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Water proton spin-lattice relaxation times have been measured at 3093 
between 280 
ions 

- 333 K in aqueous solutions o$+proteins containulg Type I Cu 
(azurin and umecyanin) and Type II Cu 

superoxide dismutaae). 
ions (benzylamine @daae and 

These measurements show that Type II Cu is 
accessible to exchangeable water molecules but Type I is not. This behatiour 
is oonaiatent with the EFR and optical properties of these ions and their 
likely biochemicsl functions. 

Copper is present in proteins as either diamagnetic Cu' or paremagnetic 

cu*+ ions. The electron paramagnetic resonance (EPR) and optical properties 

of the &.I*+ ions suggest they occur in two distinct kinds of "siten which have 

been designated Types I and, II (1). Type II Cu*+ exhibits similar properties 

to small cu2+ complexes, while those of Type I Cu 2+ are unique; the latter has 

a strong optical absorption band at approximately f5OO ma .2tta an anomalously 

low value (<3OO MHz as compared with values >420 MHz in moat small complexes 

and Type II proteins) for the hyperfine ooupling constant A,,. Proton apin- 

lattice relaxation measurements in aqueous solutions of plaatocyanin (2) 

(Type I) and superoxide diamutaae (3) (Type II) suggest that the Cti** in these 

sites may also aiffer in their ability to bind water molecules: Type II ions 

are accessible to exchangeable water molecules whereas Type I ions sxe not. 

Here+ we show by similar measurements that the same situation prevails in 

other Type I (aeurin and umecyanin) and Type II (bensylsmine ozdddaae) proteins. 

Methods 

Azurin was isolated from cells of the bacterium Pseudomonas fluorescena by 

the prooedure aeacribed by Sutherland and Wilkinson (4). The isolated 
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protein was homogeneous as monitored by both OD 625n1/~~28orm ratio (4) and 

EPR (5) methods. 

Umecyanin was prepared from horseradish peelings using the procedure 

described by Paul and Stigbrand (6); the fraction from Sephdex 650 

chromatography was compsrsble in purity to that obtained by these workers 

as monitored by OD6,0nm/OD2~nm ratio, gel electrophoresis, and EFR methods 

(6,7). 

Bsnzylamine oxMase, purified from pig plasma (a), was homogeneous as judged 

by gel eleotrophoreais and analytical ultracentrifugation. The purified 

preparation oontained less than 0.2$ ceruloplasmin according to the assay 

of Curzon (9) l 

Superoxide dizmutaze was purified from ox blood according to the method of 

MoCord and Pridovich (lo). The protein was homogeneous as monitored by gel 

electrophoresis and analytical ultracentrifugation. The ERI spectrum 

indicated identical Cu*+ ions. 

Samples of azurin, umecyanin, benzylamine oxidase and superoxide 

dismutase were made up in potassium phosphate buffer (0.05 M, pH 7); 

protein concentrations were in the range 0.i - 0.7 dd. These samples were 

deoqygenated with argon gas. 

Results ana discussion 

Proton spin-lattice relaxation time T, me Laurementa (Ii), were made at 

30 MHz on the bulk water in these samples in the temperature range 280-333 H 

using the 90' -r- 90' pulse method; the resulta, normalized to a protein 

conoentration of 0.6 XI&¶, are s unnnarized in figure 1. 

The values obtainea in the azurin and umeoyenin semplea are similar to 

those measured in the buffer solution indicating the Type I Cu*+ ion in 

these proteins has little effect on T,; the sms3.l difference may be 

attributed to protein-water interaction. In contrast, there is a marked 

effect on T, in the benzylamine oxidase and superoxide dismutase samples 

suggesting the Type II CIA*+ ion is accessible to exchangeable water moleoules. 
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Fig, 1 
1 H spin-lattiae relaxation times T, measured at 30 MHz in aqueous 

oopper protein solutions plotted a8 a function of reciprocal temperature. 
Protein concentrations in the samples investigated were in the range 
0.1 - 0.7 ldd; the T, values are normslised to 0.6 m?d in each case. 

These and previous results (2J) suggest Type II end I 2+ Cu ions may be 

differentiated according to whether or not they affect the bulk water proton 

relaxation rate. Interestin&y, Malmstrllm et al (12) have shown that fungsl 

lactase contains two Cu 2+ ions ma two diamagnetic copper ions. One of the 

cu2+ ions is of Type I, the other of Type II; only the latter has any effect 

on T I' 
The accessibility of Type II but not Type I Cu2+ ions to exchangeable 

water moleoules is consistent with their EEl and optical propertiea and 

reflects important differences in their chemical environment and biochemical 
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function. The role of Type I Cu2+ is most likely that of a "redox shuttle" 

between reducing and oxidising substrates. On the other hand, the role of 

Type II Cu 2+ is relatively obscure but its accessibility to exchangeable 

water suggests the site might function in binding substrates or inhibitors. 

Significantly, figure 1 shows that there is a substantial difference in the 

T, measurements in the benzylsmine oxiddase and superoxide dismutase samples 

suggesting there might be marked differences in both the structure and 

f'unotion of the Type II Cu2+ sites in these proteins. A more detailed 

interpretation of 

activity of these 
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