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We investigated the internal dynamics of lactate dehydrogenase (LDH) at different degrees of 
oligomerization. To this end, we performed pressure dependent elastic incoherent neutron scattering 
(EINS) measurements on instrument IN13. These enabled us to gain information about how the 
dynamics of oligomers and monomers differ in the ps to ns timescale. 

This enzyme catalyzes the interconversion of pyruvate to lactate during the anaerobic glycolysis. 
Pyruvate does not bind to the enzyme in the absence of the coenzyme NADH.1,2 The pressure-induced 
dissociation of tetrameric LDH is well studied and occurs at approximately 1000-1200 bar, 
accompanied by a loss of enzymatic activity.3–8 MD simulations revealed that the tetrameric 
conformation is necessary to maintain the geometry of the active site and to prevent the penetration 
of water molecules into this region.9 In the apo-enzyme and the LDH-NADH-complex, the active site is 
open to the solvent, while in the presence of the substrate the active site is closed by a mobile loop.10 
To investigate the effect of substrate binding on the dynamic properties of the tetramer and the dimer 
of LDH, EINS measurements were also performed in the presence of the enzyme’s cosubstrate NADH 
(molar ratio 1:5) and the substrate analogue oxamate + NADH (molar ratio: 1:5:5). Further, we 
performed EINS measurements in the presence of the naturally occurring osmolyte glycine, the main 
osmolyte in shallow water invertebrates.11 

The experiment was undertaken on IN13 at constant temperature of 298 K. We used the high 
hydrostatic pressure equipment developed recently by J. Peters and the SANE group of ILL.12,13 The 
measurements were performed in 25 mM Tris buffer (pD = 7.6). To prevent the oxidation of sulfhydryl 
groups at elevated pressure, the buffer contained 10 mM DTT and 1 mM EDTA.3,4,14 Each pressure point 
was measured for at least 6 hours. The mean squared displacements (MSD), 〈𝑢𝑢2〉, of the hydrogen 
atoms were determined using the Gaussian approximation.15  

The pressure dependent development of the MSD of 90 mg mL-1 LDH is depicted in Figure 1. Upon 
compression, the MSD of the apo-enzyme remains essentially constant up to 1000 bar. A further 
increase of the applied pressure leads to increased MSD values. Above 2000 bar the MSD decreases 
drastically. The increase at 1200 bar is probably attributable to subunit dissociation. The dissociation 
leads to the hydration of the inter-subunit area and further induces the penetration of water into the 
active site of the enzyme.9 This hydration change might explain the observed changes of the internal 
protein dynamics. The marked decrease of the MSD above 2000 bar is most likely attributable to the 
previously observed aggregation at 2000 bar.4,7  

In the presence of NADH, a slight reduction of the MSD compared to the apo-enzyme is visible. 
Increased MSD values beyond 1000 bar, i.e. after the pressure-induced dissociation, are also observed 
in the complex of NADH and LDH. The dynamics of the ternary complex between the enzyme, NADH 
and oxamate are essentially unaffected by pressure application up to 3000 bar, where the MSD 
decreases. Again, slightly reduced MSD values compared to the apo-enzyme are implied. The binding 
of oxamate to the LDH-NADH-complex induces the closure of the active site via a rearrangement of a 
mobile loop region. In this closed conformation, the active site is, at least to some extent, shielded 
from the solvent and the MSD of the monomer and the dimer do not differ significantly. Further 



substrate binding seems to stabilize the protein against pressure-induced aggregation, which is shifted 
up to 3000 bar in the presence of the substrate. 

1 M glycine increases the MSD. Within the accuracy of the data, no pressure effect on the MSD up to 
3000 bar was observed in the presence of glycine. The effect of glycine might be attributable to the 
direct interaction between glycine and the protein’s backbone and side chains,16 leading to an 
enhanced mobility. However, final data analysis and interpretation is still in process. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Pressure dependent development of the MSD of 90 mg mL-1 LDH and the complex between 
LDH and NADH (A), the complex between LDH, NADH and the substrate analogue oxamate (B) and LDH 
in the presence of 1 M glycine (C). The sigmoidal curves and dashed lines are shown as guide to the 
eyes only. 
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