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1. Intreduction

The atkali ion binding and transpori capacity of
gyelic peptides, depsipepiides and macrotetrolides has
become 2 fundzmental tool for the investigation of
the physicochemical basis of membrane functioning
[1-3]. The zationic affinities and selectivities of the
iopophores are penerz2lly considered as determined by
the architectura! (conformsational) properties of the
carriers and the differential interaction energies of the
metal cations with the liganding oxygens available on
the carrier and with water ]1-9].

A guanium inechanical invesiigation of the confor-
mational properties of ike cyclic aniibiotics is being
developed in our laboratory and resuits have been
presented recently for enniatin B [10]. We have under-
taken a parallel series of quantum mechanical studies
on the binding between the cations and the jonophores.
In this introdnctory stndy, we discuss the intrinsic
relative affinities and binding characteristies of Na*
and K* for the carbonyl oxygens of the peptide and
ester groups, and for water.

2. The methed

We have here adopted the *supermolecule™ approach,
computing the binding energy as the difference be-
tween the energy of the complex considered as a single
unit and the sum of the snergies of its :is;ﬂaieii“-compm- ‘
nents evaluated in the same approximation. . '

In order to avoid the uncertainties inherent to semi-

-empirical methods, we have utilized an b initio self-
consistent molecular orbital procedure, where all the
-electrons are considered in the field of all the nuclei =.of
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the sysiem, the molecular orbitals being developed as
Hinezr combinations of a basis se? of atomic orbitals
{11}, conveniently expressed in terms of gaussian
functions. The choice of the atomic basis fixes the
Bimits for the accuracy of the results but also for the
feasibility of computations on large systems. In order
to be able to treat model systems large enough to be
representative, we have limited onrselves, in this ex-
ploratory study, to the use of a relatively small basis
of gaussian orbitals, the more 50 as we were interested
rather in the general and relative characteristics of
the interactions than in the abschite numbers: For
this piirpose, an STO 3G basis [12, 13] appropriately
chosen {14] proved convenient. The computations
have been performed with the program Gaussian 70
115]. The STO 3G basis for Na* was reoptimized
starting from the molecnlar standard exponents of
reference [13] and the corresponding basis for K¥
was opiimized starting from the atomic 8T0 3G basis
[16]. Although it is known that minimal basis sets of
the type utilized yield too large values of the interac-
tion energies and too short distances of approach in
intermolecular complexes of the kind sindied [17, 18]
the relative ordering of the values znd the general re-
lative features of the 'bmdmg appear coirectly: :repm—

, duced {vide infra)..

Nc-memylacemrmde 'and me hy]acﬂate were chosen

- as model compounds for the peptide and ester group:s.
" They ‘were set in their most stable conformations fonnd

in a previous zzb initio study of their rotational barriers
191, namely a trans conformation of the extreme -
methyl groups, the CEy subsh‘tuem on carben eclips
ing the CO bond, the "Hy subvtltuem on ﬁ:e he:reo-
‘atom staggered with. Tispect toCO. 0 - L :
Jn ﬂus cnnﬁgnranon, 2 ]mear appwach 01‘ the cahon
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{Na* or K*jwas penoxmed alnng the CO;direction in

the amide ot ester plane; then in the most stable | post

tion 2 rotation of the ion around the carbonyl oxygen
was allowed in the amide or ester plane {rotation 8).

Furthermore, the rotation of the cation was studied

in the plane containing the CO bond and perpendicu- .

lar to the previous one, mainiaining fixed the dis-
tance of the ion to the carbon end of the carbonyl
group (rotation ¢). A similar out-of-plane rotation
maintaining fixed the distance to the oxygen was a'isn
stndied {mtahon @),

The interaction of both cations with one molecule
of water was computed in the seme fashion for com-

| parison.

3, Results

 Fig, 1aand 1b give the variation of the interaction
energy with distance for Na™ and K*, respectively,
approaching the modsl compounds and water. Fig. 2
gives the corresponding in-plane angolar variavion for
the two model compounds and fig. 3 shows the in-
fluence of the out-of-plane angular displacement ¢.
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Fig. 1. Binding energies for {a) Nat and {ﬂ X* interaction with: (—) the peptide group, {
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"Fig. 4 gives an example of the rotation ¢'. Tabile 1

summarizes ihe binding characterisiics.
Examination of this set of resulis permits to
formuiate the following observatinns:
i) At the minimal distance of approa.h of the ca-
tions the intrinsic affinities of bo carbonyl groups
are appreciably smaller for K* than for Ma*, as shown

- by the relative depths of the minina and the reiative

siopes of the potential curves, At the same time the
corresponding equilibrium distance in the complex is
larger for K* than for Na®. Both the binding energiss
and eqguilibrium distances follow the order of the
corresponding quantities for the hydration of Na*
and K*. As already stated the aumerical values of the
binding ensigies are too large and the eguilibrinm
distances too short as shown by the comparison of
compuied and experisnental values for hydration given
in table 1. The relative ordering of these quantities is,
however, correctly reproduced. Moreover, the ratios
of our equilibrium values of AF and d with the cor-
responding quantities obtained in a very rscent com-
putstion of near Hariree-Fock accuracy [211 are
seen to be the same for the two ions indicating a pre-
sumably correct ordering of the other results.
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Fig. 2. Variation of the binding energy with the angalar dis-

placement {8) of the cation in the plane of the amide or ester

growps at the eguilibrinm distance of fig. 1.

{——) Interaction of the amide with the cation as indicated.
~ {—) Interaction of the ester with the cation a5 indicated.

i) The rotation of the cation out of the plane of
the amide or ester bond has a stronger effect on the
binding energy than the in-plane rotation, the Na™
interaction showing a sharper decrease than the K*
interaction with increasing . It is seen, however, that

Fig. 3, Variation of the binding enezgy with the out-of-plane
displacement @ (a1 a fixed distance of the carbonyl.

) Interaction of the amide with the cation as intlicated.
{——=) interaction of the ester with the cation as indicated.

for both ions, appreciable binding 5till ocours even
for large out-of-plane displacements (at ¢ =45 about
one half of the binding ensrgy is conserved).

The other out-of-plane rotation at 2 constant gis-
tance from the oxygen {¢) induces a smaller loss in
binding energy, half of the binding energy being con-
served in the perpendicular position. The maximum
binding is, however, clearly in the plane, in contradic-

Table 1
Binding x:hara:ctensnc* at egoilibrium for Nat and KY m&exaen 7 with amide, ester and water.

Nat X#

—AE ) d B‘b '—AE ) d . . IBD
Amide 497 1.95 35 35.1 235 o35
Ester 388 = 1.99 35 . "25.% : 240 ' 33
‘Water [a3) 40,7{27) 1.95 ;a.;.) 0 27.2(18) - 240(2.65) - K

{b) 25.2 7 N 2,23 17.5 ' g 269 - :
RO I 0,62 113 0.62 - - LIZ

{2) Present compuianan.
" {b) Near-Hartree-Fock Hmit 121]

A6 Ratio (a)/{b).

-AE: binding energy (kcal}mole), o
- minimal distance of approac 1{A):

87 angle'of the oxygen—cation ‘direction with the CO bond,‘ o

: Expexmaental vnlues [20] in pav emhes»es
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Fig. 4. Variation of the binding energy with the out-of-plane
displacement ¢' at a fixed distance of the oxygen of the
carbonyl (example shown corresponds to Na* and the ester).

tion with a recent result [25] concluding to the exis-
tence of an out-of-plane minimum which is clearly
one of the artefacts of the CNDO method [26].

The comparison of the relative binding properties
of amide and ester carbonyl groups indicates that,
for both cations:

i) the intrinsic affinity of the amide carbonyl is

appreciably larger than that of the ester carbonyl, and

larger than the cormresponding affinity of water (fig. 1);

ii) the intrinsic affinity of the ester carbony] is
close to the corresponding affinity of water but
slightly smaller (fig. 1)

iit) the equilihrium distances of approach are prac-
tically the same for the ester and water, but shorter
for the amide. .

This. set of results appear to represent a basis for a
quantlauve differentiation of the relative energies of
stabilization co.responding to different modes of
lntenctlon of the Na* and K* cations with the catbo-
nyl groups of depsipeptides. Thus e.g. the finding that
the intrinsic. umnity of the amide carbonyl is appre-
clably greater for ‘both ions than that of the ester
carbony] suggests that this factor is responsible at
least to alarge extent for the decrease in complex
stability 1 upon the wplaeement of the N-mothyl pep-
tide group by an esier group in onniatin B {27} of for
the increase in complex stability upon the complete
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the knowledge of t.he depend ce of the mdmg,ener- ~
gy upon the cation-- CO. distance offers the pos:
of a more precise. evaluation of the: bmdmg energy of
the Na* catior " valinomycin i in-which, because of
the small size o the ion with respect to-the relatively
large size of the cavity, the Na*-cation is not situated
in the center of this cavity but shifts toward its peri-
meter, thereb; giving rise to differing interactions with
the various ester groups [28].
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