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PDZ domain of neuronal nitric oxide
synthase recognizes novel C-terminal
peptide sequences
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PDZ domains are multifunctional protein-interaction motifs that often bind to the C-terminus of pro-
tein targets. Nitric oxide (NO), an endogenous signaling molecule, plays critical roles in nervous, immune,
and cardiovascular function. Although there are numerous physiological functions for neuron-derived
NO, produced primarily by the neuronal NO synthase (nNOS), excess nNOS activity mediates brain injury
in cerebral ischemia and in animal models of Parkinson’s disease. Subcellular localization of nNOS activ-
ity must therefore be tightly regulated. To determine ligands for the PDZ domain of nNOS, we screened
13 billion distinct peptides and found that the nNOS-PDZ domain binds tightly to peptides ending Asp-X-
Val. This differs from the only known (Thr/Ser)-X-Val consensus that interacts with PDZ domains from
PSD-95. Preference for Asp at the -2 peptide position is mediated by Tyr-77 of nNOS. A YD, to H;,E;;
substitution changes the binding specificity from Asp-X-Val to Thr-X-Val. Guided by the Asp-X-Val con-
sensus, candidate nNOS interacting proteins have been identified including glutamate and melatonin
receptors. Our results demonstrate that PDZ domains have distinct peptide binding specificity.
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Modular PDZ domains, which have also been called GLGF repeats
and disks-large homology repeats (DHRs), consist of about 80
amino acids. These domains were first identified as repeated
sequences in the neuron-specific postsynaptic density protein
(PSD-95/SAP-90), the Drosophila septate junction protein disks-
large (dlg), and the epithelial tight-junction protein zona occlu-
dens-1'%. PDZ domains are found in structural proteins of the
cytoskeleton and in a heterogeneous family of enzymes that associ-
ate with the cytoskeleton, suggesting a role in protein-protein
interactions®. Supporting this notion, the three PDZ domains
within PSD-95 were first shown to bind the carboxy-terminal
Ser/Thr-X-Val motif found in certain N-methyl-D-aspartate
(NMDA)-type glutamate receptors and in Shaker-type potassium
channel subunits*’. Clustering and localizing channels at synaptic
sites is one function of the concatenated domains®.

The crystal structures of the third PDZ domains of PSD-95 and
dlg have been determined’. The PDZ structures show a carboxy-
late binding loop containing the signature GLGF sequence, which
interacts with the C-terminal carboxylate group of the peptide
ligand. The peptide ligand forms main chain interactions with
backbone amide groups in a conserved « helix and B strand of the
PDZ domain. A critical sequence-specific interaction has been
noted between the threonine at the -2 position of the bound pep-
tide and a histidine residue in the PDZ domain’. This histidine is
conserved in all PDZ repeats of dlg, PSD-95, and related proteins.
However, it is not conserved in other PDZ domains’, suggesting
distinct peptide-binding specificities.

PDZ domains mediate specific protein-protein interactions.
Thus, understanding the biological function of PDZ-containing
proteins will necessitate determining the physiological ligand(s)
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for orphan PDZ domains. The interaction between the PDZ
domain and peptide ligands can be regulated by differential affin-
ity’ and by protein phosphorylation®. These mechanisms, however,
are not adequate to explain the diversity of PDZ-target protein
interactions in both excitable and nonexcitable tissues.

Nitric oxide (NO), an endogenous signaling molecule, plays
critical roles in nervous, immune, and cardiovascular function'".
Although there are a variety of functions for neuron-derived NO,
which is produced primarily by the neuronal NO synthase
(nNOS), excess nNOS activity mediates brain injury in cerebral
ischemia and in animal models of Parkinson’s disease''*. nNOS
activity must therefore be tightly regulated. Indeed, a protein
inhibitor of nNOS has recently been described”. A more complex
level of regulation is reflected by molecular targeting of nNOS to
specific intracellular membrane domains®. This subcellular local-
ization is mediated by the N-terminus of nNOS, which contains a
PDZ domain®. This N-terminal domain of nNOS interacts with
the PDZ domain of a1-syntrophin and the second PDZ domains
of PSD-95 and PSD-93. These interactions target nNOS to synap-
tic sites in skeletal muscle and brain®. The structural details of
these PDZ-PDZ interactions are not yet known.

Several lines of evidence suggest that additional binding part-
ners for the PDZ domain of nNOS may also exist. Not all mem-
brane-associated nNOS in brain is bound to PSD-95 and related
proteins®. In certain muscle diseases, nNOS does not interact
properly with al-syntrophin at the skeletal muscle sarcolemma®.
We therefore sought to determine whether specific carboxylate-
peptides might associate with the PDZ domain of nNOS.
Identification of such peptides would facilitate the structure and
function study of PDZ domains. Also, the in vitro identified peptide
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