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Vibrational spectroscopy is a classical technique used to
examine molecular structure and dynanti@he major challenge
often is assigning vibrational modes and interpreting their

All

frequencies and intensities in terms of the molecular coordinates.
This is often simplified if group vibrations occur which are
associated with molecular coordinates of intefest.
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Functional group vibrations within polymers can couple if they iy

are located close to one another to give collective polymer ) ] i

vibrations. The observation of coupled vibrations should be more Figure 1. 206.5-nm excited UVRR in }D and DO of N-acetyN'-

common in IR spectroscopy because IR selects for vibrations with methylglycinamide (1.5 mM, pH/pD~ 5, AcGNMe), N-acetylN'-

large dipole moment changes. Vibrations with large dipole Methylalanylamide (3.0 mM, pH/pB 5, ACANMe), triglycine (1.5 mM,

moment changes can couple through space by transition dipoleP/PP ~ 5. Ga), and trialanine (1.5 mM, pH/pB- 5, As).

coupling. In contrast, resonance Raman spectroscopy (RR) selectgormal modes of the linked amides couple, deuteration of an

through criteria independent of dipole moment changes. Thus, gmide would perturb the frequencies and RR cross sections of

vibrations observed by RR are less likely to be coupled. e |inked nondeuterated amide. Thus, UVRR could not be mod-
Here we examine coupling between amide vibrations in gjeq as a sum of pure deuterated and nondeuterated derivatives.

tripeptides and in derivatives with adjacent amide groups and ask  Figyre 1 shows the RR spectra of the linked amide derivatives
whether the vibrations observed by RR result from vibrations

localized within individual amide peptide bonds, or whether these
vibrations are delocalized and result from coupled motion of
adjacent amide peptide bonds. This work is part of a research
program where we are developing UVRR for studying biological
structure and functioh.We recently demonstrated that RR
excitation within the amider — z* transitions enhanced amide

R bands' The resulting amide RR spectra quantitatively determine
peptide and protein secondary structtteén addition, we have
used UVRR to probe the first steps in the folding and unfolding
of peptides due to ns temperature junis.

N-acetylN'-methylglycinamide (AcGNMe)N-acetylN'-methyl-
L-alanylamide (AcANMe), triglycine (g, and trialanine (A) in
water and pure BED. We observe a more complex spectrum in
H,0, where the linked amides give overlapping Aml, Amll, and
Amlll bands. The Amll and AmlIl bands are characteristically
described as involving coupled-@ stretching and N-H in-
plane bending. However, as noted by others, the AmllI vibration
has a more complex composition which depends on the exact
molecular structuré?®-12

The spectra considerably simplify in,O because the Amll
and Il modes disappear and are replaced by very intense’ Amll

We determined the extent of vibrational coupling between y,qes; which are mainly-€N stretchingt® The Amf modes of
amide groups by measuring the RR spectra of linked amides. Wene deuterated derivatives shift relative to those of the hydrogen-
compared the spectra of natural isotopomers to those formed byeq derivative. Thus, the-\H spectra and ND spectra differ

exchanging the labile NH groups by N-D in D,O. We then
measured these derivatives in a mixedD,O solution, where
N—H groups were only partially deuterated. Replacement of NH
by ND dramatically alters the normal mode, since Nl motion

no longer couples to €N motion. The hypothesis follows: if
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dramatically.

AcGNMe, which is the simplest model peptide containing two
adjacent amide groups, shows a spectrum similay-taethyl-
acetamide (NMA): The Amlll, Amll, and Aml bands occur at
~1305,~1573, and~1640 cnt?. Obviously, bands from the two

amide groups overlap. The Alll low-frequency shoulder (1255

cm™Y) originates from a Ck}, mode, which also contains G/
The ~1380 cm! band is mainly due to (C)Cisb!® The ND
derivative of AcGNMe (AcGNMeD) shows a spectrum identical
to that of NMAD. It is dominated by the 1490 crhAmll’ band,
with a weaker~1640 cnt! Aml’ band. The spectra of AcGNMe
and AcGNMeD are almost identical to those of AcANMe and
AcANMeD.
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The magnitude of vibrational coupling can depend sensitively
on the detailed molecular geometry. For example, normal mode
calculations for three different geometries of gas-phase alanine
dipeptide demonstrated different couplings for different geom-
etries!?® For example, no Aml coupling occurred where the
carbonyls were perpendicular to one another. The Amll and Amlll
coupling also depended on geometry. Thus, one interpretation of
our results is that the four derivatives studied here possess
geometriesn water where fortuitously no interpeptide coupling
occurs for the Amll, Amll, and AmlIl bands.

This finding is in accord with a recent normal coordinate
calculation on AcANMe by Han et &l They investigated
AcANMe—(H;0), within an Onsager continuum and found that
in water the molecule prefers a PII structure, with dihedral angles
in the 5-sheet region of the Ramachandran plot. éihelical-
like conformation was found at 2.5 kcal/mol higher energy. The
normal mode calculation for Pll reveals localized amide Il and
Il modes with slightly different frequencies for the two peptide
groups. In contrast, Aml shows significant mixing.

Alternatively, these amide derivatives in water may populate
numerous conformations, some of which have RamachanHran
¢ angles similar tax-helix andg-sheet conformations. This may

% occur despite significant conformational energy differences, due
-

Intensity

) to compensating volume and entropy differences. Thus, our results
T T T T T may indicate that All and Alll vibrations observed ézhelical,
1200 1300 1400 1500 1600 1700 1800 p-sheet, and disordered peptides are also uncoupled.
Raman Shift fem™ Our result, that AmIl and Amlll are localized within each
Figure 2. Comparison between AcGNMe, AcANMe, triglycine 4G amide, doe§ not. conflict with recent IR absqrpnon observations
and trialanine (4) measured in a 80%/20%,0/H,O mixture (solid lines) fjri];iusAsrg(lj ;lljbor\?got?lse I;?uep,lfmlogierol_24mg%pethdt?allko)\cl)vg(ﬁo?\rieract
_and calculated_spectra (dots, see text for det_ails)_. Also_showp_are spectrath h ) di Ig i P h | d d
in pure DO (triangles, scaled to 80% of their original intensities). The roug transmor_l Ipole coupling. Further, a normal mode study
calculated spectra model the measured spectra in #8¢H3O mixture 2;&2?6’“\1\%5’2 tdhg'fr‘nt'xeiss22‘;"3013"3‘:5;”“"6 the Aml and Amlll
almost perfectly. :
P Y If amide groups independently contribute, then the spectra
would simply be the sum of spectra of the individual peptides.
The Amlll, Amll, and GH Raman spectra of the different
secondary structure motifs are thought to depend mainly on the
¥ and ¢ angles of the amide bori@?° Thus, the RR spectra
would be related to the number of amides in each secondary
structure. Thus, the observed RR spectra should be more linear
in the number of &-helix" conformation residues than CD, which
appears to require a certain persistence length to give rise to
a-helical CD spectrdt Thus, RR would find morec-helix content
than does CD, which is consistent with our recent observatibns.
Itis, however, possible that amide RR undercounts the number

Athf x\./e assgr&(t)h!s bland :)0 ad.m'xulfrti oLl@tbelnd|n%, %g d of "a-helix" peptide bonds, since excitonic interactions that lead
sDretc w;_g, anl_ . t'""zr?”gNe" Itn%ot' eczntr:a "ﬂ]n' e bonad. 44 hypochromisi#? decrease RR cross sections. Thus, the RR
euteration eiminates the contribution and thus the resonance;yagities of t-helix” amide bonds in long runs would decrease

enhancement. The 1370 ciband is due to N-terminal (! compared to shorter runs. Thus, the biases for CD and RR may

inal2.13 . . .
bending: ) . be diametrically opposed. CD selects against short runs, and RR
The spectrum of AD is dominated by a doublet at 1450 and  sejects against large runs.

1480 cm?, while the AmI occurs at 1660 cni. Lee and
Krimm’s'? deuteratedo-poly(L-alanine) study indicates strong Acknowledgment. We thank Dr. A. lanoul and Professor S. Krimm
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Figure 2 compares measured spectra of AcGNMe, AcANMe,
Gs, and A in a 20%/80% HO/D,0 solution to modeled spectra. Note Added after ASAP: The uncorrected version of this
These modeled spectra are calculated as the sum of the derivativepaper was inadvertently posted ASAP August 1, 2000; the
in pure HO and BO. In 20%/80% HO/D,0 solution, 64% will corrected version was posted August 29, 2000.
have both amides deuterated at the NH, while 32% will have JA0004783
only one NH deuterated, while 4% have both NH deuterated. The

The RR spectra of gand Ag at neutral pH show additional
strong bands at-1400 cm! from enhancement of symmetric
COO stretching by a charge-transfer bafdé Gs also shows
overlapped Amlll and Amll bands at 1274 and 1560 émin
contrast, Aml is broad, suggesting a frequency difference between
the two linked Aml vibrations. In gD the strong All band occurs
at 1485 cm?, while the Al region remains broad. The shoulder
at ~1400 cn! derives from COO symmetric stretching.

The A spectrum shows Amlll, Amll, and Aml bands at 1265,
1560, and~1660 cnt!. The 1335 cm® band does not occur in
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