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Abstract. The coherent nonlinear response of the entire amide lineshapes of N-methyl
acetamide (NMA) to three infrared pulses is simulated using an Electrostatic DFT map.
Positive and negative cross-peaks contain signatures of correlation between the fundamentals
and the combination state. The coupled amide I — III cross-peak lineshapes indicate an
anti-correlation of frequency fluctuations, which is ascribed to the correlated hydrogen bond
dynamics at C=0 and N=H sites.

1. Imtroduction

Coherent multidimensional infrared spectroscopy provides a valuable tool for
protein structure determination'. The amide infrared absorption provides a useful
probe for secondary-structure changes because of its sensitivity to hydrogen
bonding, dipole-dipole interactions and geometry of the peptide backbone. Most
effort has been focused on the Amide I band . However, the cross peak pattern of
other amide bands can provide additional structural information.

In our earlier study on N-methyl acetamide (NMA)‘, which is the simplest model
for the amide system, the fluctuating Hamiltonian was developed and the linear
infrared spectrum was calculated based on a complete electrostatic DFT map
(EDM)’ of the amide L, II, III, A fundamerital, overtone and combination frequency
fluctuations and their transition moments. Frequencies of the different amide states
are determined by different collective coordinates which are linear combinations of
the electric field and its derivatives. In order to study protein dynamics, it is
important to establish the connection between the cross-peaks lineshapes and the

correlated frequency fluctuations due to the correlated protein and solvent dynamics.

We present a study of the lineshape dependence of amide I and III photon echo
cross peak of NMA on the degrees of correlation between these modes. These are

connected to the correlated hydrogen bonding forming and breaking dynamics at -

C=0 and N-H sites’.

2. Computation.

We calculated the entire amide (I, II, I, A) modes of NMA in water employing the

EDM with a MD simulation®. The third-order response functions were calculated
using the cumulant expansion of Gaussian fluctuations model (CGF)*. The three
pulse photon echo infrared spectra was calculated for the amide I, 1, III region
(Fig. 1(A)) and the amide A cross peaks region (Fig.2(D)). A good agreement of the
amide I and I anharmonicities was found with recent experiment’.
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