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B npeocmaenennoii pabome meopemuueckumu (K6aHmMogo-xumuuecKue paciuemast) u IKc-
neEPpUMEHMATbHBIMU (230645 ITEKMPOHOZPAPUA) MEMOOAMU NPOEEOCHO UCCIE008AHUE CHIPYKIYDbL
MOJIEKYIbl U KOHPOPpMAUUOHHLIX ceolicmé mpunmogana. Pacuemuvr evinonnenvt 6 npozpamme
Gaussian 03 memoodom B3LYP c 6azucnvim navopom cc-pVTZ. Onu nokazanu nanuuue wieCmu KoH-
dopmepos, komopule cywecmeyrom ¢ nape npu memnepamype Ixkcnepumenma (T = 495 K). Teope-
MUuYecKu OYeHeHa Yy6eCmeumebHOCmy OAHHbIX IIeEKMPOHOZPaAduU K KOHPOPMAYUOHHBIM U3MEHE-
HUAM ¢ cCmpyKmype moJeKynavl mpunmogana. Kongopmepor umerom paznuunyio opuenmayuio Kax
KapOoKcuibHO U AMUHOZPDYRNbL, MAK U OCHOGHOIU UENU U UHOO0IbHO20 (Ppazmenma omHoCUMenabHO
opyz opyza. Ha ocHosanuu 3moz20 ux modxyucHo pa3oenums HA 06e 2PYRNbL: paziuiumole (¢ pa3sHvim
mopcuonnvim yenom C(OOH)-C(HNH,)-C(H2)-C(ind)) u crabopaznuuumsie (c paznvimu mopcuon-
Hoimu yenamu H-N-C-C u H-O-C-C) ¢ pamkax rnexkmponozpagpuueckozo sxcnepumenma. Onpeoe-
JICHbI MOJIEKYTLAPHbIE NAPAMEMPL KOHPOPpMEPOos mpunmodana. Y cmanoeneHo, Umo 6 KOHgopmepax
IMOU AMUHOKUCIOMbL NPUCYHICHIEYEH 6HYMPUMOTIEKYNAPHAA 6000p0OHas c6a3b HoN-HO. Ananu3
IEKMPOHOZPaPuUecKUx OaHHbBIX NPOGEOEH HA OCHOBE NPEONOJI0HCEHU, YO HACHIW|EHHbLI NAP HAO
mpunmodganom npu memnepamype sxcnepumenma T = 495 K npedcmasnsem co6oii cmecy Kaxk mu-
HUMYM 08yX KOH@OpMepog c haumeHbuiumu Inepeuamu. Illokazano, umo nauyvuiee cOoOmHouieHue
Imux KoHpopmepoe mexicoy coooit I : Il aenaemcsa 50 : 50, coomeemcmeenno. IIposedeno cpagnenue
2e0MempuiecKux napamempos MoaeKysi AMUHOKUCI0m (2AUYUH, ANaHUH, MPpURmMogdan), noayuen-
HBIX U3 OAHHBIX 24306011 INEKMPOHOZpaduu 6 IMoii papome u panee. YcmanogieHo 61uAnuEe GHyN-
PUMONEKYNIAPHOI 6000POOHOIL C6A3U HA CIPYKMYPHbBIE RAPDAMEMPbL OCHOGHOU Uenu MOJIeKyl yKa-
3AHHBIX AMUHOKUCTIOM.

KaroueBbie ciioBa: TpuntodaH, aMHHOKHCIIOTA, ra3oBas 3JEKTPOHOrpadusi, KBAHTOBO-XUMHUYECCKHE
pacueTsl, KOHQOpMED, CTPYKTYPa MOJIEKYJIbI
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The molecular structure and conformational properties of tryptophan have been investi-
gated by gas-phase electron diffraction and theoretical methods. Quantum chemical calculations
realized by program Gaussian 03 (B3LYP/cc-pVTZ) have been predicted the existence of six con-
formers at the temperature of experiment (T = 495 K). The ability of gas-phase electron diffraction
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method to distinguish the structure of conformers was estimated theoretically. Conformers have
different orientations of carboxylic and amine group, backbone and indole fragment to each other.
These conformers can be divided on two groups: distinguishable parameters (with different torsion
angle C(OOH)-C(HNH)-C(H,)-C(ind)) and weekly distinguishable ones (with different torsion
angles H-N-C-C and H-O-C-C) by gas-phase electron diffraction. The molecular parameters of the
conformers were determined. The conformers have intramolecular hydrogen bonding of the
H.N---HO. The analysis of the gas-phase electron diffraction data have been carried out assuming
the saturated vapor of tryptophan at T = 495 K consists of mixture at least of two conformers with
lowest energy. It was shown that optimal ratio between conformers I : 11 was 50 : 50, respectively.
The geometrical parameters of amino acids molecules (glycine, alanine, tryptophan) obtained by
gas-phase electron diffraction were compared. The influence of the intramolecular hydrogen bond
was established onto the structural parameters of the backbone of the above amino acids molecules.

Key words: tryptophan, amino acid, gas-phase electron diffraction, quantum chemical calculations, con-

former, molecular structure
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INTRODUCTION

Amino acids are the building blocks of pep-
tides and proteins having fundamental chemical, bio-
chemical and biological significance. They take part in
many biochemical processes (neuroregulation, enzyme
catalysis, synthesis of bioactive substances) [1]. In the
last years, the synthetic peptides with amino acid resi-
dues have gained high interest as new drugs to over-
come bacterial resistance to classical antibiotics [2].
Peptides have been used in bionanotechnology (bio-
sensor, molecular electronics) [3]. Amino acid mole-
cules have a unique structure. Zwitterionic forms of
amino acids are stabilized in the crystalline state and in
solution whereas the neutral structures are found in the
gas phase [4]. Therefore, the structure of amino acids
are still the objects of careful study in both of these media.

In the gaseous phase the aromatic amino acids,
tryptophan (Trp), phenylalanine (Phe), tyrosine (Tyr),
have been studied by UV spectroscopy due to presence
of UV chromophores in their side chains [5], matrix-
isolation spectroscopy with quantum chemical calcula-
tions [6,7], UV and IR ion-dip spectroscopy combined
with quantum chemical calculations [8], microwave
spectroscopy [9] and other methods.

Amino acid molecules have low symmetry and
many rotational degrees of freedom. The conformational
behavior of amino acids in the gas phase is considera-
bly complicated, particularly for the aromatic amino
acids with high rotational freedom or plausible intra-
molecular hydrogen bonds (H-bonds). For this reason
a large number of different low-energy conformers are
expected on the surface of potential energy. Therefore,
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it is difficult to carry out a structural study of the amino
acid molecule in the gas phase by experimental meth-
ods. Nevertheless, the molecular structures of some
amino acids and bioactive compounds have been ex-
perimentally investigated by the gas-phase electron
diffraction (GED) [4, 10-14]. The structures and pre-
ferred conformations of aromatic amino acids in gas
phase are still indefinite. The molecular structures of
the most stable conformers of neutral glycine (Gly), al-
anine (Ala), and proline (Pro) have been determined by
the joint analysis of electron diffraction data and rota-
tional constants, in conjunction with the results of an
ab initio calculation [4, 13, 14]. Study of the Trp mol-
ecule was carried out by ultrafast electron diffraction
in work [15]. The structure of Trp conformer without
intramolecular hydrogen bond was obtained by exper-
iment and quantum chemical calculations. However,
the conformer obtained was no minimum on the poten-
tial energy surface in the quantum chemical studies of
gaseous molecule of Trp.

The aim of our study was to determine the ge-
ometrical parameters and conformational composi-
tion of gaseous Trp using electron diffraction and
guantum chemistry methods. The theoretical radial
distribution functions are compared for different
types of conformers in electron diffraction. It should
be noted that the presented study of the Trp led to the
identification of highly accurate molecular structures,
which demonstrated the reliability of the GED
method associated with high-level quantum-chemical
calculations for determining the structure of the
amino acid. The main goal of this work is experi-
mental and theoretical investigations of the structure
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and properties of the aromatic amino acid, Trp, and
their conformational dependency by synchronous
GED and mass spectrometry (GED/MS) along with
high level quantum chemical calculations. We propose
conformational classification for the neutral form of
Trp with a density functional theory using the Gaussian
03 program system [16]. We investigate the differ-
ences in structure and charge distribution between the
subgroups of Trp.

EXPERIMENTAL PART

Chemicals

Commercially available L-tryptophan [CASRN
73-22-3] with purity of 99%, was obtained from Al-
drich Chemical Co., and was used without further pu-
rification. Before use, the sample was carefully dried
under vacuum during 48 h at the temperature 323 K
and then stored over P,Os in desiccators, no further pu-
rification being followed.

Computational details

In this work, quantum chemical calculations of
geometry and electronic properties of Trp’s conform-
ers were carried out by Gaussian 03 [16] at the B3LYP/
cc-pVTZ level of theory. The charge distribution was
analyzed using the natural bond orbital (NBO) analysis
[17] using the Gaussian 03 package [16].

GED/MS experiment

Electron diffraction patterns were recorded
simultaneously with the mass spectra using special
techniques. The electron diffraction experiment was
carried out using the combined GED/MS apparatus
[18], consisting of the EMR-100 gas-phase electron
diffraction and the APDM-1 monopole mass spectro-
metric units. The conditions of the GED/MS experi-
ment are shown in Table 1.

The temperature of stainless steel effusion cell
was measured by a W/Re-5/20 thermocouple, which
was standardized using the melting points of Sn and
Al. Polycrystalline ZnO was used to establish the
wavelength of the fast electrons recorded before and
after the GED experiments on Trp.

Table 1
Experimental conditions for GED/MS study of Trp
Tabnuya 1. JkcniepuMeHTATbHbIE YCIOBHS CHHXPOH-
HOT'0 JIEKTPOHOrpa)u4ecKoro U Macc-crieKTpoMeTpHu-
yeckoro uccaegosanus Trp

Nozzle-to-plate distance, mm 338 598
Electron beam current, pA 1.50 0.70
lonizing voltage, V 50 50
Accelerating voltage, kV 94.0 90.8
Temperature of effusion cell, °C 222 222
Residual gas pressure diffraction| 2-10%/ 3-10%/
chamber/MS-block, torr 6-107 5-107
Scattering angles Smin - Smax, A | 3.7-31.0 1.2-17.2
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The Trp sample was evaporated at T =495+5 K
from a stainless steel effusion cell. Microphotometric
measurements were carried out by means of automatic
techniques [19]. The scattered electrons were collected
on the Kodak Electron Image films SO-163 of 9x12 cm
at two camera distances, 598 and 338 mm. The electron
diffraction patterns were scanned by a modified [19]
computer-controlled microdensitometer Carl Zeiss
Jena MD-100. For each film, a rectangular area of 10
x 130 mm was scanned at a diagonal direction (33
equidistant lines with a step of 0.1 mm along each line).
The molecular intensities were obtained in the ranges 2.6-
28.5 A (short camera) and 1.2-15.0 A (long camera).

The mass spectra of the effusing molecular
beam were recorded simultaneously with recording
diffraction patterns. These data indicate that the mono-
meric molecules of Trp are presented in the vapor. No
volatile impurities were detected at a level of 1%, at
least. Mass-spectrum is the same as a described in [20].

RESULTS AND DISCUSSION

Quantum chemical calculations

Several theoretical studies have been carried
out on the conformational analyses of neutral trypto-
phan [21, 22]. In case of structural analyses of electron
diffraction experiment, the data of geometry of mole-
cule, force field, vibrational amplitudes, and vibra-
tional corrections of intermolecular distances were
necessary. We perform the conformational analysis of
the Trp molecule at the B3LYP/cc-pVTZ level of elec-
tronic structure theory using the Gaussian 03 program
[16]. The calculations predict 40 stable conformations
of neutral tryptophan, energies of which lie within
10 kJ/mol. No imaginary frequencies were observed
for any of the conformers examined, confirming that
the optimized structures were minima on the potential
energy surface. All conformers can be divided into
6 groups in relation to different orientations of car-
boxylic and amine group, backbone and indole frag-
ment to each other. Relative energies and structures of
conformer groups are given in Supplementary (Ta-
ble S1 and Fig. S1 http://journals.isuct.ru/ctj/arti-
cle/view/1985/1128). Structures of six most stable
conformers with the lowest-energy are shown in Fig.
1. Each of them has an intramolecular hydrogen bond.

Because intramolecular hydrogen bonds play
an important role in the molecular structures and con-
formational preferences of amino acids, for the six
low-energetic conformers of neutral Trp, NBO-analy-
sis at the B3LYP/cc-pVTZ level of theory was per-
formed. The most stable Trp conformers exhibit an in-
tramolecular hydrogen bond between the hydrogen atom
of the hydroxyl group and the lone pair of electrons on the
nitrogen atom of the amino group (N---H-O) (Fig. 1).
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Fig. 1. Low-energetic conformers of Trp (Ere - relative energy)
Puc. 1. Kongopmeps! Trp ¢ HanmeHbLel sHepruei (Erel — OTHOCHTENbHAS SHEPTHS)

As in some other amino acids [23], the hydro-
gen bond between the carboxyl hydrogen and the ni-
trogen in the amino group is the strongest. The average
energies of the interaction, E(LP(N) — ¢*(0O-H)), be-
tween atomic orbital of N with a lone electron pair
(LP(N)) as a donor and an “antibonding” orbital of the
O-H bond (c*(0O-H)) as acceptor, and transfer charge
values (qy) are shown in table 2. The amount of transfer
charge (gy) is higher than 0.01e [24].

Table 2

Energies of orbital interactions LP(N)-6*(0-H) and
amounts of charge transfer (qir) for main conformers of
Trp based on NBO theory (at B3LYP/cc-PVTZ level of

electronic structure theory)
Tabnuya 2. JHeprun B3auMojeiicTBUSA opOouTanei
LP(N) ¢ 6*(O-H) u Be1MuHHbBI IEPEHECEHHOTO 3apsiaa
(Qtr) mast ocHOBHBIX KoH(popmepoB Trp

Conformer | E(LP(N)—oc*(0-H)), kd/mol Qr
I 63.89 0.033
I 57.20 0.029
" 61.92 0.031
v 56.57 0.029
V 60.25 0.031
VI 66.36 0.035

As it is known, the relative energy values of
these conformers reflect their concentrations in the gas
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phase at Texp. The six of the 40 Trp conformers ob-
tained have a significant concentration in a saturated
vapor (72% at T = 495 K). The concentrations of the
other conformers are negligible. These minor species
could not be detected in the GED study. Thus, the main
contributions into the electron scattering intensities are
made by the six conformers during the electron diffrac-
tion experiment.

Sensitivity of GED method to distinguish the
structure of conformers

Among 6 selected conformers of Trp the con-
formers 11 and 11 are indistinguishable for GED be-
cause of them differs only by hydrogen orientation in
amino group. The same reason explains the closeness
of GED data of conformers IV and VI. Conformers |
and V have the same structure of backbone and differ
by indole ring orientation. Radial distribution functions
f(r) for the Trp conformers with different orientation of
indole ring and backbone were compared (Fig. 2).
Electron diffraction data were found to be more sensi-
tive to the rotation of the backbone than the indole ring.

Tryptophan conformers may be distinguisha-
ble, since the discrepancy factor R between theoretical
functions f(r) for the conformers exceeds the level de-
termined by the experimental noise of photo plate.
Thus, the pair of conformers I and V, Il and 1V, Il and

U3B. By30B. Xumus u xuM. TexHonorus. 2020. T. 63. Beimn. 3



VI may be integrated. Taking into account the indistin-
guishing by GED conformers Il and I11, IV and VI, the
six conformers can be reduced to I and I1.

J®
af(r)
_ .
0 4 8 LA 12
a
f
Af(r)
ﬂﬂ/‘\/\f\/\/ﬁ—/\—/\—
5 : 5 A o
b

Fig. 2. Radial distribution functions of Trp. f(r) — theoretical ra-
dial distributions, Af(r) — difference curve a) for | and V conform-
ers: different orientation of indole ring Rr = 5.3%; b) for 1 and 11
conformers: rotation of backbone Rt = 7.7%

Puc. 2. ®yHkuuu paguanbHoro pacnpeaenenus 1rp. f(r) — reope-
THYECKUE paauanbHble pacnpenenenns, Af(r) — pasHoctHas kpu-
Bast @) 1t | 1V KoH(POPMEPOB: pa3TudHasi OpUEHTAINS HHOb-
Horo kounbna Ri = 5,3%; b) ais | u 11 kondopmepoB: BpameHune
ocHOBHOI nenu Rt = 7,7%

Structure analysis

Structural analysis was performed under the
assumption that there are 2 conformers in the Trp va-
pour — I and Il with different backbone locations rel-
ative to C,-Cg. A conventional least squares analysis of
sM(s) was carried out using a modified version of
KCED program [25]. The starting values for bond dis-
tances and angles were taken from the B3LYP/cc-
pVTZ calculations for | and 1. Vibrational corrections,
Ar = rm — I, and the starting values for vibrational am-
plitudes were derived from the B3LYP/cc-pVTZ force
field, using the curvilinear approach of Sipachev (pro-
gram SHRINK) [25]. According to Fig. 2, the indole
ring has a weak influence on radial distribution func-
tions. The two conformers, | and 11, were only used for
structural analysis.

The molecular structures of each conformer
were constructed with 75 independent structural para-

B.B. [ynaesa, I'.B. I'upuues, H.W. T'upuuera

s, At

Fig. 3. Experimental (dots) and theoretical (solid line) molecular
intensities sSM(s) curves at long (1) and short (2) nozzle-to-plate
distances and the difference curves ASM(s) at long (3) and short
(4) nozzle-to-plate distances for Trp
Puc. 3. DxcriepuMenTanbHast (TOUKH) M TeopeTHYecKas (CIUIOom-
Hasl TIMHUS) (PYHKIUH MOJICKYJISIPHON COCTABIISIOIIECH HHTEHCHB-
HoctH paccesaust SM(S) st pymanoro (1) u kopoTkoro (2) pac-
CTOSIHHS COTUIO-()OTOIUIACTHHKA U Pa3HOCTHBIE KpuBbie ASM(S)
Ut AMHHOTO (3) ¥ KOpoTKOTo (4) paccTosHUs coruio-(oTorma-
CTHHKA JUI MOJICKYJIBI TIP

meters: 28 bond distances, 25 bond angles and 22 tor-
sion angles. In our investigation an attempt to reduce
the complexity of model was done by means of de-
creasing the number of parameters. The following as-
sumptions were used: (i) the 4 bond distances (N1-
H16, C2-C3, C10-C3, C12-013) were chosen inde-
pendently variable (the difference between the none-
quivalent distances of the same type was hold as ob-
tained in quantum chemical calculations); (ii) the 9
bond angles (N3-C2-C1, C4-N1-C2, C6-C5-C4, C10-
C3-C2, C11-C10-C3, 013-C12-C11, O14-C12-C11,
N15-C11-C10, N15-C11-C12) independently modi-
fied (the differences between all angles fixed were con-
strained to calculated quantum chemical values); (iii)
the 3 torsion angles (C1-C10-C3-C2, C12-C11-C10-
C3, 013-C12-C11-C10) were chosen independently
variable. With these restrictions, the number of param-
eters reduces to 16. The independent r, parameters
were used for the geometrical constructions. Vibra-
tional amplitudes were refined in groups with fixed dif-
ferences. The experimental molecular intensities and
the radial distributing curves are shown in Fig. 3 and
Fig. 4, respectively. The molecular intensities sM(s)
were obtained in the ranges 3.7-31.0 A* and 1.2-17.2
A-* for the short and long camera distance, respectively
(Fig. 3). The molecular intensity was calculated by the
formula
SM(s) = s-[I(s) — G(s)]/G(s).

The results of the least squares analysis of ex-
perimental data showed that at least, two conformers
of tryptophan are present as the most stable conformers
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of(r)

0 4 8 rA
Fig. 4. Experimental (dots) and theoretical (line) radial distribu-
tion curves f(r) for Trp and the difference curves Af(r) for various
ratio of Trp conformers
Puc. 4. DxcnepuMeHTanbHAs (TOUYKH) U TeOpeTHYECKas (JIMHUSA)
KpHBBIE pafuanbHoro pactpezaeneuus f(r) mis Trp u pasHocTHas
kpuBas Af(r) nis pasimuasoro coorHoienus koHGopmepos Trp

in the gas phase in ratio as I:11 = 50:50. Under the ex-
perimental condition of T = 495 K, about 50% of the
gas exists in the I and V conformers form and 50% of
tryptophan in the gas is probably a mixture of I, IlI,
IV, and VI conformers. It should be noted that the mo-
lecular constants of these conformers have no signifi-
cant differences (Table 3). Final results of the least
squares analysis of GED data are given in Table 3. The best
fit of the experimental scattering intensities (Rr = 4.02%)
was obtained for the conformer ratio 50:50. The exper-
imental structural parameters are found to be in good
agreement with the results of theoretical calculations.

Vibrational amplitudes and correction terms,
Ar = rp-ra, were derived from the theoretical force
field taking into account nonlinear kinematic effects at
the level of the first order perturbation theory with the
use of the program SHRINK [25]. Some of the most
important amplitudes and correction terms are listed in
Table 4.

Table 3

Experimental (conformer 1) and optimized geometric
parameters (conformers | and I1) of Trp

u |1) monexyant Trp

Tabnuya 3. JxcniepumMeHTaIbHBbIE (KOHpOpMep |) U Teo-
peTHYecKue CTPYKTYpPHbIe mapaMeTpsl (KoHGopMmepsl |

Conformer | | 1
Parameters: GED, B3LYP/ B3LYP/
rLA z° Fhi cC-pVTZ, relcc-pVTZ, re
N1-H16 1.014(4)2 ps 1.003 1.003
C2-H17 1.087(4)(p1) 1.077 1.078
C10-H22 1.099(4)(p1) 1.089 1.093
014-H25 0.994(4)(p1) 0.984 0.982
C2-C3 1.374(3) p2 1.370 1.370
N1-C2 1.380(3)(p2) 1.376 1.378
C10-C3 1.498(5) ps 1.500 1.495
C12-013 1.195(6) pa 1.203 1.202
N3-C2-C1  [110.1(10)Pps| 110.0 110.1
C4-N1-C2 110.6(10) ps 109.4 109.2
C6-C5-C4 118.7(2) pr 118.6 118.8
C10-C3-C2 125.9(20) ps 126.4 126.6
C11-C10-C3 112.5(13) pg 113.9 113.6
013-C12-C11 | 123.9(25) pio 123.3 122.9
014-C12-C11 [110.0 (25) pu| 113.7 113.9
N15-C11-C10 |118.2(50) p12| 115.9 110.7
N15-C11-C12 [111.3(18) p1s| 109.3 109.9
C1-C10-C3-C2 82(6)° p14 84.5 108.2
C12-C11-C10-C3| -71(5) pis -69.9 176.4
013-C12-C11-C10| -35 (12) p1s -37.7 -73.1
mol.% 50 50 50
Rt, % 4,017

Notes: a -uncertainty in rm— distances were calculated as
0=(0sc*+H(2.5015)?)Y? (osc =0.002r, oLs —standard deviation in
LS-analysis); b uncertainty for angles is 3oLs

HpI/IMe‘IaHI/Iﬂ: a -IOIr'p€IIHOCTL B hi— PacCTOAHUAX BbIYUCIIA-
nack kak 6=(csc>+(2,50Ls)?)*? (osc =0,002r, oLs —cTanmapTHOE
orknonenne B8 MHK-ananu3se); b morpemsocts B BeMInHAX
YTJIOB TIPHHSATA PABHOU 30Ls

Table 4

Bond distances, experimental and calculated vibration amplitudes and vibrational corrections (without non-bonded
distances involving hydrogen atoms) 2
Taﬁﬂuua 4. Me)l(”l)flllepl-lble PaCCTOSAHUSA, IKCICEPUMECHTAJTBbHBIC U TCOPETUHIECCKUEC aMIIJIUTYAbI Ko0JIe0OaHuii U KoJieda-
TEJbHBIC MOITPABKHA (3a HCKJIIOYCHUEM TEPMOB ISl HCCBASAHHBIX aTOMOB, BKIIIOYAOIIHAX aATOMBI Bouopona) a

Interaction © ry? lexp® lcalc AT = Iy Refinement group
1 2 3 4 5 6
014- H25 0.9935 0.074(2) 0.072 0.0007 1
N 1- H16 1.0116 0.071 0.069 0.0020 1
C 2-H17 1.0854 0.076 0.074 0.0015 1
C 8- H20 1.0903 0.077 0.075 0.0014 1
C 6- H18 1.0915 0.077 0.075 0.0014 1
C10- H22 1.0984 0.078 0.076 0.0011 1
014-C12 1.3282 0.046(1) 0.046 0.0005 2
C3-C2 1.3730 0.044 0.044 0.0012 2
C4-N1 1.3819 0.046 0.046 -0.0037 2
C2-N1 1.3843 0.046 0.046 -0.0039 2
C6-C7 1.3864 0.045 0.045 0.0009 2
C9-C8 1.3876 0.045 0.045 0.0006 2
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1 2 3 4 5 6
C4-C9 1.3974 0.046 0.046 -0.0000 2
C5-C4 1.4212 0.047 0.047 0.0019 2
C3-C5 1.4390 0.049 0.049 0.0051 2
C11- N15 1.4743 0.052 0.052 -0.0001 2
Cl10-C3 1.4973 0.051 0.051 0.0002 2
C11-C10 1.5394 0.055 0.056 0.0005 2
Cl1-C12 1.5411 0.056 0.056 -0.0004 2

014...013 2.2496 0.057(3) 0.055 0.0008 3
C2..C4 2.2620 0.054 0.053 0.0054 3
C5..N1 2.2283 0.055 0.053 -0.0038 3
Cl1...H25 2.1611 0.145 0.144 0.0052 3
C3...C4 2.3307 0.056 0.055 0.0067 3
C5...C7 2.4074 0.058 0.057 0.0032 3
013...Cl11 24144 0.069 0.068 0.0052 3
C4..Cé6 24278 0.060 0.059 0.0062 3
Cl12...N15 2.4852 0.072 0.070 0.0044 3
0O14...N15 2.5531 0.108 0.107 -0.0071 3
C4...C7 2.7602 0.065(4) 0.066 0.0072 4
Ceo6...CH 2.8329 0.065 0.066 0.0067 4
013...C10 2.8552 0.126 0.127 -0.0009 4
C3...NI5 3.0789 0.156 0.157 0.0125 4
C10...C6 3.3218 0.114(7) 0.119 0.0136 5
013...C2 3.2611 0.352 0.357 0.0077 5
C5...NI5 3.5843 0.256(6) 0.263 0.0189 6
C2...CH 3.6329 0.056 0.063 0.0117 6
C3...CH 3.6569 0.055 0.062 0.0121 6
Cl10..N1 3.7005 0.060 0.067 0.0051 6
C8...N1 3.7228 0.059 0.066 0.0076 6
C6...NI5 3.8193 0.415 0.423 0.0430 6
C10...C4 3.7852 0.062 0.069 0.0153 6
014...C3 3.8775 0.265 0.272 0.0456 6
Cl1...C6 4.0970 0.248(5) 0.249 0.0357 7
C7..N1 4.1090 0.068 0.069 0.0079 7
CI2..N1 4.4686 0.279(4) 0.275 0.0203 8
C4...NI5 4.6176 0.281 0.278 0.0285 8
C2...C8 4.5780 0.070 0.066 0.0166 8
O13...N 1 4.5343 0.388 0.385 0.0274 8
NI5..N1 4.7524 0.300 0.296 0.0368 8
013...C5 4.7228 0.273 0.270 0.0575 8
Cl12...C4 5.0018 0.252(10) 0.259 0.0445 9
0O14...N 1 4.8924 0.467 0.474 0.0704 9
Cl12...C6 5.1567 0.292(14) 0.296 0.0719 10
013...C4 5.3020 0.338 0.342 0.0573 10
C9...NI5 5.6223 0.330 0.334 0.0332 10
013...C9 6.6539 0.371(32) 0.362 0.0775 11
014...C7 6.7211 0.551 0.542 0.1267 11

Notes: 2 -all values in A; ® - total error limit in interatomic distances was estimated by formula 6=(cs.>+(2.5615)?)"? (o5

=0.002r, oLs —standard deviation in LS-analysis); uncertainty for amplitudes are 3o.s, ¢ Numbering of atoms see at Fig. S2

http://journals.isuct.ru/ctj/article/view/1985/1128.

IpumeuaHus: - Bce BENHUUHBI B A; © - MOTpemHocTs B MeXaTOMHEIX PACCTOSHUAX OIEHUBATIACH TT0 GopMyle 6=(0sc>+
+(2,5015)9)"? (65 =0,002r, o1 s —cTanaapTHOE oTKIOHeHHe B MHK-ananm3e); morpemHocTs s aMILIHTY ] COCTaBMIA 36s,
¢ Hymeparust atToMoB jana Ha puc. S2 http://journals.isuct.ru/ctj/article/view/1985/1128

Despite the great complexity of the structure of
the amino acid molecule due to the need to take into
account many of its conformers during the study, the

experimental data obtained are in good agreement with

the theoretical calculations.
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Since amino acid molecules include the back-
bone and the various side chains, a certain structural
features of the aliphatic and aromatic molecules might
be expected. For three amino acids molecules, such as
Gly and Ala with aliphatic side fragment and Trp with
indole ring in side chain, the backbone deviates from
the plane differently depending on the side chain: Gly
is a flat structure, Ala is a strong distortion, Trp is the
average between them.

The most stable forms of Trp molecule have
the O=C-O-H dihedral angle in the trans orientation.
As it was shown before [6, 8, 26-29], the stabilization
of conformers of this type is characteristic of aromatic
amino acids, contrary to the aliphatic family, where the
conformers with the carboxylic group in the cis orien-
tation and the bifurcated N-H...O=C bond are of lower
energy [4, 14, 30]. In other words, the side chains in-
fluence the intramolecular H-bond formation. For the
aliphatic (Gly [4], Ala [14]) and the hydroxyl-contain-
ing (Ser, Thr) [31] amino acids the conformers with
hydrogen-bond between amino and carboxylic groups
do not have the lowest energies, whereas the presence
of aromatic fragment (Tyr, Phe [6] and Trp) in mole-
cule structure is promoted to stabilize the conformers
with one H-bond.

The intramolecular hydrogen bonds affect onto
the structural parameters of the backbone of the above
amino acids molecules. As can be seen from the data
Table 5, in case of Trp molecule, Z(Cn-C-N) increase
and Z(C-C-N) decrease, but r(C-N) longer and r(C-O)
shorter on the contrary to analogical parameters of Gly
and Ala molecules.

Table 5

Some geometrical parameters of amino acids by GED data
Tabnuya 5. HexoTopble reoMeTpuyecKue NapamMmeTpbl
AMMHOKHUCJIOT 110 IaHHBIM ra3oBoii 3JeKTpoHOrpaguun

method with the B3LYP/cc-pVTZ level was used to
optimize geometries and to obtain corrections to the to-
tal energy and Gibbs free energies to verify that all
structures had real minima. A total of 40 minima have
been located on the conformational space of Trp,
within the 0-10 kJ/mol energy range. The conforma-
tional distribution of tryptophan at the temperature of
sublimation of the compound (495 K) was calculated,
and six conformers were predicted to have abundances
higher than 6%. The composition of saturated vapor of
tryptophan mainly contains conformers | and Il. The
assignment of the experimental data was based on the
calculated molecular structures of these 2 conformers.

The GED refined structure of tryptophan was
found to be close to the predicted one from quantum
chemical calculation. The well agreement of observed
and calculated molecular intensity curves was shown.

An NBO analysis was used to get quantitative
evaluations of interaction energies of atomic pairs in-
volved in intramolecular hydrogen bond. The results
obtained support the presence of intramolecular hydro-
gen bond in all six low-energetic conformers of neutral
Trp. The observed conformers for Trp are stabilized by
an O-H--N interaction between the carboxylic and
amino groups. Comparison of GED data of the ali-
phatic amino acids (Gly, Ala) with the aromatic amino
acid (Trp) allowed to indicate the influence of intramo-
lecular hydrogen bond on the structural parameters of
the backbone of the molecules.
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