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SUMMARY: Schiff bases formed with octopamine, pyridoxal and py- 
ridoxal phosphate react with copper ions to give various pH-dependent 
species. The outstanding feature of these complexes is their absence 
of EPR spectra at physiological pH values. We propose dimeric dipolar 
coupled structures for the EPR non-detectable copper complexes, invol- 
ving hydroxyde anions and vitamin B-6 Schiff bases. These results es- 
tablish that EPR non-detectable copper in enzymes may arise from di- 
polar coupling between metal ions involved in Schiff base type complexes. 

INTRODUCTION: In view of the well known pharmacological proper- 

ties of biogenic amines, current interest has intensified on the mole- 

cular mechanisms of their activity. Even though little is known of 

the degradation processes for these amines, oxydative deamination may 

proceeed though enzymatic processes involving pyridoxal and metal ions, 

as in the case of plasma monoamine oxidases (1,2). Since the original 

in vitro observations by IKAWA and SNELL (3) of metal catalyzed pyridoxal 

dependent deamination of amino acids, research on metal complexes of 

such systems has been active (4,5,6). However, recent evidence points 

to the fact that monoamine oxidase in an iron (but no copper) dependent 

enzyme. Nevertheless, nutritional requirements for copper and pyridoxal 

phosphate have been established for diamine oxidase activity (7). 

In any case, EPR can be used to study paramagnetic metals in 

enzymes and help understand the mechanism of their function, even when 

the metal is not an essential cofactor, as for example, copper in mito- 
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chondrial monoamine oxidase (8) Copper (II) sites have been classified 

into three types based on their spectral properties (9), and recently, 

Copper (III) has been shown to be the catalyticall active center in 

galactose oxidase (10). IJe now report EPR results on Copper (II) model 

complexes with unusual properties. 

EXPERIMENTAL: Materials. Pyridoxal-5'-phosphate was purchased 
from Boehringer Mannheim. Pyridoxal (Merk) and DL-octopamine (Sigma) 
were used as the hydrochlorides. Spectra: EPR spectra were recorded 
on Varian E-9 and El09 spectrometers operating at X-band. The pH values 
of freshly prepared solutions were adjusted with concentrated sodium 
hydroxyde and measurements were performed with a flat .3 mm quartz 
cell (Varian E-248/v-4548). 

RESULTS AND DISCUSSION: We have explored previously Schiff base 

formation between various amines and vitamin B-6 analogues by 13C NMR 

(11,12). A preliminary U.V. -visible study of the pyridoxal-dopamine 

system revealed significant peak shifts upon addition of copper ions, 

characteristic of metal complex formation. The copper ion-dopamine 

system is further complicated by the rapid oxidation, under basic con- 

ditions, of the catechol moiety to give the corresponding dihydroqui- 

none. In order to investigate Schiff base complex formation, we there- 

fore chose the analogous copper octopamine system. 

+t 
EPR spectra of .03 PI Cu , - - .03 M pyridoxal and -.03 M octo- - 

pamine aqueous and H20-CH3OH solutions, both at room temperature and 

77' K revealed a surprisingly broad and vanishing signal at neutral pH 

values. This system was not investigated at higher concentration due 

to gel formation upon standing, in the interval 5. < pH < 10.5. 
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Figure 1 shows how the epr signal tends to change with pH from the 

featureless absorption of Cu(H20)6'+ to the typical four line pattern 

of molecular copper complexes. However, the signal intensity progres- 

sively decreases with complex formation and becomes undetectable at 

neutral pH values. Normal signal intensity is restored in basic so- 

lutions. 

Pyridoxal phosphate forms more soluble Schiff bases, and the epr 

spectra of .03 M solutions containing equimolar amounts of copper and 

octopamine showed an unusual structure at neutral pH, reminiscent of 

the copper citrate system (13). Such spectra are typical of dipolar 

coupled copper pairs with g // < gL. As the pH increases, the in- 

tensity of this signal seems to increase, as shown in figure 2, but in 

fact, visual inspection of the spectra shows it is being replaced by 

another four-line spectrum which reaches its full intensity in very 

basic solutions. 

We conclude from these facts that a dimeric or polymeric dipolar 

coupled copper complex exists in the pyridoxal-octopamine system. Other 

complexes are known to show spin coupling, even with large metal-metal 

distances, such as the hydrogen bonded copper (II) dimer of the diimine 

of acetylacetone and 2-aminoethanol (14). X-ray structure determination 

have established polymorphism in Schiff base Cu(I1) complexes in the 

solid state, and the degree of association of such complexes in various 

Figure 1. Variation with pH of the EPR spectrum of the copper- 

pyridoxal-octapamine system. v  = 9.438GHz. At pH = 2.8, go = 2.19; 

pH = 10.2, go = 2.14, A0 = 80 G. 

Figure 2. Variation with pH of the EPR spectrum of the copper- 

pyridoxal phosphate-octapamine system. v  = 9.460GHz. At pH = 11.4, 

80 = 2.11, A0 = 86 G. 
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solvents has been researched previously (15,16). Therefore we can 

propose for our complexes several possible polynuclear structures in- 

volving the Schiff base ligands. Recent work suggests that the carbi- 

nolamine intermediate in Schiff base formation may be stabilized by 

+t 
cu ions, especially under basic conditions (17). Another possibility 

is the formation of hydroxy bridged species I which would dissociate 

under basic conditions either to a square planar copper Schiff base 

dihydroxy anion II or further to a copper hydroxyde anion III (18). The 

g values obtained (see legends to figures), are close to those recently 

reported for Cu(OH)4 2- and CU(OCH~-CH~O)~~- (19). 

CONCLUSION: The exact nature of supposedly dimeric copper com- 

plexes with biologically important ligands is of current interest, as 

two types of copper enzymes can be modelled by such systems (9): ma- 

gnetically coupled dimers account for the epr non-detectable type III 

copper, and mixed valence Cu(I)-Cu(I1) dimers offer promising possibi- 

lities for studying the unusual properties of blue copper proteins (the 

so-called type I copper (20). Recently, magnetic studies on exchange- 

coupled copper dimers of small peptide-like amino acids were reported 

(21) and shown to be solvent-dependent. The results herein reported 

show that the magnetic properties of copper (II) can be greatly influenced 

by PH. Therefore, following copper by EPR spectroscopy in such enzymes 

as monamine oxidases where its function is questionned will remain a 

delicate problem. 
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