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Electron Spin Resonance of Cu(ll) lon Taken up in Microbial
Cells

Akira Nakajima®, Hidekatsu Yokoyama?, Hiroaki Ohya-Nishiguchi?, Hitoshi Kamada?
Y Department of Chemistry, Miyazaki Medical College, Kiyotake, Miyazaki 889-1692;
2 Institute for Life Support Technology, Yamagata 990-2473

The copper accumulation by various microorganisms were examined. Of microorganisms tested,
Arthrobacter nicotianae 1AM 12342 (603 ?mol/g cells), Micrococcus luteus 1AM 1056 (529
?mol/g cells), Streptomyces flavoviridis HUT 6147 (499 ?mol/g cells), Streptomyces levoris HUT
6156 (551 ?mol/g cells) have high abilities to accumulate copper. Copper accumulation by
bacterial cells was so rapid, and was affected by the pH of the solution. The ESR spectra of
Cu(ll) ion taken up in microbial cells were axial type, having a major absorption to higher field at
g, and lesser absorption to lower field at g, with four lines. The ESR parameters, g, and |A/|,
of these spectra were in the ranges of 2.238~2.303 and 15.6~18.5 mcm™, respectively. The
ESR spectra of Cu(ll) in Arthrobacter nicotianae and Rhizopus oryzae cells were the
superposition of two types of signals (A: g, = 2.245~2.252, |A;| = 17.6~18.2 mcm~' and B: gy,
=2.285~2.289, |A,| = 15.6~15.9 mecm~). A new signal, g, = 2.388, |A;| = 13.0 mcm~?, was
observed in Arthrobacter nictianae cells at pH 2~3. The relationship between g, and |A,| of
Cu(ll) in microbial cells are almost linear, which is a similar manner as that of Cu(ll)—
glycyl-glycylglycylglycine in a series of pH values. These results suggested that Cu(ll) in
microbial cells were in the similar axial type coordination circum-stances with nitrogen and
oxygen donors as those of type Il Cu-proteins, and that donor atoms of Cu(ll) in microbial cells
were altered from 4N (higher pH) to 40 (lower pH) according to the pH variation of their
coordination abilities.
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Species Cu taken up (umol/g) an A
4x107°M  8x107*M (mem™)
Bacteria
Arthrobacter nicotianae IAM 12342 (A) 70.0x1.2 603+5 2.245 18.2
(B) 2.289 15.9
(pH 2) 2.388 13.0
Bacillus subtilis IAM 1026 75.1%+15 327+5 2.242 18.0
Citrobacter freundii IAM 12471 742+18 212+3 2.254 17.4
Escherichia coli IAM 1268 714+1.1 287+x2 2.270 16.6
Micrococcus luteus IAM 1056 69.3+2.1 529=+3 2.250 17.7
Pseudomonas stutzeri IAM 12097 96.0+2.3 340+4 2.276 17.3
Zooglea ramigera IAM 12136 64.0+1.3 377+3 2.245 17.7
Actinomycetes
Actinomyces flavoviridis HUT 6147 64.2+0.6 499+9 2.249 17.6
Streptomyces fradiae HUT 6054 72.6+0.8 294+8 2.283 16.5
Streptomyces griseoflavus HUT 6153 68.0+0.8 292+3 2.303 15.6
Streptomyces hiroshimensis HUT 6033 65.3+0.4 309+9 2.266 17.3
Streptomyces levoris HUT 6156 722+1.1 551+3 2.249 17.6
Fungi
Aspergillus niger IAM 2086 38.0%0.2 351+5 2.241 18.5
Penicillium chrysogenum IAM 7114 37.9+16 322+7 2.243 18.0
Rhizopus oryzae 1AM 6006 (A) 38.0+3.3 382+9 2.253 17.6
(B) 2.285 16.5
Yeasts
Candida utilis IAM 4220 64.1+0.7 170=%9 2.243 18.0
Cryptococcus laurentii IAM 12264 12.7+0.5 72+6 2.272 17.3
Saccharomyces cerevisiae IAM 4512 56.7+0.4 1477 2.238 17.8
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