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demonstrating that exogenous Iigands are only 
weakly bound and do not bridge the binuclear 
coppers [4]. 

Spectral comparison of the T2D derivatives and 
their anated forms has demonstrated the existence 
of allosteric interactions between the Tl and T3 sites. 
Laser excitation into the deoxy T2D Blue copper 
CT band results in a 60% reduction of intensity 
and increased frequency of the -380 cm-’ vibra- 
tion compared to native and met T2D protein, whose 
spectra are similar. In the EPR, Ali increases from 
37.8 to 42.9 X IO+ cm-’ when deoxy is oxidized 
to met, demonstrating that changes in the Tl copper 
geometry are linked to oxidation of the T3 copper 

[31. 
Finally, chemical and spectroscopic comparison 

[S] of anion binding to the oxidized T3 site in met 
T2D and native lactase indicates a unique T3-T2 
intersite interaction which leads to an especially high 
affinity for exogenous ligands. Ligand competition 
studies systematically probe the chemical nature of 
these binding sites and their interdependence, while 
a combination of variable excitation energy 
resonance Raman and variable temperature MCD 
techniques are used to spectroscopically define the 
role of the T2 copper in greatly increasing ligand 
binding affinity at the T3 site. L + Cu(II) CT transi- 
tions are present for a number of ligated forms of the 
native enzyme, and resonance Raman enhancement 
together with mixed isotope studies provide assign- 
ment of these features and insight into binding geo- 
metry; a comparison to analogous studies of met 
T2D probes the T2 Cu(II) contribution. Finally, 
MCD of these features will be presented and their 
temperature dependence used to distinguish ligand 
binding to the antiferromagnetically coupled T3 
copper centers from binding to the paramagnetic 
Tl and T2 Cu(II) centers which are predicted to 
exhibit C terms for which MCD intensity is propor- 
tional to l/T. 

Acknowledgement. We gratefully acknowledge 
support by the National Institutes of Health (Grant 
AM-3 1450) and thank Dr.‘s Cynthia LuBien, Thomas 
Thamann and Marjorie Winkler for their important 
contributions to earlier phases of this research. 

1 a) J. A. Fee, Struct. Bonding (Berlin}, 23, l-60, Springer- 
Verlag (1975); 
b) R. MaIkin and G. M. Malmstrijm, Adv. Enzymol., 33, 
177-244 (1970). 

2 M. T. Graziani, L. Morpurgo, G. Rotilio and B. Mondovi, 
FEBS Lett., 70, 87-90 (1976). 

3 C. D. LuBien, M. E. Winkler, T. J. Thamann, R. A. Scott, 
M. S. Co, K. 0. Hodgson and E. I. Solomon, J. Am. Chem. 
Sot., 103, 7014-7016 (1981). 

4 D. J. Spira, M. E. Winkle1 and E. I. Solomon, Biochem. 
Biophys. Res. Comm., 107, 721-726 (1982). 

5 M. E. Winkler, D. J. Spira, C. D. LuBien, T. J. Thamann 
and E. I. Solomon, Biochem. Biophys. Res. Comm., 107, 
727-734 (1982). 

number of water molecules bound to the Et?+ [4], 
thereby providing a probe to explore the changes at 
the hemocyanin Ca2+ binding site related to deoxy- 
genation [ 31. 
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Lactase [l] contains one blue (Tl) and one 
normal (T2) copper which interact with the single 
binuclear copper (T3) site to couple one-electron 
oxidations of substrate to the four-electron reduction 
of dioxygen to water. We here report reversible 
chemical simplifications and the application of 
spectroscopic methods particularly suited for the 
multicopper oxidases which together enable detailed 
study of the T3 site in lactase and structure-function 
correlation to the simpler binuclear copper containing 
proteins, hemocyanin and tyrosinase. 

Derivatives of the simplified type 2 copper- 
depleted (T2D) [2] protein form have been prepared 
which allow systematic variation of the coupled 
binuclear copper site in the presence of an oxidized 
Tl center. Spectroscopic study of these derivatives 
(deoxy, [Cu(I)Cu(I)] , half met [Cu(I)Cu(II)] , met 
[Cu(II)***Cu(II)] , and dimer [Cu(II)Cu(II)]) has 
allowed determination of the spectral features asso- 
ciated with the binuclear copper centers in lactase. 
Comparison [3] of deoxy and met T2D identifies 
the optical features of the binuclear cupric site 
(ease = 2000 M-’ cm-‘, f420 = 175 M-r cm-r, and 
E745 -; 150 M-i cm-‘); anion binding studies of 
the EPR-detectable half met derivatives directly 
probe geometric structure at the cupric T3 center, 


