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Abstract— AbD initio and DFT molecular computations were carried out on the HCO-Gly-L-Val-Gly-NH, tripeptide
at the HF/6-31G(d) and B;LYP/6-31G(d) levels of theory. The study of conformation in HCO-Gly-L-Val-Gly-NH,
tripeptide, which is in repeating sequences of parent elastin-mimetic polypeptide, were performed with varying of
side chain torsional angle () and backbone dihedral angles ( ®@,,¥, ), to finding the most stable conformer.

At first the side chain torsional angle (y) as a variable of the energy function was changed at 30° intervals from 0° to
360°. Three minima, gauche (-) , gauche (+) and anti, were obtained that among of them, gauche (-) conformer has
the lowest energy. Afterward the two terminal glycine moieties were kept in the £, conformations while the

conformation of the central valine was varied for three states, gauche (-), anti and gauche (+).

In addition to electronic energy (E), the key thermodynamic functions: enthalpy (H), Gibbs free energy (G) and
entropy (S) were obtained at B;LYP/6-31G(d) level of theory.

The most stable conformation for three states of valine , gauche (+), anti and gauche (-) is B pp. conformation and
also in gauche (+), anti and gauche (-) states 8, 7 and 6 conformers were found respectively.

The obtained B, 7, B,, B.vpB., B,&pP, and PrapPr Conformations in this three states, are more stable in anti

state than other two states. According to obtained results dipole-dipole attraction interactions and also entropy play
the main role in forming a more stable conformer.

Keywords: B3LYP, Conformational analysis, Elastine, HF, HCO-Gly-L-Val-Gly-NH2, Ramachandran.

protein second structure [2]-[3]. The modification of
1 INTRODUCTION peptides is a general strategy for drug design to increase
the resistance to physiological degradation and decrease
the conformational flexibility. Countless possibilities of
structural changes with respect to peptide structure or
amino acid side chains is presented and established to be
promising in drug design in future [4]-[10].
A relatively small and emerging class of protein-based
materials is elastomeric materials. with respect to the
polypeptides that from these materials, they are mainly
formed by sequences with regular repetitions and little
complications.

uring the last two decades the study of peptide and

other protein-based materials has faced a renaissance.
Most of these studies focus on discovering the rules that
govern protein folding. The proteins are categorized
with respect to their first, second and third structures
and the second and third structures of proteins are the
result of the first structure and the protein biological
activity is determined by these structures [1].
Two sections of science, drug discovery and
nanotechnology require the prediction and control of
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Elastin protein is a kind of elastomeric material that is
mainly formed by glycine, valine, alanine and proline
amino acides. One of the parent repeating polymers in
elastin is (Val-Pro-Gly-Val-Gly), [11]-[14]. These
polymers have medical and non-medical applications.
The study of possible conformations of single amino
acide diamids of glycine, alanine, valine and proline and
also a number of di- , tri- and oligo-peptides (dialanine,
trialanine, tetra-alanine, oligo-analine, tri-glycine) are
already investigated extensively [15]-[19].

Also the study of dipeptide pro-Gly-conformational
properties in elastin polypeptide was performed to
define and describe the relation between proline
application relevance with elastomeric mechanical
behavior of penta-peptide in this group of materials[20].
Protein Folding is defined as a function of the structure
torsional angles(®,¥,w). Different interactions between
amino acide side chains improves these torsional angles.
In order to understand protein folding, it's necessary to
study the formed peptide model and their conformation
and the effect of one residue on another. Single amino
acide diamidse conformation based on Ramachandran
plot is shown in Fig (1) in which ® and ¥ are between
0° and 360° and there are 9 possible minima in it.
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Fig 1. Topological features of the Ramachanran map E=E(
@, ), associated with an amino acid residue

The complexity increases as peptide chain alongates and
the plot dimensions also increases. In the case of
tripeptide derivatives ( see Fig 2 ), which A and B can
be regarded as CH; or H there are nine conformers for
each amino acide according to Ramachandaran plot
which results in 9x 9x 9=729 conformers.

Fig 2. The -conformational structure of diamides of

tripeptides.
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Protein chemists have simplified their approach to the
study of protein folding by separating the problem of
backbone conformation from side chain conformation ,
as well as form the problems of nearest neighbors and
long-range interactions. The simplest amino acids, such
as glycine [21-26]and alanine [15],[21]-[25],[27]-[28]
were among the first studied, followed by valine
[23],[29], which has one sidechsin torsional angle was
next. In addition conformational studies have been
performed on proline [30],aspartate [31], aspargine [32],
cytosine and selenocytosine [33]. And also ab initio
studies have been performed on dialanine [15]-
[171,[34],[35] trialanine [36],tetra- alanine [37-40], as
well as oligoalanine [41], triglycine [42],[43], Ala-Gly-
Ala tripeptide [44],[45] and other tripeptides [46].

Biophysical studies and computational analysis of native
elastine mimetic polypeptides have indicated the
presence of [ —sheet conformation and have postulated

a functional role for this conformation in the
development of elastomeric behavior [47],[48].
Although proline and glycine amino acids prefer spiral
structures B turn (II) in elastin, but valine amino acid
existence with a large side chain can play an important
role in forming pleated sheet B (extended) structure [42].
In the present work we study the different conformers
that obtained from the rotation of valine side chain
around <N;C¢C4Cig dihedral angle (y) and backbone
torsional angle (®,,%¥,) of valine amino acide in
protected tripeptide “ HCO — Gly — L — val — Gly — NH,
“in elastin penta — peptide which has a chiral center
and one prochiral side chain.(see Fig 3 )

~¥
O W H

Fig 3.Schematic of the -r-lumbering system applied tb the
tripeptide HCO-Gly-L-Val-Gly-NH,. showing all side chain
and backbone torsional angles

The pervious researches show that protein folding is
governed by the law of thermodynamics [49], therefore
using computational methods the optimized geometries,
energies and other thermodynamic properties such as
Gibbs free energy, enthalpy and entropy were
determined and we found the most stable conformer that
obtained from rotation around torsional angles (®,,'¥,)
of valine amino acid.
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2 COMPUTATIONAL METHODS

Ab initio and DFT calculations were carried out on the
selected conformations of the tripeptide model HCO —
Gly — L — Val — Gly — NH, shown in Fig 3, at the HF/6-
31G(d) and B;LYP/6-31G(d) levels in gas phase at 1
atm and 298K. In all cases, the steady —state nature
(minimum on the potential energy surface) of the
optimized complexes have been confirmed by
calculating the corresponding frequencies at the same
computational level. The Gaussian 98 program [50] was
used for the geometry optimization of the gauche (-) (g),
gauche (+) (g") and anti (a) conformers of HCO — Gly —
L — Val — Gly — NH, tripeptide. For this purpose the side
chain torsional angle (x) as a variable of the energy
function was changed at 30° intervals from 0 to 360°.
The corresponding bond angles, bond lengths and
dihedral angles were compared among g', g and anti (a)
conformers. Afterward two of the glycine residues were
chosen at a time to be in the fully extended, or S

conformation, and valine amino acid was placed at 9
possible minima in Ramachandran plot for the g*, g and
anti conformers and then optimization calculation
carried out at B;LYP/6-31G(d) level.

3 RESULTS AND DISCUSSION

The studied tripeptide structure is shown in Fig 3 which
is presented by an internal coordinate system of z-
matrix, numbering atoms and every possible torsional
angle of the structure and the side chain () dihedral
angle. In this study A and B are considered as H
atom.We added HCO and NH, groups to tripeptide
separately for keeping a -carbon during the peptide

bond and modeling the bigger polypeptide structures.
Adding these groups doesnt change the special internal
parameters of the main structure of tripeptide. At first
the effect of changes in torsional angle of side chain on
structure conformation was studied as a variable of
energy function. For this the optimized geometries that
obtained from the rotation of side chain around (%)
dihedral angle at 30° intervals from 0° to 360° were
determined. The HF/6-31G(d) and B3;LYP/6-31G(d)
geometries of various conformers that obtained from
rotation around () are shown in Tables 1 and 2.
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According to the results in both B;LYP and HF levels
three minima conformers were seen in y-+60, x-180°
and y_-60" which are in uncoated state and were named
gauche (+) (g"), anti (a) and gauche(-) (g) respectively
(see Fig 4). The order of stability of these conformers is
Eg<Eg'<Ea (see Tables 1 and 2).
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Fig 4. optimized structures of three stable conformers g’, g’
and anti

In ideally the & -carbon bond angle for HCO — Gly — L —
Val - Gly—NH, ,N - C,—C (5-6-7 in Fig3 ) is 109.5"
which according to our results it can be seen that this
bond angle in both HF and B;LYP levels for g
conformer has less deviation than 109.5" comparing to
other conformers g and anti. In addition the values of
dihedral angles (®,¥,,®;¥;) have less deviation than
180° but @, and ¥, have more deviation than 180°. The
largest changes in dihedral angles are found for the @,
and ¥, of anti conformer. The calculated results for anti
conformer show the dihedral angles ®, and ¥, are ( -
128.25 and 131.45° ) and ( -131.96 and 131.94° ) at
HF/6-31G(d) and B;LYP/6-31G(d) respectively.
deviation from 180° in HF and B;LYP levels are 52° and
49° respectively and dihedral angle ¥, Deviation in HF

and B;LYP levels are 49° and 40° respectively. (see
Tables 1 and 2).
The calculated relative energies for interactive

transformation of various conformations of tripeptide as
a function of dihedral angle (%) show that the barrier
energies of between them are 3 to 6.8 kcalmol” for
transform to extended conformation or B, f;p. (see Fig
5).

So valine side chain rotation has a great effect on
tripeptide structure conformation specially the adjacent
amino acid dihedral angles.

What with the valine side chain can be oriented in g-, a

and g" conformers, So generally according to
Ramachandran plot for the studied tripeptide
9x9x9x3=2187 conformers is expected.

Table 1. Optimized geometries and energies for HCO-Gly-L-Val-Gly-NH, (g+, a and g- states) varying side chain torsional

angel (y) of L-Valine at HF/6-31G (d) level of theory
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Table 2. Optimized geometries and energies for HCO-Gly-L-Val-Gly-NH, (g+, a and g- states) varying side chain torsional
angel () of L-Valine at B;LYP/6-31G (d) level of theory
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P4 E AE Gly; L-Val, Gly;
Harmes Eealmol &, ¥, [ ¥, &, ¥, M
0 -911.860223 6021 178.049 -I77.163 -142.85) 147582 173676 -179.723 105118
30 -911.86412 33763 -179.424 17956l -131092 139084 -176.309 -179.147 104193
&0 -911.86933 031 178827 178350 -152716 153370 179939 -179.835 105311
0 -911. 867731 13105 179926 17919y 136620 161010 -178124 179331 106280
120 -911 863834 37338 -178e626 I7E367 -133113 133812 -176012 -I7B7RE 103478
130 -911 863967 24174 179047 170625 -132626 141468 179942 -I7E306 103273
180 -911 8684764 0.8424  -I77695 IT6ETE  -I131.959 139940 -160.048 17538 105547
210 -Ql1 86638 20330 17T 024 ITOeds 136803 130119 -ITI414 1TE4e3 106071
240 911 8edee3 32335 170447 176442 _131Tes 163615 ITE33F _ITEe6e 103666
270 911 867347 13312 179476 ITEORS 143313 13ETIE 179920 179884 103438
J0060)  -911 869819 [ -179.120 -179.968 _133525 162765 178663 179715 106666
330 911 8637FE 23357 _1T0.63F  ITE 2] 133357 130289 179234 179962 106874
360 911 860223 60216  I7E0M9 _ITT165 142853 1473E2 -I7ieTe 1797 103118

In the current research according to the changes in
torsional angles of central amino acid, valine, we have
determined the most stable conformer. For this purpose
two terminal amino acids “Gly” has been kept fix in .
conformation and the central amino acid, valine, was
considered for 9 possible minima in Ramachanran plot
in three variable states g-, aand g, so 3x9=27 possible
conformations were studied for tripeptide HCO — GLY —
L-Val-GLY —NH,.

For every conformation at B;LYP/6-31G* level we
determined the optimized geometries and energies and
also by using frequency calculations at this level we
obtained Gibbs free energy (G), enthalpy(H) and
entropy(S). All structure have been verified to be energy
minima through vibrational analysis (no imaginary
frequencies).  Of all  conformations  studied,
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the 5, 3, B, conformation of HCO-Gly-L-Val-Gly-NH,

has the lowest energy value, being the most stable
structure. Thus, the energy values of other
conformations of HCO-Gly-L-Val-Gly-NH, were

compared to the energy value of the S, 5, 5, structure
which is the reference conformation. Our results turnout
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Fig 5. Relative energy of HCO-Gly-L-Val-Gly-NH,

conformations as a function of

that observed conformers for g', a and g- states, are
:BLﬁLﬂL > :BL7LﬁL: ﬁL7D:BL= PrapPr and ﬂLgDﬂL :
In g state only },¢, 3, Conformer was absent and 8
other conformers obtained (see Tables 3, 4 and 5).
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In anti state /3, &, #, and PO, B were absent and 7other
conformers obtained, and in g- state S, &, /5, , ProoPL

And PBrofp Were absent and 6 other conformers
obtained. So S, ¢, 5, conformer was absent in every

three states .
Among the absent conformesr, Bra B, S,¢,4, and

BLoLPL conformers incline toward B B pL conformer, in
other word they find their stability in B p L State, and
also PropPL conformer inclines toward B 6. Py, so it can
be seen that not only BB conformer is the most stable
conformer, but also most of the absent conformer find
their stability in B B pr state in good agreement with
experimental and pervious theoretical studies [47],[48].

ﬂLyLﬂL g :BL7/D:BL ) ﬂLgDﬂL and BLaLBL conformers

have less energy in anti state in comparing to other
states, g and g-, then they are more stable .

Table 3. [B3LYP/6-31G(d)] Optimized geometries and energies for HCO-Gly-L-Val-Gly-NH, ( g+ state ) varying the backbone

conformation of L-Valine

Backbone Energy AE Gly; L-Val, Gly;
conformation  (Harires)  memer &, v, &, v, L ¥,
Bififr -911 8696 g 1792733 1777993 -134 3444 1560292 1700270 1797652
By B -911.8630 28737 173081  -]7E8972 -§7.174) 731837 1744044  ITE7223
B.¥.5, -911 8582 T i48% -173I380 1634510 677447 342700 -174.5796 1731399
Brdr fr -9118647 30789 -176.3404  -1735911 -1201713 110364 _17go0ss -179.1454
Bripfr -911 8605 36874 180000 175.8850 -139.3346 -36.4332 1590042 17285333
B.2.B.  Notfownd - - - - - - -
B.2.8, -911.8548 92824 1742435 -1688282 733631 1620373 145130  ITTE51S
Bre 181 -R11.8644 32326 -1734291 -I7R5013 -1016964 -14346 -171.1523 -178.5286
Bro ofir -911.8385 @.923¢ 1712312 -1748257 478635 432630 1554225 1774487
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Table 4. [B3LYP/6-31G (d)] Optimized geometries and energies for HCO-Gly-L-Val-Gly-NH, ( anti state ) varying the

backbone conformation of L-Valine

Backbone Energy AE Gly; L-Val, Gly;

Cﬂ‘f‘lf ‘ormation fm&g} (Arabnel") & 7 p_r ﬂ;l p;l ﬁ; p,'l
Bififr -g11 &d&5d 0 1784708 17548175 12053081 13871745 17922121 -179 53743
B.v.B. -911 BEER 11258 1742039 -1774764  -BT.00808 8888939 1701988 ITi 01209
B.r B -g11 §d282 346025 17852} 17588107 7417020 -gl.da8g 174001410 -175.5255

Ly DIFL
ﬂ,r_c-ﬁ‘,r_ ﬂ,r_ Nat found —_— —_— —_—
Bréofr -G11 &4075 4.0003  170.7880) 17T 24002 -125 18338 -04.23455 14416544 17411975
F.e B Not found — — —
Bz B -911 85754 g.9204 170521330 -165.04083 7478468 14000697 -176.8783F -178.3917
LoDl L
Bro 1fr -311 84342 32255 -1d8.1&09 17252004 -78.82194 2700000 -153.73041 17934147
Bra o 311 &d104 47158 15440055 16410034 F4.58720 4217325 13317858 1754254
The calculated thermodynamic properties such as Gibbs o8 T M
free energy, enthalpy and entropy indicate that when \ Hz,’ . cHy g
energy, Gibbs free energy and enthalpy have the least J\a’r 0
values, entropy increases, and the most stable | [7
conformers have the highest entropy in every state ( see o (A

Tables 6, 7, and 8 )

Although BB p. conformer has the minimum total
energy but it has less entropy than some of conformers
and it doesn t

have the maximum value so dipole-dipole attraction
plays the main role in producing this stability ( see Fig 6
).

According to Fig 5 when ®,= 0° and ¥,=180° there is a
coupling between two oxygen atoms in peptide plane
and if ®,=180° And ¥,=0° There is an interference
between two Hydrogen atoms, and this fact prevents the
formation of such angles. If both @, and ¥, are 180° and
®,_¥,=0° we 1l have an interference between carbonyl
oxygen atoms and Hydrogen atom which is the
favorable factor. So dipole-dipole attraction interactions
and entropy play the main role in forming a stable
conformer.

&, =180 °F, = 0° &, =0 7%, = 180°

Dipole— Dipole Repulsion Dipole — Dipole Repuision

W, M
HC,, H H
5 Ir’ f “cHa o
%, JF TCH: + H_ =@
PAYE & A
_____ |'|u \______ /&\ /
| /o
X o X ©\......
5
&y =180 °F; = 180° &y =0 °F; = §°

Dipole — Dipole Attraction Dipole — Dipole Attraction

Fig 6. A schematic illustration of Dipole — Dipole Repulsion
and Attraction Interactions for certain conformers of amino
acid diamides

Table 5. [B3LYP/6-31G (d)] Optimized geometries and energies for HCO-Gly-L-Val-Gly-NH, ( g state ) varying the backbone

conformation of L-Valine
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Backbone Energy AE Gly; L-Val, Gly;
conformation  (Hortreel  masmey &, ¥, &, v, &, v,
911 E0923 i 175204 175 754 -133.042 142798 177953 170647
BiBifbr
ﬁr 'r’rﬁr -211. 50580 25374 174 687 -171.190 -7 5440 504040 149 2464 -176.431
- -011 55880 0.8952 175453 172,159 G1.778 -29.221 -171.260 174 001
Bo7ob
ﬂlalﬂl -a11 54048 1.9842 176.200 175103 -123.000 15530 175400 175103
ﬂ‘r_ﬁgﬁl‘r_ Not found _ _ _ _ _ _ _
5.2 B, Not found _ _ _ _ _ _ _
-a11 85T T.E04043 173475 173 454 44 452 145 470 -165.700 178570
B.e B
Lol L
J|5',r_[.'-li ,rﬁ;_ Not found _ _ _ _ _ _ _
-a11 86025 6.0221 1585034 -l60. 425 45755 44 504 137.0462 175043
Bra nfr

Table 6. Enthalpy, Gibbs-free energy and entropy values for the optimized geometries of HCO-Gly-L-Val-Gly-NH, ( g+ state)
at the B3LYP/6-31G (d) level of theory

Backbone Gibbs-free energy AG Enthalpy AH Entropy AS
conformation (Harires) (Ecalmol) Hariree) (Ecalmo]) (calmol K, (calmol K

BrBib1 ~911.62603 0 “911.54938 0 161313 0
B.y.B. -9 62183 26544 SGFF 34480 28747 62 118 -0LE03
JSI.-':;DJS:_ -9 efg42] T4235 SAIF 33773 72974 160923 .39
Brér br -9 62013 F6E7S S9if 34447 31213 139417 I 898
Brénfir -9 61587 68.3768 -Gif 34024 F.7361 139170 2143
Bz By Not found —_— —_— —_ —_— —_
B. e B, -911 60929 103071 -9ff 33433 84472 137.763 333
Brot 181 -911.62034 34444 -AI1 4424 32233 J60.584 0.729
Bro nfr -91161294 §21727 -9f1 53824 6.9894 137207 4112
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Table 7. Enthalpy, Gibbs-free energy and entropy values for the optimized geometries of HCO-Gly-L-Val-Gly-NH, ( anti state)
at the B3LYP/6-31G (d) level of theory

Backbone Gibbs-free energy AG Enthalpy AH Entropy AS
conformation (Harires (Ecalmal) (Harires) (Kcalmol) (calmol K fealmol B

BiB1fr -2116249 0 311 5483 0 161241 0
B.r. B -GI16234 09413 -G11 5466 I.0668 1671639 -0.398
B.r.B, 9116192 33768 -GI1 5426 35768 I671.303 -0.064
Brdr fr Not found —_ S — —_— —_—
Brénbr 911 6180 43208 G111 5407 47691 T62.047 -0.806
B2 5, Not found _— —_— —_ S S
B.e 5, -GIi.6133 71336 21153373 6.9026 f60.378 0863
Bra 151 Q116197 32631 91715432 32003 1671029 0212
Bra ofr Gl E143 6.3261 -G11 5406 4 8319 135433 J. 808

Table 8. Enthalpy, Gibbs-free energy and entropy values for the optimized geometries of HCO-Gly-L-Val-Gly-NH, (g" state) at
the B3LYP/6-31G (d) level of theory

Backbone Gibbs-free energy AG Enthalpy AH Entropy AS
conformation (Harmee) (Eealmo) — (Hamwee  (Kealmo) (calmol’K",  fcalmol’ )

BB -9i116252 a 9113496 a 159202 a
B.¥. B 9116218 21333 -911.3456 25100 F60.394 -1 189
B.r. B, -Gi16148 6.32606 -9I11. 3385 6.9653 F60.702 I3
Brdr fr 9116226 1.6313 -GI1.5463 19453 F60.214 -10i2
Brénfr Not found J— N — —_— S
B2 B, Not found —_— _— _— S S
Bz 8. 916118 84086 -911.3369 To694 F37.604 I.60d
Bra 1 fr Not found J— N — S —
Bra ofir 9116133 74673 -911.3398 6.7496 Fiq.641 g.367
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4 CONCLUSION

I- The results obtained from HF/6-31G(d) and
B;LYP/6-31G(d) for different conformers of
HCO - Gly — L — Val — Gly — NH, that have
been concluded due to the rotation of valine
amino acid side chain around dihedral angle (y),
show three minima at ¥=+60°, y =180° and y

- 60° which were labeled g', a and g

respectively, and order of their stability is g’

>g+>a,

2- The calculated relative energies for interactive
transformation of various conformations of
tripeptide as a function of dihedral angle (y)
show that the barrier energies of between them
are 3 to 6.8 kcalmol™ for transform to extended
conformation or BB .

3- The rotaion of valine side chain has a great effect
on tripeptide conformation, special on dihedral
angles of neighbor amino acids. Therefore
whatever the side chain becomes larger,
diviation of dihedral angles from 180° inclines
toward less values.

4- The results of calculations show that the most
stable conformer for three states of valine , g*, a
and g ~, is B.PLPL conformer and also in g, a
and g ~ states 8, 7 and 6 conformers were found
respectively.

5- The obtained 8,7, 8,, B,ypB.. B.epP, and

BLopPr Conformers in this three states, are more
stable in anti state than other two states.
According to obtained results dipole-dipole
attraction interactions and also entropy play the
main role in forming a more stable conformer.

6-In good agreement with experimental and
pervious theoretical studies [42,47-48] we found
that the BrPrPr conformation of HCO-Gly-L-
Val-Gly-NH, is the most stable among all of
conformations.
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