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Generation of hydroxyl radical in Cu(I)-H,O, system and
behavior of microorganisms in the system.

Akira Nakajima ", Yuto Ueda ?, Takayuki Kumada ¥, Yasuyuki Aratono *

" Department of Chemistry, 2 Department of Psychiatry, Miyazaki Medical College, Kiyotake,
Miyazaki 889-1692, Japan, ® Advanced Science Research Center, Japan Atomic Energy
Research Institute, Tokai 319-1195, Japan.

Behavior of microorganisms in Cu(I)~H,0, system were examined using DMPO as spin traps.
In lower Cu(ll)-H,O0,~DMPO system (1 mM Cu), DMPO-OH derived from hydroxyl
radical-trapping was mainly observed. However, in higher Cu(II)-H,0,-DMPO system (4 mM
Cu), most of DMPO-OH was derived from the nucleophillic addition of water molecule.
Neutron irradiation of Cu(Il) ion did not affect the DMPO-OH formation. Stable Cu(Il)
complex of phthalocyanin, which could produce **Cu recoil atoms by neutron irradiation, did not
generated DMPO-OH in Cu(Il)-H,0,—DMPO system. Thus, the effects of microbial cells on
hydroxyl radical generation were examined in lower Cu(I)~H,O,—DMPO system. ESR signal
intensity of DMPO-OH in the system was heavily decreased by the addition of microbial cells.
Its decrease effects were far larger than that in UV irradiated—H,O,—~DMPO system. The
microbial cells having higher ability to sorb copper showed relatively smaller IDs, values
indicating the microbial amounts which decreased the signal intensities of DMPO-OH to half of
those in non-microbial. These results suggested that the generation of hydroxyl radical would

be concerned with the strength of coupling between Cu(Il) ion and microbial cells.

hydroxy radical, copper ion, hydrogen peroxide, microorganisms,
Arthrobacter nicotianae, copper biosorption, DMPO
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Fig. 1. ESR spectra of aminoxyl radicals observed
in Cu(Il)-H,0,—DMPO system.

1-4 mM Cu(II), 100 mM DMPO, 100 mM H,0O, were mixed
for 10 min. (a) Cu(l) 1 mM; (b) Cu(Il) I mM, DMSO
20 %; (¢) Cu(Il) 4 mM, DMSO 20 %; (d) Cu(ll) 1 mM,
MeOH 20 %; (e) Cu(Il) 4 mM, MeOH 20 %.
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Cu(Il) + H,0, — Cu(I) + H" + HO,'

2HO," — 20, + 2H+ — H,0, + O,

Cu(Il) + 0,7 — Cu(l) + O,

Cu(l) + H,0, — Cu(Il) + ‘OH + OH"

DMPO + ‘OH — DMPO-OH
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DMPO + Cu(II) — DMPO-Cu(II)
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Table 1. Hyperfine coupling constants of the
aminoxyl radicals observed in Cu(I1)~-H,O0,~DMPO
systems.

Aminoxyl radical Reaction hfs (mT)
conditions @N) a(BH) a(yH)
DMPO-OH (a) 149 1.49
DMPO-CH; (b) 1.60 2.29
DMPO-CH,OH (c) 1.57 2.24
DMPO-OCH; (d) 145 096 0.13

DMPO-CH(OH)CH;  (e) 1.58 220
DMPO-OCH,CHj ) 145 094 0.14

(a) 1 mM Cu in water, (b) 1 mM Cu in 20 % DMSO,
(c) I mM Cuin 20 % MeOH, (d) 4 mM Cu in 20 % MeOH,
(e) 1 mM Cu in 20 % EtOH, (f) 4 mM Cu, 20 % EtOH.
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Fig. 2. Effect of Arthrobacter cells on DMPO-OH
signal in Cu(I)-H,0,~DMPO system.

1 mM Cu(l), 100 mM DMPO, 100 mM H,O,, and 0.2
mg/ml of Arthrobacter cells were mixed.
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Fig. 3. Effect of microbial cells on DMPO-OH
radical generated in Cu(II)~H,O,—DMPO and UV—
H,0,-DMPO systems.

1 mM Cu(II), 100 mM DMPO, 100 mM H,0,, and 0 - 0.5
mg/ml of microbial cells were mixed. 10 mM DMPO, 10
mM H,0,, and 0 - 2 mg/ml of microbial cells were mixed
and UV was irradiated. @(Cu), O(UV) Arthrobacter;
A (Cu), A(UV) Bacillus; H(Cu), [J(UV) Micrococcus.

Table 2. Effect on hydroxy radical generated in
Cu(I1)-H,0,~DMPO and UV-H,0,~-DMPO
systems and copper biosorption by microbial cells.

Species IDso (mg/ml) Cu sorbed
Cu(Il) UV  (umol/g)*
Arthrobacter nicotianae  0.13 2.1 603
Bacillus subtilis 0.11 2.3 327
Citrobacter freuindii 0.31 2.3 212
Corynebacterium 1.2 5~6 98
glutamicum
Escherichia coli 0.27 1.7 287
Micrococcus luteus 0.15 2.5 529
Pseudomonas stutzeri 0.17 2~3 361
Zooglea ramigera 0.18 2~4 362
Egg albumin 0.06 075 -

Cu(Il) (1 mM), microbial cells (0~2 mg/ml), DMPO (25
mM), and H,0, (25 mM) were mixed, and the ESR
spectrum of the mixture was measured. IDs, (mg/ml)
indicates the cell concentration when the ESR signal
intensity of DMPO-OH is the half of that for no-microbial
cells. * : see ref. 4.
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Fig. 4. Behavior of microbial cells in

Cu(Il)-H,0,— DMPO system.
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