Stabilization of the glycine zwitterionic form by complexation with N& and Ct
an ab initio study
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Ab initio [MP2(full)/6-31G**] calculations predict that the glycine zwitterionic form bridged with NaCl is more stable than the
isomeric complexes of the neutral forms.

The zwitterionic form of amino acids dominates in the aqueous WH
media of biological systenisGas phase experimental data H, NS o y H-cr
and numerousb initio calculation$-° show that the simplest H ; H \N N_ H" |
amino acid glycine exists only in the neutral forlp® ands3, (o} Ha, H Hiu + -
whereas the zwitterionic fordhis not observed; that is, it does o ‘Na Cl*-H g H’g\o -Na
not correspond to a minimum on the potential energy surface \H " -
Cl Nar--O
(PES).
11, Cg 12, ¢ 13 C;
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to the stationary points with= 1. Therefore, they are not con-

Hy, N\H A H N
Hfgzo Ho, N H “g VH Hy, N~H sidered here. The calculated molecular structures, geometries and
g H(>70/ H o\ Hrgfo energy parameters of complex@d 3 are given in Figure 1 and

o ° H =

\ Table 1.
H o The counterions Naand Ct stabilise glycine zwitterionic
1, Co 2, C; 3 C; 4 forms 7 and 10, respectivelyj.e., calculations predict the cor-

respondence to local minima on the PESs. However, coriplex
Both theoretical and experimental stuéipoint to the crucial is less stable than the neutral form of glyckhend6, and

role of medium effects on the existence and stability of the zwitanionic complexLO s less stable tha8) 9. Only the cooperative
terionic form of glycine. Recerdb initio calculations predict influence of the two counterions makes the zwitterionic form
that the glycine zwitterionic form can be stabilisee, corre- 13 preferred in energy (0.5 kcal mgl as compared to the most
sponds to the minimum on the PES, when it forms an H-bondestable complex of the neutral form of glycib& Accounting
cluster with at least two water molecuesAt the same time, it  for ZPE makes the zwitterionic form less stable than the neutral
is well knowrt that in biological systems amino acids form saltsform 11 by 0.5 kcal motl. The same tendency is observed for
and various complexes with alkali metals {NK*),%.10 copper relative enthalpy, whereas the behaviour of the relative free energy
(Cu)it.1i2or other iong;13 which stabilise the zwitterionic form. (AG) coincides with that of the relative free enerdye). The
Here, we report oab initio [MP2(full)/6-31G**]14 calculations  complexation energy of3 calculated without accounting for
of glycine complexe8—7 with the cation Ng a basis set superposition error (BSSE 32.9 kcal moft. We

will compare it with the value 32.4 kcal mélfor the com-

H H H H plexation energy of the neutral fori (in both cases, complexa-
\N N N tion energies are estimated as the differerigg ({3 or 11) —
Hy,, ~Na® H, N H N—H — [Ei(1) + E(NaCI)]}, whereE, is the total energy df3, 11,
H o H”’“ M “ 1 or NaCl, respectively). Note that ti@-structure of13 is
O/_ ) H /=0 skewed toward a helical form (see Figure 1). The geometric
\ O ‘4 oL i, parameters of glycine fornisand2 are markedly changed under
H Na Na complexation with NaCl: all valent bonds participating in inter-
5 C, 6, Cs 7, C actions with Na and Cl are elongated by ~0.03 A, as is the NaCl
complexes8—10 with the anion Ci
R\ H CI-. Cl_

H,,,,,_ \H H
H o '
O\ H Y, H H i,
/
CE R
' 0

cr o
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8, Cs 9, ¢ 10, ¢,

and complexe41-13 with undissociated sodium chloride. Our
results indicate that only complexation of a glycine molecule
simultanuously with the two counterionsNand Ct results in .

the stabilization of zwitterionic formi3 relative to isomeric ' pasr
complexedl1, 12 formed by neutral glycine.
According to the MP2(full)/6-31G** calculations, all struc-
tures5-13 correspond to minimal € 0, hereafte designates 12.¢ 13.¢

the number of hessian negative eigenvalues at a given stationafijure 1 Geometry parameters of glycine complexes with NEICL2 anc
point) on the PES. Various other possible structures of the coms3, as calculated by the MP2(full)/6-31G** method. Bond lengths
plexes have also been studied but have been found to correspandles are given in angstrém units and degrees, respectively.
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Table 1 Ab initio MP2(full)/6-31G** data for the structures 6132

Structure E/a.u. AE/kcal mott AE;pgkcal mott AHb/kcal molt AGY/kcal molt wqlem1
5, C, —445.40111 0 0 0 0 85
6, Cg —445.39513 3.75 2,94 3.04 4.84 80
7, Cs (ZW) —445.39686 2.67 2.80 2.80 2,51 102
8,C, —743.36694 0 0 0 0.48 43
9,C, —743.36631 0.39 1.34 1.16 0 34

10, C, (ZW) —743.36347 2.18 271 244 1.62 80

11, C —905.26099 0.50 0 0 2.84 41

12,C, —905.25422 4.75 4.73 4.70 6.82 40

13, C, (ZW) —905.26178 0 0.47 0.01 0 92

ag, . andAE are the total and relative energies (1 a.u. = 627.5095 kcahmdE, ¢ is the relative energy including a harmonic zero-point correcfibinis
the relative enthalpyAG is the relative free energy;, is the smallest vibration frequenéfhermochemistry data are givenTat 298.15 K and® = 1 atm.

distance increased on 0.1 A. It should be noted that the electrig J. H. Jensen and M. S. GorddnAm. Chem. Sqc1995,117, 8159.
dipole moment of the zwitterionic form of compl&8 (3.84 D) 6 F. R.Tortonda, J. L. Pascual-Ahuir and E. S. Tur@nem. Phys. Lett
is smaller than that df1 (6.83 D) andL2 (5.10 D) by a factor of 1996,260, 21.

about two. This fact testifies to a partial screening of the charge% B' _?hNakLat;?]“ﬁa’éd gém?ﬁgrgir%vhi”;asgﬁ’;' 'éet;%?g'zg“hsgalahub
on the NH and CQ groups in the complex. - guyen, A G WY i, P

h . . and A. T. Hagler)). Comput. Chem1997,18, 1609.
In conclusion, the calculations show that the counterions noy 1 Wyttenbacgh J’? Bush,?e” and ,\T T. BowelsAm. Chem. Sqcl998

only stabilise the zwitterionic form of glycine but also convertit 120 509s.

to the dominating form in the complex with NaCl. Obviously, 10 B. A. Cerda, S.Hoyau, G.Ohanessian and C.Wesdemibtigm.
the zwitterionic form of glycine in biological systems is stabi-  Chem. Sog 1998,120, 2437.

lised by interactions with both water molecules and counteriong.l S.Hoyau and G. OhanessidnAm. Chem. Sqc1997,119, 2016.

The cooperative medium effect can increase the zwitterionié2 J. Bertran, L. Rodriguez-Santiago and M. SodupeRhys. Chem. B
stability. 1999,103, 210.
13 S.Hoyau and G. Ohanessi&uy. J. Chem 1998 4, 1561.
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