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Abstract

The full conformational space of N-acetyl-L-tryptophan-N-methylamide was explored by ab initio MO computations. On the
Ramachandran hypersurface of four independent variables E = E(¢, i, x1, x2), 36 conformers were located instead of the
expected 3* = 81 stable structures. The relative stabilities of the various conformers were analyzed in terms of sidechain—
backbone interactions. A comparative study amongst theoretical calculations and experimental (NMR and X-ray) results was

carried out.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The computational and spectroscopic analysis of
peptides, incorporating natural and non-natural amino
acid residues with and aromatic sidechain, is the focus
of many recent studies.

Tryptophan is one of the essential amino acids the
human body cannot manufacture it. It is the least
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abundant in proteins and plays a fundamental role in
membrane proteins. The indole sidechain has both
hydrophobic and hydrophilic character, and conse-
quently, it partitions at the hydrophobic—hydrophilic
interface in lipid bilayers [1]. In the few membrane
proteins where a relatively high-resolution structure
has been determined, tryptophans are frequently at
the bilayer surface where they are oriented so that
the indole N—H is directed toward the hydrophilic
environment [2—4]. It has been suggested through
fluorescence [5], electrophysiological [6], compu-
tational [7] and NMR [8] studies that the indole
N-H groups may hydrogen bond to the aqueous
interface or directly to the lipid molecules. Trypto-
phan may indeed play an important role in
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stabilizing membrane proteins through electrostatic
interactions at the lipid bilayer surface. Tryptophan
is also the source of serotonin (5-hydroxytryptamine)
which is a neurotransmitter and a powerful vaso-
constrictor [9].

On the other hand, Trp-containing proteins have
often been shown to exhibit multiexponential fluor-
escence decay kinetics in aqueous solution [10,11].
This observation has been rationalized in terms of the
conformational heterogeneity of the Trp residue
originating from different rotamer conformations
[12,13]. This model proposes that the Trp sidechain
may adopt different low-energy conformations, due to
rotation about y; and x, torsional angles of the
sidechain [14] (Fig. 1), with each conformation
displaying a distinct decay time. However, data
obtained for tryptophan zwitter-ion suggest that
excited-state reaction may also be important [15].

Individual rotamers are expected to decay mono-
exponentially, with lifetimes dependent on the
position of the sidechain relative to the indole ring.
Thus, it is clearly important to identify the preferred
conformations and determine their relative popu-
lations and interconversion frequencies.

In addition to the biological and biomedical
implications, these aromatic amino acid residues are
also important in understanding the aromatic ring-
stacking problem [16,17].

Clearly, a deeper understanding of these topics
could be enhanced by explicit knowledge of the
quantum mechanical conformational properties of
Trp. In the present study we report a comprehensive
conformational study of N-acetyl-L-tryptophan-N-
methylamine (I) using ab initio calculations.

2. Methods
2.1. Conformational analysis

In accordance with the IUPAC-IUB [18]
recommendation dihedral or torsional angles
were specified [19] within —180 and 180° for
both backbone (¢,¢¥) and sidechain (x;, x2)
conformations.

—180° = ¢ = 180° (1a)

—180° = ¢ = 180° (1b)

N-acetyl-L-tryptophan-N-methylamide (I)

Fig. 1. Numbering of the atoms and torsional angles for N-acetyl-L-tryptophan-N-methylamide. The torsional angles are defined in terms of the

atoms involved.
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—180° = y, = 180° (1c)
—180° = y, = 180° (1d)

According to this definition, when the group, further
away from the observer, is rotated clockwise (or the
group nearer to the observer rotated counter-clock-
wise) the dihedral angle is taken to be positive:
0°— +180°. The opposite definition is applicable
for negative dihedral angles 0°— —180°.

On the Ramachandran map, the —180° = ¢ =
180° and —180° = ¢ = 180° cut is indicated by the
square drawn in broken lines (Fig. 2). But for the
graphical presentation of the sidechain conformation-
al potential energy surface (PES), we used the
traditional cut (0°= x; =360°and0° = y, =
360°), similar to that previously suggested by
Ramachandran and Sasisekharan [20].

2.2. Molecular computations

Computations were performed on the title com-
pound (I) using GAUSSIAN 98 [21] at the RHF/3-
21G [22] level of theory. The outcome of the
geometry optimizations is presented in Section 3.
The total energies are given in hartrees, the relative
energies and stabilization energies are given in
kcal mol " using the conversion factor 1 hartree =
627.5095 kcal mol . Selected representative confor-
mations were confirmed using RHF/6-31G(d)
calculations.

2.3. Stabilization energies

The following isodesmic reaction (2), where
R = CH,-indole, was used to calculate the stabiliz-
ation energies (3) with respect to the -y, backbone
conformation of N- and C-protected glycine [23,24].

60— T T 1T T 1 T T T 1
300 — Yp dp o Yo dp ol
240 — —
180 - €p [ISL———SL———SD———[?L €L —
120 — : : —
60 — Op |5|_ L Op |5|_ YL
Voo : I
|
-60— Yb ISD o Yo |6D o —
-120 |- I ! —
I I
a8 €0 Pr-—s-c—sr-—PL &L
-240 - -
=300~ Op Sy YL Op S L
] | | | | | | | | |

-360
-360-300-240-180-120 -60 0 60 120 180 240 300 360

Fig. 2. Topological representation of the Ramachandran map for an
N- and C-protected amino acid PCO-NH-CHR-CO-NHQ (P and
Q may be H or CH3) showing two full cycles of rotation: —360° <
¢ = +360°% — 360° = ¢y = +360°. The central box, denoted by
broken line, represents the cut suggested by the IUPAC convention.
The four quadrants denoted by solid lines are the conventional cuts.
Most peptide residues exhibit nine unique conformations labeled as

ap (ALEFT)s €D> YD (G5, 8L (B2), Br (Cs), dp (OL/)a YL (C3), &1, and
ar (QRIGHT)-

MeCONH-CH, -CONHMe + CH;-R

reference conformation vy

— MeCONH-CHR-CONHMe + CH;-H 2)

conformation X
The stabilization energy is defined as follows:
AE apitization = {E[MeCONH-CHR-CONHMe]x
+ E[CH3-H]} — {E[MeCONH -
CH,-CONHMe], +CH;-R]} (3)

This equation is also illustrated graphically below
(Eq. (4)) where the molecular structures are symbo-
lizing their total energy values.

'H R H H 'H HI H R
AEup), = :\ -'-.C/ 7 + '-.C/ — 'l\ '-,C/ y + C/ )
stabil. \ 4 \ ,
G \ ’
MeOCHN"~ % CONHMe ™ “H | |MeOCHN~ % CoNHMe H™ H
v v
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Table 1
Total energy values of the component molecules for isodesmic
reaction computed at RHF/3-21G level of theory

Molecular system Energy (hartree)

Me—-CONH-CH,— YL —451.294243

CONH-Me

CH;-R R = CH,—-indole —437.095563
R=H —39.9768770

The components’ energy values are summarized in
Table 1.

3. Results and discussion
3.1. Conformational study

Limiting our considerations only to trans-peptide
bonds (wy = w; = 180°) the full conformational
space includes four torsional angles: ¢, i, x; and x,
as defined in Fig. 1. Thus, the potential energy
hypersurface (PEHS) is function of four independent
variables (5).

E = E($.¢. x1. x2) ®)

Since we expect three minima (g*, a, g~ ) along each
of the variables, multidimensional conformational
analysis (MDCA) [25] would dictate the existence of
3* = 81 conformers. These 81 conformers would be
distributed evenly, namely 9 sidechain (SC) confor-
mers for each of the 9 backbone (BB) structures.
Using MDCA-predicted geometries as input at the
HF/3-21G level of theory instead of the expected 81
structures, a total of 36 conformers were located on
the PEHS (Eq. (5)). The results of the geometry
optimizations are summarized in Table 2 whereas a
schematic representation of the 36 existing minima on
the PEHS is shown in Fig. 3.

On the basis of the above results, the following
observations can be made:

RHF/3-21G calculations predict the existence of
36 conformations for compound I, the vy (g*, g*)
conformation is being the global minimum. The
second higher minimum is the By(a, g ) confor-
mation with 0.93 kcal mol™' above the global
minimum. Clearly, in tryptophan, as in all previous
cases of L-amino acids studied, conformers with D

subscript (ap, €p, Yp and dp) are not preferred due
to their relatively high-energy values. These results
are typical for most amino acids that have been
already studied. The current database, which may
provide the basis for comparison includes the
following N- and C-protected amino acids, contain-
ing a trans-peptide bond: Gly [26—-33], Ala [26—33],
Val [23], Phe [34,35], Ser [36-38], Glu [39,40], Cys
[41,42], Gln [43,44] and Ile [45,46]. Preliminary
studies have been published on Pro [47], Asp [48]
and Sec [49].

It must be pointed out that, although some results
about the conformational behavior of Trp is common
to others amino acids previously reported, moreover
this compound displays conformational intricacies
which are clearly ‘non-typical’. For example:

(i) The oy and & conformations, which are usually
annihilated using the diamide model, are now
energy minima on the Ramachandran PES. Thus,
the nine different types of backbone confor-
mations are present in the PEHS of compound 1.
It should be noted that none of the previously
reported amino acids posses all the possible BB
conformations. Recently, we found the nine
possible backbone conformations for Ile [46],
however, for this amino acid the only one g
conformer possess torsional angles ¢ and ¢ very
close to those required for the (3 backbone
conformation. In addition, we report N-acetyl-L-
glutamate-N-methylamide having o« and g
conformations; however, for this compound the
31, and &p conformations do not represent stable
structures.

(i1)) None backbone conformations tolerate the tor-
sional angles y, in anti. Fig. 3 shows this point
very well. This is a striking difference with
respect to the rest of amino acids, which will be
discussed in detail in Section 3.2.

In order to confirm the above results using more
accurate calculations, we perform RHF/6-31G(d)
computations. Thus, the global minimum (y; (g™,
g™)), the second global minimum (B (a, g ")), ay, and
g1 conformations were confirmed using this level of
theory.
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Table 2
Torsional angles and total energy values for backbone and sidechain conformers of MeCO—-Trp—NHMe optimized at RHF/3-21G level of
theory. The calculated relative energies (AE,;) and stabilization energies (AE,;) are also shown

Final geometry ¢ ¥ X1 X2 gy ) Energy AE AE i
(3-7-8-9) (7-8-9-31) (7-8-13-14) (8-13-14-15) (2-3-7-8) (8-9-31-32) (Hartree) (kcal mol ™~ 1) (kcal mol ™ 1)
ap (g+g+) 41.33 53.33 49.02 76.70 164.47 —175.87 —848.4130774 10.57 —-0.09
ap (ag ) 59.61 4177 —153.21 —78.05 173.78 179.77 —848.4162077  8.60 —2.06
ap (g7g+) 68.95 28.34 —53.50 106.79 170.33 179.28 —848.4167967 8.23 —243
73.56 14.76 —93.29 108.51 172.77 178.29 —848.4142303 9.84 —0.82
ap (g g) 65.67 30.12 —56.84 —83.35 172.26 179.34 —848.4177551 7.63 —-3.03
€p (g+g7) 69.61 167.95 119.51 —73.64 —163.08 178.12 —848.4081701 13.65 2.99
37.00 —134.51 70.02 —3.63 —-171.21 —177.00 —848.4057469 15.17 4.51
€p (ag+) 64.68 —174.02 159.58 68.42 —162.48 —179.64 —848.4117719 11.39 0.73
ep (ag ) 65.79 —177.30 —155.56 —116.64 —162.78 —178.20 —848.4123995 10.99 0.23
€p (g7g+) 73.95 173.32 —54.19 98.85 —165.81 179.05 —848.4127622 10.76 0.11
ep(g g) 65.23 178.64 —60.78 —83.96 —169.22 —179.47 —848.4113665 11.64 0.98
Yp (g+g+) 46.46 —24.86 53.43 81.06 166.82 —179.76 —848.4098201 12.10 1.95
Yp (g+g7) 4473 —18.98 68.92 —96.47 170.55 —178.32 —848.4105884 12.13 1.47
YD (ag+) 75.11 —62.87 —17742 76.66 177.06 —178.13 —848.4155994  8.98 —1.68
vp (ag ") 7554 —58.85 —164.97 —12.54 17491 —178.49 —848.4208012 5.72 —4.94
74.35 —6824 —172.97 —91.93 176.96 178.50 —848.4177769  7.62 —3.04
YD (g7g+) 79.69 —57.88 —53.08 104.72 171.38 —178.81 —848.4211758 5.48 —-5.17
Yo (g g) 7496 —58.64 —61.45 —81.39 171.63 —178.31 —848.4218703  5.05 —5.61
S (g+g+) —127.89 30.24 54.83 83.82 —171.50 176.40 —848.4250188  3.07 —7.59
o (ag ) —158.40 54.63 —159.46 —98.93 —175.57 178.15 —848.4207451 5.76 —4.90
3. (g g) —123.55 26.12 —67.46 —12.32 —173.05 176.33 —848.4195890 6.48 —4.18
BL (gteh) —17230  173.54 54.89 84.68  —178.61 —179.02  —848.4225466 4.62 —603
BL (g+g7) —164.07 171.34 63.63 —717.85 176.21 177.29 —848.4193971  6.60 —4.06
—179.95 172.54 46.28 —95.07 —178.62 —178.04 —848.4196776  6.42 —4.23
BL (ag*) —165.87 172.11  —162.03 76.25 177.42 178.17 —848.4237310 3.88 —6.78
BL (ag ) —164.90 171.34 —157.83 —112.47 177.60 179.41 —848.4284366  0.93 —9.73
BL (g7g+) —126.49 159.48 —66.98 87.10 175.02 176.75 —848.4151395 9.27 —1.39
B g) —128.47 160.86 —73.53 —2.03 173.11 177.05 —848.4214052 5.34 —5.32
dp (g+g+) —172.34 —38.08 56.52 91.00 177.25 —178.62 —848.4140864 9.93 —-0.73
dp (g+g_) 160.94 —24.81 59.20 —-96.40 173.53 —176.01 —848.4162493  8.58 —2.08
dp (ag*) 193.38 —53.78 —178.35 80.55 174.83 —177.63 —848.4096023 12.75 2.09
dp(gg) —121.57 —66.41 —71.04 —6.98 175.88 179.06 —848.4103768 12.26 1.60
YL (g+g+) —84.83 61.97 46.17 78.57 —174.53 179.96 —848.4299156  0.00 —10.66
YL (g+g7) —84.02 60.60 26.30 —105.25 —174.08 179.86 —848.4259364  2.50 —8.16
—116.40 16.05 48.09 —98.30 —172.40 177.44 —848.4227745 4.48 —6.18
YL (ag+) —86.79 77.00 —155.52 95.22 —177.05 —146.60 —848.4234323  4.07 —6.59
v (ag ) —86.20 72.10 —167.59 —82.08 — 17547 —177.91 —848.4262337 2.31 —8.35
YL (g7g+) —85.61 69.25 —49.04 116.33 —170.56 —178.63 —848.4228420 4.44 —6.22
—115.81 18.72 —63.26 104.03 —167.83 176.45 —848.4156735 8.94 —1.72
(g g) —86.45 68.36 —52.19 —79.75 —171.74 —178.63 —848.4231312 4.26 —6.40
ey (g*g*) —72.01 157.74 52.47 26.30 174.45 178.81 —848.4186612  7.06 —3.60
ar, (ag) —67.04 —3538 —164.23 —20.38 —173.07 —178.79 —848.4148187 9.47 —1.19

The global minimum corresponds to v (2*g™) conformation having — 848.4299156 hartree total energy. This value is taken as reference
value, corresponding to relative energy 0.00 kcal mol ™.
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Fig. 3. A schematic representation of the 36 existing minima on the PEHS of four independent variables: E = E(¢, i, x1, x»)- The global
minimum is denoted in bold and the energy gap above the global minimum is in relationship with the highest of the block.

3.2. Relative energies and sidechain backbone
interactions

The six types of backbone—backbone (BB/BB) and
sidechain—backbone (SC/BB) interactions found for
compound I are presented in Fig. 4.

It is difficult to partition the total energy and
classify such parts in ‘stabilizing’ and ‘destabilizing’.
However, a great deal can be learned by looking
beyond the BB/BB and SC/BB interactions. The
criteria for the existence of such stabilizing inter-
actions may come from geometry. Any distance
shorter than the sum of Van der Waals radii
(Table 3) may be taken as diagnostic for such
stabilizing interaction. Of the six types of interactions
(Fig. 4), four were of the BB/BB type (types 1-4) and
two were of the SC/BB category (types 5 and 6). All
of them were of the hydrogen-bonding type. The only
one conformation possessing type 6 interaction was
ep(g', g7). Itis interesting to note that this form has a
distance of 3.10 A and an angle of 65.95° suggesting a
weak hydrogen bonding.

Clearly, not all interactions are contributing to the
same extent to the stability of a given conformation; in
addition, the sidechain has the ability not only to
stabilize but to destabilize as well. An overall
summary of intramolecular interactions in compound
I is given in Table 3. Two representative confor-
mations are shown in Fig. 5.

Sidechain folding is not only interesting but also
important for two reasons. On the one hand, sidechain
orientation can influence backbone folding via SC/BB
interaction. On the other hand, sidechain folding can
limit the biological function of the amino acid.

Observing from the results obtained, as shown in
Fig. 3, it is clear that compound I does not tolerate
the aa sidechain conformation. To further under-
stand these results, we evaluate the Potential
Energy Curves (PEC) of I as a function of y; as
well as that of yx, torsional angles. It should be
noted that for compound I the overall sidechain
orientations are described by the dihedral angles y;
and y», respectively; whereas the orientations of the
alkyl chain alone are described by the dihedral
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Type 5 (SC/BB) Type 6 (SC/BB)

Fig. 4. Various types of intramolecular interactions (i.e. BB/BB and SC/BB) in N-acetyl-L-tryptophan-N-methylamide.
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Table 3
Summary of intramolecular interactions in N-acetyl-L-Tryptophan-
N-methylamine optimized at RHF/3-21G level of theory

Conformation AE,, Interaction type® Distance Angle

(kcal mol™ 1) (A)? ©?
ap (gh, gt 1057 4 2.53 99.99
ap (a,g27) 8.60 4 2.38 101.93
ap (g7, gh) 8.23 4 231 105.04
ap (g7, gM) 9.84 2 2.99 99.26
4 231 106.27
ap (g ,g) 7.63 4 2.32 104.61
ep(gh g 1517 5 3.10 65.95
ep (a, gh) 11.39 6 2.37 138.16
vo (g7, g™ 12.10 2 1.73 156.36
4 2.70 99.15
o (gt g7) 1213 2 1.76 156.27
4 2.68 98.97
Yo (a, g") 8.98 2 1.93 146.86
4 2.77 92.99
vp (a, g7) 5.72 2 1.91 148.64
4 2.73 93.53
Yo (a, g7) 7.62 2 1.94 145.71
4 2.81 92.86
Yo (7, g") 5.48 2 1.95 149.77
4 2.70 94.25
Yo (g7, 2) 5.05 2 1.89 149.66
4 2.73 94.57
o (gt gh) 3.07 4 2.31 104.23
S (a, g7) 5.76 4 2.55 94.22
dL (g, g) 6.48 4 2.30 104.36
B gh 462 1 2.10 109.10
B (gt g) 6.60 1 2.09 109.03
BL(g™g) 642 1 2.06 110.83
BL (a, gh 3.88 1 2.08 109.35
B (a, g)) 0.93 1 2.08 109.35
BL(g . gh 9.27 1 2.29 100.92
Bu(g .g) 5.34 1 2.26 101.56
3p (g™, gh) 9.93 4 2.35 102.17
3 236 101.99
3p (gt g) 8.58 4 220 106.77
3 243 92.54
3p (a, g 12.75 4 2.57 96.88
3 2.54 98.50
dp(g,g) 1226 4 278 90.97
3 272 94.75
v (gt gh) 0.00 2 1.98 147.47
4 2.71 92.63
(gt g) 2.50 2 1.95 148.28
4 2.69 92.95
(gt g7) 4.48 4 2.27 106.61
v (a, g¥) 4.07 2 2.10 138.15

Table 3 (continued)

Conformation AE Interaction type® Distance Angle

(kcal mol_') (A)? ©)»®

4 2.86 88.05

Y (a, g) 2.31 2 2.04 141.61
4 2.81 89.70

@, gh 4.44 2 1.97 144.58
4 278 91.42

v (g, g 8.94 4 2.12 108.45
@E,e) 4.26 2 1.99 144.70
4 277 91.33

o (a,g7) 9.47 4 2.33 103.84

* Definition is given in Fig.

angle x;, while the orientations of the ring system
alone are described by y,. These curves, compu-
tated for the +y; backbone conformation, are
presented in Fig. 6.

The PEC obtained for y; (Fig. 6, top) exhibit three
minima; the first minimum is at a dihedral angle of
about 20° and the others at approximately — 170 and
—60°, respectively. The orientations of —CH, group
at the dihedrals 20 and — 60° refer to gauche + and
gauche — orientations and — 170° to anti orientation.
This curve displays a relatively shallow low-energy
region between — 170 and 20° and a large barrier
between 20 and — 170°. The rotational barrier at — 30°
is very low (1.04kcalmol '), at —120° is
3.82 kcal mol_l, whereas the barrier at 120° is
20.18 kcal mol ™.

Looking at the torsional angle y, (Fig. 6, bottom)
we see that the global minimum was found to be the
one in which the ring system was anti-perpendicular
to the Cg—Cy3 bond (y, = —90°). Of course, this
minimum occurs twice in full 360° rotation due to the
fact that the indole ring is planar. However, the local
minimum (at y, =~ 90°) possess 5.60 kcal mol ™'
above the global minimum. All in all, 3 minima (g™,
a, g ) along y; and 2 minima (g, g~) along x,
suggest a grand total of 3 X 2 = 6 sidechain orien-
tation for the -~y backbone conformation. This is
exactly what has been found by geometry optimiz-
ation as shown in Table 2. The barrier height between
the anti-perpendicular y, and perpendicular y, forms
is 6.21 kcal mol . It is interesting to note that an
extremely large barrier was obtained for y, at
approximately 150° (47.21 kcal mol~'). This result
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TL(g" &)

Br (@ g)

Fig. 5. Spatial view of the y; (g%, g) and B, (a, g~) conformations obtained from RHF/3-21G calculations. The hydrogen bonds stabilizing the

respective conformations are shown in this figure.

account for why compound I does not tolerate anti
conformations for y, (Fig. 3).

The relative barrier heights obtained for y; and x,
would imply that for N-acetyl-L-tryptophan-N-methy-
lamide, y; inter-conversions would occur more
frequently than y, inter-conversions. RHF/3-21G
computations predict that barriers ranging from 1.04
to 6.21 kcal mol ' are separating the different con-
formations (relative to the sidechain orientation) and
therefore the conformational inter-conversions are
somewhat restricted but still available for this
compound.

These results are in qualitative agreement with
calculations previously reported for tryptophan [14,
50-52]. NMR studies [53-56] and surveys of the
conformations of tryptophan residues in proteins
(from X-ray structural data) [57,58] identify similar
preferred rotamers.

3.3. Stabilization energies

Stabilization energy is a measure of the stabiliz-
ation (AEg ;. < 0) or destabilization (AE; > 0)
exerted by the sidechain on the backbone with respect
to hydrogen, i.e. the sidechain of glycine. The
stabilization energy is calculated according to Egs.
(3) and (4) which are based on the corresponding

isodesmic reaction (2). Traditionally, the global
minimum is used for such calculation and also in
the case of peptides. It was an obvious choice to use
the y. BB conformation.

The (AE b, (yL) values, summarized in Table 2,
are presented graphically in Fig. 7. An interesting
pattern is emerging with respect to the role of the
sidechain orientation in the stabilizing or destabilizing
process. For example vy, Br and ap backbones are
stabilized by all sidechain orientations. In the only one
conformation obtained for «o; and g; forms, the
sidechain orientation is stabilizing the respective
structure. In contrast, all sidechain orientations exert
only a destabilizing effect on the ep conformations.
The yp and dp backbone conformations have a
mixture of stabilizing and destabilizing sidechain
orientations.

A comparison to other amino acids is shown in
Fig. 8. Tryptophan (Trp) falls between delta-alanine
(AAla) and asparagine (Asn).

3.4. Correlation between natural occurrence
of conformers and computer stability

The validity of calculations reported here may
be assessed by comparing the predicted structures
with those derived experimentally, either by
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Fig. 6. Potential energy curves of N-acetyl-L-tryptophan-N-methylamide in its y; backbone conformation from RHF/3-21G relaxed single scan

computations. Upper curve: E = E(x;), x; measures the rotation about the Cg—C;3 bond keeping y, = —90°. Lower curve: E = E(x»), X»
measures the rotation about the C;3—C;4 bond keeping x; = 180°.

X-rays crystallographic or solution studies (NMR). Using a recent (February 2002) X-ray and NMR-
Thus, the comparison of relative energies obtained determined protein data set of non-homologous
from ab initio calculations and relative proba- proteins [59], a population-distribution map was
bilities of conformers using a non-homologous generated. The backbone conformers of 1347 Trp

database is a possibility for this cross-validation. residues, found in a total of 331 proteins, were plotted,
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showing ¢ vs. ¢ values (Fig. 9, top). The overall
appearance of the Ramachandran surfaces is similar to
other previously reported Ramachandran maps (Glu
[40], Cys [42], Phe [60] and Ser [61]).

To perform a comparison between calculated and
observed backbone conformers, an additional plot was
made with the RHF/3-21G results (Fig. 9, bottom).

Comparing these data a promising overall simi-
larity emerged. The experimental (X-ray and NMR-)
data indicate three highly populated zones, the first
one corresponds to the o (right-hand a-helix) and 8p
regions; the second is the 31 (extended [3-strand), .
(inverse-y-turn), 8; and g regions and the third is the
ap zone, which corresponds to the left-hand a-helix
region (the three zones are denoted by dotted lines in
Fig. 9). It is interesting to note that RHF/3-21G
calculations indicate these zones as the preferred
conformations of I. Only four conformations included
in a range of 10 kcal mol " with respect to the global
minimum were not found in the experimental data.
These conformations are yp and possess 5.05, 5.48,
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Fig. 9. Top: backbone conformers of all 1347 Trp residues taken
from 331 non-homologous proteins. Using their backbone dihedral
parameters all the above Trp residues were plotted on a [¢, ] map.
Bottom: locations of calculated ab initio RHF/3-21G of MeCO-
Trp—NHMe backbone conformers on a [¢, ¢y] map. Only confor-
mations with less than 10 kcal mol ™' above the global minimum
were plotted.

7.62 and 8.98 kcal mol ! above the global minimum,
therefore it is clear that they are not preferred forms
for I. These conformations are denoted with empty
circles in Fig. 9, bottom. Such a correlation permit us
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to assume that if the diamide model is relevant to the
description of main-chain folding of proteins, then the
most stable conformers should have the lowest
energy.

4. Conclusions

We have presented a computational study of the
conformational preferences of N-acetyl-L-tryptophan-
N-methylamide using ab initio calculations.

A total of 36 minimum energy conformations were
characterized at the RHF/3-21G level. The lowest
energy structure corresponds to a vy backbone
orientations with g, gt conformation in the side-
chain. Ab initio calculations predict the y; and B
conformations as the preferred forms of the Trp.
These results are in agreement with those previously
reported for several amino acids. However, Trp
displays some conformationally atypical behaviors
with respect to the rest amino acids previously
reported: (i) It has the nine backbone conformations
in the PEHS; it is the first single amino acid
possessing all the backbone conformations. (ii)
None backbone conformations tolerate the torsional
angle y, in anti. This result might be attributed to the
significant steric hindrance due to the indole ring.

It has been previously reported that a polar
sidechain produce a significant influence in the
backbone conformations of different amino acids
like Ser, Cys, Phe and Gln. On the bases of our results,
this effect is particularly apparent in Trp as well.
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