
How spectroscopic computations fit into the standard structural
assignment protocols:

× To validate proposed assignments of spectral signals within a given
structure (signal assignment)

× To evaluate the congruence of a structure to a set of experimental
spectroscopic parameters (structural determination)

× To provide insight into the structural, electronic and environmental factors
that influence the spectroscopic parameters

× To build structure-property relationships



Which is the accurate computational model? 

× A quite rigid peptide → local (structural) effects are of minor importance

× Right dimension of the system

BCP2
(bicyclic homodetic nanopeptide)

PA syntetic cyclic peptide: model for metal (calcium) binding polypeptides.
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…for the ab initio calculations

1. Optimization (DFT) of the threedimensional structure experimentally determined

Model of  the 1:1 calcium-BCP2 complex

The geometrical structure of the the calcium-BCP2+ complex has been determined from NMR data 
followed by restrained molecular dynamics (RMD) calculations.

Pro3

Ala2Gly8

Pro7

Glu1

H-bond



2. Chemical shielding calculations for the free peptide and the calcium BCP2+

complex

HF and DFT level
6-311+G(d,p) basis set

Chemical shift reference: acetamide

Chemical shift calculated + 6.40 
ppm (i.e. the experimental
proton shift of acetamide with
respect TMS)

σij
N=[∂2E/∂Bi∂mNi]B=0

Test with PCM → negligible solvent effect “isolated peptide”

3. Calculations in solution (CH3CN)



Free BCP2

7.69.48.47.68.510.67.5HF/6-31G(d)

7.39.68.37.48.510.77.4HF/6-311+G(2d,p)

7.79.78.77.88.710.97.8DFT/6-311+G(2d,p)

Gly9Gly8Ala6Lys5Gly4Ala2Glu1

Ca2+-BCP2 complex

7.57.17.18.76.68.68.7HF/6-31+G(d,p)

7.77.07.18.96.68.58.8HF/6-31G(d)

7.77.07.18.96.68.68.8HF/6-311+G(2d,p) for Ca2+
and 6-31G(d) for all atoms

7.57.27.18.66.68.88.6HF/6-31+G(2d,p) for N, O
and 6-31G(d) for all atoms

7.927.016.457.627.628.957.69Experimental

7.77.47.38.86.99.08.8HF/6-311+G(2d,p)

8.17.87.88.97.39.58.9DFT/6-311+G(2d,p)

Gly9Gly8Ala6Lys5Gly4Ala2Glu1



Comparison of calculated [PBE0/6-311+G(2d,2p)] and experimental data for the 
Ca-BCP2 complex
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Comparison of calculated for the Ca-BCP2 complex and for the free peptide BCP2 
[PBE0/6-311+G(2d,p)] 
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…focus on electronic effects due to the presence of the metal!!!!



×Trends with different basis sets are in excellent agreement

×The use of an extended basis set limited to the metal cation is not
sufficient for a good representation of metal-peptide interaction

×Relative shieldings values for amide protons (involved in the 
metal-peptide interaction) are almost equal in all calculations. 

“The effect of the cation is well reproducted”.

First conclutions:



Model system 
(highest level
of theory)

Progressively cheaper approaches
(MM or lower level QM)

MM region is described by atomic
point charges.

1. Difficult parts of 
the molecule (those

containing non 
parametrized atoms, 

uncommon interactions, 
or atoms directly

partecipating in the 
transition state of 

reaction)

Hybrid Methods: 
mixing QM and MM descrptions of different parts of the same molecule

2. Parts of the 
molecule containing
well parametrized
atoms and simple

interactions

3. Long range
contributions on 

amide proton
shieldings are 

mainly
electrostatic



…hybrid model 

P Test of different partition schemes

What level (QM and MM) the ion and its ligands must be described?

1. Interaction between the cation and the peptidic chain

Test: Calcium cation represented
through different point charges, 
with charge +2.0 and +1.6 (chemical
shifts calculated at HF/6-31G* 
level)

+2.0 in accordance with QM HF/6-31G*
+1.6 in accordance with QM/6-311+G(2d,p)

× Extended basis set 
reproduce better the charge
transfer

× The metal has to be treated
at the quantum level

division of the system into QM 
and MM region trying to
reproduce the full QM results

⇒

3. Special attention to hydrogen bonds

2. Long-range interactions

× Electrostatic


