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Effects of Heavy Metals on Biomonitoring
using Recombinant Bioluminescence Bacteria
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ABSTRACT

This research focused on the effects of heavy metals on the biomonitoring activity of genetically engineered
bioluminescent bacteria, Pseudomonas putida mt-2 KG1206. KG1206 was exposed to single or binary mixtures of
different heavy metals as well as soils contaminated with heavy metals. In case of single exposure with different inducer
pollutant, the toxicity order was as followings : As(Ill) > Cd , As(V)>>Cu, Cr(VI). The toxic effects of the binary
mixtures was compared to the expected effect based on a simple theory of probabilities. The interactive effects were
mostly additive, while in few cases antgonistic and synergistic mode of action was observed for some concentration
combinations. No considerable correlation was found between the total metal contents in soils and the bioluminescence
activity of each sample. However, statistically significant differences (p =0.0102) were observed between two groups,
classified based on arsenite contamination. These results demonstrate the usage of recombinant bioluminescent
microorganism in biomonitoring and the complex interactive effects of metals.
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Table 1. Conditions of the combinations of binary metal mixtures

A - P

- 174

Binary metal mixtures (mg/L)

Cu+Cd Cu + As(IIT) Cu+ As(V) Cu+ Cr(VI) Cd + As(II)
5 1 5 30 1
2.5 12.5 12.5 12.5 25
10 2 10 60 2
5 1 5 30 1
25 25 25 25 5
10 2 10 60 2
50 > 50 ! 50 > 50 30 10 !
10 2 10 60 2
Binary metal mixtures (mg/L)
Cd + As(V) Cd + Cr(VI) As(II) + As(V) As(II) + Cr(VI) As(V) + Cr(VI)
5 30 5 30 30
25 2.5 0.5 0.5 25
10 60 10 60 60
5 30 5 30 30
5 5 1 1 5
10 60 10 60 60
5 30 5 30 30
10 10 2 2 10
10 60 10 60 60

“binary mixture of 12.5 mg/L of Cu and 5 mg/L of Cd
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Fig. 1. Effects of arsenite on the bioluminescence activity of KG1206 in the presence of different inducers : a) 0.5 mM toluene, b) 0.5 mM

m-toluate.

Table 2. Comparison of ECsgs of metal in the presence of different inducer (0.5 mM)

ECso (95% confidence level) (mg/L)

Cu cd As(1IT) As(V) Cr(VI)
oluenc 57.1 9.4 3.8 10.7 59.7
(58.9~55.4) (10.9-82) (43~3.3) (12.1~9.4) (69.8~51.0)
50.5 10.2 178 12.0 544
m-toluate (53.7~47.4) (11.8-8.8) (2.3~1.4) (15.1~9.5) (69.0~42.8)
56.9 11.0 22 12.0 40.6
m-xylene (63.2~51.3) (15.8~7.6) (2.6~1.9) (11.5~9.9) (50.2~32.8)
489 83 22 7.8 522
o-xylene (51.0~46.9) (9.5~72) 24-2.1) (12.5~4.9) (57.1~47.8)
543 10.6 12 15.0 924
p-xylene (56.3~52.3) (11.8-9.5) (1.7~0.9) (17.3~11.3) (127.2~67.1)
total avg. 5354372 99+ 1.0 224097 11.5£2.60 59.9+19.48
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i
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ECs502t W17t =xE0] HuEo] Qtk(Hsich et al.,
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2003; Lee and Bae., 2005).
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Fig. 2. Comparisons between theoretically expected and observed bioluminescence activities of KG1206 (mg/L) in the presence of the
binary mixtures of copper, cadmium, arsenite, arsenate and chromate. Error bar indicates the standard deviation.
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Fig. 3. Effects of soil extractants on the bioluminescence activities of KG1206, amended with different inducer pollutants. Numbers on X-

axis indicate samples collected from different sites.
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Table 3. Comparison of the relative bioluminescence activities between groups with high and low arsenite

Relative Bioluminescence (%)

Group
toluene m-toluate m-xylene o-xylene p-xylene Avg,
High As 98+ 13 85+ 18 91+35 69 + 44 90 +33 8§7+10.9
Low As 107+ 13 121 £25 131+ 19 94+ 30 109 £33 112+ 14.1

Probability between two groups (p) = 0.0102

= ZF 44%(m-xylene) Z 48%(p-xylene)5/42 UERHA
oh =3 #10ET S 127 mgkg, YA <1 mgkg)]
m-xylene®} p-xylene =2l W3l 157%% 159% =&
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T4 29 FE= o] glo] =& 9o =2
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