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Why do you want to do a structural analysis?

- analyse molecular mechanisms

- interactions

- molecular recognition

- protein / DNA, RNA

- drug interactions / design

- structure-function relationship

- role of sequence - sequence relationship: amino acids, nucleotides

- chemical reactivity, enzymatic mechanism
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What is the basis for an interaction?

- distance between atoms?
- angle between atoms? Orientation of orbitals?
Hydrogen bond: implies sharing of a hydrogen atom!

consider:
position of hydrogen atom
atom radius
electronegativity
 periodic system of the elements

e.g. Klaholz et al., Structure 2002.

https://www.chemie-schule.de/KnowHow/Bindungswinkel
https://www.internetchemie.info/chemie-lexikon/daten/b/bindungslaengen.php

geometry!

typical hydrogen bond distance 
between core atoms (here: O and N):
~2.4-3.4 Å
if closer: steric clash
if larger (up to ~4Å): van der Waals contact
can be slightly larger if atom radius big (e.g. S)
electrostatic interactions, charge-charge,

salt bridges etc.



What is the basis for an interaction?

- distance between atoms?
- angle between atoms? Orientation of orbitals?
Hydrogen bond: implies sharing of a hydrogen atom!

consider:
sp3 hybridisation, tetrahedral: 109.5º
sp2 hybridisation, trigonal: 120º
sp3 hybridisation, linear: 180º

https://www.internetchemie.info/chemie-lexikon/daten/b/bindungslaengen.php
https://www.chemie-schule.de/KnowHow/Bindungswinkel

consider:
bond lengths:
C-C 1.54 Å
C=C 1.34 Å (1.40Å if aromatic)
C≡C 1.20 Å 
C=O 1.20 Å
C-O 1.43 Å
C-S 1.82 Å (!)
C-H 1.09 Å (!)
O-H 0.96 Å
N-H 1.01 Å
S-H 1.34 Å

water molecule:
sp3 hybridisation, near tetrahedral: 104.5º

http://www.u-helmich.de/che/0809/05-molek/mol05.html

free electron pairs

 ideal orientation (angle!) is along orbital direction;
i.e. 120º for a carbonyl oxygen atom;
other angles possible, but the interaction will be much weaker



consider cumulative effect of weak interactions, 
 consider C–H…O interactions
e.g. Cα-H hydrogen bonds in β-sheet structure (bifurcated H-bond)
Cα-H is polarized

Klaholz et al., Structure 2002.

What is the basis for an interaction?



acceptor
donor

donor
acceptor

Hydrogen bonding:
consider acceptor-donor systems, activation (chemical reactivity, enzyme)
implications for drug interactions / drug design
implications for nucleic acid - protein interactions / specificity of interaction

What is the basis for an interaction?

Klaholz et al., Structure 2002. Mohideen et al., submitted, 2019.

A-T pair:
2 H-bonds

G-C pair:
3 H-bonds

2 H-bonds: one strong, sensitive to mutation
one weak with backbone, unspecific!



hydrophobic residues: "interact" very weakly, thus these are essentially
van der Waals contacts (thus the term hydrophobic interaction" is misleading)
non-covalent interactions:
main effect comes from polarisation effects; 
van der Waals forces (induced dipole interactions); weak
consider cumulative effect of weak interactions
and: de-solvatation when an interface of hydrophobic residues is formed

What is the basis for an interaction?

water droplet in a 
hydrophobic environment
(movie of shaky drop on a
lupine leaves in the wind;
B. Klaholz, 2018)



https://lejournal.cnrs.fr/infographies/le-tableau-de-mendeleiev-150-ans-dhistoire
1869-2019: 150 years of the period system of elements, Mendeleev

Consider:
distance & geometry
atom radius
electronegativity
 periodic system of the elements

interactive periodic system of the elements:



Une nouvelle édition du tableau de Mendeleev : 
Voyager à travers l’histoire de la chimie et lutter contre le cancer

 Chaque élément est dans un rectangle de 26 x 21 mm2 et décrit par ses propriétés physico-chimiques
 Le tableau comporte 118 élément de l’hydrogène à l’Oganesson,
 Le modèle du tableau respecte celui imposé par l’Union Internationale de Chimie Pure et Appliquée (IUPAC).
 L’aspect étymologique et historique de l’élément est une nouveauté.

M.S. ANTONY, Jean-Bernard BUEB, Benoit SPECKEL et Fabien HOELLINGER

Pour obtenir les tableaux, contacter l’Alsace contre le cancer :
https://www.alsacecontrecancer.com ou info@alsacecontrecancer.com

« Cela vient du cœur, puisse cela aller au cœur ». Ludwig van Beethoven



1869-2019: 150 years of the period system of elements, Mendeleev



https://www.chemie.schule/k10/k10ab/pse_veraenderungen.htm

Atom radii



http://www.u-helmich.de/che/0809/05-molek/mol05.html

electronegativity (électronégativité)

partial 
charge
-0.25

Polarity: difference in electronegativity values gives amount of ionic character:
ΔEN=1 gives ~25% ionic, ΔEN=2 gives ~50% ionic (partial charges!); 
e.g. ΔEN (O-H)=1.4 stronger than ΔEN (N-H)=0.9  H-bond on O-H is stronger

http://www.imn.htwk-leipzig.de/~stich/Bilder_BI/I.I.pdf


