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In the present work, the SPASIBA spectroscopic force field has been introduced into the CHARMM program.
The SPASIBA force field combines the van der Waals and electrostatic interactions as originally found into
CHARMM with Urey—Bradley—Shimanouchi terms for bond stretching, valence angle bending, torsional

and improper torsional internal coordinates. SPASIBA has a vibrational spectroscopic origin, and it has largely

proven its efficiency in reproducing experimental data such as vibrational wavenumbers, dipole moments,

rotational barriers, conformational energy differences, and moments of inertia. The SPASIBA parameters

have been included into CHARMM by way of a particular library which directly activates calculations of the
specific energetic terms.

I. Introduction optimizations of the parameters leading to the best fit between
the experimental and calculated vibrational wavenumbers using
a SPASIBA-included version of the program AMBERThe
bonds, valence angles, dihedrals, and the particular parameters
attached to the SPASIBA force field were directly transferred
into the CHARMM program without any further refinement.

The SPASIBA molecular mechanics force field is a spectro-
scopic molecular force field that treats bonds and bond angles
by Urey—Bradley-Shimanouchi terms? These terms have
been previously combined with the torsional, van der Waals,
and electrostatic terms of protein force fields, such as the
AM_BER?’_or the CHARMM fo_rce fields! to provide a means || Methodology
to investigate the relationship between molecular spectra of o ] _
proteins and their conformational properties. Previous studies !l.a. Parametrization Methodology. For in-plane motions,
have demonstrated that root-mean-square deviations betweeie SPASIBA potential force field stands in three terms:
the observed and calculated vibrational frequencies for a large

_ 0y2 . 0

variety of chemical groups are in the 405 wavenumber V,= z K(ry — i)™+ K'(rj — ry)

range> 18 This level of agreement originates from the fact that bonds

the SPASIBA spectroscopic force field takes into account =

particular terms that have not been treated by other molecular V,=Y —(q, — Q)+ F'a(q, — o)
. . . 2 Q|k qk qlk qlk qlk

mechanics force fields. These terms are directly related to the 2

gem and/or tetrahedral redundancies. The SPASIBA force field

includes geometric constraints that occur in bond angles and V= HI) 163 — 0507 + H'rp 1o (6, — 65

around tetrahedral atoms; this leads to the inclusion of several angles

new terms, such as tiig F' and Kappa internal force constants, o o o o

into the potential energy function. The addition of such terms Whererj, g, and 6; are related to the equilibrium values of
to the potential energy function leads to a very good assignmentthe bonds, +3 nonbonded distances (gem), and valence angles
for all the vibrational frequencies of methylene grotipad a respectivelyt2 The gy values are themselves relatedr Eorj'k,
correct determination of the gauche and trans conformations inand 65, and the linear termk’ andH' of this potential can be
alkanes and phospholipid3in the current work, the SPASIBA  removed according to the linear relationships:

force field was merged with the CHARMM potential energy

function (SPASIBA/CHARMM); the internal energy terms are ri?K' +(r — rfj))Fi'k =0

derived from the SPASIBA force field while the van der Waals

and electrostatic terms are taken from the CHARMM force and

field.* The parametrization strategy was performed by iterative

0 .0 0 .0 O-r —
H'rij 1y +rij T sinOyFi =0
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from constraints around a central tetrahedral atom (Kappa) and The force field relative to the CHARMM program is
angular [), and trans-gauche (t-g) interactions have been also principally devoted to the determination of the conformational
included in the new intramolecular potential energy term. and dynamical properties of proteins and organic molecules
taken in bulk environments. The aim of SPASIBA was to
V=V, + Vg + F g introduce internal parameters for the molecule and to add
adequate external perturbations (crystal, solvent interactions)
where according to the present environments. It can be seen below
that the two methods are not mutually exclusive but, rather,
V= 1(Ox cr, — 0)(Ox,ch — Oo) — that a good parametrization obtained from spectroscopic data
i=1.2 brings a larger precision in the potential energy determination.
Z l(eijHl - 90)(9ijH2 — 6o) Il.c. Merging the SPASIBA Force Field with the
i=T.2 CHARMM Package. The SPASIBA force field has been
merged with the CHARMM force field and incorporated into
the CHARMM program. The specific parameters are read via
a modified parameter file that includes tkeH andF (andF')
terms and the specific Kapp#sh2, trans and gauche force
1 1 constants that are calculated for every potential energy evalu-
Freg= %aﬂdeij +- zbijdeﬁ +- c:]?deijdelk + ation. The out-of-plane parameters deduced from the SPASIBA
| 2 fm 2 force field refinements were added in a similar way including
the particular parameters referring to the improper dihedrals.
- dﬁ'd@ijdem The program was implemented in such a way that either the
2 il CHARMM parameters or the SPASIBA parameters could be
used for the bond stretching, valence angle bending, torsional
or improper torsional angles depending on the specific residue.
When no corresponding SPASIBA parameters could be found,
the corresponding CHARMM parameters are used by default.
(#As introduced into the CHARMM program, the SPASIBA force
ield can be used to calculate bond stretching and in-plane
ending contributions to the potential energy function as well
as their first and second derivatives with respect to internal
coordinates. The nonbonded and electrostatic parameters have
not been modified in order to maintain this specific feature of
the CHARMM program.

Vig = ftg(eik - Gicll)(ajl - 0,'?)

and

All coefficients and parameters given in these expressions have
been discussed in detail in a former paper.

The optimization of the specific force constants for several
classes of compounds includimgalkanes, alkenes, alcohols,
carboxylic acids, aldehydes, esters, ethers, aliphatic amino aci
residues, phospholipids, and carbohydrates has been previousl)()
doné~18and led to a general root-mean-square deviation (rms)
for vibrational wavenumbers that was on the order of-18
cm! presenting a significant improvement over other force
fields currently used in molecular mechanics and molecular
dynamics studies.

Il.b. Torsional and Improper Potentials. The torsional ) .
potential energy function has the same analytical expression ad!l- Results and Discussion
the corresponding one used in the CHARMM program. For each
class of chemical group examined under the SPASIBA force
field, the torsional parameters have been carefully refined to
obtain the correct potential energy barriers and differences
between low-energy conforme¥s?6-18 The referring param-
eters have been included without modification into the SPA-
SIBA/CHARMM library. In some series of chemical types of
molecules, (alkanes, lipids, peptides, sugars), the dihedral o . L
potential energy function (PED) may be expressed according gnergy (Xlsct:nbunon (F;ED) lfj.s'lgg the or|g|fna| C(TARMM and
to single Fourier expansions depending on the order of the PASIBA/CHARMM orcg I€lds was per orme )
dihedrals. Additional SPASIBA “valence type” terms such as ~_|ll-a. N-Methylacetamide (NMA). NMA 'is one of the
T—G (trans-gauche) have been shown to predict correctly the simplest .models for a peptide as it contains a smgle peptide
conformational behaviors and the relative energies betweenbond. This molecule adopts a trans conformation in the gas and
conformers. liquid states® The primitive values of the internal parameters

Besides the energy differences between low-energy conform-given by Katz and Post for NMA in the crystal st&evere
ers, the dipole moments were considered as giving an ap_corrected py Hamzaoui a.n(_JI.BaéhT.heoretlcal valges have
proximate measure of the molecular geometries and, then, addedpeen obtained from ab initio studiés.Table 1 gives the
in the description of the potential energy distributions. e?(pgrlmgntal, calculated wavenumbers and the potentlal energy
The SPASIBA force field was primitively developed via its ~ distribution (PED) for NMA as calculated using both the
inclusion into the AMBER prografin which out-of-plane ~ SPASIBA and SPASIBA/CHARMM force fields.
motions were treated along improper torsional energy functions.  For the SPASIBA calculations, the force constants were taken
We kept this convenient form to treat out-of-plane deformations, directly from the SPASIBA force field library as opposed to
as the transferability criterion to analogues of molecules the force constants that were refined for the SPASIBA/
containing such motions was found to be of good quality, CHARMM force field. Some differences between the current
especially in using isotopic substituents when reproducing the calculated values and those obtained in previous calculdtions
observed frequency shifts. Moreover, for the light hydrogen can be observed. These differences originate mainly from the
atoms a pure quadratic term would not be sufficient to take fact that for the current calculations, nonbonded and electrostatic
into account large out-of-plane motions for which anharmonic contributions were calculated using the CHARMM parameters
effects would be present. (CHARMMZ22 in the c26a2 version). In general, a good

Potential energy minimization and the normal mode analyses
have been performed for several small molecules that are
characteristic of different chemical groups: peptides (NMA,
N-acetyl+-alanine), alkanes, ethers (methylethyl ether), thiols
(ethanethiol), esters (methyl acetate), alkenes, alcohols (methanol
and ethanol), and saccharides. As much as possible, direct
comparison of the calculated wavenumbers and the potential
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TABLE 1: NMA ( N-Methylacetamide) Calculated and Experimental (exptl) Vibrational Wavenumbers (in cnt?) and the
Potential Energy Distribution?

exptl SPASIBA SPASIBA/CHARMM CHARMM ref 23
71 CT-C 90 7C—C+1N-C
96 7CT—N 107 1C—C+1N-C 100 O0CN—CHjs
175 OCT—-N-C 230 0.44CNCT 151 1C—N 184
290 292 OCTNC+ o6 CTCN 298 290 OCN—CHjs(N) 286
436 428 o6C=0 428 o0C=0 422  6C=0+vC—N 440
570 yC=0O 651 yC=0 587
628& 620 oC=0 608 0.32C=0 +vCTC 531 0.46C=0 591
706  yNH 729  yN—H 775 0.7%N—H 696
873 vC—N+vCT-C 868 vC—N+vCTC 749 0.31&N + 0.1C-CH3 (C) 801
973;, 992 985 rCH 992 rCh; (C) 943 rCH (N) + rCHs (C) 963
1043 1048 rChH 1040 rChH 1037 rCH(N) 1037
1096 vC—CT+rCHg(N) 1076 rCH(N) 1061 rCH(N) 1075
1096 vC—N+vCT—-C 1089 vN—CHsz;+ vCH3—C + rCHs
1176,1162 1160 vN—CHs 1176 vN—CHjs 1186 0.36rCH+ 0.22N—H + 0.160C—N 1082
1263,1299 1275 vC—N +vCT-C 1281 vC—N+vCT-C 1327 0CH3 (C)+ 0.216NH 1209
1374 1374 OsChs 1377 0sCH; (C) 1365 0.98sCH; (C) 1395
143Q; 1438 odaCHs 1420 oaCHs (N) 1386 daCHs (N)
1443 oaChs 1437 o6aCH; (C) 1365 o0aCH; (C) 1402
145Q 1446 odaCHs 1449 oaCH; (C) 1396 o0aCH;(C) 1407
1414 1500 OsN—CH; 1452 6aCH; (N) 1421 daCHs (N) 1428
1567 1563 ON—H +vC—N 1562 0.3CN+ 0.13yNC+ 0.13NH 1556 0.38NH + 0.19%CN + 0.17wNCT 1614
1732, 1655 1665 vC=0O 1665 0.79C=0+ 0..wC—N 1666 0.69C=0 + 0.1wC—N 1693
2912 vsCHs 2910 wsCHs(N) 2729 wvsCH; (C) 2868
2914 vsCHs 2918 wvsCH; (C) 2730 vaCH; (C) 2869
2971 wvaChH 2971 wvaCH; (N) 2841 wvaCH; (C) 2980
2972 vaCHs 2972 wvaCH; (N) 2842 vsCH; (N) 2982
2974 vaChH 2978 wvaCH; (C) 2843 wvaCHs (N) 2982
2974 vaCHs 2978 wvaChH; (C) 2845 vaCH; (N) 2983
330Q 3292 vN—H 3298 vN—H 3329 vN—H 3304
rms 10.6 17 38.2 42.6

@y, stretching;d, in-plane bendingr, torsion; a and s, antisymmetric and symmetric coordinates; G, gas; L, liquid; rms7in cm

agreement between the experimental and calculated vibrationaffrequencies as compared to the corresponding experimental
frequencies was obtained with an rms of 17 “énfor the values$ are given in Table 2.

SPASIBA/CHARMM force field, while the SPASIBA force An estimate of the energy differences as a function of the
field gave an rms of 10 cnt and the CHARMM force field (®,W) sets can be obtained by creating a-ppsi map (Figure
gave an rms of 38.2 cm. For comparison, the experimental 1). In the present case, each dihedral angle was incremented by
and calculated frequencies given by the Cornell et al. have also30° and the total potential energy was calculated at each step;

been included? this showed that conformations near the @+ 150°, ¥ ~

The experimental enthalpy difference between the trans and180°) and the C7 structures appear as being the lowest energy
cis conformers of NMA has been reported to 2.3 kcal conformers as the centers of their low-energy)) range stand
mol~1.24 Derreumaux and Vergoten found a value-df.77 kcal under 0.7 kcal mal* for both of them. Starting from the center

mol~1 for the calculated enthalpy difference using a single 2-fold of their lowest energy ranges, the geometries of the three
order for the amide torsidnand a similar value would be  hydrogen-bonded cyclic conformations, &{® ~ —70°, W
expected here. ~ 70), Clx (P ~ 75,W ~ —75), and C5, have been optimized,
lI.b. N-Acetyl-L-alanine. The second model of a peptide is @nd the C¢, conformer was found to be the most stable. It is
given by the alanyl dipeptide. NMR and electrical circular nqteworthy that the major .COI‘I'[I’IbUt.IOH to the potential energy
dichroism experiments have shown that, in water, this peptide arises from the electrostatic potential.
preferentially adopts a hydrogen-bonded ring of the C7 equato- Table 3 gives the final optimized geometrical parameters
rial type (C%q).25 Monte Carlo and free-energy simulations have obtained from the SPASIBA/CHARMM and the CHARMM
confirmed that the C4 conformer is well stabilized in water ~ force fields.
as are several other conformers {5, and helical conforma- The relative energy differences between the three conformers
tions) 26 More recently, MacKerell et dlcalculated the relative  are compared to the ab initio and MP2 calculations of MacKerell
energies of the G C7a, and C5 conformers of this peptide et al* A discrepancy can be noted for the relatively low
using an empirical CHARMM force field and ab initio calcula- empirical dipole moment calculated for the&Zonformer (2.74
tions at the HF/6-31G** level of theory. The introduction of D) relative to the value calculated by MacKerell et al. (3.56
the SPASIBA terms into the CHARMM program leads to a D).* We have to point out again that atomic charges given in
potential energy distribution among internal coordinates that is the CHARMM22 force field were used in the hybrid SPASIBA/
quite comparable to results given by Derreumaux and Vergoten CHARMM force field. Inversely, the C5 conformation gives
(rms = 12.7 cntY).1 In the present work, a somewhat larger the largest dipole in the present case. It is important to note
rms (26 cntl) between the experimental and calculated that the present calculations were done in the gas phase and
vibrational frequencies was obtained in the gas phase. Thisthat no solvent effects were taken into account.
discrepancy originates from the differences in the partial atomic  lll.c. Alkanes. The structure and vibrational properties of a
charges used in previous calculations and the present workseries of alkanes have been previously stufligtie specific
(using CHARMMZ22). The calculated values for the amide SPASIBA parameters and equilibrium values were determined
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TABLE 2: Comparison between the Characteristic Amide Frequencies (in cm!) Obtained from the Modified SPASIBA/
CHARMM (1) and Original CHARMM (2) Force Fields for the Alanyl Dipeptide
C4H3—Cs0O—N;H—CgH(C1;H3)—C150—N;7H—CygH3?

C7 equatorial C7 axial C5
normal mode expt B @ 0 @ 0 @

yC5=0 Amide VI 538 508 612 521 656 519

yC15=0 560 658 572 554 669
0C5=0 Amide IV 644 618 549 612 520 611 572
0C15=0 702 662 578 661 630 640
yN17—H Amide V 729 837 716 755 678 833
yN7—H 760 758 887 764 833 841 884
ON17—H + vC15-N Amide Il 1272 1275 1184 1283 1244 1261 1218
ON7—H + vC5—N 1296 1287 1265 1286 1270 1286 1273
vC5—C7+ ON7—H Amide Il 1555 1574 1553 1552 1552 1552 1572
vC15-N17+ 6N17—H 1571 1598 1570 1590 1556 1609
vC5=0 Amide | 1650 1663 1680 1658 1685 1654 1677
vC15=0 1666 1684 1663 1692 1662 1684

aThe experimental frequencies were obtained from Shimanouchi, T.; Koyama, Y.; Itétrol. Polym. Sci. Jpnl974 7, 273.v, stretching;
0, in-plane bendingy, out-of-plane bending.
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Figure 1. (¢,) map for N-acetylt-alanine obtained from the
SPASIBA force field included into CHARMM¢: C'—N—CA—-C', y:

N—CA—C'—N).

TABLE 3: Final Optimized Geometrical Parameters for

L-Alanine Dipeptide as Obtained from the SPASIBA/
CHARMM (1) and CHARMM (2) Force Fields

C7 equatorial C7 axial C5
internal coordinates (1) @ @ 2r 1) 2p
CT-C (ace) 1500 1.480 1501 1480 1502 1.480
C—N (ace) 1.316 1.339 1316 1.343 1312 1335
C=0 (ace) 1237 1224 1238 1225 1238 1.223
N—-CT 1443 1449 1443 1456 1.443 1442
CT-C 1496 1529 1498 1527 1.497 1517
C—N(NMe) 1312 1346 1.312 1.345 1.312 1.348
N—CT(NMe) 1452 1443 1452 1446 1454 1444
CT-C—N 1171 116.6 117.1 1159 117.02 116.4
C—-N-CT 1179 123.3 118.02 1259 119.63 122.8
N-CT-C 1085 112.6 1084 1149 99.45 108.2
CT-C—N 116.6 116.8 116.34 1179 118.39 117.7
C—N—-CT 1185 1224 11852 122.7 1178 1215
¢(C—N—-Ca—C') —749 —-813 723 69.7 —1479 —1514
Yp(N—Ca—C'—-N) 63.8 706 —-68.3 —67.6 —179.8 170.6
dipole (D) 2.89 2.74 3.44
AEX~C7eab 0. 2.20 2.10

aValues taken from ref £ In kcal mol™.

for methane, ethane, trans and gauche conformemsbotane,
neopentane, cyclohexanepctane, ana-decan€’:® The force
field was checked by calculating the infrared and Raman for transn-butane as calculated with the SPASIBA/CHARMM
intensities using ab initio parameters determined at the HF/ force field (rms= 20.7 cnt1). A corresponding value of 8.8

6-31G*, D95* levels of theory and taking into consideration cm! is obtained for the SPASIBA force field alone using its

the electronic correlation through MP2 calculatidns.

The SPASIBA force field includes the classical Urey
Bradley terms and other important terms that are essential to
account for internal tension (Kappa) and angular interactions
(IcH2) found among valence angles around a tetrahedral atom
and internal interactions between angles of adjacent methylene
groups (trans and gauche interactions). These terms allow a
correct fitting of the vibrational modes and explain the
preferential gauche and trans conformations-@lkanes. For
these reasons, the SPASIBA force field is considered to be of
spectroscopic quality. The correct values in energy differences
between the eclipsed and staggered conformations for ethane
have been shown to depend on such interactions.

Table 4 displays the calculated vibrational wavenumbers
obtained after energy minimization for ethane using the SPA-
SIBA/ICHARMM force field and the corresponding normal
modes using the atomic charges and nonbonded parameters
given in CHARMM. The most important differences can be
observed in the assignment of some symmetric bending modes
of the methyl groups (1374 crhfor SPASIBA/CHARMM and
1321 cn! for CHARMM). This leads to the conclusion that
internal tensions (originating from redundancy relations) around
a tetrahedral atom have to be solved to correctly locate the
normal modes. The calculated rms for the normal modes (10.7
cm™1) in ethane using the SPASIBA/CHARMM force field is
comparable to the value obtained in the previous SPASIBA
calculations. The experimental data was extracted from previous
work .2’ The rms obtained when using the original CHARMM22
force field has been found to be very largelQ0 cnt?l; see
Table 4) with respect to the correct normal modes assignments.
As a matter of comparison, we calculated an rms of 58%cm
for the vibrational assignments of ethahas given by Cornell
et al. based only on three frequencies, although a force field
should always be verified over all the normal modes of the
molecule under consideration.

Ill.d. Trans n-Butane. The vibrational wavenumbers, de-
termined using isotopic analogues, were used to test the accuracy
of the SPASIBA force field and to reproduce experimental
values such as the energy difference between the trans and cis
form of n-butane (calculated value, 5.4 kcal mbland
experimental value 4.9 kcal md). Table 5 gives the calculated
vibrational frequencies and potential energy distribution obtained

specific charges and nonbonded parameters.
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TABLE 4: Ethane (CH3;—CgH3) Experimental (exptl) and Calculated Vibrational Wavenumbers (cnt?) for Different Force

Fields?
exptP SPASIBA SPASIBA/CHARMM CHARMM

279 A2u 280 277 148-C 302 1.0G-C

822 Eu 823 812 04CH3+ 0.40CsH3 806 0.46C.Hs+ 0.460CsH3
823 812 806

995 Alg 999 995 0.96C—C 790 0.83C-C

1190 Eg 1188 1185 0.4Z,Hs+ 0.420CsH3 973 0.46C,Hs + 0.460CsH3
1188 1185 973

1370 A2u 1376 1374 0.45C,Hs + 0.459sCGH3 1321 0.9sC,Hs+ 0.50sGH3

1388 Alg 1382 1374.2 0.43C,Hs+ 0.4%9sGHs 1364 0.46aCGHs + 0.460aCH3

1460 Eu 1446 1446 0.4aC,Hs+ 0.470,CsH3 1364.3
1446 1446 1381 0.4aC,H3 + 0.470aGH3

1469 Eg 1453 1450.2 0.48C,H;+ 0.459aCGHs 1381
1453 1450.2 1406 0.4BC,Hs+ 0.410aCH3

2915 A2u 2895 2894 018C,Hs+ 0.5vsCGsH3 2788 0.9sCHs+ 0.5vsCGsH3

2915 Alg 2921 2921 0.48C,Hs+ 0.4%sCGH3 2796 0.9sCGHs+ 0.5vsCGH3

2950 Eg 2962 2961 0.48C,Hs+ 0.4%aCGH3 2896 0.9aCHs+ 0.5vaGHs
2962 2961 2896

2974 Eu 2977 2976 08C,Hs+ 0.5vaCGH3 2901 0.9aCHs+ 0.5va GH3
2977 2976 2901

|Av| (cm™2) 7.5 9.0 78.1

rms (cnT?) 9.3 10.7 114.4

ay, stretching;vs andva, symmetric and antisymmetric stretchings;torsion; Av, mean deviationp and p, in-plane bending and rocking
deformationsps andda, symmetric and antisymmetric deformatioh€alcd; see ref 12.

TABLE 5: Calculated Vibrational Frequencies (in cm~1) of Trans n-Butane C;H3—C,H,—C3H,—C,4H3 as Obtained from the
SPASIBA (1) and SPASIBA/CHARMM (2) Force Fieldst

exptP 1) ) exptf 1) (2)
121 118 113 7C—C3 1378 1383 1370 0SCGH3 + 0sGH3
224 204 7C1—Co+ 1C5—Cy 1441 1432 1434 sciE12 + sciGH2
257 239 7C1—Cy+7 C3—C4 1441 1434 1440 scBi2 + sciGH2
323 303 280 0C1C,C3+ CCsCy 1451 1452 1451 0aGH3 + 6aCGH3
421 415 391 0CCC+vC—C 1455 1455 1451 0aGH3 + daCGH3
732 715 690 pCH2 + pCsH2 1459 1455 1452 0aGH3 + daCGH3
829 807 77 pCoH2 + pC3H2 1468 1458 1455 0aGH3 + daCGH3
856 851 vCy—Cs+ pCH3 2851 2850 vSGH2 + vsGH2
964 976 956 pCH3 2871 2872 vsGH2 + vsGH2
979 979 967 pCH3 2886 2887 vaGH2 + vaGH2
1009 1005 997 vC1—Co+ vCs—Cy 2900 2900 vaGH2 + vaGH2
1039 1023 vC1—Co+ vCo—Cs + vCs—Cy 2910 2910 vsGH3 + vs GH3
1132 1122 1132 vCy_Cs+ pCH;+ 0 CCC 2911 2911 vsGH3 + vsGH3
1168 1174 1167 pCH3 2969 2968 vaCGH3 + va GH3
1258 1261 1265 twEH2 + twCsH2 2969 2969 vaGH3 + va GH3
1291 1290 1270 tweH2 + twC,H2 2970 2969 vaGH3 + va GH3
1338 1321 1307 wagfi2 + wagGH2 2970 2969 vaGH3 + va GH3
1343 1335 1330 wagfi2 + wagGH2 + vC,—Cs
1377 1382 1368 0SC1H3+ 0sC4H3 rms 8.8 20.7

arms, root-mean-square (in ch); v, stretching;d, in-plane bendingds andda, symmetric and antisymmetric in-plane bending; sci, scissor;
wag, wagging; tw, twistingp, rocking; z, torsion.

lll.e. Methylethyl Ether. The ether functional group has been parameters have been added to the SPASIBA/CHARMM
previously studied.The structural parameters for methylethyl parameter set.
ether were obtained from electron diffractf®and microwave Table 6 gives the vibrational wavenumbers and potential
studies?® The experimental vibrational wavenumbers were energy distribution obtained from the SPASIBA/CHARMM
obtained by Perchard. For this molecule, three conformers force field. An rms of 18 cm! relative to the experimental data
(gauche, cis, and trans) have been shown to exist, the most stablevas found.
one being the trans conformer with an energy difference of 1.4 The final optimized geometric values for the CC, CO, CCO,
kcal mol* relative to the gauche conformer. In the work of and COC parameters agree in a satisfactory way with the values
Tristram et al® deuterium substitutions were used to determine obtained by Tristram et al.however, a lower dipole moment
a correct parametrization for the ether function group in the was obtained (1.51 D for SPASIBA/CHARMM versus 1.73 D
SPASIBA force field. These authors found a trans-to-gauche for SPASIBA calculations). This discrepancy could arise again
AET~C energy difference of 1.51 kcal mdt a value of 1.38 from the different atomic charges and van der Waals parameters
kcal mol! was obtained using the SPASIBA/CHARMM force used in the two force fields.
field. A dipole moment of 1.57 D was calculated using the  |IL.f. Ethanethiol (C ,HsSH). For ethanethiol, three molecular
SPASIBA force field (a value of 1.98 D was determined from conformations can be put in evidence with staggered conforma-
HF/6-31G* ab initio studies). A topology file for methylethyl  tions about the €S bond (two gauche enantiomers-gg—
ether (MAS) has been created, and the corresponding SPASIBAwith C; group symmetry and one trans conformer t wi@h
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TABLE 6: Vibrational Frequencies (in cm 1) for
Methylethyl Ether (Me —O—Et)?

exptP® SPASIBA

SPASIBA/ICHARMM

2867
2907
2933

rms

@y, stretching;o, in-plane bendingys andda, symmetric and anti
symmetric deformations; sci, scissor; wag, wagging; tw, twisting
methylene deformationg;, rocking; rms, root-mean-square deviation

(in cm™).

mode analysis were perform@dhn order to evaluate the relative

130
209
250
291

124 0.96Cg—O

216 0.96Cye—O

397? 0.96C—-C

301 0.340CC

428 0.42COC+ 0.220CC
768 0.52CH3

847 0.400—Cg + 0.30CH3;
1038 0.31C;0 + 0.23CyeO + 0.08OCH
1090 0.%LCye—O + 0.16v0O—Cg;
1112 0.J&H2+ 0.140CH3g + pCH3ye
1162 0.pLH3ve

1167 0.5¢C—C

1214 0.98H3ye + 0.3vCeO
1293 0.@LCH3: + 0.170CH2
1310 0.74twCH2

1380 0.5ZC—C)g + 0.20CH2 + 0.16)sCH3;
1448 0.83wagCH2

1453 0.82aCH3

1459 0.67sciCH2

1463 0.92aCH3yc

1474 0.98aCH3ye

1495 0.67sciCH2

2815 0.98sCH3;

2887 1BCHS

2947 1@8CHZ

2948 1@aCH3

2963 1.0aCH3ye

2991 1.0sCH2

2995 1.0aCH3ye

3022 1.6aCH2
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liquid, and crystal states). With the use of calorimetric data and
infrared experiments, it was found that tBeconformer (g and

g) is more stable by 0:20.3 kcal mof! with respect to the
trans one. Table 7 shows the calculated vibrational wavenumbers
and potential energy distribution among the internal coordinates
(given for the gauche conformer) both for the original SPASIBA
(rms= 7 cnm?) and for SPASIBA/CHARMM force fields. In

the present work, the electrostatic potential was calculated using
atomic charges derived from quantum chemical calculations
(density functional theory, DFT) using the B3LYP functional
and a 6-31G** basis set.

Molecular dynamics studies under the pure SPASIBA force
field were performed in the present work for ethanethiol in the
gas phase at 300 K to study the relative proportions of the g
g—, and t conformers versus time.

The relative population of a given conformer is displayed in
Table 8 (starting from a gauchetgconformer). After 70 ps of
simulation, the g conformer proportion decreases from 1.00
to 0.22 while the g conformer appears to an extent of 0.78.
From 90 to 150 ps, the g conformers become the predominant
form until the appearance of the three conformers in equal
proportions after 500 ps according to the experiments. When
CHARMM is used, the percentage of the trans conformer
reaches only 10%. The energy difference between theog
g— and t conformers was calculated to be 0.2 kcal Thahis
value being of the same order as the experimental value obtained
from calorimetric data. This result shows clearly that such a
small difference in energy would lead to the appearance of equal
relative amounts of each conformer and to the predominance
of the gauche forms. Effectively, after 500 ps of dynamics, the

g+, g—, and t conformers are of equal probability. When the
original CHARMM parameter set is used, the proportions are

0.56, 0.1, and 0.34 for the4g t, and g- conformers,

symmetry. At room temperature, the infrared spectra cannot "espectively.
differentiate between the three conformé&rfrared and normal

Ill.g. Methyl Acetate. Esters form an another important class
of molecules for which molecular mechanics studies can be

contributions of the gauche and trans conformers. The ethane-performed to investigate the effect of their insertion into esters

thiol molecule was studied in different physical states (gas, groups of glycolipids.

TABLE 7: Experimental (exptl) and Calculated Vibrational Wavenumbers (cm~1), and Potential Energy Distribution for

Ethanethiol (CH3—CH,—SH) 2

exptP? SPASIBA SPASIBA/CHARMM

191 191 7c-5(0.99) 202 7c-5(0.97)

246 251 7c-c(0.99) 245 7c-c(0.98)

331 335 6(:(;&054),1/C75(027),1/cc(007) 319 éccs(O?S),chs(O11),1/(;7(;(004)
658 653 vc-5(0.82),0cc0.05),0¢s+0.03) 636 vc-5(0.66),0cs40.17),0cc0.07)
738 742 pCH2(0.45),1/(:7(;(0.19),,0(;}43(0.17) 796 PCH2(070)1PCH3(012)

871 872 605H(057),Vcc(025),1/c_s(o14) 766 605}-‘(080),’1/0—5(015)

971 980 VC*C(O-64)|5CSH(0-14),6CCH(0-05) 986 PCH3(0-37),V(}C(O-gg),PCHZ(O-O7)
1051 1052 pCHg(OZS),Vcc(O18),pCH2(012) 1026 PCH3(071)1PCH2(021)

1092 1057 pCH3(0.56),pCHz(O.ZS),chc(O.lO) 1040 pCH3(0.46),Vcc(0.36),(3cc§0.06)
1253 1255 twor(0.61),0cH3(0.12),vc-5(0.07) 1196 tveri2(0.94)

1274 1277 Wag2H2(0.6),6CH3(0.33) 1374 Wag42(0.82),1/cfc(0.09)

1379 1371 05cha(0.95),vc-c(0.03) 1413 05cr3(0.90),vc—c(0.09)

1431 1433 S@hnA0.82) 1447 S@nz(0.85)

1449 1454 dacux(0.91) 1422 dacux(0.82)

1457 1457 dachs(0.94) 1428 dacnz(0.95)

2571 2575 vs-1(1.0) 2575 vs-1(1.0)

2875 2879 vsCH2(0.84) 2851 vScr2(0.99)

2902 2909 »SCH3(0.87) 2882 vach(0.99)

2928 2916 vaCH2(0.98) 2902 vScr3(0.99)

2967 2970 va CH3(0.99) 2958 vacha(1.0)

2980 2971 va CH3(1.0) 2959 vacua(1.0)

m 1.45 1.45

rms 7.3 19.1

@y, stretchingd, in-plane bendingt, torsion; sci, scissor; wag, wagging; tw, twisting;rocking.x, calculated dipole moment (in Debye); rms,

root-mean-square deviation (in ch.
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TABLE 8: Ethanethiol Dihedral Percent of Gauche and
Trans Conformers vs Time (ps}

SPASIBA CHARMM
Percentage of conformers after (ps) percentage

time (ps) 50 60 70 80 90 100 150 200 250 500 after 500ps

Gauche- 100 100 22 29.5 23 81 100 70 31 33 56
Trans 0 0 0 0 O 115 37 34 10
Gauche- 78 705 77 19 0 185 32 33 34

aThe atomic charges were derived from DFT (B3LYP/6-31G**
guantum calculations. C(CH3)0.326, H(CH3) 0.1153, 0.1165, 0.1327,
C(CH2) —0.318, H(CH2) 0.1464, 0.1431, -50.081, H(SH) 0.072.

etries obtained in this work are quite comparable to those
reported by Chhiba et al., with a theoretical value of 1.45 D
for the dipole moment (1.68 D for the pure SPASIBA force

field). Examination of the various atomic charges used for
each specific force field can explain easily the differences
obtained for the two kinds of calculations; however, the rel-
ative rms shows a good transferability for the SPASIBA force
field.

lll.h. Propene. Alkenes have been investigated as models
with the perspective to apply their parameters to biological
compounds such as phospholipids. Chhiba and Verdbten

Chhiba et al® determined the associated SPASIBA force Obtained the SPASIBA parameters for a series of compounds
field parameters for several molecules taken as models (methylsuch as ethylene, propene, isobutene, butene, butadiene, iso-
formate and ethyl formate, methyl acetate) and compared prene, hexatriene, and octatetraene. These authors used several
the calculated dipole moments and moments of inertia to their deuterated species to assign correctly the normal modes for both
related experimental values. In the present work, we trans-the in-plane and out-of-plane motions. The propene molecule
ferred directly the SPASIBA force field parameters for bonds, was chosen here to test the implementation of the SPASIBA/
valence angles, and torsional angles. The CHARMM program CHARMM and to check the transferability of alkene parameters.

was modified to accept-fold terms for improper torsions, and
we used those values given by Chhiba et al= 2, 2-fold
rotational barrier). A topology file (OET) was created and
the associated SPASIBA force constants were included into the
specific parameter file. Methyl acetate has a hindered rota-
tion around the &C—0O bond, and experiments have shown
that the most stable form is obtained for the planar trans struc-
ture (with an energy difference of 8.5 kcal mblrelative

to the cis conformerj? In their work, Chhiba et al® used
atomic charges derived from DFT methods (Becke3LYP/
6-31G*); however, in the present work, we kept the values
given in the CHARMM22 library. Table 9 displays the
vibrational wavenumbers and potential energy distribution
deduced from the SPASIBA/CHARMM force field and, as a
matter of comparison, those derived from application of
the original CHARMM22 force field. The optimized geom-

Table 10 displays the calculated frequencies and the PED for
the original SPASIBA (AM1 charges) and for the SPASIBA/
CHARMM force fields using its specific atomic charges
(CHARMM22).

The experimental vibrational wavenumbers are derived from
Barnes and Howelf8 A value of 2.11 kcal mol* was obtained
for the methyl rotational barrier of propene. This value has to
be compared to the experimental data (1.98 kcai #obtained
from microwave experiments.

lIl.i. Methanol. Methanol is the simplest molecule in the
series of aliphatic alcohols. Its geometry has been determined
from electron diffraction studi€® and from microwave spec-
troscopy?® However, the experimental data used to derive the
force field parameters were obtained from the gas pfabke
vibrational frequencies and potential energy distribution for the

TABLE 9: Experimental (exptl) and Calculated Wavenumbers (cnt?) for Methyl Acetate and PED for Pure SPASIBA (1),

CHARMM/SPASIBA (2), and CHARMM (3) Force Fields 2

exptP? ()2 ) PED 3) PED
110 117 100 Tc-CH3 287

136 137 109 TC—CH3 96 Tc-0 + Yc=0

187 184 184 Tc-0 221 PcH3E

303 312 303 Odcoct doco 188 dcoc

429 432 418 Odccot doco 361 Occ-o+ dcc—o

607 604 610 Yoo 566 Yoo

639 625 628 ve—c + doco 495 ve—c+ doco+ dccot ve-o
844 849 846 Yc-o0 + Yc=0 + (3(;0(: 598 Yc-0 +vC—-C+ I'cHs
980 993 983 pcHzaC+ ve—o + ve=o 871 pcHzaC+ Ye=o

1036 1060 1058 PcHzaC+ Yc=o 1103 Ochse

1060 1096 1097 Ve—o + Ve—cH3 980 Vo-cH3e t+ 6(;(;04’ PCH3
1159 1158 1149 PcH3E 1114 pCH3ac+ pCH3e+ ve—o + Occo+ doco
1187 1169 1171 PcH3E + dcoc + ve—o + vc-o 1135 PcH3E

1248 1278 1262 pCHgaC+ Vc—o T+ Ve-cH3 1285 pCH3aC+ Vc—c

1375 1357 1348 OScrzac+ yc-o ?

1430 1454 1439 OScHze 1365 OcHaac

1430 1457 1452 dachzac 1366 OchzaC

1440 1459 1454 dacnzac 1415 dachze

1460 1478 1471 dachze 1417 OScHse

1460 1479 1476 dachze 1545 Oache

1771 1776 1770 Vc=0 1722 vC=0

2964 2940 2944 vsc_n(CHsac) 2787 vse_n(CHsac)

2966 2945 2964 vsc-n(CHge) 2793 vsc-n(CHse)

2994 3003 3004 vac_(CHsac) 2899 vac_(CHsac)

3005 3006 3006 vac—(CHsac) 2901 vac_(CHsac)

3031 3008 3021 vac-n(CHse) 2902 vac n(CHse)

3035 3027 3023 vac-u(CHe) 2905 vac-u(CHse)

rms 15.4 cm? 15.08 104.6

aac, acetate; e, ester; stretchingys andva, symmetric and antisymmetric stretchidgin-plane bending)s anddd, symmetric and antisymmetric
in-plane deformationsp, rocking deformationy, out-of-plane deformatior, torsion; rms, root-mean-square deviation (in"ém
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TABLE 10: Propene Experimental and Calculated lead to a calculated dipole moment of 1.92 D for trans ethanol.

Wavenumbers (cn1t) and Associated PED as Obtained from A dipole moment of 2.34 D is therefore calculated using the
SPASIBA (1) and SPASIBA/CHARMM (2) Force Fields: atomic charges given in the CHARMM library.

exptP*  (1y* 2 Table 12 displays the calculated vibrational wavenumbers and
174 189 185 C-C potential energy distribution using SPASIBA/CHARMM. The
428 427 421 06C—C=C+ 0.20C—H optimized geometry parameters are in good agreement with the
578 574 587 08C=C+1C-C experimental values, that is,«C = 1.54 A (1.529 A), G-O
D A wagCHe e =1.42 A (1.425 A), O-H = 0.950 A (0.945 A) for bonds and
935 931 940 0:75rCH2 ' C—C-0 = 109.4 (1080) and C-O—H = 107.5 (108)) for

991 997 984 0.5rCH3 0.17rCH2 the valence angles with the experimental values given in
1045 1044 1040 0.79wagCHR 6CH3 parentheses.

1172 1166 1190 0.45rCH2 0.3wC—-C

1298 1302 1306  O8C—H + 0 14C=C 4+ 0.14rCH2 For SPASIBA/CHARMM, the calculated energy difference

1378 1388 1366  0.8BCH3+ 0.0%C=C + 0.06.C—C between the trans and gauche forms appears he_rein to be_ slightly

1419 1426 1431 O.7TCH2 overestimated-0.69 kcal mot?) but the C-C torsional barrier

1443 1446 1448 0.8€CH3 value remains in quite good agreement (3.06 kcal)akith

1474 1454 1451  0.88CH3 the experiments. The calculated rms values are 15.4, 24.9, and

%ggg %gg? ;gig (1),11%:5 +0.06C-C 44.1 cm! as obtained from the SPASIBA, SPASIBA/
CHARMM, and original CHARMM force fields, respectively.

2953 2987 2997 0.8BCH2 . L. . .

2973 2991 3004 0.8RCH(CH3)+ 0.13CH(CH2) The most important deviations appearing in the calculated

2991 2995 3006 LiaCH(CH3) normal modes are related to the methylene and methyl deforma-

3017 3010 3033 0.8H (C—H) tions. The wavenumbers obtained for the SPASIBA force field

3091 3091 3089 0.98CH2 show explicitly that thé=, F', Kappa, andcy, terms are essential
«y, stretching;o, bending; r, rocking; a and s, antisymmetric and  to correctly locate the rocking, twisting, wagging, and scissoring

symmetric motionsy, torsion. motions of the methylene and the symmetric and antisymmetric
deformations of the methyl groups.

SPASIBA force field and SPASIBA/CHARMM are given into lll.k. o- and B-p-Glucose. The vibrational force field for
Table 11. a- andf-p-glucose in the crystal state was first investigated in
The rms for wavenumbers are quite comparable and in our group by Dauchez et &.The orientation of the anomeric

agreement with the value obtained by Tristram €t2ah the OH group is axial in then and equatorial in thgg anomers.

present work, the nonbonded parameters and atomic charge®oth anomers have @ symmetry group and crystallize in the
were taken from the CHARMM22 library. The dipole moment orthorombic systemR2;2;2; space group). Dauchez et al. used
and optimized geometries obtained from SPASIBA/ICHARMM Raman and infrared vibrational spectroscopies to determinate
are in quite good accordance with the experimental data, butthe SPASIBA parameters using deuterated analogues to check
the torsional barrier for the MeC bond is, however, calculated  for specific assignments particularly between 600 and 1000
with a lower value (0.85 kcal mot) than for the experimental ~ cm™. This force field was recently taken as a starting point for
one (1.07 kcal mol'). The calculated dipole moment (1.94 D) molecular mechanics studies for both and B-p-glucose
is of the same order of magnitude as the values obtained fromanomer3 and disaccharides with different glycosidic linkages.
ab initio methods. The 606-1000 cnT?! range can be divided into the fingerprint
IIl.j. Ethanol. For ethanol, Schaeférhas shown that the  and crystalline regions. Raman bands observed at 916, 842, and
trans form is more stable than the gauche form by about 0.46 773 cnt are specific of the-p-glucose anomer. The 842 cin
kcal molL. Tristram et al? calculated the SPASIBA parameters band involves methylene deformation modes and all the
for trans ethanol and found a difference of 0.3 kcal Mol  stretching vibrations arising from the hemiacetal group-C
between the two conformers and a-C rotational barrier of 0Os—C;—0;. The 773 cm! band contains in-plane COC and
2.95 kcal mot! (3.08 experimentally). They obtained a CCC deformations and endo and exocyclic-© stretching
calculated value of 2.5 D for the dipole moment. In the present modes. The corresponding modes are calculated with SPASIBA/
work, ab initio charges obtained from HF/6-31G* calculations CHARMM at 912, 843, and 747 cm, respectively, and their

TABLE 11: Methanol Experimental (exptl) and Calculated Vibrational Frequencies (in cm™1) and Potential Energy
Distribution as Obtained from CHARMM and SPASIBA Force Fields?

exptP? SPASIBA CHARMM SPASIBA/CHARMM
271 268 1.6CO 263 1.eCO 276 1.6CO
1033 1032 0.75rCH3- 0.25%COH 962 0.9rCH3+ 6COH 1029 0.6rCH3+ 0.360COH
1076 1077 0.94CO 1026 0.62CO+ 0.35rCH3 1077 0.94CO
1145 1132 0.9rCH3- 6 OCH3 987 0.99rCH3 1132 0.92rCH3
1334 1332 0.64COH+ 0.3rCH3 1321 0.84COH 1329 0.56COH+ 0.37rCH3
1451 1460 0.85sCH3 1377 0.95CH3 1461 0.98sCH3
1466 1466 0.94dCH3 1378 0.989CH3 1462 0.93aCH3
1473 1476 0.96dCH3 1502 0.66CH3+ 0.322CO 1475 0.96aCH3
2844 2845 0.97sCH3 2735 1.0sCH3 2845 0.97sCH3
2960 2965 0.96aCH3 2841 1.0aCH3 2965 1.6aCH3
3000 2992 0.98aCH3 2842 1.6aCH3 2992 1.6aCH3
3681 3691 1.00H 3682 1.00H 3684 1.00H
|Av| = 4.7 cnTt |Av| = 73.1 cntt | Av| =5.08 cntt
rms=5.8 cnT! rms= 76.1 cnt?! rms=>5.7 cnt?t

@y, stretching; s and a, symmetric and antisymmetric mode#-plane bending deformation, torsion; Av, standard deviation; rms, root-
mean-square deviation.
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TABLE 12: Ethanol Experimental (exptl) and Calculated Vibrational Wavenumbers (cm~1) and Potential Energy Distribution
Expressed as a Function of the SPASIBA (1), SPASIBA/CHARMM (2), and CHARMM (3) Force Field%

exptr? aye 2) PED 3) PED

230 241 1.6C-0O 244 1.eC-0

244 292 0.98C-C 295 0.95C-C
419 404 408 0.69C—0 + 0.0%C—-0 409 0.74CCO+ 0.1zC—-C + 0.0x%C-0O
800 772 789 0.3rCkH 0.29rCH + 0.24C—-C 760 0.46rCH+ 0.32rCH + 0.16C—-C
879 856 856 0.6C—0 + 0.12rCH+ 0.0%wC—-C 773 0.57C—C + 0.23rCH + 0.04CCO
1030 1020 1012 0.6&8—C + 0.10COH + 0.06rCH 878 0.62rCH+ 0.13yC—-C + 0.0wC—-0
1066 1088 1055 0.5C—-0+ 0.14rCH+ 0..wC—-C 934 0.55rCH+ 0.27rCH + 0.04#C—-C
1090 1113 1135 0.38rCH- 0.3rCH, + 0.2tC—-C 1013 0.39C—-0 + 0.35rCH
1241 1243 1239 0.68COH + 0.1twCH, + 0.1y C—O 1137 0.87twCH

1337 1351 0.65wagCH 1295 0.®CH; + 0.3twCH
1370 1369 1352 0.83CH; + 0.11wagCH 1325 0.83wagChi+ 0.1vC—0O
1390 1375 1357 0.44wagGH- 0.229COH 1395 0.36CHs + 0.32wagCH + 0.18C—-C
1445 1449 1461 0.99CH; 1404 0.84CHj3
1445 1449 1463 0.8&aCH; 1406 0.84CH;
1480 1490 1498 0.65sciGH- 0.16COH 1510 0.57sciCk+ 0.260C—-0

2791 2789 0.98sCH; 2792 1.0sCH;
2984 2884 2883 1i@aCH; 2899 0.99aCH;
2928 2914 2913 1@aCH; 2900 0.99aCH;

2943 2959 0.98sCH, 2774 0.97sCH,
2975 2971 2990 0.98CH 2840 1.0v CH,

3690 3683 1.00—H 3683 1.00—H
|Av| 13.1 20.2 37.4
ms 15.4 24.9 44.1

@y, stretching;0, bending in-planet, torsion; r, rocking; wag, wagging; sci, scissor; a and s, antisymmetric and symmetric mgNehand
rms, mean deviation and root-mean-square (im’gm
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Laminarabiose different sets, that is/{40°,—30°), (—40°,18C°) and neighboring
local minima at (170 —40°) and (180,0°). Some of these values
correspond quite well to thedy,Wy) values obtained by
Kitamura et af® from Monte Carlo studies on {33) f8-0
glucans in solution.

In the present work, more minima can be predicted when
using the SPASIBA force field. The predictdel, Wy minima
obtained here are also in accordance with the values obtained
¥ from HF/6-31G* ab initio studies by French et “dlThese

" 2 , X > authors determined the energy surface for several different
‘ i disaccharides (in the crystal state) by mixing ab initio quantum
mechanics (QM) and molecular mechanics (MM). However,
for laminarabiose (and nigerose) they could obtain only one
local minimum, although many others are predicted in this case.
This fact must be related to the higher potential flexibility given
by the SPASIBA force field.

90
60
30

Figure 2. ®4—¥, map for laminarabios€O-(5-p-glucopyranosyl)- V. Other Classes of Molecules

&;?%f&D}?é‘;ﬁosr{gwﬁss&s‘:’;“ifugtol}fe;eF\’,\Cﬁislgn:r;‘ges‘ta;‘frg% e'z'nt'h";a_ Other important classes of molecules have been investigated
calculated global minimum obtained from the SPASIBA/CHARMM In our group that h_ave_not_ been (_jl_scuss_e(_j here. A Series of
force field. aliphatic acids (acetic, pivalic, succinic, adipic, andlutamic)

was studied by Chhiba et #and the SPASIBA spectroscopic
potential was determined. The related hydrogen bond parameters
between dimers have been determined. A rms of 1B cnt?

was calculated for the whole class of aliphatic acids.

Model compounds related to lipids of biomembranes have
also been investigated by our group by taking into account
molecules such as alkyl phosphates, acetylcholine, choline, and
) ) ) ) ) ) dimethyl phosphate aniof,and their related SPASIBA pa-

lILI. A Disaccharide: Laminarabiose. Laminarabiose/- rameters, structures, and conformational energy differences have
D-glucopyranose,1-3j-p-glucopyranose) is a reducing disac-  also been determined. Vibrational wavenumbers and assign-
charide having generally no internal stabilizing hydrogen bonds. ments were checked using deuterated analogues. These param-
A phi—psi map was performed to establish the global and local eters have been used for dynamical simulations of biomem-
minima that could appear for this disaccharide using the pranes taking into account hydration shells around hydrophilic
SPASIBA torsional potentid for the glycosidic linkage. The  groups!é More recently, a SPASIBA force field for aldehydes
dielectric constant was set to 3.5 to mimic an apolar medium. (methanal, ethanal, propenal, ethanedial, propenal, and 2-me-
In the @y, ¥y map (Figure 2), several minima can be found for thylpropenal) has been determined by Zanoun &aald Durier

corresponding assignments are given in Table 13. FoiSthe
anomer, the bands observed at 917 and 740'@re calculated

at 950 and 763 cmi using different values for the -©@C and
C—0 stretching mode¥® Examination of the potential energy
distribution given in Table 13 shows correct assignments for
both conformers.
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TABLE 13: a- and #-Glucose Vibrational Frequencies (in cm!) as Obtained from the SPASIBA/ICHARMM?

Vexpt (CMT™Y) a-glucose Vexpt (CM™2) B-glucose PEDd-glucose)
86 74 73 To-c, Tc-C
112 99 108 To-C, C-C
135 121 158 123 To-c, Tc—C
180 161 169 175 Toac4(0.55),70 ¢
210 171 185 211 7o5-c5(0.1),0ccso
232 238 286 ‘L’ofc(o.36),(§cco
255 254 247 294 702-¢c2(0.45)+ dcco
271 294 273 308 Toz_c2(0.24),écco
289 304 288 317 5Ces0, 0c0sd0.15),7cs0(0.15)
309 321 321 331 80csd0.17), Pccsodocsd(0.22), 7eso
347 354 350 343 (30(;10, (3(;10H, Tc-o0
366 369 381 601C105 Ycion 6C101H TCl—Ol
396 390 398 (Scco, (30(:0(0.2),‘[0570
408 394 404 405 Tc6-0, TC2-0s (3(;(:0
425 410 427 417 Occo(0.27),vc-0(0.20)
440 452 457 452 Tc3-o
496 473 522 475 (3(;(;0, Yc-0, Tce-0
543 491 530 506 Tca-o
556 535 577 555 cho(0.25),éoco, (3(:(:0(0.13)
581 552 583 573 d0c10(0.14),5¢ccd0.25),vc-0(0.12)
614 601 607 597 doc16 Occo(0.43),ve_o,cs-0(0.11)
649 623 634 644 doco, O cc1o Occad(0.24)
774 747 677 654 Ve—o0, Ve-c(0.54),0c0d0.10)
840 843 740 763 8ccr(0.27),60c1(0.27),vc 0,0 c(0.33)
914 912 917 950 ver-caco-c(0.29),vc-0(0.13),6cos0 dcco Ocon(0.27)
993 982 980 983 vc-c(0.25),v¢-0(0.22),0con(0.11)
1003 989 1011 997 ve-0(0.31),vc-(0.32)
1024 1034 1032 1018 Vc1fo5(0.45),(3010H(0.29),V(}o(O.O?)
1050 1056 1052 1031 vea-cs(0.42),vc(0.20)
1069 1070 1068 1059 vee-0(0.69),vc-0(0.14)
1077 1096 1081 1085 ’ch-o(O.Z), ’Vc4—o(0.19),1/(;5—0(0.13),1/(:—0, ’Vc—c(024)
1104 1106 1102 1102 ‘Vc3fo(0.29) , Vc170(0.2), 6002!—(0-07)7V0707C7C(0-3)
1114 1124 1116 1117 ’ch—o(o21),1/(;5—06(011),(5510;“—(025)
1122 1140 1130 1131 ‘V(;zfoz(o.18),’VC170(0.17),V(;470(0.18),Vcc,(;o(0.23)
1134 1156 1153 1143 8cosr(0.2), 5coa{0.12),vc3 0(0.13),vc_o0(0.33)
1149 1163 1157 1173 dcon(0.59),vc_0(0.07)
1190 1189 8coa(0.31),6¢01(0.23),vc_(0.16)
1195 1195 8c0240.41),6c0H(0.12),vee cd0.16)
1203 1205 1206 1216 dcon(0.41),vc0(0.19),vc-c(0.18)
1222 1219 1226 1226 8c030.22),0coH(0.11),vc-0(0.12),vc-c(0.18)
1223 1241 1/(;570(027),1/(;1705(012),(5(;0H(012)
1233 1257 6CC4H(0-3) , (SccsH(O.OS) , 60C6H,C60}-(O-1), V01705(0.05)
1267 1258 8c301(0.15),8¢2010.1), Scaor.ccar(0.11),vc105(0.05)
1273 1281 1283 1280 dccar{(0.24), teerA0.20)
1282 1294 1291 t8b12(0.32),0ccH(0.19)
1296 1320 1312 1319 dcar(0.5), 0¢s+(0.12),00c1(0.15)
1331 1335 1333 WaﬁH2(0.43),'l/c€ro, Vc1fo5(0.14)
1339 1350 1360 1345 dccr(0.46),vc1-0(0.15)
1371 1393 1380 1380 OcchocH0.51)
1378 1414 1385 1412 Scam.car(0.38),vc-c(0.12)
1406 1430 1412 1419 dc1r(0.49)
1438 1428 S@tA0.65)
1428 1439 1438 6CCH,COC(O-44),'VC7C(O-12)
1443 1446 1451 1441 Ocsr(0.21), SCier(0.27)
1459 1463 1488 6CCH,COI—(0-41)1V07C(0-12)
2872 2878 2874 VSceH?2
2877 2900 2901 VaceH2
2918 2913 2918 ves-1(0.57)
2923 2935 2923 vc2-1(0.58)
2932 2933 Vca—H, Vco—H
2943 2942 Vo3 1(0.50),vcs +(0.35)
2956 2950 2960 ve1-H(1.0)
3397 3339 3398 v03-H(0.72)
3791 3401 3381 3401 vos-+(0.89)
3405 3404 v02-1(0.76)
3407 3410 v04-n(0.66)
3818 3409 3416 3414 v01-1(0.76)
rms(cnt?) 17.8 19

aThe experimental frequencies are given éeglucose; rms are given for wavenumbe¥sl500 cnt?.

et all® The geometrical parameters and force constants havedifferent chemical groups have been included in a particular
been derived from these studies. All parameters related to thesgparameter file.



Increasing Normal Modes Analysis Accuracy

V. Conclusion
The SPASIBA force field has been parametrized for a large

J. Phys. Chem. A, Vol. 108, No. 18, 2004029

(13) Dauchez, M.; Derreumau, P.; VergotenJGComput. Chen1992
14, 263.
(14) Chhiba, M.; Derreumaux, P.; Vergoten, &.Mol. Struct 1994

variety of chemical groups. The present work was devoted to 317 171.

the inclusion of these specific parameters into the CHARMM

program. It has been shown that the refinement of the force

(15) Chhiba, M.; Vergoten, Gl. Mol. Struct.1996 384, 55.
(16) Ledauphin, V.; Vergoten, @iopolymers200Q 57, 373.
(17) Zanoun, A.; Durier, V.; Belaidi, A.; Vergoten, Q. Mol. Struct.

field parameters using the spectroscopic data leads to a betten999 476, 261.

prediction of various physical properties leading particularly to

confidence when used in molecular dynamics simulations of 19

molecules with biological interest including various chemical
groups such as peptido-glycans or phospholipids.
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