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identifiable structures inside a cell
that perform a particular function.
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�a semipermeable covering that
encloses the cellular contents
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��������	 electronegative atom  (donor, N, C, O, F)
��������� electron-rich atom      (aceptor, O, F, N) 
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 This efect is observed in experiments by changes in:
  bond strength
  local vibrational modes
  dipole moments 
  Conformation
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Hartree-Fock plus
configuration interaction
or coupled-cluster
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�����$ Infinite chain of Polyalanine in α-helical conformation

Finite alanine chains derived from Ethyl acetylamide 
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α-helix conformation is not a minimum in the potential 
 energy surface of a dipeptide
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�
How large is the hydrogen bond strength in a protein?
How large is the cooperativity in proteins?
What is the smallest stable peptide which can form helical conformation?
Are the hydrogen bonds the main interaction stabilizing the secondary
structure of proteins?
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molecule : 
•   formamide  [4] 
        MP2 and DFT calc.
        60-70% cooperativity in an infinite array
            
•   N-methylacetamide [7]
      cluster with five molecules HF calc.
      38-42% cooperativity
            

4. S. Suhai, ������	������. 422, 3950 (1996)     7. R. Ludwid, F. Weinhold, T. C. Farrar, ������������	. 42D, 499 (1997).
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      Calculate the hydrogen bond strength by fully taking into account the back bone
       of the protein 

      Calculate the cooperativity for an infinite α-helix

������$ 
Infinite and finite chains of Polyalanine in α-helical 
and fully extended structures

����$

-P-P-

-P        P-

Νearest Neighbor peptide-peptide interaction

1 4

(N, N+3) Peptide peptide interaction
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1. J. Neugebauer and M. Scheffler, ���	�������� 86, 16067 (1992).
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Chemical Reservoir
Infinite polyalanine
chain in fully extended
conformation (FES) 
'
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�� ∆ (kcal/mol)

2 0.92

3 0.59

4 0.5

∞ 0.0
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21211 ������� �� →+−

System: fully extended structure 
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21211 ������� �� →+− Chemical reservoir
 hypothetical α-helix 
 without hb’s
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8

Cluster Approach: ( )�#���
!"��"��	��$

�� 26.09.5=

&!���������
����
���
�������������!������
��!����
��!���
��!�B�
@�!�����������
���!��!���
�����������������6O�3�

4

8



∞∞∞ −=− αα µµ ~
��

�������
���
������
��!�
��
�
�
���α�!���

( )�#���
!"���� 37.06.8=∞

&!�����#����+���/�!
��
�
�
���
��/�������!�B������
��!�
�
���!�
�+�������
�����������!�
��������������/��I

&!���#����
���������#����+��

Strain energy Stabilization energy due to hb’s
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(model system for protein alpha-helix)
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Peptide Unit
Energy vs Strain

Pressure vs Strain
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stable

unstable

Strain induces destabilization of the secondary motif against transformation into a flat
structure. Denaturation-like process !!!
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∆r = r - rincompressible  

for incompressible peptide unit ∆r = 0
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Constrain: ∆roxygen = 0
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       (higher  compressibility)

Energy vs Strain Pressure vs Strain
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alignment
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bonds 
(unconstrained
structure)
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Hydrogen-bond distance response on strain
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