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Mutual Interactions between Macromolecular Reduc- 
ing Substrates in Pseudomonas aeruginosa Nitrite 
Reductase 
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The existence “in vitro” of more than one macro- 
molecular electron donor (azurin and cytochrome 
cSsl) for the enzyme which reduces NO, to NO in 
the respiratory chain of Pseudomonas aeruginosa 
(E.C. 1.9.3.2.), poses a number of problems relevant 
to a more complete understanding of the bacterial 
respiratory pathways [l] . From the biochemical 
point of view a crucial question is to define to what 
extent the molecular mechanisms of electron trans- 
fer from the two substrates to the enzyme are 
similar. The problem was attacked by kinetic 
methods under pre steady-state and steady-state 
conditions, using either only one or both substrates 
simultaneously. The results of these studies indicate 
that: i) cytochrome c5s1 is a more rapid electron 
donor, compared with azurin, by a factor of 4-5 
r-1 .‘\ rl~ I~ l~~r I_~ >._ ~1 IL J ; ii) me IWO suosrrares uisplay a partiaiiy competi- 
tive inhibition. 

Given the presence of a very fast electron transfer 
between azurin and cytochrome cS5, [3], however, 
the latter result by itself does not permit the defini- 
tion of the nature of the reactive site(s) on the 
enzyme. A more direct answer to the problem may 
be obtained using Hg-substituted azurin [4] j which 
is ineffective as a redox substrate, but still reacts with 
the specific binding sites on the enzyme. This may 
allow a straightforward interpretation of the observ- 
ed kinetic patterns in mechanistic terms. 
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Much of the current understanding of metallo- 
enzyme structure and function has been obtained by 
application of spectroscopic methods, in particular, 
electron paramagnetic resonance (epr) techniques. 
Nevertheless, epr studies often are of limited utility 
because hyperfine interactions from constituent or 
substrate nuclei are unobservable. Electron-nuclear 
double resonance (endor) is a high-resolution exten- 
sion of epr that can often resolve these interactions, 
thus removing the limitation. In endor, nuclear reso- 
nance transitions are observed through their influence 
on the strength of the epr signal and, unlike ordinary 
nmr, they can be comparably observable for all 
magnetic nuclei. Thus, the technique offers some 
unique capabilities for the characterization of an 
enzyme catalytic center. We will describe the applica- 
tion of endor to metalloenzyme resting states and 
reaction intermediates by choosing examples from 
systems we have studied, which include cytochrome 
oxidase, peroxidases, and nitrogenase; resonances 
from ‘H, 14N, 170, s7Fe, 63165Cu, and “MO may be 
discussed. 
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There is much current intererest in the metallo- 
thioneins IX,“, “..,. I,... -,1,,,.1,, ..,A:,&+ ..rr\+,%;..n . lllG>G CllF I”W 1,1”la,Ulnl WZ;IguL pI”LGum 
(6-7,000 Daltons) which have a high cysteine (33%) 
and metal content (7 g atoms/mol). This, together 
with the absence of aromatic amino acids and histi- 
dine, makes this protein very unusual [ 11. 

Metallothioneins have no defined functions, 
although many possible roles have been suggested 
including detoxification [2] , and regulation of zinc 
[3] andcopper metabolism [4]. 

Metallothioneins are widespread in mammals 
[I] and have also been isolated from fish [s] , inver- 
tebrates [6], plants [7] and eukaryotic microorga- 
nismas such as yeast [8] and Nezuospotra craw [9]. 


