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Models for Nitric Oxide Synthase (NOS) Enzymes   

Nitric oxide (NO) is a key bioregulatory messenger molecule in the cardiovascular and nervous systems and 
a cytotoxic effector of the immune system.  Eukaryotic NO biosynthesis is mediated by the nitric oxide 
synthase (NOS) enzyme family, Fig. 1A.  These heme enzymes catalyse tandem monooxygenations of the 
L-arginine guanidino group, leading, via a guanidoxime intermediate (N�-hydroxy-L-arginine, NHA), to 
formation of L-citrulline (Cit) and NO, Fig. 1B. 

Given the pivotal physiological role of NO and its contribution to pathophysiological processes, at Heriot-Watt 
University we are undertaking both theoretical studies of the mechanism of NO production by NOS and the 
development of functional synthetic NOS models.  In principle, such models may ultimately permit the 
development of a microelectrode probe (Fig. 1C) as a clean, regulated and directed NO source for 
biochemical research as well as throw light on the NOS catalytic mechanism.  All work to model the NOS-
mediated oxidation of Arg to Cit and NO so far has been undertaken with systems that lack any form of 
guanidine molecular recognition feature coupled to a metalloporphyrin. 
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Figure 1: (A) Schematic representation of NOS organisation; (B) NO bisosynthetic reaction catalysed by 
NOS; (C) Functional NOS model schematic. 

Our prototypical NOS model (1, Figure 2), which comprises a porphyrin with acidic guanidine molecular 
recognition superstructure supported by rigid phenanthrene spacer units, is intended to mimic the heme-
containing NOS oxygenase domain that mediates oxidation of Arg.  We have developed a concise synthetic 
route to prototype 1 (Ar = Ph) and an effective procedure for surface-fixation of simpler models (lacking the 
spacer-superstructure functionality at present).  Our surface attachment method involves covalent fixation of 
the models through radical-mediated addition of surface-bound mercaptopropyl groups to p-
(alkenyloxy)phenyl substitutents on the porphyrin [Ar = 4-(H2C=CHCH2CH2CH2O)C6H4–]. This procedure 
allows simultaneous coordination to the porphyrin in its metallated state, thus providing the metalloporphyrin 
centre required for functional catalytic activity. 
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Figure 2 

We plan to investigate how the oxidation of guanidine substrates is influenced by their bound orientation and 
proximity with respect to the porphyrin’s metal centre.  With this in mind we are currently expanding our first 
generation NOS models to include members with variant spacer-superstructure units 2-9.  So far we have 
completed the challenging synthesis of variants with spacer-superstructure units 5-8; model 3 is also well 
advanced.  The programme will progress by investigating model guest-binding properties with guanidine, 
guanidoxime and urea analogues of the substrate intermediate and product in the Arg-NO pathway.   

The EPSRC National Mass Spectrometry Service facilitates accurate mass determination of key synthetic 
intermediates en route to our NOS models as well as the characterisation of the target models themselves. 

D. R. Adams and N. M. Wilson, manuscript in preparation. 
 


