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Abstract 

Cyclic nucleotide phosphodiesterases (PDEs) are enzymes that regulate the 

cellular levels of the second messengers, cAMP and cGMP, by controlling their 

rates of degradation (hydrolysis). Therefore, PDEs have been scrutinized as 

clinical targets for a variety of therapeutic purposes. There are 11 different PDE 

families (PDE1 to PDE11), with each family typically having different isoforms 

and splice variants. Based on substrate specificity, these PDEs are further 

subdivided into three types: cAMP-specific (PDE4, 7 and 8), cGMP-specific 

(PDE5, 6 and 9), and dual-specific (PDE1-3, 10 and 11). 

Based on the crystal structures of PDEs in complex with AMP/GMP, the 

popular “glutamine switch” mechanism was proposed to give explanation for the 

mechanism of substrate specificity.  In that mechanism, the invariant glutamine in 

the catalytic pocket is considered as a determinant role for the substrate 

specificities of PDEs. However, recently solved crystal structures of PDEs in 

complex with cAMP/cGMP indicating that the commonly accepted “glutamine 

switch” mechanism might not be general. For example, only one hydrogen bond 

was observed in the crystal structure of PDE4D-cAMP complex, but two 

predicted in that mechanism. Hence, there are likely other structural elements 

having effect on substrate specificity besides the invariant glutamine, and 

individual PDE family may have its own specific details for substrate selectivity. 

In this thesis, cAMP-specific PDE4D, cGMP-specific PDE5A and dual-

specific PDE10A were chosen as the study targets to investigate their substrate 

specificities. PDE4D-cAMP, PDE10A-cAMP and PDE10A-cGMP models were 

constructed directly from the crystal structures of PDE4D and PDE10A in 

complex with substrates. In contrast, PDE5A-cGMP model was designed based 

on the recently solved crystal structure of PDE5A in complex with the inhibitor 

sildenafil. Molecular dynamics (MD) simulations have been performed on these 

models. The interaction patterns of substrates in the catalytic pockets of these 

PDEs have been carefully examined, especially within the sub-pocket including 

the invariant glutamine. Besides substrate specificity, each of the PDEs also 

expresses its own preference for some specific conformers of cAMP/cGMP. To 

investigate the differentiation of syn and anti conformers in the same pocket, two 

models were constructed for PDE4D in complex with syn-cAMP and anti-cAMP. 

MD simulations performed on both models will be expected to give insight of the 
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structural property of the catalytic pocket of PDE4. Finally, the hydrolytic 

mechanism of cAMP in PDE10 was studied by applying hybrid QM/MM ONIOM 

method. The geometry optimization and reaction coordinate driving (RCD) 

calculations were carried out on a truncated PDE10A-cAMP model. The 

calculation results will be expected to help in understanding the catalytic 

mechanism of PDE10. 

The MD simulations performed on the PDE4D models indicate that the 

structural properties of the catalytic pocket are predominantly determined by the 

residues Q369, N321, Y329, I336 and F372. The conformation of Q369 is strictly 

constrained by Y329 in the MD-simulated structure of apo-PDE4D or its complex 

with substrate. Y329 and N321 mainly decide the hydrogen-bond donor-acceptor 

property of the Q-pocket. And the simulation results also unveil that when the anti 

conformer bound in PDE4D, the structural properties of the catalytic pocket is 

well maintained; but for syn, it has to make some adjudgements. 

The MD simulations carried out on the PDE5A-cGMP models suggest the 

invariant gulatamine, Q817, plays an important role in the substrate specificity of 

PDE5. During the MD simulations, the conformation of Q817 is circumscribed 

within a hydrogen-bond network forming by its adjacent residues and crystal 

water molecules. Its specific configuration determines the hydrogen-bond donor-

acceptor positions of the Q-pocket and prefers cGMP to cAMP binding. And the 

simulation results on the wild-type PDE5A or PDE5A with the H-loop replaced 

by its corresponding region in PDE4B imply that the extremely flexible H-loop 

express significant structural deviations when substrate bound. And this region 

also contributes to the substrate binding affinity. 

For the PDE10A-cAMP and PDE10A-cGMP models, both MD 

simulations and geometry optimizations have been performed. These 

computational results indicate that the substrate specificity of PDE10 is especially 

determined by the residues in the Q-pocket, such as Q726, Y693 and Y730. Under 

the constraint made by its neighboring residues, Q726 presents a particular 

conformation and forms two hydrogen bonds with both substrates. The RCD 

calculation performed on the PDE10A-cAMP model implies an intermediate for 

PDE10A-cAMP complex and the existence of a proton transfer chain 

(E695…H525…cAMP).  
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