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Abstract

The fine tuned flexibility of peptides and proteins is one of their key features to achieve full bioactivity. Proline diamides are inherently the
most rigid natural peptide models, but they still have a potential to adopt several backbone and side-chain conformers. It has been tried to spell
out the residual conformational flexibility of Ac—L-Pro—NH, using matrix isolation IR and VCD spectroscopy in Ar and Kr matrices. Spectra
were analyzed by the help of quantum chemical calculations. The spectra are dominated by the transitions of the #y; + conformer, furthermore
trace amounts of the coy + conformer are also present. Another low-energy conformer, #yp—, cannot be identified in the spectra, which was
interpreted as it converts to the lowest energy ry; 4+ form through a low-energy barrier during the deposition of the sample onto the cold window.
Our results confirm that proline can act as a conformational lock, since the backbone predominantly adapts to the ty; structure.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Short linear polypeptides have the potential to adopt hun-
dreds if not thousands of conformers. N- and C-protected
amino acid residues are claimed to be promising conforma-
tional models of the amino acid residues within peptides and
proteins. Out of the 20 natural amino acid residues proline is
the only one whose side chain is covalently bonded to the ni-
trogen of the peptide backbone by forming a pyrrolidine ring.
This unique structural feature has an important role in stabiliz-
ing segments of proteins, as it imposes a constraint on the
backbone conformation of the subunit." The limited internal
plasticity of proline is used by evolution to establish local
backbone rigidity. The rigidity of the C(O)—N—C*—C(O)
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torsion angle, ¢, makes proline both an o-helix and a B-sheet
breaker structural element of the polypeptide chain and favors
the formation of polyproline helices. Furthermore, unlike other
amino acids, the amide bond at the N-terminal of proline can
easily isomerize between cis and trans forms due to the imide
type nitrogen, which weakens the conjugation. Besides back-
bone conformations and cis—trans forms the conformational
space has a third dimension when L-proline containing model
peptides are considered. This is because the pyrrolidine ring is
not planar, therefore ring-puckering conformers come to the
scene.”

Proline diamide derivatives, such as N-formylproline amide
(For—L-Pro—NHMe), N-acetylproline amide (Ac—L-Pro—
NH,), N-acetylproline-N'-methyl amide (Ac—L-Pro—NHMe),
and N-acetylproline-N',N'-dimethyl amide (Ac—L-Pro—
NMe,) can be considered as suitable structural models of the
proline units embedded in a polypeptide chain. Therefore,
these model peptides have been extensively studied both by
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spectroscopic and theoretical methods. In general in these
experimental studies four types of conformers were consid-
ered, trans and cis isomers with and without H-bonding.

Infrared (IR)>"'?> and vibrational circular dichroism
(VCD)B*15 experiments revealed that both cis and trans iso-
mers of proline diamides are present in each solvent. In apolar
solvents the trans y-turn conformer is the most abundant. The
population of the cis isomer and trans polyproline-II helix
conformer (denoted as g in this study) was found to increase
with solvent polarity. The estimated amount of the cis form
was ~5% in CCly,'® ~20% in CDCl3,>'? and 12.5% in
CD,CL,'" respectively. Recent 2D IR spectroscopic stud-
ies'’"* confirmed the conclusions outlined above. These stud-
ies have revealed that a simple continuum solvent model is
unsuitable to explain the conformational distributions, but
specific solute—solvent interactions, such as hydrogen bond-
ing and steric hindrance have to be considered to understand
the structure and the conformational equilibrium in solvents.**

In agreement with the IR investigations NMR stud-
ies®! 11225729 have also proved that the ratio of the cis isomer
is higher in polar than in apolar solvents. The estimated amount
of the cis isomer was found to be 0—11% in CCly,”” 6—19% in
CDCl,,""*?7 ~27% in (CD5),CO,”” and ~26% in D,0,”
respectively. It has been found that in apolar solvents the trans
isomer mostly exhibits a y-turn structure with an intramolecular
hydrogen bond, while the cis isomer tends to form oligomers by
intermolecular hydrogen bonds. As expected the cis/trans ratio
has been found to be sensitive to temperature and concentration
in nonpolar solvents. In contrast to this, in polar solvents, both the
cis and trans isomers exist as monomers due to the strong inter-
action with solvent molecules.”” The barrier height of the
cis—trans isomerization was determined to be 75 kJ mol .

Ring puckering and cis—trans isomerization of proline
derivatives were also investigated by NMR spectroscopy. It
has been found that the two conformers (exo and endo, or +
and — as denoted in this study) are equally populated.

In order to explain the experimental results, numerous theo-
retical calculations were also carried out on proline dipeptides,
including molecular mechanics (MM),**~** semiempirical,**>°
ab initio,”*®**® and density functional theory (DFT)*'~*
methods. Most recent calculations located three trans and four
cis conformers on the Hartree—Fock potential energy surface
(PES) of Ac-L-Pro—NH239’47 and For—L-Pro—NH2,2 while
only two cis and four trans conformers were found by DFT
methods.*’” In accordance with experimental results in apolar
solvents, the trans y-turn conformation was found to be the most
stable. Solvent model calculations have shown that the amount
of the different cis isomers and the polyproline-II form increases
with solvent polarity.****4>*® Furthermore, in agreement with
experimental findings ab initio calculations have also confirmed
that the energy difference of the corresponding + and — ring-
puckering forms is about 2—8 kJ mol ™', and the barrier heights
from the higher energy puckering forms to the lower energy
ones are in the order of 2—14 kJ mol ' %342

The purpose of the present study is to investigate Ac—L-
Pro—NH, in low-temperature Ar and Kr matrices, using ma-
trix isolation infrared (MI-IR) and the matrix isolation VCD

(MI-VCD) spectroscopy. The obtained experimental results
can directly be compared to computational results on isolated
molecules testing the reliability of the theoretical methods.

2. Experimental details
2.1. General

Ac—L-Pro—NH, (purity of >99%) was obtained from
Bachem. The sample was evaporated into the vacuum chamber
by using a home built Knudsen effusion cell. The evaporated
sample was mixed with argon or krypton (from Messer, purity
of 99.996%) before deposition. The gas flow was kept at
0.07 mmol min~!, while the temperature of the Knudsen cell
was optimized to get the shortest possible deposition time and
keep the concentration low enough to minimize the formation
of dimers in the matrix. The applied evaporation temperature
was ~72 °C.

The sample—rare gas mixture was deposited onto an §—10 K
Csl or a BaF, window mounted on a Janis CCS-350R cold head
cooled by a CTI Cryogenics 22 closed-cycle refrigerator unit.
The deposition time was ca. 3—4 h (A = 0.3 for the most intense
band) for FTIR and ca. 10—15 h (A= 1.0 for the most intense
band) for VCD measurements.

MI-IR spectra were recorded by a Bruker IFS 55 FT-IR
spectrometer equipped with a KBr beamsplitter and a DTGS de-
tector. One thousand scans were accumulated at 1 cm ™' resolu-
tion. In the 1850—1450 cm ™' region, spectra were also recorded
by a Bruker Equinox FT-IR spectrometer equipped with a KBr
beamsplitter and a MCT detector. In this case 100 scans were
accumulated at 2 cm™ ' resolution. In both cases the baseline
was corrected by an adjusted polynomial function, when it
was necessary because of interference. The center of individual
transitions in the case of unresolved bands was determined by
nonlinear curve fitting.

MI-VCD spectra were recorded by a Bruker Equinox FT-IR
spectrometer combined with a PMA37 VCD module and equip-
ped with a MCT detector. Circularly polarized light was gener-
ated by the help of a KRSS5 polarization filter and a ZnSe
photoelastic modulator. A CdS stress plate was used for calibra-
tion. 2x 13,783 scans were accumulated at 2 cm ! resolution.
After data processing, the baseline of the raw MI-VCD spectra
was corrected by fitting a polynomial onto points with zero ab-
sorbance, as determined by the corresponding MI-IR spectrum.

3. Computational details

Geometry optimization of Ac—L-Pro—NH, conformers was
started from structures obtained by setting the two peptide back-
bone dihedral angles ¢ and (p,50 to typical values of vy, €, and
o, conformations (see Fig. 1). The other structures generally
possible in the case of other model peptides, Bpr, Yp, €ps %Ds
dp, and Or, do not exist for Ac—L-Pro—NH, due to the con-
straints of the pyrrolidine ring. Both the cis and the trans forms
and the up and down puckered forms (denoted by + and —, re-
spectively) of the pyrrolidine ring were optimized at the B3LYP/
6-31G* and B3LYP/6-314++G** levels of theory. Harmonic
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Figure 1. Qualitative conformational landscape of Ac—L-Pro—NH, showing
the structures, which can (in white background) and cannot (in gray back-
ground) be accessed due to the constraints of the pyrrolidine ring. Besides con-
formational labeling notations used in former studies are given in brackets.

vibrational frequencies, infrared intensities, and rotational
strengths were calculated at the B3LYP/6-31G* level of theory
using the scaled quantum mechanical (SQM) force field
method’'? with scale factors determined by Baker et al.>?
(Preoptimized SQM scale factors are not available for the
6-31++G** basis set.) Boltzmann-distributions were calcu-
lated from the B3LYP/6-314-4-G** Gibbs free energies. Spectra
were synthesized by summing up the appropriately weighted
calculated spectra of individual conformers. For spectrum sim-
ulations Lorentzian line shapes with 3 cm ™" half width at half
height were used. All the above-mentioned calculations were
performed by the PQS (Parallel Quantum Solutions) 3.2
program package.™

Barrier heights between conformers were calculated at the
B3LYP/6-31G* and the B3LYP/6-31++G** levels of theory.
These calculations were carried out by the Gaussian03 pro-
gram package.”*

Geometries in Cartesian coordinates, computed vibrational
frequencies, infrared transition intensities, rotatory strengths
of each conformer are available upon request.

4. Results and discussions
4.1. Computational results

In agreement with the B3LYP results of Sahai et al. we have
located six minima on both the B3LYP/6-31G* and the B3LYP/
6-31++G** conformational PES of Ac—L-Pro—NH,. These
minima, as they are shown in Figure 2, include two trans con-
formers, typ+ and ryp—, and four cis conformers, cgp+,
cer.—, coy~+, and coy—. (Another minimum exists on the HF
PES, the relatively high-energy ro; — conformer.*”) According
to the calculated Gibbs free energies and Boltzmann-distribu-
tions (see Table 1) only three out of the six conformers have
high enough abundance to be identifiable in the MI spectra.
These are the vy +, #y.— and coy + forms. The computed abun-
dance of coy — conformer is on the borderline of the detection
limit. Thus, Ac—L-Pro—NH, has two ‘low-energy’ backbone
conformers, namely the #y; and the co .

Besides the relative Gibbs free energy the barrier height of in-
terconversion to lower energy conformers is another factor,
which can influence the existence of higher energy forms in ma-
trices. It is often found that species with a barrier height of a few

coy +

2 A 5 A

coy —

Figure 2. Conformers of Ac—L-Pro—NH, as obtained from geometry optimi-
zation at the B3LYP/6-31G* level of theory.

kJ mol ! between them can partially or completely convert to
the lower energy conformer during sticking onto the cold win-
dow.>~° Ramek et al.** have found the barrier heights from
tyL— to ty_+ to be only 2.47 and 3.44 kJ mol ' at the RHF/4-
31G and RHF/6-31G* levels of theory, respectively. Repeating
these calculations at the B3LYP/6-31G* and B3LYP/6-
314++4G** levels, we have obtained somewhat larger barrier
heights, 5.66 and 4.56 kJ molfl, respectively, but these values
are still low enough to allow an interconversion process during
freezing out the sample onto the cold surface. Hence, the ty; —
conformer might be absent in the matrices. On the other hand,
the barrier between the cis and trans forms is ca. 60 kJ mol_l,
clearly preventing the interconversion of these isomers.

4.2. MI-IR spectra and conformational identification

Instead of a line-by-line assignment of the whole region we
concentrate on the discussion of those regions only where the
different conformers show a significantly different spectral
pattern according to the theoretical calculations. The full as-
signment is given in Table 2. The excellent agreement between
the measured and the calculated spectra made a confident as-
signment possible for the majority of the bands including the
weakest lines, which are about ~3 times more intense than

Table 1

Calculated relative zero-point corrected energies, relative Gibbs free energies,
inkJ mol’l, at the temperature of sample inlet, 345 K, and relative abundances
(R. A.) of the conformers of Ac—L-Pro—NH,

Conformer ~ B3LYP/6-31G* B3LYP/6-31++G**

AG®  AG® R. A. AG®  AG® R. A.

(0OK) (345K) (345K) (0K) (345K) (345K)
YL+ 0 0 0.848 000 0 0.834
yL— 5.41 5.08 0.144 522 516 0.138
coy+ 17.63  15.03 0.004 1325  10.80 0.019
coy— 21.07 1734 0.002 1647  13.79 0.007
ceL+ 27.12 1977 0.001 2355  18.12 0.002
ce— 2046 2275 0.000 2548  20.66 0.001




Table 2

Calculated (SQM B3LYP/6-31G*) and experimental vibrational frequencies in

cm ™! of Ac—L-Pro—NH,

Assignment® Caled Ar Kr
coy+ v, (amide A asym.) 3601 3546 3539
tyL+ v, (amide A asym.) 3543 3502 3497
coy+ v, (amide A sym.) 3465 3436 3429
tyL+ 2v,3 (overtone) — 3427 3421
tyL+ v13+v14 (combination band) — 3370 3369
tyL+ v, (amide A sym.) 3342 3313 3305
YL+ 2vig — 3287° 3284°
(Fermi resonance with v,4)

tyL+ v14+v,5 (combination band) — 3227 3222
YL+ 2v;5 (overtone) — 3146 3139
tyL+ v3 (VasymCH3) 3041 3025 3033°
1YL+ V4 (VasymCH2) 3021 3021 3018
tyL+ vs (VasymCHz) 2999 2991 2983
n.a. — 2979 2973
1YL+ Ve (VasymCH2) 2982 2964 2961
tyL+ v7 (vCH) 2955 2947°¢ 2943°¢
tyL+ vg (vymCHy) 2951 2947°¢ 2943°¢
tyL+ v9 (VgymCHy) 2947 2947¢ 2943°¢
tyL+ vio (VsymCHo) 2932 2934 2931
YL+ 711 (VeymCH3) 2922 2920° 2918°
na. — 2900° 2898°
n.a. — 2885° 2882°
tyL+ viz2 (VgymCHo) 2890 2877 2874
coy+ vy3 (C-term. amide I) 1737 1737 1735
tyL+ v13 (N-term. amide I) 1730 1716 1713
Aggregate or complex* — 1703° 1704°
cay + v14 (N-term. amide I) 1701 1687 1684
tyL+ v14 (C-term. amide I) 1665 1654 1652
Aggregate or complex? — 1642° 1638°
tyL+ v15 (amide II) 1598 1578 1576
coy+ vy5 (amide II) 1575 1568 1559
tyL+ 716 (BsymCH2) 1484 1480 1480
tyL+ v17 (BsymCHy) 1461 1459 1457
YL+ V18 (BasymCH3) 1442 14435 1441%
YL+ V19 (BoymCH2) 1441 14435¢ 1441
YL+ V20 (8asymCH3) 1424 1438 1436
tyL+ vz (VCNH+-04ymCH3) 1402 1418 1416
tyL+ voo (amide III) 1367 1387 1386
coy + vp; (amide III) 1374 1354 1353
tyL+ 23 (OgymCH3) 1341 1341¢ 1339¢
tyL+ Va4 (0symCHo) 1339 1341° 1339°¢
tyL+ Va5 (OgymCHy) 1321 1322 1321
1YL+ Va6 (OsymCHy) 1312 1314 1313
tyL+ va7 (6 C*H) 1291 1292 1291
tyL+ vag (6 C*H) 1264 1271 1271
1YL+ V29 (YasymCHb) 1241 1248 1249
1YL+ V30 (YasymCHb) 1187 1189°¢ 1188°
tyL+ v31 (YasymCHb) 1178 1189°¢ 1188¢
1YL+ 732 (YasymCHo) 1149 1159 1159
tyL+ 33 (BasymNHo+B45ymCH2) 1119 1120 1118
1YL+ V34 (BasymNHo+B4ymCH,) 1081 1083 1083
tyL+ v3s (BasymNH>) 1120 1085 1085
1YL+ V36 (OasymCH3) 1026 1036° 1035°¢
1YL+ V37 (OasymCH3) 1016 1036° 1035°¢
tyL+ v3g 975 993 993
YL+ V3o 939 960 959
n.a. — 924 923
1YL+ V40 (BasymCHy2) 904 908° 908°
1YL+ Va1 (BasymCHo) 894 908° 908°
YL+ V42 (BasymCHz) 862 877° 876°
YL+ Va3 853 869 868
YL+ Vaa 772 791 791
tyL+ v4s (amide V) 736 721 717
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Table 2 (continued)

Assignment” Calcd Ar Kr
YL+ Ve 660 660 660
tyL+ v47 (C-term. amide VI) 642 639 637
YL+ vag 612 613 612
tyL+ v49 (N-term. amide VI) 592 603 602
YL+ vso 553 556 555
tYL+ Vsi ('YsymNHZ) 514 512 510
tyL+ vsy ('YsymNHZ) 483 466 465
tyL+ vs3 (YsymNHo) 433 434 432

 The assignments are tentative in the 1400—1200 cm ™' region.

® Shoulder.
¢ Unresolved lines.
4 See text for details.

the noise level. Only five very low-intensity bands were not

assigned and are labeled by n.a. in Table 2.

It is evident already at the first look (see Figs. 3—5) that the
dominant features of the MI-IR spectra can be assigned to the
most abundant t#y; + conformer. The next low-energy form is
that of the ty; + conformer. Comparing the computed spectra
of the #y;+ and ty;— conformers, the most significant differ-
ence is found in the 425—575 cm ™' region. Here (see Fig. 3)

Kr

Ar

Lin

-

coy+

x10

650 600

-1
Wavenumber / ¢cm

Figure 3. Low-frequency region of IR spectra of Ac—L-Pro—NH, as observed
in (a) Kr matrix, (b) Ar matrix, and the calculated IR spectra of individual con-
formers of (c¢) ty_+, (d) tyL—, and (e) cop+. The intensity of the calculated
spectrum of coy + is multiplied by a factor of 10 as compared to the two trans

conformers.



2130 G. Pohl et al. | Tetrahedron 64 (2008) 2126—2133

Ar

v

3550 S .’ 34603430

'
'
i
i
1

-

e coyt

e

3600 3500 3400 3300 3200

Wavenumber / cm”

x2

Figure 4. Amide A region of IR spectra of Ac—L-Pro—NH, as observed in (a)
Kr matrix, (b) Ar matrix, and the calculated IR spectra of individual con-
formers of (c) #y_+, (d) tyL—, and (e) coy +. Inserts show the peaks enlarged,
which are assigned to the coy+ conformer. The intensity of the calculated
spectrum of coy + is multiplied by a factor of 2 as compared to the two trans
conformers.

four transitions of the ty; + are expected to show up according
to the calculations. These are clearly visible both in the Ar and
Kr matrix spectra. For the #y;— conformer also four transi-
tions are expected to be present in this region. Among these
transitions the most intense one at 535 cm ™' is well separated
from those of the ty; + conformer’s features. However, this in-
tense transition is completely missing from the MI-IR spectra.
Not only this region, but each line of the whole-range spectra
could be entirely assigned in the absence of the #y; — con-
former. This result justifies the existence of a low barrier con-
version path from ry; — to #yp+ conformer.

As it is expected, the spectra of cis and trans forms show
the largest differences in the transitions of amide vibrational
modes. Hence, we analyzed the amide A and amide I and II
modes in order to search for the ca; + conformer. The amide
A region should be examined carefully, since our former
matrix isolation study on Ac—Gly—NHMe and Ac—L-Ala—
NHMe’’ has shown that besides fundamental amide A transi-
tions Fermi resonances and overtones of amide I modes can
clearly appear in this region. After considering all fundamen-
tals, possible Fermi resonances and overtones of the #y; + con-
former (see Table 2), a low-intensity band at 3546/3539 cm™!

A W \/\ \/\ N
1720730 & 1561 1554

1800 1700 1600 1500 1400
Wavenumber / cm™

Figure 5. Amide I and II regions of IR spectra of Ac—L-Pro—NH, as observed
in (a) Kr matrix, (b) Ar matrix, and the calculated IR spectra of individual con-
formers of (c) ty .+, (d) tyr.—, and (e) coy +. Inserts show the peaks enlarged,
which are assigned to the coy + conformer. Broad features due to aggregates
and/or complexes with water are labeled by a plus sign. Water traces are
marked by asterisk.

in Ar/Kr still remains unassigned in this region (see Fig. 4).
This band appears at ca. 40—50 cm™ ' higher frequency than
the highest frequency transition of the #y; + conformer. Since
the calculations predict the highest frequency fundamental of
the coy + conformer 58 cm ! higher than that of the ry;+
form (see Table 2), the band observed at 3546/3539 cm ™'
can be assigned to the asymmetric amide A mode of the
cay + conformer. The symmetric amide A transition of coy +
is calculated to be 3465 cm™'. In the amide A region of the
MI-IR spectra the only band, which does not have a symmetric
line shape is the one between 3400 and 3440 cm ™. As it can
be seen in the insets of Figure 4 two bands can be fitted under
this peak. The lower-frequency one is assigned the v3 over-
tone of the #yp+ conformer, while the band at higher fre-
quency to the symmetric amide A transition of coy+
conformer (see Table 2).

The low-intensity transitions of the coy + isomer can also
be identified in the amide I and II regions (see Fig. 5). This
1450—1750 cm™ " region is dominated by the three intense
transitions of the #y; + conformer. In addition to these bands,
traces of water (indicated by an asterisk in Fig. 5) and broad
bands (indicated by plus sign in Fig. 5) due to aggregates or
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complexes with traces of water can be identified. (The inten-
sity of these broad features varied slightly upon the conditions
of deposition.) As it was found in the amide A region, the re-
maining low-intensity bands at 1737/1735, 1687/1684, and
1568/1559 cm ™" in Ar/Kr can be assigned in good agreement
with the calculated transitions, 1737, 1701, and 1575 cm_l, to
the coy + conformer.

In conclusion the #y; + form and trace amounts of the co; +
conformer can be identified in the MI-IR spectra. All the fea-
tures of the spectra can be assigned to either of these species.
In accordance with the theoretical predictions ce; + and cep —
conformers are not populated enough at the temperature of
sample inlet, 72 °C, to be visible in the MI-IR spectra, while
the ty; — conformer converts to the #y; + form upon sticking
onto the cold surface. Because of its low predicted abundance
and the low-energy barrier’® to its ring-puckered counterpart,
the coyp — form has not been observed either. According to
this the conformational ratio of the #y; + and the coy + con-
formers in the matrices can be calculated by summing up
the Boltzmann-weights of the individual 4+ and — conformers.
In order to obtain a calculated spectrum these summed factors,
0.972 and 0.026 for ¢y + and coy +, respectively, were used to
weigh the intensities of the individual conformer spectra. As
can be seen in Figure 6 the spectrum obtained this way agrees
very well with the MI-IR spectra.

4.3. MI-VCD spectra

It has been shown before that the MI-VCD spectrum of
molecules capable of strong interactions can be understood
much easier than the spectra recorded in solutions, where
the intermolecular interactions can significantly alter the spec-
tra.”’® As it can be seen in Figure 7 an excellent agreement
was found between MI-VCD spectra and calculations in the
investigated 1775—1550 cm ™' region.

It is interesting to compare the MI-VCD spectra to the VCD
spectra of Ac—L-Pro—ND, recorded in D,O and deuterated
alcohols."” In those protic solvents, in agreement with the

4 a Kr
WM__J‘W M
b Ar

ULMA__LWM,‘MMJ,M

Comp.

LA

e e N
c

o

3600340032003000 1800 1600 1400 1200 1000 800 600
Wavenumber / cm™

Figure 6. Whole-range MI-IR spectra of Ac—L-Pro—NH, recorded in (a) Kr
matrix and in (b) Ar matrix, and (c) computed IR spectra obtained by appro-
priate weighting (see text for details) of the individual conformer spectra.

A Kr

Comp.

T T
1700 1600

r ’ 1
Wavenumber / ecm

Figure 7. 1775—1550 cm ™' region of MI-VCD spectra of Ac—L-Pro—NH,
recorded in (a) Kr matrix and in (b) Ar matrix, and (c) computed VCD spectra
obtained by appropriate weighting (see text for details) of the individual con-
former spectra. The AA=0 level is given by a thin solid line in each spectrum.

MI-VCD spectra, the low-frequency amide I mode appears
as a negative band between 1608 and 1634 cm™'. On the other
hand the sign of the high-frequency amide I transition, be-
tween 1646 and 1668 cm™ ', is positive. This is opposite to
both the MI-IR observations and the calculations for the
tyL+ conformer. Moreover, none of the six conformers of
Ac—L-Pro—NH, has a positive rotatory strength predicted
for the high-frequency amide I transition. This indicates that
the structure of Ac—L-Pro—NH, in aqueous or alcoholic sol-
vents is different from the possible structures of the isolated
molecule and/or the solvent—solute interaction significantly
changes the rotatory strengths.

5. Summary

In this paper we have presented the MI-IR and MI-VCD spec-
tra of Ac—L-Pro—NH, in Ar and Kr matrices. The analysis of
spectra revealed that two backbone conformers, the major
tyL+ and the minor coy + forms exist in observable amounts
(>1%). Theoretical calculations predict an additional low-
energy conformer, ty; —, but that conformer converts to the
tyL+ structure through a low-energy path when freezing onto
the cold surface. A similar conversion is expected between
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the + and — forms of the minor conformers. The computed
spectra based on this conformational model show a very good
agreement with the measurements. Our results are in accord
with former IR and NMR investigation of Ac—L-Pro—NHj, solu-
tions, which showed that in apolar solvents the trans forms are
dominant, and the ratio of the cis forms increases by increasing
solvent polarity. The observation that the proline diamide has
hardly any alternative conformer than ¢y (+/—) not only sup-
ports the general view on the elevated rigidity of this amino
acid residue, but also explains how it can be an effective a-helix
breaker and a B-edge distorter preventing B-proteins to
aggregate.

A future direction of our investigations is the analysis of the
spectra of the water complexes of Ac—L-Pro—NH,, which can
possibly reveal conformational change upon complexation. In
the present study it has been shown that the isolated Ac—L-
Pro—NH, adopts only one trans form, #y;, which agrees with
the well-known a-helix and B-sheet breaking nature of proline.
Itis an interesting question, however, whether the fo;; — form can
be stabilized by complexed water molecules. In addition to
MI-IR experiments we plan to investigate these complexes by
MI-VCD spectroscopy as well, which could help to understand
the VCD spectra observed in D,0O and deuterated alcohols.
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