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Nitric oxide (NO) has recently been identified as an
intercellular messenger which is involved in the regula-
tion of neurotransmission, vasorelaxation, and cytotox-
icity. In cerebellum and endothelium this compound is
synthesized by “constitutive” nitric oxide synthases
(NOS); these are Ca?*-calmodulin (CaM)-dependent en-
zymes. A potential CaM-binding domain for the CaM-
dependent NOS has previously been identified in the
gene sequence. In this work, a synthetic 23 residue pep-
tide encompassing the putative CaM-binding domain of
rat cerebellar NOS was studied. The constitutive NOS
peptide binds to CaM in a calcium-dependent manner
with 1:1 stoichiometry as determined by polyacrylamide
gel electrophoresis of the peptide-CaM complex in 4 m
urea. Circular dichroism studies showed that the pep-
tide binds to CaM in an a-helical conformation. Binding
of the constitutive NOS peptide inhibits the stimulatory
effect of CaM on cyclic nucleotide phosphodiesterase.
From competition experiments between the peptide and
phosphodiesterase we have determined a K, of 2.2 nm for
the peptide-CaM complex. Two-dimensional NMR and
circular dichroism studies were used to determine the
structure of the peptide in aqueous solution. In addi-
tion, the effect of increasing amounts of trifluoroethanol
on the peptide structure was investigated. It was found
that the peptide can adopt an a-helical structure which
bears close resemblance to the structure of the CaM-
bound form of the CaM-binding domains of myosin light
chain kinases.

The enzyme nitric oxide synthase (NOS)! catalyzes the for-
mation of one of the major intercellular messengers, nitric ox-
ide (NO), from r-arginine (for reviews, see Nathan, 1992; Lo-
wenstein and Snyder, 1992). There appear to be two principal
isoforms of this enzyme which differ in the way their activity is
regulated. The activity of the constitutive NOS which is local-
ized in neurons (Schmidt ef al., 1989; Bredt ef al., 1991) and
endothelium (Pollock ef al., 1991) is regulated by calcium
through the ubiquitous regulatory CaZ*-binding protein cal-
modulin (CaM). The inducible NOS is a Ca?"-independent en-
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zyme and it is present in immune cells such as macrophages
and neutrophils (Stuehr et ¢l., 1991; Xie ef al., 1992); the quan-
tity of this isozyme massively increases after the cells are ex-
posed to a stimulus such as lipopolysaccharide and y-interferon
(Nathan and Hibbs, 1991). Thus the activity of the inducible
NOS appears to be mainly regulated by gene transcription,
while the noninducible enzyme is mainly regulated via Ca2*-
CaM.

The absolute requirement of the constitutive NOS for Ca2*-
CaM (Bredt and Snyder, 1990) links two major messengers,
notably Ca?* and NO. The amino acid sequence of a number of
¢NOS enzymes has been determined from their gene sequences
(Bredt et al., 1991; Janssens et al., 1992; Nishida et al., 1992;
Sessa et al., 1992). All the constitutive NOS enzymes have a
conserved stretch of basic and hydrophobic amino acids as seen
in other CaM-binding domains, and hence this region has been
proposed to be the CaM-binding domain of ¢NOS. Further char-
acterization of this proposed CaM-binding domain in ¢NOS
would help us to understand how the activity of the constitutive
NOS is regulated by Ca2+-CaM.

In this work, we have studied a synthetic 23-residue peptide
encompassing the proposed CaM-binding domain of constitu-
tive NOS from rat cerebellum (Bredt et al., 1991). We have
shown that the peptide forms a 1:1 complex with CaM in a
calcium-dependent manner. We have also determined the af-
finity of the peptide for CaM. Furthermore, using 2D 'H NMR
and CD spectroscopy, we have found that the peptide is capable
of forming an o-helical structure. This structure will be com-
pared with the CaM-binding domains of myosin light chain
kinases (Tkura et al., 1992; Meador et al., 1992).

MATERIALS AND METHODS

The 23-residue cNOS peptide, KRRAIGFKKLAEAVKFSAKLMGQ,
which corresponds to the amino acid sequence of residues 725-747 in
rat cerebellar NOS (Bredt et al., 1991) was obtained commercially from
the protein and DNA synthesis facility at Queen’s University, Kingston,
Ontario, Canada. The peptide was judged to be >95% pure by high
performance liquid chromatography and amino acid analysis and was
used without further purification. Bovine brain cyelic nucleotide phos-
phodiesterase (PDE) was a generous gift from Dr. Jerry Wang, Univer-
sity of Calgary. Bovine CaM was expressed and purified from a syn-
thetic gene in Escherichia coli as described elsewhere (Zhang and Vogel,
1993a). All other chemicals were purchased from Sigma.

Urea-polyacrylamide gel electrophoresis was performed following the
procedure described by Erickson-Viitanen and Degrado (1987). Inhibi-
tion of the CaM-dependent activation of PDE by the peptide was as-
sayed colorimetrically by determining the amount of phosphate which
was released from cyclic AMP as described by Sharma and Wang (1979).
The reaction mixture was incubated at pH 8.0 for 30 min at 30 °C in 4
m] of reaction buffer containing 20 mm Tris, 2 mum imidazole, 3 mm
MgCl,, 0.1 mm CaCl,, 18 nmel of CaM, 0.4 nmol of PDE, with variable
quantities of the peptide. Then, cAMP (final concentration of 1 mm) was
added to initiate the reaction. At 3-min intervals, 450-ul aliquots were
withdrawn and mixed with 50 ul of 55% trichloroacetic acid to stop the
reaction. The PDE activity was calculated from the slope of the curve
giving the time course of the amount of phosphate released.

CD spectra of the peptide were recorded at 15 °C on a Jasco J-500C
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