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The conversion of yeast Cu(l)-thionein into the Co(ll) derivative was success- 
ful. 2.6 Co atoms were incorporated per mole of protein yielding a Co : S ratio of 
1 :3. The electronic absorption of this highly air sensitive Co(ll)-thionein is virtu- 
ally identical to those of the Co(ll) derivatives of other metallothioneins origina- 
ting from vertebrates and N. crassa. Weaker Cotton extrema are noticed and the 
two doublet splittings of Cu-thionein disappeared. Throughout the molar ellipticities 
of the cobalt protein were markedly lower compared to those of the Cu-thionein. 
Owing to the characteristic charge transfer bands and d-d transitions a tetrahedral 
Co-thiolate coordination was deduced. The best fit proposal maintaining the above 
Co : S ratio of 1 :3 was a six-membered ring with three bridging cysteine sulphurs. 
@ 1985 Academic Press, Inc. 

The tetrahedral arrangement of four thiolate sulphurs around a d 
10 

metal 

centre belongs to the established phenomenon of all known metallothioneins (l-6). 

In vertebrate metallothioneins many different metals are coordinated including Zn, 

Cd and CU (1,7,8). By way of contrast, in yeast and Neurospora crassa only copper 

is capable to induce a metallothionein exclusively loaded with copper (9,lO). In the 

Neurospora protein there is a striking sequence homology to the NH2-terminal part 

of mammalian metallothioneins (10). The sequence of amino acid residues of the 

yeast type proteins is markedly different to that of the other reported species 

(11,121. Nevertheless, there is a close relationship to Cd and Cu binding thiolate 

rich proteins isolated from plants (13,14). 

Four coordinate Cu(l)-thiolate centres were deduced from EXAFS measure- 

ments (45). These four Cu(l)-thiolate tetrahedra of yeast Cu-thionein were pro- 

posed to be arranged in a cubane type cluster. Only three sulphur to copper bon- 

dings were suggested using pig liver Cu-thionein (15). Thus, the close relationship 

of the yeast type Cu-thiolate cluster to that of the vertebrate Cu-thioneins be- 

came debatable. Additional convincing proof of tetrahedral metal to sulphur coor- 

dination was obtained from Co(ll) replacement studies of both vertebrate and 
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Neurospora metallothioneins (3,16,17). The pseudo tetrahedral Co( II)-(thiolate)4 

centres of rubredoxin (18) and alcohol dehydrogenase (19) served as prominent re- 

ference proteins. 

It was very promising to examine whether or not the yeast Cu-thionein can 

be converted into a protein containing the same tetrahedral Co(ll)-(thiolate)4 

centres. Special emphasis was placed on the preparation of the Co(ll)-protein avo- 

iding mercaptides as reducing compounds. The correct insertion of Co(ll) was fol- 

lowed by electronic absorption spectrometry and circular dichroism measurements. 

These data are expected to lend further support for our earlier conclusion to as- 

sign the yeast type protein regardless of its different amino acid sequence to a 

genuine metallothionein analogue. 

MATERIALS AND METHODS 

Yeast Cu-thionein was isolated as previously described (9). The copper con- 
tent was 4 Cu per M =4800. Removal of copper was successful after dialyses of 
one ml containing 5-16 mg Cu-thionein against two changes of a 200-fold volume 
each of 600 mM HCI for 2h and lh against 100 mM HCI at 20°C. The dialysis tu- 
bing used had a relative molecular mass cutoff of 3500 (Spectrum Medical Indust- 
ries, Los Angeles). The apoprotein contained less than 1% of the original copper. 
Quantification of dissolved apothionein in 100 mM HCI was performed spectropho- 
tometrically using the absorption coefficient ~~~~=25000. 

The conversion into the Co(Il)-thionein was carried out under nitrogen. To 
500 ul of apothionein dissolved in 100 mM HCI in the presence of variable con- 
centrations of CoCl2 the same volume of 1 M Tris/HCI buffer, pH 8,6 was added 
to yield a final pH of 7.5-8.0. Due to partial oxidation of sulphydryl groups of the 
apoprotein at elevated pH values the addition of NaBH4 was advisable to ascertain 
fully reduced metalthiolate chromophores. 

Metal analyses were performed on a Perkin-Elmer 400s atomic absorption 
spectrometer furnished with a HGA 768 unit. Electronic absorption spectra were 
run on a Beckman Model 25 spectrophotometer. Circular dichroism was measured 
employing a JASCO 20A spectropolarimeter. Anaerobiosis was maintained using a 
nitrogen-vacuum line flushed with N2 of 99.996 % purity. 

RESULTS AND DISCUSSION 

In order to minimize possible mixed disulphide formation between apo Cu- 

thionein and mercaptide chemicals NaBH4 was employed as a powerful reducing 

agent. No measureable deterioration of the protein was noticed after this treat- 

ment. Unlike the 4Cu-thionein, stepwise titration of the apoprotein using 0.5 Mel 

of CoC12 each resulted in the binding of 2.6 Co per mol of protein. No further 

specific cobalt coordination was measured. It was intriguing to realize that these 

2/3 of cobalt compared to the original copper content corresponded exactly to a 
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Figure 1. Molar visible and ultraviolet absorption of cobalt bound in Co(Il)-yeast- -__ 
thionein. Measurdments were performed under nitrogen at 20°C. 

ratio of 1 cobalt : 3 mercaptide sulphurs. This 1:3 ratio is usually seen in verte- 

brate metallothioneins containing Zn, Cd or Co (1,3,16). Each metal is coordinated 

to four sulphurs, one sulphur acts as a bridging ligand to the next metal thiolate 

centre. The distorted tetrahedral arrangement of these metal-thiolate centres have 

been generally accepted. For example, in yeast Cu-thionein two bridging sulphurs 

are required to form copper-sulphur tetrahedra at a ratio of 1 Cu: 2 cysteine re- 

sidues (4,s). The above low cobalt content of the converted yeast Cu-thionein is 

essential for a 1:3 stoichiometry and, thus, is in perfect agreement with the situ- 

ation of the former vertebrate metallothioneins. 

All chemical data are supported by the observed spectrometric properties. 

The electronic absorption of yeast Co-thionein is remarkably similar to that of the 

other reported Co-thioneins (Figure 1, Table 1). All absorption bands are positio- 

ned at the very same wavelength regions. Two bands are detectable at 300 and 

365 nm with the highest molar absorptivity between 3000 and 4000 M-l-cm-l. A 

three-banded absorption is seen at 610, 685 and 740 nm, respectively, with a mo- 

lar absorptivity close to 500 M-‘-cm-‘. In fact, the molar absorptivity in the 300 

nm region of the microbial Co-thionein is roughly one third higher compared to 

that of the vertebrate species. This higher absorption might be attributed to a so- 

mewhat stronger absorption of the Co-thiolate cluster. 
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Table 1. Cobalt(ll)-thionein prepared from metallothionein of different origin 

molar absorption, E ~~[M-~crn-~l 

band position yeast N. crassaa) horse kidneyb) rabbit liverc) 

[nml MT IA MT 1 

740 410 370 310 450 

685 520 440 320 440 

610 480 380 300 290 

365 2900 3000 2100 2160 

300 4000 4360 2860 2900 

Calculated from a) Table 2 of (17) using the spectrometrical active cobalt 

atoms, b) the molar absorptivity of Ref. (3) and c) the data of Fig. 1 and 

2 of Ref. (16). 

The d-d bands in the visible region are as expected consistent with a tetra- 

hedral high-spin Co(ll). Both position and magnitude of each band are attributable 

to a distorted tetrahedral high spin Co(Il)core (3,16-20). As in 2Co(ll)-rubredoxin 

from Pseudomonas oleovorans the absorption at 350 nm (eCo, 350 = 4700) can be 

assigned to a S- - Co(ll) charge transfer transition. The same situation is obser- 

veable by looking at the absorption properties of the Co(II)-(SR)4 unit of cobalt 

substituted liver alcohol dehydrogenase (eCo, 340 = 4000 M-1 -,-m-l) (19). 

The rather strong absorption band at 610 nm is very interesting. Isolated 

Co-(M)4 units do not show a considerable electronic absorption at this wave- 

length. For example in the spectra of [Co(SPh)412- and the non catalytic Co(SR)4 

centre of alcohol dehydrogenase this 610 nm band is absent (20,19). Furthermore 

substoichiometric addition of Co(ll) to vertebrate cysteine-thionein resulted in a 

less pronounced 610 nm absorption. 

The chiroptical properties of Co(ll)-thionein were compared with those of 

Cu-thionein (Figure 2). Six Cotton extrema [OCo-values (- 
degcm* ) are given in 

parenthesis] are seen at 260 nm (-1380), 290 (-400), 335 (2160), 385 (-200), 470 

(-200) and 590 (400). The numeric OCo-values are much lower compared to OC, 

of native 4Cu-thionein [245 (23000), 283 (-14300), 302 (-10300), 330 (2300) and 
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Figure 2. Circular dichroism of a) yeast Cu-thionein (4 Cu/M, =4600), b) cobalt 
substituted yeast Cu-thionein (2.6 Co/Mel). The spectrum of the cobalt derivative 
was run under anaerobiosis at 20°C. Protein concentrations were 0.9 mg/ml. 

360 (2300)]. The splitted negative Cotton bands at 283 and 302 nm and another 

positive doublet at 330 and 360 nm are smoothed to give one negative [@Co. 290 = 

-400 w] and one positive [@Co, 335 = 2160 * 1 Cotton extremum 

each. There is also a striking similarity with the circular dichroism spectrum of 

PCo-rubredoxin (18). Owing to the diminished magnitude of the eCo-values and the 

leveled off splitting of Cotton bands the Co-thiolate tetrahedra are expected to be 

differently arranged. The best fit proposal to arrange 2.6 Co and 8 cysteine sul- 

phurs maintaining a Co : S ratio of 1:3 could be a six membered ring including 

three bridging sulphurs in a way similar to the known 3Fe-3S-binding centre of 
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aconitase (21). Each cobalt has two additional cysteine sulphurs to ascertain the 

former suggested tetrahedral coordination. Nevertheless, the identity of the yeast 

cobalt-thiolate tetrahedra with all other reported cobalt-metallothionein binding 

centres is supporting proof to include the yeast Cu-thionein to the general class of 

metallothioneins. 

The redox properties of Co-thionein appear to be much different from those 

of the 2Co-rubredoxin. The metallothionein derivative is extremely air sensitive and 

strict anaerobiosis had to be maintained throughout all measurements. The cobalt 

substitute of rubredoxin resists exposure to air for days, and, is in fact more sta- 

ble than the native 2Fe(Il)-rubredoxin. The different redox properties of either 

microbial cobalt protein can certainly be attributed to the markedly different se- 

quence of amino acid residues. The redox potential of all Co-thioneins including 

those of vertebrates, however, they all lie in the negative region. 
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