
Intermolecular interactions and NMR

The study of molecular interactions between biological macromolecules and their interaction partners 

(other macromoleules or small ligands) at an atomic resolution is the next step after determining structures 

of individual molecules.

Studying interactions results in describing action in living systems. 

structural and dynamic characterization at an atomic resolution of already known interactions

detection of unknown interaction between 

biological molecules for describing cellular processes or

between biological and synthetical molecules for pharmaceutical purposes



Impact of NMR spectroscopy for characterizing molecular interactions 

spectroscopy with atomic resolution

individual observation of interacting molecules by

isotope labeling, if MW(Protein) < 100 * MW(ligand)

observing ligand, if MW(Protein) > 100 * MW(ligand) and MW(ligand < 1000 Da)

direct observation of pairwise spin-interactions between protein and ligand

structure determination of complexes

screening techniques for pharmaceutical research



NMR parameters and their impact for studying molecular interactions

chemical shifts structural changes

scalar couplings, residual dipolar couplings structural changes

Relaxation dynamics, conformational flexibility

translational diffusion size of complexes

intermolecular cross relaxation intermolecular distance information
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Summary: dissociation constants and concentrations

At usual concentrations required for NMR spectroscopy (0.3 - 1 mM) is

the determination of dissociation constants smaller than 10-2 * [P]
0
 not possible

NMR spectroscopy allows the determination of dissociation constants in the M - mM rangeµ

dissociation constants larger than 10 M require at least a twofold excess of ligand for observing µ

more the 90% bound protein.
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Influence of chemical exchange to the NMR spectrum

chemical exchange : change of of conformational or chemical state A with resonance frequency �

A

into a state B with resonance frequency �

B

by complex formation

conformational change
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Chemical exchange and relaxation
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general relations
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Chemical exchange and longitudinal relaxation

assumption: no cross relaxation

Chemical exchange: enhances effective the autorelaxation rate

allows magnetization transfer by chemical exchange

k
1
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 are always positive: The behaviour in a NOESY experimentis analogue to the case of

negative cross relaxation rates(large molecules)
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Exchange between the folded and unfolded drk SH3 domain

(Zhang et al. (1994), J. Biomol. NMR 4, 845-858)



Chemical exchange and free precession
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The two special cases: slow and fast exchange limit

slow exchange limit:
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fast exchange limit : 
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frequency separation between the two interchanging states determines the NMR time scale for

observing the individual states 



−200 −150 −100 −50 0 50 100 150 200

−200 −150 −100 −50 0 50 100 150 200

−200 −150 −100 −50 0 50 100 150 200

−200 −150 −100 −50 0 50 100 150 200

−200 −150 −100 −50 0 50 100 150 200

ν [Hz]

k = 10 s−1

k = 100 s

k = 450 s

k = 1000 s

k = 5000 s

−1

−1

−1

−1

Chemical exchange in a two state system

�

A
 = 80 Hz, 

�

B
 = -80 Hz, R

2
 = 10 s-1



Summary : Chemical Exchange

Chemical exchange allows magnetization transfer

for k > R
1
 and k < 

��

 chemical exchange results in cross signals in NOESY (EXSY) and TOCSY experiments

for k < R
1
 the exchange cannot be determined by NMR

Chemical exchanges interferes with free precession

for k << 

��

 two sperated resonances can be observed for the individual states (

��

 

�

 0),

that means that the species are distinguished by NMR spectroscopy

��

 defines the NMR (chemical shift) time scale

for k >> 

��

 are population averaged signal can be observed (fast exchange)

for k � ��

 the chemical exchange results in a line broadening (coalescence),

in the cases of extreme line broadening the signal can dissapear ! 
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Chemical exchange and a bimolecular reaction, e.g. complex formation

the concentration of the ligand L affects the reaction kinetics

and therefore the effect of chemical exchange onto the NMR experiments
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Summary : NMR titrations

Isotope labeling allows isolated observation of the labeled complex component

Chemical shifts changes allow the determination of the interaction contact surface

Exchange behaviour in the fast exchange regime of the NMR time scale:

Simple assignment of the resonances by following the resonance changes during the titration

determination of the dissociation constants from the chemical shift changes

Exchange behaviour in the slow exchange regime

Assignment by following the chemical shift changes during the titration often not possible

requires often a de novo assignment


