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HOEGHIE Y RV ET 7 =AY 7Ly P —(LacRIWTB L TH, EERNTOREL 72
VA ROGMEIZE U T, BEHEEZITACHIET 5 Z IXH LIRS TV DR, £
DRI - B LV TIERMBATH 5, %, LacR (X DNA IZFEA L, 5528
FILTWBN, BAEICFEET DA T 22— LacR IZfEAT 5 &, LacR & DNA B
FEABAIMENTIE U | LacR 73 DNA O BET 5, ZOREE., T E THH ST
DNA OGRS ND, —FH, 7o FA T a—Y N LacR (ZHERTDHE,. /10T =
—H L1312 LacR & DNA [ OFEAHFPENRE V|  i55 %2 S SIZHHlIT 25 2 & B3 00
S>TW5%, L2rL, LacR ® U 2 REEENLE & DNA fEAALEIL, £ 30 A DL ERENT
BV, LacR 2V F¥ FBRFES L7223, LacR & DNA M OfEABMEICED X 91
Lo, T - BT LV TIERBATSH S, ZOBRSKBRHEH xR, EmBls
DHF TR O EARNZBHALTHIEGHECEAL T, i LWHREEDL LN TED L
EZ D,

AWFFETIL, LacR+DNA+Y > REA RO B G 2 L2, BRERLK O 8RO EE
KEERL, S0, VTV RFBEALTOHRVWEREK, £ 7 a2 —3 PTG
(Isopropyl-B-D-thiogalactpyranose) . & % WX, 7 > F A > 7 = — % ONPF
(o-nitrophenyl-fucoside) 23f&E & Lf:%ﬁé\ﬁi%{/ﬁﬁi Lz, 6 0Es, driy+ %
(MM) K OV 18 /) 5= (MD)EI . KB TCHE#EL L, ab initio 7 7 7 A2 Nor{iaE
(FMO)i£ % F i b A & o Ea%ﬂ: E&fEHT L. LacR ~D VY H' > KA 7)Y LacR & DNA
M OREAFE SR, AR EDO XL > REBE L5 0%, EF L~V THIAL
s

F9°, EFF# 30ns O MD FHRZFAT L, HEERORIEZZ ) AHPEICHER L, LacR
IHEE T2 U A ROFEREIZ L D, LacR & DNA B O#EAEALE L OREE 2 A2 B & H
IZL7z, &5612, EMO FHEIC LV, LacR DF 7 I Vsl L U o KK OVDNA [E o
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Analysis of specific interaction between lactose repressor and DNA by
structural and electronic property analysis

[Abstract]

The transcription of genetic information from DNA to mRNA is the first and essential process
in a series of mechanisms for gene expression. In all living organisms, the transcription is
precisely regulated by many types of regulatory proteins as well as small ligand molecules to
respond to the perpetual change of biological conditions in a cell. Lactose repressor (LacR) is
one of the regulatory proteins and controls the transcriptional mechanism in a ligand-dependent
manner. Although the ligand-binding to LacR was found to change the mechanism drastically,
the effect of ligand-binding on the conformation of LacR-DNA complex has not been clarified at
atomic and electronic levels. LacR generally regulates the transcription mechanism by binding to
the specific site of DNA. On the other hand, the binding of inducer such as lactose and IPTG
(Isopropyl-B-D-thiogalactopyranoside) to DNA weakens the binding affinity between LacR and
DNA, leading to the separation of LacR from DNA. As a result, the transcription is started, and
some lactose metabolizing enzymes are synthesized to metabolize lactose. In contrast, when
anti-inducer such as ONPF (o-nitrophenylfucoside) binds to LacR, the binding affinity between
LacR and DNA is enhanced and the transcription is more regulated by LacR. The transcriptional
regulation mechanism of LacR is well known as mentioned above. However, it is difficult to
explain the mechanism by the change in interactions between LacR and ligand, because the
distance between the ligand binding site and the DNA binding site of LacR is about 30 A. Hence
we considered that it is needed to investigate drastically structural change of LacR for explaining
the mechanism.

In this study, we first obtained the structure of the complex with LacR, DNA, anti-inducer
ONPF from PDB (PDB code: 1EFA) and constructed the monomer and the dimer of the
LacR-ONPF+DNA complex. The structures of the monomer and the dimer of the LacR+DNA
complex, which is the complex without ligand, were constructed by deleting ONPF from the
monomer and the dimer of LacR-ONPF+DNA. And then the monomer and the dimer of the
LacR-IPTG+DNA complex were constructed by adding IPTG to the monomer and the dimer of
the LacR+DNA complex. The position of IPTG was determined based on the experimental
structure of the complex with the dimer LacR and IPTG (PDB code: 2P9H), which do not
include DNA and the DNA binding domain of LacR. Solvating water molecules were added to
these six complexes, and the solvated structures were optimized by the classical molecular
mechanics (MM) method based on AMBER99SB-ILDN and TIP3P force fields, and the 30 ns
molecular dynamics (MD) simulations were performed at 300 K under the periodic boundary
condition to elucidate the conformational change of the complex. Furthermore, Ab initio

fragment molecular orbital (FMO) calculations performed to investigate their electronic states
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and specific interactions between LacR and DNA.

After the MM and MD simulations, the structures of the ligand pocket and the DNA binding
domain of LacR are changed by the ligand-binding. And we investigated the conformational
change and the interaction energies between ligand, amino acid residues of LacR, and solvating
water molecules to elucidate the important amino acid residues for binding the ligand. Both of
the IPTG and ONPF ligands form some hydrogen bonds to Asp149 and Asn246 of LacR. These
residues were also indicated as important amino acid residues by the previous experiments.
Especially Aspl49 is important because it does not form hydrogen bond to the ligand, but
interacts with the ligand electrostatically (the interaction energy is about -40 kcal/mol). And our
simulations also clarified that some water molecules are important for binding between the
ligand and LacR. For example, Asp274 of LacR interacts repulsively with ONPF (18.1 kcal/mol).
However, Asp274 and ONPF interact with a common water molecule by -27.4 kcal/mol and -6.4
kcal/mol energies, respectively. As a result, Asp274 and ONPF interact attractively to each other
through the common water molecule. The analysis for the DNA binding domain of LacR
clarifies that Arg22 of LacR is important for the binding between LacR and DNA. Arg22
interacts electrostatically with Thyminel4 and Guaninel5 of DNA. Some experiments also
reported that Arg22 is important for the specific recognition between LacR and DNA.
Furthermore, we elucidated that the side-chain of Arg2?2 is also important because the interaction
energies between Arg22 and these DNA bases are dependent significantly on the direction of
Arg22 side-chain.

The structural analysis of the dimer complex elucidates a new mechanism explaining the
effect of ligand-binding on the conformation of LacR+DNA complex. We investigated the
conformational change of LacR+DNA induced by MD simulation. As the result, structure of
LacR was not changed during 30 ns. However LacR-IPTG widely tilted in the direction of DNA
helix at 7.7 ns, while LacR-ONPF widely tilted in the vertical direction of DNA helix at 22.5 ns.
To clarify the cause LacR bound ligand tilted, we investigated displacement of Ca in LacR. As
result, a-helix which exists near DNA-binding domain in other LacR monomer in LacR-IPTG
was changed largely. The a-helix contains Asn125 and Asp149, which are important for binding
ligand. These amino acid residues formed some hydrogen bonds with ONPF while they did not
form any hydrogen bonds with IPTG. Therefore, we expeted that the a-helix is normally binding
on ligand-binding pocket or anti-inducer while the a-helix is free by breaking hydrogen bond
between ligand-pocket and the a-helix due to bind IPTG to LacR. And free a-helix forms some
hydrogen bond with DNA-binding domain in other LacR monomer and LacR-IPTG tilts in the
direction of DNA helix. Thus, these binding states between ligand-binding pocket and the

a-helix affect the conformational change and the transcriptional mechanism of LacR.
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2

1.1. DNA E=FHROEE HlEHHEE

AOERIT, EENG, BTEULDOT 2 BNSTF RIS Lz & v 87 B THERk
SNTWD, FU"TEIL, EMOEREERT 27200 T <, MlaN Ok 2 b7 BOG
EWRE LMDV, WH L7035, TLTENETNDOHX N EF X, B R T LR
7= LN LT, FEROMBL R TERIN D, 5 L ITEEMDFFDO DNA O
BIEREILICRNA R Y AT —FB EMEEN DX X IEMN, A vV ¥y —RNA & A K
THBETH D, BRI, IETHER SN A v Vv —RNA OFEREIEICY R Y —
LERRHRIDH XTI EMN, XN BT HIMETH D,

LvL, ZOERL T TlE, Z o 0 BIEHOROF TR ST 5 Z LIz b,
AmIEERNOMERF N TE <25, AWOENTIZ, ZOX 972 R0 K 91T,
R 5 % A5 2 bk 2 ZRER G & o R T BFET D,

1.2. 59 F—RY) FTULyHY—IZ &k BEEHIEH%E

A5 HilAE 3 S Bt O —-> & LT, 1961 4FIZ Jacob, Monod HIZ K W REENTZT 7
K — A 421 > (Lactose operon; lac operon)[1] D E-HIEHIERE N KT B b, Zid, K
IEE N D Z 7 b — A(B-D-galactopyranosyl-1,4-D-glucose) & {X i 3~ 5 R IC LB 7 &
G RSB FOEANT 7 F—R2 U 7L vP—(LacR)E AL —Z|ZXkY, Fhb
R DOIEENRIFLINTNDL NI LD TH D,

77 h—=AANuNxT 7 b= AUHEER OFEIUTE D 5 DNA DFNLOATHTH Y |
LacR OHEIEES T T 5 lacl, FAEEGEIE TdH 5 Promoter, LacR 23559 % Operator, £
LT, 77 h—2ORFHTE D DR DOMIEER T TH 5 lacZ, lacY, lacA DIAT
iR XL A (Fig. 1), 2D 9 6, 77 h— AN ERERMR T DEFIX. lacZ, lacY. lacA
DA EICER SN D, lacZ 1T 7 h— ANRBERPB-HTT 7 b o o —
B-galactosidase)DIHF R A FF D, ZOERILT 7 b— A& 5T D, lacY 1(3B-H 77 v R
s3— 37— (B-galactoside permease) DIF R A FFH, T OMERILT 7 b — R &Iz 5]
EANDTEODOHZBBBERTH D, lacA (X, B-HF7 7 N R T AT EF T —F
(B-galactoside transacetylase)DIFE M ZFF D, Z DEERIXT 7 h— AN INTZBRICAET
%777 27k —A(D-galactose) % 53 fiE, a9 %, LacR (X, lacl 7> HHRE, FHEROEEZ
BT, B L%, &OLBIRMED B Operator &S 9 5, Operator |55 57 D it
(2L T 5 72 LacR 7% Operator IZfEAT 5 Z LI LV (Bl TOFEHRLZEEE T 5 RNA
RY AT —BILDNAIHEA TE R, ZAUTE Y . DNA OIFRITFHABR ST, lacZ,
lacY. lacA OFEBLITIH S D,



Upstream of DNA lac operon
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Promotor lacl Terminator T Operator lacZ lacY lacA Terminator

Promotor

Fig. 1 A simplified overview of the genes and regulatory units involved in the control of lactose

metabolism.

KIGE L, BPEHO 7 v 2 — A (D-glucose) & 5 — DR/ F—Ji & L TR L TWAH T
B, BBV a—ARKEICFET DRETIE, 77 b—ADORFFZLEL L2,

Z @FF LacR |Z DNA @ Operator (Zf5& L7ORIETH S, LovL, FAFHD 7 03— 2 %24
LIRS T &, KIBREITE O VX —HTHHT7 7 h—AERB LIEDH D, 77 F
— 2 XN a—R 14 %&ﬁ77h 213 FTHEENTWDS, DD, =R/LF
—H & Lf(ﬁﬂﬂﬁ‘ét —E T Na—REHT 7 N— A ORER Z YRI5 B
DD, TDID, if£< ’%#@I?/WF‘QIJ?E LTEHESND, Zva—=x
IFEET. 77 h— x#Hl JHIC & 5354, LacR 1Z DNA /25508 L, RNA R U A T —
B2 lacZ. lacY. lacA DHEE % Bihf, 77 =AML ERBER 2 RBL YD, 2
WXV, B-TT77 F RRX—=IT7—BNT 7 F—A&EKIGEMNIZERL, B-T 77
N —BWT 7 h—RETNVaA—RAELTT T M=, TORRTELCTEHTT Y
N—=R%&B-HZ7 7 b KT U AT HF 7 =0 0fif, I LMLER2T XL X —%2155
(I a— R IR A RE D 7 v a— AR L 0 . RETEnD),

13. 39 F—RYTLyY—DHEE L FHE

77 h—AU 7L vH¥—HEKE DNA-binding domain (1-58 7 I / FgF%HL), Linker
(59-61 7 X / FRF%KL). Regulatory domain (62-340 7 X / E&F% L), Tetramerization region
(341-360 7 X / FRF% L) THERK S 715, DNA binding domain |3 & 512, Head-piece domain
(1-49 7 2/ Bs#%HL) & Hinge-helix domain (50-58 7 X/ FR7% Fo)IZ /01T B 5 (Fig. 2).

Tetramerization region (LU EAR & LT 5 72 OITMBERIRERNL Th 5, L FokEE 2 HER
E L. I T EIRKFig 3)ET D Z & TDNA i, X512, O BRN %t
THUEARZEAT HZ & T, DNA O &z /L— 7RIS L CERE 2 Ml % (Fig. 4).
Regulatory domain |L VU 7> R EfEE L, & D2 Linker %18 U C DNA-binding domain
~L {55, Hinge-helix domain |£, DNA DF {ﬁ EAEA L, LacR # DNA k29 F <[
E X%, Head-piece domain (% Operator Z 58k L. fE& 3 D,

Flo. 77 =RV T byY—iI, TRAT VI HZ U NITEO—D>ThHbH, 7HA
TV 7B RTEHEEE, Z R EOBREPOIEZ L > THMEINL & XY

HTh%, LacR DI, ZOMDILEMIEZT 7 h—R R EDY T FTHY | JAHDZ

&b ADIEED LacR O DNA BFE (DNA & HEE. DHEHICEEL 52 5,
2
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Fig. 3 The structure of LacR dimer + ligands bound to operator DNA [2].



Fig. 4 The predicted structure of LacR tetramer bound to looped operator DNA.

14. LacRIZHTRAVAHY FOBEEFALDOEE

UA» RiZ, ZonI7BICHEARETHZEIZED, 208 7 BOKROHEE 21k
EHLHFDILEThD, LacR 1T A RIKFRID 2 X7 ETHY | LacR DV T~
RiZ, LacR IZHEA L72BED LacR @ DNA IZxT 2 EFETHEEN s, A>T 2—
X, 77 h—=2FXu OEGMSI 2RIV T RCThoH, i, 77 h—=
(allolactose; Fig. 5 (a))° IPTG (Isopropyl-B-D-
thiogalactopyranose; Fig. 5 (b))[3]. T-ONPG (T-o-nitrophenyl-B-galactoside; Fig. 5 (¢)) [4]73 %
FHN 5, T-ONPG (F5EER[4]D 7=, ONPG (o-nitrophenyl-B-galactoside)® 7 /L =13 R
BOBRIFAFEZMER FIZERLIEYV T R THDL, 7o T AT a—HdA T a—
P LT OMREZRT YV T FTHY . Zhd LacR IZHEGT 52 LITE V| LacR DA
GIHIRERE 2 (et X%, Z Ui, ONPF (o-nitrophenylfucoside; Fig. 5 (d))[3]. T-ONPF
(T-o-nitrophenylfucoside; Fig. 5 (e))[4]23%81F 415, T-ONPF %, T-ONPG [Afk, ONPF ™
Jvay NigG OBRFERF 2l FICER LIV T FThb, /oA T a—Hia,
LacR (ZHEE T 27200 TEHEMBIKAEICREG LW T FTh D, FRMAIT, 17
2—H PTG & 7 > F A 7 =— ONPF Offi i OfFEZFFO L0 H Z L TEA SN
UH> RTHY . ONPG (o-nitrophenyl-B-galactoside; Fig. 5 ()23 Hi1 5,
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Fig. 5 The structures of ligands for LacR.

1.5. HHARETONETOHRE LATKERE

WIFIEE Tl PERRERAY ) T HETEIC K VU | LacR OF8F#%k~YU >~ 7 2 & DNA F'Eﬂ@
IRBEZMEAT L. 325~V v 7 AIZBW T, DNA & OFEAICEERT IV BRZ 0 56
72 [5]. F£7-. LacR OMEARHEEZ/ER L, LacR OMEERER KA A 228 " &IK, &
O EREZRT DERIC, WEEREE KA A 2 B35 B BRI MIT B L)y (8 1%
(MD) FHREICE VLN LT [6], S HIT, HFHEED LacR & U o RTHD IPTG <
ONPF & OFESIZKY FNEETHDH Z L, LacR @ Helix-turn-helix (HTH)? DNA #&i#
RAA L RO~ 7 28 DNA LHE<SHAEAL TS Z L2 LM LT
[7]e FETIX, 777 A2 My+#E (FMO) 7% [8]& VY, HE(K LacR &V W K
(IPTG <° ONPF) . K OUHEHE(K LacR & DNA BIOEIREEAMEIT L. U H v K& DfE
AIWCEERT I /W, kO LacR & DNA M OFEAIZEERT I /[ - DNA M54 fR
L7z [9].

LxL., Z3LE TOMFSEIX, tetramerization domain 7% LacR DAEEZEAIZ H- 2 5 280
Y77 RS LacR OV T REGTEBKOJEFIZ G 2 5 2IZ OO0 Tigm L TV D8, Y
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B RfEE 7D LacR & DNA B DOFE A IS5 2 D BT HOW TR L Ty,

1.6. AARDEWEES

AWFEIL, U A REEEIZ L D LacR OEIEZ{ES° LacR & U 7> Ff#], LacR & DNA
M. F7c LacR HEKF OB IREEZ T L. DNA OB HEEMEZ R+ - EF L ~L
T2 HIE LTS, EHIREEFHE CIL, FH—-JRBEOTFEZ MY, LacR &
A R, KO LacR & DNA B OMAENER % S EICH D,

ZOWRT, U REEED LacR 1[5 2 2Bl CxuX, 77 h—AXA4~Xn
¥ DEREHIERE O 2R OMBICEN S B2 b5, SHIT, AFEOTiE, FHA
%R, RERRA Ot O ER G S ORI DK BN D AREMN H 5, £2. ZOHF
FEITAIEED B HIENT ZENTE D BN, BIZIE, 7T LXF—o0 i3
EHIESED 5 £ YT, BRENCEEY XV ENRAEREIND ZENFRINTH D,
IR L, BIEEFEA SN TWA T 07 LAX— 253 533, 85, FERoB’RT
R ENT-EEZ X BEREN T HE NI a7 hOT, BBENTEE, 20
Ba . B O ERER I TV D IE, AT 20 niE e 5w, Lo,
B S R EOEREEEOBRETIHET L Z A TEE, KOKOBZRS 2
ENTE D, ZORMBEITK L, RUFSEIE A& BIER G HI S 2 L 0 50 HIA0 T 5
U T ROERECIHRE A NLBIZIEHTA2ANTLY RNV EOIRETHEIRTE L%
bbb,



2. STEXR

2.1. LacR-!) > F+DNA &1k

INETOEBRIZEY LacR D5 FA A OSEEHEEIZH S 002> T d, LA L,
LacR W EIRDOHEE 2 455, LacR HEREIR (1-360 77 I/ Fefk kL) Oe R/ RE OIS
IZ SN 72> TRV, Z4UE, LacR 28, A L3 REET X BN NS Tl
VNTEHENSTH S,

HIfE, Protein Data Bank (PDB) 2%k X 41T\ 5 LacR O X, DNA (11 #EEx) &
W 1-51 ZHOT 2/ ikt % & e LacR HE (K DNA-binding domain ® X ##iE (PDB
code: 1LCC [10]; Fig. 6 (a)), 61-356 7 X / [gik ik % G Lo U RIKIZAL N A A % & T LacR
HERD X #4%& (PDB code: 1TLF [11]; Fig. 6 (b)), DNA (21 ¥ikExf) KN 1-357 & DT
I R A ETe LacR UERD X #ifERE (7272 L. Ca?d A THERK) (PDB code: 1LBG
[12]; Fig. 6 (c)). 62-330 F DT I / Wikt z & de LacR &k & U 7 N (IPTG, ONPF)
DFES L7z X #A%iE (PDB code: 2P9H [4]; Fig. 6 (d). 2PAF [4]; Fig. 6 (¢)). DNA (14 ¥k
®) BON2-330 ZHDT X Rk A G T LacR &AL U > K (ONPF, ONPG) 2fES
L7- X #Afi& (PDB code: 1EFA [2]; Fig. 6 (f). 2PES5 [4]; Fig. 6 (g)) Th 5D, 9 b, fhdhK
N X FHEENICE EN TV DX, ILCC, 2P9H, 1EFA Th 5,

ARFFETIX, LacR & U > FR], LacR & DNA [#], LacR HERRE OMEEEl, KO
R R EAER 2T 5 Z L 2 B E LTV 5728, Regulatory domain, DNA-binding
domain, DNA % & A 7ZHEE CRITNIT e b2, £72, JATHF%E[7, 9] THb A7k 2% LacR
&V R, LacR & DNA ICxf L, 7 U v LieKy & LTHAERAICEETH
5HERBELTCNATZD, MENIZITF ARG ENTWRITIER G, ZAbDZ
&, LacR DO_— R & 72 251E 1L, 1EFA %Y TH D L ¥ L. 1EFA 28 L7=,

22. YA FDIEH

LacR DV > K& LT, Fig. 5 IR TIEMA— KM SN TS, ZOW, IPTG
& ONPF /X, LacR DEBRTCEI<HWLENLTWD, 77 h—RAL, 77 b—AAF XD
HRENEMHALIC LD AR ESNTB-T T 7 P R T AT T T —BIZED, 2 DO
(HT7 27 h—=RET)Na—R) WOr7vay FiEGNEI S, Dffsnd, T,
FERC LacR DIEEEZ AFTTH7200D0 Y Ho RELTEFAMETHD, —F, IPTG 1A
V7ua ek 7T 7 FET ) — A (B-D-galactopyranose) iR FIZ KD FES LTz
BETHY, ZOMBEIIB-HT T 7 VU R T AT E®FT—BIC LW DRI,
LacR OEEEZ AT T H72DICANR VA R THY, EBRTEIHWSLND, - T,
AW TIEA T 2—H & LT, EREENFET S IPTG 28 L7z, £ 7-. Proten data
bank EIZI%, 7 F A T a—HFH D ONPF &ALz LacR WEEAFET D, AHF

Z2CEL L7~ LacR OfEETdH 5D 1EFA § ONPF EfEE L TCWWie, £D7=d ., KWFSET
7



X, 7 F A 7 2—% & L TONPF 280 L7,

(d) 2P9H

(f) IEFA (g) 2PES

Fig. 6 The structures of the complexes involved LacR registered in PDB.



3. f1EFIE
3.1. LacR BEE{Kk-1) H> F+DNA fEE&IZxt 9 BT

3.1.1. HEKRDOARAEEDER

LacR B EAE A IKD FIHIHEE X PDB @ 1EFA O X #i4#E725 . LacR B &4, DNA,
fEeu/K, 7 T A 7 2—H% ONPF 28]V i L7, Z ® PDB ##i&E(Z351F % DNA |, LacR
T ERZENEI O DNA-binding domain & #EA T HHEE & Ao TV AT, LacR HLER
DI &Y 3 & LacR H &K DNA-binding domain DEZ DNA 3 &< 7> TLE 9,
Z?D7-%. DNA L LacR ® DNA-binding domain {24 9 X 912, 10 HIEGF D& SITFRHE
L7ce EHIC X BAEEANO DNA (21X, DNA OV Vg0 EmZ2 T fSEs 0 7 o4
—A FUNFEELR, ZOABMEFIEIE 5720, DNA OF Y VERIEKICH L, b
VA —A Ay Na ZBE L7z, Na ONEIL, UV UBED Y VIREOEEER 7 Op. Op
D H A (Midpoint)Z 3R, PR HEEZE - T, PHRFMNOLFEETOHEBED 2 %0
ALIELZ L 7= (Fig. 7).

@D Midpoint

P atom in backbone

of DNA
@)
5

Fig. 7 The relative positioning between oxygen atoms of DNA backbone and Na" ion.

ZOREEIIEECT v F A T 22— ONPE A& L T\ 5729, LacR-ONPF+DNA #
B E Lz, IPTG & #EA L7z LacR HEEARHE AKX, LacR-ONPF+DNA A ANIZAE(E
9% ONPF © 7 22— R (f) $LEN—RIZ5 €T U2 Y7 b HyperChem [20] T=

fe 7=V Ei2 Ay e KICEBRT LS EITLY ., IPTG Z1ERK L.
LacR-IPTG+DNA &4 & L7z, & 5IZ. LacR-ONPF+DNA # & 1K ONPF ZHI4 %
ZET, UTY RPBFEE L TWRUVVIRRED LacR+DNA #HE KA 1R L 72,



3.1.2. EEWHOKMBEDIER & HiEE

FEEEOAEMRNICEIT S LacR HEREAKROZEE 2 HET 5720, B8k ERICEE
TOMENRDHD, T T, BT FEHET 277 A AMBER9 [21-23]13y 77— VIR
% tLEaP T, 3.1.1 HiCIER L7 E A RS E DO 9 ATk 24 L7z, ZL T,
AMBERY ® MM E4 IV, ZNENOES IR Z il Lc, OB, 7 3/ Wik,
DNA, B & —AFNZiE Amber99 1155, Ko3FI2i% TIP3P [4210%5. U v FiX
GAFF D% T2, GAFF NGERRIC LB 72 ) Ty ROKIRF-OBMIL, VY RE
BEERNSEI Y H L, ERES FIEZRE 7 1 7' F A Gaussian 03 [14]0D MP2 i, JLJE
BA% 6-31G(d) Theaiifk L7z EC, Al UE5 Tk % H V7= Restrained Electrostatic Potential
(RESP) [16-19]5FR TR 7=, £72, i b OUAHIE S, 0.001 keal mol! A
L7,

MR IZ V. Amber99 J135 DFHRTIE 2 MEET 572, FERIEE(PDB code:
1EFA) & fedifb L 7= K Fd & R 0 Cod RMSD (Root Mean Square Distance) 3K 6, 0.94 A
T, B b ST KT G N R & I TE S 2 L 2R LT,

3.1.3. LacR., DNA., YA Y FEIOBEMNEEEROBRT

LacR & VU 77> RFf#], LacR & DNA [, BL&K LacR ] OFrRIFE AAEH 2 #4572
D ab initio 77 7 A2 Ny FELUET v 7 F A ABINIT-MP ver. 4.3 [24,25]D 7 Z 7 A >
k> T HLIE(FMO) [26, 27115 % HVY, < /VF LA ¥ —FMO (MFMO)/E[28112 L 0 | &Ik
REZ 3R L7c, MFMO 1L, REEBEO LA v —IZo, VA Y—HBICHAEFEEZRE
THIENTED, ZHUTED, FHESEKROFRE 2 2 N EHERD MO IEIZEA~MEL 12
DO ROBEEREMN O L EREEICHE T HZ LN TE D,

LU, i b U7z KA & I3k 2 3 8 #2008 15,000 2L ETH Y |
WE & O BEERICBERD 7 WIRE D HEEIL TV DRSO E CH - JRETEET 5 Z
i, HHEOEEL LS TLE D, TOD, FFROMAEERICEECTH HKY DI
L. oKy FEHIFRL CEEAE L,

LacR & U # Yy REOFRROMAMEMN T, B2V T ROBEBEETIZER L, #HET
%o - T, ROMEX, LacR, U H > K, DNA, Na', /K41 C, ftHEICHLELRKIY
X, VA RO SA DKGTFORIT Lz, Ziux, VIV REEER7Z v FRNICA
STWBKSFNY T ROFE 5 A LINICHFEE L, FRLL B2 & ik £
TEEN, VAV REOHAEERICEETRWKDTETHEL, fHEENEDL S,
ZTnERI<TO, SACERE LT,

Lotz L, VA R, VT RND SADT I iR, kUK 1% MP2
BT, ZTOMOENL % HF {EICF%E L7Z(Fig. 8), WIhod LA ¥— EEREHIT 6-31G
ZHWZ, 22T, MP2[I5[EEDfEZ 5 AICLTWAHHEAIL, VA REERT v b
ERRLTNDT X, EZ2OHIZA-STWDKRGFBETSA OFHBENICFEL

TR TH D,
10



Water molecules
(Cyan)

Amino acid residues
‘4— around the ligand
(Red)

Ligand
(Green)

Fig. 8 The domain division in the multi-layer FMO calculations for investigating the specific interactions

between LacR monomer and ligand.

—7J7.LacR & DNA [H D% A B AEH Ofiftr Tid. 1T LacR @ DNA-binding domain
EDNAIZEHT D0, i5 &35 FRIE LacR, U #'> K, DNA, Na", /K431 C. LacR,
DNA 7> HZ N0 5 A UINICHEET 2 @D K5+ & Na" OJEH 3 A2 d 5K+ % 5%
U7c, JEATHFSE[7, 91 Tl, LacR O 7 X 7 BRFkIL & DNA O EEDN K75 L, KGR
AR U CREAFMEMEHA L TEY, LacR & DNA BIOKSFNEETH D Z &R
N7, ©Z CTLacR DT X /gl & DNAKIEN T Y v U+ 5L E 2 5N D KT
., R A MBEE L, R/ TR A BITEERA L2, LacR, DNA 226212
S5 ADNBEIZHDKDTNELTHD EWVIERICE-T-, Na OJEHOKS T IX,
Na'lZA A CTHEEL, BAHOS T LEEMAEREZT222BE L. TOHEMA
TERDML O AAERICREZ 5 X 7o WER/NEOFHIR TH L FH KB O 3 A & LTz,

Z OREEIZRE L, LacR @ DNA-binding domain (2-61 7 X/ [i£F% %), DNA (17 Hi3E5%)).,
FNDOKFFETE MP2IETRHE L, ZOMOME %2 HF (s CHE L7, 72k, KR
L 6-31G % FV 7= (Fig. 9),

11



DNA binding
domain of LacR
(Red)

'
DNA S e
= Water molecules

(Yellow) "
(Cyan)

Fig. 9 The domain division in the multi-layer FMO calculations for investigating the specific interactions

between LacR and DNA.

3.14. HEEKIIHT 5Kk TO MD 5 E

LacR [3#) 300 I TR SND T I /R T, ZHUTHHRE X o 0 EThD &

SR %, 2D X7 LacR 75 DNA 22 By d DREEZALIT A A VL TR IS LB X
Siv, TOMEELE VI 2 b—ya U THBET 5 7002E, BEOBREIM 0%
BEEZ DM, BEMOYI 21— a 2T 508R”H 5, (- T, Litd MM IEIC

KX ODEREETS T T, BEZ{b L7 LacR #5852 L3 LW E 2 BN D,

2T, WS TEN)SF (MD) BHEE ST LTE, MMIEIC X DA RO JER 9 A
(2RI - S AT K Fnfi i 2 1SS & U CERM L7z, MD O R EME, 7o

> 7 LI NPT, 2HE R 10 ns, BRI AT~ 713 1 fs, IREEIZHIHIEE 2 0K & L.
ZDH% 25ps T T, AENEIZIEFR CIRETH S 300K £ T EF I, ZOHET
X, BIBERSMEEZ AW o7, HBRIT MM L RIS, 72/ ERikE, DNA, &
7B —A AT Amber99 J155. KA 11X TIP3P J14, U 7> RIZiX GAFF /135

Z Tz,
B, BEEEN IR Z 72 E B D 10 ns Dtk OIS % B, Fomfl L.
3.1.3 Hi & RIER DM T T FMO FHE % 17 LT,

3.2. LacR Z&f&-1) 7> F+DNA & KICH T S EMH

3.2.1. HEEEKOAHAEEDER

LacR —EA S HEK[EIEE. IEFA @ PDB 725 %2 B L T 5% LacR &K & DNA,
12



fgm/AK, 7 v F A T 2 —H ONPF 28]V L7z, LacR BL&RIT, ZHLE 4 2-329 FR A,
2-331 FHIETHER SN T\, BHEEKOKRE S EZHbEDL 2O, 2-331 D LacR
WK% 2-329 FRILICFHEE LT,

WIZ, LacR NOEAF VD7 a hxr—y 3 U ERE Lz, LacR HEANIZIZE A
FOUNTREET D, © AF VMBI O FEMTH DA I XY — Ve
FFoTWad, 204 Iy —HE, EFRFETICHEG LT 7 - HHYDRENDOKSE
AFVBEEICXIY, MAEEZEZT, 2k, v 2AF Y0 His(8). His(e). His(p;
protonated)(Fig. 10)? 3 D DIRFEIZZA{LT %, His(8) & His(e)lZA I ¥ YV — WV HITHES L T
WhHTa N ONEOMNETNE L, RREFSKRFBROICHEL XD, KEAL
VRN FPEIZUTVY, pK, 6 BAETIX, B AT VU His(p)IZZ LT 5, His(p)iL, 1 2
Z =N 2507 a MU Tew, s TR, BB b BT 5, BT
N A B2 HDEREMAEMERIL, ARANTEERERZMHS ZENZ 0D, ZOE X
ForOTa hRr—va rEBEET LI LILTE RN, 2T, XTI ENOKEA
F U VEE A HEE T D 7 1 7T & PROPKA[32-35]% VY, LacR WNICIEET D A F P
JEAPRDOKFEA A PREEHEE LTz, ZORR, LacR HEBEANO L ZAF VTl 5 5,
His(p)IZ72 2 A[REMED & 5 B A F 7 1% His29. His202 TH-o7-, ZOMo 5EDO e A5
DL, HOEEE LT, mEns 7 e hURSREEAZ R S0 E D i
IR L7, A9, His(e)?® 5, His(p)2s 2l & 72> 7=, (Fig. 7)

o
B
g
)
)
£ €
His (8) His (&) His (p)
<pH6.0 pH 6.0 =

Fig. 10 Three types of protonated structures of histidine residue depending on pH value.
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His (€) 163

Ligand

s " .
A®: His (p) 29

Fig. 11 The positions of histidine residues in LacR.

% LC, LacR O ff(LacR FLEK: -1)ZHF1d 572, LacR OJFEFHIC I T X —A A
> Na"% AMBERI2 [36]i21} )& 9% Ambertools /X > 77— N tLEaP TR L 7=, £ 7=,
LacR D7 2 J FeFE RO R &I T L2 WE4 . N R IE NH; . C Rl COO & L
THboND, ZDOHA ., LacR 2IROEM OIKIZ 0 L7250, 7/ BEOHAIEHN=
HNF—Z T DB T OREFEEDOEMBMOT I/ BEFRES DNA HHEICHR 2
B OHMAEFERCEEL 52 TLE S, 20D, N R 7 & F /L H(Fig. 12 (2)).
C Kz A FVT 2 H(Fig. 12 (b)) &AL CRuEGOEMR % 012 LT,

O
N
~
H4C H,C \;!"
(a) acetyl group (b) methylamine group

Fig. 12 Structures of (a) acetyl group and (b) methylamine group for terminating N- and C-terminals of

LacR, respectively.
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DNA (2B L TiZ, 3.1.1 #i?D LacR HEAEE SR OK: & RO FELZ HWT, DNA O
KU UBRIICKRL, A 17/5' 4’25/ Na Z & L7,

fEeaAIZB LCld, PDB IZ =& E LTRESN T2 ONnE, —&E{KkE DNA,
AEdK 2 E O F FHLY HY Ltt D, ZEBKEOH S TEALEIZHE KRN DK S TR
BRIZR > TWWD, 2%, BIEKEZEEORMIAINT 20 TH D05, KA
57077 KIE 2 T EEOEBEIC KRS T EMANT 5, T07D, —EBERNH o 0
ICHFET DAEMAKICIEB K ZM ML CLEY, RHBICROY A ANRKELLoTLE
W, FHEESRNE LT LE D, £ 2T, LacR &K, DNA, Na @& E5 5A DKSy
TR LT, ZOMOREREAITHIBR L 7=,

ZOREEIZBEICY W RELT, TUoF AT 2a—P ONPE BFEAE L TWVWATZH, =
D& % LacR-ONPF+DNA A& A& & L=,

LacR-DNA-ONPF # & A#%1&E 7> 5 ONPF ZHIBRT 25 Z £ 12XV, LacR+DNA (U 7 R
72 W)HES IS & ER L7z,

A 2T 22— IPTG & A L7- LacR-IPTG+DNA #HEA& & IR L ClX, 81K LacR
EENZNDOHER LacR 12 IPTG 23E A L7 51E CTd 5 2P9H O X #jf#iE & LacR+DNA
BEMRREEDT X ) RRIED Cak 7 4 v T 4 > 7 S 2P9H & LacR+DNA EHEKD T
BRI DOBEN BT H Lo LT, ELT, EDT 4 v T 4 7 SHT2 2P9H
5 IPTG OME&EZ T Zfilit L, LacR+DNA #HARIZH A LT, Z0%, IPTG DOEELED
LacR+DNA AR DT I/ BEFRECRE MK EER > TWeWZ 2R L., ZOfiES
LacR-IPTG+DNA #HA&K L L7z,

3.2.2. EEAEQOKINEEDIER & &L

TaRAT Y7 BN EOREECITI RAAL VB TRZ D & Si, RAA VHAL
DOREEZALITIZ usams A —F—D ¥ I =2 bL— g URFREAME L éﬂ“@/\é e~ T,
TaATY v 72 RTE TS LacR OEZALZfENT T 572 DITIE, pus, ms A —4
—ODHE., HOWVITENNEES L LT, KIEEt ns OFHEE Lfﬁ AU, Sk
DFIT LB 5 Z LN TER, LacR “BEKIIZOFEMICABOK N5 &, %
DY A )3 LacR BHERD 2 f52L EIZ72%, ZiAi AMBER TMD R L L5 LAz
AT, Intel Core2 Quad Q9550 (2.83 GHz) # 4CPUfE~ T, InsD 7Y =27 U DOH T
3 Ao lz, —J7, Gromacs [37-40] 1, RSKMHFICT InsD T2 =7 MU DHIIZ 1
HCHAT, D, LacR —EKROFEIX, WHHLZIFED Amber L U &\ Gromacs
Z iz,

A /KIX, Gromacs Ver. 4.5.3 /X 77— N®D editconf TV A XZRE L, genbox
TEAZKG Tl Lic, BAYA XL, JEE2FEEO N0, 0, 0)IZBEI S D>,
X WIS ATIZ AR D X o IR, HTBEI S E2 BT, ®%Ro X, Y. Z fihmo
ARXD2MEFITHRD X OICHE LT, Zhud, &y 1o B RS Tl v A
R+ o3 IHEPR L7 & f‘;ﬂﬁﬁéﬂ?ﬂ/lﬂ\]@ﬁ%@*ﬁli@ﬂ%ﬁ]\ 0. EMERMENTTE

U, T DRMET, *E/I/ﬂ‘/fx%’i’ % @E L7~ Fr. LacR+DNA . LacR-IPTG+DNA .
15



LacR-ONPF+DNA, WP Lok 188X 140X 127 A® L 72~ 77,

IS OKFIEEICKE L, Gromacs ® MM £ T, #EfkkEbad Lz, N5/ "T A —X
E LT, 72 /BRI, DNA, Na'lX Amber99SB-ILDN /)#3[41]. /K512 TIP3P 1145
W=, £z, U A2 RO ST GAFF [4317135 % 7=, GAFF JI3/ERIC 487
Uy ROKFEFOEMET, VI FEESENHE0 H L, IR FiuE 7 v 7
7 . GAMESS [44]? HF & JEJER% 6-31G(d) Thicilifb L7= BT, [MCTFEEZHWE
RESP f+H TRz, Z DV H > ROER & H§iE% ACPYPE (AnteChamber PYthon Parser
interfacE) [45]% H\ >, Gromacs T x5 NI ICEH LT,

Flo, AU F—AF TR b ORE T, WENLEEL, WU F— A F U DER
I LTCLEIZENH D, D7D, KHDO DNA I L, WV F—AF 2 %E
J& L7 MD #HHE &2 1T - 7231 H [46]% 5512 DNA |0 Na'lXDNA B D U VNG 6 A
DNICHEEBERAR L, LacR IO Na' i3 v o ¥ —A AU AHEOAIZHEL TWD T 2 /iR
FREE Aspl29 DB IVIRF L IVEED C IS5 6 A LINICIEEER & L 7= (Fig. 13),

Fig. 13 The positions of counter ions Na* for the negatively charged Asp129 residue of LacR dimer; Na"

ions and the Asp129 side chains are indicated in the dotted circles.

B AIZBI LT, Na" 2B L TV D05 0~6 A [ZIZART > v v L= R L —
WZRXFNT 45529, 6 AURRICTFRONTEINDIRNFTAT 52520 K0 ITHE
L7210, rl, 2 ZZE4 0.0, 0.6, 0.8 [ZFXE L),
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1

Ekdr(rz';'_?ur form;<n
0 formy=r;<n
Volr.1=4 1 3
i) Ekdr[""ij—""i) forn =r;<mn
LEkdr(TE _T:L](ET:'_;' — Ty —T) form =Ty
20
15 o)

Viisre (kJ mol _1)
=

(V)]

0‘.2
r (nm)

Fig. 14 The potential penalty for distance restraint.

£7-. MD FHEZT 2R T, WEPETBENC LD BEANBIMIRROH L TLE
AIREMEDRN D D72, HIKRTHIWE O — RA JEEM R T 20BN H D, LacR1T, A 7T =
—H EHEET 5 L DNA 22608 5729, LacR OMEEE A [EE T, DNA _HEHHO
0T LacR 2 HEEINLTWD 5D DNA SHOMEED Y VRFEED U V% X, Y. Z JEREIZ
%L, FRRoEE k" % 1000 kI mol™ (2 L CHEE L7z,

L 2 ; 2o 13 25
Ve (7) =£[k;?[xi_ X)) R+ k(v — Y)°¥ +kp(z, — Z)) Z]

17



10

Vposre (kI mol )

0 0.02 0.04 0.06 0.08 0.1

r (nm)

Fig. 15 The potential penalty for position restraint.

PLEDOSEMET, G Em bl Gromacs Ver. 4.5.3 Ol FiE42 v, INGCHESE %
1.0X10* kI mol” nm™, EHIB RS T CRAE LT,

3.2.3. EEEKICHT HKBFTO MD FHE

U H 2 R LacR IZHEA LTI, HHWVMEY H o RO WEED LacR OREEZ b A fiRH
T 5720, ARNORE CHEZ BB T2 4N H 5, % Z T, Gromacs Ver. 4.5.3
? MD #HHEZ VT, BE ERIEBR, BRefk, 7Y 7LBROIET, LacR D4
RN OHEEZRLZ B LT,

MO Fi l Lol E, s s KV ZESETBETH L0, HMilEliEE
DEFE SN TR 0K OFEISEVEE TH D, L7en-> T, ETIIEEICIREL S
ROMEND D, UL, SICIRELZ BRI E L L, HENREI L, EERNOHEE
EIIRIOHEEIZEM L TLE S AIERH 5, £D7, RE FAERITEE 2 E Lik
ICR D IRAITIREZ BT 5 2 212 L, GHRESAIFIL. leap-frog R0 [47]. JA MG RS,
FREEA EAEH X PME 74[48, 4912 FIWVCNVT 7 U v 7V & FE4T L=, BRI s,
K31 DIKFERF % SETTLE [50], & DD AKFEF % LINCS [SI]THERE L TWDH 728,
2fs & L7z, IREEIE Velocity rescale A[52] CHilfHI L, BEX 70 F LIEIZ XK V| 100 ps £ TlE
0 K % #EFF S, 100 ps 75 400 ps £ T 1 K/ps DEIA TIERE 2 L& X4 400 ps 75 500
ps £ T 300 K & #EFF S H7=,

FEFMEAR CIE, IR EFERE & [FSEC, IRERIE, EHIEAEZZE L, NPT 7 >4
VTNV EFELT LTz, IREHIENL Nose-Hoover #:[53, 54]C 300 K ZHEFF, £/
Parrinello-Rahman 7[55, 56]C 1 bar & L. 1ns 3T L7,

T T VIEERIL, REFIEER & R U4 30 ns FET LT,

18



4. FIEBRLEER
4.1. LacR BEE{K-JHH> F+DNA ESEKIZHT R

4.1.1. MM ZIC K Y B -EESEKOKINEE

U7y FEEEIZE D LacR HEAEAKROEZLOENEZTHD720H, U T R
L® LacR HEMREAKEZNZEND Y H v RB¥FES LB EREER O CaDEED
N T 5 displacement % [b#E L7-, Fig. 16 (Z/RT X 912, LacR IZ U H > RB¥fEET D &
Gln60 N K& < B35 Z LM/ 572, HIZ LacR-ONPF @ Gln60 (359 3.5A &
BHE I LT D, ZORRNZHLMNZT D0, Gned EAER/RALTNDLT R/
FRik AL 2 AT L7, LacR IZ ONPF fEE T 5 2 &I2 XV . Argll8 DEAE ORI &
GIn60 ORI DK FERAITAKFFEE DT D (Fig. 17 (b)), E72 Argl18 @ displacement
DIFLEAVEBHLL TR END, GIn60 ITKEEAICL Y Argl1I8 5 EFE LN
&z b5, Fig 18 IZ/RT XK 912, GIn60 D3t < |21 operator 23 fF7E L. Argll8 i
U A REEERT > MITIZEET D, 16> T, ONPE A LacR+DNA B AKIZHE AT D
&, GIn60 & ArglI8 RIDKFEREAICL Y., b7 IV BEREOHEIIME Y. ZhiZ
AT LacR & DNA MOt LMEE V. o7 I /BRI DNA MHAEEH LT
{72 EEZ26N5, —F., LacR-IPTG @ GIn60 @ Co® displacement KX 23,
LacR-ONPF @ GIn60 1% & TlE7e < | KFER AT E TITIZE > TV RV (Fig. 17 (2)), =
NHIZE Y, IPTG, ONPF 78 LacR 1252 5 K& B LZHOMNITH I ENTE T,
F 72, Fig. 16 X V| LacR ® 70~80 7 X / fi% @ displacement D Z2{k1E LacR-IPTG P
J7753, LacR-ONPF LV K&EWZ & LM o7, 2D 70~80 7 X / BEFEH:T Fig. 18
WZRT I, VT ARy FEBRT D0-~U v 7 A TH D, > T, IPTG T
LacR | _ﬁ%/m\?“é Z &L, ONPF LY LacR #GARY7 v b OWEEE L S 58K 0
borEBEZLND,
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3 | | "~ (a) LacR-IPTG

2 GIn60 Argll8

T R

3 ‘Gln‘60 | (b) LacR-ONPF

Displacement (A)

0 50 100 150 200 250 300
Ca of amino acid residue of LacR

Fig. 16 Displacement of Ca atom of each amino acid residue in LacR induced by the binding of (a) IPTG
and (b) ONPF to LacR.

(a) LacR-IPTG

Argllg8

Fig. 17 Interacting structures between Argll8 and GIn60 of LacR in (a) LacR-IPTG and (b)
LacR-ONPF complexes. A green dot line indicates a hydrogen bond; blue and yellow lines indicate the

backbones of LacR and LacR-ligand, respectively.
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Fig. 18 Positions of GIn60, Argl18 and 70-80th residues of LacR in the LacR-ligand + operator DNA

complex.

70th to 80th

residues

4.1.2. LacR BE#F E Y AV FRIOEBENMEEER

LacR+DNA #H & K~® IPTG. & X ONPF OftEA
HBIZLY, KT 2502 E (Complex), 7K

DETRNLX—%RD, TNHETRILFT—DEN
TRLF—ERKDT-,

Table 1 Total eneriges (T.E.) (kcal/mol) of LacR-Ligand + DNA complex and its component parts, and

BUFEZ B 5 20M2 T 5728, MFMO
NTEELY Y RERRWT-ESE
(LacR+DNA+Water), K1 L7= U 7 RHEAKOHEE (Ligand+Water), /K53 1 DFEiE (Water)
5. LacR+DNA & U B> R OFES

estimated binding energies (B.E.) (kcal/mol) between LacR+DNA and ligand.

B.E. is estimated as

B.E.= -T.E.(Complex) + T.E.(LacR+DNA+Water) + T.E.(ligand+Water) — T.E.(Water).

IPTG ONPF
Complex -97475552.9 -97471651.0
LacR + DNA + Water ~ -96817077.4 -96817060.2
Ligand + Water -992735.7 -988839.2
Water -334325.8 -334323.7
Binding energy 65.6 75.4
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Table 1 (X, MFMO £ TRk 7=/KFi1 L7z LacR-Ligand+DNA #E51K (Complex), 7KF1L 7=
LacR+DNA #5{K& (LacR+DNA+Water), /KFf1 L72= U %> R (Ligand+Water), 7K 4571 (Water)
DETZRNVLF—LEZNLDTZRAF—IZ Lo TROLNIZHETHXLF—Z R LT
%, LacR+DNA #E &K & PTG R OfE A =R /L ¥ — (65.6 kcal/mol) 1%, LacR+DNA 4
i & ONPF [l D #E & = %L ¥ — (75.4 keal/mol) (22, I 10 keal/mol /N E VN, Z DOFES
TR —DEVOFRKEZHA LT D720, ZNENOEEIRO Y 2 R JE B O
R LTz,

(a) (b) 2.0A
IPTG /*-C
Asnl25  ONPF r
R 5 =
BN | B 5 Asn246

194

i
\ Serl93

1.6A
Aspl49

2.0A

| 5 Ser193

Fig. 19 Structures of hydrogen bondings (green dotted lines) between amino acid residues of LacR and

Leul4y
1.7A

(a) IPTG and (b) ONPF. The distance bnetween the oxygen and the hydrogen atoms contributing to the

hydrogen bonding is shown in pink.

Fig. 19 (a) IR T XL D12, IPTG DV /v a T /) — & (bF) SALOKEERIL, AP D LacR
DT R L 4 SOKFBEHEEZEK L TW5D, Fig. 19 (b) 127”7 T XL 912, ONPE b
IPTG & FIRRICHT 7 7 b — A EAL OKEEFEDE FH O LacR D7 2 BEFRIED 4 DD IKFEHRE
AHETER L. EHICONPF D= ha 7 ==L & LacR @ Asn246 13Kk EfEAETERR L T
B, ZOKEHEN, IPTG & ONPF OFEA TR FX—0OEOERFKTE LEZ BN
%o FEBROIATHIFE2, 57]1%. IPTG, ONPF NEMHDO T I /B TH D Asn246, Argl97.
Aspld9 L KEEEG R T D L E2RER LT, SHOFHEORKETYH, Fig. 19 (2T &
N, WTNDY T Fh Aspld9 LM< KFREEZEEL L T0D, LarL, EBRTE
L XN TV Argl97 X, A EIOFHE T IPTG, ONPF /6 ZN 21245 A, 2.25 A B
TR, KEMEEEARL TR0 ST,

IHIZ, ED LacR 7 X BRI, M OUKG T, U RE LacR O & IZEH5-
LCWENEMIAT 5720, UH KE LacR OFT I BRI, R UK 7O
TER = VX —Z T L7z, Fig. 20 IZ”F X 912, LacR @ Aspl49 (ZTWFHnd Y T R
IZBWTH B SINHEERZ LTV, Aspld9 IZEEM DT I JRIRETH D729,
Fig. 191" T 207 I 7 BEREOMIEH & U 2 ROFESAITIRVKERE A 2R L T
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=
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Fig. 20 Interaction energies (I.E.) between each amino acid residue of LacR or water molecules and (a)
IPTG and (b) ONPF.

X 5T, LacR & U H Y RORAIZEHES L TWDIMET X /BERICOWTHITT 5729,
U REVTy REDORET 2/ B OEREZHE L7z, Table 2 (79X 512,
Aspl49 [TWF DU H o R EHLK 6~TA L LITVWLEICHFET 5, T D72, Aspl49
(TR BIJIMHEERH L TVWD EEZ BN, SHIT, Asp274 & Argl97 I8 A LU W
¥ RIZIVMLEIZTFEL TV D, TD72H, IPTG & Asp274 [H]T-42.6 kcal/mol, ONPF
& Asp274 f#7C 18.1 kcal/mol, ONPF & Argl97 ] C-9.7 kcal/mol & U 4> R & ik < fHAAE
HLTWo, 70, mE7 I VBIEIT TR, KaoFb U T FE LacR 7 X/ gk
MO AIZTHE L TW5D, Fig. 21 IZRT X 91T, Aspl49 X° Asp274 O IZITZEFE KD
fAAELTW5, Aspld49 |X ONPF & EHIKFBREEEZIERL TWD B ZBEKEZI LT,
Serl91 ~DKFEFELS ONPE ~D & 5 —DDKEFEE Z IR L TV 5 (Fig. 21 (a)), -
T, Fig.20 (b)*° Fig. 21 (a) L V. T DZREK & Aspl49 1F LacR & ONPF D5 R/LF
—IZRELSFHELTWDZ ERB LN -T2,

Table 2 Distance (A) between the gravity center of the ligand and the charged amino acid residue
existing around the ligand in the LacR-Ligand + DNA complexes.

IPTG  ONPF
Aspl49 6.3 6.7
Argl97 8.4 7.9
Asp219 12.6 11.8
Asp274 7.5 7.3
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Serl91

Fig. 21 Structures of hydrogen bondings (green dotted lines) between ONPF and (a) Asp149 or (b)
Asp274 of LacR through a bridging water molecule. The distance between the oxygen and the hydrogen

atoms contributing to the hydrogen bonding is shown in pink.

& 51T, Fig. 20 (b) DA TR 72 Z L 13, ONPF & LacR O Asp274 75 S FEAH AAFEH
ERLTWAHZETHD, Tk, AEMEFFOONPF O=Ftnr7c=1iE R
AEMOMEIAFF S LacR D Asp274 DNEHENREHAMEMZ LTV A LD EEZLN
%, EEE. Asp274 & ONPF O %7 L7= Fig. 21 (b)ClE. ABM 4 Asp274 DM
${L ONPF 0= k1 7 = = VT HWZAWE - T, IEISHFIET 5, LarL, 20K
TUIKR %I LT, Asp274 & ONPF (FKERGICE VAL TS, ZOKGFO
% 5% L1=#78 Table 3 TH 5, ZIUL, Asp274 & U A REIOEHEO M E/EH T X
V= Asp274 L Asp274 DT ATIHET DREAKMOM AR = Rr v F— VTR
LR OM AR TR AF =2 R LTS, WTFROU H v Rh, Asp274 &I
L TV, KT ONPF (% 18.1 keal/mol TIRWFEFH AN Z R LT D, LArL, Asp274
& RHE/KT]. ONPF & ZRMEK O EAEA =KL F —[ZLN L, 274 keal/mol, -6.4
keal/mol THIIHHESEM 2 LT 5, T OF5H, ONPF & Asp274 13, Fig. 21 ()D& 512
BRIEARZT LT, ZEICHA L TND, W IPTG 1%, A Y 7' EVIENBUKIMEZ F7
Teh, ZD& D IS B REAL S DA AKITFE L0,

Table 3 Interaction energies (kcal/mol) between Asp274 and ligand, between Asp274 and the water
molecule, and between ligand and the water molecule for the LacR-IPTG+DNA and LacR-ONPF+DNA

complexes.
IPTG ONPF
Asp274-Ligand 0.7 18.1
Asp274-Water -27.6 -27.4
Ligand-Water 0 -6.4

lEDZ Lt ARIOKGT2FEICER LT MFMO JEIZXE D, LacR D7 X /i
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PR L BUKYED ONPF ICAFIE S DK FORERBMEZH S NITT L &N TE,

4.1.3. LacR BE{k & DNA BOHEHEMNEEER

UH Y RiEGH LacR & DNA MOFFRAMEERIC RIETHE L HHT 5729,
MFMO J£IZ X V. LacR+DNA 41K, & O LacR-Ligand+DNA AR OfE A = 1 L ¥ —
ZRW Tz, Table 4 1%, /KF1L 7&K HE & (Complex), 7KF1 L 7= LacR-Ligand ##i&
(LacR-Ligand), /K%L 7= DNA #1%(DNA + Water), /K437 DO (Water) D 4T R )L F —
RO, FIHDZEND LacR & DNA M OFEG =R LFXF—2RDTEHDTHDH, EFRO
RN U T REREE L TRV LacR @ LacR & DNA [ D& = %L F— |2,
A VT 2—H IPTG MfES L7 LacR 1%, LacR & DNA [ DOFES AL, T »F A v~
Fa—H LA L7z LacR X LacR & DNA BOfEAENRVEE X B 5, Table 4 O
LacR+DNA B A KDfE S = /L F—(B.E.: 771.0 kcal/mol) & LacR-ONPF+DNA #H A& KD
AT R /LX—(B.E.: 830.8 kcal/mol)2>5, 7 > F A > F =—H ONPF 7 LacR (ZFEA L
Tl EBHTLENTE S, L, LacR-IPTGHDNA #HAKDFEA = /L ¥ —
(B.E.: 789.2 kcal/mol)i%, LacR+DNA &KL D 18 kcal/mol K& <, A T =—H IPTG
WG LT Z & &9 E<HBATE R, AEl FMO FHREIZH V72 LacR-IPTG+DNA #4
{R#1E1L. LacR-ONPF+DNA #H AR O X S 2 3o, K CldE sk 52 &
WLV IER LIEETH 5, 1> T, 4RO LacR-IPTG+DNA #H & & 13 R 22 E
kT D AREMEN H D, KFI L7- LacR+DNA #A1K, K O LacR-IPTG+DNA #4114
LacR-ONPF+DNA B EKD K FILEMHEZHRER T 5720, b OfEICx L, MD
AREEFETTOIMNERD D,

Table 4 Total energies (T.E.) (kcal/mol) of LacR-Ligand+DNA complex and its component parts, and
estimated binding energies (B.E.) (kcal/mol) between LacR-Ligand or LacR and DNA. B.E. is estimated
as

B.E.= -T.E.(Complex) + T.E.(LacR-Ligand+Water) + T.E.(DNA+Water) — T.E.(Water).

No-ligand IPTG ONPF
Complex -103831596.7 -104489133.3 -104484705.4
LacR-Ligand + Water -85414086.3 -86071583.5 -86067279.5
DNA + Water -25724383.0 -25724383.0 -25724287.3
Water -7307643.7 -7307622.4 -7307692.1
Binding energy 771.0 789.2 830.8
Difference 0.0 18.2 59.8

I OHEEDREAET RV E—DFEME U H v REEAIT X 5 LacR & DNA B 04 FA9HH
HEHOEALZRA ST 5725, MFMO EIZ K D | LacR O4 7 2/ ekt & DNA [
O EAER =3V — %8 L7-, Fig. 22 12779 X 912, DNA-binding domain ® 7 X /
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FRRE L 3~58 7 X ek ALY) L Linker (59~61 7 3 / BEF% L) 13 DNA & K& < B 7#
HIEHZ LTW5, & 512 LacR-ONPF+DNA #&{RIZBI L TIE, LacR @ Argll18 7% DNA
ERELBIIMEMEAEZ LTS, 9, Fig. 22 Tib K& BINMHAEEHZRL TW
% LacR O Arg22 IZ oW THNT 21T > 72, Arg22 1TV T O E SR EIZB V) TH DNA
ERELBIIMHAEERZRLTWD, FEBROFEITHIE[29-31]1F. Arg22 75 operator DNA
EBRRT DI DICEHERT R BREETHDI I EETRBLTWD, (o T, AEOFHE
f Rk & T OFEEGR RITHE FTRETH D,

50 |
0

501FHPNH
-100

-150
200 | AI‘gZZ ‘ ‘ (a) LacR

50 |

O 1
-50 Ii .Il‘i |I Il
-100
-150
2200 | Arg22 (b) LacR-IPTG

50 |
0

50HFHTNN
100 L M ' Argl18

-150
200 | Arg22 (c) LacR-ONPF

3 50 100 150
Amino acid residues of LacR

L.E. (kcal/mol)

Fig. 22 Interaction energies between DNA + Na’ + water and each amino acid residue of LacR: (a) LacR
(no-ligand), (b) LacR-IPTG, and (c) LacR-ONPF.

ST, Fxld Arg22 73 DNA —EHf#H, KO U ¥ —A 4> Na' O EOHENL & A
TER L TWDDONEHLNZT 5720, Arg22 &4 DNA YL oFE A AVER 2 fi#hr L7,
Fig. 23 1% Arg22 & (a) 4 DNA HiJE+Na', (b) 4 DNA ¥k, (c) % Na MO AIEH = %
NX—%RLTIe T T 7T, TNENOEEERDOENZHE LT-, Fig. 23 (a)® DNA M
FANa+HZEB W T, Arg22 122 ZFEHDOF I (Thy2) & 15 FH DV 7 =2 (Guals) & 5E < 5]
JIMEAERZRLTWD, Fig. 23 (b)L V. T 5 D-50 keal/mol LA LD S IF A/ER X

' LacR ¢ DNA-binding domain I% 1~58 7 3 / BRFEEECHEFR S5, UL, FMO 35
TlX, 777 A FRENCXIY, NEREOT X ) BRIRFEOBMIIAKDT I BEFEHED
B L DMz BND, FD=d, NREOT I BRI, o7 I/ B DNA
WL AR ODIFFE LR VWEHEMAERET 220355720, NKGOT X /B

FRFLITIEAR U CRRAT T2 O —fRB T H[58],
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DNA M JEICHRE L TWA Z E R LI R 572, 51T, Fig 23 @B\ T, EAEIE
Tl 5L, U FBFEE LTV LacR 4 A(LacR+DNA)D Arg22 & Guals
FOMAEH =RV —E, U RS L7 LacR HEEKOZ 6 OMAEH =+
VX —IZHEX] K 10 keal/mol K& WY Y RBKEA LTV LacR AR
(LacR+DNA)D Arg22 & Thyld O AAEH =L F—(L, U B R3S L7z LacR H
HEOZNO OB LXF =T, £ 10 keal/mol /NS, Z DOFHASEH= RV
X—DEWVDERKZH 50T 5720, Fig. 24 IR TN HEEEKRND Arg22 & DNA
MW DOKFERE G O G % g LTz,

100 LacR+DNA LacR-IPTG+DNA LacR-ONPF+DNA
(a) (a) (a)
DT T e 4 .
0 [ -~ ||- I —" '|Il- I - |I|-
00 T ST L 4 b -
-100
100 :
= o (b (o
S 50 [ 4 4 .
g O mppm e [ ||| [T [
50§ el it I st | uieien N ebbiebbebibiaily | ey
100 :
100 .
(©) (©)
DT SR I ---------------------------------------------------------
o L, ||II|II 1 Illlu L T ||“|I|u 1, i ||"|I|u
T T R . e -
-100

0 5 10 15 20 O 5 10 15 20 O 5 10 15 20
DNA bases including backbones

Fig. 23 Interaction energies between Arg22 of LacR and (a) each DNA base + Na’, (b) each DNA base,
and (c) each Na",

U A RAEA LTz LacR AR TIL, Arg22 & Guals B2 1 DOKFEAE DR SN
TWb, —JF, U FREEE L TV LacR A A(LacR+DNA)D Arg22 (% Guals
IZXF L, 2 DDOKFBREEZ L T D, EOREER, U RRFEE L T720 LacR 4
A R(LacR+DNA)D Arg22 & Guals IO A/EHA =X =13, UH Y RB/BE LT
% LacR HAKIZH AR, K& 7ed, &5HIT, Fig.24 1%, VY RMBEEE LTV 5 LacR
HERTIL, Arg22 & Thyld BHUZKBEEDEE SN TOD 0, U T2 RBFEE L TW
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720> LacR HL B {K(LacR+DNA) TIZZ N FE LRV Z & bR L7o,Fig. 24 1R L 9 (1
Arg22 & Gual5/ Thyl4 1D Z 3L 6 DOKRFREGIE Arg22 DIBHO M X ITKAFT 5, 06> T,
Arg22 DIgEDM & T, LacR & DNA BIOFFRB 2 AFEMNPRES BT D EEZD
o,

(a) LacR+DNA (b) LacR-IPTG+DNA (c) LacR-ONPF+DNA

Fig. 24 Structures of hydrogen bondings (green dotted lines) between Arg22 of LacR and DNA bases
(Thy2, Thyl4, and Gual5) in (a) LacR+DNA, (b) LacR-IPTG+DNA, and (¢) LacR-ONPF+DNA. The
distance between the oxygen and the hydrogen atoms contributing to the hydrogen bonding is shown in

ink. In addition, the distance between Na" and the oxygen atoms of Arg22 and Thy?2 is shown.
p Y8 g y

2 lXTZ 51T, Argl18 & DNA OB I AAERIZ DWW T BT L=, Fig. 22 (c)IZ7R
FIAY . Argll8 % LacR-ONPF+DNA A ARG OSI T EENTH Y . ZAITLY
ONPF 78 LacR 1T 5- X 2 ENH LN 5 LB X Hivd, Fig 25 1%, Argll8 & (a) DNA
HEHANa", (b) DNA i3, (c) Na O E/ERH =RV X —%2 R L1777 Th b, Arglll
. DNA HEHANa IZB W TR E S HAEEA L TV, £ 2T MFMO JEIZ XY | Argll18
EZDEFHDKSGy B OMAER =R VX —ZffHr L7z, Fig. 26 (I3 L 91
Argl18 TV THOESEICBNTY, BHOKSF & FICH HEEERZ L TW5, 50
~80 F H DK FITZFDHEMBBETH Y . FIZiF-15 keal/mol uhféljﬁﬁfméﬁﬁb
TWBHKRSF HIFMET D, £72. LacR-ONPF+DNA EAKD Argll8 1%, MoOEAE X
D bR EBINFHEERZ LTS, ZHANKEKT DNA LM< BIMAEMEH L T
5HEEZEZ, Arg118 & TD 50~80 & H DK T INMFAET D iEIk O DT &2 LT,
Fig. 27 127”9 & 912, Argll8 IX Fig. 26 () CHI NFHAAEM L CW kg1 L AKFREE %
Rk LTz, £, ZLH 0K 1% LT, DNA @ Cyt20 EfEE LT\, ZHE
Fig. 26 (b)® Arg118 & Cyt20 NI Ky F &< 5| JIMHAAEH Lﬂ\t_é:z‘)w‘o%)
Argl18 (/K57 1% L C DNA @ Cyt20 EfEA L TWD ERSNLTW D, E»> T, Argll8
& DNA 739-50 kcal/mol O 5| NFHAAEM Z L TR, Argll18 2N ZEFE/KZ /T L C,
DNA LFEALTVNAEDTHDH I ENHLMTR -T2,
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LacR+DNA LacR-IPTG+DNA LacR-ONPF+DNA

40

LE. (kcal/mol)

_300 5 10 15 20 O 5 10 15 20 O 5 10 15 20
DNA bases including backbones

Fig. 25 Interaction energies between Argl18 of LacR and (a) each DNA base + Na®, (b) each DNA, and
(c) each Na".
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LacR+DNA
(a) Argl18

LacR-IPTG+DNA
(a) Argl18

0 ]II'h'l T T |

LacR-ONPF+DNA
(a) Argl18

LE. (kcal/mol)
o
S

(b) Cyt20
L, 1 J|1

0 50 100 150

Fig. 26 Interaction energies between (a) Argl18 of LacR, (b) Cyt20 of DNA, and each water molecule for
the solvated structures of the LacR+DNA, LacR-IPTG+DNA and LacR-ONPF+DNA complexes.

0 50 100 150

Water molecules

0 50 100 150

Fig. 27 Structure of hydrogen bondings (green dotted lines) between Argl18 of LacR and Cyt20 of DNA

bridged by water molecules.

414. MM EICK Y BH-ESEKBEICHT 5BFTIOE LD

Al My S EIC L > TR LY H o RS L T2 LacR+DNA 4
K., A4 F 2—% IPTG B¥FES LT3 LacR+DNA AR, 7 v F A > F = —H% ONPF
ES LTV 5D LacR+DNA #HE K E 2 157-, 2O EDIEE I Y, LacR (21
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Ta— KOT T A T 2—BFEA3 5 &, LacR @ GIn60 O ENENTH 2 &
DI B N2 o T2, 712, LacR-ONPF+DNA & & 1A D GIn60 1%, Fig. 17 (WIZRT X 51T,
Argll18 L KFEFESE L T =, —J. LacR-IPTG+DNA AR TIL, U A v FiEHA
RNy NEHEOEENENT D5 ERH LIRS T,

F72. ab initio MFMO §t5H LV, U > K& LacR O 7 I BRI OfENT %2 LTz,
ZDOFRERNOELNTEE TRV F—02 5, ONPF 25 IPTG (ZH~X, LacR O7 I / g5k
FEL 2L DKFEFEEFK L T 272, LacR+tDNA & ONPF B OfE & = R/ ¥ —I3,
LacR+DNA & IPTG I OfEA = R X —IZH R EE L TWD T ENRHEL NI T,
Z DKRFAEAELDEVL, ONPF BBIKMEO=Fe 7 2= VEEZFFDH, LacR DT 2 /g
FREL EOKRFERE G E TR L TV DEEK L KRFEREG AT L TV D Z &Ik L IPTG O A
V7 EVIITEOKYE T OK S F L AKBREG AR L TP T2 Th D, S
HIZ, LacR OT7 X ksl &V 7 NEIOMEAEH =RV X—OENT 75, Aspl49 723
IPTG, ONPF L OFfESICHE CTH L Z L LML, T L, VY ROFEEICT
ET LK1 LacR & U Ay REOREAIZEBERKE NI THELTWDHZ ELHL
2N L 7= (Fig. 21),

BT, UH L FHEE D LacR & DNA I H 2 25884 0 504 %720, MFMO
2L D LacR+DNA # AR, LacR-IPTG+DNA & 1K, LacR-ONPF+DNA #H & KD T
2 ERFRHE L DNA BOMEMEH = RV X —Z2 bt L=, ZDfE%, LacR & DNA D
FEAIC Arg22 WEETH Y . Arg22 73 DNA @ Thy2 & Guals L5 HMHEMEA LTS Z
EEHLMNIT LT, & 512, LacR-ONPF+DNA A RIZFU T, LacR @ Argll18 23, LacR
& DNA I OFERZRD DI DICEERT X JBikEThdr 2 EbHAL M Lz, £72.
fii = R F—7D2 5 LacR-ONPF+DNA #H A KIZEBIT 57 > F A 7 = —H% ONPF D 2h R
ZAT 5 2 LN TE 72, LacR-IPTGHDNA #HAKIZOWTIE, AT R LT — D5
AT 2= IPTG OREHFAT D Z LN TEXRhotz, Tk, Sk - = n
MM VEIZ LY BT L ERIE CTh > o Rttt 2 R~ L T\ 5, ZOMBEEfRIRT 5720,
MD {EIZ LV KB L ERIEE R L LERNH D,

415 MD ICK Y B-EEEFOKNBERUVEHENHEEER

10ns MD #HHEZ T, U B> FiEA D LacR O 25 2 - B 2 4 572, MM
2 & 0 #5372 LacR ##18E & A REMICIS 1T D LacR #ED T X/ RO Cadd RMSD % fi##ir L
7=, Fig. 281X, MM £ Thaifb L 7= B & (& & MD RIS T 2 &R OE & 1M &
@D Co®D RMSD #/rLTW5b, ZDZ7 771V, LacR, LacR-IPTG I, LacR-ONPF (Z}t
N BN KRE N EBRHBMNE R oT2, & 51T LacR O E OEAL OGN KX <
ZAL L TWD O EFENTT 572, MD R %2 FE173 2 a0 fai kA% iE & MD #H5E % 10
ns FAT L7=% Db E D Cadd displacement % FL#k L 7=, Fig. 29 (2787 & 912, LacR
(a) 1% 40~46 FREEDREE N K& < Z{k L. LacR-IPTG (b) 1% 30~34 FREEDREEN K& <
B35 Z ENA BN/~ T2, —J7. LacR-ONPF | DNA-binding domain (2t &

HH DD, LacR X2 LacR-IPTG 1F EF R & 72 B{bid /2~ 7-, & Z T, LacR @ 40~46 5%
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F5.LacR-IPTG D 30~34 FZFEIZOWT, ED KL 9 B EZLN I Z o T D& fifhr Lz,
Fig. 301X LacR D1 (a) & % DO D DNA binding domain J& [ D45 > MD #H5RT (b)
ERHEE () OfEEE R LTS, AR D E, DNA DML 9.5 A ONLEICTFEE LT
40~46 OT I J FRFEIEA, MD FHE%IC DNA 7258 13.1 A DAL E £ THEZ(LL T
%, 40~46 OT I J WEFEILIL, Fig. 30 (a) (27~ 9 &L 912, DNA-binding domain D —#T
IZH DA, DNA EHELTWHa-~U v 7 2LV % DNA LV BEN -7 EIZfF(E L. DNA
LHEEAE LTy, E£72. helix-turn-helix & W ) EERIIZFE D LT W EE & 72> T
B BT, FEPHIZ 40~46 OT X JEEFERIEICKT L, WELLEBRT D ERN, B
KSR 2N &35 40~46 DT X/ BRIREEOREEZLITBA DR O T OB L 56D
rTEEZOND, £7-. Fig 31 1R 7T X 912, LacR-IPTG @ 30~34 O 7 I / Rk s
helix-turn-helix @ turn #AZTH Y, DNA EOTHITHEER L THWD7ET TH L7290,
ZOUENMLLERDRE S EDRBEZ T, BENELLI-EEZ NS,

4

3

2

1 LacR-IPTG — -]

LacR-ONPF —

0 ) ) ) )

0 2000 4000 6000 8000 10000
Time (ps)

Fig. 28 Change in RMSD of amino acid residues of LacR during MD simulations.
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"(a) LacR

wh

—
|V, R

" (b) LacR-IPTG

—
]

9]

Displacement (A)

—
WS

(¢) LacR-ONPF

2 50 100 150 200 250 300330
Ca of amino acid residucs of LacR

Fig. 29 Displacement of Ca atom of each residue in LacR obtained by MD simulations. The red-marked

parts are 40-46 reisudes in LacR and 30-34 residues in LacR-IPTG.

(b) (c) 40~4\6 residues
40~46 residues ™

Fig. 30 Structures of (a) LacR+DNA complex, (b) DNA binding domain of LacR and DNA in the
MM-optimized structure, and (c) DNA binding domain of LacR and DNA obtained by MD simulation.
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Fig. 31 Structures of (a) LacR-IPTG + DNA complex, (b) DNA binding domain of LacR-IPTG and DNA
in the MM-optimized structure, and (c¢) DNA binding domain of LacR-IPTG and DNA obtained by MD

simulation.

U RAEEICEHZE LacR OF7 X VBRI ZFET H72D, MFMO {EI2 LD
LacR-Ligand+DNA A KDOfEA = F VX —%RKd7-, Table 5 1%, KFn L7z A,
JKFN L 7= LacR-ligand+DNA, KF1L7= U Hv N ERBKDBRT XL X— L ZDFEHD
BETRNX—BEAZRLIZLDOTHD, £z, MM IEIC L D B EORKE =R LF
— LT 570, ZOREZRLF—H/R LTS, Table 5 # 7.5 & IPTG, ONPF,
|2 LacR EF5E LTV 5D, & 52 ONPF IZ IPTG L Y % 13.8 keal/mol 38 < fEA LTV 5
ZEDBHBEMNTIe o T, 2D OFERIE MM IEIZ K 0 S EORE R & BRI — 3T
%o Flo, MDIEIC XV BI-EEIL. MMIEIZE DV BEHEEL D b REVFEEZRLF
— Lo TEY, MD JEICE W U H L KE LacR (28 o C, B LTEHWEN GO &
25, ZOMETFINX—IIFHELTWDET I VBEEEZHBET D, UH U RE
LacR O 7 X/ WEFFEM O AAEH = 3V X — 2 ikt L7, Fig. 32 12789 & 912, IPTG,
ONPE, @iV #'> i Asnl25, Aspl49. Argl97 &3 /IMHEAVEH. Asp274 & BB HAE
ALTWBZERBH LN ERST, Flz, VY RIFEEOKG L BMHEEHALTE
. MM IEIZ L VB #ED LacR & U H v FRIOMELER & @M —B+ 5552
57, F£72, Fig. 33 12T L9, KBEHEZER L TOWOIHEELHLEIL TWnWD Z &R
BHEMNE o7,
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Table 5 Total eneriges (T.E.) (kcal/mol) of LacR-Ligand+DNA complex and its component parts, and
estimated binding energies (B.E.) (kcal/mol) between LacR+DNA and ligand. B.E. is estimated as
B.E.=-T.E.(Complex) + T.E.(LacR+DNA+Water) + T.E.(Ligand+Water) — T.E.(Water).

IPTG ONPF
Complex -97997710.1 -97946971.3
LacR + DNA + Water  -97292189.8 -97292371.7
Ligand + Water -1517443.9 -1466547.4
Water -811993.8 -812031.7
B.E. 70.1 83.9
Difference 0.0 13.8
B.E. (MM) 65.6 75.4
Difference (MM) 0.0 9.8
40

[.LE. (kcal/mol)

Asnl25
Aspl49

Argl97
2 50 100 150 200 250 300 350

Fig. 32 Interaction energies between each amino acid residue of LacR or water molecule and ligand: (a)
IPTG and (b) ONPF.
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a
@ ASP2T Arg197 & Asn246
GIn291 U

Ile159

7 Aspl49

Fig. 33 Structures of hydrogen bonding around (a) IPTG and (b) ONPF. Green and pink dotted lines

indicate direct and indirect hydrogen bonds, respectively.

WIZ U T RiEA DS LacR & DNA [ ORs B BAERIC B 2 DB SOV T %
728, MFMO JEIZ X V| LacR+DNA A K, K OF LacR-Ligand+DNA AR Dk & x
VX —% R Tz, Table 6 1%, 7KF0 L 7= LacR-ligand+DNA #5114, 7KFn L 7= LacR-Ligand
BEM, KF1L7- DNA EAIE, KD FOERKRZF AL —L ZOESNHLRD LT
MEAETEXNLFX— BEARLIEZLDTH D,

Table 6 Total eneriges (T.E.) (kcal/mol) of LacR-ligand+DNA complex and its component parts, and
estimated binding energies (B.E.) (kcal/mol) between LacR and DNA. B.E. is estimated as
B.E.=T.E.(Complex) + T.E.(LacR-Ligand+Water) + T.E.(DNA+Water) — T.E.(Water).

No-ligand IPTG ONPF
Complex -106745710.0 -107449801.2 -107398767.7
LacR-Ligand + Water -88327320.2 -89031802.2 -88980414.4
DNA + Water -28638931.0 -28638825.0 -28638577.7
Water -10221225.0 -10221422.1 -10221076.4
B.E. 683.7 596.1 851.9
Difference 0.0 -87.6 168.2
B.E. (MM) 771.03 789.2 830.79
Difference (MM) 0 18.17 59.76

F7o. U T RfEAD LacR & DNA BIOR R EERICE 2 2B L2 D03 <7
B2, U RBFEA LTV LacR EEIKE U v RAMEAR L7z LacR HAEIKDZ
Difference &7~ L7z, & 512, MM ¥EIZ L W 1572 LacR HEAREEGKROFER L vig+ 57
D, FOREATFNAFT—HR LTn, MM IEIC LV 5 7-#1E D LacR & DNA DA = %
JL¥—I%, IPTG ° LacR & DNA [ D#EH Z 598, ONPF 7% LacR & DNA Al D#E & % 58

36



DHEBROFERE S ELHIATH LN TE o7, LirL, MD JEIC L Y 157 4%iE
DA/ TR F—IE, LacR (V> K72 L) OEAEK (B.E.: 771.03 kcal/mol) (Zkb,
IPTG & 54 L7= LacR @ LacR & DNA I DOfG =%/ ¥ —I359% Y . ONPF L HEa L7z
LacR @ LacR & DNA [ DfEA = R/ F— (B.E.: 851.9 kcal/mol) 298 FE % FEAE R % 9
FLMHTEZENTEIRREEEL LN TE I, ZDZ &5, LacR & DNA [H D
FEREMNTT D725, MDRHENRARRIRKTHDLZ ERHLMME o7,

X 512, LacR, DNA @ EDOEMLA LacR & DNA B OFEAIZBIE LT 5 D)% fif A
T 5720, TNENOMAENEH T X VX —LE. Z T L7-, Fig. 34 1, /K1 L 72 DNA+Na"
BEERITHT 6487 2V BEREOHAFH=R VX —Z2 R L TN5D, MMIEIZ XY G-
HE T, LacR & DNA OGS ICEHE L5 L7z Arg22 13, MDIEIZ K DG EETH
DNA L5 BIAMBEMEALTEBY.,. TECEI ST, DNA EOREAICEETHD Z &N
HEMR SN, TOMOT I/ BELOMAEERAT L —1 MM JEIC XY 157
DOHAEHTZ LT — L EHICEBI LR E o7, 22T, U A R72 LD LacR
DODHAEERA=RLF—OfRER LMD LacR HABROHE/ER =RV X —DOfEROZE %
FEMT L72FT, IPTG A3 52 &1LV, Glull, Tyrd7 O E/EA TR /L¥— (Fig. 34
D}k CTRLULTET X/ FRFERL) 2399 F V. ONPF BFESTDHZ 12X Y Pro49 OFHAAE
TRVX =N E Y | Lys5S9 O AEEHTZ RNV —055% 2% (Fig. 34 DFTRLET 2
JBRFRIL) T E ML MM T,

ZORKREZMHAT L0, FHAEHZ XL =N LT I 7 BikiEiox LT,
DNA O HANa", . Na' 7 7 7 A v s OWMAEANEM 2 L7z, Fig. 351%. Glull &
DNA O% 7 Z 7 A2 NEOHEEREZ R LD THY , EXV T K72 LD LacR,
F 2 IPTG MfEA L7z LacR DI AEA/EA = x V¥ —%2/R LT\ %, Fig. 35 12" T X 912,
Glull iX, DNA G TIF <, v F—AF v L5 MAEER LTS, ZLT, &
U A=A A OMALERIL IPTG #EAICE V8T - T D, ZORKEMHT 5 7=
D Glull & % O JE BHOREE 2 fi#HT L 72 FT Fig. 36 (/R T X 512, U A RBZRUVIREE (a)
DT B—AF %, Glull 225 4.1 A DFLEBEFLEL TWAD, IPTG A4S L7 kke
(b)y DI H— A F1E Glull 75 8.8 A DMBICHFELTEY ., Hy v — A Fr
2 Glull 2B TV D, BT Z—A F 0T, OO T OB L Z1Fed <, K
TITABMOENAHIICHFET 500, FOMEIZBEEL I TR, fE-T, Z
DOFEER =R —DOZIE, PTG AT L 2 E TR, B\WORELEICLD b D
= AoV
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(b) LacR-IPTG

Arg22

(c) LacR-ONPF

B Arg22 | Lys59
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Amino acid residues
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Fig. 34 Interaction energies between each amino acid residue of LacR and DNA+Na'+water: (a) LacR
(no-ligand), (b) LacR-IPTG, and (c) LacR-ONPF. A red bar indicates Arg22, green and blue bars

indicate the amino acid residues whose interaction energy is changed significantly by the ligand binding.
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Fig. 35 Interaction energies between Glull of LacR and (a) each DNA base + Na', (b) each DNA base,

and (c) each Na".
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b
(a)‘4_1 A 62A  Thyl4 ® 88A 25A Thyl4

Glull

Gual5s

Fig. 36 Structures of electrostatic interactions between Glull of LacR and DNA bases (Thyl4 and
Gual5) in (a) LacR+DNA and (b) LacR-IPTG+DNA complexes. Pink dotted lines indicate the

electrostatic interaction.

Glull & [RIERIC, Tyrd7 bR Z AT L7, Fig. 37 (2R3 XL D12, Tyd7 1Eh v ¥ —
AF 72T TR DNABA LS IHEBEFERICELE LTS, &b Tyrd7 & DNA D
SINMEERICES L TC\W5 DNA @ Gual & Tyrd7 RIOAAEAEA X, LacR 723-14.2
kcal/mol, LacR-IPTG 73-11.7 kecal/mol & & F U 2L 72\, LvL, Tyrd7 &y o & —
A F MO HEAEH T % /X —(% LacR #3-95.4 kcal/mol, LacR-IPTG #3-33.2 kcal/mol &
725> THY, Tyrd7 & DNA BlOHAEH =XV F—DZEIZRH L, AV Z—AF D
FHMWRKE, £ T, Tyrd7 B OREE & ffht L7277, Fig. 38 129 L 912, Tyrd7 &
Glull [k, B Z—AF L DAENPRKES B LTV, > T, Tyrd7 IZBELTH
IPTG f & OB TIIRL | AORELZICI DV I v X —A AU RBE L7, fHAE
Az =02 LB ZbN5,

RIZ. ONPF G OREENREK THAFEM =V F =2 L2 BE X 55 Prod49
WZDOWTHMT 2 L7z, Fig. 39 12" 9 & 912, Prod9 DHANEH =L F—DE kb T v
VHE— AT U DFEENREN ENREALNE o7, £ LT, Fig. 40 [IRTHEEN D,
Pro49 OMHANEH=RNX—OZEbBADOR G E LD U & — A F v DALEDZEAL
IZEDH6DTHY, ONPF fEADHETIIRNWZ LR LN ERoT,

Lys59 & DNA Mg A8 EAEH 1. Fig. 41 (273 X 912, Lys59 & DNA @ Cyt2 O
HERAMKELHFE LTS, £ T, Lys59 & Cyt2 JEPHOREE % fght L7-FT1. Fig. 42
IR LI, UH Y RAEA LTV aL LacR (a) OIRFETIE, Lys59 & Cyt2 1% 1.7 A
EWLEIZAATET D A3, LacR-ONPF OAFIE Tid, Lys59 & Cyt2 1% 3.8 A & BB EE
TW5,
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Fig. 37 Interaction energies between Tyr47 of LacR and (a) each DNA base + Na®, (b) each DNA base,

(kcal/mol)

-

I

100 | LalcR .LaCR_.IPTG.
so L@ @ ]
0
50 ] | I
100 HE e
100 —
50 [(b)_ o) ]
0 Hy u
71 I A N Fos
S100 e
B —
50 [(€)... (C) ]
0
T — LA——
100 E e
10 53595 200 5 10 15 20
DNA fragments DNA fragments

and (c) each Na" for the LacR+DNA and the LacR-IPTG+DNA compexes.

(a)

Tyrd7

1.6 A

Gual

by

Fig. 38 Structures of hydrogen bonding (green dotted lines) between Tyr47 of LacR and Gual of DNA in

(a) LacR+DNA and (b) LacR-IPTG+DNA compexes.
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Fig. 39 Interaction energies between Pro49 of LacR and (a) each DNA base + Na", (b) each DNA base,
and (c) each Na' for the LacR+DNA and the LacR-ONPF+DNA compexes.

(a) (b)

ﬁ Pro49

v
»
*
.
+

4.1 A i

Fig. 40 Structures of electrostatic interactions between Pro49 of LacR and Gual of DNA in (a)
LacR+DNA and (b) LacR-ONPF+DNA complexes. Pink dotted lines indicate the electrostatic

interaction.
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Fig. 41 Interaction energies between Lys59 of LacR and (a) each DNA base + Na’, (b) each DNA base,
and (c) each Na" for the LacR+DNA and the LacR-ONPF+DNA compexes.

(a) (b)

3.8A

Lys59 Lys59

Fig. 42 Structures of hydrogen bonding (green dotted line) between Lys59 of LacR and Cyt2 of DNA in
(a) LacR+DNA and (b) LacR-ONPF+DNA complexes.
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4.2. LacR ZE{K-1JH> F+DNA fEERKICxT HEER

4.2.1. EEEDKINEE

30ns MD S E AT, U T FiEA D LacR OG5 2 72 B 2 R+ 5 720 . MM
FEIZ L V372 LacR B & KRFHEIZI1T 5 LacR _EEHEEDT I/ BD Cad
RMSD Zfi#4fT L 7=, Fig. 43 1%, (a) LacR. (b) LacR-IPTG. (c) LacR-ONPF, Z# LD —
BHRESHEEEND Coll DWW T, “&KROREECFIE & 22 ORI T 2 ik
[l RMSD /R L7cb DT 5, Fig. 43 (a) (27”7 LacR @ RMSD %, D5 X2 X
HHEEZLITIR OGN D b DD, BEMICKE REEEZ I A GV, MD R OIED
0~3 ns FHEICA OGN D RERMEEZENIT, 0 ns 2ODEITHEFFEL TNDH I b,
MD FHEIZHKIT DIRE EFAOBRBOBROE S DR ELZ T LD ThH EEZBND,
—7J7. Fig. 43 (b) @ LacR-IPTG (%, R EAIEROLEIC L OHEZELOMIZ, 6~8ns
FHEICR X 7o 2 b 3Bl T = 7=, F7=. Fig. 43 (c) @ LacR-ONPF %, RMSD DOfEAs
BIRAIZ K E <, 18~22 ns fHTIC K & R EZ L BIAI T & 72, LacR —&{KD MD &
HCIE, LacR HER CTIIBINITE 20 o AR e G2 BT 5 Z LN T&E T2,
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Fig. 43 RMSD of all Ca atoms of LacR between the MM-optimized structure and the structures
obtained by the MD simulaton; (a) LacR+DNA, (b) LacR-IPTG+DNA and (c) LacR-ONPF+DNA

complexes.

422. MD StETCRHI-EEARDIEELE

Z T, FNTNOHMICEIT S LacR —BIKEA RO G 2 BT L7-, Fig. 44 1%,
LacR @ 1.5, 7.5, 15.0, 22.5, 30.0 ns ([CBIF HHEEZ R L CW5D, £/, 2. KEAOH
EIXZENEI, LacR HEKRD A £ B Z/Rr LT\ 5, 2 & RIERIC, Fig. 45, Fig. 46 11,
ZNFh LacR-IPTG., LacR-ONPF %< L T\ %, LacR-ONPF DO#%3&25{k1% DNA % B4R
DO RG50S 502, DNA O " E#EHAE D B (Fig. 47) &R
L7,

U 77 RB3RES LTV LacR X, Fig. 44 1279 & 912, regulatory domain 23ZA D+
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LEICLY ENTEOLNWTWDLI DD, ¥ ab— g URFHEEREZE L TRE
EEbETDHZ LT ot
LacR-IPTG I Fig. 45 |Z" T L 912, B\ 6 T DA% T 7275 & | regulatory domain
3R~ IZ DNA IZIR D THE . ZOME1X 7.7 ns OFEE TR 128 B E THEW-, 2D
7.7 ns (%, Fig. 43 (b) ® LacR-IPTG ® RMSD Mfx K& 2o =B & — 4%, T D,
HOFRE, HNTREEZHE > TV b DD 30 ns £ TREREESLITR SN
77
LacR-ONPF & Fig. 43 (c) (Z275¢ & 9 12 LacR-ONPF @ RMSD (Z MD #tH2{A %8 L T,
fthd LacR HAAR L W b KRERETHERE L Tz, LU, Fig 46 1R T X912, A
EROBENDITRE REELRNERD Z LT TE oz, T2 T, HdEE ROHRAE
ZZ., DNA " HHEHZE LSR5 X 512 LT, Fig 47 1279 X 912, LacR-ONPF @
regulatory domain (2 K & 72 1&E 2L 28I S 4172, LacR-ONPF D355 LacR-IPTG @ DNA
W2 ) T HEEZR L & 72 ) | DNA " Ei#H{A B E)vb R7ZIKFIZ, regulatory domain
INEERITHED S X 9 efiE2 b a LTz, DNA Z 9 & LT LacR &R DOHIEL(L
D Z [ E L7-FT. 1.5 ns OHF LacR-ONPF % JE#E L 9% L LacR-ONPF @ regulatory
domain (%,22.5 ns DFEIEDH 19.0 & F TEV =, Z D 22.5 ns |E Fig. 43 (¢) @ LacR-ONPF
® RMSD Mgk & 72 o =B & —E9 %, Z DR, Regulatory domain OAEE N K & < £
S5V EIZ B 59, DNA-binding domain (% DNA & MD #H5iRT & A CIREETHIA L T
Wz,

Fig. 44 Change in relative conformation between LacR dimer and DNA in the MD simulation: at (a) 1.5,
(b) 7.5, (¢) 15.0, (d) 22.5 and (e) 30.0 ns.
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Fig. 45 Change in relatve conformation between LacR-IPTG dimer and DNA in the MD simulation: at
(a) 1.5, (b) 5.0, (¢) 7.7, (d) 15.0 and (e) 30.0 ns.

(b)

Fig. 46 Change in relatve conformation between LacR-ONPF dimer and DNA in the MD simulation: at
(a) 1.5, (b) 7.5, (c) 17.9, (d) 22.5 and (e) 30.0 ns.

46



Fig. 47 Change in relatve conformation between LacR-ONPF dimer and DNA in the MD simulation
from the other view point of the direction of DNA helix: at (a) 1.5, (b) 7.5, (c) 17.9, (d) 22.5 and (e) 30.0

ns.

423. YHY F$EEIZL D LacR & DNA BOBENMEEEROET
[«

LacR-IPTG ® Regulatory domain 2MEW /2GR 2 fiftr 9572, U T FO#EE LT
72\ LacR & 7.7 nsiZ31F 5 LacR-IPTG D7 X/ EF% D Cod displacement Z fiEtT L 7=,
Fig. 48 (%, % @ displacement Zfi#HT L7=H D TH Y | (a) & (b) ILZIZ 4 LacR H (K
DAEBERLTVSD, MD R T, FHEDOGRF THEERN FATREICMERZ LT L
F 972, Displacement Z HHT H12H7-0 | 2 DOMEED Coadiie/MIR D X 5127 «
T 47 L, ZHIZED ., 2 DOREIEM O EEL LIS O FEAE O F AU AR 5
L&z 5%, Fig 48 X5 L. DNA-binding domain DFEZELNKEL 2o TW D, T
UL LacR D7 X IREERIRD CaTT 4 v T 4 7 Licied, 330 BT ST
W5 LacR HLERD 9 B 2-59 7 H: 0D DNA-binding domain {Z LacR-IPTG DO & (2 X 54
EERLORENINT- L E X BND, £ 2T, DNA-binding domain LIF D&% H T
% &, LacR HEK A 0 310~315 7855, LacR HEE{K B D 100~149 #& %L, 235~240 7%
FEOMEENRKE VY, Fig. 49 # /.5 &, LacR HE(R A @ 310~315 745, LacR H&
R B D 235~240 FRILITEADFE D EORELZZITO0T WV um #EETH Y | HEE(LOF
FENBIREBRE THL720, TN OREOHMEZEITADRELEICLL2bDIELEEX D
b, —J7, LacR HLE(K B @ 100~149 551X, a-helix AL OHGEZRLTH L=, U

By ROEBEZITIEEEILTHLEEZLND, £, 100~149 FIEOHIZIX,
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MM {£5° MD £ C4537= LacR L& ARE A 1K %2 FMO 515 L 72 BE O BAEH = 3 L ¥ — D fiF
T, UH REDOMAICEEL SNET 2 BERTHD Asnl25, Aspldd BNEEh
o INOLHEHERT I /WREV T FOMEX Fig. 50 17, Zhxib &, IPTG &
a-helix DITVMZEIZFE L TWD Z L2305, Asnl25 & Aspld9 (%, ZLZ UMt T
REBMETIBTHY ., ST X EBEREOF ISR L, IPTG IXBUKETH D
A Y Fa e EZ T TS, ESCHIED X 5 228K O I & BUK LT R AR
MZ7Rd, - 7T, LacR BB B O 100~149 LD EZIL. OB AIEFIC
LaboThrlEZOND, ZDa-helix DIT< IZ1E, LacR HEIK A © DNA-binding
domain 23FTE L. 7.7 ns D OFER To-helix & LacR FL&E{K A ® DNA-binding domain
X 3~5 ROKFREER L, fEE LTV, 785 T, Z Da-helix 23, Asnl25 K> Aspl149
DRFIZEY, VA FEERTy Mo LSS Z EI2X D, LacR HEK A O
DNA-binding domain & fHEAEH L, H&AEMIIZ DNA IZIR S B THW - E 2 b5,

—J5. LacR-ONPF %, ONPF J&PH D% 1L LacR-IPTG L #f2l LT\ %, La>L. Fig. 52
IZ7R9 X 912 ONPF (X, Asnl25, Aspl49 [THAKMED 7 a— 2 Z[HITFTWHT2d, T
57 X BEIEICK L, KBRS, HDOWEHEMRAEIERET D, (o T, ZhbHDT
BRI E S ochelix Y TV REEAERT Y MIsIEFELEEZOND, DFED.,
IPTG & OB L 13T, a-helix 28 LacR H &K A @ DNA-binding domain & #8 A {EH
TOREENMEL 2B EEZ 2D,

Displacement (A)

2

50 100 150 200 250 300329
Amino acid residucs of LacR

Fig. 48 Displacement of Ca atom of each LacR residue between LacR and LacR-IPTG: (a) in the

monomer A and (b) in the monomer B of LacR dimer.
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235~240
reisudes

100~149
reisudes

310~315
reisudes

Fig. 49 The positions of residues which conformation changes largely between LacR+DNA and
LacR-IPTG+DNA complex.

Argl97 IPTG

Fig. 50 (a) Structure of the complex with LacR dimer, IPTG and DNA complex obtained by MD

simulation at 7.7 ns, and (b) the detailed structure around IPTG in the complex.
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IPTG
Asnl25

o-helix

DNA

Fig. 51 Schematics view of the complex with LacR-IPTG dimer and DNA.

Argl97 ONPE

Fig. 52 The detailed structure around ONPF in the LacR-ONPF + DNA complex.

424. )V HY FESIZK DEEHIEEIEOETIL

INHOFER X Y . IPTG & ONPF 78 LacR DL G H MK 5. 2 A5 E531 74
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LacR IZB\DFE D EOFELEZZ T /20N 5, DNA IZHEA LTS, ZiE, LacR @
regulatory domain 23 H 128 HFEEE, DNA ETRATWD Z L 2/RT, 2 ZITIPTG 3G
AT DEIPTG DA Y 7rENFEL U H Y FESICEERT X BEETHHmIET
J W Asnl125 Wi fE T X /I Aspld9 ST D, TNH DT X RIREN T £ D ashelix
XV T REEGAR T R bAMIH L&, E<IZHFET D LacR Db 9 —HOH &
& DNA-binding domain & /KFEE A CHEMAEFEHICL VST D5, ZORAITED .
t 9 — O KD DNA-binding domain 73 regulatory domain (25| £ 27 H AL, &K T
fEe LTz LacR & DNA OfEGNHBEROLOFEG L 720 | REE(L, 5T LacR
MDNA PO HET 2 LB Z b5,

—7J5. LacR |Z ONPF 23#5& L7238 . ONPF O 7 =1— & & Asnl25, Aspl49 [Z5| /740
HAERT %72, Asnl25, Aspl49 % & dea-helix 28U A2 REESR 7 v MIEI %85
H, ZHITEY | o-helix &b 9 —F DOHERD DNA-binding domain 238 AA/EAH L 72
<72%72%, LacR X DNA BB L7sn B2 B,
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5. ¥5Em

AWFFEE. HHSF T (MM) 1EE L FEN ) (MD) EICE Y, KLY
¥ RHfER LTV LacR HEABADNA HEK, £ 7 =2 —3 IPTG S LTV 5
LacR HL E{A+DNA &K, 7 > F A 7 = —H ONPF A fEA L TV 5 LacR B E{K+DNA
BEEROWEZE-, ZNOOEE I L, 77 7 A2 FyF#LE (FMO) % Uy, LacR
& U A RREIOFEEIZ LacR @ Asnl25, Aspl49, Argl97 WEETHDL Z L2 LML
72o F72. LacR & DNA BIDOFEAIZ Arg22 NEETHDH Z L2 LML, &5,
MM £ THE BN 7M1 LacR, U > R, DNA O EEHOENTIZHB W TR+ T
b LVLE UTEEENTT 572D MDEZFIH LA T USRS RN L 55
Z LTz, F£72, LacR HER+DNA HAIKTIE, LacR 23U o ROEEIZ LD, DNA
NOOBET DL O FHMATE 2N L2 LN LT,

INEEE 2, LacR " &E{K+DNA AR, LacR " #K-IPTG+DNA &K, LacR —
EIR-ONPF+DNA HAIAIZK L, K T30ns O MD 5% L., & OEEZ T LT,
ik, UVHY ROREEZ T IEEE AT X, £ LT, MEMITrL v, IPTG
DFEARTHZ EITED, IPTG OEFICHFIET DBIKMEDT I BRI % 5 AU T2 o-helix
& IPTG OA V7 ENVERKBETHZEEHLNC L, e N T—IlZ LT,
a-helix 284 9 — 5 O HEE{K D DNA-binding domain & HHAAEAT2Z L12k V., DNA &
T ERMORES ) DNA & BEERMOREAIZ/2 0 | BEHIZ DNA O 0BT 5 €7 v %
L7z, —J. ONPF A LI8E1E. ONPF O 7 a— R L BUKMEDT I/ WRikk
ZE Tz achelix X5 M EEHZ T2 L2 LML, ZHICEY | a-helix 28U H
RiEG R v MINZEI & FHE B, b 9 — 5 DHEE{RD DNA-binding domain & 8 A./EH
L72\ =®, ONPF & f54 L7= LacR 78 DNA 22O 0BE L 722 WET VAR LT-,
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6. I

AW, Al a A LT, FMofan oo LIS L TEE ELE
SEEHTEI TR BB H B R, R EHEBICE S L 7,

Fo. AFRITEBENBI 7R ERHBZEZROEEED T, 1ThivE Lz, &
M i 2 HEZAZ IR, IFEICBE T 2R, MBS ofth, WESNIRIE CHFZE B ak 4 3 B 2
DOIERICE L COMBI S 28i& £ Lz, £/, BFELAOE TH A% O OB S 4,
PBHEEICRY F L, EHMZHEERIIT O DEEH L BT,

S BT, BEEHEINTE T RY EETREAEA R BARESE L, 7
FENKITIE, WO, BRSSO T hEk 2 2 BS54 L Calix £ Lz, FEH%
E OCEWERICIIE A 2RO TFIE, BT, FRATED A X A VAR L TEE £
L7z, AU EEMEE MARBRIZIIEOE R OB R &2 B L TiliE £
L7z, & OMEBMTEEDOERIZ BIIERE, it 7'n 77 Ao Ekx BT
W a®EEE Lic, BRICITES ML £7°,

RMBIC, BB INFETHXATLSES o, KOKANIESEHORZR L ET,
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8. PBfiE%

gk A: ABARTHERL-TOT I A

A2 TlL, Protein Data Bank o DAL T — X k4 727 1 75 L2 5 %, LacR &
U 47> K, DNA M OR RO BAERZ T Uiz, 2O, a7/ 7 Achbt, #iEe
iR EEESHRZ DIMLEND T, T2 T, PDB ERET LI 70T LhE < ONERL
7o

72¥%. PDB JERD 7 7 A Vi, PDB ZMEKT DR FO Y T NEK S, JRFZA T,
Chain 44, FAEA4, BRIE S, T OREE, JRFREOERIE®RS 1 HTH7ev 1477T
LR S TWD, LUFIC, H/MERCO PDB -7,

ATOM 1 Cl1 NPF A 332 104.060 81.860 61.830
ATOM 2 C2 NPF A 332 102.670 81.770 61.690
ATOM 3 C3 NPF A 332 102.020 82.410 60.640
ATOM 4 C4 NPF A 332 102.770 83.130 59.710
ATOM 5 C5 NPF A 332 104.160 83.180 59.820
CONECT 1 2 6 10

CONECT 2 1 3 21

CONECT 3 2 4 22

CONECT 4 3 5 23

CONECT 5 4 6 24

END

PDB [ZAK, Fortran CHIHTAZ LB E LTV ITH CHRER T REALE
DPRFE > TWD, 1~6 LFIE Record name & W9 FDITOFRMN ED L 5 R fFERTH S
DR RLIN F A FRR T 5, EEROBITIX, ATOM, CONECT, END 23 Z L% L,
END (3R D&Y 2R LTV D,

ATOM Fak 71X, %h%ﬂ@ﬁ%@%ﬁ%f#ﬁ%fbfwéo:@ﬁ@7~ni$
TR DO TARESHRRIREIND, 2OV I TAFEZIZE Y L THN TV D TFHEIT
5THY, SHIETOY I TAEZLNRIRTE 720, %of 99999 % #8 % % JIL 13
L SN TWBEGE ., ZTOMRILFRAAT 7 v 7T MUKGET 5, ZHUIEARIZL - T

IFREEEDJRIK & 72 D720, RS 99999 B 2 TWRWCHERT HLENH 5, 13
~mi%iﬁ%&47%£ 85, T ZA IR C 3 FORTCa=—TITREIND
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AAITTH Y | AR T 1 LFOLAE, 14 XFRICZOR T %, i
FIN 2 XFOEGEIF 13, 14 XFRICEDR R eshitdInd, b2, F 37 HE,
DNA, RNA D X 97—k Diha ., ETCORTFAZDOT bNDHRHTFZ A STk E
S TWND, 18~20 LFIFEEANTIRIND, Zhvb Z 2 /37E | DNA, RNA ZHERk
T BT DOFEFEL TR E > T D, 27 L FZ Chain ID %53 5, Chain ID (4 > /37
BOXTTF REIF T ONTALREOEAEL TH Y BEOX /7B 1 >0 PDB 7 7
A CFER EN TV DS, TNENDH R T EE2GHRT D BRI D, 23~26 3L
TIIRIEF S NGL SNDd, ¥ /X7 /E, DNA, RNA DOE, 2 OFEREE S & EE4
XD, PR EORYI 270 7T ARGRERTHENTE S, £ LT, 31~38,
39~46, 47~54 LFIX. ENEIINE IHTOIRFD X, Y. ZEEEZRL TS,
CONECT fit 1%, TNENDFRE TN ED X D ITHER - #55t L T DN EIRTITE R
LTW5, ZOITD 7~11 L5 ATOM ik 1D 7T~11 LFZxIET D v U T EK 5N
LR S, ZDITOERIERD EDR O D THL0ERLTWD, £ LT, 12~16,
17~21, 22~26, 27~31 LFL T~11 LFTRINTWVDLRFICHEE L TWDJR 7O
U7 NEGNFLl S5, ERtofl T4 % &, CONECT i+ d 1 17 H DT,
2, 6, 10D LEFEALTNDZEERLTND,

Mi$k A-1: PDB¥RE TR Y S5 L

PDBIIH2 57 ¥ A N7 7 A NVTHDHIZH, TFANTT 0 X THRET D Z LA ATHE
Thod, LnL, Z< D77 A0k L, EMEICREL TV ZEIIR#ETH L, £ 2
T, AWFFETIE PDB Z#RET 25 CLI 7 v VT AEER LT, K7ma 7T h%, v
7 L4 pinch, rashid, uni 265, ZNOHEAMAGDOEL Z LIZX D KEHOHEL
BT 52 EMTE D,

Pinch (X, JLD PDB 7 7 A Vinb v U T AT, R A 7, FREF L, RES L%
F& 5. Chain ID OWTNNERE L CEREOMEEZ T 57177 A Th 5,
J5ELTIE, £9°. PDBOIREEA LI T a2~ R THERT S, SRIOFITIE. A7 7
A V& L Cinputpdb 52 %,

$ pinch --view 3 input.pdb

Bl L LT, ~view, HD5WE-V 252, BSBITIRRT2IEEE2D, £
LC HE=BIBICAN T 7 AN EE 2D, ZhICED UTORREE2EL 2 ENTE S,
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1 - 6:ACE C 1| 7= 28:LYs Cc 2 | 29 - 42:PRO C 3
43 - 58:VAL C 4 | 59 - 72:THR C 5 | 73 - 91:LEU C 6
92 - 112:TYR C 7 113 - 124:ASP C 8 | 125 - 140:VAL C 9

141 - 150:ALAC 10 | 151 - 165:GLUC 11 | 166 - 186:TYRC 12
187 - 196:ALAC 13 | 197 - 203:GLYC 14 | 204 - 219:VAL C 15
220 - 230:SERC 16 | 231 - 251:TYRC 17 | 252 - 268:GLNC 18
269 - 282:THRC 19 | 283 - 298:VALC 20 | 299 - 309:SERC 21

ZAuE. 147H ZBNIZELD &, Chain C O ACE 1 OF%FEN VY 7 %5 1~6, Chain C ®
Lys 2 #5333 U 7L 7~28, Chain C ® Pro 3 282V 7 V3K 75 29~42 THER SN T\ 5
ZLEHERLTWD, AENIE 53 252 TWVWAH72H, 11T7H720 3 DOk E R
LTCWBED, SIBEAEELETHZ EICEID/NIVWEHATHLRARTEDL LI -> TS,
RIZ, FEIEEDR RN ORI T 2052 o, EEIChHE 5, it dRefae+

LHEZ. BIROE@Y . W OO HFERH H, TNELLFICRT,
method (5—35130)

oA Tvas Sa—tdToay & B=5H i
——atomnumber -AN )T IVE S V)T IESERELTHE
——residuenumber -AR BREES REBZBEFIEELTHAH
——residue -R EREA BRELZEIEELTHEH
——detailatom -DA FREF214T RFRATEHBELTHE
——detailresidue -DR REL BREEZS RELLEREBZSZMAEELTHH
——unit -U Chain ID Chain IDZ5E L Tl

ny G rarviva—bE T a TN EREET S, --atomnumber .,
--residuenumber |LBALGEF LK THE S Z A 7 0 TERWERABEENAIEETH D, 70,
ETIZBNWTHEE I(ar~)) TEISZEICEY, BROXNREZRIRTHZENTE
5. UTFICEDFETH ZRT, 22T, A7 7A4/0% inputpdb, N7 7 A%
outputpdb &5, ek, HMNT7 7 A NVIFEKTHZ LN TE D, TOGAE. XRERIIC
EOXricTsnEmnoid,

$ pinch --atomnumber 50-60 input.pdb output.pdb

$ pinch --atomnumber 50-63,100-125 input.pdb output.pdb

$ pinch --residuenumber 32,35,38 input.pdb output.pdb

$ pinch --residue GLU,LYS input.pdb output.pdb

$ pinch --detailatom N,CA,C,0 input.pdb output.pdb

$ pinch --detailresidue PRO.3,VAL.4 input.pdb output.pdb
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$ pinch --unit C input.pdb

IR pinch Y —2Aa—F (Fral T LE5E: Perl) 27,

#! /usr/bin/env perl

use strict;
use File::Temp;

my Soption = shift (QRARGV) ;
my S$Sapo = shift (GARGV) ;
my $in = shift (QARGV) ;
my Sout = shift (GARGV) ;
my Stmpl = File::Temp->new (TEMPLATE => '.pinch-1XXXXXX");
my $tmp2 = File::Temp->new (TEMPLATE => '.pinch-2XXXXXX"');
SSIG{'TERM'} = S$SIG{'PIPE'} = $SIG{'HUP'} = $SIG{'INT'} = sub {
unlink $tmpl;
unlink $tmp2;
exit;

i ¥ TAY S LHHE L IBAONE

if ((Soption =~ /*--help$/i) || ($option =~ /*-h$/1i)){
&help;
exit;

}

if ((Soption =~ /"--view$/i) || (Soption =~ /"=V$/i)){

if (Sapo =~ /"¥d+s$/) {
&file($in);
sview (Sapo, $in);

}

else{ .
print " ERROR: RRIIBMFIHEEL TSI ¥n";
}
exit;
}
elsif ((Soption =~ /*--information$/i) || (Soption =~ /"-IS$/1)){

&file($Sapo);
&info ($apo) ;
exit;

}

elsif ((Soption =~ /~--atomnumber$/i) || (Soption =~ /*-ANS/i)) {
&file($in);
&atomorder ($Sapo, $in, S$tmpl);

}

elsif (($Soption =~ /~--residuenumber$/i) || (Soption =~ /"-RNS$/i)){
&file($in);
&residueorder ($apo, $in, $tmpl);

}

elsif (($option =~ /~--residue$/i) || ($option =~ /"-R$/1)){
&file($in);
&residue ($apo, $in, Stmpl);

}

elsif (($option =~ /*--unit$/1i) || (Soption =~ /*-U$/i)) {
if ($apo =~ /"none$/1) {
$apO =",

}
&file ($in);
&unit ($apo, $in, S$tmpl);
}
elsif ((Soption =~ /*--detailresidue$/i) || (Soption =~ /"*-DRS$/i)) {
&file ($in);
my @check = split(/,/, $apo);
my S$checkflag = 0;
foreach (@check) {
1E(S I~ /7Y 48/)
$Scheckflag = 1;
last;
}
}
undef @check;
if ($checkflag == 1) { .
print " ERROR: FEEBEDRIAMNEVNET. [BEL EEBES I TIEETS. ¥n";

exit;
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}
elsef
&detailresidue ($apo, $in, S$Stmpl);
}
}
elsif ((Soption =~ /*--detailatom$/i) || (Soption =~ /"-DAS$/i)){
&file ($in) ;
&detailatom($apo, $in, S$tmpl);
}
else({
print " ERROR: REHEA T arvTd. ¥n";
exit;
}
&terdel (Stmpl, S$tmp2);
&crecone ($tmp2, Stmpl, 1.9);
if ($out =~ /7$/){ .
print " INFORMATION: HAZXMNEEINTULEEFA. ¥n";
print " INFORMATION: EZEZE (0), BlATRE (), AELLAEL(C)¥n > ;
my Suser = <STDIN>;
Suser =~ s/¥n//;
if (Suser =~ /70$/1){
unlink $in;
rename S$tmpl, $in;
}
elsif (Suser =~ /"S$/1i){
print " Z7AINE&: ";
Suser = <STDIN>;
Suser =~ s/¥n//;
rename S$tmpl, S$Suser;

else{
unlink S$tmpl;
exit;

}

else({
rename $tmpl, Sout;
}
exit;
# view = #

## VIEW E—F

sub view{

my $column = shift (€ );
my $in = shift (@ );

my $Sresiduel = "";
my $residue2 = "";
my $atoml = "";

my $atom2 = "";

my S$start = 0;

my $ncolumn = 0;

my $lastatom = 0;
open (IN, "$in");
while (<IN>) {
if((/~atom/1) || (/"hetatm/1i)) {
my S$before = $lastatom;
$lastatom = substr($S_, 6, 5);
$residuel = substr (s , 17, 9);
if ($Sresiduel eqg S$residue?2) {
next;
}
elsif ($start == 0) {
$residue2 = substr($s_, 17, 9);
$atoml = substr($ , 6, 5);
Satoml =~ s/¥s//g;
$start = 1;

print " ",.
}
else{
Satom2 = S$before;
Satoml = &adjust (5, Satoml);

Satom2 = &adjust (5, S$atom2);

print "S$atoml - Satom2:S$residue2";
Satoml = $lastatom;

Sresidue2 = substr($ , 17, 9);
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Sncolumn++;
if (Sncolumn >= S$column) {
print "¥n ";

Sncolumn = 0;
}
else{
print " | ",.
}
}
}
}
close (IN) ;
Satom2 = S$lastatom;
Satoml = &adjust (5, S$atoml);
Satom2 = &adjust (5, Satom2);
print "S$Satoml - Satom2:Sresiduel2¥n";
}
# === info #
H ROBHRZERARD
sub info{
my $in = shift(@ );
my $charge residues = (# BHIFR
"LYS" :> "l"
"ARG " :> n 1 " :
"ASP" :> "_l",
"GLU" :> "_1",
"HIP" :> "l",
"CYM" :> "1",
"Na" :> "l", # Na+
"K" :> "1", # K+
"Zn" :> "2", # Zn+
"ZIN" => "2V, 4 Zn+
"Ca" :> "2", # Ca+
"CAL" => "2", # Ca+
"DA" :> "_l"
"DG" :> "_1":
"DC" :> "_l",
"DT" :> "_1",
"DA3" :> "_l",
"DG3" :> "_1"’
"DC3" :> "_l",
"DT3" :> _1"’
"RA" :> "_l",
"RG" :> "_1",
"RC" :> "_l",
"RU" :> "_1",
"RA3" :> "_l",
"RG3" :> "_1",
"RC3" :> "_l",
"RU3" :> "_1"
)
my @noncharge residues = (
"ACE", "ALA", "ASN", "CYS", "GLN", "GLY", "HIS", "HID", "HIE", "ILE",
"LEU", "MET", "NME", "PHE", "PRO", "SER", "THR", "TRP", "TYR", "VAL",
"SOL", "HOH", "WAT", "DT5", "DA5", "DCS", "DGS", "RU5", "RA5", "RC5", "RGS"
)
my Sresnum = 0;
my S$atomnum = O;
my Scharge = 0;
my Swater = 0;
my Sresiduel = "";
my S$start = 0;
my @unknowns = ();
my @hiss = (0, 0, 0, 0); # His OIKEE (HIS, HID, HIE, HIP)
open (IN, "$in");
while (KIN>) {
f((/"HETATM/1i) || (/~ATOM/)) {
Satomnum ++; + RFH+1
my $residue2 = substr($ , 17, 9); # MEOEEFER

f($residuel ne S$residue?2)

# BIDEREER & — ’f"ﬂlb&b\iﬁA §§§b‘£bof'iﬁA

# ﬁ%;%ﬂm

Sresnum ++;
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f($residue2 =~ /"HI(SIDIE|P) /1) {

i f (Sresidue2 =~ /"~HIS/i){
Shiss[0] ++;

}

elsif ($Sresidue2 =~ /"HID/1i) {
Shiss[1] ++;

}

elsif (Sresidue2 =~ /"HIE/i){
Shiss[2] ++;

}

elsif (Sresidue2 =~ /"HIP/i) {
Shiss[3] ++;
}
else({
print " WARNING: Unknown His exists¥n";
}
}
if ((Sresidue2 =~ /"WAT/i) || (Sresidue2 =~ /~HOH/1i) ||
(Sresidue2 =~ /"SOL/1i)) {
# FREBN waAT HAHWLE HOH DIFE
Swater ++; # KOFH+1
}
f($start == 0){ t RYPDEEDERRDY (TEN
$start = 1; # 73’7’&15#? IRY
Sresiduel = Sre S}L
+ BREOEREBRZRD ﬁ%%’lﬁiﬁ TE5%
next;

else( # BEFEIREE
Sresiduel = substr ($Sresiduel, 0, 3);
+ BREADOHREF
Sresiduel =~ s/¥s+//g;

Sresiduel =~ s/[¥+¥*¥/]1//qg;
o+ 0k, /IE KR
my @data = keys (%charge residues);

+ BEMBERL S X —ZEFITHRN
my $charge flag = 0;
foreach(@data){
($re51due1 =~ /7§ $/1){
# —h\—ﬁtf—i%é
Scharge += $charge residues{$ };
# F—O0fE (Ef) eREDCERICNE
$charge flag = 1;

last;
}
}
f(($charge flag == 0) &&
(grep (/~Sresiduel$/, @noncharge residues) ==0)) {

push (@unknowns, S$residuel);

}
Sresiduel = Sresidue2;

# RAEDEREZMOEREE L TER

}
}
close (IN) ;

$residuel = substr($residuel, 0, 3);

# NW—TTEED > -IFHRONE + BRELOAHIE

$residuel =~ s/[¥+¥*¥/]/ /g; o+ 0 /lE ICE#R

my @data = keys(%charge residues); # @,ﬁﬁiﬁb\b:"\— ZERHIIZ B4

my $charge flag = 0;
foreach (@data) { R
i f ($Sresiduel =~ /S $/1i){ # F—H—HLI-GE
$charge += Scharge residues{$ };
t F—OE (B #REOERICME
$charge_flag = 1;
last;
}

f((Scharge flag == 0) && (grep(/"Sresiduel$/, @noncharge residues) == 0)) {
push (Qunknowns, S$residuel);

}

my $unknown residue = join(" + ", @unknowns);
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if ($#unknowns != -1){
Sunknown residue = " + " . $unknown residue;

}

my S$notwater = Sresnum - Swater;
print << "INFO";
INFORMATION for $in

All of Atom : Satomnum

All of Residue : Sresnum

* Not water molecule: S$notwater

* Water molecule : Swater

System charge : Scharge S$unknown residue

HIS : HID : HIE: HIP = S$hiss[0] : Shiss[1l] : Shiss[2] : Shiss[3]
INFO

}

# atomorder #
H RFIEFESEEE—F

sub atomorder(

my $atomrange = shift(Q ); # FBE SR TEHE
my $in = shift(Q ); # ANWT74IL

my $out = shift(Q ); # HAT74)L

my $infinity = 0; # EBHE (LIEE£T)

my @atomarray = &range ($atomrange) ; + RFIEFESEGHFE £ TERIIIC

my $check = pop (Ratomarray);  # BLSIXRif% Scheck I
if (Scheck == -1){ # Righ-1 o ERTHD
$infinity = 1;
Scheck = S$atomarray[0];

else({
push (Ratomarray, Scheck); # BEGLSIE, HEICE-EXRIFFERETICET
@atomarray = sort {Sa <=> S$b} (Ratomarray); _ # v—k
Scheck = 0; # LEOERBHIECO DM LHELNELESIZO

}

my Swrite = 0; + BIRAEEAHHE

open (IN, "$in");
open (OUT, "> Sout");
while (KIN>) {
my $line = $ ; # NvITFv T
if ((/~"ATOM/) || (/"HETATM/)) {
my Snowatom = substr($line, 6, 5); + BFIEFHS MG
$nowatom =~ s/¥s+//; # AR—REHLTELIZHFHRN
if (($Scheck != 0) && ($check <= S$nowatom)) {
+ BEOHBMNEDF VY
print OUT $line;

else{
my @newatomarray = (); # #HLWEFIEFESDES
foreach (@atomarray) {
if($_ == $nowatom) { # —HBL-LEEAH
print OUT $line;
}
else{
# ANEROBAICHEZA T, BEHDRY LIE
push (@newatomarray, $_);
}
}
@atomarray = @newatomarray;

}

}
elsif (/"TER/) {

print OUT "TERYn";
}
elsif (/"END/) {

print OUT "END¥n";
}

close (IN)
close (OUT) ;

~.

64




resujueorder #

#
t# REIEFHFEREE

sub r651dueorder{

my Sresrange = shift (@ ); t BESN-HREBSHH
my $Sin = shift (@ ); + ANWIT74IL
my $out = shift (@ ); * HATF7ANL
my @resarray = &range (Sresrange); + BREIEFESHEE L TERSIIC
my $check = pop(@resarray); # BEFIRim# Scheck [
if ($check == -1){ ¥ ORIEH -1 B S ERTH S
Scheck = S$resarrayl[0];
Scheck = pop (@resarray);
}
else{
push (@resarray, S$check); # BEELIE, HEIC Eof—ikiﬁ'rﬁﬁﬁ’éxkﬁ?'
@resarray = sort {$Sa <=> $b} (Qresarray):; # Y—Fk

Scheck = 0;
}

open (IN, "$in");
open (OUT, "> Sout");
while (<IN>) {
my Sline = $ ; # NwHO 7y

if ((/"ATOM/) || (/"HETATM/)) {
my $nowres = substr($line, 22, 4); t BEIEFES WG
$nowres =~ s/¥s+//g, # Z’\—Z’Ezlél L;'C:n:@( BFHR
if((Scheck !'= 0) && (Scheck <= $nowres)) {

print OUT $line;
}
else({
foreach (Qresarray) { -
if($_ == S$Snowres) { t —BLE0EZFAH
print OUT S$line;
}

}
}
elsif (/"TER/) {
print OUT "TER¥n";
}
elsif (/"END/) {
print OUT "END¥n";

## RELEE

sub reSJ_due{

my Sresidue = shift (@ );
my $in = shift (@ );

my Sout = shift (@ );

my @residues = split(/,/, Sresidue);
my $first = 0; # TER¥IERICLDMPRFY TI55
my S$beforeres = "";

open (IN, "$in");
open (OUT, "> Sout");
while (<IN>) { .
my $line = $ ; # BETONVITYT

if ((/"ATOM/) || (/"HETATM/)) { ~
my S$nowdata = substr($_, 17, 9); + ETOREFR
my Snowres = substr ($nowdata, 0, 3); + RELREG
foreach (@residues) { R
if ($nowres eq $ ) { t BEAEN—HLE0ZEFAH
if (Sbeforeres ne S$nowdata) {

f($first == 1) {
print OUT "TER¥n";
}
else{
Sfirst = 1;
}
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}

print OUT $line;
Sbeforeres = S$nowdata;
last;

}

}

elsif ((/"TER/) && (S$first == 1)){
# LRICEEAHANEY, MDD TERAED TER &
print OUT "TER¥n";

}
elsif (/"END/) {
print OUT "ENDYn";

}

close (IN) ;
close (OUT) ;

# unit #
# 1=y MEEE—F

sub unit{

my S$unit = shift (@ );

my $in = shift (@ );

my Sout = shift (€ );

my Qunits = split(/,/, S$Sunit); b 1y kESE
ny Sfirst = 0; # EEAKETEI54
my $beforeunit = "";

open (IN, "$in");
open (OUT, "> Sout");
while (KIN>) {
my $line = $ ; # NvHTv T
if ((/~ATOM/) || (/"HETATM/)) {
my $nowunit = substr(s$_, 21, 1); + WEOI=Y FIE
foreach (Qunits) {
if ($nowunit eq $ ) {
$ BEA=Y FE—HLELEZAD
if (Snowunit ne S$beforeunit) {
# RICEERAAFLIZ Y B TI5E
Sbeforeunit = S$nowunit;
if($first == 1) {
# TER Z &tk
print OUT "TER¥Yn";
}
else{ # MEIER XY T
Sfirst = 1;
}
}
print OUT $line;
}
}
elsif ((/"TER/) && ($first == 1)){ # BEI=w FHO TER [FEZFAT
print OUT "TER¥n";

}
elsif (/"END/) {
print OUT "ENDY¥n";

# =============== detailresidue = #
#4 EHEEREEE—F
sub detailresidue({
my $apoint = shift(
my $in = shift (@ );
my $Sout = shift (@ )

@ )

my Qres = split(/,/, S$apoint);

my S$first = 0;
my Sbeforeres = "";
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open (IN, "$in");
open (OUT, "> Sout");
while (<IN>) {
my $line = $ ;
if ((/~ATOM/) || (/"HETATM/)) { )
my S$nowdata = substr($line, 17, 9); + 2AROEEER

my S$nowres = substr ($nowdata, 0, 3); + BREARE
Snowres =~ s/¥s//qg;
my S$nowresnum = substr (Snowdata, 5, 4); + REEZEEWE

$nowresnum =~ s/¥s//qg;
foreach (Qres) {

my $residue = $ ;
(Sresidue, my S$resnum) = split(/¥./, S$residue);
if ((Snowres eq S$residue) && (Snowresnum == S$resnum)) {
if (Sbeforeres ne $nowdata) {
if(Sfirst == 1) {
print OUT "TER¥n";
}
else(

Sfirst = 1;
}
}
print OUT $line;
Sbeforeres = S$Snowdata;
last;

}
}
elsif (/"TER/) {
print OUT "TER¥n";
}
elsif (/"END/) {
print OUT "END¥n";

}

close (IN) ;
close (OUT) ;
}

# == = detailatom #
H# FMEFEEE—F

sub detailatom{

my $atom = shift(Q );

my $in = shift (@ );

my Sout = shift (@ );

my Qatomarray = split(/,/, S$Satom);

open (IN, "$in");
open (OUT, "> Sout");
while (<IN>) {

if ((/~ATOM/1i) || (/"HETATM/i)) {
my $line = $ ; _
my $nowatom = substr($line, 12, 4); + BFHETFEIE

foreach (@Gatomarray) {
my $checkatom = $ ;
if (Snowatom =~ /S$checkatom/){ # HBLLE&hLE
print OUT $line;
print OUT "TER¥n";
last;

}

}
elsif (/"TER/) {
print OUT "TER¥n";
}
elsif (/"END/) {
print OUT "END¥n";
}
}
close (IN) ;
close (OUT) ;
}

# =============== terdel =============== #
#+# TER DEHRUVEHRITDHIKR




sub terdel{
my $in = shift (@ );
my Sout = shift (@ );

usinn);
"> Sout");
UL 3 E

]

# e
n"; # BII

open (IN,
open (OUT,
my $linel
my $line?2
my $flag = 0;
while (KIN>) {

i1
11

if(($flag == 0) && ((/"ATOM/1) ||
$flag = 1;
}
if (($flag == 0) && (/"TER/1)){
next;
}
$linel = S ; # BETIE
$linel =~ s/¥n//;
$linel =~ s/¥s+//g;
if($linel eq $1line2) {
next;
}
Sline2 = $linel; 4 SlE@E
print OUT;
}
close (IN);
close (OUT) ;
}
# range #
sub range{
my $numarray = shift (@ );
my @numarrayl split(/,/, $numarray);

my @numarray?2 ()7
my S$count = 0;

foreach (@numarrayl) {

Snumarray2[$count++]
Snumarray2 [$count++]
last;

}

my $1i = 0;

for($i = $wide[0];
+ HEEIRTHFICTS

$i <= Swide[l];

(/"HETATM/1))) {

# HIDITERLELRFY T

# HIBRIRFRFIER

+ BEEEERDED-HEBNEREERMNT S
# numarray2 QBIES

1E(/=/) A1 t x-y FOHEETE ZRH
my @Gwide = split(/-/, $_); b BIRERTIZHTS
i€ (Swide[0] =~ /"$/){ F BIAAELVNES
$w1de[0] =1;
}
elsif (Swide[l] =~ /"$/){ b RTAENES

Swide[0];
_1;

Si++){

Snumarray2 [$count++] = $i;
}
}
else{
Snumarray2[$Scount++] = S ;

}
}
return (@numarray?2) ;
}
# =============== adjust =============== #
sub adjust{ _
my S$max = shift(Q ); + RABENXTFH
my $line = shift(@ ); # X35l
my S$space = length($Sline); + XFIDES
$Sspace = S$max - $space; # BMNT 5RAR—IH
$space = " " x $space; # AR—X
$line = S$space . $line; # AR—ZREM
return($line);
}
# =============== crecone =============== #
sub crecone({
my $in = shift (@ );
my Sout = shift(@ );
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my $d = shift(@ );

my Qarrayx = (); # AREFD x FEZ

my Qarrayy = (); t NREFD v FEZ

my Qarrayz = (); # ARIEFD 7 FEEZ

my @atom = (); t HEEFOREFIEFES

my @atomname = (); + WRREFDOIRFLA

my @amino = ("SOL", "WAT", '|HOH'|, "ALA", "ARG"’ "ASN", "ASP", "CYS", "GLN", "GLU",

"GLY"’ "HIS", "HIP", "HID", "HIE", "ILE", "LEU", "LYS", "MET", "PHE", "PRO", HSERH’
"THR", HTRlényiﬁijléYR", HVAL") ;
# bR

open (IN, "$in");
open (OUT, "> Sout");
while (<IN>) {
my $line = $ ;
f(/~"TER/i) {—
print OUT "TER¥n";

}
elsif (/"END/1) {

last;
}
elsif (/~CONECT/1) {
next;
}
elsif ((/"HETATM/i) || (/"ATOM/1i)) {
my S$resc = substr($line, 17, 3); # HREFRIEG

my S$hantei = l;
foreach (@amlno
# 7= /Eﬁﬁ%%l«l% (3!—2*“-%’5-5%%) 7355 %1 EE<—7) OFEFIC
if ($resc =~ /"$ $/1){
Shantei = 0;
}

f (Shantei == 1) {
my $x = substr($line, 30, 8);
$x =~ s/¥s//qg;
Sx =~ s/¥n//;
push (Qarrayx, $x); # WREFD X EEE B
my $y = substr($line, 38, 8);
Sy =~ s/¥s//9;

Sy =~ s/¥n//;

push (@Garrayy, $y); # WHREFD Y EIZEIEMH
my $z = substr($line, 46, 8);

$z =~ s/¥s//qg;

Sz =~ s/¥s//;

push (Qarrayz, $z); # WREFD z FEEEEH

$x = substr($line, 6, 5);
$x =~ s/¥s//qg;
$x =~ s/¥n//;
push (Qatom, $x); # ﬂ%ﬁ?@ﬁ:?]”ﬁ FEE T I&N
my S$name = substr( $llne,
push (@atomname, $name P # ﬂ%ﬁ?@ﬁ:%’&%m

}

print OUT $line;

}

}
close (IN) ;

my S$targetcon = O; t BHRFOIL—THoo4
my S$othercon = t LEBRERFOIL—ThHo4
my $str = ""; # Hﬂﬁﬁﬁ@ﬁ’f;u'@’éﬁ?@ﬁ?mﬁrg?
foreach (@atom) {
my $now = $ ; # EMEF
my $x1 = Sarrayx[Stargetcon]; # ZHREFD X FEZE
my $yl = $arrayyl[$targetcon]; # EMEFOD v EE
my $z1 = Sarrayz[Stargetcon]; # ZHIRFD 7 EZ
my S$namel = Satomname[$targetcon]; + FEHRFORF
foreach (@atom) {
my $x2 = Sarrayx[Sothercon]; # LB RIETO X EE
my $y2 = Sarrayy[$othercon]; # LLEHREFD v EEZ
my $z2 = Sarrayz[Sothercon]; # LLEBRRETO 7 FEE
my S$name2 = S$atomname[$othercon]; + HBHREFORF
my $distance = ((($x2 - $x1) ** 2) + ((Sy2 - S$yl) ** 2) +
N (($z2 - $zl) ** 2)) ** 0.5;
+ IRREEER
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f (Sdistance <= 5d) { + BN COBERALE > oERLTVWIEREGT

if((($namel eqg "H") || ($name2 eq "H"))
&& (Sdistance > 1.20)
# T—T—L, 7}<§Eﬁ¥to)ﬁﬁﬁﬁlil 20AFETET 5.
Sothercon++;
next;

}

elsif ($distance ==
# OEEﬁ’é(iéﬁr’Céﬁéd)’CX%’—Jj’
Sothercon++;
next;

}

my $line = &adjust (5, $ );

$str = $str . $line; + EREFEE ORI

}

Sothercon++;
}
Sothercon = 0;
if (Sstr !~ /"$/){
Snow = &adjust (5, S$now);
print OUT "CONECTS$nowSstr¥n"; # HJ
$Str — "n;
}
Stargetcon++;
}
print OUT "END¥n";

close (OUT) ;

}

# file == #

#H T7AINDANEEFEERER

sub file{

my $file = shift (@ );

if ($file =~ /7$/){ .
print " ERROR: ANT7AIIEESINTULELEA. ¥n";
exit;

}

(-f $file) {

}

else{
print " ERROR: {EESINIZANT7AILIEHFEELFEFLEA. n";
exit;

}

}

# help =============== #

sub help{

print << "help";

PDBHMHE T OS5 A

*VIEW E— F
¥$ pinch -V RRHE AHT774L
*%ﬁn‘l'%{_'\
¥$ pinch -T AATZ7AI)L
*RFIEFHESEEE—F
¥$ pinch -AN &S ( %ﬁlﬁl? ETRE) AAT7AIL HAT7A)L
*§§§IILEF§??HE=E—
¥$ pinch -RN REEHE (EHEIEEAEE) AHLT7AIL HAT7AL
*REEEE—F
¥$ pinch -R BES& AAT7A4)L HAHT7AL
*1Zy MEEE—F
¥$ pinch -U A=Y b AAT7AIL HAT7AIL
“HHMRFEEE—F
¥$ pinch -DA E?% ANT741L HAZ7A4)L
*EMEEEEE—
¥$ pinch -DR 75%%.?%%%? AAT7A4IL HA7714)1L
rx AAT7ANDEEEAB AT 7ANICTHELESTRE »+*

help
}

I PDB #45HI: 7 11 2°F A rashid (2 OWTCEiBH$ %, rashid I3 pinch [k, & D
MBRERTE L, TOMNBEHIBRT LT 0l T LA THD, LTS, RE2ERT D FES
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Y,

method (55 —5 |40

e — Fan
oo A Toay Sa—tAToay Nx BB BE

——atomnumber -AN T ILES )T INEBERRELTHIRR
——residuenumber -AR REABRS BREZSFIHEELTHIR
——atom -A [RFie= [RFEEEZEELTHIR
——residue -R REA BREAZIEELTHIBR
——detailatom -DA BRF247 [R¥ 524 TEIREELTHIBR
——detailresidue -DR REL ZEEE RELLEZEBSZMAEELTHIR
——unit -U Chain ID Chain IDZ$E%E L THIBR

BIRTIEDIF E A Eld pinch £ [F U TL--atom & WD) FENEBIESNTWALET TH D,
<y RELLFD X 91T, pinch 28 rashid IZE D> 72721 TH 5,

$ rashid <method> <target> input.pdb [output.pdb]

==H.
= Ao

PLFiZ rashid DY —Aa— K (a7 A Perl) /R,

#! /usr/bin/perl

use strict;

use File:

my S$option

:Temp;

shift (QARGV) ;

my $select = shift (QARGV);
my $in shift (RARGV) ;
my S$out shift (@ARGV) ;

f((Soption =~ /“--helpS$/i) || (Soption =~ /"~-hS$/1i)){
&help;
exit;
}
elsif ((Soption =~ /*--information$/i)
if($select !~ /7$/){
if (-f $select) {
&info ($Sselect) ;

exit;

|| (Soption =~ /~-IS$/i)){

}
else{
print " ERROR: BESNIANT7AIITHFEELEFEA. ¥n";
}
}
else{
print " ERROR: ANTF7AIERELTLLZELY. ¥n;
}

f($in '~ /7$/){
if(-f $in){
my $tmpl File:
my $tmp2 = File:
SSIG{'TERM'} = S$SIG{'PIPE'}
unlink $tmpl;
unllnk Stmp2;
exit

# 7’13 T3 LIVhE L1580 0E

:Temp->new (TEMPLATE => '.rashid-1XXXXXX');
:Temp->new (TEMPLATE => '.rashid-2XXXXXX"');
SSIG{'HUP'} = SSIG{'INT'} = sub {

bi

f(($Soption =~ /*--view$/i) || (Soption =~ /"=V$/1)){
&view (Sselect, $in);
exit;

elsif ((Soption =~ /"--atomnumber$/i) || (Soption =~ /"-ANS$/i)){
&atomorder ($select, $in, S$tmpl);

}

elsif ((Soption =~ /"--residuenumber$/i) || (Soption =~ /"-RNS$/i)) {
&residueorder ($select, $in, Stmpl);

elsif ((Soption =~ /"--atom$/i) || (Soption =~ /"-AS/i)){
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&atom ($Sselect, $in, Stmpl);
}

elsif ((Soption =~ /*--residues$/i) || (Soption =~ /*-R$/1i)){
&residue ($select, $in, Stmpl);
}
elsif (($option =~ /*—-unit$/i) || (Soption =~ /~-US$/i)){
if ($select =~ /“none$/1i) {
Sselect = " ";

}
&unit ($select, $in, Stmpl);
}
elsif ((Soption =~ /*--detailresidue$/) || (Soption =~ /*-DRS$S/1i)) {
my @check = split(/,/, S$select);
my $checkflag = 0;
foreach (@check) {
1E(S_ I~ /¥ +8/) |
Scheckflag = 1;
last;
}
}
undef @check;
if ($checkflag == 1) {
print " ERROR: HEZREDRFEINENFT.
[(REL ZEESITHEETSH. "

exit;
}
else{
&detailresidue ($select, $in, $tmpl);
} }
elsif (($Soption =~ /*--detailatom$/) || ($Soption =~ /~-DAS/1)) {

&detailatom($select, $in, S$tmpl);
}
else({
print " ERROR: RKEEDA T3 >TT. ¥n";
exit;
}
&terdel ($tmpl, S$tmp2);
&cleanatom ($tmp2, Stmpl);
&crecone ($tmpl, S$tmp2, 1.9);
if (Sout =~ /"$/){ R
print " INFORMATION: HAEMEESINTULEEA. ¥n";
print " INFORMATION: LEZ (0), Bl&THRE(S),
filL LA (C)¥n > ;
my Suser = <STDIN>;
Suser =~ s/¥n//;
if (Suser =~ /70$/1){
unlink S$in;
rename S$tmp2, $in;
}
elsif (Suser =~ /7S$/1){
print " Z7AIE&: ";
Suser = <STDIN>;
Suser =~ s/¥n//;
rename $tmp2, Suser;

else{
exit;
else{

rename S$tmp2, S$Sout;

}

else{
print " ERROR: HESINIZANT7AILITHEELEEA. ¥n";
}
}
else{
if ((Soption =~ /"--view$/i) || (Soption =~ /*-V$/1i)){
print " ERROR: RRTHFIHMEANLTLLFEZELY. ¥n;
}
else{

print " ERROR: ANT7AIIEEELTLLZELY. ¥,
}
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exit;

# : view #
## VIEW E— bk
sub view{

my S$column = shift(Q ); # 58

my $in = shift(Q ); # AATZ7AIL

my Sresiduel = ""; + BHEDERES

my S$residue2 = ""; # AIDITORES

my $Satoml = "";

my $atom2 = "";

my S$start = 0; t RPDOUNEBEO-ONDTSVINEBISH
my $ncolumn = 0; + MEDFIH

my $lastatom = 0;
open (IN, "$in");
while (<IN>) {

((/~atom/i) || (/"“hetatm/i)) { »

my S$before = $lastatom; + AIEDRFIEFES

$lastatom = substr($ , 6, 5); # REDETFIEFES

$residuel = substr($ , 17, 9); # L%T:EG)?%%%

if ($residuel eq $residue2) { # BEARLCE =0+ L
next;

}

elsif ($start == 0) { t RMDITS 08
Sresidue2 = substr($ , 17, 9); # RINSTEES
$atoml = substr($ , 6, 5); + FRRFIEFHS

Satoml =~ s/¥s//g;
Sstart = 1;

print " ";

}

else{ .
Satom2 = S$before; + AIRDRFIEFEESHIDLE
Satoml = gadjustl (5, Satoml); # BHREFIEFES
Satom2 = &adjustl (5, Satom2); # BTEFIEFES

print "S$atoml - $atom2 Sresidue2";

Satoml = $lastato

+ BRRFIEFHESIC ﬁ?ﬂ?@ﬁ?l"ﬁrﬁ%’é _
Sresidue2 = substr($ , 17, 9); # IREDEELZIE

$ncolumn++; N # FFEIBOT _
if (Sncolumn >= S$column) { # FBEFIBICEL - 5HIT
print "¥n ";
$Sncolumn = 0;
}
else({ .
print " | "; # TRUSNEIRY ST

}

}
}
close (IN) ;

Satom2 = $lastatom; t T7AINBRAAARIZE =T —2 IE
Satoml = &adjustl (5, $atoml);
Satom2 = &adjustl (5, $atom2);
print "$atoml - Satom2:S$residuel¥n";
}
——————————————— info =============== #§

## ROEREFAND

sub infof{
my $in = shift (@ );

my $charge residues = (# ERIER

HLY_SH => "1",

VIARG ” :> ” l ” ,

"ASP" => "-1",

‘lGLU‘l :> "_l‘l,

"HIP" => "1,

‘lCYM‘I :> "l",

"Na" => "1", # Na+

K" => "1", # K+
"zn" => "2", # 7n+
"ZIN" => "2", # Zn+
"ca" => "2", # Ca+
"CAL" => "2", # Ca+
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"DA" => "_1",
"DE" => "_l",
"DC" => "_1",
"pT" => "_l",
"DA3" => "_]"

’
"DGE3I" = "_l",
"DC3I" => n_lvv,
"DT3I" = "_l",
"RA" => "_1",
"RG" => "_l",
"RC" => "_1",
"RU" => "_l",

"RA3" => n_lvv,
"RG3" => "_l",
"RC3" => "—1",
"RU3IM => "-1"

my @noncharge residues = (
"ACE", HALA", "ASN", "CYS", IIGLN", "GLY", IIHIS"’ "HID", IIHIE", "ILE",
"LEU", "MET", "NME", "PHEII, "PRO", IISER"’ llTHRH, IITRP", "TYR", IIVAL"’
"SOL", "HOH", "WAT", IIDTSII, "DAS", IIDCSII’ IIDG5"’ IIRUSH, IIRASII, "RCS", IIRGSII

my Sresnum = 0;
my Satomnum = 0;
my S$Scharge = 0;
my Swater = 0;
my Sresiduel =
my S$start = 0;

my @unknowns () ;
my Q@hiss = (0, 0, 0, 0); # His ODIKEE (HIS, HID, HIE, HIP)
open (IN, "$in");
while (KIN>) {
if ((/"HETATM/1i) || (/"ATOM/)) {
Satomnum ++; # RFE+1
my $residue2 = substr (S , 17, 9); + BAEOKEER

f (Sresiduel ne S$residue?2)

# EIDEEFRE— ?&L&L\%A BEAEDLS5E)

$resnum ++; REH
(Sresidue2 =~ / HI(S|DIE|P) /i) {
f(Sresidue2 =~ /~HIS/1) {

Shiss[0] ++;

}

elsif (Sresidue2 =~ /"HID/1i){
Shiss[1] ++;

}

elsif (Sresidue2 =~ /7"HIE/1i){
Shiss[2] ++;

}

elsif (Sresidue2 =~ /~HIP/1i){
Shiss[3] ++;

}

else{
print " WARNING: Unknown His exists¥n";
} }
f((Sresidue2 =~ /"WAT/1i) || ($residue2 =~ /"HOH/1i)
Il (Sresidue2 =~ /"~SOL/i)){ # EEELMN waT HBHLE HOH @iﬁA
Swater ++; # KO FHE+1
}
f($start == 0){ t UOEFREDELY (XEM
$start = 1; ¥ ISTEBREICEY
Sresiduel = S$residue2;
# iﬁ?‘@ﬁ%%'lﬁiﬁ’&ﬁu@ﬁ%%fﬁiﬁk L T&
next;

else(  EEIREE
Sresiduel = substr (Sresiduel, 0, 3);
+ BRELOHIRE
Sresiduel =~ s/¥s+//g;
Sresiduel =~ s/[¥+¥*¥/1//g;
o+ 0 x /IE ITER
my @data = ke s(ocharge residues) ;
# %ﬁ'fai&b\b# FE5 [ZFR
my $charge flag = 0;
foreach (@data) {
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if ($residuel =~ /"$ $/1i)({
T - It 1
Scharge += $charge residues{$ };
# F—O0fE (Ef) cREDOERICNE
$charge flag = 1;

last;
}
}
if ((Scharge flag == 0) &&
(grep (/~S$residuel$/, @noncharge residues) ==0)) {

push (@unknowns, S$residuel);

}
Sresiduel = Sresidue?2;

# RAOEREZMOEREL L TER

}
}
close (IN) ;

Sresiduel = substr(Sresiduel, 0, 3);

# L—TTELEISIFRONE + BREZOHIGF

$residuel =~ s/[¥+¥*¥/]/ /g; I I - S et 3

my @data = keys(%charge residues); # BREHRL 5 X —ZEH SN

my $charge flag = 0;
foreach (@data) {
if ($residuel =~ /*$ $/1){ # F—A—HLI-BE
Scharge += Scharge residues{$ };
+ F—O0fE (BEf) zREOEHICME
$charge flag = 1;
last;
}

}
if (($charge flag == 0) && (grep(/"$residuel$/, @noncharge residues) == 0)) {
push (@unknowns, S$residuel);

}

my S$unknown residue = join(" + ", Qunknowns);
if ($#unknowns != -1){
$unknown residue = " + " . Sunknown residue;
}
my $notwater = $resnum - Swater;

print << "INFO";
INFORMATION for $in

All of Atom : $Satomnum

All of Residue : Sresnum

* Not water molecule: S$notwater

* Water molecule : Swater

System charge : Scharge Sunknown_ residue

HIS : HID : HIE: HIP = $hiss[0] : Shiss[1l] : Shiss[2] : S$Shiss[3]
INFO

}

sub atom{

my S$atom = shift (@ );
my $in = shift (@ );
my Sout = shift (@ );

my @atoms = split(/,/, S$atom);

open (IN, "$in");
open (OUT, "> Sout");
while (KIN>) {
if ((/~ATOM/1i) || (/"HETATM/i)) {
my $line = $ ;
my $flag = 0;
my S$nowatom = substr($ , 12, 2); + RFRIE
Snowatom =~ s/¥d//g;
Snowatom =~ s/¥s+//g;
foreach (@atoms) {
if ($nowatom eq $ ) { t B LEHLE
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$flag = 1;
last;
}
}
if(sflag == 0){
print OUT $line;
}
}
elsif (/"TER/) {
print OUT "TERY¥n";
}

close (IN) ;
close (OUT) ;
}

# == _detailatom #
4 FEMETIREEE—F

sub detailatom{

my S$atom = shift (@ );

my $in = shift(@ );

my $out = shift (€ );

my Qatoms = split(/,/, S$atom);

open (IN, "$in");
open (OUT, "> Sout");
while (KIN>) {

if ((/~ATOM/i) || (/"HETATM/1i)) {
my $line = S ;
my $flag = 0;
my $nowatom = substr($ , 12, 4); # EHERFRIE
Snowatom =~ s/¥s//g;

foreach (Qatoms) {
if ($nowatom =~ /*$ $/){# B LEDLE
$flag = 1;
last;
}

}
if(sflag == 0){

print OUT $line;
}

}
elsif (/~"TER/) {
print OUT "TER¥n";
}
}
close (IN) ;
close (OUT) ;
}

residue === #

#

# FREEEE—F
sub residue({
my Sresidue = shift (€ );
my $in = shift (@ );

my Sout = shift(@ );

my @residues = split(/,/, Sresidue);

open (IN, "$in");
open (OUT, "> Sout");
while (KIN>) {

if ((/~ATOM/i) || (/"HETATM/i)) {
my $line = § ;
my $flag = 0;

my $nowres = substr (s , 17, 3);# FRELEIEF
foreach (@residues) {
if (Snowres eq $ ) { + BoLEHE
S$flag = 1;
last;
}

}
if($flag == 0){

print OUT $line;
}
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else{
print OUT "TER¥n"; # HL=RIZIX TER &
}
}
elsif (/~TER/) {
print OUT "TER¥n";
}

close (IN) ;
close (OUT) ;

# _atomorder #
## RFIEFEEE—F

sub atomorder(
my $atomrange =
my $in = shift(Q@ );

my S$out = shift(Q@ );

shift(@ );

my Q@atomorder = &range ($Satomrange) ; + PR E DR

; # R
Qatomorder) ;
{

my $infinity = 0
( .
# range L—F U CERETHEADEL-1 HNIRINATLSIET

my $check = pop
if (Scheck == -1)

$infinity = 1;
}

else{

push (Ratomorder, $check); t BINDKREERYHELEMSTIZRET
}
@atomorder = sort {$a <=> $b} (Ratomorder); # J—Fk

my $find = 0; + HESNEIRFM?
open (IN, "$in");

open (OUT, "> Sout");

while (KIN>) {

if ((/~ATOM/i) || (/"HETATM/i)) {
my $line = $_;
my $nowatomorder = substr($ , 6, 5); + RFIEFEESIWE

$nowatomorder =~ s/¥s+//g;
if (($infinity == 1) && ($nowatomorder >= Satomorder[0])) {
# MEMNDEESINEFLYKETFNIL, HEL, TERZE
print OUT "TER¥n";
next;

else({
my $find = 0; .
foreach (Ratomorder) { + BERNICREORFIEFELH SH

if ($_ == S$nowatomorder) {
S$find = 1;
last;

}

}
if ($find == 0) { # ESI=ELD TR
print OUT "$line";
}
else{
print OUT "TER¥n"; t BESNFEL DS TER &
}
}
}
elsif (/"TER/1) {
print OUT "TER¥n";
}
}
close (IN) ;
close (OUT) ;
}

# =============== resiueorder ====== #
#+ BREIEFEEE—F

sub residueorder{

my Sresrange = shift (@ );

my $in = shift (@ );

my S$out = shift(Q@ );
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my @resorder = &range (Sresrange); # BRI &= DR

my Scheck = pop (@resorder); R R

if (Scheck == -1){ # range L—F U TCERETHESDELS-1 MNRENATNSIET
Scheck = pop (@resorder) ;

}

else{
push (@resorder, S$check); # BRIDREEMYBLENOTICET
Scheck = 0;

}

@resorder = sort {$a <=> $b} (@resorder); # J—Fh

my $find = 0; # BEINBREFZEEM?
open (IN, "$in");
open (OUT, "> Sout");
while (KIN>) {
if ((/"ATOM/i) || (/"HETATM/1i)) {
my $Sline = $ ;
my $nowresorder = substr($ , 22, 4); #+ BREBEFESNEG
Snowresorder =~ s/¥s+//g;
if ((Scheck != 0) && (Scheck <= S$nowresorder)) {
print OUT "TER¥Yn";
}
else{
my $find = 0; R
foreach (@resorder) { # SFEANICHEDKREIEFES LN H SH
if ($_ == Snowresorder) {
Sfind = 1;
last;
}
}
if($find == 0){ # HWESN=LDTAHL
print OUT "$line";
}

else{
print OUT "TERY¥n"; # BESNFHLDHS TER &
}
}
}
elsif (/"TER/1) {
print OUT "TER¥n";
}

close (IN)
close (OUT) ;
}

~.

# unit =============== #
# 1=y MEEE—F

sub unit{

my S$unit = shift (@ );

my $in = shift (@ );

my $out = shift (€ );

my @units = split(/,/, S$Sunit);

open (IN, "$in");
open (OUT, "> Sout");
while (KIN>) {

if ((/~ATOM/i) || (/"HETATM/1i)) {
my $line = S ;
my $flag = 0O;
my $nowunit = substr(s$ , 21, 1); # 1=y FERE

foreach (Qunits) {
if ($nowunit eg $ ) {
$flag = 1;
last;
}
}
if ($flag == 0) {
print OUT $line;
}
else{
print OUT "TER¥n"; # HLI=RIZIXTER &
}
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}
elsif (/"TER/) {

print OUT "TER¥n";
}

close (IN) ;
close (OUT) ;
}

# == detailresidue #
#H# FMEEEEE—F

sub detailresidue{

my $select = shift (€ );

my $in = shift (@ );

my $Sout = shift (@ );

my @residues = split(/,/, Sselect);

open (IN, "$in");
open (OUT, "> Sout");
while (<IN>) {

if ((/"ATOM/1) || (/"HETATM/1i)) {
my $line = $ ;
my $flag = 0;
my $nowdata = substr($line, 17, 9);
my $nowres = substr ($nowdata, 0, 3); + REZRE
Snowres =~ s/¥s//g;
my $nowresnum = substr ($nowdata, 5, 4); + REBZSWE
Snowresnum =~ s/¥s//g;
foreach (@residues) {
(my $checkres, my $checkresnum) = split(/¥./, $ );
if ((Snowres eqg S$checkres)
&& (Snowresnum == $checkresnum)) {
$flag = 1;
last;

}
}
if($flag == 0){
print OUT $line;
}
else{
print OUT "TER¥n";
}
}
elsif (/"TER/) {
print OUT "TER¥n";

sub terdel{
my $in = shift(@ );
my $out = shift (@ );

my S$beforeline = "";
my $flag = 0;
open (IN, "$in");
open (OUT, "> Sout");
while (KIN>) { .
my $line = $ ; # WETORITEAR—IXZHBRELT, T—2FHATESZHIZLT
$linel ™~
if(($flag == 0) && ($line =~ /~TER/)) {
next;
}
if ($line ne S$beforeline) { _
# AIDITERL (%5 EE TER) TN - HiEEw#
print OUT $line;
Sbeforeline = $line;
$flag = 1;

close (IN)
close (OUT) ;

~e
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cleanatom #

#
t# RFIEFFEEDERE

sub cleanatom{

my $in = shift (@ );
my Sout = shift (@ );
my Scount = 0;

open (IN, "$in");
open (OUT, "> Sout");

while (KIN>) {
if ((/~ATOM/1) ||
Scount++;

(/"HETATM/)) {

my $line = &adjustl (5, S$count);
substr($ , 6, 5) = S$line;
print ouT;
}
else{
print OUT;
}
}
close (IN);
close (OUT) ;
}
# crecone #
sub crecone/{
my $in = shift(@ );
my S$out = shift (€ );
my $d = shift (@ );
my @Garrayx = (); # WHREFD X FEZ
my Qarrayy = (); + HNREFD v EIE
my @arrayz = (); + WHREFD 7 FEIZ
my Gatom = (); + HREFORFIEFES
my @atomname = (); t NRFEFOFEFH
my @amino — ("SOL", "WAT", "HOH", IIALAII, IIARG", "ASN", "ASP", "CYS", IIGLNII, IIGLU",
"GLY"’ "HIS", "HIP", "HID", "HIE", "ILE", "LEU", "LYS", "MET", "PHE", "PRO", "SER",
"THR", "TRP", "TYR", "VAL") ;
# BROVERE
open (IN, "$in");
open (OUT, "> Sout");
while (KIN>) {
my $line = § ;
f(/~"TER/1i) {
print OUT "TER¥n";
}
elsif (/"END/1) {
last;
}
elsif (/"CONECT/1i) {
next;
elsif ((/~HETATM/1i) || (/~ATOM/1)) {
my $resc = substr($line, 17, 3); # HEFBHRIRG

my S$hantei = l;
foreach(@amlno

# 7 = /Eﬁﬁiéu% GERERE) X773 7% 1 (FE<Y—Y) DFFIC

f($resc =~ /"$ _$/1){
Shantei = 0;

}

}

f (Shantei == 1) {
my $x = substr($line,
Sx =~ s/¥s//qg;
$x =~ s/¥n//;
push (@arrayx, $x);
my $y = substr($line,
Sy =~ s/¥s//qg;

30/ 8);

# AREFD X EIZE &R
38, 8);

Sy =~ s/¥n//;

push (Qarrayy, $y); # HREFD Y EEZEIEMH
my $z = substr($line, 46, 8);

Sz =~ s/¥s//qg;

$z =~ s/¥s//;
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push (Qarrayz, $z);  NREFD 7z EEEZEEM
$x = substr($line, 6, 5);
$x =~ s/¥s//g;
$x =~ s/¥n//;
push (Qatom, $x); # ﬂ%ﬁ?@ﬁ?“ﬁ FEE T &N
my S$name = substr( $llne, 13, 1)
push (@Gatomname, $name HE ﬂ%ﬁ?@ﬁ?’é*ﬁ’fﬂ

}

print OUT $line;

}

}
close (IN) ;

my S$targetcon = O t BHRFOIL—THoo4
my Sothercon = t LEERERFOIL—ThHo4
my Sstr = ""; # HMFFJ@#%%M‘%JE%G)J??NLET‘Ev

foreach (@atom) {

my $now = $ ; # RHEF

my $x1 = Sarrayx[$targetcon]; # ZMEFD X EIZ
my $yl = $arrayyl[$targetcon]; # EMEFOD v EE
my $z1 = Sarrayz[$targetcon]; # ZMEFD 7 EIZ
my S$namel = $atomname[S$targetcon]; + BRRFOREF

foreach (@atom) {

my $x2 = Sarrayx[$othercon]; # LB RIET D x FEE

my $y2 = Sarrayyl[$othercon]; # LB REFD v FEE

my $z2 = Sarrayz[$Sothercon]; # BRI RETO 7 EE

my S$name2 = S$atomname[$othercon]; t HEBHREFORF

my $distance = ((($x2 - $x1) ** 2) + (($y2 - S$yl) ** 2)
+ ($z2 - $zl1) ** 2)) ** 0.5;
# Eﬁﬁﬁ’&,,ﬁ o .

f($distance <= $d) + EEACOEBERNEoEHRELTWSERLET

if (((Snamel eq "H™) || $name2 eq "H"))

&& ($distance > 1.20
# T—T—L, 7](%1??&0)&5%’&@1 20AFETET S,
Sothercon++;
next;
}
elsif (Sdistance ==
# OEE%’EIiEEf’CEBéGD'CZﬂF‘J?’
Sothercon++;
next;
}
my $line = gadjustl(5, $ );
$str = $str . $line; FEREFEHAAIC
}
Sothercon++;
}
Sothercon = 0;
if (Sstr !~ /"S/){
Snow = &adjustl (5, S$now);
print OUT "CONECTSnow$str¥n"; # HA
$Str — n",.
}
Stargetcon++;
}
print OUT "END¥n";
close (OUT) ;
}

# =============== range =============== #
sub range{
my $numarray = shift (@ );

Snumarray =~ s/¥s//g;
my @numarrayl = split(/,/, S$numarray);
my @numarray2 = ();
my $count = 0;
foreach (@numarrayl) {
£(/-/){
my @wide = split(/-/, $.);
if (Swide[0] =~ /7$/){
Swide[0] = 1;

}

elsif (Swide[1l] =~ /"$/){
Snumarray2 [$Scount++]
Snumarray2 [Scount++]

$w1de[0];
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last;
}

my $i = 0;
for($i = Swide[0]; $1i <= Swide[1l]; S$i++){
Snumarray2 [$Scount++] = $i;
}
}
else{
Snumarray2[Scount++] = § ;

}
}

return (@numarray?) ;

}

# adjustl #
sub adjustl{

my S$max = shift(Q ); + RABEENFH

my $line = shift(@ ); # X35l

my $space = length($line); + XFIDES
Sspace = Smax - S$space; # BT BHAR—ZH
$space = " " x $space; # AR—X
Sline = $space . $line; # AR—ZREM
return ($line) ;

}

# help #

sub help{
print << "help";
PDB ERSHEIBR T O T 5 L
*VIEW E— F
¥$ rashid --view BRI AHAT7AIL
ERRTE—F
¥$ rashid --information ABWT7AJL
*[RFIE EHIBR B
¥$ rashid --atom [RFEE ANT7A4IL HAT7A4)L
*RFIEFHESEEHIR
¥$ rashid --atomnumber RFIEF (BEIEEREE) AAT 7ML HAT7AII
“FREIEFFSEEHIR
¥$ rashid --residuenumber REIEF (FEIEEREE) AAT7A4IL HAT7A4L
*FR B T HIBR
¥$ rashid —-residue %RE®Z AAT74A4I)L HAT7AL
*EEMR FHEEHIRR
¥$ rashid --detailatom RFE ANT7AI)L HAT 7ML
B B R R HIRR ) )
¥$ rashid --detailresidue B%EL . BEES AAT7A4IL BHIT7AL
*2 = MMEEBIRR
¥$ rashid --unit A=y b8 AHT7A4IL HAT 7ML
kx AT 7AILDEIEEALE AT 7AINIZT B ELEEETMRE +++
help
}

w®EIZ, PDB#EA 7 127 F A uni IZOW Tt %, uni 13 pinch X° rashid THasE L 72
PDB %#—2® PDB ICE LD ENTEDH, 22T, A7 7A/% inputl.pdb,
input2.pdb, input3.pdb & L. HJJ7 7 A /L% outputpdb L35 L., =~ RIFLLTFD X

T2 D,

$ uni output.pdb inputl.pdb input2.pdb input3.pdb

72¥%. pinch X° rashid TiX, WA 7 7 A NVEEMKT H 2 L3 TE A, uni TR B
WD ENTERN, £/, 5XDANT 7 A MIERIZIEEETHZ ENTE S, LU

TlZuni @Y —RAa— K (Fa /7 LAFEE: Perl) 237,

#! /usr/bin/env perl

use strict;
use File::Temp;
use File::Basename;
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my S$option flag = 0;
# ANT7ANDERICH T 3 Ul :*Eﬂll?’_@?{/r)bb HoOGEORLT ST
v k2

my $renum option = 0; # BEESY >9
my $Out p— u",.
my @inputs = ();
foreach (RARGV) {
1f((/"--help$/1i) || (/"-HS$/1)){
&help;
exit;

}

elsif (($Soption flag < 2) &&
# BREFERYEY FLAEWL
$renum option = 0;
$option flag = 1;

(i[ --ignores$/i) || (/"-I$/1))){
(T7FILE)

}

elsif ((Soption flag < 2) && ((/"--force$/i)
+ REFERE 'Jt AN I
$renum option = 1;
$option flag = 1;

I (/"-F$/1))){

}

elsif (Sout =~ /"$/){
$out = &check overwrite($ );
$option flag = 2;

else({
&check file($ );
push (@inputs, $ );
}
}
my Scount = 0;
my @datas = ();

foreach (@inputs) {
my Q@tmps = &load file( ;
# 774)115;13%:&«7% T%%;L'Iﬁiﬁwlf%f ZODTEREEE)
push (@datas, @tmps); R
if ($#inputs > Scount){ # AANT7AIDRETHEWNEGEDDHEE
if ($Sdatas[$#datas] !~ /"TER/) {
push (@datas, "TER¥n");
}
}
else( t REDAANT 7L
push (@datas, "END¥n");
}
Scount ++;
}
my $flag = &check atomorder (@datas);
if($flag == 1) {
@datas = &clean_atom(@datas);
}
if (Srenum option == 1) {
$flag = &check residueorder (Qdatas);
if($flag == 1) {
@datas = &clean residue (Qdatas);
}
}
@datas
@datas

= &terdel (@datas) ;
= &crecone (1.9, @datas);
open (OUT, "> Sout");
foreach (@datas) {
print OUT $ ;
}
close (OUT) ;

exit;

# =============== load file =============== #
sub load file({
my $in = shift (@ );

my @datas = ();
open (IN, $in);
while (<IN>) {
if (/” (ATOM) | (HETATM) /) {
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push (@datas, $ );
}
elsif (/"TER/) {

push (@datas, "TER¥n");
}

}
close (IN) ;

return @datas;

}

check atomorder #
## FRFIEFZEZRYEINESHDF VY

sub check atomorder{

my Q@datas = @ ;

my $flag = 0;
my Sbeforenum = 0;
foreach(@datas){
£( (/" (HETATM) | (ATOM) /) ) {
my S$nownum = substr($ , 6, 5);
if (Snownum <= S$beforenum) {
$flag = 1;
print "WARNING: Since atom order is conflict,
it will be fixed forcibly.¥n";
last;
}

Sbeforenum = S$Snownum;

}

return $flag;
}

# == check residueroder = #
tt REBSERYEINESIADF VY

sub check residueorder({

my @datas = @ ;

my $flag = 0; #IRYETI5Y 1:RYET, 0:IRYESHL
my S$before residue = "";

my $before residuenum = 0;

foreach (@datas) {

if ((/~ (ATOM) | (HETATM) /))
my $now residue = substr($ , 17, 9); # BREFHRIGE

if ($now residue ne S$before residue) {

T+ ATOREFBREELDSHE (FTLLEE) ~
$before residue = $now residue; # BIDFEEE L TEER

y $now re51duenum = sﬁbstr($now7residue, 5, 4);

#ﬁ%ﬁ?m
$now _residuenum =~ s/ ¥s*//;
f (S$now_residuenum < S$before residuenum) {

$flag = 1;
print "WARNING: Since residue order is conflict,
it will be fixed.¥n";

last;

}

return $flag;
}

# =============== clean atom =============== #
tt RFIEFESOIERIE

sub clean atom{

my @datas = @ ;

my @new_datas = ();
my S$Scount = 0;
foreach (@datas) {
if ( (/" (HETATM) | (ATOM) /)) {
Scount ++;
my $line = &adjust (5, $count);
substr($ , 6, 5) = Sline;
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push (@Gnew datas, $ );
}
elsif (/~"TER/) {

push (€@new_datas, "TER¥n");
}

}

return @new_datas;

}

clean residue #

#

#H BREBSOERIE
sub clean residue({
my @datas = @ ;

my @new datas = ();
my S$count = 0;
my $num = 0;
my Sresiduel
my S$residue?
foreach (@datas) {
if ((/”~ (ATOM) | (HETATM) /) ) {

Sresiduel = substr(

+ RERL BEIIL—T ﬁ%&ﬁ?’éﬁi U He

if (Sresiduel ne $re51due2

# BREFHRNME-T-S 'Jt ybhL, BREBSHDOUEE+

— nwn,
’

wn o,
’

Sresidue2 = Sresiduel;
Scount++;
}
Snum = &adjust (4, $count);
substr($ , 22, 4) = $num; t FLLVERERBSZHEA

push (€new_datas, $ );

else({
push (€new datas, $ );

}

return @new datas;

}

# === terdel === #
sub terdel({
my @datas = @ _;

my $linel = ;
my $line2 = "";
my @new datas = ();
foreach (@datas) {
$linel = ‘
# EET'HGJETFN:Z'\ REBRELT, T—2EHATESHICLTS1linel ~
$linel =~ s/¥n//;
$linel =~ s/¥s+//g;
if ($linel eq $line2)
# ﬁuo)ﬁtl_lb (b%b(E%’ETER) EofzbR¥vT352ET, HIkR
next;
}
$line2 = $linel;
#E%’EL’CL\&(‘H{L@ $line2 IZRFL, EELTLWAEVWRETEHA
push (€new_datas, $ );
}

return @new_datas;

HREFDRFH

my @atomnam
OL"’ "WAT", "HOH", "ALA", "ARG", "ASN", "ASP", "CYS", "GLN", "GLU",

my @amino =

# =============== crecone =============== #

sub crecone{ N

my $d = shift (@ ); # S IERE

my @datas = @ ; + T—%

my Qarrayx = (); # HREFD X EEE

my Qarrayy = (); # MREFD v EE

my Qarrayz = (); t NREFD 7 [EIZ

my Qatom = (); t MREFORFIEFES
e = #
("S
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"GLY", "HIS", "HIP", "HID", "HIE", "ILE", "LEU", "LYS", "MET", "PHE", "PRO", "SER",
"THR", IITRP", "TYR", "VAL", "DA5", IIDT5"’ "DG5", IIDCSHI "DA3II, IIDT3"’ HDG3H, IIDC3"’
"DA"’ "DT"’ "DG", "DC", "RAS", "RUS", "RGS", "RCS", "RA3", "RUS", "RGS", lec3v|,
"RAII, "RUII, "RG", "RC") ;

# BROVERE
my @new datas = ();
foreach (@datas) {
my $line = $§ ;
if (/~END/) {
last;
}
elsif ((/” (HETATM) | (ATOM) /) ) { A
my Sresc = substr($line, 17, 3); # HREIFHRIME
Sresc =~ s/¥s//g;

my S$hantei = l;
foreach(@amlno
# T = /E’H%%u% (GEZERE) X755 %1 (fEY—Y) OFZFEIC
if ($resc eq $ ) {
Shantei = 0;
}

f (Shantei == 1) {

my $x = substr($line, 30, 8);

Sx =~ s/¥s//9;

Sx =~ s/¥n//;

push (Rarrayx, S$x); # SHREFD X EIZZE &K
my $y = substr($line, 38, 8);

Sy =~ s/¥s//qg;

Sy =~ s/¥n//;

push (Rarrayy, $vy); # NRRFD Y EIZE &
my $z = substr($line, 46, 8);

Sz =~ s/¥s//g;

Sz =~ s/¥s//;

push (Rarrayz, $z); + WNREFD z EIZZEM

$x = substr($line, 6, 5);
Sx =~ s/¥s//g;
$x =~ s/¥n//;
push (Ratom, $x); # ﬂ%ﬁ?o)ﬁ?llﬁ F &S T &
my S$name = substr($llne, 1)
push (Ratomname, $name); # ﬂ%ﬁ?@ﬁ?’é*ﬁ‘fﬂ
}
}
push (€new_datas, $line);
}
close (IN) ;
undef @datas;

my S$targetcon = O # BHRFDOIL—THhoo4
my Sothercon = # BEREERFOIL—Thoo4
my $str = ""; # ﬁﬁﬁﬁ@?ﬁ’fu?éﬁ?@ﬁ?llﬁrg?

foreach (@atom) {

my Snow = $ ; # FEHIREF

my $x1 = Sarrayx[S$targetcon]; # ZMEFD X EIZ
my $yl = Sarrayy[$targetcon]; # ZEMEFD Y EIZE
my $z1 = Sarrayz[S$targetcon]; # ZEMEFD z EIZ
my $namel = $atomname[S$targetcon]; + EMEFOREF
foreach (@atom) {
my $x2 = Sarrayx[$othercon]; # LB REFD x FEEZ
my $y2 = $arrayy[$othercon]; # HEXREFOD v EE
my $z2 = S$arrayz[$othercon]; # LEEHREFD 7 FEEZ
my $name2 = $atomname[Sothercon]; # BRI REFORTF
my S$distance = ((($x2 - $x1) ** 2) + ((Sy2 - S$yl) ** 2)

+ ((Sz2 - $zl) ** 2)) ** 0.5;
b SRk % EE o o
f($distance <= $d){ # EENCOHEERNL >EoEHLTVWSERAET
if((($Snamel eq "H") || ($name2 eq "H"))
&& (Sdistance > 1.20)
# 7‘—7‘— , 7}<$J§¥<‘:0)EE%E(¢1 20AFETETB.
Sothercon++;
next;
}
elsif (Sdistance ==
# OEEH&IIEE{T&%(D’CZ#J?’
Sothercon++;
next;
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}
my $line = &adjust(5, $ );
$str = $str . $line; F ERRFEHDAIC
}
Sothercon++;
}
Sothercon = 0;
if (Sstr !~ /"$/){
Snow = &adjust (5, S$now);
push (@new datas, "CONECTSnowSstr¥n");
$Str — ""7
}
Stargetcon++;

}
push (€new _datas, "END¥n");

return @new datas;

}

# check file #
# T7AILFvY B
sub check filef{
my $file = shift(Q );
if (! -f $file) {
print " ERROR: No such file: $file¥n";
exit;

}

return $file;

}

# check overwrite #
+ EEEHER B
sub check overwrite{
my $file = shift(e );
if(-f S$file) {
print "$file exist. Do you want to overwrite it? (y/N) > ";
my S$user = <STDIN>;
Suser =~ s/¥n//;
if (Suser !~ /7y$/1i){
print "Canceled.¥n";
exit;

}

return $file;

}

# = adjust = #
sub adjust{ _

my S$max = shift (@ ); + ABEXFH

my $line = shift(@ ); # X3l

my $space = length($line); t XFIDES
$space = S$max - $space; # BINYT B5AR—XH
$space = " " x S$space; # AR—R
$line = $space . $line; # AR—RIEM

return ($line);

sub help({
my $script name = basename ($0);
print << "HELP";
PDB binding program
¥S$ $script_name [OPTION] OUTPUT INPUT1 INPUT2

OPTION
-I, --ignore DO NOT fix residue order (default)
-F, —--force Fix residue order

HELP

}
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Figk A-2: PDB E#iEHEE T O T 5 L

PDB JE D7 7 A VDT R EOHERGIF®RIT. # /327 HX° DNA O X 5 22 —fiiy7s
DFOGE. TNENDRFIIa=—T RIFFZ A TREVIRON D120, Lk T %44
R0, LinL, VT ROX S RIESGTFOSEIX. 7 7 A VORI FDIFHRDEZIC
R T HMENH D, TOGE, MEL NG, LR LTV 2 &IT b7, £k
HEHICNEETH D, 2T, TONELXZBELT 2707 T A2 B LTc, £, B
Bz — B CHIBRT 572277 AU1EKR L7=, A % crecone, % % discone & 41T
7=

crecone D A~ R&ELLFIZRT,

$ crecone [option] input.pdb [output.pdb]

option & 717 7 A /U outputpdb ITHAMET HZ LN TE S, W7 7 A NVEEM LTS
B FETPICEDL )T L e bND, SOOI FICA T v a v & 2Ok
TR,

option (5—51%0

s
a4 473y a—kAJiar HeRe
——distance -D HBAELTWSEALTIHRBZIEE (T4 1.9 A)
——ignore -1 IKFBRFEEELTLDEER (1.2 A) EWR
——force -F 221878 . DNA, RNAIZH LT, EfRIEREE B

Zo7uar 7 AE, BELTWARETEZRTEOBEECHRT 5, 1o T, RNEERE
EOLGE., o 8EkiEHRE 0D, TDOHE, —distance 47 v a VEHWT, —¥Nn
FEOIEEE AR E T DML ERH S, LLFIC crecone DY — A a— R (F'aF T LSk Perl)
&R,

#! /usr/bin/env perl

use strict;
use File::Temp;

my $in = "'

my $out — nu,.

my $bond length flag = 0;
my $bond length = 1.9;

my Soption force = 0;

my $option ignore = 0;
foreach (GARGV) {
if((/"--force$/i) || (/"-F$/1)){ #
Soption force = 1;
}
elsif ((/~--ignore$/i) || (/*-I$/1)){
Soption ignore = 1;
}
elsif ((/~--distance$/i) || (/*-DS$/1i)){

Sbond length flag = 1;

}

elsif (Sbond length flag == 1) {
$bond length = &check float($ );
Sbond length flag = 0;

}

else{
if($in eq ""){
$in = $§ ;
}
elsif (Sout eg ""){
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$out = $_;
}

else{
print " ERROR: Too many arguments¥n";
exit;
}
}
}
($in =~ /~--help$/i) || ($in =~ /7~-HS$/i)){
&help;
exit;

£f($in '~ /7$/){
if(-f $in) {

my $tmp = File::Temp->new (TEMPLATE => '.crecone-XXXXXX');

SSIG{'TERM'} = $SIG{'PIPE'} = $SIG{'HUP'} = $SIG{'INT'} = sub {
unlink S$tmp;
exit;

b # RIS LM LIZ5EO0E

&work (Soption force, S$option ignore, Sbond length, $in, S$tmp)

f($out =~ /7$/){

print " INFORMATION: HHAZ%HFE ‘c"h’CL\iﬁ/u ¥n";
print " INFORMATION: EZEZ (0), lJ%’Cﬁ‘:"r’?
fa] {)L L )¥n > "'
my S$user = <STDIN>;
Suser =~ s/¥n//;
if (Suser =~ /"0S$/1){
unlink $in;
rename S$tmp, $in;
}
elsif ($user =~ /7S$/1i){
print " Z7AIEK: ";
Suser = <STDIN>;
Suser =~ s/¥n//;
rename S$tmp, Suser;
}
else({
exit;
}
}
else({
rename S$tmp, Sout;
}
}
else({
print " ERROR: No such file: $in¥n";
}
}
else({
print " ERROR: Invalid argument¥n";
}
exit;
- WOrk ——=————————————— #
sub work{
my Soption force = shift(@ );
my S$option ignore = shift (@ );
my $bond length = shift(Q );
my $in = shift (@ );
my Sout = shift (@ );
my Qarrayx = (); X RIEFD X FEIZ
my Qarrayy = (); #ARETD Y EAZ
my Qarrayz = (); P REFD 7 FEIZ
my @atom = (); X REFORFIEFES
my Qatomname = (); R REFDRFA
my @amino = ("SOL", "WAT", "HOH", "ACE", HALAH, "ARG", "ASN", "ASP", "ASH", nocys"

’
"CcyM", "CyYx", "GLN", "GLU", "GLH", "GLY", "HIS", "HIP", "HID", "HIE", "ILE", "LEU",
" LYS n , "MET ” , "NME n , " PHE " , " PRO" , n SER" , " THR" , "TRP ” , ” TYR" , HVAL n , " DA5 " , n DT5 n ,
"DG5", "DC5", "DA3", IIDT3H’ "DG3", HDC3"’ "DA", "DT", "DG", "DC", "RA5", "RU5",
"RG5", "RC5", "RA3", "RU3", "RG3", "RC3", "RA", "RU", "RG", "RC");

#BROVRE
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open (IN, "$in");
open (OUT, "> S$Sout");
while (KIN>) {
my $line = $ ;
f(/"TER/1) {
print OUT "TER¥n";

}
elsif (/"END/1) {

last;
}
elsif (/~"CONECT/1) {
next;
}
elsif ((/~HETATM/1i) || (/~ATOM/1)) {
my $resc = substr($line, 17, 3); # R EIERIG

Sresc =~ s/¥s//qg;
my S$hantei = 1;

if (Soption force == O){
my @results = (/~$_$/, R@amino);
' 3F$§Eﬁ§£liki§b&u ‘
if (S#results == -1){ # ZERREICIEENGWNEES
Shantei = 0;
}
}
if (Shantei == 1) {

my $x = substr($line, 30, 8);
Sx =~ s/¥s//g;
Sx =~ s/¥n//;
push (Rarrayx, $x); #XFTRIEFD X EEAZF &K
my $y = substr($line, 38, 8);
Sy =~ s/¥s//g;
Sy =~ s/¥n//;
push (RQarrayy, Sy); X REFD v BIZEZ KA
my $z = substr($line, 46, 8);
Sz =~ s/¥s//g;
Sz =~ s/¥s//;
push (Rarrayz, $z); #XFTRIEFD 7 FEEAZF A&
$x = substr($line, 6, 5);
Sx =~ s/¥s//g;
Sx =~ s/¥n//;
push (Ratom, $x) #ﬂ%ﬁ?@ﬁ?llﬁ FHB S T I&HH
my $name = substr($llne, 1)
push (Ratomname, $name) #ﬂ%ﬁ?@ﬁ?’é*ﬁ‘ﬂh
}
print OUT $line;
}

}
close (IN) ;

my $targetcon = O; HEMRFDOIL—ThHo o4
my $othercon = HEBERRRFDIL—THho U4
my S$str = ""; #&ﬁﬁﬁ@?ﬁh?’%ﬁ?@ﬁ?llﬁrﬁ?
foreach (@atom) {
my S$now = $ ; #EHIREF
my $xl1 = Sarrayx[$targetcon]; #IZMEFD X EIZ
my $yl = Sarrayy[$targetcon]; #ZHIREFD v EZ
my $z1 = Sarrayz[$targetcon]; #IZMEFD 7 EIZ
my $namel = $atomname[$targetcon]; HENRFORTF
foreach (@atom) {
my $x2 = Sarrayx[$othercon]; #HEE T RIEF D x EE
my $y2 = $arrayy[$othercon]; LA REF O Y B
my $z2 = Sarrayz[$othercon]; LB RIRFD 7 FEE
my $name2 = Satomname[$othercon]; HHEBENERERFDRF
my $bond lengthlstance = ((($x2 - S$x1) ** 2)
F((Sy2 = $yl) ** 2) + (($z2 - $zl) ** 2)) ** 0.5;
#EE%’E =
f ($bond_lengthistance <= $bond length) {
FIEBEA C DEENE - =oER LTS ERET
if ((Soption ignore == 0) && (($namel eq "H")
|| ($name2 eq "H")) && (Sbond lengthistance > 1.20)) {
#1=12L, KFERFLDERZT 1.20AFTELT 5.
Sothercon++;
next;
}

elsif (Sbond lengthistance ==
#0 EEHEIIEE{'C&‘J%OJ'CZ#— v
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Sothercon++;
next;
}
my $line = &adjust(5, $ );
$str = $str . $line; FEGERFEHDAIC
}
Sothercon++;
}
Sothercon = 0;
if (Sstr '~ /"$/){
Snow = &adjust (5, S$now);
print OUT "CONECTS$nowS$str¥n"; #H 7
$Str — vvvv,.
}
Stargetcon++;
}
print OUT "END¥n";
close (OUT) ;
}

# adjust #
sub adjust{ B
my S$max = shift (@ ); # ER
my $line = shift(@ ); # X

my $space = length($line); # X
$space = $max - S$space; # 3B
Sspace = " " x S$space;

$line = $space . $line; # R
return($line);

}

# check float #
sub check float{
my S$value = shift(Q@ );

if ($Svalue !~ /"=2¥d+ (¥.¥d+)2S5/) {
print " ERROR: Invalid argument: distance option¥n";
exit;

}

return $value;

}

# help = #

sub help{

print << "HELP"; .

PDB & EMEILE IO T T L

¥$ crecone [AF¥3av] AAT7AIL

-F, --force 7= NA
-I, --ignore 7K ; i ( )
-D, --distance {ESHEBEETE (T74/ME 1.9 4)

HELP
}

—F. BEGERAYIRT S 7 e 5 A discone (ZASI T 7 ANEHITIT 7 A NEIRE
THETTRW, B, HAO7 7Aoo 7 75 AR, FBELRWES, 7u s
TLEDBEFTED LIS A EZ:R b5,

$ discone input.pdb [output.pdb]

LI discone DY — A2 — K (7127 5 AZ3E: Perl) &7,

#! /usr/bin/env perl

use strict;
use File::Temp;

my $in = shift (GARGV) ;
my S$out = shift (QRARGV);
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if (($in =~ /*--help$/i) || ($in =~ /"-HS$/1)){
&help;
exit;

}

if($in '~ /7$/){
if(-f $in) {
my $tmp = File::Temp->new (TEMPLATE => '.discone-XXXXXX');
SSIG{'TERM'} = S$SIG{'PIPE'} = $SIG{'HUP'} = S$SIG{'INT'} = sub {
unlink S$tmp;

exit;
bi # TOT S LAGHLI-I5EDNE
swork ($in, Stmp);
if (Sout =~ /7$/){ .
print " INFORMATION: HAEAEESNTULFEEA. ¥n";
print " INFORMATION: LZEZF (0), Bl&THRE(S),
falt LAEL (C)¥n > 5
my Suser = <STDIN>;
Suser =~ s/¥n//;
if (Suser =~ /70$/1){
unlink $in;
rename $tmp, $in;
}
elsif (Suser =~ /~S$/1){
print " Z7AILE: ";
Suser = <STDIN>;
Suser =~ s/¥n//;
rename $tmp, Suser;

else{

unlink S$tmp;
exit;

else{
rename $tmp, Sout;

else{

print " ERROR: {EESNIANT7AILIEIHFEELFEEA. ¥n";
}

else{
print " ERROR: ANT7AILEHEELTLLFEELY. ¥n";
}
exit;
# =============== <work> ===============

sub work/{
my $in = shift(@ );
my S$out = shift (€ );

open (IN, "$in");
open (OUT, "> S$Sout");
while (KIN>) {
if (/~"CONECT/) {
next;

}
s/¥r¥n/¥n/;
print OUT;

}

close (IN);

close (OUT) ;

sub help{

print " PDBIERERAIR T OS5 Lyn";

print " ¥$ discone AAT7AI HAT 74 I)L¥n";
print " ¥$ discone AHAT 74 IL¥n";

}
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figk A-3: S T7ILES, REESHAEIDIS LA

PDB 7 7 A VZMmE L TS & T DO U T AEL, MOFEREE SN ABANZ RS,
Z LC, PDB iIflAk . 99999 57, 9999 FKILE TLMFLRTHZ LM TE R, £D
e, wEEXTT LD, YU TAEE, KOEEHE ) By NTOMERDH DL, L
L. 7~11 X5, KON 23~26 XFiext L, v U Tk R, ROBEESEZHAIELL =7
4 X TCHRETLHIOIIRN#ETH D, €2 T, ZHO0KEEZ) By NI 57 v 7T A
prenum % {ERK L7z,

prenum CIRFDOT U T NEKSEZ By T 550 a~y &L NIRRT,

$ prenum --atom input.pdb output.pdb [--start FIRST NUM]

—atom [F-A CFREETAZ ELABETH D, --start 1L, VU T NESORBETEZHRET
%, —start ZHRELRWSEE, YU TAETORBEZIX1 &5, itk 77
AR ENTNAZ, U TABREESREID RO TNL, U T EEH 99999
BTG A. V) T AEFEGmAAL T 0 ST AORICET L, SREMEDJRIK & 72
B 7=, 100000 LABED A D ) 7 FEL [eesxx ) LEigRk4 25 L 92 Lz,

F72, prenum CTHEEFEFEZ VY T 55650 a~y RELFIIRT,

$ prenum --residue input.pdb output.pdb [--start FIRST NUM]

—residue (Z-R LFRET D Z L b HAHETH D, 7P, --residue (ZITFREHAS 9999 il 2 7=
BADMWEZFRET D kL LT, -residuel (-R1 EF8ER]) & --residue2 (-R2 & $857E 7])
D2 DOFIENIFET D, --residuel 1d 9999 & 2 77 Fak 5 [rxxk) L9 7% J51k
ThHD, —F. -—residue2 1%, FRIEFZF TN 9999 225 EHN 1 »OEERFEZIRD 4
D5, -residue ZHE L2 E. HEIWYIZ--residue2 M EE 4D,

LLFIZ prenum @O Y — A 23— K (7' 77 A55E: Perl) -7,

#! /usr/bin/env perl

use strict;
use File::Temp;

my S$mode = 0;
my $1n — nn
my $out = "";
my S$start = 1;
my S$option = 0;
my $flag = 0;
foreach (@ARGV) {
i ((/*==help$/i) || (/*-HS$/1)){# ~ILT
Smode = 0;
last;
}
elsif ((/"--atom$/i) || (/"-AS$/i)){ + RTIEFES
Smode = 1;

}

elsif((/~--residue$/i) || (/"-R$/1) || (/"--residue2$/1i)
[ (/"-R$/1i)) { .
t BREES (BE¥E; T4
Smode = 2;

}

elsif ((/~--residuel$/1i) || (/"-R1$/1)){ + BERS
Smode = 3;
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}

elSif((/A——clear$(}) Il (/*=C$/1i))A{
t BREABSHIRLDEHEFE > TLIBEHEIRT S
Soption = 1;

}

elsif ((/~--start$/i) || (/~-S$/1i)){ + BARIE
$flag = 1;

}

elsif ($flag == 1) { + BAIRIE

if(/7=2¥d+$/) {
$start = $_;

}

else{

print " ERROR: Start number must be integer";
exit;

else{
if($in eq ""){ # ANWT7AIL
$in = $_;
}
else( +t BhI77414L
Sout = $ ;

}
}

if ($mode == 0) { # NLT (HIWVEEREEA TV avEEELEES)

&help;
}
else{
&check file($in);
my S$tmp = File::Temp->new (TEMPLATE => '.prenum-XXXXXX');
SSIG{'TERM'} = S$SIG{'PIPE'} = S$SSIG{'HUP'} = SSIG{'INT'} = sub {
unlink S$tmp;
exit; R
}i # TRYSLAFELIZEEONE
if ($Smode == 1) { + BFIEFES
&atomorder ($in, S$tmp, S$start);
}
elsif (Smode == 2) { + BREBES (BWE, TI4IE)
&residueorder ($in, S$tmp, $start, 2, S$Soption);
}
elsif ($Smode == 3) { + BREES HEKE)
&residueorder ($in, S$tmp, S$start, 1, Soption);
}
soverwrite ($in, Sout, S$tmp);
}
exit;

# =============== atomorder = #
#t RFIRFES Yty b

sub atomorder(

my $in = shift(Q ); * ARATF7ANL
my $Sout = shift(@ ); #+ Hho74)L
my $start = shift(@ ); # BAtA{E
my S$num = $start - 1;
open (IN, "$in");
open (OUT, "> Sout");
while (<IN>) {
if ((/"HETATM/1) || (/"ATOM/1)) {
Snum ++;
my S$atomnum = ""; R
if ($num >= 100000) { # BFIEFESMN 10000 #BA =D, *ITEH#
Satomnum = "FEFFxAXN,

}
else{ t BEDRFIEFES

Satomnum = S$num;
}

my $line = &adjust (5, $atomnum) ;
substr($ , 6, 5) = Sline;
print OUT;
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}
elsif (/~"TER/1) {
print OUT "TER¥n";
}
elsif (/~CONECT/1) {
print OUT;
}
}
close (IN) ;
print OUT "END¥n";
close (OUT) ;
}

residueorder #

#
¥ BREZS Uty b

sub residueorder(

my $in = shift(@ ); # ANWIT74IL

my Sout = shift (@ ); t BAT7ANL

my S$start = shift (@ ); # FAR{E

my $flag = shift (@ ), # BREA—N—DEH

my $option = shift(@ ); # BREBSD 4 HEHLSRAIZHEUTES

my $num = $start - 1

my Scontain = 0; ’ t REZERTIRFH (1-3BTEREIN TS Warning #HY)

my Sbeforeres = ""; # AIDEEA
open (IN, "$in");

open (OUT, "> Sout");

while (<IN>) {

((/"HETATM/i) || (/"ATOM/i)) {
my $line = $ ;
my $nowres = substr($line, 17, 12);
my $amino flag = &rec amino ($nowres);
my $nowatom = substr($line, 12, 4y ;
if ((Sbeforeres ne S$nowres) || (Samino flag == 1)

&& (Snowatom eq " N ) {
#m@ﬁ%ti&é%A HBHWNET I /BT atomtype A N DBFF(ZHNE
$contaln <= 2)
&& ((Sbeforeres !~ / ((HOH)l(SOL)I(WAT))/)
&& $beforeres I~ /7rs/
# r*)]tm’\?’&lﬁé x&)ﬁ?fﬁ%%’ﬂ’ﬁo’(b\é%d)’éﬁg
print " WARNING: Residue number changed
with a few atoms¥n";

print " Current residue number: $num¥n";
print " Residue name: ¥"Sbeforeres¥"¥n¥n";
}
Snum ++;
Sbeforeres = S$nowres;
Scontain = 0;
}
my $resnum = ""; . L .
£(Snum >= 10000) { # BREFESHN 10000 ZBA-5, *ITEH (REEKE)
if($flag == 1) {
Sresnum = "FFxFxM",
}
elsif ($flag == 2){ + BEFESZ LY FTD
Sresnum = 0;
Snum = 0;

}
}
else{ +t BEODREES

Sresnum = S$num;

}

my $strnum = &adjust (4, Sresnum);

my $check = substr($line, 20, 6);

if (Scheck =~ /7~ [¥s¥D]{2}¥s*¥d+$/) { + BEDIGE
substr ($line, 22, 4) = S$strnum;

}
else( + REABENI= Y FDERS ‘i‘CLH:'n LTW=55HIKRT S
substr ($1line, 20, 6) =" S$Sstrnum";

}

f(Soption == 1) { t BEESHEDOREERE S TVLBEHIRT 5
substr($line, 26, 4) =" .

95




}

print OUT $line;
Scontain ++;

}

elsif (/~"TER/1) {
print OUT "TER¥n";
Sbeforeres = "TER";

}
elsif (/"CONECT/1i) {
print OUT;

}

}

close (IN) ;

print OUT "END¥n";

close (OUT) ;

}

# adjust #
sub adjust{

my S$max = shift(Q ); + RABEENTFH
my $line = shift(@ ); # X35l
my $space = length($line); + XFIDES
Sspace = Smax - S$space; # BT HAR—RE
Sspace = " " x S$space; # AR—X
Sline = $space . $line; # ZAR—REM
return ($line);
}

overwrite #

#

## LEEHER

sub overwrite({
my $in = shift (@ );
my S$out shift(Q );
my S$tmp shift (@ )

f(Sout =~ /"$/){

print " INFORMATION: 7

print " INFORMATION: L&

my Suser = <STDIN>;

Suser =~ s/¥n//;

if (Suser =~ /70$/1){
unlink $in;
rename $tmp, $in;

sh ?‘E‘uiéh’cuiﬁ-/\; ¥n";
x(0), MBTERES), ALLEN () > ;

}

elsif (Suser =~ /7S$/1){
print " 7 A& ";
Suser = <STDIN>;
Suser =~ s/¥n//;
rename $tmp, Suser;

else{

unlink S$tmp;
exit;

rename $tmp, Sout;

——————————————— ec_amino = #
# 7= /E’&ﬁi%b\’é#ﬂm
sub rec aminof{
my $res = shift (@ );

my $flag = 0;

if ($res =~ /(ALA) | (ARG) | (ASN) | (ASP) | (CYS) | (GLN) | (GLU) | (GLY) | (HIS)
| (HIE) | (HID) | (HIP) | (ILE) | (LEU) | (LYS) | (MET) | (PRO) | (SER) | (THR)
| (TRP) | (TYR) | (VAL) /1) {
S$flag = 1;

return $flag;
}
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# check file #
# T7AILFvY B
sub check filef{
my S$file = shift (@ );
if (! -f $file) {
print " ERROR: No such file: $file¥n";
exit;

}

return $file;

sub help{
print << "HELP";
Re-numbering atom or residue order program for PDB

¥$ prenum <MODE> <INPUT> [OUTPUT] [--start INIT NUMBER] [--clear]
MODE
-A, —--—atom Re-numbering atom order
-R, --residue Re-numbering residue order (Newer method)
-R1, --residuel Re-numbering residue order (conventional method)
-R2, --residue2 Re-numbering residue order (Newer method)

* When digit number of residue order is over 4,
residue order is overwritten with "****"™ at conventional method.
Newer method is that residue order is overwritten with
new number reset from 0 at above situation.

OTHER OPTION
-3, --start Start with specified number
-C, --clear When residue number is displayed at 24-30 column,
correct to 23-26 (for moltools bug)

HELP

gk A-4: KO FHAETOITS L

AT R X =L, FMO 87 E CHEMOERT R VX —%2FHE L, TOEMNITE
DRDDHZENTES, LIL, RCEEND D TEPELRD E 2R XL —NE
L. REMICHEE AN T —IC LB L2 52 TLEY, o T, EEZR AT —% Ll
T556, KIKTHHEBET 5 ROKGFEZHHEL, R UK FRICTOIUNERD D, £
Z T, KyFEEREST ST a7 T A wune Z1ERL LT,

LRI wtune Da~y REZDOAT v aamd, BB, 7Y a rORTFIEILTEE
ELRTNERB2WEHZ R LTV,

$ wtune <option> input.pdb [output.pdb]

option H g

Ov5A T Ay va—hAJoay Pe
——view -V T7AIICEEND KD FHERT
——measure -M BKRDFOBREILDIERERT (W I T av A E)
——distance -D KO FHRESENODIEREIETE
——number -N KO FHEHEEE
——thread -T EITHICERTSRALYRHZEIETE
——hydrogen -Y KAFDOKZRRFEERE
——part -P BEFEE
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—view |L, 77 AT HENDL KD FZimR RICERRT 5, ZUZE Y, Rk ETKS
TEAEMRT HZ LN TED, —measure 1X, FKDTOWE OKUNDIFEF - 45F) 2
O OREBEZ AR BIZRRT D, ZHIUTIE Ylong” & DHUNME, Vshort” OH T AT m VA
VETH 5, wune 1%, WHEIR T L KD FOXRT OFpEEE#R4 D TEHET L, TD7=D,
FHEICK VIEEIR b O EHBE (long) & A HEEE (short) NWE M S5, Rk
ITRERE D OREZ R LTIV | #ilk T 5 --distance °--number & Z & SE T K5y
FH L T\ D, --distance |TIEE O OBEREZEET 22 LI LD . ZOHPEANDIK
53 F&iE LI PDB 7 7 A Va1 S, —J5, —number |3, WESITWIEICHE L7
KoyFEZEHZ LT PDB 7 7 A Va1 T %, AHFZETIX, --distance TRIKDIKIrFH
ZRIE L —-number |2 K 0 MEFEHET 2 2 212 LY O FMO FHEICINZ 2 K28 LT,
T, TEOa L Ea—231 /—Kb=0, O CPU 2Fi-> TV, ZhzfHAL
WEMb 32 Z LI2 k0| BHERMAZ BT 2 Z LN TE S, —thread IZFEITRAHEHT 5
1 /—FA®D CPU FztiE L. ETT2WIAHS 547 aThd, £72. wiune
TIEHFEIANEMZ DD, Ky TOKERFOMEELZEHRE L CHAELTWS,
—-hydrogen 47> a v &Mz b L. Ko TOKEBRTFOEELEBE L CEETH20,
BRIt E AT A ENAREL 72D, S 61T, wtune 1T, IWE & K5 T LUSNDR T -
DT EEZRLTWVDN, —part 772 a VERETH I LICL D ZOWHEZH /IS
RT 2 ENAETH D, WHEIT [L:PDB NOITH TANJR 7O Y 7 L&) [RN:
KHFE T O3 OO TF T a ko TERT 5,
LLUFIZ wiune O Y — A a— K (71 77 A58 Perl) 2R 7,

#! /usr/bin/env perl

use strict;

use File::Temp;

use threads;

use File::Basename;

my $flag = 0; # ATOIVRYDITTISY
my Soption = 0; # BIEE—F)
my S$value = 0;
my S$thread = 1; # AL 0
my $range = 0; + V- bI737 (&RE/&R)
my S$hydrogen = 1; t KRFEFEETSY ‘
my Sparttype = 0;  BABEDZAT (1: 17, 2: RFIEFES, 3: BEES)
my S$partpoint = ""; + BAIEEHA
my $in = ""; # AAT7AIL
my Sout = ""; + HAT74)1L
foreach (@ARGV) {
if($flag == 1){ # thread
Sthread = &check int($ );
if ($Sthread == 0) {
print " ERROR: Invalid argument (Not 0)¥n";
exit;
}
$flag = 0;
}
elsif($flag == 2){ # view

my $in = &check file($ );
&view ($in) ;

exit;

}

elsif ($flag == 3){ # distance
Svalue = &check float($ );
Sflag = 0;

}

elsif($flag == 4){ # mount
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$value = &check int($ );

$flag = 0;
}
elsif ($flag == 5){ # search
if((/7s$/1) |1 (/~short$/i)){
Srange = 0;

}
elsif ((/"18/1)
Srange = 9;

| (/~long$/i))

print " ERROR: Need to sub-option¥n";

}
else{
exit;
}
$flag = 0;
}
elsif ($flag == 6){

if (/7 (1] (AN) | (RN)) :¥d+ ((, ¥d+) | (=¥d+)) *$/1) {

(Sparttype, Spartpoint)

= split(/:/, $_

if (Sparttype =~ /"1$/1){

Sparttype = 1;
}

elsif ($parttype =~ /"ANS$/i) {

Sparttype = 2;
}

elsif ($Sparttype =~ /~RN$/1i){

Sparttype = 3;
}
}

N

) ;
BE

e~
N\
31

+ RFIEFHESEE

# REBSHE

print " WARNING: Invalid syntax; Ignored¥n";

else({
}
$flag = 0;

}

elsif ($flag == 10) { # output
$out = § ;
$flag = 0;

}

LR S S N SR S SR SR SN

elsif ((/"--help$/1i) || (/"-HS$/1i)){
&help;
exit;

}

elsif ((/"--thread$/i) || (/*-TS$/1)){
$flag = 1;

}

elsif ((/"--view$/1) || (/"-V$/1)){
$flag = 2;

}

elsif ((/"--distance$/1i) || (/"-D$/1i)){
$flag = 3;

&check option ($option);
Soption = 3;

Srange = 0;

}

elsif ((/*-—number$/i) || (/"-N$/1i)){
$flag = 4;

&check option ($option);
Soption = 4;

Srange = 0;

}

elsif ((/~--measure$/i) || (/"~-M$/1i)){
$flag = 5;

&check option (Soption);
Soption = 5;
}

elsif ((/"~--hydrogen$/1i) || (/"-Y$/1)){
Shydrogen = 3;

}

elsif ((/"--parts$/i) || (/"=-PS$/1i)){
$flag = 6;

}

else{ # input
$in = &check file($ );
$flag = 10;

# help
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£($in !~ /"$/){

my (Spro, S$wat, Starget) = &separate($in, S$parttype, Spartpoint);
FBEEKE S UNIE MBS

my @wats = &return array(Swat);

my Swat line = $#wats + 1; # ITHERS

undef Qwats;
Swat line /= S$Sthread;

Swat line =~ s/¥.¥d+$//; # 1 I7AILHEY DT
my @wats = &thread _separator (Sthread, $wat line, S$wat);
AKAF EHE B
my @thread datas = ();

f(Sthread == 1) {

Sthread datas[0] =
&discalc(%pydro en, $range, S$target, S$wats[0]);
# "EEEfvc THve REA"

else(
# ALy FARMEESNTULVEES, ALy FUOE o
for(my $i = 1; $i <= S$thread; $i ++){ # ALw FERK
push (@thread datas, "");
Sthread datas[$i - 1] =
threads -> new (¥&discalc, S$hydrogen,
$range, S$target, Swats[$i - 1]);
# “ERBEve T8Iy BEA
}
for(my $i = 1; $i <= Sthread; $i ++){ # ALw FiFg
Sthread datas[$i - 1] = Sthread datas[$i - 1] -> join();
}
}
my @datas = ();
foreach(@thread datas) {# ALY FT—42#4&
my @data fragmented = &return array($ );

push (@datas, @data fragmented);

}
undef @thread_datas;

f (Soption == 5) { # search mode
if ($hydrogen == 1) {
my @new datas = ();

foreach (@datas) {
my $line = S ;
my @lines = split(/¥t/, $_, 3);
# "EEREve ITHIve REA"
$lines[2] = substr($lines([2], 11, 1);
+ [RFRBEEF
if ($lines[2] ne "H") {
push (€new _datas, $line);
}
}
@datas = @new datas;
undef @new_datas;

f ($range == O){
@datas = sort {S$Sa <=> S$b} @datas;
+ EEEETY— K (RIE) : &8E
}
elsif (Srange == 9) {
@datas = sort {Sa <=> $b} @datas;
+ EERTY— k(BB : RE
}
else{
print " ERROR: Subroutine error :: range is not correct¥n";
exit;
}
&measure (@datas) ;
exit;

else{
@datas = &determine main(@datas);
# "EEREvc KADFIEFY X b
@datas = sort {$a <=> $b} @datas;
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+ IREECY—F

my @new datas = ();
if (Soption == 3){ + IERE TR
foreach (@datas) {
my ($distance, Swater order) = split (/¥t+/, $ );
+ BBt KDFIEFY X MTHE B
i f (Sdistance <= S$value) {
# EE%’EDJ'F@%%
my @lines = split(/,/, S$Swater order);
# 7}<$:‘¥JILEF R kSR a

push (€Gnew_datas, @lines);
}

}
elsif (Soption == 4){ # HouE
for(my $i = 0; $i < $value; $i ++){
# HEESNERL T0E
my $dlstance, Swater order) =
plit (/¥t+/, Sdatas[$i]);
# EE%’E&K"?IIEF"JZ ko fE
my @lines = split(/,/, $water order);
# KA FIER U R MIZHR
push (Gnew_datas, @lines);
}
}
@datas = @new_datas;
undef @new_datas;
@datas = sort {Sa <=> $b} Rdatas;

my $tmp = File::Temp->new (TEMPLATE => '.wtune-XXXXXX') ;
SSIG{'TERM'} = S$SIG{'PIPE'} = S$SIG{'HUP'} = S$SIG{'INT'} = sub {
unlink S$tmp;

exit; .
}i # 7055 LA LI5S 0NE

&create ($pro, $wat, Stmp, @datas),
if (Sout =~ /"$/) # HAXMEE SN TLVELMNGS
print " INFORMATION HAZIMEESINATULEEA. ¥n";
print " INFORMATION: EEZ (0), BB TRE(S)
fAlH LA (C)¥n > "
my Suser = <STDIN>;
Suser =~ s/¥n//;
if (Suser =~ /70$/1){
unlink $in;
rename S$tmp, $in;
}
elsif ($user =~ /7S$/1i){
print " J7AI)INE: ";
Suser = <STDIN>;
Suser =~ s/¥n//;
rename $tmp, Suser;

else{
exit;

else{
rename S$tmp, Sout;

}

else{
print " ERROR: No input file¥n";
exit;

}

exit;

# =============== view =============== #

## PDB DR T—H AR
sub view{
my $in = $_[0];

my Swater = 0;
my $atom = 0;
my Swateratom = 0;
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open (IN, "$in");
while (KIN>) {
f((/~atom/1) || (/Ahetatm/l) ) {

Satom++; =
my $linel = substr($ , 11, 9);
my Sline2 = substr($ , 17, 3);
($1line2 =~ /HOH/) | ($line2 =~ /WAT/)

|
Il ($line2 =~ /SOL/)){ # KIEF%

$wateratom++;

}
if(($linel =~ /¥s+0¥s+HOH/) || ($linel =~ /¥s+O¥s+WAT/)
Il ($linel =~ /¥s+OW¥s+SOL/)){ # K#HFH
Swater++;
}
}
}
close (IN) ;
Swateratom = $Satom - $Swateratom; # HHORFHEH

print " $in¥n";

print " KHOFE: Swater¥n";
print " MOEF: Swateratom¥n";
print " #EFE: Satom¥n";

}

separate #
## KEBRVIRTEIZHE
sub separate(
my $in = shift (@ ); # JC PDB
my S$parttype = shift(@ ); + BOMEEDZAT
my $partpoint = shift (@ ); # BREEGFT
my @partpoints = ();
if (Sparttype != 0){
@partpoints = &range (S$Spartpoint);
Spartpoint = "";
}
my @pros = ();
my @wats = ();
my Qtargets = ();
my $wat count = 0;
my Sbeforeline = "";
open (IN, "$in");
while (<KIN>) {
s/¥n//;
if ((/"HETATM/1i) || (/"ATOM/1)) {
if (Sparttype == 2){ + RFIEFHESETE
Spartpoint = substr($_, 6, 5);
$partpoint =~ s/¥s+//g;
}
elsif (Sparttype == 3){ # HREBSETE
Spartpoint = substr(s_, 22, 4);
$partpoint =~ s/¥s+//g;

}

my $data = substr($_, 17, 3);
f(($data =~ /"HOHS/1i) || (Sdata =~ /"WATS/)
|| ($data =~ /"SOLS$/)) { # KHF
my $line num = &adjust (10, Swat count);
push (@wats, "S$line num¥ts$ ");
Swat count ++;

else{ ¥ FOMDNF
push (€pros, S );

f(($parttype == 1) && (grep(/"~$.$/, @partpoints))) {
push (€targets, $ );
}
elsif (((Sparttype == 2) || (Sparttype == 3))
&& (grep(/"S$Spartpoint$/, @partpoints))) {
push (€targets, $ );

}
}
elsif (/"TER/){ # TERIL PRO [ZEEih
if (Sbeforeline ne $ ){ # TERMEHMLEWLWESIZTS
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push (@pros, "TER");
}
}
$beforeline = § ;
}
close (IN) ;

my $pro = join("¥n", @pros);
my $wat = join("¥n", @wats);
my $target = "";

if (Sparttype == 0) {

Starget = $pro;
}
else({

Starget = join("¥n", @targets);
}

return $pro, S$wat, S$target;

}

discalc #

## EREEETE L, EEEZHAN

sub discalc{

my S$optionl = shlft ;

# KDFOHL (1 Eﬁiﬁ?f#ﬂ&ﬁ 3: KEBRFLEDHTHIM

my Soption2 = shlft(@_); + IEBEORL (0: RIEIERE; o: xR
my $pro = shift(Q ); # KL DPFD DB (AH)

my $wat = shift (@ ); # KaF®D ppB (AF)

my @pros = &return array ro);

my @aminox = (); u%@’\?ﬂ)xfiffﬁ

my Qaminoy = (); # 7Klol91~0) DFD v EE

my @aminoz = (); # KUSNDDFD z FEE

foreach (@pros) {

if ((/~ATOM/1) || (/"HETATM/i)) {
s/¥n//;
my $prox substr($ , 30,

my Sproy = substr($ , 38,
my $proz = substr($ , 46,

push (@aminox, $prox7, 0)1’@,0)]?? x EEME
push (Gaminoy, S$proy); DD REF v EZREG
push (Raminoz, S$proz); DD RF z FEIZEE

}
}
undef $pro, Q@pros;

my @wats = &return array($wat);
my @results = (); # IR EERE & KD FIETR
my @distances = (); # R
my @hydrogens = ;
# KFRIRF ﬂi?iﬁA( KAFORKRELELGDEDERET 51=HICLELEES
my @hydrogen lines = (); # KEBRFIER
my $flag = 0; # =1
my S$before residue = ""; # BIDEZEA
my $before distance = 0; #+ KRRFDO-HDOFIDERHEREFER
foreach (@wats) {
my ($line num, $line) = split(/¥t+/, $_, 2); # KDFIEFHRES EHE
my $atom = substr($line, 12, 2);
my S$atom name = substr($line, 12, 4);
Satom =~ s/¥d+//g;
$atom =~ s/¥s//9;
((Soptionl == 1) && (Satom eqg "H")) {

S BERFOARS 8D, KERFLREY
$line = substr($line, 17, 9); # BRET—AWE
push (fhydrogen lines, "$lineinum¥t$line¥t$atomﬁname") ;
next;

}

my $watx = substr($line, 30, 8);

my $waty = substr($line, 38, 8);

my $watz = substr($line, 46, 8);

$line = substr($line, 17, 9); # BRETF—4EE

my $count = 0;

foreach (Gaminox) {

my $ax = $ ;
# KUSNDDTFD = EIZ
my $ay = S$aminoy[$count]; # KUNDHFD v BEIZ
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my Saz = Saminoz[S$count]; # KL DT FD z EE
my $calcdis = sqrt((Swatx - $ax) *fﬁZ + (Swaty - $Say) ** 2
+ ($watz - Saz) ** 2); # IRREDEER
push (@distances, $calcdis);
Scount ++;
}
@disgances = sort {Sa <=> $b} @distances;
+ RE/ RREHES
if (Soption2 == 0) {
if ((Soptionl == 1) && (S#hydrogen lines != -1)){
foreach (@hydrogen lines) {
push (Gresults, "Sbefore distance¥t$ ");
}
@hydrogen lines = ();
}
push (Eresults, "Sdistances[0]¥tSline num¥t$line¥tSatom name");

4 “PERfve T8y BEA"

Sbefore distance = $distances[0];
# KERFEIBERFOHLELDT
}
elsif (Soption2 == 9) {
if ((Soptionl == 1) && (S#hydrogen lines != -1)){

foreach (@hydrogen lines) {
push (@results, "Sbefore distance¥t$ ");

}

@hydrogen lines = ();
}
push (@results,
"$dis}ancq§[$#distances]¥t$lineinum¥t$line¥t$atom7name");
4 "EEREvc ITHIve BREA"
Sbefore distance = S$Sdistances[S$#distances];

# KERFIIERAFOHELBDT

else({
print " ERROR: Subroutine error: discalc - option2¥n";
exit;
}
@distances = ();
}
if ($#hydrogen lines != -1){ # B

foreach (@hydrogen lines) {
push (@results, "Sbefore distance¥t$ ");
}
}

my Sresult = join ("¥n", @results);
return Sresult;

}

# =============== create #
## R F%EJTIC PDB #ERT B

sub create{

my $pro shift (@ );
my Swat shift (@ );
my $out shift (@ ); )

my @lists = @ ; # BIKDPFUR S ATH-1)

my Qout = &return array (Spro);
undef $pro;

my @wats = &return array($wat);
undef S$wat;

my $wat count = 0;
my $now wat = shift(@lists); .
if (S#lists != -1){ t KRFHEETHEEDHET
foreach (@wats) {
if ($wat_count == $now_wat) { # VA ME—HLGE
my ($line num, Sresidue) = split(/¥t/, $_, 2);
t THRERET H5-D0E
push (@out, S$residue);
$now wat = shift(@lists); t —HHREEH
}

Swat count ++;
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}

my S$beforedata = "";
my @new out = ();
foreach(Qout) { # EHTEHT—AMLELKIIZTS
i f ($beforedata ne $_) {
push (@new out, $ );
Sbeforedata = $_;
}
}
push (€@new_out, "END¥n");
@out = @new out;
undef @new out;
my $file = join("¥n", Qout);
open (OUT, "> Sout");
print OUT $file;
close (OUT) ;
}

# = = search =

4+ IEEETEE. 2RV BEISOERERT.
sub measure{ .
my @datas = @ ;  T—%

foreach (@datas) {
my @lines = split (/¥t+/, $ );
$lines[0] = &nearest($lines[0], 2);
$lines[0] = &adjust (10, $1lines[0]);
print "$lines[0]¥t$lines[2] $lines[3]¥n";

nearest #

#

+ MEREA
sub nearest{
my S$data = shift(@ ); # f&

my $round = shift (@ ); # /MNERLUTOHEK

if (Sround > 0){ # HIBHABRESNLTWVIEHEE
Sdata = $data * 10 ** Sround;
bHNTNEBEEEREISTS, 2 L TMUSUTYYRT,
if (sdata > 0){ # BYLIT-BYTFOHE (EEDEICLYEDLD)
Sdata += 0.5;
}

else({
$data -= 0.5;
}
f($data !~ /7"-2¥d+¥.¥d+$/) {
$data = $data . ".0";
}
$data = int($data); # INBRUTYI YT
$data = $data / (10 ** Sround); # HZTIZET

if ($data !~ /¥.¥d+/){ # WERHLBHOAH (MIENEVES) DBE
my $zero = "";
for(my $i = 1; $i <= S$round; $i ++) {
# IMIRLTIZAC 0 ZAET S
S$zero = "0Szero";
}
Sdata = "S$data.Szero"; # #EEIZ 0 EFMWTS

else{ # MREHZHD (HKEDHA 0 TYVETLNTNIBENHD)

my $length = $&; # IMIRUTOT—2 E0F _
$length = length($length) - 1; # INARUTRTHIMNFEARS
if($length != $round){ # EELEHEGWEE

my $addzero = $round - $length;

my Szero = "";

for (my $i = 1; $i <= S$Saddzero; $i ++){

INIRLLTIC ﬁ'( 0 #RET S
$zero = "0Szero";
}
$data = "S$data$zero"; # #ERIZ 0 Z{tMT S
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return $data;

}

# adjust #
sub adjust{

my S$max = shift(@ ); # AERXFH
my $line = shift(@ ); # XF3|
my $space = length($line); # XFIDES
$space = S$max - $space; # BT HRAR—ZH
$space = " " x $space; # AR—R
$line = $space . Sline; # AR—XIBM
return($line);
}
# check file #
# T7ANLFIVY
sub check file({
my $file = shift (@ );
if(! -f S$file){

print " ERROR: No such file: $file¥n";

exit;
}
return S$file;
}

check float #

#

# FEINTF VY
sub check float{
my $value = shift(Q@ );

if (Svalue !~ /7~=-2¥d+ (¥.¥d+)2S$/){
print " ERROR: Invalid argument: S$value¥n";
exit;

}

return $value;

}

check_int #

#

t BEFI VY
sub check int{
my $value = shift (@ );

if (Svalue !~ /7=-2¥d+$/) {
print " ERROR: Invalid argument: S$value¥n";
exit;

}

return $value;

}

# =============== check option #
$# A TavEFIVY

sub check option{

my $value = shift (@ );

if (Svalue != 0) {
print " ERROR: Option is conflict¥n";
exit;

}

return $value;

}

# =============== thread separator #
# ALY FRAT—24%m

sub thread separator({

my Sthread = shift (@ ); # ERTET—4H

my $line max = shift (@ ); + T7ALDITH (DER)
my $data = shift(@ ); # JTT—4

my @datas = &return array ($data);
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my @results = ();
my @result tmps = ();
my $line num = 1;
my Scount = 1;
my Sbefore atom = "";
foreach (@datas) {
my $line = $ ;
my @lines = split(/¥t/, $line, 2); + T%5
my Snow_atom = substr($lines[1], 12, 2);
$now_atom =~ s/"¥d//;
$now_atom =~ s/¥s+//g;
push (Gresult tmps, S$line);
if ((S$line max <= $line num) && (Scount < $thread)
&& (($Snow atom eq "H") && (Sbefore atom eqg "H"))) {
$ T7AIEETHRERR, ROT7AIULDEET H5E
my $result = join("¥n", Q@result tmps);
push (@results, S$result);
@result _tmps = ();
$line num = 0;
Scount ++;

oh

|
+ BRFEEE

}
$before atom = $now_atom;
$line num ++;
}
my $result = join("¥n", Qresult tmps);
push (@results, $result);
return @results;

}

# === return_array #
# XFHNERINIRY

sub return array({

my $str = shift(@ );

my Qarray = split(/¥n/, S$str);

return @array;

}

# determine main #
t BET 2D LRKREERE

sub determine main({

my @datas = @ ;

my @distances = ();
my @line nums = ();
my @results = ();
my S$before = "";
foreach (@datas) { N ‘
my @lines = split (/¥t+/, $_); +# "EEBfvt {T8vc REFR"
if (Sbefore ne S$lines[2]) {
if (Sbefore ne ""){
@distances = sort {$a <=> S$Sb} @distances;
my $line num = join(",", @line nums);
$line num =~ s/¥s+//g;
push (Cresults, "Sdistances[0]¥t$line num");

# “EEEfvc 1TH
}

Sbefore = $lines([2];
@distances = ();
@line nums = ();

}

push (@distances, $1lines[0]);

push (@line nums, $lines([1]);

}

if ($#distances != -1){
@distances = sort {S$Sa <=> $b} @distances;
my $line num = join(",", @line nums);
$line num =~ s/¥s+//g;
push (@results, "$distances[0]¥t$line num"); # "EEBfvc 1THL

}

return @results;

}
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# range #
sub range{

my $numarray = shift (@ ); # HIFREFEFER

split(/,/, S$numarray);
0 + BHEEEFERLEORENERZEMT S

my @numarrayl
my @numarray?2

my Scount = 0; # numarray2 OEIIES
foreach (@numarrayl) {
£(/-/) 1 ¥ x-y FOHBEETEZRH
my @wide = split(/-/, $_); t FRERTIZNITS
if ($wide[0] =~ /~$/){ # RWBALEGES
Swide[0] = 1;
}
elsif (Swide[l] =~ /"$/){ # BTHGEVES
Snumarray2 [$count++] = $Swide[0];
Snumarray?2[$count++] = -1;

last;

}

my $i = 0;

for ($i = $wide[0]{ $i <= Swide[1l]; $i++){
 BEEIRTHFIZTS

Snumarray2[$count++] = $i;
}
}
else{
Snumarray2[Scount++] = S ;
}
}
return (@numarray?) ;
}
# help #

sub help{

my $script name = basename (50);

print << "HELP";

Program of controlling water molecule

¥$ Sscript name OPTIONS [SUB OPTION] INPUT [OUTPUT]

OPTIONS
-V, --view Show the number of water molecules and all atoms
-N, —--number Control the number of water molecule (Need the number)
-D, --distance Control the distance of water molecule (Need the distance)
-M, —--measure Measurement distance between solute and water molecule
(Need sub-option)
s, short Calculate shortest distance (in general)
1, long Calculate longest distance
-T, —--thread Calculate in parallel (Need the number of thread)
-Y, --hydrogen Also calculate hydrogen (Default: Oxygen only)
-P, --part Target as specified area (Need sub-option and range)

L:<RANGE> Specify as line number

AN:<RANGE> Specify as atom order

RN:<RANGE> Specify as residue number
-H, --help Show help

HELP

Mgk A-5: 7=/ BRIEMAMTOTS L

FMO stHEIZE DRk b RIGOEMDERT, HDWVITEROKEL (777 A2 h) |
B ECEFIREBAFRET 2, £72, PDBILT 74/ FTlX, # /37 ED N K,
C Kz £ £ NH;', COO' & LTI 7=, FMO % & PDB OfEERIC LV . K
OEIRENEK, SO/ SNTLE S, £DH, X237 EHD N K,
FONC KR ENZENT BF VI, KOAT LT V%%Hbﬂﬁ“é%%ﬁ%éo

TR FOVIEE, N RKERERED Calfif 70 NJFEF~DRY Fgyz, NIET b
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L7 ACE FRIEEDJR 1% A4 7 C OJR 1% i&E L, AMBER <> Gromacs, OpenBabel
TEDMDIETFZMT D Z LI VERT D2 LN TE D, £o. AT AT I EIT
C KU FED CJHTF 026 O JRF~DX7 Fvir% O JRFIZHIZ T LE (2 NME F& D i
FHATNOFFZEEL, 7 2F /LR, AMBER 72 & THOF 240425 Z &
IZEVERRCTE D, AFIETIE, KT B FNVESRA T LT IV EOEAEL 7 D
ZElE 5 7 1 77 A aminocap & {ERK L 72,

aminocap D 2~ RZ&Z LI FIZRT,

$ aminocap input.pdb <terminal serial> <terminal type>

[output.pdb]

Z ZC, terminal serial 1%, fLEE L7 W REGRILZER T 2T DO ) T NANEFTENA T
LV CEWEHPH CHRET b, terminal type 1X., ZOEREFRIEIIK L, L2 WERE
ZHRET Do Kfmﬁ?A?@ 7 F M (ACE), AF /L7 I (NME), 73
%(MM)%? RETH D, 7 7 AV output.pdb IZTEMEFRETH Y . AW L7=%
é%EP’CHjjJ?L’cE @J: INTTLHhT;RLND,
U\—F Z aminocap ® Y — A 32— K (70 /7 AFEE: Per) &~ 7,

#! /usr/bin/env perl

use strict;
use File::Basename;
use File::Temp;

my $in = shift (RARGV) ; ARDT74I1L
my Srange = shift (RARGV) ; [RFIEFHSEH
my Stype = shift (RARGV) ; t XrvTEA4T
my Sout = shift (QARGV); # HAT 7ML
(($in =~ /~--help$/i) || ($in =~ /"-H$/i)){ # ~LT
&help;
}
elsif (-f $1n){ t AAD74LDF J7
(Srange =~ /"¥d+-¥d+$/)
#ﬁ?ﬁf%#ﬁ@%?:/7
((Stype =~ /"NMES$/i) || (S$type =~ /"NHHS$/1)
Il (Stype =~ /"ACES/i)){

t ¥V TEATOFIVY

my $tmp =File: :Temp->new (TEMPLATE => '.aminocap-XXXXXX"') ;
SSIG{'TERM'} = $SIG{'PIPE'} =

$SSIG{'HUP'} = S$SIG{'INT'} = sub {
unlink S$tmp;
exit; N
}i # TRT3 LR LI-EEDO0E
my @atoms = &range ($range); + RFIBEFHESEEIIICER
my Sstatus = &work($1n, S$tmp, Stype, Qatoms); # ALIE
f ($status ==

# HEE LT—J??IILEF'E?# PDB RIZHFHELBEMGEE
unllnk Stmp;
print " WARNING: Not modified by this program.¥n";

else{
if (Sout =~ /"$/){
print " INFORMATION: No output name.¥n";
print " INFORMATION: Overwrite (O),
Save as (S), Cancel(C)¥n > ";
my Suser = <STDIN>;
Suser =~ s/¥n//;
if(Suser =~ /"0$/1) {
unlink $in;
rename S$tmp, $in;
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elsif (Suser =~ /~S$/1){

print " File name: ";
Suser = <STDIN>;
Suser =~ s/¥n//;

rename $tmp, Suser;

else{
exit;

else{
rename S$tmp, Sout;

}
else({
print " ERROR: Invalid argument: cap type.¥n";

}

}

else({
print " ERROR: Invalid argument: range.¥n";

}

}

else{
print " ERROR: No such file or directory: $in¥n";
}
exit;
# work #

sub work/{

my $in = shift(Q ); # ANWT74IL
my $Sout = shift(Q ); +HATFAIL
my Stype = shift(€@ ); # ¥v¥v 447
my Gatoms = @ ;
my $force write = 0; XYy TREAQUENERT LI-T5Y
my $search = 0; # HEE LTJ??“EF_E'E@T-?ET% 7239 .
my $last = 0; + HEORENMEESNTL ‘7&(:‘777
my @target atoms = (); # NREFEHFBEREHEM
open (OUT, "> Sout");
open (IN, $in);
while (KIN>) {
my $line = $§ ; Ny g7y
f($force write == 1){ ?E’E LE-XiGZWEBLEA-5E, U9 oHAh
print OUT;
}
elsif ((/~ATOM/) || (/~HETATM/)) { + RFDIHE
my Sorder = substr($line, , 5); t RFIEFES ZIRGF
my $flag = 0; t BELERFIEFESE—HLENAT ST
my $i = 0; + BN SERTHIRT H-bDAhH 4R
if($last == 1) {
S$flag = 1;

}
else{
foreach (Gatoms)
+ 18 ELT—E?JILEF‘E Iz ?dL, BLt-Y TRE
if ($order == $ ) { —HL-5E
$flag = 1; # 73545 oN
sp_lice( atoms, $i, 1);
# BEL T:J??JILEF_’EEUIK?
last; # L—T8T
}
elsif (S 1) {
+ EEI- -1 fJ\ FhTULV=BE, PR OREBEFTTHAR
$last = 1;

}
$i ++; ¢ BHIBEHIUE2TSR
}

f($flag == 1) { # —BLTWL3

push (@target atoms, $line); # BEBIICARHA
$search = 1; # PDB HNIZ#E ELT:JE%“LET%%%ﬁ‘ﬁE
}
if (($search == && (S#atoms ==

-1)){
# 18R LT:J??JILEV%H#\??TL MO LERFIEFESAGE L GEo 158
@target atoms = &cap (Stype, @target atoms);
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R PH!

foreach (Qtarget atoms) { # EH L= RinlEHRH A

print OUT;
}
$force write = 1; # RiIGIBRT
}
elsif ($search != 1) {
print OUT;
}
}
else{
if ((Ssearch == 1) && (S#atoms ==

+ BELERFIEFEESMLEFEZL, DI
&cap ($type,

@target atoms

1)) {
ELERFIEFESAN BB 25E

@target_atoms);

t FryITDEHE

foreach (Qtarget atoms) { # EH L= RinlFHRH A1
print OUT;

}

$force write = 1; # RIGMIEBRT

}

print OUT; # TER % END FH A
}

}

close (IN);

close (OUT) ;

return $search;

}

# cap == #

# Fvy THE

sub cap{

my Stype = shift(@ ); # FywTEaq47

my @datas = @ ; # RInEHR

my $cap atom num = -5000; + KInDREFIEFES

my $cap res num = -5000; + RigDEREIEFES

my @ca datas = (); # Rig® ca OIFER

my @c_datas = (); # KD c DOIEHR

my @sec_datas = (); # RIHDEHICHELEFR (c Kif— N, N KiF— 0)

foreach (@datas) { # T—AHRHAH

if((Stype =~ /"ACE/i) && $cap_atom num == -5000)) {

+ RinDRF, HEFSIE (ACE)
$cap_atom num = substr($_, 6, 5);
$cap res num = substr($ , 22, 4);
$cap_res num =~ s/¥D//g;

}

elsif (Stype =~ /"N/){
$cap_atom num
$cap_res num
$cap_res num

6,
22,

5
4

substr($_,
substr($_,
=~ s/¥D//g;

}

my S$atom substr($_,

if ($Satom eqg "CA") {
my $x substr($_,
ny Sy substr($_, 38,
my $z substr($ , 46,
push (€ca_ datas, Sx) ;
push(@ca datas, $y);
push (Gca_datas, $z);

+ Cc DFE
30,
38,
46,

13, 2);

30/ 8);
8);

8);

}

elsif (Satom eq "C ") {
my $x substr($_,
ny Sy substr($_,
my $z = substr($ ,

# RiGDREF, HEFZFSHE (NME, NHH)

);
) ;

# RFBIWGF

# ca OBE

push (@c_datas, $X) ;

push(@c_datas, $y);

push(@c_datas, $z);

elsif ((Stype =~ /ACE/1i) && (Satom eq "N ")) { # N DIFHE (ACE)

my $x = substr($_, 30, 8);

my Sy = substr($_, 38, 8);

my $z = substr($ , 46, 8);

push (@sec_datas, $x);

push (@sec_datas, $y);

push (@sec datas, $z);
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}
el sif ((( $type =~ /NME/1i) || ($type =~ /NHH/i)) && (Satom eg "O ")) {

# 0 MIZFH (NME, NHH)
my $x = substr(s_, 30, 8);
my Sy = substr(s_, 38, 8);
my $z = substr($_, 46, 8);
push (@sec datas, $x);
push (@sec_datas, $y);
push (@sec_datas, $z);

}

my $new atom = ""; # vy TOIER
if (Stype =~ /ACE/1i) { # ACE DEE
my @new add atoms = (0, 0, 0);
for(my $i = 0; $1i <= 2; $i ++){# X, Y, Z |Z:#H
my $dlstance = S$sec_datas]| $1 - $ca datas[$i];
# ca & N DFEH
Snew add atoms[$i] = $sec datas[$i] + S$distance;

# N [CHEEEZEN

Snew add atoms[$i] = &keta(3, Snew add atoms[$i])

+ HiZEEht
Snew _add atoms[$i] = &adjust (8, Snew add atoms([$i])
4 XFHIFAE
}
Snew_atom = join("", @new_add atoms)
Scap_atom num --; # Fry 7’@?“@ FESRE
Scap_atom num = &adjust (5, S$cap _atom num);
$cap _res num --; # ;\'—'\"‘J TREFSHE
Scap_res num = &adjust (3, $Scap_res num);
Snew_atom = "ATOM $cap atom num C ACE S$cap res num Snew atom¥n";
unshift (@datas, $new_atom); # KIGOHIZx ¥ v SIEHEM o
}
elsif (Stype =~ /"N/1i){
my @new _add atoms = (0, 0, 0);
for(my $i = 0; $1i <= 2; $i ++){
my Sdistance = ($c datas[$i] - S$ca datas[S$i]) / 2;
#ca & cC G)EE’H’Ed)ﬂfﬁ -
Snew add atoms[$1 = Sc datas[$i] + Sdistance;
# c [CHEEDHS ’&:Jlu 1&,57%—‘1&0)@#“
Sdistance = Snew add atoms[$i] - $sec datas[$i];
+ RERFE o DEERE
Snew add atogs[$1] $new_add atoms[$i] + S$distance;
# RBIRFICEEREZ B
Snew add atoms[$i] = &keta(3, Snew add atoms[$i])
t HEEHES
Snew_add atoms[$i] = &adjust (8, Snew _add atoms([$i])
# XFHIFHE
}
Snew atom = join("", @new add atoms)
Scap_atom num ++; ¥y 7@?“@ FESRE
Scap atom num = &adjust(5 $cap atom num) ;
Scap_res _num ++; Yy TREBSHAE
Scap_res num = &adjust(3, $cap_res_num),
if (Stype =~ /~NMES/i) {
Snew_atom =
"ATOM Scap atom num N NME S$cap res num Snew _atom¥n";
}
elsif (Stype =~ /"NHHS$/1) {
Snew_atom =
"ATOM Scap atom num N NHH S$cap res num Snew atom¥n";
}
else{
print " ERROR: Subroutine error: cap(l)¥n";
exit;
}
push (@datas, S$new atom); # RIFDRIZF v v FIEHREM

else{
print " ERROR: Subroutine error: cap(2)¥n";

exit;

}

return @datas;

}
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# range #
sub range{

my $numarray = shift (@ ); + HIFRREFEIF®

my @numarrayl

split(/,/, S$numarray);
my @numarray?2 ;

)
()i + BEEEFERLEOREHEREZRMT S

my S$Scount = 0; # numarray2 DEHES
foreach (@numarrayl) { .
1E(/-/) 1 # x-y FOHEIEE ZBH

my @wide = split(/-/, $_); F FRERTIZNTS
if ($wide[0] =~ /7$/){ # BwmIGEWEE
Swide[0] = 1;

}

elsif (Swide[l] =~ /*$/){ # BTHGENGE
Snumarray2 [$Scount++] = Swide[0];
$numarray?2[$Scount++] = -1;
last;

}

my $i = 0;

for ($i = $wide[O]i $1 <= Swide[1l]; $i++){
# BEEIRTHFICTS

Snumarray2[$Scount++] = S$i;
}
}
else{
$numarray2[$count++] = $_;
}
}
return (@numarray?) ;
}
# adjust #

sub adjust{

my Smax = shift (@ ); # AEEXFH

my $line = shift(@ ); # X3l

my S$space = length($line); # XFIDERS
$space = S$max - $space; # BT HAR—IH
$space = " " x $space; # AR—R
$line = $space . $line; # AR—XEM
return($line);

}

# === keta ======= #

+ HiEht

sub keta{

my S$keta = shift(Q ); # INIR LT DHT
my $value = shift (@ ); # BfE

my S$tmp = S$keta + 1; #+ HIALDIFED
foreach ($keta, $value){# SR LMNI=BI#HDODF vy
1if($ I~ /A=2¥d+ (¥.¥d+) ?2S/) {
~  print " ERROR: Subroutine error: keta¥n";
exit;

}
if ($value !~ /¥./){ # BENBYOEZE, 87 0 ZEBM

my $zero = "";
for(my $i = 1; $i <= S$keta; $i ++){
$zero .= "0";
}
Svalue = $value . "." . Szero;
}
elsif (Svalue =~ /"-2¥d+¥.¥d{Stmp, }$/) {
# IR UTOMNEESNZLOIYKREVNGES, WERLA
Svalue = $value * 10 ** Sketa;
Svalue = int ($value + 0.5) / 10 ** Sketa;
}
elsif (Svalue !~ /A—?¥df¥.¥d{$keta}$/){
# INIRLUTOHMNEESNI=HD LY PSINMES, 0 ZEBM
my $tmp = $value;
Stmp =~ s/-2¥d+¥.//;
Stmp = length ($tmp) ;
Stmp = Sketa - Stmp;
my $zero = "";
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for(my $i = 1; $i <= Stmp; $i ++) {

Szero .= "0";
}
Svalue .= S$Szero;
}
return $value;
}
# help #

sub help{
my S$name = basename ($0) ;
print << "HELP";
Amino acid terminal neutralization program
¥$ S$name INPUT FILE ATOM ORDER CAP TYPE [OUTPUT FILE]
INPUT FILE PDB input file
ATOM ORDER Atom order range of N-terminal or C-terminal

CAP_TYPE Terminal type (ACE, NME, NHH)
OUTPUT FILE PDB output file (if not appointed, input file is overwritten.)

HELP
}
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