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Abstract. A conformational and electronic study on N-acetyl-L-glutamate-N-methylamide was carried out.
Theoretical computational analysis revealed 21 different conformations at the RB3LYP/6-31G(d) level of
theory. Ab initio calculations at two levels of theory (RHF/3-21G and RHF /6-31G(d)) were also performed.
All side-chain conformations were explored for this compound. N-acetyl-L-glutamate-N-methylamide dis-
played a different conformational behaviour in comparison with other amino acids possessing shorter side-
chains. These results can be attributed, at least in part, to the side-chain-backbone interactions, which are
stabilizing the low-energy conformations in this molecule.

PACS. 31.15.Ar Ab initio calculations — 31.15.Ew Density-functional theory

1 Introduction

A great deal of attention has been paid during the past
several decades to the question of backbone folding in
polypeptides. This is not surprising, as that is the main
road towards the understanding of protein folding.

The conformational consequences of genetic engineer-
ing are seldom predictable. The relative orientation of the
consecutive amide linkages (peptide bonds) determines
the global fold. The exponentially growing number of con-
formers found in various protein databanks, accessible
worldwide, has initiated new sub-fields and are emerging
scientific areas of their own accord. New generations of
structure prediction algorithms or alternative neural net-
work analysis signal this trend. Although important, rel-
ative to those topics, the application of quantum mechan-
ics for the analysis of peptides and protein fragments is
less popular. This theoretical approach, although now ac-
cepted, still suffers from some skepticism. One of the most
commonly asked questions is “Why calculate, if one can
measure?”. Due to the intrinsic flexibility of fragments of
peptides and proteins measuring a single conformer by
any spectroscopic method is often not straightforward.
Very often NMR results need to be analyzed with the
background knowledge of all topologically probable struc-

* Figures A1—A7 and Tables A—C are only available in elec-
tronic form at http://www.edpsciences.org
® e-mail: mzamora@unsl.edu.ar

tures, perhaps determined by computation. In contrast to
NMR, other branches of spectroscopy, with faster time-
scales, such as CD, UV and FTIR, reflect the sum of all
energetically accessible forms. To understand and to inter-
pret these spectra, they have to be deconvoluted and once
again geometrical information could be essential. To help
these analyses, calculated conformers are of great help.

A second inquiry could be stated: “Why perform ex-
pensive ab initio calculation instead of applying only a
commonly used force-field?”. Obviously, if we stick to the
state of the art approach, the size and not the type of
the molecule will predetermine the method to be used. A
large variety of force-fields have been introduced in the
past for the conformational analyses of peptides and pro-
teins. From time to time, comparisons are published [1-3]
to demonstrate their full capacity. Some of these force-field
(HYPERCHEM [4], MM+ [5], AMBER [6], CHARMM [7]
and OPLS [8,9]), along with the common semi-empirical
MO approaches (MNDO/3 [10], MNDO [11], AM1 [12]
and PM3 [13]) have been widely used to investigate
molecules too large for ab initio studies. However, at least
in the case of small peptides, these results are often much
different from each other and from ab initio data [1-3].

Their inconsistency can be traced to the variation of
the ordering of the relative energies for the same set of
conformers, with different structural values. Furthermore,
even the number of the allowed conformers varies from
one method to another.
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The third most frequent objection against a theoreti-
cally determined structure library is “Why try to calculate
all possible conformers, if they are not readily energeti-
cally accessible?”. First of all, when the identification of
the global minimum is the sole focus, often a large number
of conformers are determined as “byproducts” of the pro-
tocol. Even if these “high energy” zero-gradient structures
have low probability, they are not useless. They could be
used as guides to understand basic questions such as the
following. A protein can occupy its global minimum or one
of its local minima, energetically not much higher than the
global. Therefore, instead of discarding the so-called “high
energy” structures, it is wiser to collect as many of these
as possible.

The interaction between side-chain and backbone
in peptides is a fundamental question that has not
been answered satisfactorily as yet. Side-chain folding
is not only interesting but also important because side-
chain orientation can influence backbone folding wvia
side-chain—backbone (SC/BB) interaction. Of course, the
analysis of the phenomenon of side-chain folding requires
relatively long aliphatic side-chains and there are only a
handful of amino acids that fulfill the requirement. Gluta-
mate has a long enough side-chain and is therefore a good
candidate for the exploration of this conformational prob-
lem. Of the 20 naturally occurring amino acids there are
only two amino acids, aspartic acid (Asp) and glutamic
acid (Glu), which have carboxylic acid moieties in their
side chains. Under biological conditions, they can deproto-
nate easily, forming a negatively charged side-chain. Such
side-chains can be involved in salt-bridge [14] formation
as illustrated by Structure 1.

\N—H ------ Q
/ N
—Cc® @c—
\ /
/N—H ------ o]
H Structure 1.

Carboxylate ions may also form salts with metal
cations. Calmoludin and other Ca?t carrying proteins
have a rather high proportion of glutamate, to bind Ca?*
ion, in addition to aspartate residues [15].

Both aspartate [16] and glutamate [17] residues have
been studied previously, in an exploratory fashion. How-
ever, the present paper is the first in which the full con-
formational space of glutamate is explored.
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Figure 1. Numbering of the atoms and torsional angles for bu-
tyrate ion (I) and N-acetyl-L-glutamate-N-methylamide (II).
The torsional angles are defined in terms of the atoms involved.

Due to the rather large dipole moment of an amide
plane, it is obvious that a charged side-chain may have
a backbone conformation influencing capacity. Clearly, a
deeper understanding of these topics could be enhanced by
explicit knowledge of the quantum mechanical conforma-
tional properties of N-acetyl-L-glutamate-N-methylamide
(Fig. 1). We report here an exhaustive conformational and
electronic study of N-acetyl-L-glutamate-N-methylamide
using different levels of theory. A comparative study
amongst theoretical calculations and experimental (NMR
and X-ray) results was also carried out.

2 Methods
IUPAC-IUB [18] rules recommended the wuse of
0° — +180° in clockwise direction (clockwise rota-

tion) and 0° — —180° for counter-clockwise direction
(Scheme 1), for rotational potential. For side-chain rota-
tion, this implied the following range: —180° < x; < 180°,
—180° < x2 < 180° and —180° < x3 < 180°. On the
Ramachandran map (Scheme 2), the central box de-
noted by a broken line (—180° < ¢ < 180° and
—180° < 1 < 180°) represents the cut suggested by
the TUPAC convention. The four quadrants denoted
by solid lines are the conventional or traditional cuts.
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Most peptide residues exhibit nine unique conformations,
labeled as ap (aLgrT), €D, 70 (CF¥), oL (B2), AL (Cs), dp
(o), 1 (C3%), er, and o, (oricHT).

However, for graphical presentation of the side-chain
conformational potential energy surface (PES), we use the
traditional cut (0° < x1 < 360° and 0° < y2 < 360°), sim-
ilar to that suggested previously by Ramachandran and
Sasisekharan [19].

2.1 Computations of molecular conformers

Molecular Geometry optimizations were performed at
three levels of theory: RHF/3-21G, RHF/6-31G(d) and
RB3LYP/6-31G(d), using the Gaussian 98 [20] program.
Exploratory computations were first performed on the
butyrate ion (I), at the RHF/3-21G level of theory,
prior to the subsequent study carried out on N-acetyl-
L-glutamate-N-methylamide (IT). The numbering of the
atoms together with the torsional angles, which were var-
ied in both cases, is shown in Figure 1.

Features of the potential energy hypersurface (PEHS)
(Eq. (1)) associated with the butyrate ion are shown
as two potential energy surface (PES) cross-sections
(Egs. (2a, 2b)) in Figure 2

(1)
(2a)
(2b)

E=F (XlaXQaXS)a
E= E(X17X2)7
E= E(X27X3)'

These surfaces already revealed a 3 x 3 x 2 topological
periodicity along x1, x2 and xs3 respectively, leading to
18 minima on the PEHS (Eq. (1)) where x5 assumed 0°
and 180° orientations. These minima were optimized, re-
vealing that each of 12 degenerate minima turned out to
be the global energy minimum while each of the remaining
6 degenerate minima were observed to be the higher en-
ergy minimum. A table showing the optimized torsional
angles, total energy values and relative energies for the
conformational minima of butyrate ion (I) is available on
the Web (Tab. A).
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Figure 2. Conformational PES (landscape and contour map)
for butyrate ion (I). Top: E = FE(xi1,x2). Bottom: E =
E(x2,x3)-

It was surprising to see that xs did not have a mini-
mum energy point at 90°, as it is often the case when a
planar moiety is rotated about a tetrahedral moiety [21].
However, such minima might be expected to occur in the
case of the glutamate residue since it is a more complex
structure than butyrate. It seemed reasonable therefore to
ignore x3 as a systematic variable. In view of that, one ex-
pects to see 9 backbone and 9 side-chain orientations, all
together 81 conformers, each of which will have at least
one optimum x3 value.

2.2 Stabilization energies

The stabilization energies were calculated with respect to
the 71, (C7) as well as to the fr, (C5) backbone conforma-
tion of N- and C-protected glycine [22,23] using the fol-
lowing isodesmic (same number of the same type of bonds)
reaction, where the terminating groups P and Q are CHj
and side-chain R = CHy—CHy-COO(-):

PCONH-CH2-CONHQ + CH3-R — PCONH-CHR-CONHQ
+ CH3-H

reference conformation ~y, or Gy, conformation X

The stabilization energy may be calculated as follows:

AFgabilization = { E[PCONH-CHR-CONHQ]x
+E[CH;-H]}

— {E[PCONH-CHy-CONHQJ, or 4,
E[CH;-R]}
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Table 1. Total energy values of the component molecules for isodesmic reaction computed at three levels of theory.

Energy (Hartree)
Molecular System HF/3-21G HF/6-31G(d) B3LYP/6-31G(d)
P-CONH CH; CONH-Q y, P=Q=Me P=Q=Me P=Q=Me
-451.294243 -453.823750 -456.537516
pr P=Q=Me P=Q=Me P=Q=Me
-451.293188 -453.824111 -456.536165
CHs:-R R=CH,-CH,~COO"  R=CH,CH,CO0"” R =CH,-CH,C00"
-303.581790 -305.298474 -307.131563
R=H R=H R=H
-39.976877 -40.195167 -40.518389

The components’
Table 1.

energy values are summarized in

2.3 Topological analysis of electron density

The topology of the electron density has been analyzed
using the AIM (atoms in molecules) method [24]. In this
analysis, the gradient [Vp(r)] and the Laplacian [V2p(r)]
play important roles. A critical point of the electron den-
sity along the line of two interacting atoms in a molecule
is called the bond critical point (BCP), where Vp(r) = 0.

The bond path is made up of a pair of gradient paths,
originating at a BCP and terminating at the neighbour-
ing nuclei. The necessary condition for two atoms to be
bonded to each other is that their nuclei must be linked
by a bond path. The bond path is regarded to be “a uni-
versal indicator of bonded interaction” [25]. The method
is widely used for the proof of existence of hydrogen
bonds [26].

3 Results and discussion
3.1 Conformational study

The DFT results of the geometry optimizations of the ti-
tle compound at the RB3LYP/6-31G(d) level of theory, in-
cluding geometrical parameters, total energies, relative en-
ergies and stabilization energies are given in Table 2. The
total energies are given in Hartree, the relative energies
and stabilization energies are given in kcalmol™! (using
the conversion factor: 1 Hartree = 627.5095 kcal mol1).
The same data obtained from ab initio calculations at
the RHF/3-21G and RHF/6-31G(d) levels of theory are
available on the Web (Tabs. B and C). While 21 re-
laxed structures were obtained from DFT calculations, 27
and 32 were obtained from ab initio RHF/6-31G(d) and
RHF/3-21G levels of theory, respectively.

Side-chain PESs associated with each of the seven
backbone conformations (no ¢y, or dp backbone conform-
ers were located) are shown in Figure 3 in which x3 was
relaxed. The variation of y3 in the case of the ap backbone
as a function of x; and x2 is shown in Figure 4.

The reliability of the RHF/3-21G level of computa-
tions can be investigated here since we have results from
the RHF/6-31G(d) and RB3LYP/6-31G(d) levels. It is
prudent, at this time, to make a comparison.

The relative energies (AE.q) of the title compound,
computed at three levels of theory, are compared in Fig-
ure 5. Since the global minimum, on the relative energy
scale, is always zero by definition, in order for the fitted
line to pass over the origin, a y = mx equation was fit-
ted to the data points. While the slopes of the fitted lines
are never unity, it is clear that the RHF/3-21G results
reproduce the trend quite well.

In addition to relative stabilities, accuracy of the key
torsional angles (in the present case, ¢, ¥, x1, X2, wo and
w1) is of great importance. The correlation of the above
torsional angles computed at three levels of theory for the
title compound is shown in Figure 6. The least-square fit
was of the type y = max + b. Neither m is unity nor b is
zero for the RHF/3-21G and RHF/6-31G(d) calculations.
However, the fitted lines suggest a surprisingly good cor-
relation.

Some minima were annihilated as the level of theory
was increased. This is illustrated in Figure 7.

3.2 Stabilization energies

The stabilization exerted by the side-chain on the back-
bone is traditionally calculated [22,23] with respect to
the global minimum i.e. the 7y, conformation. However,
it has been noted recently [27] that during cis-trans iso-
merization, the ~1, conformation may disappear at least
for some of the amino acids. In other words, the 7y, con-
former does not exist as a minimum energy conformation
on some of the cis-Ramachandran maps. For this reason,
as an alternative backbone conformation, g, has been se-
lected for the calculation of stabilization energy (AFEstabil)-
The method of calculation, as outlined in the “Computa-
tional Methods” section, is the same, but instead of the
~1, conformation of glycine, the g1, conformation is chosen
as the reference conformation. Such a new standard may
be important in the future, when some ab initio peptide
database will include both cis and trans peptides. Never-
theless, today, the AFgtabi (71.) values are more practical
if we wish to make comparisons to previously reported val-
ues. Figure 8 compares AEgapi (71,) values for the title
compound.

Such a “spectrum” of side-chain stabilization is pre-
sented in Figure 9.
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3.3 Intramolecular interactions

The two types of intramolecular hydrogen bonding
(BB/BB; SC/BB) may occur in the various conformers
of compound II, are depicted in Figure 10. The character-
istic distances and angles as well as the classification of
interactions are summarized in Table 3. Note that always
the longer C-O of the carboxylate moiety is involved in the
hydrogen bonding, acting as a proton acceptor (Tab. 4)

An AIM analysis revealed, in agreement with the data
presented in Table 5, that extensive side-chain/backbone
intermolecular hydrogen bonding type interaction exists
in all backbone conformers.

Two representative structures showing hydrogen
bonds as well as Molecular Electrostatic Potentials
(MEPs), calculated with the PC SPARTAN PRO [28] soft-
ware, are shown in Figure 11.

Computations have been carried out for the rest of
the conformations, these figures are available on the Web
(FlgS A1*A7)

In summary, different observations can be made with
respect to the conformational and electronic intricacies of
compound II:

(i) DFT calculations predict the existence of 21 confor-
mations for compound II, being the v1,(g~ g ™) confor-
mation the global minimum. This conformation pos-
sesses three internal hydrogen bonds, stabilizing its
spatial ordering (Tab. 5);

(ii) the second global minimum is the ar(gTg") con-
formation. This is particularly noteworthy because
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Figure 8. A graphical presentation of the AFgapn (1) val-
ues for all existing backbone and side-chain conformations
of N-acetyl-L-glutamate-N-methylamide (II) at RB3LYP/6-
31G(d) level of theory.

the ag, conformations are usually annihilated in other
amino acids. This conformation display a particu-
lar spatial ordering, possessing a bifurcated hydrogen
bond between N22-H?%-0'0 and N!-H? 01! respec-
tively (Fig. 11);

the ar, and 1, conformations, which are usually an-
nihilated, are now energy minima on the Ramachan-
dran PES;

some other conformations (dy, and dp), which are usu-
ally energy minima on the Ramachandran PES, now
do not represent stable structures;

Some backbone conformations do not tolerate the
a, a side-chain orientations which is evident from the
shifts observed.

Considering the conformational intricacies of com-
pound II we can consider its conformational behavior as
“non typical” if we compare the present results with those
of other amino acids previously reported [29-32].

. mol -1)

stabil (kcal

AE

Table 3. Summary of intramolecular interactions in N-acetyl-
L-glutamate-N-methylamide (II) optimized at RB3LYP/6-

'

N

o
1

Gly

0.8440

e (g a)

&p (@ g)

ap (gg")

0 (gg)

BLlag’)

o (g'g)

n(gg)

Glu®

31G(d) level of theory.

Figure 9. A
graphical comp-
arison for AFEgabi
(vL) and AFgabi
(Br)  values  for
the minimum each
backbone conforma-

tions

of N-acetyl-

L-glutamate-N-

methylamide (II).

Interaction Disnce Angle 1
Conformations Type OH N-H~0 (keal . mol™)
(A) (Degrees) )

an (g, 8) 2A 1.7925 149.75 9.13

ap (g, g) 2A 1.6622 151.84 9.49

en (g g 3B 1.6250 173.07 14.93

e (a,g) 3A 1.6556 167.27 9.20

&n (g, &) 3A 1.6895 167.09 10.25

Yo (a, 3) 1A 1.9170 14821 23.36

Yo (g, g) 2B 1.8184 14571 622
1A 1.7566 159.04,

(g, g) 2A 1.6401 154.15 6.46
1A 17510 160.14

Bule'g) 3A 16117 165.69 4.89
1B 2.0590 112.12

BL(a g 3A 1.5866 169.13 223
1B 2.0486 112.57

B (a, a) 1B 2.1920 105.63 19.43

Br(g.g) 3A 1.5916 172.55 4,04
1B 2.0137 113.90

1. (g 8) 2A 1.5193 171.46 1.36
1A 1.8388 155.90

Yo (a, a) 1A 2.0292 144.88 20.21

Y (g, 8" 2A 1.5649 166.41 0.00
1A 1.6771 154.77

a (g g) 2B 1.7770 148.97 0.59
3B 1.7820 161.47

a (g g) 2B 1.5677 169.03 2.80

o (g.8) 2A 1.5885 167.12 244
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Figure 10. Classification of various types of backbone-
backbone and side-chain-backbone interactions.

Table 4. Summary of C-O distances in carboxylate moi-
ety in N-acetyl-L-glutamate-N-methylamide (II) optimized at
RB3LYP/6-31G(d) level of theory.

C - O distance (A)

Conformations ~ Interaction )
Type involved in

H-bond not-involved

ap (g, g) 2A 1.275 1.252
op (g, &) 2A 1.284 1.243
e (g, g) 3B 1.283 1.242
e g) 3A 1.284 1.242
p (2. 8) 3A 1.276 1.244
(g, g 2B 1.283 1.242
o (g, ) 2A 1.284 1.241
Bu(g’ g 3A 1.282 1.241
Be(a g) 3A 1.284 1.240
Bu(g. 8) 3A 1279 1.243
(g’ g) 2A 1.284 1.242
(g, g 2A 1.282 1.241
a (g g) 2B 1.293 1.238

3B 1.293 1.238
o (g’ g) 2B 1.280 1.243
o (g, g) 2A 1.281 1.241

Figure 11. Two representative geometries showing hydrogen
bonds calculated at RB3LYP/6-31G(d) and MEPs calculated
at RHF/6-31G(d) levels of theory.

4 Correlation between natural occurrence
of conformers and computed stability

To better understand the above theoretical results, we per-
form a comparison of structural parameters (torsional an-
gles ¢ and ) from experimental data bases (X-ray and
NMR) with our ab initio and DFT results. To keep the
modeling as simple as possible it will be assumed that the
probability of each conformer in proteins depends only on
its relative energy. Obviously in this model several well-
known phenomena are neglected, such as inter-residue in-
teractions, long-range effects, hydration etc. However we
believe that it is possible to correlate, in a simply way,
the relative energy of a conformer and its relative proba-
bility in an ensemble of proteins. Thus the comparison of
relative energies and the relative probabilities by using a
non-homologous data base is a potential technique for the
cross-validation of the two approaches.

Using a recent (February 2002) X-ray and NMR deter-
mined protein data set of non-homologous proteins [33],
a population distribution map was generated. The back-
bone conformers of all 31159 Glu residues, found in a to-
tal of 974 non homologous proteins (99.2% TRANS and
0.8% CIS conformers), were plotted, showing ¢ against 1
values (Fig. 12a). To perform a comparison between cal-
culated and observed backbone conformers, additional
plots were made with the RHF/3-21G, RHF/6-31G(d)
and RB3LYP/6-31G(d) results (Figs. 12b, 12¢ and 12d
respectively).

Comparison of these data sets shows an overall promis-
ing similarity emerging. The experimental (X-ray and
NMR) data indicate highly populated zones; the first one
corresponds to the «j, (right-hand a-helix) and dp re-
gions with 56.5% of the total population and the sec-
ond is the 01, (extended [-strand), 71, (inverse ~-turn),
01, and e, regions with 40.6% of population. It is inter-
esting to note that both ab initio and DFT calculations
predict the vy, (97 ¢g") and ar, (g7g™) as the energetically
preferred conformers. These minima are distinguished in
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Table 5. Topological properties at hydrogen bond critical points of CHsCONH-Glu?’~CONHCH3 minimum energy confor-
mations. (RHF/6-311++4G"*//3-21G). Covalent bonds are denoted as X-H and hydrogen bonds specified as H---Y.

Tnvalved distance angle

Cemnfrifr atoms A O M ha ha g v H-Y(A) X H-Y ()
o (g, g)  N-H-07 0.0368  0.1392 00913 -0.0524 -D.0480 02396  0.0344  -0.0340 1.798 1432
N2H¥ N 00188 00845 13289 00185  -0.0079  0.1109  0.0179  -0.0147 2257 1073
70" 00145 00509 00938 00153 00140 00801 00112 -0.0096 2251 1447
ap (2. 8) N " 00518 01693 00273 00892 00868 (L3453 0.0484  -0.0545 1.657 145.8
e (e’ gh NZ-HT 0T 00555 00621 00505 0.1037  -0.0987 03645  0.0500 -0.0594 1.617 174.0
CEH-0" 00138 0.0497 00190 =00139 00137 00773 00109 -0.0094 2300 136.7
CHE-0" 00195 00896 60762 0.0171 00024 01091 00194  -0.0163 2.249 1074
g fa g CHE- ol 00180 00672 0231 00179 00159 0010 00150 -0.0131 2233 1191
NA-H0!! 00521 01638 0.0394 -0.0934  -0.0899 03472 0.0480  -0.0550 1.646 16222
CH™0Y 00150 00567 00234 00149 00132 00848 00124 00107 2316 116.8
CoHEN2 O 00108 00396 03302 -0.0078 00058 00532 0.0084 00069 2615 1073
(g, g) NV 00375 01475 00677 00590 00506 02521  0.0363  -0.0357 1.789 136.2
C-H"0" 00109 00423 03176 00080 00060 00563 00092  -0.007% 2.479 1183
CHZ N2 00236 00563 06382 00114 00069 00746 0.0117  -0.0093 2.532 102.5
n (g, ) C-H" 0" 00222 00952 04479 00234 D016l 01347 00207 00176 2.141 1102
CHP-0" 00099 00371 09610 00081 00042 0.0494 00081 -0.0070 2,565 112.6
i (g, ) NEE-0'"" 00411 00511 00294 00635 -00617 02764 00389 -0.0399 1.755 139.8
C-H~0" 00145 00584 18671 00108  -00038 00731 00131 00116 2442 101.6
(e g") C-H" 0" 00131 00461 00632 -00131 -00123 00715 00102 -0.0089 2329 140.0
NZ_H2-0" 00245 0.1042 00810 00329 00304 01675 0.0231  -0.0202 1.956 145.1
ct-p*- 0! 00115 00414 02539 00113 00090 00618  0.0091  -0.0078 2.399 124.8
¥n (a,a) CLHP0" 00213 00918 05544 -0.0221 00142 00281 00199 -0.0169 2.169 108.7
C-H"+0" 00103 00371 02622 -0.0085 -00067 00524 0.0082 -0.0072 2.537 115.1
N2-H® 0" 00273 01144 00678 00038 -0.0354  0.1877 00259  -0.0233 1.908 1463
ol g) N-H™ 0" 00338  0.1369 01237 -0.0461 00410 02197 00317 -0.0302 1.842 136.7
c’-g* 0! 00158 00566 00972 00170 -0.0155 00891 00123 -0.0106 2111 1437
NZ_HP 0" 00396 00517 00550  -0.0645  -0.0611 02774  0.0384  -0.0389 1.749 155.8
o (g, 2) N¥-H” 0" 00298 01239 00606 -0.0430 00405 02074 00286 -0.0263 1.867 145.8
CHY0" 00099 00361 03569 L0080 -0.0059 00500 0.0080  -0,0069 2.563 1143
(g, 5) 00140 00470 0.0482 00138 -0.0132 00739 00103 -0.0089 2273 153.4
00168 00664 03378 00150 00112 00927  0.0149 00131 2.139 1193
0.0354 01397 00587  <0.0552  -0.0522 02470 00340  -0.0332 1,795 1552
00203 0.0825 03485 00193 00143 01161 00179 0.0153 3.078 108.8
Pute,g) 00572 01651 00497 <0.1074 -0.1023 03747 00515 -0.061% 1.605 166.1
00197 00863 13085 00177 -00077 01119 00188  -0.0160 2242 107.8
00120 00430 01856 00110  -D.0093 00633  0.0095  -0.0083 2422 1217
00245 01208 06309 00262 00160 01630 0.0258 00213 2,045 111.5
Puig, ) 00276 01072 03460 00358 00266 01696  0.0245  -0.0221 1.933 144.8
00110 00368  0.1108 00106 -D0096 00570 0.0082  -0.0071 2.844 1073
Pu(a, g 0.0085  0.0319 05558 00066 -0.0043 00428  0.0070  -0.0060 2.607 117.0
00251 01211 04951  -0.0284 00190 01686 00260  -0.0218 2.027 112.8
00154 00569 02077 -0.0145 -0.0120 00833 00127 00112 2340 111.8
00594 01734  0.0331 0.01128 -0.0092 03954  0.0545  -0.0657 1.591 162.8
00103 0.0378  0.1938 00068  -0.0057  0.0501  0.0080 00066 2.646 105.6
Pi(a, ) 00100 00366 04072 00068 -00048  (.0482 00077  -0.0062 2711 1054
Bule, &) C-H" 0" 00090 00306 006510 00081 -D.0077 00464 00068 -0.0059 2531 1319
N—r-0* 0.0251  0.0205 04564 00286 00196 01687 00259 -0.0217 2.027 112.7
NEHE-0'" 00528 0822 00242 00950 -0.0928 03700 00522 -0.0588 1608 163.6
[ 00147  0.0564 05116 00132 -0.0087 00784 00127 00122 2401 1053
wig, g NZ-HT-07 00335 01322 0.322 00500 -0.0473 02296  0.2296  -0.0306 1819 1539
CH"-0! 00105 00407 00407 00077 00054 00538  0.0538  -0.0075 2.524 111.9
N'—H* Q" 00772 0.1834 00521 01688 01604 05125  0.0693  -0.0928 1.492 170.6
iz g Q" 00223 00883  0.1609 00261 -0.0224 01368 00195  -0.0169 2.090 1254
NZ_HY-0" 00229 00948 00762 00294 00273 01515 00210  -0.0182 1.992 1430
¥ (a2, 3) C-H-0" 00198 0.0887 00887  -0.0190  -D.0088 01165  0.0192  -0.0163 2233 102.8
NE_HP0'" 00217 0.0895 00895 00271 -0.0253 L1419 0.0197 00171 2018 142.7
wig,g) NLg*- 0! 00682  0.1827  0.1827 0.1382  -0.1325 04535 00624  -0.0790 1.541 164.1
NP0 00310 01238 01238 -0.0451  -0.0425 02114 0.0292  -0.0274 1.852 152.7
nig, g) NZH2-0" 00253 01049 00656 -0.0340 -00319 01708  0.0235  -0.0208 1.942 1463
¢t H" O 00208 00812  0.0361 00229 00202 01243 00178 -0.0154 2.126 124.5
g (g a) NHT 07 00496 01550 00539 00881 00836 03266 00449 00511 1661 1693
CH' 0" 00200 00876 12648 00183 -D.008T 01141 00191 -0.0162 2229 108.6
g(g, ) N—H-- " 00597 00740 00538 00115 -D.0190 03989 0.0549  -0.0663 1.588 1639
¢ ol 00107  0.0387 07653 -0.0096  -0.0054 00537 00084 -0.0070 2463 1314
& (a, 8) ¢H"0'" 00194 00874 13800 -0.0185 -00078 0.1137  0.0189  -0.0160 2245 1027
gig.egh N1 0" 00553 01718 00438 01021 00978 03717 00516 -0.0602 1.617 1609
£ (g, a) CH" 0" 00221 00953 04861 00233 00157 01344 00207 00176 2.1435 109.6
a(g.g) N-H--0" 00393 01472 00375 00616 00594 02683  0.0377 -0.0386 1.742 1632
N-H™0" 00473 0.1645 00501 00795 -00756 03196  0.0450  -0.0489 1.694 149.5
a (g g) NEH®N' 00202 00873 00873 02030 -00120 01197 00188 -0.0157 2217 1088
N 0™ 00675  0.1827 04827 01383 -0.1308 04518 0.0620  -0.0782 1.541 167.1
@ (a.4) CH® 0" 00197  0.0900 18046  -0.0184  -D.0065  0.1140  0.0195 00166 2250 100.6
a(g.g") N0 00647 01816 04816 -0.1275 -0.1225 04317  0.0597  -0.0740 1.560 164.1

NZHP-N' 00208 0 00001 00901 00214 00132 01247 0.0194  -0.0163 2.197 1092
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Figure 12. Backbone conformers of all 31159 Glu residues
taken from 974 non homologous proteins [33]. Using their back-
bone dihedral parameters, all of the above Glu residues were
plotted on a [¢, ¥] map (a). Locations of calculated compound
IT backbone conformers on a [¢, ] map obtained from: ab ini-
tio RHF/3-21G (b), RHF/6-31G(d) (c) and DFT (RB3LYP/6-
31G(d)) (d) calculations. The two low-energy values obtained
for the three levels of theory are shown with stars.

Figures 12b, 12c and 12d with stars. The ap zone, which
corresponds to the left-hand a-helix region, displays a
moderate population (1.9%), whereas the yp and ep have
a very low density with 0.5% and 0.4% respectively. The-
oretical calculations predict these conformations as en-
ergetically disfavoured forms. From the results shown in
Figure 12 it is clear that theoretical calculations are in
complete agreement with experimental data. Such a cor-
relation permits us to assume that if the amide model is
relevant to the description of main chain folding of pro-
teins, then the most stable conformers should have the
lowest energy.

5 Conclusions

Multidimensional = conformational analysis predicts
81 structures in the case of N-acetyl-L-glutamate-
N-methylamide. Among these, 21 relaxed structures were
determined at the DFT (RB3LYP/6-31G(d)) level of
theory. The three levels of theory reported here (RHF/3-
21G, RHF/6-31G(d) and RB3LYP/6-31G(d)) displayed
closely related results indicating that RHF/3-21G calcu-
lations are sufficient to use in exploratory conformational
analysis. The theoretical results are in good agreement
with the experimental (X-ray and NMR) results.
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Comparing the results obtained for N-acetyl-L-
glutamate-N-methylamide with other previously reported
amino acids, “atypical conformational behaviour” was ob-
tained for this compound. Thus, the a1, and 1, conforma-
tions which are usually annihilated are now stable energy
minima on the Ramachandran PES, while d;, and ép con-
formations which are usually energy minima for the rest
of the amino acids, do not represent stable conformers for
this system. This atypical behaviour might be attributed,
at least in part, to the side-chain backbone interactions
which occur in this molecule. This study can contribute
to a better understanding of some less noticeable effects,
which might strongly influence the structure of a polypep-
tide or a protein possessing this residue in their structures.
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cional de San Luis (UNSL), Universidad Nacional del Nordeste
(UNNE), and Consejo Nacional de Investigaciones Cientificas
y Técnicas (CONICET) of Argentina. R.D.E. is a carreer re-
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edgement to Dr. H.A. Baldoni for his help in making Figure 12.
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