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Ahstract

: Ab 1mtio methods are used to study the four possible dipeptides that can be formed from alanine and glycine in gas phase

We calculate the geometry, binding energy and rotational spectra of alanylalanine, alanylglycine, glycylalanine and glycylglycine. The
peometries are optimized using Hartree-Fock (HF) and second-order Moller-Plesset perturbation theory (MP2). Single-point energy
.alculations with high-level CCSD(T) are performed on MP2 gcometries. Both electron correlation and zero-point vibrational energy
.ections are found to be very important and increase the calculated binding energy. Most of the correlation effects are obtained in
wwond-order The inclusion of zero-point correction is found to be essential

hevwords Correlation cffects, peptide molecules.
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Introduction

ide bonds are of enormous scientific interest as it is the
ry requirement for the structure of all the proteins and
equently, for the origin and continuation of life. With
recent detection of more than 100 species of amino
s i mterstellar space [1] and with the continuing
thes for more, there is always a possibility to find
eins 1n the cool interstellar space. In this situation the
v of peptide bond formation from ncutral amino acids
mes of interest. .

he formation of a peptide bond is an example of a
lensation reaction. The two molecules of amino acids
covalently to form the bond together with the
mpanying removal of a molecule of water. Since glycine
alanine are the two most simple amino acids, the
ide bonds involving alanine or glycine are the most
ly studied ones by the theoreticians [2-6]. In the
0t paper we investigate the structure and energetics of
four peptide molecules that may be formed from the
ure of alanine and glycine in gas phase. When they split
vater to form a dipeptide, either could be the donor for
r a hydrogen or a hydroxy! group and hence,

theoretically, it gives rise to four possibilities for the product
(see Figure la):
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Figure 1a. The four peptide molecules considered in the present study

(1) Alanylglycine (ALA-GLY):
CH;-CH(NH;)-CO-NH-CH,-COOH

(2) Glycyl alanine (GLY-ALA):
H-CH(NH;)}-CO-NH-CH (CH3)-COOH

(3) Alanyl alanine (ALA-ALA):
CH3-CH(NH,)-CO-NH-CH (CH3)>COOH

@) Glycylglycine (GLY-GLY):
H-CH(NH,)-CO-NH-CH,-COOH
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We use high-level ab initio quantum mechanical
methods to model all the four molecules mentioned above.
The basic interest of the present study is to analyze the
effect of higher-order electron correlation on the binding
energy. However rotational properties are also considered.

2. Method of calculation

Fully unconstrained geometry optimizations are performed
for ALA-GLY, GLY-ALA, ALA-ALA, GLY-GLY, Alanine,
Glycine and water using Hartree-Fock (HF) and second-
order Moller-Plesset theory (MP2) using gradient techniques
[7] and the 6-31G* basis set. After obtaining the optimized
geometry at the MP2 level, single-point calculations are
performed using many-body perturbation/coupled-cluster
theories (MBPT/CC) [8] with the same 6-31G* basis set.
These include the more sophisticated coupled-cluster models
such as CCSD [8] and CCSD(T) [9]. Thus at the highest
level, geometry optimization of the seven molecules
mentioned above are performed at the MP2/6-31G* level and
single-point calculations are further made up to the CCSD(T)/
6-31G* level. Comparison between these results allows a
systematic analysis of the electron correlation effects on the
binding cnergies. The binding energies for all the four
peptides are calculated with all the above theoretical models,
with and without the zero-point energy correction. Thus we
can also see the effect of zero-point energy on the binding
energies.

To make sure that all optimized geometries arc true
minimum thc geometry optimizations are followed by a
calculation of the hessian. These hessians are then used to
calculated the harmonic vibrational frequencies are therefrom
the zero-energy vibration. All the calculations are performed
using the GAUSSIAN/98 program [10].

3. Results and discussions
The peptide bond structure :

It is well known [1] that both glycine and alanine can have
several structural conformations depending on the internal
rotational degrees of freedom. The present optimized structure
of glycine corresponds closely to the structure IVn of Csazar
[11], whereas that of alanine corresponds to the structure
b [12].

The Figure la illustrates the four peptide molecules
considered in this paper. The bond lengths and angles of
the peptide unit, C?-CO-NH-C?4, in alanylglycine (ALA-GLY)
as obtained by the two methods are shown in Figure 1b and
in Table 1 where they are compared with the experimental
parameters (13-15].
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Table 1. Geometry of the peptide unit in the pepude
ALA-GLY. Bond lengths are given in Angstrom and the beng

ml"th‘lq

degree. e
HF/ MP2/ Ref.  Ref
Geometry 6-31G* 6-31G* (13} [14}
C-N 1.349 1.359 1.32 1.33
Cc«C 1.531 1528 1.53 1822
N-C= 1.436 1.441 147 1 449
N-H 0.995 1.014 1.00 0.96
c-0 1203 1237 124 1224
<C*C-N 116.09 116.26 114 116 6 11e
<C*C-O0 121.88 121.79 121 120.4
< N-C-O 122.03 122.05 125 1229
<H-N-C* 11735 117.26 114 118 4
< C“N-C  121.28 120.55 123 1219
121.37 122 29 123 119K

< H-N-C

In comparing our results among themselves and «
experimental values one should recall that experunci
measurements on the structures of peptides arc donce ¢
condensed phase that contain both bonded and non-bont
interactions. However, comparing with the three sel
experimental results, we note an overall good agreeme
between theory and experiment. Both HF and MP2 podu.
almost the same values for the bond angles. However i
HF bond lengths are generally smaller than that of MP2 1!
C-N bond length is always longer than that of expcrumen
all theoretical levels as has already been observed beto
[16].

Rotational spectra :

The rotational constants are very useful in the rade
astronomy identification of molecules in the interstellar spac
The dipole moment, on the other hand, is important as !
related to the intensity of the rotational lines. These rotatiot
constants can be evaluated directly from the moments
inertia. In Table 2 we compare the rotational constants &
dipole moments obtained by HF and MP2 methods. We o
that A > B = C in all cases, indicating that all the I
molecules can be represented by a near-prolate approximait
in a rigid model.

The binding energy :

Table 3 shows the calculated binding energies (BE) obtait
by these two methods along with the zero-point encft
corrections to it. BE are calculated as a difference betw®
the sum of the equilibrium energy of the final chan"
(peptide molecule + water) and that of the individual am"
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1able 2. The rotational constants (A, B and C) in the units of GHy and dipole moments (3) n debye of the four peptide molecules, alanylglycine,

ayuylalaning, alanylalanine and glycylglycine.

Alanylglycine Glycylalanine Alanylalanme Glyeylglycime
(GLY-GLY) \GLY-ALA) (AL ACALA WGLY-GLY)
HF MP2 HE MP? TwE T Mkl I VT
[ . S e
A 3.2463 31872 3.0393 3.0027 2.2159 22022 5.2066 4.9885
B 05771 0 5706 0 6404 0 638Y ‘.5622 05569 06722 0 6691
{ 05291 05261 05709 0 5655 64‘)]4 0 4887 06015 0.5972
b3

0 29188 31738 2.8092 3.0011 }.8633 30930 2 8595 3.0847
—_— — W" —— - e

«d components in the initial channel. Table 3 shows that
~th clectron correlation effects and zero-point vibrational

sk 3 ¢ alculated binding encrgics (heal/mol) for the peptide molecules
g the hasis set 6-31G* at the HF and MP2 level BE and ZPC denote
se binding energy and the correction due to the difference in zero
-amt vibrational energies on the binding encrgy.

After 7PC

Swlewe BE(HF)  After ZPC BE(MP2)

ey 1.34 382 308 S 62
CV-ALA I 47 395 3.7 611
ALA-AT A 179 4 88 2 64 546
WOl 102 1R TRER 634

sneettons (ZPC) increase the BE The electron correlation
fiect obtamned n sccond-order MP2 gives a substantial
anubution to BE. Among the four molecules the effect is
wsimun in case of GLY-GLY where BE increases by 3.15
«al'mol and minimum in ALA-ALA where the increase 1s
uly 0.64 keal/mol. ZPC are found to be more important for
)L Y-GLY at the HF level but for ALA-ALA at the corrclated
2 level. Considering the MP2 results, the most bound
wstemas GLY-GLY with a BE of 6.34 keal/mol. Composite
vstems such ALA-GLY and GLY-ALA are intermediate
wtveen the ALA-ALA and GLY-GLY systems. At this stage
“i1sappropriate to include higher level correlation corrections.
hus, single-point full fourth-order MP4 and CCSIX(T)
alculations are performed for all molecules in their MP2
tometries. The results are shown in Tablc 4. There are
ume interesting aspects rclated to the higher-order
orrelation contributions. First, all calculated BE are decreased
tthe CCSD(T) level compared to the previous MP2 results.
omparison between the results obtained at the MP4(SDQ)
"d MP4(DQ) shows that single excitations at the fourth
rder decrease the BE but comparison between MP4(SDQ)
"d CCSD shows that high-order single and double
\Citations increase BE for all systems. Additionally, the
oniribution of triple excitations in fourth-order, as seen
' MP4(SDTQ), and higher-order as seen in CCSD(T), do
“have a defined sign. They increasc BE for GLY-GLY

and GLY-ALA, decrease for ALA-ALA and have a minor
effect for ALA-GLY. If one considers the highest level of
Table 4. Calculated binding energies using MP2 geometrics for the

peptide bonds, with 6-31G* basis set in different methods. ZPC is the
calculated MP2 zero-point energy correction

ALA-GLY  GLY-ALA ALA-ALA GLY-GLY

METHOD

MP2 308 3.71 2.64 417
MP2 + ZPC 5 62 611 5 46 6.34
MP3 296 352 259 392
MP4(D) 2.67 328 2.35 362
MP4(DQ) 2 64 318 248 336
MP4(SDQ) 234 2.94 191 3.15
MP4(SDTQ) 2.22 3.01 1.95 3.32
€CsSD 251 3 08 237 325
Cesn(Ty 251 321 2.03 3.72
CCSINT) + ZPC 509 5.61 4 86 5.89

calculation, CCSD(T). and ZPC, at the MP2 level, we find
that the best result considered here gives BE of 4.86 kcal/
mol, 5.09 kcal/mol, 5.61 kcal/mol and 5.89 kcal/mol for ALA-
ALA.ALA-GLY,GLY-ALA and GLY-GLY, respectively.

Figure 1b. The structurc of the peptide unit taken from ALA-GLY to
be compared with the experiments in Table 1 The symbol C! stands for
the standard notation CT used in the text and table.

4. Conclusions
The present ab initio calculations show the effects of

electron correlation on the binding energy of the peptide
molecules considering the four possible combination of
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alanine and glycine to form dipeptides in gas phase. HF and
MP2 methods are used to optimize geometries and to
calculate the total energies and vibrational frequencies of
the four molecuiles : ALA-GLY, GLY-ALA, ALA-ALA and
GLY-GLY. The effect of electron correlation is found to be
significant as it increases the binding energies nearly
duplicating the HF value in all cases. Most of the correlation
effect is obtained already in second-order but higher-order
effects slightly decrease the binding energies (around 0.5
kcal/mol). The zero-point energy corrections are found to be
crucial and they also increase the binding energy. Among
the four molecules considered, GLY-GLY is found to have
the highest binding energy (5.9 kcal/mol) while ALA-ALA
has the lowest one (4.9 kcal/mol).
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