]lPGVHKRYFRKIKHLISﬁF—UKPDU —————— GIVIPLOYPYEK-----
4:dmdl  ------ GSQLRGEP -WFHGELSRREAEALLOQ ----- LHGE%EEI‘;ESTTTPG E;&E%EEESGES;{}%EEE&E;E G\el’\el’l%TK———D———HRFESVSHLISYHMDN'HLPII S]l GSELCLQQPVERKL———
5:2pldi -GSP----GIHESKEWYHASLTRAQAEHHMLM-RY - PRDG]LFLVRKRN -EFH- EE;%ES;][EGKIKHCRVUUEG UTVHLG———H———SEFDSLVDLISY -YEE- }[PL——YR KM——KLRYPINEENSS—
6:2pna  --------- LODAE - mGDISREEVNEKLRDTh———DGTFLVRDﬁSTKMHGDY'%E'%EEI%GGﬁﬁT%E%I%%FHR DI}KYGFSDPLT ————— FHSYVYELINHYRHES - -LAQYHPELDVELLYPVY -SKY -- -

EEEEE EEEEER EEEEEEE
————————— Tt B i it i e i et e i
10 20 30 40 50 1] 70 a0 an o0 110 1z0

B 4-1 H#HESZ /30 BEDOLE % L= ProMode DHI
SH2 domain superfamily (ZJ& T2 6 DD X /X7 E DT DD b E % | SLAHEIET T A A2 MTRIL, $IST 28RN CEEEME I D &
HicTmy bLTWD, “HEAICONTABOKEERTT S 2 LR TE D,
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4.1 Superfamily: Cytochromes

4-2 Cytochrome superfamily DI KEENDEREHHE,
PDB ID
Cytochrome ¢' (Rhodopseudomonas palustris)
ljafA Cytochrome c¢' (Rhodocyclus gelatinos)
1bbhA  Cytochrome ¢' (Chromatium vinosum)
lcpq Cytochrome c¢' (Rhodopseudomonas capsulate)
2ccyA  Cytochrome c¢' (Rhodospirillum molischianum)

SCOP classification
A, Class:  All alpha proteins
Fold: Four-helical up-and-down bundle
N © P

Sequence coloured by residue conservation:
.rT-Tl H2 H3 H4 E

DVIAQREA T LROWGEA K 1A WMLKG Do VVORSL DS KL ALF AL SK
5 1B 15 m 25 b 15 ah 45 [ 55 &h

E HS H& HT

.- e ee . . LT
T GDT ALPK IWEDKAKE T AATA QIT  DEAS CANIGOVL CHECH
a5 Th 75 an ak o 25 1dn 15 Lo 15 [E

—_—]

RAKKSE
135

Actve sive:- T HEA Rexidom inteieviohs:-  « with ligand
Consereation colouring: Low 12345 78 9High

PROSITE: PS00190 - CYTOCHROME C  Cysl13 to Aspl18: CKSCHD
4-3 F7=/EERY., ZREE, BEOREME. PROSITE/R2—Y

la7vA |22 T PDBsum 706 =2 ' — L7,
PDBsum:  http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/



(a) 1jafA (atom) —— 1bbhA (atom) —— lcpq (atom) la7vA (atom) —— 2ccyA (atom)
= ljafA (H) = 1bbhA (H) = lepq (H) la7vA (H) = 2ccy (H)
—— ljafA (angle) =~ —=—1bbhA (anlgle) —+— lcpq (angle) la7vA (angle) —*—2ccyA (angle)
1.5
—_
an
O
0 =
< L
< k4
%) an
=
: :
<
g Z
=
2 05 g
.2 e
= o
=
g 8
£ =
89
0.0 g
2
s
0.5 0

0 20 40 60 80 100 120
Residue number

(b)

1ljafA (atom) —— 1bbhA (atom) lepq (atom) la7vA (atom) 2ccyA (atom)
= ljafA (H) = 1bbhA (H) = lepq (H) la7vA (H) = 2ccy (H)
—e— ljafA —=— 1bbhA —— lcpq la7vA —x—2cCcyA
1.5 12
10
g 1.0 g
7]
: i
= =
S 05 6 E
2 &
=] =
2 2
3 4 =
= 5
0.0 =)
2
-0.5 0

0 20 40 60 80 100 120
Residue number

& 4-4 Cytochrome superfamily QIR FOUEDP 5 F. —EHADK 5 FDLLE
(a) EOZ I 73R FOMEDOPLEE, TOZ T 71X MM DPLEEEL TS, (b)
ED7 7713 EFRULKIRTFOMNMEDODLETHY , FTOT T 7%, L EEERS LY
L ED laVA NHDTNERLTNWD, TNENOT T 70 EHICHLBTa~Y v 7 A
DOLEZRLTWD, Eo, @lk, WBNIRT LIS, TRENREDZ R 7 BITxts L
THOWHER TS, 2FAD a~Y v 7 AT, FIEEHE TEIRE 2T ELELTHDH,
TOZEDPEREDD L T EE H 2 TWeu,
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X 4-5 Cytochrome superfamily MBI KA 1 >
CaD@LEIDMEBEANLERLICEN AL &, A5 L TR L, AT,
TARTCOWEEZEREDLELLDOT, TELHLETRCAD RAAL VRERD LD
W2, ERELE, A RKD o~ v 7 ZADENSRDLHRDO KA AL > OO
=T HID AL B D,
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(a) * C(la7vA)>0.2 and all C's > 0.1
C(l1a7vA) >0.2
= C(la7vA) <-0.2
= C(la7vA) <-0.2and allC's <-0.1
—— 19-32,99-108
—60-78, 118-124

8-18, 40-52, 79-92, 109-117

Residue number

100

120

0 20 40 60 80 100 120

Residue number

(b)

Domainl 19-32, 99-108 (red)
Domain2 60-78, 118-124 (green)
Domain3 8-18, 40-52, 79-92 (cyan)

H4-6 WoLEFEOHETY TEBMFAL
la7vA ZHllR LT 5, (a) la7vA OFHBIFRECC 28 0.2 DL EDFREE~T 20T, -0.2 LA'F
DIERIERT HO TR LT, EbHIC, DX o R BORNGT H5EST H 9T 0.1 BLE,
HHWI-0. 1L TFOSGE, ENEARHLNEIETRLTNS, £, ERINTLZ3DDFR
AL NTONT, ZENHICEHEENDERET TN ENAMBE CHA TR L, (b) () D=1
vy LS TEREINTZ RA AL U ESEHEE EICES T L TR LT,
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4-1 BEDEERHNE—FICHLTERSA-FH AL DO
DynDom {Z L > CERINTEHH R AL LV E2EST L TORLTE, 272U, IREIT R AA
VELTERESNRDSZHEBEZER L TS, RENZZENE B A A OfxHER % &
VAUEEBE AR LT EZDOLEAMT R EMEDENR2DOD RAL L DtaZ/RLT
W5, 70, BT, BERERO T I O MEEER LTV D,
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4.2 Superfamily: Flavoproteins

X14-8 Flavoproteins superfamily® 3L {&#&:& D
EhEht,

PDB ID

1qr2A  Quinone reductase type 2

IbvyF  Cytochrome p450 bm-3

Snul Flavodoxin (Clostridium beijerinckii)

2fcr Flavodoxin (Chondrus crispus)

Flavodoxin (Escherichia coli)

lrcf Flavodoxin (Anabaena)

SCOP classification
Class: Alpha and beta proteins (a/b)

Mainly parallel beta sheets (beta-alpha-beta units)
Fold: Flavodoxin-like

3 layers, a/b/a; parallel beta-sheet of 5 strand

Sequence coloured by residue conservation:

A E HL A H2 R B

AG LIVYAR EREEEMNSE LER VTVEDLYA WFEPR. DKDI GT
3 Lh 15 m FL; b 15 ah 4% 50 55 &

B8 H4 H3 BA BE Hé .

NECFNYGVETHEATRG SLA DITDESK VR A I OFF TW 5 PAILKOW DRV
5 7h 75 an ak o g5 1o 15 Lo T 17
Ha He

N V-G R N\ N
Ki

. T
OFA  TPSF DSSLLOOK LEVTTS T KT MG YTEFLWEL CHG
115 [k 175 1o 145 150 155 180 185 [ 11s 130

: A E HLO HLL Hiz2 v HLI

.. ie i
VL 1 ETASE ERKGM A = OTIWK EF O HWHFEIG
145 1do 195 i s 1o s rio 135 1o
AicHve give: - T EZMA Pexido= iht=ioctiohs:- = with ligand = with roetal

Conservation colouring: Low 12345 73 9High

@ 4-9 7 2/ @anljs :;k*ﬁiﬁs E%o){%#ﬁo
1qr2A {22V T PDBsum 72 b = £ — L 7,
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(a)

1.5
1.0

0.5

Fluctuation of atoms (A)

0.0

— 1qr2A (atom) — lbvyF (atom) —— 5nul (atom) 2fcr (atom) lag9A (atom) — lrcf (atom)
= 1qr2A (H) = 1bvyF (H) *  Snul (H) = 2fcr (H) lag9A (H) = lrcef (H)
+ 1qr2A (E) + 1bvyF (E) + 5nul (E) + 2fcr (E) lag9A (E) + lref (E)
—=— 1qr2A (angle) —— lbvyF (angle) —+— 5nul (angle) 2fcr (angle) lag9A (angle) —*— Ircf (angle)

-
R

-0.5

(b)

1.5
1.0

0.5

Fluctuation of atoms (A)

0.0

4-10

60

50 100 150 200 250
Residue number
— 1qr2A (atom) — lbvyF (atom) —— Snul (atom) 2fcr (atom) lag9A (atom) — lrcf (atom)
* 1qr2A (H) = lbvyF (H) * Snul (H) = 2fcr (H) lag9A (H) = lref (H)
+ 1qr2A (E) + 1bvyF (E) + 5nul (E) + 2fcr (E) lag9A (E) + lref (E)
—*—1qr2A (dev) —*— 1bvyF (dev)  —* 5nul(dev) —— 2fcr (dev) lag9A (dev) —+— lrcf (dev)

0 50 100 150 200 250

Residue number

Fluctuation of torsion angles (deg)

40

30

20

10

Flavoproteins superfamily QIR FOEEBEDOWP 5 E, —EADKY 5 EDLLEE
(a) L7 T 73RFOMBEODLELR, TOIZ T 73 0HA ¢ DPHLEEZERL TN,
b) L7 7 71F @) ERULKFETOMNMEOPLETHY, FTOV T 7%, iifkiEsH
NEDETZLEEZD IqgrRA PHOTHRERLTCND, TNETNOZZ7 7D EHICHHAE
+iEENENa~Y v T AEBARNT U ROMEEZRLTWD, £z, @iL, LB RT
L2, ENENRED X X7 BIZHIE L THO LTS, 1qr2A IZITR X e AR
HHIZHL b LT RISV E T Mo Z I EE LSBTV D Z ENER SN

32

Deviation from 1qr2A (A)



4-11  Flavoproteins superfamily MEIF K A 1 >
CaDPLIDFENLER LB RAL &2, A0 L TORLE, FRAE, 7T
DOHEEZENPGDRELELDOT, TEXLRTRCEAD RAALRNERLLIIC, BEREL
Teo B FOEBICSZERMER A HILD,

33



= C(1qr2A)>0.2 and allC's > 0.1
0 f C(1qr2A)>0.2

»
"QN_I C(1qr2A)<-0.2
N = C(1qr2A)<-0.2 and allC's <-0.1
T ju.
50 r L) ——4-9,37-50, 82-146
H — 152--187, 215-230
5 [ i ]EI
o | ;
g 100 % ™,
g \ : NH
: »
:‘9 -
5] < " 'h
o150 .
o N,
w : ]
200 . I NH
I |
0 50 100 150 200
Residue number
Domainl 4-9, 37-50, 82-146 (red)
Domain2 1-3, 10-36, 147-147 (cyan)
Domain3 51-81 (yellow)
Domaind4 148-151, 188-213 (blue)
Domain5 152-187, 215-230 (magenta)

B4-12 poEORBETY TEBHMFASL Y,
1qr2A ZFIZR LT 5, (a) 1qr2A OFEBEIFREL C 23 0.2 DL BT 2T, -0.2
UUINOERIERT Z TR LT, SIS MOF 7 EOxET HFRET H3_T0.1
VB 250E-0. 1L FORE, ZhThBb5 0 ERTRLTND, £, BRI
2B DD RALLDHIHE2DITONT, ENBITE ENDIRIENT & L Z I CH
TR LTZ, (0) () DEfa~ vy FIZ L - TERE NI N AL 2 SRE Loy L
TrLTe,
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H4-13 BEOREREBE—FICHLTEESNEZBHNFAS DN
DynDom |Z L > TERBINTZENII R A A &2 ESITF L TRLTE, 72720, JKEIX KA
A ELTEBRSINA N> TEREER L TV D, RENZZNS KA A > OFxHES)
EOEAERE BRI EEOLEAMT KL L EDENR2 DD FAL D%
ALTWD, Fio, BRiE, BERERO 7 I 7 BEELRL T 5,

35



4.3 Superfamily: Ribulose-phosphate binding barrel

4-14  Ribulose-phosphate binding barrel superfamily DL {FiEEDELEHE.

PDB ID
Phosphoribosyl anthranilate isomerase

1rpxA Ribulose-phosphate 3-epimerase

1dvjA Orotidine 5'-phosphate decarboxylase (Methanobacterium thermoautotrophicum)

1dbtA Orotidine 5'-phosphate decarboxylase (Bacillus subtilis)
leixC Orotidine 5'-monophosphate decaboxylase (Escherichia coli)

SCOP classification

Class: Alpha and beta proteins (a/b) Mainly parallel beta sheets (beta-alpha-beta units)

Fold: TIM beta/alpha-barrel contains parallel beta-sheet barrel, closed; n=8, S=8

Sequence coloured by residue conservation:

HL E E H2: E

WMVREVKICG T THLEDAL ESCAD  GFVEY KSKRYISE DA VE PBE RVOV
[ 1h 15 m 5 1h 15 ah 45 50 55 &b

E Hi H4 HS Hé& E

VHOEFEKILD ASYVQLMAYQIHG TEL REIAERILY KAV VEMERDMERALMYRE
a5 Th 75 a0 a5 ah 5 10 1ds Lo Ls [E

By g o FL H e

s = M—L-LELM—-—

FE LLDT: "Brv3353 W ILBYRDRERY  LEGILH  MVR & DVY EEAVDYS
135 o s 1dn 1ds 150 185 140 18s &5 115 190

HILO ﬁ g Hil

5GVE FEQHKDHDS 1 AKGL
1ds AT wo s
Rexidom inteloeviohs: - = with ligand

Canservation colouring: Low 12345 73 9 High

B 4-15 7=/ BE5. —REE. BEOKREFL.
Insj (22T PDBsum 726 2 B — L7z,
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[a—

(=)
()]

Fluctuation of atoms (A)

—_—

(=)
(9]

Fluctuation of atoms (A)

X 4-16

Lfb\éo

1nsj (atom)
Insj (H)
1nsj (E)
Insj (angle)

—— 11pxA (atom)
= lrpxA (H)
+ 1pxA (E)
—— 1rpxA (angle)

—— 1dvjA (atom)
= 1dvjA (H)
+ 1dvjA (E)
—— 1dvjA (angle)

—— 1dbtA (atom)
= 1dbtA (H)
+ 1dbtA (E)
—— 1dbtA (angle)

— leixC (atom)
= lexC (H)
+ leixC (E)
—— leixC (angle)

-
-

S
HH —
—i m—

th53

1
"

50 100 150 200 250 300
Residue number
Insj (atom) 1rpxA (atom) —— 1dvjA (atom) 1dbtA (atom) — leixC (atom)
1ns] gH) = lrpxA EH) = 1ldvjA gH) = 1dbtA EH) leixC gH)
Ing) (E) + 1rmpxA (E) + 1dvjA (E) + 1dbtA (E) leixC (E)
Insj (dev) —— lrpxA (dev)  —— 1dvjA (dev) = —— 1dbtA (dev)  —— leixC (dev)

150

Residue number

200

Eolc, FNEFNEEDX N7 BIZIe L THWSLRTWA,

37

Ribulose-phosphate binding barrel superfamily D RFDEEDH & F.
HEDHE, (a) LOIT7IFRTOMNBEODLEE, FTOT T 7IX M o DPL X EFE
(b) L7 Z7 7% (@) ERLIRFOMEOPHLETHY, TOZ T 71X, Sk
WEZEHREDLETLEED Ing POEDOTNERL TS, ZNETNWDO T Z7 70 EEHIcH LR
EHiFENENa~Y v I AEBARNT U ROMNEBEEZRLTWD, £, i, LBNRT

40

30

20

10

“EAOY

Fluctuation of torsion angles (deg)

Deviation from 1nsj (A)



B 4-17 Ribulose-phosphate binding barrel superfamily D& K A 1 >
CaDP@LEDHEANLER LB RAAL V&, A5 L TRLEE, AFD
M, ¥R TCOEEEZEREDOEZLOT, TEXLHRETHELEAD RAAL N
ERLHEOHIC, AEEELR,
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C(Insj) > 0.2 and all C's > 0.1

O Ih -
-!h.. C(1nsj) > 0.2
LY -ril..‘. C(IHSJ) <-0.2
b My C(Insj) <-0.2 and all C's <-0.1
50 - o ' = ~ 31-37, 118-160, 172-191
’ : A iy, —— 60-72, 80-102
S <o, 1T 11-21, 23-30, 38-59, 73-79
= L L
S 100 ¢ e
= . I,
% E . L
a7
150 - e,
- o i o I h
- [ . h ’ﬁh
~ 0%
200 [ - ‘ : i,
0 50 100 150 200

Residue number

Domainl 1-5,22-22, 161-171, 192-205 (green)
Domain2 60-72, 80-102 (blue)
Domain3 6-8, 10-10, 31-37, 118-160, 172-191  (red)
Domain4 9-9, 11-21, 23-30, 38-59, 73-79 (yellow)
Domain5 103-117 (orange)

E4-18 o FOHBET Y TEBM ALY
Insj Z BN R L TWD, (a) Insj ORI C 23 0.2 DL EOFREE~T 20T, -0.2 LA
TORERT I TRLTZ, EHIC MMDF R TEOXINT D5IET H9XTO0. 1
Uk, 5 03-0. 1 LLFO%EAE, TNZABHL5WVIBTRLTNWS, £o, EFE
NIZEDDRAAL DI L 2DIZDNT, ZTNHICHEENDFEIERT & TN Z R
THHA TR LT, (b) () D=~y I Lo TEFRSNIZ FA A U ASIEREE FICE
3 L CORLTE,
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H4-19 BFEOEERBE—FICHLTEZESINEBHNEA LD OH
DynDom (2 X > CERINTEHH R AL U E2BSIT L TORLTE, 727U, IREIZRAA
VELTERESNR S THEBRAZEKR LTS, RENZEND RFA A O EE Z 5
HABENE BRI EDOLEAMT, R EHEEDENR2OD RAAL L DEEZRLT
W5, £7o. BRI, BERMEE O T I LA EL TV D,
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4.4 Superfamily: SH2 domain

B 4-20 SH2-domain superfamily DI AE&ED E

haht,

PDB ID
2pna Phosphatidylinositol 3-kinase
2pldA PhospholipasE C-gamma-1
1csyA Syk tyrosine kinasE

Shc adaptor protein
layaA Tyrosine phosphatase syp
1d4tA T cell signal transduction molecule sap
SCOP classificataion

Class: Alpha and beta proteins (a+b)
Mainly antiparallel beta sheets
(segregated alpha and beta regions)
Fold: SH2-like
3 layers: a/b/a; antiparallel beta-sheet of 5

strands is flaked by two helices

Sequence coloured by residue conservation:

T Y 7 N J— el 1 [
T EWTWSGD S{ EVHEKLEDTADGTE { ASTEWOGDYTLT ROGOMH ‘TTI T R
17 25 14 35 40 45 50 55 60 1 T 75

B__P pe B__F

¥ w ¥ T
SUPLTFMEWVEL INHYENES QY B L KLLYEV. v
e ak ah gk 1o 1ds Lo LIs 130

Actve site:- T BVE

Conserdation colouring: Low 12345 78 9High

4_21 Ejﬁﬁagus :;X*ﬁiﬁs F%go)ﬁ#ﬁo
2pna (22T PDBsum 725 = B — L7,
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2pna (atom) 2pldA (atom) —— lcsyA (atom) Imil (atom) layaA (atom) 1d4tA (atom)
(a) = 2pna (H) = 2pldA (H) * lcsyA (H) Imil (H) = layaA (H) = 1d4tA (H)
+ 2pna (E) + 2pldA (E) + lecsyA (E) Imil (E) + layaA (E) + 1d4tA (E)
—=—2pna (angle) —— 2pldA (angle) —— lcsyA (angle) Imil (angle) layaA (angle) —— 1d4tA (angle)
L5 T PG | e 40
TR g:,;_;“ f\ *:::::H N ++ e uiiii ; /\ /\\j _ie)/
2,1 L ‘ s
: | -
: AN *M :
S 05 = ‘\l'\ \rA‘/ g | t A A A 202
0 oA o) \&W \ \‘ A(/e;‘/;/’ ¥ 3
2 ] o8
45 s o
ML e M%ﬂ\r%ﬁﬁgxgz g
3] — . -2
s A AR } , A 5
= ¥ Y gl - MJ‘ Y 2
) E
-0.5 0
0 20 40 60 80 100 120
Residue number
(b) 2pna (atom) — 2pldA (atom) —— lcsyA (atom) Imil (atom) layaA (atom) —— 1d4tA (atom)
= 2pna (H) * 2pldA (H) = lesyA (H) 1mil (H) * layaA (H) * 1d4tA (H)
+ 2pna (E) + 2pldA (E) + lesyA (E) 1mil (E) + layaA (E) + 1d4tA (E)
2pna (dev) —=—2pldA (dev) —— lesyA (dev) Imil (dev) —— layaA (dev)  —— Id4tA (dev)
1.5 el | o s 20
=z 1.0 \ 15 g
Z =
g &
Z 05| :
g 0.5 10 £
.8 g
< -2
2 =
E 3
= 0.0 5 A
_0. 5 | | | | O
0 20 40 100
Residue number
B 4-22 SH2-domain superfamily D RFDREDW 5 E, —EHADYP b FDLLE

(@) L7 T 73R FONEDDLEEL, FTOT T 73 HMA  DPLE LKL TND,

(b)

077713 @ EFRULKRFOMEODLETHY, TOZ T 7, ktEEEZHERG DY
e ED2pmaNbDTNERLTND, ENENOZ 770 EICHL2BE HITENEN o
NI AL BARNT U ROMNEERLTWD, £z, AL, MFIZRTLO1C, i
FEED X X7 BIZHHE L THW LTV D,

42



& 4-23  SH2-domain superfamily D EIR F A A >
CaDPLEDHENOER LI NAAS V&, B0 L TOURLEE, FRORIE, T
RTCOFEEEREDETZLOT, TELETRCAD KA URERDL LI, A%
fAE L7z, F7-. 2pna, 2pldA Tik, IEHEENLOT I /iR AERCTR LT,
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16 [,

1 = C(2pna) > 0.2 and allC's > 0.1
C(2pna) > 0.2
k.
" C(2pna) <-0.2
36 - HE. (2pna)
* C(2pna) <-0.2 and all C's <-0.1

g L — 42-49,55-61, 68-73, 115-117

2 56
O
E [ ] E L
= i
(=} a
2 N
@ 76 T :
2 '
= ; |
o | L
116 e e — \.
16 36 56 76 96 116

Residue number

Domainl 42-49, 55-61, 68-73, 115-117  (red)

Domain2 90-102, 111-114 (magenta)
Domain3 17-32, 118-120 (cyan)
Domain4 33-41, 62-67 (green)
Domain5 74-89 (yellow)

E4-24 poEFOHBT Y TEBN ALY
2pna ZBNZR LTV 5, (a) 2pna DAHBIFREL C 25 0. 2 L EDFREA~T 21T, -0.2
LT OFEBAT ZTR LI, SBIC, o X o XV BORIGT HEERT T
TO1LE &2WE-0. 1 U TFTOSGAE, TNZREHLWVIEETRLTWS, £70,
EFRENTZE DD RAALLDHIH 1 DIZHONT, FAUTE ENBEILALT ZHIfE T
A TRLZ, (b) () D=fi~ v Tk > TEZESNTZ KA AL V2 AEG EICR
S L TR LT,
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E4-25 HEOEERHNE— FICHLTEBEBSNEBN AL D OH
DynDom I K> CEFZESNTZFBI F AL V2O TFT L TRLE, 72720, KA R A
A E LTEBRBENRDSTHEBEZERL TS, KRANZZNS R A A OFXER)
OB AEE AR LI EEDOLEAT, RACHEEDEN2OD KAL L OtE%
RLTWD, Fio, BRiE, BEERERO T I VB ER L T D,
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4.5 Superfamily: Metalloproteases (**zincins') catalytic domain

4-26  Metalloproteases (*'zincins') catalytic
domain superfamily DI FEEDELREHE

PDB ID

1bqgM  Membrane-type matrix metalloproteinase

latlA  Atrolysin c.

IbudA  Acutolysin a

Astacin
lkuh Zinc protease
SCOP classification

Class: Alpha and beta proteins (a+b)

Mainly antiparallel beta sheets (segregated
alpha and beta regions)

Fold: Zincin-like
contains mixed beta sheet with connection

over free side of the sheet

Sequence coloured by residue conservation:

E EA.B EEHHIHHIH Al B

o0 ORI FCOTOH EYATYEA P AFR WESAT F BVAY RESHE
L4 Lin 135 Lo s 4o 145 150 155 180 185 [
H2

f B- FF ﬁB- Ff P -B F T FRF P 'y
DIVIFFA G R DET FOA- G FLaFHa B B 1 GDTHFD AERW VEUEDLM W
14 10 145 190 145 i 205 o 15 PR 115 FEN

AN - A

LVAVHE GHALGLEHSSDESATM CWWDTEMEWL DDDRERG Y3
114 2dn 45 150 155 80 185 o x5 0 5
Fesido= fnteloctiohs: -« with foetal

Conservation colouring: Low 123445 78 9High

PROSITE: PS00142 - ZINC PROTEASE Val236 to Leu245: VAVHELGHAL

4-271 73/ By, —REE. BREDOREEFM. PROSITE/N2—Y
1bggM (22 T PDBsum 726 =2 B — L 7z,
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(a)

1.5

1.0

0.5

Fluctuation of atoms (A)

0.0

(b)

1.5

1.0

0.5

Fluctuation of atoms (A)

0.0

4-28
F —_EHAOPLTEORK, ) FOVIF7IRFOMBODLESY, TOVF 713

g DPHLEERLTND, (a) LAULHFOMBEODLETH

—— 1bggM (atom) —— 1atlA (atom)
= 1bggM (H) = latlA (H)
+ 1bggM (E) + 1atlA (E)
—s— 1bqgM (angle) —— 1atlA (angle)

—— 1budA (atom)
= 1bud (H)
+ 1bud (E)

—+— 1budA (angle)

1iab (atom)
Tiab (H)
tiab (E)
liab (angle)

—— Tkuh (atom)
= 1kuh (H)
+ 1kuh (E)
—=— 1kuh (angle)

-
—
——

A+

® @

4» -
e - wow
o i w ow

W e —

H2

W
i M@
L4l 0 ’
! I ’!’ " l\- "_l“.rx’ vlh I’f 7,4
I L
i 1
0 50 100 150 200 250
Residue number
—— 1bqgM (atom) —— latlA (atom) —— 1budA (atom) liab (atom) —— lkuh (atom)
= 1bqgM (H) = latlA (H) = 1bud (H) liab (H) = lkuh (H)
+ 1bqqM (E) + latlA (E) + lbud (E) liab (E) + lkuh (E)
1bqgM (dev) —— latlA (dev) —=— 1budA (dev) liab (dev) —=— lkuh (dev)

i

EaEE:
il

++HH-un ®

150

Residue number

200

40

Fluctuation of torsional angles (deg)
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1 Introduction

ProMode (http://promode.socs.waseda.ac.jp/) is a database collecting the results from normal mode analyses
(NMA) of various protein molecules [3]. Although NMA is based on the harmonic approximation, it has
been shown by many studies that the results from NMA are not only reasonable qualitatively in most cases,
but also can provide a proper description of the functionally important motions of the protein. The collection
of the NMA results for various proteins is useful for comparative and statistical studies of the dynamic
structures of proteins.

For further details of the method of NMA and the contents of ProMode, see the reference 3.

2 Improvements in ProMode

(1) In ProMode, we have collected more than 1,000 proteins, which have relatively low sequence similarity
(< 50%) to each other and the sizes of which are less than 200 amino acid residues. We will collect data as
many as possible in the future. Since a comparative study among homologous proteins is interesting, we are
planning to perform NMA for proteins belonging to the same family. The calculations for larger-sized
proteins are also planned.

(2) One of the distinctive features of ProMode is the animations of vibrating protein molecules which can be
seen with afree plug-in, Chime (MDL Information Systems, Inc.). Figure 1 shows a screenshot of ProMode.
A protein is displayed in the two windows: 3D animation in the left and 3D static images (the
energy-minimum conformation and the two fluctuated ones superimposed on it) in the right. The mouse
events for tranglation, rotation, and zoom on the one window affect the other simultaneously. The dynamic
domains defined by DynDom are distinguished by different colors in both windows. The axes of screw
motions between the domains also defined by DynDom are shown in the right window.

Since the input data file for the animation has no information about amino acid residues in Chime (which
contains only atom types and their coordinates), while the static image contains such information, a user
cannot manipulate the molecule displayed in the animation window. To overcome this inconvenience, we
developed the manipulation dialog (superimposed in the upper left in Fig. 1) which can be used for selecting
residues and/or atoms and then changing color and atomic representation to highlight them in the animation
window by referring the information contained in the static-image window.
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3 Discussions

Recently, a couple of databases for NMA of proteins were developed [1,2]. They used a simplified molecular
model and a simplified energy potentia function (e.g., an elastic proteins model in which atoms
representative of residues are connected with harmonic springs). In ProMode, however, a full-atom
molecular model is used together with the program FEDER/2 [4]. This makes it possible to provide redlistic
molecular motions in full-atom details. We hope that researchers, especially who are not familiar to the
simulation of protein dynamics and have seen only static images of protein structures, will get access to
ProMode.

This work was financially supported by BIRD-JST (Institute for Bioinformatics Research and Devel opment
of Japan Science and Technology Corporation), and is running as a subgroup of one of the BIRD project
PDBJ (supervised by H. Nakamura, Osaka University; URL is http://www.pdbj.org/).
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1 Introduction

ProMode (http://promode.socs.waseda.ac.jp) is a database collecting results from normal mode analyses
(NMA) of various protein molecules [5]. ProMode is designed so as to play an animation of a vibrating
protein molecule with a free plug-in soft, Chime (MDL Information Systems, Inc.), and to graph out the
results from NMA, such as root-mean-square fluctuations of atoms and dihedral angles. A user can learn the
dynamic structure of the protein through the animation and the graphs.

In this paper we will report the recent improvementsin ProMode.

2 Use of the SCOP classification in a protein search

The collection of the NMA results for various proteins in ProMode may be useful for comparative and
statistical studies of dynamic structures of proteins. Although ProMode has collected the NMA data of more
than 1,500 protein chains, it is still hard to carry out NMA for the entire PDB data, because of computation
time required. In such a situation, for proteins not contained in ProMode, it is useful to provide some
information about the relative proteins in ProMode. For this purpose we utilize the SCOP classification of
protein conformations [4]. If a user searches ProMode for a protein with some PDB ID and no datais found
there, the search tries to find an alternative protein in the same superfamily or family in ProMode. The user
may obtain some information about the protein of interest through the alternative one.

Additionally, a user can also search the ProMode database along the SCOP tree structure like the original
SCOP web page. At any level (class, fold, superfamily and family), the user is informed whether or not a
given category, e.g. superfamily, has an entry data. With this information we can consider which proteins
should be a target in the next NMA calculation. It may be also useful for a user to compare the NMA results
of the proteinsin a given superfamily or family.

3 Reflection of knowledge information in an animation
It has been shown by many studies that the results from NMA can provide a proper description of the

functionally important motions of the proteins. Therefore, in ProMode, an animation can be manipulated by
a control panel we developed to highlight residues in which a user is interested. As a result, we can observe



the relationship between the vibrational motion and the functionally important residues in the animation.
However, information about, for example, which residues are functionally important, had to be provided by
the user. It is inconvenient, especially for a user not familiar to the protein displayed. In the new version of
ProMode described here, some knowledge information is prepared and can be reflected easily in the
animation just by clicking on a button. The knowledge information from Catalytic Residue Dataset [1],
PROSITE [2], and eF-site [3] is available at present. An example is shown in Figure 1. A user may be able to
relate functionally important residues to the dynamic structure of the protein through the observation of the
animation.

View of Normal Mode Vibration and Its Analysis
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RedliD define color,spacefill b| nd| ng Ste to a:tln |n
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115 both Chime views.
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1 Introduction

ProMode (http://promode.socs.waseda.ac.jp) is a database collecting results from normal mode analyses
(NMA) of various protein molecules [3]. ProMode is designed so as to play an animation of a vibrating
protein molecule with a free plug-in soft, Chime (MDL Information Systems, Inc.) and PDBjViewer [1], and
to graph out the results from the NMA, such as root-mean-square fluctuations of atoms and dihedral angles.
Furthermore, a user can learn the dynamic structure of the protein not only through the animation and the
graphs, but also by manipulating the animation to reflect some knowledge information (e.g., information
from Prosite, eF-site, and Catalytic Residue Dataset). A search for atarget protein along the tree of the SCOP
classification is also useful [4]. In this paper we will report the recent improvementsin ProMode.

2 Comparisons between homologous proteins

The collection of the NMA results for various proteins in ProMode may be useful for comparative and
statistical studies of dynamic structures of proteins. For example, a comparative study of dynamic structures
by the NMA was carried out for the two DNA binding proteins, Cro and the amino-terminal domain of the
repressor of bacteriophage 434 that adopt very similar three-dimensional structures to each other [5]. For
bovine pancreatic trypsin inhibitor (BPTI), the NMA results for the mutants with one to three amino acid
substitutions were compared with those for the wild-type BPTI [3].

Although a structural comparison of proteins has been performed mainly from a static or geometrical
point of view, the above studies demonstrated that the comparison from a dynamic point of view, using the
NMA, is useful and convenient to explore a difference that is difficult to find only from a geometrical point
of view, especialy for proteins very similar in structure, because the NMA is sensitive to the changes in the
interactions between atoms and between amino acid residues.

Such a kind of information is now available in ProMode. For the superfamily in which NMA data for
more than one protein are available in ProMode, firstly, the member proteins are structurally aligned by the
program ASH [2], and then, the fluctuations of atom positions or torsion angles for al the member proteins
are plotted against the aligned sequences in the same graph (see Figure 1). In some cases, athough there



exists a large insertion/deletion region, it is found that their fluctuation for the common regions are very
similar to each other. On the other hand, the differences between the member proteins provide information
about differences in the interactions arising from the differences in the amino acid sequences. The analyses
of such akind of information are useful for understanding the three-dimensional structures of the proteins.
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Figure 1. “Comparison between proteins in the same superfamily” pagein ProMode. Fluctuations of atom
positions of five proteins in the same superfamily are plotted against residue numbers. The structurally
aligned amino acid sequences of the five proteins by the program ASH [2] are given below.
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ABSTRACT

Motivation: Although information from protein dynamics sim-
ulation is important to understand principles of architecture
of a protein structure and its function, simulations such as
molecular dynamics and Monte Carlo are very CPU-intensive.
Although the ability of normal mode analysis (NMA) is limited
because of the need for a harmonic approximation on which
NMA is based, NMA is adequate to carry out routine analyses
on many proteins to compute aspects of the collective motions
essential to protein dynamics and function. Furthermore, it is
hoped that realistic animations of the protein dynamics can
be observed easily without expensive software and hardware,
and that the dynamic properties for various proteins can be
compared with each other.

Results: ProMode, a database collecting NMA results on pro-
tein molecules, was constructed. The NMA calculations are
performed with a full-atom model, by using dihedral angles
as independent variables, faster and more efficiently than
the calculations using Cartesian coordinates. In ProMode,
an animation of the normal mode vibration is played with a
free plug-in, Chime (MDL Information Systems, Inc.). With
the full-atom model, the realistic three-dimensional motions
at an atomic level are displayed with Chime. The dynamic
domains and their mutual screw motions defined from the
NMA results are also displayed. Properties for each normal
mode vibration and their time averages, e.g. fluctuations of
atom positions, fluctuations of dihedral angles and correlations
between the atomic motions, are also presented graphically for
characterizing the collective motions in more detail.
Availability: http://promode.socs.waseda.ac.jp

Contact: wako@waseda.jp

INTRODUCTION

Protein dynamics simulation isimportant to understand prin-
ciples of architecture of a protein structure and its function.
We have several conventional methodsto simulate the protein

*To whom correspondence should be addressed.

dynamics by computer, e.g. normal mode analysis (NMA),
Monte Carlo simulation (MC), and molecular dynamics sim-
ulation (MD) (Brooks et al., 1988). MC and MD are more
reliable than NMA, because NMA is based on the har-
monic approximation (i.e. MC and MD can cover much
wider area of the conformational space of the protein than
NMA). However, it has been shown by many studies that
the results from NMA are not only qualitatively reasonable
in most cases, compared to those from MC and MD, but
also can provide a proper description of the functionally
important motions of the protein (Go et al., 1983; Brooks
and Karplus, 1983; Levitt et al., 1985; Gibrat and Go, 1990;
Horiuchi and Go, 1991; Marques and Sanejouand, 1995;
Hayward and Go, 1995; Wako et al., 1996; Thomas et al.,
1996a,b; Hinsen, 1998; Kitao and Go, 1999; Miller and Agard,
1999; Kikuchi et al., 2000; Berendsen and Hayward, 2000;
Chacon et al., 2003). Fortunately, NMA is much less time
consuming in computation and can be performed in more
systematic ways than MC and MD. Consequently, NMA is
more adequate to carry out dynamics calculations routinely
for many proteins and then, to describe the protein dynamics
concisely.

ProModeisadatabase collecting theresultsfrom NMA car-
ried out for many proteins. Although we should be careful in
interpreting the results from NMA, owing to the approxima-
tion described above, the data presented in ProM ode provide
fruitful information about protein dynamics, especialy for
large-scale collective motions. The collection of the NMA
results for various proteins is useful for comparative and
statistical studies of the dynamic structures of proteins.

Another distinctive feature of ProMode is an animation of
avibrating protein played with a free plug-in, Chime (MDL
Information Systems, Inc. http://www.mdli.com/). It is pos-
sible for a user with Chime not only to observe a concrete
three-dimensional (3D) image in atomic detail about pro-
tein dynamics, but also to manipulate the animated protein
molecule. The several kinds of time-averaged properties to
characterize the motions are also provided graphically.

Bioinformatics 20(13) © Oxford University Press 2004; all rights reserved.
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Recently, a couple of databases for NMA of proteins were
developed (Krebs et al., 2002; Chacon et al., 2003; Echols
et al., 2003). They used a simplified molecular model and
an energy potential function [e.g. an elastic protein model in
which atoms representative of residues are connected with
harmonic springs (Hinsen, 2000)]. In ProMode, however,
a full-atom model is used. We used dihedral angles rather
than Cartesian coordinates of atoms asindependent variables.
Since the number of variables can be reduced to one-eighth of
the number of Cartesian coordinates, it is possible to perform
NMA with the full-atom model even for relatively larger pro-
teins. Consequently, ProM ode can providerealistic molecular
motionsin full-atomic detail.

METHODS
Regularization

The most time-consuming part of NMA is regularization of
the Protein Data Bank (PDB; Berman et al., 2000) data. We
used a program, FEDER, developed by Go’s group for this
purpose (Noguti and Go, 1983a,b; Wako and Go, 1987; Wako
et al., 1995).

FEDER carries out a conformational energy minimization
of a protein rapidly and efficiently with dihedral angles as
independent variables (i.e. bond lengths and angles are fixed
to their standard values). The number of the dihedral angles
is about one-eighth of the number of atomic coordinates, and
about 6N for aprotein with N residues (compare to asimpli-
fied model, in which each residue isrepresented by one atom;
in such a model, the number of variables is 3N). Using the
algorithm for fast calculation of the first and second derivat-
ives of a conformational energy function with respect to the
dihedral angles, FEDER can precisely obtain aminimum point
in the conformational energy space. It is strictly required in
NMA that the second derivative matrix of the conformational
energy function at the minimum should be positive definite.
Since our calculations always satisfied this requirement, all
normal modes could be obtained for any proteins.

FEDER generates various conformations with dihedral
angles as independent variables. It is necessary to obtain a
proper set of dihedral anglesthat generates aconformation not
only at an energy minimum, but also very close to the PDB
datawhosebond lengthsand bond anglesaredlightly deviated,
in general, from their standard values used in FEDER, before
NMA is performed. This procedure is referred to as regular-
ization. For this requirement, we carried out the restrained
energy-minimization with the following objective function.

F=w2(rij—ri);)2+PEa 1
i,j

where r;; and r¥ are the distances between atoms i and j
in a calculated conformation and in the PDB conformation,
respectively. E isaconformational energy function containing

van der Waals, electrostatic, hydrogen bonding and torsional
potentials (Wako et al., 1995).

If the objectivefunction F isminimized, thefirst termworks
as a geometrical constraint to hold the molecular conform-
ation close to the PDB data and the second term to lower
the conformational energy. w and p are weight factors for
the geometrical constraint and conformational energy terms,
respectively. The minimization of the objective function is
carried out, as p is set to zero at first. After the minimiz-
ation converges, p and w are set to one and a large value,
respectively, and then the minimization isresumed. The min-
imization isrepeated, as w is decreased, step by step. Finally,
by setting w = 0, we can obtain the conformation located
at alocal minimum and very close to the PDB conformation.
NMA isapplied to such an energy-minimum conformation.

Normal mode analysis

Norma mode analysis is based on the assumption that a con-
formational energy surface can becharacterized by aparabolic
approximation at a minimum. One of the merits of NMA is
that the derivation of an analytical solution to the equation of
motion subject to this assumption is well established (Levitt
et al., 1985). NMA divides the atomic motion into vibra-
tional components called norma modes. A variety of atomic
motions of a hundred normal modes (the number of normal
modesisaround six timesthe number of residues) inaprotein,
characterizes the dynamic structure of the protein. A time-
averaged property of the motion, which is a superposition of
all the normal modes, also providesimportant information on
the protein dynamics (Go et al., 1983; Brooks and Karplus,
1983). The time-averaged properties of the motion depend
only on the amplitudes of the norma mode vibrations, and
the amplitude depends on the temperature. Calculations are
carried out at 310 K (37°C) in ProMode.
The properties provided in ProM ode are described bel ow.

RESULTS
Proteins

We have collected NMA data mainly for proteins with less
than 200 residues and with relatively low sequence similar-
ity (<50%) to each other at present. The data for more than
1000 proteins have been collected already. The most time-
consuming part of the cal culations was the regularization. In
Table 1, an example of the regularization schedule for human
lysozyme (the number of residuesis 130) is shown. The CPU
time depends not only on protein size, but also on protein
conformation. Especially, when the regul arized conformation
was largely deviated from the PDB one (see below for the
reason why such a deviation occurred), the CPU time was
much longer than the average one. However, once the reg-
ularized conformation was obtained for a given protein, the
NMA calculation could be performed in short time [remember
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Table 1. Anexample of regularization schedule?

Range? Weighting factors® Convergence? CPU® No. of iterations
(kcal/mol/AZ for w) (kcal/mol) (9
1 p=0 1073 124429 25407
2 p=0 103 180+ 45 29+24
3 p=0 10-3 16.1+ 1.4 21+10
4 p=0 1073 111+ 26 20+11
5 p=0 10-3 94405 18+ 09
6 p=0 1073 9.0+ 09 18+ 1.6
10 p=0 1073 91+03 17+ 0.6
14 p=0 103 96+1.2 17+ 06
18 p=0 10-3 88+08 15+ 1.3
30 p=0 1073 9.8+0.8 15+ 13
60 p=0 103 1214+ 09 15+ 0.1
90 p=0 103 136+ 1.2 14+11
120 p=0 1073 165+ 6.5 16+ 46
150 p=0 1073 175+ 74 14+47
200 p=0 103 187+ 45 13+ 0.7
300 p=0 103 270+85 17+28
All p=0 103 215+57 13+15
All p=1w=100 10710 48224 181.2 119+ 40.7
All p=1Lw=10 10710 189.2 +89.8 48+19.4
All p=lLw=1 10710 254.3+91.3 66 & 23.0
All p=1w=01 10-10 419.44 115.2 109 + 15.3
All p=1w=001 10710 439.94+ 185.9 114+ 38.2
All p=1Lw=0 10712 141.1+ 84.0 57+ 275

Mean total CPU time: 2166 s

aThe data of the regularization for wild type and 19 mutants of human lysozyme are averaged.
bThe range within which two atoms are possible to interact with each other in the calculation is shown. The distance between the two dihedral angles along the chain [defined in the
paper by Wako et al. (1995)] is used to specify the range. The range is gradually expanded to avoid being trapped at alocal minimum.

®See the objective function (1).

94The convergence criterion is given with an energy difference between the two conformations subsequently generated in the regularization.
€The cal culation was performed on the Pentium 4 processor (2.13 GHz) with 512 MB memory. The mean and SD over 20 human lysozymes are given.
fThe mean and SD of iteration timesin the optimization of the objective function (1) over 20 human lysozymes are given.

that the number of variables (dihedral angles) isabout 6N for
aprotein with N residues).

Owing to the computational difficulty in FEDER, any
ligands, DNA and water molecules are omitted in our compu-
tations. For the proteins comprising two or more chains, each
chainistreated independently. The calculation for amultimer
system will be a future work.

The conformations of some chains were largely deviated
fromthe PDB dataafter theregularization, mainly becausethe
hetero molecul es or other accompanying chainswereignored.
The root-mean-square (RMS) deviations of about 60, 25 and
15% of the calculated proteins from the PDB conformations
are less than 2, 2-4 A and greater than 4 A, respectively. In
ProMode, the data of the proteins with the RMS deviation
>2.0 A are given with a warning message. It is interesting,
however, to study which parts of such proteins were changed
by the regularization. We are planning to study this problem
in the near future. (For the problemsin the regularization, see
also Brunger 1993).

Wewill collect dataon asmany proteinsas possible, includ-
ing larger sized ones. Since a comparative study among

homologous proteins is interesting (Wako et al., 1996), we
will also add NMA results for such proteins to ProM ode.

Properties presented

ProMode provides several properties characterizing the
dynamics of the proteins. The properties that can be calcu-
lated in NMA, however, have a variety, and the total sizes
of the resulting files are too large to archive in general. Con-
sequently, the data provided in ProMode have to be limited.
What follows are the properties provided in ProMode at
present.

(i) Time-averaged properties.

(@) Positional fluctuations of atoms: The absolute val-
ues of the norma mode displacement vectors are
averaged over all atoms or over backbone atoms
in each residue, respectively, and plotted against
residue numbers (Fig. 1a).

(b) Fluctuations of dihedral angles: The data on the
dihedral angles, ¢, ¢ and x 1, are plotted against
residue numbers (Fig. 1b).
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Fig. 1. Examples of time-averaged properties represented graphically in ProMode (these figures are not a screenshot of ProMode, but
reproduced with some modifications). (a) Positional fluctuations of atoms, which are absolute values of normal mode displacement vectors
averaged over all atoms and averaged over backbone atoms in each residue, respectively. (b) Fluctuations of dihedral angles, ¢ and ¢. (c)
Correlations between the positional fluctuations of atoms, which are defined as normalized dot products of the normal mode displacement
vectors of Ca atoms. The closed and open squares in the triangle map indicate that the correlations of these pair of residues are greater than
0.2 and lessthan —0.2, respectively. The protein shown hereis BPTI (PDB ID=>5pti).

(c) Correlations between the positional fluctuations of displacement vectors of Co atoms are presented
atoms. The normalized dot products of the nor- in atriangle map.
mal mode displacement vectors of Co atoms are (d) Resultsfrom DynDom.

presented in atriangle map (Fig. 1c). (e) Animationof norma modevibrationat 310K. (The

(ii) Properties of each normal mode vibration (only for the amplitudeistoosmall toobserveitinmost cases. To
20 | owest-frequency modes). exaggerate the atomic movements, theanimationin
(a) Positional fluctuations of atoms: The absolute val- whichtheamplitudeat 310K isdoubled can bealso

ues of the normal mode displacement vectors are played.)

averaged over all atoms or over backbone atoms
in each residue, respectively, and plotted against
residue numbers.

In ProMode, the provided data are limited to the 20 |owest-
frequency normal modes, becauseit iswell known that atomic
) i fluctuations within the subspace spanned by a small number
(b) Fluctuation of dihedral angles: The data on the  of the |owest-frequency normal modes dominantly contrib-

dihedral angles, ¢, ¢ and x1, are plotted against e to total fluctuation (Go et al., 1983; Levy et al., 1984;
residue numbers. Thomas et al., 1996a,b; Kidera and Go, 1992; Krebs et al.,
(c) Correlations between the atomic motions. The  2002). Although someparticular higher frequency modesmay
normalized dot products of the norma mode  contribute to the local fluctuations significant for a protein
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Fig. 2. Screenshot of ProMode. A protein is displayed in the two Chime windows: (left) 3D animation; (right) static 3D image; the energy-
minimum conformation and the two most fluctuated ones superimposed onto it. The mouse event for translation, rotation and zoom on one
window affects the other window simultaneously. The dynamic domains defined by DynDom are distinguished by different colors. The axes
of screw motions between the domains are shown in the right window. The manipulation dialog (superimposed in the upper left) can be used
for selecting residues and/or atoms and executing commands not available in the pop-up menu of Chime.

function, they are not presented in ProMode. If we could
detect such modes from a hundred modes automatically, we
would present the data for such modesin addition to the low-
est ones. We are also thinking about how to provide the data
for all the modes.

The program DynDom, developed by Hayward et al.
(1997), is used in ProMode. It is a program to determ-
ine dynamic domains, hinge axes and amino acid residues
involved in the hinge bending motion, when the two different
conformationsfor aprotein aregiven. In ProMode, the energy
minimum conformation and the most fluctuated one in each
normal mode motion are used asinput datafor DynDom. The
results characterize the normal mode vibrations well.

To see the animation, DynDom results, and the energy-
minimum conformation superimposed onto the PDB one, a
plug-in, Chime, is necessary to be installed. Chime is free,
and can play an animation. Since the input data file for the

animation has no information about amino acid residues in
Chime (which requires only atomic types and their Cartesian
coordinates), it isdifficult for auser to manipulate the protein
displayed in the Chime animation beyond the original pop-up
menu. For this problem, we created a manipulation dialog to
execute scripts and commands with which a user can specify
particular atoms and/or residues (e.g. an active site, a hydro-
phobic core and a sequence/structural motif) to highlight by
changing color and atomic representation (Fig. 2).

Example for a compar ative study

With the collection of the results from the NMA for various
proteinsin ProMode, e.g. it ispossible to make acomparative
study among a wild type protein and its mutants, or among
homol ogousproteins(Wako et al., 1996; Kikuchi et al., 2000).
Here, we will illustrate an example for such a study with
bovine pancreatic trypsin inhibitor (BPTI). The 3D structures
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Fig. 3. Stereoscopicview of the3D structureof BPTI (5pti) drawn by
RASMOL (Sayle, 1995). The chain is shaded according to the three
dynamic domains defined for the second lowest frequency normal
mode by DynDom (Fig. 4). Theresidue numbers and side chainsare
shown for the replaced residues and the residues forming a disulfide
bond.

of awildtypeand several mutant BPT|shave been determined.
Thefollowing data are used in this paper: the wild type (PDB
ID=>5pti; Wlodawer et al. 1984; Fig. 3), Y 23A mutant (1bpt;
Danishefsky et al. 1993), F22A mutant (1bti; Danishefsky
et al. 1993), F45A mutant (1fan; Danishefsky et al. 1993),
N43G mutant (1nag; Danishefsky et al. 1993), C30A and
C51A mutant (7pti; Eigenbrot et al. 1990) and Y 35G mutant
(8pti; Housset et al. 1991). The number of residuesof BPTI is
58. In the data of 1bpt and 1nag, however, the two C-terminal
residues, Gly-57 and Ala-58, are not visible.

Figure 1 shows the positional fluctuations of atoms and
dihedral angles, ¢ and ¢ for thewild typeBPTI. Thepositional
fluctuations in the secondary structures (the two «-helices,
3-6 and 48-55 and the two B-strands 18-24 and 29-35) are
relatively small, whereas the larger fluctuations are observed
in the loop regions, 15-17, 25-27 and 39-42. Exceptionally,
theresidues 50-53 in the o-helix fluctuate largely. According
to the animations in ProMode, it seems that the large fluctu-
ations of the loop region 25-27 affect the C-terminal a-helix
mainly through the disulfide bond 30-51. The fluctuations of
dihedral angles are larger not only in the loop regions, but
alsoin someresiduesin the secondary structures. It isnotable
that the fluctuations of dihedral angles of the residues 25-27
are not very large, whereas their positional fluctuations are
large. This region is a hairpin loop located between the two
B-strands forming a B-sheet. It seems that the larger fluctu-
ations of dihedral anglesin the two g-strands are responsible
for the larger positional fluctuations of the loop.

Figure 4 shows the dynamic domains defined by DynDom
for the four lowest frequency normal modes. For most of the

# Sptt

|

ﬂ

ﬁ

i

1fan

)

lnag

ﬁ

Tpt

i

Aph

ﬁ

STV X U N TV - TV X U N TV - B §

E

10 20 an A0 30
Residue nurnber

Fig. 4. Dynamic domains defined by DynDom for the four lowest
frequency normal modes of the seven BPTIs, 5pti, 1bpt, 1bti, 1fan,
1nag, 7pti and 8pti. In each mode, the region with the same color
indicates that the residues in the region belong to the same dynamic
domain. The white regions are not defined as dynamic domains. For
some modes, no dynamic domains are defined. The short doublebars
indicate hinge regions.

modes, two dynamic domains (three dynamic domains for
two of the modes) are defined. For some modes, however,
no dynamic domains are defined. One dynamic domain con-
sists of the half of the 8-sheet containing the hairpin loop
(around 21-32) and the N- and C-terminal s connected to each
other with the disulfide bond 5-55. In two of the modes,
the C-terminal region is distinguished as a different domain.
The other dynamic domain consists of the other half of the
B-sheet and the two long loops connected to each other with
the disulfide bond 14—-38. Each domain consists of more than
one region of consecutive residues. In Figure 3, we can see
that theseregions, which are separated along the chain, are put
together into the domains reasonably in the 3D structure of
BPTI (moredetail viewsrelatedto Figs3and 4 areavailablein
ProMode).

Figure 5 shows the differences in positional fluctuations of
atoms and dihedral angle ¢ of the six mutant BPTIs from the
wildtype. Wenoticeat first that the changesin thefluctuations
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Fig. 5. Differencesin positiona fluctuations of atoms (upper panel)
and dihedral angle ¢ (lower panel). The differences of the six mutant
BPTIs(1bpt, 1bti, 1fan, 1nag, 7pti and 8pti) from thewild type (5pti)
are plotted. The replaced residues are indicated in the parentheses
in the legend above the upper panel. The secondary structures (the
two «-helices and the two B-sheets), and the dynamic domains and
hinge residues defined for the second-lowest normal mode of 5pti by
DynDom (Fig. 4), are aso indicated.

do not necessarily occur around the replaced residues. It
is expected that the substituted residues can fluctuate much
more, because the amino acids with larger sidechains in the
wild type were replaced by those with smaller sidechains
in any mutations. In addition, comparing the fluctuations of
atoms and dihedral angles for each residue in Figure 5, we
found that the residues with larger fluctuations of the dihedral
anglesare not necessarily the residueswith larger fluctuations
of the atoms. Incidentally, the replaced residues 22, 23, 35,
43 and 45 are |l ocated near hinge regions (Fig. 4), and most of
them are hydrophobic residues forming a hydrophobic core.
As aresult, the changes in these residues seem to affect the
movements of the dynamic domains such as regions 9-17,
25-28 and 40-44.
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Fig. 6. Correlations between the positional fluctuations of atoms,
which are defined as normalized dot products of the normal mode
displacement vectors of Ca atoms for the mutant BPTIs, 1nag and
7pti. See also Figure 1c.

Finaly, the suppression of the fluctuations in both atomic
positions and dihedral angles at residues 51-52 isremarkable
in any mutants (Fig. 5). In other words, these fluctuations are
larger only in the wild type BPTI. According to Figure 1c,
the two regions, 26-34 and 52-58, move in a negatively
correlated manner on average. Such correlative motions of
these residues, however, become weaker in the mutant BPTIs
(Fig. 6). Ingeneral, the number of pairs of residueswith relat-
ively larger positive or negative correlations decreases in the
mutant BPTIs, compared with the wild type BPTI. Severa
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factors, such as the changes in the hinge region, the hydro-
phobic core and the disulfide bond, are considered responsible
for the changes in the correlative motions. Further investiga-
tionisnecessary to reveal to what extent and how thesefactors
affect the changes.

Inthiskind of study, we observetheresponsesto the perturb-
ations of the amino acid substitutions. By collecting several
cases, not only the characteristic responses in the individual
cases, but also common features of the dynamic properties
over the mutant proteins are revealed. Since our aim here is
to show the analyses of BPTIs and to give a demonstration
on how to use the collection of the NMA data in ProMode,
wewill leave discussion on the detail of the individual mutant
BPTIsfor another occasion.

DISCUSSION

ProMode provides dynamic properties of various proteins
obtained from NMA. By using the dihedral angles as
independent variables, we can perform NMA with a full-
atom model. Consequently, the animation of the vibrational
motions of the proteins can be displayed with a full-atom
model. However, one of the problems in ProMode is com-
putational expense. Especialy, the regularization performed
before the NMA calculation requires much CPU time. On
the other hand, in the simplified models (Krebs et al., 2002;
Chacon et al., 2003; Echols et al., 2003), the regularization
is not necessary, because a PDB conformation is already
at an energy minimum by their definition. As a result, it
is possible to execute the NMA calculations for the entire
PDB and to immediately provide a result on demand by
the simplified models, while it is hard in ProMode. Altern-
atively, information on NMA with the full-atom model is
obtained in ProMode. The simplified models and ProMode
are complementary to each other in the NMA databases.

A comparisonwiththe MD calculationsisimportant. Asfor
the CPU time, since the PDB conformation is not at a min-
imum of apotential energy function one uses usually (except
for the simplified models), the energy minimization must be
performed even in MD. In addition, equilibration is required
in advance of the simulation. These procedures are compar-
ableto the regularization in ProMode. The NMA calculation
after the regularization can be performed very fast, whereas
the MD simulation for statistical analysis after the equilib-
ration requires much more CPU time. As for the memory
requirement, it is proportional only to the number of vari-
ables, N, in MD, but to N2 in NMA. Even though N2 in
ProM odeisreduced to about 1/64 of theNMA using Cartesian
coordinates as independent variables, it is still much larger
than N in MD. Since MD can cover much wider area of
the conformational energy space, MD may replace NMA
in the databases of protein dynamics in future, when the
CPU time required for MD will become much less than at
present.

Visual expression of the NMA results is another charac-
teristic point of ProMode. Not only the global picture of the
protein dynamics such as domain motions, but aso the fluc-
tuation of the local structures and side chain motions, can be
observed realistically through the animation of the full-atom
model. By highlighting specific atomsand/or residues(e.g. an
active site, a hydrophobic core and sequence/structural motif,
with the manipulation dialog we made), it ispossibleto obtain
more detailed information about the dynamics of the protein.
The atomic motions and dihedral angle fluctuations plotted
against residue numbers and the triangle map for the correla
tionsbetween the positional fluctuations of atomsare useful to
characterize the dynamics of the protein at residue and atom
levels. The dynamic domains defined by DynDom and their
mutual motions are also helpful to understand the dynamics
of the proteins. With the collection of the NMA resultsfor the
various proteins, we can comparethoseresultswith each other
and perform statistical analyses. We expect that such a study
will provide new aspects of dynamics of protein structures.
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