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Molecular orbital signatures of the methyl substituent-alanine have been identified with respect to those

of glycine from information obtained in coordinate and momentum space, using dual space analysis. Electronic
structural information in coordinate space is obtained using ab initio (MP2/TZVP) and density functional
theory (B3LYP/TZVP) methods, from which the Dyson orbitals are simulated based on the plane wave impulse
approximation into momentum space. In comparison to glycine, relaxation in geometry and valence orbitals
in L-alanine is found as a result of the attachment of the methyl group. Five orbitals rather than four orbitals
are identified as methyl signatures. That is, orbital 6a in the core shell, orbitals 11a and 12a in the inner
valence shell, and orbitals 19a and 20a in the outer valence shell. In the inner valence shell, the attachment
of methyl to glycine causes a splitting of its orbital 10@o orbitals 11a and 12a afalanine, whereas in the

outer valence shell the methyl group results in an insertion of an additional orbital pair of 19a and 20a. The
frontier molecular orbitals, 24a and 23a, are found without any significant role in the methylation of glycine.

1. Introduction

The dynamic roles ofi-amino acids (NB—CH(R)—COOH) (
as building blocks of proteins rely heavily on their torsional
flexibility, their unique shape, and chemical versatility of their
side chains (R). Spatial and biochemical properties of proteins
are dictated by these properties and consequently have signifi-
cant ramifications in cellular processes, three-dimensional
folding, and protein stability.For this reason, understanding
the dynamics of proteins through analysis of the structural and (
chemical properties of amino acids, in particular their side L-alanine (\
chains, under isolated conditions is of great importance.

With respect to molecular structure, the smallest chiral amino
acid isL-alanine (R= CHjg). Alanine is a nonessential amino
acid that is involved in the metabolism of tryptophan and the
vitamin pyridoxine. It is an amino acid widely used in protein
construction, averaging about 9% of protein composition on a
per-mole basis when compared to other amino atlgsperi-
mental studies involving gas-phase electron diffraction (GED)
technique% and the millimeter wave (MMW) spectrum of
alaning indicate that isolated alanine exists in the molecular
form and adopts several conformations; up to 13 possible glycine
conformations were predicted from sophisticated ab initio
calculations:™® The relative stability and behavior of these Figyre 1. Chemical structures and numbering system-afanine and
conformers depend on the interplay of various intramolecular glycine.
hydrogen bonds and electron correlation, which has been
demonstrated for small aliphatic amino acids including glyi#®,  increased number of plausible conformations. Nonetheless,
alanine}® and valine!” The lowest-energy configuration of  |imited information regarding the effects caused by inclusion
L-alanine is stabilized by an intramolecular hydrogen bond from of the methyl substituent exists in the literature. In the GED
the amine to the carbonyl (NH:+O=C) and an interaction  studies, lijima and Beagléyndicated that “the methyl group
within the cis carboxylic functional group (Figure 1). The hinders rotation of the acid group” as the result of strong
attachment of methyl with respect to glycine complicates the repulsion between the methyl and the hydroxy groups.
conformational landscape ofalanine, which gives rise to the In a previous communication we provided an orbital-based
insight into the bonding environment within the conformational
* Author to whom correspondence should be addressed. E-mail: fwang@ processes of-alanine, using both density functional theory
swin.edu.au. - . .

T Swinburne University of Technology. (DFT) and ab initio method® We focused on information that

* Tsinghua University. differentiated the conformers, such as dipole moments and
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TABLE 1: Geometries of the Global Minimum Conformations of L-Alanine and Glycine Obtained Using the B3LYP/TZVP
Model and Compared with Results Taken from the Literature

alanine

parameter B3LYP/TZVP MP2/TZVF Csaza® expe glycine®
C(3)=O/A 1.211 1.211 1.211 1.197 1.204
C—O/A 1.360 1.360 1.356 1.341 1.354
O—HI/A 0.972 0.972 0.968 0.977 0.969
Ca—Co/A 1.528 1.528 1.521 1.527 1.524
Cay—Co/A 1.537 1.537 1.530 1.586
Co—N/A 1.457 1.457 1.452 1.453 1.451
Co—HIA 1.093 1.094 1.092 1.081
N—H/A 1.016 1.016 1.016 1.001
H—0O—-C/deg 107.0 107.0 106.2 112.3 106.9
0O=C3—C./deg 125.6 125.5 125.4 125.7 124.5
O—C—C./deg 112.0 112.0 111.4 110.3 111.5
Cs—Cy—R/deg 109.2 109.2 108.3 111.9 107.5
Cs—Cy—N/deg 113.5 113.5 113.7 112.9 115.5
H—0O—Cg—C,/deg 178.2 178.2 176.9 180.0 180.0
O=C—C,—N/deg —19.7 —19.7 —20.5 —-16.6 0.0
O—C3—C,—N/deg 161.1 161.0 161.3 162.8 180.0
Cs—Co—N—H/deg 55.8 55.8 57.8 58.4
Ci—Co—N—H/deg —60.8 —60.8 —58.4 —58.4
O—C—Cu—H/deg 415 415 56.6
O—C3—C,—R/deg —75.5 —75.4 —76.6
Etotaly En —323.86402 —322.94026 £323.85603) —284.536044

Dipole Moment

udD 0.72 (0.62) 0.60" 0.66 —0.82 (-1.03y
uy/D 0.98 (1.1% 1.20 1.60 0.86 (0.8
uAD —0.46 (-0.48¥ 0.50" 0.40 0.00
ulD 1.30 (1.43) 1.40(1.41) 1.8 1.19 (1.319

2Cy in glycine corresponds to the,Gtom inL-alanine; see ref 12.This work.¢ The MP2/TZVP model used in the present stuijhe
MP2/6-31H+G(d,p), ref 8.6 Reference 3 Electron diffraction, ref 429 The B3LYP/6-313+G(d,p) model, ref 8" The RHF/6-31%+G(d,p)
model, ref 8! The MP2/6-31%+G(d,p) model, ref 16. Reference 4.

orbital momentum distributions (MDs), using dual space analysis which is proportional to the momentum space one-electron
(DSA).2° In this paper, we focus on the effects of substitution Dyson orbitalsy; (k). Dyson orbitals represent the changes in
of methyl in glycine to the bonding environment in both position electronic structure accompanying the detachment of an electron
and momentum space, using DSA. We utilize anisotropic from a moleculé?® Corresponding to each ionization energy in
properties of -alanine, such as dipole moments, Dyson orbitals, the DFT calculations, the Dyson orbitals are proportional to
and their momentum distributions. For this purpose we inves- canonical Koha-Sham (KS) orbital$® This method is imple-
tigated the lowest-lying-energy conformation.eélanine using mented in the AMOLD code¥. For sufficiently high impact
ab initio (MP2) and DFT B3LYP methods, in comparison with energies! the PWIA is a good approximation for valence
glycine. orbital$2in ground electronic states of molecufégs confirmed

by the EMS measurement for NN®.

2. Methods and Computational Details ) )
3. Results and Discussion

Ground-state geometry calculations fealanine (G) were
performed using the ab initio (MP2) and density functional
theory (DFT) B3LYP methodology, together with the tridje-
valence polarized (TZVP) basis set of Godbout ef%alhe
B3LYP/TZVP model has proved reliable in providing accurate
information not only in properties but also in orbital momentum
distributions for molecular system31°2+26 which were ex-
amined using electron momentum spectroscopy (EM%)!
electronic calculations undertaken in this investigation used the
computational chemistry package of Gaussiaf®0Bie same
procedure was applied to glycine for comparison purposes.

To generate accurate wave functions at the optimize
geometry, due to technical reasdfisadditional single-point
calculations (B3LYP/TZVP//B3LYP/TZVP) of-alanine were
undertaken. Under the BorOppenheimer approximation,
independent particle approximation, and the plane wave impulse
approximation (PWIAY’ these wave functions were then
Fourier-transformed int&-space as momentum distributions
(MDs, 0)

3.1. Properties ofL-Alanine. Figure 1 depicts the lowest-
energy conformations of glycifie(—284.536043°Ey,, B3LYP/
TZVP) and L-alanine (323.864023E;), which have been
identified by previous experimental and theoretical calcula-
tions#-816 Optimized geometric parameters for these conform-
ers, including energetic information, are presented in Table 1.
The predicted properties ofalanine in the present study agreed
satisfactorily with both experimental results and previous
theoretical prediction%.Bond distances for all characteristic
single bonds (E—N, Cz)—0O, C—C) exhibit only minor
d variations with less than 0.02 A from the experimental values.
Bond angles and dihedral angles show larger deviations between
the predicted and the measuf&dror example, for the]HOC3)
angle, the largest discrepancy between the present method and
the measured value is 3,3vhereas the discrepancy of this angle
produced using the MP2/6-3+3#-G** method® and the experi-
ment is 6.0. However, bond angles are, in general, less sensitive
to energy variations so that they are more difficult to predict in
guantum mechanics.

) Structural relaxation im-alanine directly associated with the
ol f dQ | Tl}j(k) | methyl group with respect to glycine is also evident in Table 1.
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The most significant geometrical changesLialanine with TABLE 2: Orbital Energies ( —¢;) and Symmetry Labels of
respect to the methyl attachment are the out-of-plane changeg -Alanine Calculated Using the B3LYP/TZVP//B3LYP/TZVP
to the backbone atoms. In glycine, all of the backbone (non- M0del. with Reference to Glycine

hydrogen) atoms are confined in the same plane, ane @d, alanine (XA) glycine (XA’)
and—NH> groups are symmetric with respect to the molecular MO —e/eV symmetry site MO —e/eV symmetry site
plane. When one of the hydrogen atoms in th@H, group is

replaced by methyl (CgJ, the Cs symmetry is broken as the 1 522.177 la Q COI’el 522.218 15 On
dihedral angle formed by planes consisting 6fQ3—0O and 2 520.651 2a O 2 520708 2a O-c
C3—Cu—N changes from in glycine to approximately 20 3 389375 3a N 3 389479 3Ba N
in L-alanine. The next significant change is the® Histortion 4 280775 4a & 4 280869 4a  Cg
to the G=C(3s—C,—H dihedral angle, which indicates the degree 2 g;gs;; gg g 5 218276 % G
of asymmetry caused by theC,H(CHsz) fragment inL-alanine. ' o
Comparison of the geometric parameters Lialanine and 30477 7a '"nervalegce 2057  6a
glycine indicates that relaxation of varying degrees occurs to g 28.084  8a 7 28151 7a
accommodate the methyl group. Relative to the values basedg 24577 9a 8 24525  8a
on the B3LYP/TZVP model, a few characteristic differences 10  20.766 10a 9 19.968 9a
are especially pronounced. For example, decreasésobi@s)— 11 18445  1lla 10 16779 10a
Cs—N and 1.7 of Cz—Cy—R (R= H or CHy), respectively, 12 16.269 12a
are observed in-alanine. This is consistent with the findings outer valence
of Csaza® who showed that a-23° reduction occurs in this 13 14.346 13a 11 14.208 '1,3
X . - 14  13.685 14a 12 13990 Ila
region using the MP2/6-3H#+G** method. 15 13501 15a 13 13.600 12a
Analysis of dipole moments serves as a reference for 16  12.581 16a 14 12497 2a
monitoring the impact of the methyl group (R CHs) on 17 12.085  17a 15 12059  13a
18 11.582 18a 16 11.325 T4a

polarity in L-alanine. The total dipole moment increases from
) ) . . . 19  10.684 19a
1.31 D in glycine to 1.43 D in-alanine upon methylation, 55 19’537 20a

according to our MP2/TZVP method (Table 1). These values 21  10.029 21a 17 10515 '3a
agree satisfactory with the experimental dipole moments 6f 1.0 22 9.225 22a 18 9.298 4a
1.4% and 1.8 B and the predicted dipole moments of 1.2 and 23 8.063  23a 19 8196  15a
1.4 D' using the MP2/6-31t+G** model. The redistribution ~ 24~ 7.090  24a 20 7148  1%6a

of charge becomes more indicative upon inspection of the
individual dipole moment components. Tl component in
glycine is —1.03 D and significantly changes to 0.62 D in
L-alanine, whereagy varies slightly, without any changes of
sign. The nonzerg, component inL-alanine is purely from
the charge redistribution caused by methylation in relation to
the nonplanarity of the backbone atoms ialanine. The dipole
moment in glycine (see Figure 1) is dominated by the amine
group —NH>, as the O pair is balanced out in they and —y
directions. When a hydrogen on the, Gite is replaced by
methyl, —CHjs, which acts as an electron acceptor, the charge

distribution ofL-alanine is thus significantly different in the | d thvl-berturbated orbitals. Th thvl
andz directions so thatix andu; are significantly varied. are cata ogued as methyl-periurbated orbitals. € methy
X Ha T . signature orbitals 11a and 12a in the inner valence shell are
3.2. Molecular Orbital Information in Coordinate Space. both correlated to orbital 10af glycine as indicated in Figure
In their ground electronic states;alanine (XA) and glycine 5 Further determination of the methyl signatures and the
(X'A’) both have closed shells with singlet states, with 24 and ixfjyence of methylation on its surrounding environment in this
20 doubly occupied molecular orbitals (MOs), respectively. The region require additional orbital-based information.
methyl group brings an aqldltlonal (_alght e]ectrons,_whmh ought  Eyen though significant electron charge density delocalization
to form four doubly occupied MOs ir-alanine, one in the core brings more difficulties in the identification of methyl orbitals,
and three in the valence regions. Table 2 lists the orbital energies;; s possible, in the inner valence shell, to distinguish the
of the core, inner, and outer valence shells of the amino acid gominant contribution through orbital symmetry and analogy
pair. Methylation of glycine in the core shell is read.ily identified petweent-alanine and glycine. Similar trends in the outer
as MO 6a (G), as the core orbitals are localized on the yalence space are observed in Figure 2b; only the orbitals in
individual atom sites. However, while methylation causes only the immediate vicinity of the methyl signature orbitals receive
small variations in energy to the core shell, it is interesting that apparent relaxation to accommodate the insertion of the methyl
the core orbital energies of all atom sites shift up (less negative) grpitals. The influence of methyl on other orbitals dwindles as
except for the @ site, which shifts down in energy. the orbitals leave the methyl region of-201 eV. The insertion
Relative to glycine, the orbitals in valence space (inner and of orbitals 19a and 20a causes the surrounding orbitals to
outer) ofL-alanine consist of three catalogues, methyl-dominated contract upon the inclusion; the most affected outer valence
signature orbitals, methyl-affected (associated) orbitals, and orbitals inL-alanine by such an orbital insertion are 18a and
methyl-perturbated orbitals, as indicated in Figure 2. The methyl- 21a, which correlate with MOs 14and 34 in glycine,
dominated orbitals of 1la, 12a, 19a, and 20a are direct respectively. The energy shifts in the orbital pairs of(Gly)—
contributions from methyl, which are signature orbitals of 13d(Ala) and 114Gly)—14a(Ala) have been considered in the
methyl. The methyl-affected (associated) orbitals are those with inner valence shell, whereas the orbital pair of 18a and 21a, in
apparent energy shift in the immediate vicinity of the signature L-alanine, are influenced by the methyl signature orbitals (19a

orbitals as shown in Figures 2a and 2b. That is 10a, 13a, and
14a orbitals in the inner valence shell and orbitals 18a and 21a
in the outer valence shell. In the inner valence shell, the
influence of methyl on orbitals 7a, 8a, and 9a is negligible,
whereas the methyl-affected orbitals (10a, 13a, and 14a) span
in both sides of the methyl signature orbitals of 11a and 12a,
spreading into the outer valence shell (13a and 14a). The inner
valence shell orbitals 7a, 8a, and 9aLeélanine, which are
located in a region sufficiently far from the methyl signature
orbitals of 11a and 12a, receive only small energy perturbations,
as shown in Figure 2a. Hence, orbitals 7a, 8a, and 9aatdnine
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Figure 2. Orbital energy topology of complete valence shelLedlanine, with respect to glycine calculated using the B3LYP/TZVP model.

and 20a) in the outer valence shell. Note that due to the lack of

symmetry present in-alanine and electron delocalization, there /
LA

is no strictly “black and white” assignment of thealanine outer { G
valence orbitals to the methyl group. Information regarding the aly B)PE
domination of the methyl orbitals is further explored in the next (a)

section using information from momentum space. 1.4x10%)

3.3. Orbital MDs of L-Alanine in Valence SpaceOrbital
momentum distributions (MDs) in the complete valence space
of L-alanine have been simulated in the present study. Although 3
L-alanine lacks the symmetry present in glycine, we undertake €
correlation of two amino acids by comparison of symmetry,
orbital energies, orbital electron densities, and Dyson orbital
momentum distributions. Orbital MDs for glycine, which were
simulated and examined previouSlyising the same methodol-
ogy, are employed as references to identify methylation in
L-alanine. To simplify the analysis, the complete valence orbitals £
of L-alanine are discussed in groups: the methyl signature 3
orbitals of 11a, 12a, 19a, and 20a; the methyl-affected orbitals g
of 10a, 13a, 14a, 18a, and 21a; and the perturbated orbitals
consisting of the rest of valence orbitals including the highest =
occupied molecular orbital (HOMO), orbital 24a, and the next
HOMO (NHOMO), i.e., orbital 23a. Figures-3 indicate the
progressive changes in the valence orbitals-afanine with
respect to glycine to reflect such grouping.

The methyl signature orbital MDs in the inner valence space
(11a and 12a) of-alanine are presented in Figure 3a, while
Figure 3b gives orbital MDs of a methyl-affected orbital, 10a,
with respect to glycine in the inner valence shell. The corre-
sponding orbital contours plotted using Moldéare also given
in these figures. In Figure 3a, orbitals 11a and 12aafanine Azimuthal Angle ¢/°
exhibit a unique relationship with orbital 10af glycine. The Figure 3. (a) Signature orbitals (11a and 12a) and (b) methyl-affected
significant changes in the curvature of these orbital MDs indicate orbitals (10a) of -alanine in the inner valence shell. The orbital electron
a large redistribution of electron density along the backbone of densities are plotted using Moldéh.

L-alanine, which is attributed to the methyl group. The orbital

electron distribution highlights the enhancement of chemical contributions'® The apparent s and p electron density enhance-
bonding by the methyl. For example, orbital 11a(Ala) consoli- ments of 10a (Ala) by methyl are particularly strong in thg-€
dates the bonding of §—C, and the correlation between methyl  Cy—C(z) chain region.

and the amine group, whereas 12a(Ala) strengthens the cor- Figure 4 gives the orbitals in the outer valence region of
relation between the methyl group and the-@(H) bond. L-alanine that experience small perturbation by the methylation,
However, the affected orbitals in the inner valence space, suchsuch as the HOMO (24a), the next HOMO (23a), and the third
as orbital 10a(Ala), in Figure 3b, which is correlated to orbital HOMO (THOMO), orbital 22a. These frontier MOs have their
9d of glycine, reveals significant reduction in both s and p own unique chemical significance, particularly in chemical
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Figure 4. Selected orbitals (24a, 23a, and 22a) of thedlanine least affected by the methyl in the outer valence shell: (a) orbital 24a (HOMO),
which is dominated by N in the amine fragment, (b) orbital 23a (NHOMO), dominated by the O atom in the carbex@igréup, and (c) orbital
22a (THOMO), formed by the 2pmrbitals of the pair of O atoms.

reactions involving structural manipulation. It is clear, however, corresponding glycine orbital, MO 4aare almost undisturbed
that these orbitals are not too different from those of glycine as demonstrated by their orbital MDs and orbital contours. This
upon the attachment of the methyl. For example, the orbital orbital pair, which concentrates on the-l@—C=0 fragment,
MDs for the HOMO of both glycine and-alanine indicate is dominated by p electron contributions from tPg atomic
mixed “s” and “p” features with a dominant “p-like” component, orbitals (AOs) of the carboxylic O and C atoms that form
which stems from the large contributions made by the lone pair 7-bonds perpendicular to the molecular plane (in glycine),
on the N atom of the amine group. The associated Dyson orbitalindicating that the methyl does not actively participate in the
contours also indicate an increase in s contributions in the C local bonding of this region. The observation that frontier

position across the molecular framework ogEC,—N and orbitals of molecules do not always exhibit an active role in
C(3—Cy—CHz upon methylation. The orbital MDs reflect this  reactions is supported by recent studfe®
difference, particularly in the region of low momentum, The methyl-affected orbitals in the outer valence shell of

demonstrating that orbital MDs can serve as a more sensitiveL-alanine provide insight into the localized changes with respect
and quantitative property in identifying electron redistribution to glycine. As a representative for this group, orbital 21a of
than orbital contours. A similar trend is observed in the NHOMO L-alanine and the respective orbital’8aly) is given in Figure

of both species. Both NHOMOs irralanine and in glycine are 5. The orbital pair 21a(Ala)3d'(Gly) correlates an a orbital
dominated by the lone pair electrons on the O atoms of the (Ala) with an & orbital (Gly), the same symmetry correlation
acid functionality. The methyl group evidently has no active as the orbital pair of 22a(Ala)4d’(Gly), as previously men-
role in the outermost valence region cfalanine as the  tioned. However, the 21la(AlaBd'(Gly) pair is significantly
interactions between the methyl and the glycine fragments different from the 22a(Alay4d'(Gly) pair in energy and Dyson
exhibit very limited influence on the O and N dominant orbitals. orbitals. The orbital symmetry difference in the 22a(Atdg'-
This is further highlighted in the THOMO, orbital 22a of (Gly) pair is solely due to the absence of a molecule plane in
L-alanine, where the correlations betweealanine and the L-alanine. The Dyson orbitals associated with this pair (Figure
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Figure 5. (a) Momentum and charge distributions of orbital 21a.aflanine, as a representative of the methyl-affected orbitals in the outer
valence shell. (b) lllustration of the £ Cuy—Hag) fragment bonding mechanism (boxed) in orbital 21a-@fanine.

6.0x10™4 — ala 19a

3.0x10*

0.0 T J
0 15 30

Azimuthal Angle ¢/°

Orbital Momentum Distribution /a.u

J_
4.0x10 — ala 20a

2.0x10*

0.0 T J
0 15 30

Azimuthal Angle ¢/°
Figure 6. Momentum distributions and charge distributions of the methyl signature orbitals (19a and 2@a#poine in the outer valence shell.
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4c) reveal that they are in fact locally identical. In the 21a- and 5b. As a result, the orbital MDs of 21a(Ala) exhibit a
(Ala)—3d'(Gly) pair, however, the differences betweealanine significant s contribution, deviating from its glycine counterpart.
and glycine are not just due to the symmetry but are also caused Figure 6 details the signature orbitals due to the insertion of
by the significant involvement of the methyl contribution to  the methyl group in the outer valence region. Orbitals 19a and
the orbital, as seen in Figure 5. In glycine, this orbital is 20a ofL-alanine do not have any recognizable glycine orbital
dominated by contributions from the-H (C(,) in glycine is analogy. The Dyson orbitals reveal that a significant proportion
Cq in L-alanine) pair and the NH pair. In L-alanine, orbital of the electron density is concentrated on theaf®m of Gg)—

21a is dominated by the fragment of-€C(—H, as shown by C. and the methyl group, which indicates that the methyl group
the Dyson orbitals in Figure 5a. Upon methylation, the,NH acts as an electron donor. This observation supports a previous
contribution remains but with some distortion, whereas the finding that when bonded to unsaturated fragments methyl
symmetry of the gH, fragment no longer exists; the+C,—H groups act as electron dondfs'! The MDs of the methyl
fragment is replaced by the-HC,—C1)Hs fragment. Hence the  signature orbital pair indicate a strong p-like nature, which is
two 2p, AOs of G, and Gy each bond in @-like fashion. The clearly visible in the Dyson orbitals. In orbital 19a, the 2p AO
outer side of the 2pAO of C(1y overlaps with the 1s AO of the  contribution occurs from the lone pair on the O atom i O
flag H, which is the extension of G—H in the methyl C), the 2p contributions of the O andiatoms in the 1s-
functionality inL-alanine, as indicated in the box in Figures 5a (H)—(2p)O—(2p)Cg) chain, the 2p(§)—2p(N), and the domi-
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nant contribution from 2p(Q—2p,(C(1))—1s(H) (two Hs). In
orbital 20a, the Dyson orbital is more delocalized than in orbital
19a, so that the contributions from the 1s AOs of the hydrogen
atoms in orbital 20a do not show as strong s-like MDs as orbital
19a.

4. Conclusion

The orbitals of_-alanine in its ground electronic state’ &%
exhibit shift and variations from those of glycine) in both
binding energy spectra and orbital momentum distributions. Five
identified methyl signature orbitals of 6a (), 11a, 12a, 19a,
and 20a distribute in all regions of the electronic spectrum of
the molecule, including the core (6a), inner valence shell (11a,

12a), and outer valence shell (19a, 20a). Although the core Veriag: Berlin Heidelberg, 2006; pp

region ofL-alanine exhibits negligible energy perturbations to
other core orbitals, it is noted that the methyl fragment shifts

all core orbitals energies up (less negative) with respect to their

glycine counterparts. The exception is fog, @hich shifts the
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