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170, 13N, 13C, and'H NMR chemical shieldings are calculated using density functional theory to differentiate
among the three primarily helical forms;o3a, andr in polyalanine peptides under periodic boundary
conditions. This study suggest®© as the best observable, as it has been demonstrated to be sensitive to
hydrogen bonding and highly affected by small changes in the polypeptide in helix conformations. This
theoretical study seeks to characterize the subtle conformational differences of helical structures by NMR
chemical shift observables which may lead to important questions in experimental structure determination on
the basis of using chemical shifts to identify protein secondary structures.

1. Introduction these experiments cannot take into account dynamic fluctuations
. . . and possible bifurcated hydrogen-bonding patterns. Other protein
When attempting to determine the structure of a protein by gictyre investigations by NMR have derived information from
nuclear magnetic resonance (NMR), it is fundamental to know o scalar coupling and dipolar interactions to point out
the effects of structural but minor changes in experimental yitarences between helicBsThese were by looking at the

observables. Helical secondary structures, for example, areqq jing across hydrogen bonds; however, intra-residue coupling
.dlfflesrenUated. fromp 'strands in 9'°b“'?‘r proteins by changes has been estimated to be on the same order of magnitude as
in 13C chemical shifts. However, minor structural changes the coupling across the hydrogen bofids.

between different helical structures characterized by NMR . .
The common consensus is that the most effective way to use

observables has proven to be a difficult task sincand 3o A . . ) .
helices have seldom been reported. Crystal structures of proteinsN'\/IR to distinguish among helices is by probing their hydrogen-

on the contrary, have characterized the abundance of thes&onding patterns, as these are important for stabilizing the helical
different helicallconformations the. helix being the most conformations and the transition states that occur during the

prominent helical motif (about 80%) followed by thesBielix structura_l int_erconversion between he_Iiéekhere, this previous
(about 20%}): The 7 helix is only rarely found. Molecular assumption is evaluatled by a theoretical study basgd.on recent
dynamics (MD) studies of peptides initially containiaghelical developments to obtain reliable NMR parameters within a total
structures have, however, yielded significant populations of ~ €nerdy pseudopotential mettiahd periodic boundary condition
helices® For noncrystallised proteins, there is no a comparable framework. In this theoretical study, the limitation of looking
study on the occurrence of helical types because of the at observables liké&’C J3CP 13CO, and®™N chemical shifts is

experimental difficulty in distinguishing between different clear, and it is suggested th&O chemical shift anisotropy
helical motifs. (CSA) is the most sensitive tool to identify the most subtle

NMR chemical shifts are a fingerprint of protein structure, c1anges in helical conformations. It will be shown that a
but to link these observables to structural information, a number cOrrelation between anisotropic chemical shifts and helical
of technological limitations must be overcome. For the case of ponformatmn parameters in periodical structures of polylalanine
the three different helical structures, present experimental NMR IS feasible. Thus, we take advantage of these developments to
techniques have reached their limits and are unable to differenti- détérmine differences in the chemical shifts between the
ate between them: nuclear Overhauser effect (NOE) experiment<cOmmon helical structures,, 7z, and 3o helix, in proteins.
cannot confidently exclude the presence of significaritelix Contributions to the chemical shifts have been studied since
in a peptide because of its limitation in obtaining accurate 1993. Oldfield’s group published the first work in that the
interatomic distancesDistance measurements with this tech- secondary and intermolecular contributions to theoretical shield-
nique give the same values for both thends helices. Also, ings were obtained.In this context, solvent effects play an

important role in accurately calculating NMR chemical shifts.
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avoided by using a periodic polymeric model that, in addition, TABLE 1. Reference Valuesaier and Experimental dis, for
provides an upper limit for hydrogen bond cooperativity. The Different Nuclei in o Helical Conformation

latter is crucial for stabilizing the bulk of a helical conformatint? Oret os®
Infinite-chain models, which enable us to focus on the properties 1
. oH 29.55 8.210)

of the center (bulk) of a helix, have been shown to properly o3C 168.62 53 5(16)
describe helical conformatio#&4 Thus, by omitting solvent o15N 194.45 08.817)
interactions, one can be certain that NMR chemical shift o0 232.28 31942
differences between helical structures are purely due t0 CON-  ay chemical shift obtained in water-solubilized helical polylalanie.
formational effects. b 13Ca chemical shift obtained from polyalanine powde¥N chemical

NMR chemical shifts were calculated far 7z, and 3¢ helical shift obtained from solid-state (ss) NMR experimedtsO chemical

and fully extended (also known as single strafigsheet) shift obtained from ssNMR experiments.
structures of an infinitely long polyalanine chain. These
structures are minima in the potential energy surface (PES).
Similarly, chemical shifts were calculated for helical conforma-
tions along the PES, including the transition state structures and
intermediate conformations. Accordingly, the models used in
this work were optimized while only restricting the system in Whereois, 022, andoss are the eigenvalues ofand are ordered
order to retain helical symmetry. The information extracted from as

NMR calculations relies on the quality of refinement of the
structures, highly refined structures allow us to evaluate
sensitivity of chemical shieldings to minor changes in the helical
structures. Polyalanine was selected because there is mucr}]
experimental information available for this system in solid and
liquid phase¥~17 and because alanine is ngfdranched amino
acid!® The latter point is important because the behavior of its
NMR shielding tensor is representative of the great majority of
amino acids that have double substitution in thgicarbon
atoms.

The isotropic shielding is

1
Oiso = 5((711 + 0y 1 033 1)

033> 0pp = 0y 2)

All theoretical values presented here were obtained from the
uclear shielding tensor connected to the magnetic field by the
relation Bi,(r) = —o(r)Bexs its isotropic trace isi(r) = Tr[ol/

3. These theoretical quantities can be compared with experiment
after referencing to the appropriate sc&l&or future compari-

son, one obtains the isotropic chemical shifty = —(0iso —

oref). FOr each nucleusy.t is chosen such that the calculated
and experimental chemical shifts m helix in polyalanine

. coincide. This procedure does not introduce inconsistencies as
2. Computational Methods differences among structures are being compared. Table 1 shows

DFT Procedures All of the electronic structure calculations ~ Cref for a!l nuclej Wiﬁh their respectivg experimental values.
were performed within the framework of density functional ~_ Chemical shielding ) and chemical shiftd) cannot be
theory in its Kohr-Sham relatio? The ab initio total energy ~ directly compared. On one hand, the chemical shielding is a
pseudopotential approach with plane wave basis sets was usefolecular electronic property; on the other, the chemical shift
to determine ionic positions corresponding to the minima in 1S @ experimental quantity measuring the absolute shielding
the potential energy surface. As the system under study requires/@lue. In this context, values which are independent from
an accurate description of hydrogen bonds, the generalized®XPerimental references are the siaand skewc defined as
gradient approximation for the exchange correlation potential Q = (05— 0y 3)
of Perdew-Burke—Ernzerhof (PBE) was employé. This R
exchange and correlation potential allows not only a good 4.4
description of the hydrogen bonds but also provides an accurate

evaluation of NMR parameters. The truncation of the plane wave k= 3(02, — 0iso) (033 — 019) 4)
expansion uses a cutoff energy of 70 Rydbergs (Ry), and the
Brillouin zone was sampled at tHépoint, except for the8 or The span is always a positive quantity and corresponds to the

full extended structure (FES) where tk@oints were foundto ~ width of the resonance, whereas the skew is positive when the

be necessary to achieve energy convergence. Pseudopotentialesonance reaches a maximum. In this wayand Q are

of the Troullier-Marting! type were used, and the energy and independent of the experimental reference.

geometrical minimizations were performed within the parallel ~ For the case of’O, electric field gradients (EFGs) acting on

version of the FHIMD codé? this nucleus were calculated using the PARATEC code with
NMR Calculations. The chemical shielding was calculated the method described elsewhéfelThe quadrupolar coupling

using PARATEGS for all atoms using norm-conserving Trouil- ~ constantCq and the asymmetry parametgs were extracted

ler—Martins pseudopoten[ia|s within the gauge inc|uding projec- from the diagonalized EFG tensor whose eigenvalues are labeled

tor augmented wave method (GIPAWY0 be consistent with ~ Vxx Vyy, @andVz; such thatVi > [Vyy| > |Vz4, and are given

the method used to minimize the structures, the same pseudoby

potentials were used, and the same PBE general gradient

approximation was used as in the geometry optimization. The

energy cutoff f(_)r the plan_e wave basis set for these calc_uIationswhereh is Planck’s constant and

was 90 Ry, which is required to properly calculd®® chemical

shifts. The integrals over the Brillouin zone were performed No= Vi — Vyy)

using onek point of (1/4, 1/4, 1/4). The accuracy of these

Brillouin zone integrations was verified by using a different The experimental value used for the electric quadrupole moment

set of k points in the MonkhorstPack framework? In this of the oxygen nucleus iQc = 2.55 fn?.28

work, referenced values of NMR chemical shiftare presented Validation. The approach used to obtain the NMR parameters

and follow to the chemical shieldings Haeberlen schenté. has been extensively tested by direct comparison with experi-

CQ = eszQO/ h (5)

Nz, (6)
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TABLE 2: Comparison between Theoretical and
Experimental Values of 13C° and >N (4) Chemical Shifts in
L-alanyl-L-alanine Crystalline Powder Samples as in Ref 31
and the Anisotropic Tensor Angles (CSAI), the Span €),
and the Skew ()

(o N
L-alanyl-L-alanine exptf theory expt® theory
o 170 170.38 —260 —262.76
CSA 39.3 38.38 108 99.3
Q¢ 149 152.4 150.2 193.99
x4 0.018 —0.038 0.83 0.79

a D(O‘ll, C N) b D(U33, NC ). cQ = 033 — 0O11. dK = 3(O’i50 - 0'22)/
(033 — 011)

ment and other results in the literatdf€®3°and it has been
shown that good agreement with experiment relies on the quality
of the input structure. There is still no clear consensus whether
ab initio methods for NMR chemical shift calculations return
better results for solution or solid state. In the case of the crystal,
the packing interaction and its periodicity involves a well-
defined static environment for each molecule. Additionally,
anisotropic parameters can be extracted from solid-state (ss-
NMR) experiments, and these offer more information about the
structurg of .the crystal. In solution, there is greater st.ructural Figure 1. Scheme of the helix structure formation showingd",“the
uncertainty in the molecule, yet the spectrum describes the nelix length per peptide unit measured along the helix aithe helix
average of a range of possible conformations, and thereforetwist cycle; and t” the helix radius.

structural errors cancel.

A comparison of our calculations with experimental data was used were obtained by minimizing the energy of the ionic system
carried out for polycrystalline L-alanyl-L-alanine (AA}.Hy- with the only constraints being the helical symmetry. Thus, the
drogen positions in X-ray crystals structure are poorly deter- geometry of the helices that minimize the energy were obtained
mined; for this reason, all protons were relaxed in the crystal by exploring the potential energy surface along two degrees of
while the remaining atoms were kept fixed. Table 2 shows the freedom: (al, the helix length per peptide unit, measured along
computed-3CP (carbonyl carbon) antPN NMR chemical shifts the helix axis, and (b}, the helix twist. Both are illustrated in
(0) referenced to tetramethylsilane (TM&E(*C) = 169.5 Figure 1. For each point in thil, 6} space, the energy was
ppm) and nitromethane (GNO,, 0™¢/(15N) = —154.5 ppmj?2 minimized with respect to the positions of the atoms in the
respectively for AA in the crystalline phase. The agreement with peptide unit while maintaining helical symmetry. In this scheme,
experiment fort3CO is remarkably good, even for the case of the standard torsion angles of the Ramachandran gland
015 N where there is an error of 2.72 ppm. Table 2 also presentsy, result from the minimization procedure allowing the angle
a comparison of the angles between main components of thew to vary.
chemical shift anisotropy (CSA) and molecular bonds, and The twist & depends on the number of peptide units per
similar tod, a good agreement fd#CC and a small difference  supercellN and on the number of helix turns per superaesll
for 15 N are observed. These parameters can give crucial according to the relatiod = 360° n¥N. Hence, asn must be
information about the packing in the crystal and represents aan integer to satisfy the periodic boundary conditions, the
more complete set of observables than just the isotropic chemicalsampling procedure implies the use of different valuedNof
shifts. Finally, in the same table, we present a comparison of The corresponding, N, andé values for the minimum energy
the two experimental parameters, the spamand the skew, structures are shown in Table 3, as well as the data for the
whose error with respect to experiment is larger for both nuclei minima in an infinitely and fully extended structure (FES)
13CO and 15N. The extremely large discrepancy between representing an isolated strand conformation. This FES
measured and calculated valueszofor 15N can be related to  structure was obtained by a complete minimization of the energy
the arbitrary selection of11 in the experiment. Since in the  with respect to all of the atom positions in the unit cell. Complete
15N static spectra, the peak associated with the main componentgletails of the potential energy surface of the helical structures
of the 2nd rank tensor is not easily defined, an improper have been published elsewhéréhere are no directly compa-
representation of the spancould be done. Further comparison rable theoretical results, as all previously published results were
between theory and experiment will need to be done to prove calculated for small model peptides.
this hypothesis.

4., Results and Discussion

3. Helix Structures Isotropic Chemical Shift. The isotropic chemical shifts were

To extract information out from predictions of NMR chemical calculated for the main atoms of the peptidic unit in each helical
shielding, a high resolution of the geometry of the system to structure and the fully extended structure; these are plotted in
be studied is needed. Therefore, special care was taken whileFigure 2. All of the values in this graph are referenced, as
studying the helical conformational map. The infiniterr, and explained before, with thet shown in Table 1. Far, o, and
310 helices were modeled in the orthorhombic supercells (a x a 310 structures, all four nuclei offer a poor systematic way to
x c) with the helical axis parallel to the “c” lattice side. The differentiate between them. Firs§N andH chemical shifts
lattice parameter “a” was fixed to minimize the interactions of the three minima follow an almost horizontal line within the
between the periodic images of the helix. The three structuresplot. Secondg *°C of carbone. , -3, and -® has the largest
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Figure 2. Isotropic chemical shiftdis, for all atoms in ther, a, 31, and transitions state§™ from one minimum to another along the PES. Refer

to Table 4 for numerical values.
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TABLE 3: Helical and FES Structure Parameters for the Fully Relaxed Structures along the PEST Refers to a Transition
State from Minimum to Minimum), Including Helix Structure Values ( L and 6 , See Figure 1), Torsion Anglesd, ¢, ),

Hydrogen Bonds Values (G-H Distance and Angle COH), the Angle Formed between th& Helix Axis and the BondCO, and
the Hydrogen Bond Energies Published Elsewhefe

L (A) ] w ® P O-H A) angle (COH) anglg-Co En (kcal/mol)

4 1.17 80.0 17390 —76° —53° 1.95 153.8 12.6¢ —-10.4

T(r—o) 1.32 83.1 1773 —76° —48° 2.74 146.7 12.6 -39

o 1.50 98.2 175.2 —63° —42° 1.95 148.4 16.8 —8.6

T(0t—310) 1.71 102.9 176.9 —63 —36° 2.50 99.172 12.6¢ —-3.3

310 1.95 120.0 1793 —60° —20° 1.92 125.0 27.r 7.7

B 3.57 180.0 1771 —60° 164.4
TABLE 4: NMR Chemical Shifts in Helical Structures of In general, one might expect thel chemical shift to be the
Relaxed Polyalanine Peptides along the PES Wherer™ most direct observable for identifying hydrogen bonding. This
Refers to a Transition State from Minimum To Minimum is because of hydrogen's high gyromagnetic constant and its

model oBCe  HBCO  oBCF OB™N oM oTO abundance in nature. However, in the case of discriminating

7 53.04 175.08 9.82 9866 7.93 307.36 between helical structures, the results in Figure 2 suggest that
T(r—o) 52,57 175.03 9.15 9251 563 319.17 oxygen provides the biggest differences in chemical shift
o 532 17685 925 988 821 303 between helical structures. This is not just because of the large
ng_?’lo) ggéi gz:gg g:g? gg:gg g:gg géé:ig range of chemical shift-{50—900 ppm) but also because
FESA 4732 16905 1249 8762 632 28607 ‘Oisinvolved inthe hydrogen bonding in the helical structures.
IA(c—pB)]  5.89 783 325 1121 1.89 16.49  Benefits of1’O parameters derived from solid-state NMR for

difference of 1 ppm which, experimentally, may allow dis-
crimination betweem and 3 helix, but this difference is within

experimental and theoretical uncertainty. Because of its spectra
range, the most significant difference in chemical shifts among

the minima helical structures are those fo’O (Table 4). o * o -
Nevertheless, in a real scenario, one would expect a combinationS"OWs significant differences up to 100 ppm. This is mainly
of three different structures and a range of distorted helical dU€ to changes in the hydrogen-bond network.
conformations around these minima. Therefore, because of the Experimentally, nuclei with spin-1/2 have been preferred for
plots in Figure 2, these differences would not allow us to NMR spectroscopy because good resolution can be obtained in
distinguish between minima and conformations in a transition complex protein systems, and a large range of experiments can
state from a minimum to the other.
From the theoretical values, one could note certain structural between neighboring atoms. In terms of an appropriate experi-
features. For example, the differenck& — FES) for H, N,
and O are 1.89, 11.21, and 16.49 ppm, respectively, denotingas'’O is a rare nuclei with a natural abundance of 0.037%, it
the formation of hydrogen bonds as the FES structures represents believed that the only way to achieve site selectivity would
simply an isolate@ strand with no hydrogen bonds in between.

describing hydrogen bonds have already been desctfoéd.
Therein, it has been suggested that changes in chemical shift
|can potentially be used to monitor changes in hydrogen bonding
and the protonation state of a molecule. Comparison with similar
chemical shift ranges of organic molecules measured in solution

be used to obtain information about distances and bonding

mental procedure to uséO for determining helical structures,

be by isotopic labeling, primarily because of sensitivity or more
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Figure 4. Schematic representations of the angles between the orientation of main components of the CSA tensor and molecular bonds, reference
to Table 5.

TABLE 5: Angles between the Orientation of Main TABLE 6: Theoretical and Experimental EFG Parameters:
Components of the Chemical Shift Tensor and Molecular the Quadrupolar Coupling Constant Cq and the Asymmetry
Bonds for &, o, and 39 Helix Structures as Described in Parameter 7 for the Three Helix Minima Structures of
Figure 4 Polyalanine Peptide
angle 7 o 310 model  C{'*(MHz) ny* Co™ (MHz) g™
c* a 63.13 64.77 51.39 T 9.378 0.243
B 4213 43.2T 46.6T a 9.200 0.260 8.59 0.282
N OouNH 18.6° 17.3 18.8 310 8.935 0.291
Daﬂ@ 64.96 64.06 57.79

periodic conditions, the oriented dipoles sum up to generate a

0 Uo2,CO 2.8 315 28 “macrodipole”. This macrodipole may cause spurious but strong
Oo1,CoC* 29.0 sl.rz 83 anisotropies. In a real protein environment, such a macrodipole

0 061.CO 8.2¢° 8.3 5.87 is compensated by the presence of charged amino acids or by
0050C" 88.89 88.8 87.8 the solvent. In our calculations, this artificial effect, which can

arise in finite models, is avoided by the use of periodic boundary
specifically the signal-to-noise ratioSN) as well as the conditions. Although we are not artificially enhancing the
gyromagnetic ratio, which determines the Larmor frequency of anisotropies, they do introduce important differences between
the nucleus at a particular magnetic field. However, it has been the three helical environments demonstrated by Figure 3.
demonstrated by Wong et #that one does not need selective Experimentally, structural differences betweerhelix and
labeling as alt’O sites in monosodium glutamate are resolved S strand have been studied by mean®f13C° and!°N CSA
by MAS double-rotation (DOR) experiments, and the static line tensor’”37-3% and has proven to offer the relevant information.
width is determined by the EFG and CSA. Besides, ditéot In this work, we restrict ourselves to the study of #i@ CSA
dipolar coupling is very small in solid-state NMR, and contrary since it was found to be the only nucleus which shows major
to the liquid state, low abundance is an advantage since itdifferences between helices. Figure 3 represents anisotropic
reduces dipolar coupling effects where high natural abundancechemical shielding fot’O in different conformations. In this
would lead to static line broadenings in the order of 50 kHz. plot, o33 17O is the component of the CSA tensor which shows
170 is favorable for studies by solid-sate NMR experiments the biggest differences between the helices. This component is
because it is a quadrupolar nucleus with a half-integer lsgin perpendicular to the CO bond, points toward the center of the
5/2 33 From these experimental and theoretical advantdg®s, helix, and shows a difference of 20 ppm betweendtend the
appears to be the best nucleus to use in NMR experiments for3;¢ helix. Because of the well-defined pattern’d® o33, one
discriminating between different helix structures. Nevertheless, could differentiate between very small changes in the helical
information is required for the specific task of discriminating conformation. Around thex region, however, it would be
between very small structural differences in helical structure. impossible to discern any minor distortions. For the rest of the
This essential information will be investigated below through points along this plot, this observable shows very well-defined
the anisotropy of chemical shifts. differences and offers information about tiny changes in the

Anisotropy of the Chemical Shielding.Prior to discussing structure.

the anisotropic chemical shielding tensors of our systems, one The orientation of the principal components of the shielding
should note that each hydrogen bond in a helical structure hastensor for some atoms of the peptidic unit in the helical models
a highly oriented dipole moment. In finite models without are given in Table 5. The accuracy of the ab initio calculation
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Figure 5. Correlation between the inverse of the cubic hydrogen bond distaneelY@nd the isotropi¢®N chemical shift.

of these observables is very high according to previous Work, stabilizing forces. Additionally, different conformations of these
and relevant information can be extracted. Theo@entation bonds yield different values of chemical shift. It is therefore
is presented using the convention of ref 41 which is schemati- tempting to look for a correlation between hydrogen bonding
cally depicted in Figure 4: for N and¥the vectors NHand and chemical shifts. Quantifying the strength of the hydrogen
CO are almost parallel to the helical axis. In these cases, the bond is however a very difficult task. For helix structures along
third principal component of the shielding tensor can be obtained the minimum energy pathway, the hydrogen bond varies in
by the orthogonality condition. For®Cone can see from Figure ~ distance and angles as shown in Table 3 (see also Figure 4 in
4 that the orientation ofi; relative to the &H bond changes ~ 'ef 6). The only parameter that was found with reasonable
Only Sllghtly between thﬂ and thef[ structures but that there COI’I’e|a'[i0n was the inverse of the CUbIC of the dIStaned:H

is a substantial reorientation of arountif@r the 3, structure. ~ between the hydrogen and the oxygen forming the hydrogen
This reorientation could be useful for distinguishing gom bond. Figure 5 shows a plot of calculatédN chemical shifts

the other two structures. In contrast, the anglenly shows a ~ against 1/(H— O)* This shows a general trend whereby
small difference between the three helical structures but a clearincreased hydrogen bond strength results in a decreased shield-
similarity betweent anda. For nitrogen, the orientation of; ?ng of the nitrogen. The value_ 01_‘ the linear regre;si_on coefficient
with respect to NHchanges 1 at most among the different 1S R2 = 0.9697. Although this is a very good fit, it would be
structures, whereas the orientationmb with respect to the interesting to see |f.th.e dnfference; are large .enough to alloyv
NG direction changes appreciably only between thgsdd the measurements to d_|st|n_gwsh the different helical structures in
other two structures. For the oxygen atom, the angle betweenreal e_xp_enmental situations, . . .

the 33 component and the helical axis increases in the arder A Similar trend was found fod H chemical shifts following

S : - the inverse of the cubic of the hydrogeoxygen distance (©
<o < 310 Which is opposite to that of thew, and OC H). The linear expression iy :é 82%??OYE|)3+ 75 89 V\Eith
direction (Table 5). ) : :

) . . ) a regression coefficient d¥ = 0.9757. Interestingly, none of
By performing experimental analysis of the solid-st&4® the oxygen isotropic or anisotropic chemical shift tensors show
NMR spectrum, one can obtain the relative orientation between

) oL - "==11a linear regression with a specific structural parameter.
the.EFG and the ghemlqal shielding tensor. Technlgally, Fh's 'S" |t has been shown that the hydrogen bond is a good reaction
difficult _because_lt requires the _absolute tensor orientation t,o coordinate for describing the structural transitions between
b_e ob_tamed relative to the eXpe”mem"’_‘I framework. The_EFG S helical conformation&.Thus, the correlation between isotropic
dlrec_tlons are not reported becausellt is beyond the main focus(SN andoy may be helpful in identifying the helical conformation
of this study, but these can be obtained upon request from the : :

. present in a protein sample.

authors. The calculated and theoretical values of quadrupolar
couplingCq and the asymmetry parametgs are presented in
Table 6. Despite the poor fit to the experimental data, one could
try to find some trends between different structures, but the three It has been shown that theoretical calculations’af, 1°N,
helical structures have very similar asymmetry paramefgrs  and'3C chemical shieldings in molecules with periodic boundary
which would suggest that measurement of this quantity would conditions are very sensitive to the local intermolecular hydrogen-
not be very useful for differentiating among helical structures. bonding interactions. In particular, this sensitivity has been
However, there are greater variationsGg, which show the exploited to show that experimental measurements can dis-
same trends as thB’O, decreasing fromr to 3,0. This agrees criminate between helix structures in mono-polypetides of
with previous findings thatCo decreases with increasing alanine. Thesy,; chemical shift anisotropy of these structures
hydrogen bond strengfi. varies by as much as 10 ppm betweermnd o and 20 ppm

Effect of the Hydrogen Bond Distance In helical confor- betweena and 3. For NMR data,o; was found to be the
mations, hydrogen bonds are highly present and are the mainmost important parameter for discriminating among helical

5. Conclusion
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structures. A review and discussion of other experimental
observables was also presented in order to elucidate their

behavior and to identify their utility in distinguishing helical

structures. It was shown that the direction of the principal axis
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(21) Troullier, N.; Martins, JPhys Re B 1991, 43 (3), 1993-2006.
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is extremely sensitive to minor changes in structure and that phys. Commun1997, 107, 187-222.

this can be used to distinguish among helical conformations

and orientation of transmembrane helical peptide.
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