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Abstract

The developments of genetic engineering have been bringing new means
for metals cleanup. Through genetic engineering, microorganisms can
enhance not only their specificity to specific metal but also their
capacity of metal uptake. Genetically engineered £. coli /M09, namely
M1, by expressing Hg” transport system (MerP and MerT) and GST-MT
simultaneously, can improve its Hg” resistance and bioaccumulation
capacity compared to the original host strain. Despite much research,
few bioaccumulation processes with gene—modified microorganisms were
applied into industrial use due to the difficulties in an attempt to
realize continuous treatment. To make the genetically engineered cells
propagate themselves without losing high affinity to the desired metal
when they are accumulating metal ions is a feasible and effective way
to make the treatment process continually operational, considering the
fact that heavy metals usually coexist in wastewater with other kinds
of contaminants such as organic pollutants, which can possibly be used
by microorganism as substrates. Furthermore, using growing cells can
avoid the need of a separate biomass production process such as
cultivation, harvesting, etc. Therefore, it is meaningful to study
M1’ s capability of simultaneous growth and bioaccumulation of Hg”
under low nutritional circumstances, and furthermore, to study the

continuous treatment of Hg” contaminated wastewater.

Firstly, bioaccumulation capacity of M1 was tested under the condition
of pH6. 5 and 37°C. Equilibrium isotherm of Hg” uptake by M1 was analysed

by Langmuir and Freundlich adsorption model. The isotherm fitted both
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Langmuir model and Freundlich model well. Langmuir model constant qu
(theoretical maxmium biosorptive capacity) and K (dissociation
constant) were 16.679mg [g dry cell]' and 1.813mg L' respectively.

Freundlich constant k and n were 5.135 and 2. 008 respectively.

Secondly, M1 was also tested for its capability of simultaneous growth
and bioaccumulation of Hg” under low nutritional circumstances. The
influential factors of ambient conditions, e.g. initial concentrations
of mercuric ion, ionic strength, the presence of metal chelators, other
coexisting metal ions and pH were investigated. Hg" bioaccumulation
behavior of M1 was proved to be well coupled with its growth. Na* was
essential to the Ml growth. Of all tested Na' concentrations, 0.04mol
L~ was optimal. The presence of 0. 1lmol L' Ca®" or Mg®" could promote
the growth of M1 and keep Hg” removal rate high, but the growth of Ml
was inhibited seriously as the concentration of Ca’' or Mg%'reached
0.3mol L™'. Chelator EDTA had a significant influence on Ml growth and
Hg” bioaccumulation, while the effect of citrate was little. The
presence of other coexisting metal ions inhibited the growth of M1 and
then affected Hg” bioaccumulation. The influential order was as follow:
Cd*>7Zn"=Cu* >Pb” >Ni”. Furthermore, Ml was very sensitive to pH in
0.5LB containing 1mg/L Hg” and only grew well under pH 6-7, while the
control (M1 in 0.5LB without Hg") could grow well as pH reached 8. The
behavior of Hg” bioaccumulation by M1 was also affected as pH exceeded

7, but the inhibition effect was much slighter than that on M1 growth.

Thirdly, a continuous treatment of Hg” contaminated wastewater by M1
was realized in a designed Continuous Stirred-Tank Bioreactor. Initial

Hg” concentration in Feed and diluting rate were tested for their
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influence on the efficiency of the continuous process.

Lastly, a kinetic model based on Hg® mass balance was proposed to
analyse the continuous treatment process. The calculated steady—state
Hg” concentrations in effluents of different 11 runs were close to the
data observed in the experiments. Despite relative errors between
calculated ones and experimental ones, the model could fairly simulate

the continuous treatment process.

Key words: Genetically engineered £ coli, Mercuric ion, Wastewater,

Bioaccumulation, Continuous treatment
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Tab. 1 Heavy metals biosorption by some biomass

WA W W 42 e 25 1 W o
(mg/g. dry biomass
or cell)
Actinomycetes AK61(%) Ccd* 10
Azolla filiculoides!! Zn* 452
Pseudomonas aeruginosa Hg>* 400
PU21tM!
cr™ 86.2
Ochrobactrum Cd* 37.3
:(16]
authropi i 32.6
Sreptomyces riomosus'”! Zn* 30
Cd** 27.79
Phanerochaete Pb* 85.86
18]
chrysosporiun o 655
Polyporous versicolor!'”! Ni** 57

1.2.2 405 M=

R P 4 SR HL AR S 2%, AT B BB B A LB L R %
EHLER, IR ST HLEESE
(1) e LS. I b, Ry b, e By i i A
WED I . Kuyucak Z57F FHAE S RSN PR G 0o ORI, TEAHEE)E
&7 (UO™ . Pb™'. Zn®"\ Ag™") f74E, pH2.5 M, OREARIEEIE
HOIR B < o AAT TN FERRAR 1K) pH 450 T, S0 42 R SR /K AR A e AN [ 11 <6 e B
B, MR pH R, BRI T REIE A, AR A AN A
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