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An Estimate of the Preferable Sites of Galacturonic Acid

for Metal Ion Binding by a Semiempirical Method

Yasuhiko NAKAMURA

Abstract

Low-energy conformations for «-D-galacturonate ion and its 1, 4-linked dimer were
searched for by semiempirical MO calculations with PM3 hamiltonian. The preferable sites
for metal ion binding were estimated on the basis of electrostatic potential of the result-
ing conformations. For the monomer a oxygen atom of the carboxyl group, the oxygen
atom of the pyranose ring and the oxygen atom at the C (4) position were considered to
coordinate to metal ions. For the dimer the possibility of coordination of the oxygen
atoms at the carboxyl groups of consecutive residues seemd unlikely due to the long inter-
atomic distance and the occurrence of the most negative values of the potential at the

outer opposite sites.
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7zh%, PMBEHETHEOLNIEM 25 L TITo7/z MM+EIETIE, BEMIN/EELEEDD
BETIEARL LTOFTEEIH IV EDO R o572, TI/BEYABIAT VDL IZ, <
S L7-BEERT EKERTD, C-CHEHNIEC-ORFANDRUNNFEHBLRLDICEEITE 254
&, BEZBERGFEMAMLAE EETHEPRESEDLLIYY, EOKE T/ — ARTIIRE R
FHOKEDRQ NSRS NG 2D ICHRRET
EXFRBREFOBLIIEEPTORIBIN, KFF
DFEEHEEERITT RN SV LTS
ns,
BEIDET /) —2AR%E XY HIZBW/L &
D, X, Y, ZEWICEELRZ )y THOBERT
YV VORMEE Z DD ST S DR,
BLUHDRA0LADZ ) v THEHKEF05AD
70y THOBICHEET 5EF% Table 1 12F &
Wiz, £, ENETNOBMAE TRINDRT > %
MEZ G ZBHEORT V¥ ¥ VEER% Fig. 2
WRL72 BBERT Vv VO—FEVHIT IV
REINVEOBERT 06 L IZAONDL A, Z
DEIIET ) — AROBEFEFREF O5 DFIZHR Y H
LT3 (Fig.2 (c)), OTELIHAL &I % ’
s e — Fig.1 Molecular model and atomic number-
BHDH%o A DDKBEOHRREFILIZHHE ing of optimized « -D-galacturonate
KT XY VOBRDHBDS, HIVEF D IVEORE ion C; conformation (1)

Table 1 The most negative values of electrostatic potential on XZ, XY and YZ planes of conform-
er 1

Plane XZ plane XY plane YZ plane

off.set Atoms found within ~ Most negative ~ Atoms found within ~ Most negative ~ Atoms found within ~ Most negative
(A)  £054 of offset plane  potential  £0.5A of offset plane  potential ~ £0.5A of offset plane  potential

4 —(0.1637 -0.1502 —(0.1387
3 HI2 HI3 02 03 —0.2267 —(0.2310 -0.1919
2 H2H3C2C3 -0.1718  HI14 04 06 —0.3886  H4 07 —0.3407
1 H4C404 —-0.2682  H2 H13 C4 C6 —-0.2990  H3 H5 H13 H14 C3 C4 —(3862
C5 C6 03 04 06
0 HIHIIHI4CIOL —-0.2211 HIH4C2C3 C503 05 —0378  HIL -0.3192
07
-1 H5C505 —-0.2456  H12 H3 H5 C1 C2 -0.3573 H2HI2C1C2010206  —0.2372
-2 C606 -0.3432 HI1O1 -0.2419 HI —0.2204
-3 07 —0.3986 -0.1663 -0.1514

-4 —0.3909 —0.1102 -0.1021
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(a) XZ plane, offset -3 A.

(b) XY plane, offset 2A.

(c) YZ plane, offset 1.5A.

Fig. 2 Electrostatic potential around the atoms of conformer I
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FRFMEICHARD ERT V¥ v VEIZREW (03, 042DV TidFig.2(c) TIRDHLND),
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06, 05, O4 IZEET 5 DIZMAMEE L2\, 72, 06-05, 05-04, 04-06 O JF T i B s &
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PEERT VY VB LURBIEELE D3 OOBEETFHEEA F v I2E+ 2 DK X
WZ EERRLTWA,

RIFVEFOTT 7O BRIEIDETa-1, AL TWEZEPHIDOLNTVEDT, a-
LAEAD- o7V u B4 —DEELHERT VO Yy VICOWTHEIE L, F¥41~v—D
PM3 ZEIZ L 2 BERBELIIFEICRVHE Y LELTL0T, SHEAFED L ARG FT
ZEHELOMAEDLREICLVITo7z, 7Y 2y FEEE2ED 2 DDA HI-C1-01-C4" (¢) &
C1-O1-C4"-H4' (¢) %30°FOEXT, F1v—DBERBELEITo 72MR % Fig. 3 IR L7z,
MM+ HBE%xFEoCEHE LA L EDZANF—DENVT 4 v —DfFEIL ¢ =07, ¢=30"Tho7,
AMBER H¥5% R L25HETIZ  =—30°, ¢ =30"TdH-72c MM+ Allinger 5 D MM
2B %, NTA—F—DRVEFICH L TRF-2EERIC L 2BEEEFo TR TICER
TEAHIHILAEDbDTHY, BEMEMEHE, ZITIREAIBTE— AV M2FHLTEEL
72 AMBERB™ %, 73 VERRBERAIELONI2SDOTHY, KEHEEDOEEZHRIIZED A
NTWB L) FEMIH 5, Fig. 3055055 L )12, MM+ 1% TORMERK R & AMBER 71%
TOFERFIIB N AN F—BEOBBIEHNICE L CQIELLTBY, MANBEED LW A
T —DOWEIE $=—30"~0°, ¢=30"MPEIIHBLIEESNT, 22T, MiEEE =0, ¢=
30°k L, PM3ETRELIETHONMEE (1) % Fig. 41 IR L7z, ML, PM3 TR E
b3 EET % a-1, 456 ¥ T AMBER i CHR#EfL S ¥, #it\v T PM3 ETHR#ELEITo T
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Fig. 3 Total energy of a dimer with respect to two dihedral angles ¢ and ¢
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Bonsg (4=20°, ¢=28) XV dkcal/mol ZZ\JZANVF = &Kro/zs THOIRLF—
ZiZ, AV HEOSBNEE,IOTALEBLIREZA RV, BERELEIIL--TEONLE
BIIMPBEIEKE T 2 RTRED ANV F—BEICEBEL2VDT, ¢, ¢RELToTHRETS
CENUETH D, ‘
BEIOBERT Yy VEBEL
DHA LRI L TRDAERE%E Ta
ble 2 & Fig. 5 IR L7z, FEMEIL
PROVBEHTH LD, BERT Iy
VORBIFEVRIL, BEIDLELE
CL, 22D NVEXRINVEDENE
NOBRRTMEICH S (Fig. 5 (a),
5(b), 5(¢c))o 20DHNEFI VE
DRFETHEE#EIZT.28A T, AR
FUNVEDRERFIZFA<—DIFT
MMICHNE L TWALD, BERT v
VX NVDRBNFITERIITEEI N
o TWbh, 2200DES ) —ARIZ

Fig. 4 Molecular model of optimized conformation (I )
for a-D-galacturonate ion dimer

Table 2 The most negative values of electrostatic potential on the XZ, XY and YZ planes of con-

former I
Plane XZ plane XY plane YZ plane
offset  Atoms found within ~ Most negative  Atoms found within ~ Most negative  Atoms found within ~ Most negative
(A)  £05A of offset plane  potential ~ +0.5A of offset plane  potential  +0.5A of offset plane potential
5 —0.2618 ~(.3489 —0.1892
4 —-0.4103  HI3 HI4 04 06 —0.4661 -0.2392
3 HI2HI3020306 07  —0.4408 H2 H4 C4 C6 03 —-0.3668  H4 —0.3703
2 H2H3C2C3C6 —-0.4501  H1 C2 C3 C5 05 O7 —0.4470  H3 H5 HI3 H14 C4 C6  —0.4618
03 04 06 07
1 HIH4HS C1C4CH —02504 H3IH5HI2ZHIY Cl02 —-04374 HI" H2 C3Ch —0.4062
04 04 05
0 HI4 HI" H C1" C4" —04314 H4 03 O -0.3047 HI12 C2Cl' C205 02"  —0.3882
C5 05 04" 05
-1 H5 H2" HIl" C2" C3  —043713 H2 C¥ C4 06 -0.4391  H2 HI2 H13'C1 C3' 02 —(.4485
or 0l 03" 06’
-2 HY HI3 C6 06 03 -04233 H3 HI2" C2° C5" C6  —04109 Hl H3 H5 HIl" C4°  —0.3921
02 C5 Co’
-3 HI1? 07 02 -0.3221  HY Cl' 08 OT -0.4589 H4 0T —0.4733
-4 -0.2928 HU H1l" 01 -0.3781 —0.3560
-5 -0.3526 -0.3009 —0.2261
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(a) XZ plane, offset 2A. (b) XY plane, offset 4A.

(c) YZ plane, offset —3A.

Fig. 5 Electrostatic potential around the atoms of conformer I
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BEE,»S, €/ v—TRINVKAFINVEOEE, €7/ —RAROEER, ANOKBREDOHREDNE
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