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Surface Display Tetrahymena thermophila Metallothionein
within Escherichia coli to Enhance Heavy Metal Bioremediation

Hsin-Cheng Ho, Che-Wei Lu, Lu-Yu Ding, Chih-Hao Lin, Zi-Wei Tsai, Yi-Zhen Chen, Ting-Hsuan Chen, *Ssu-Ching Chen

Department of Life Sciences, National Central University *corresponding author

Background

Heavy metal has been the main contaminant of waste water
after industrialization. Once uptaken by human, they will
cause serious health problems.

In previous study, protozoan Tetrahymena metallothionein
(MTTS5) has potential to bioremediate cadmium and lead.

In our study, we performed Lpp-OmpA (fusion protein of
lipoprotein and outer membrane protein A) to avoid the
enzyme interference and cell toxicity.

Specific Aim

* To improve heavy metal bioremediation by surface-
displayed MTTS.

Methods

The MTTS was synthesized by company MDbio, Inc according
to the article published by Zhou Huanxin in 2018.

Lpp and OmpA were amplified from Escherichia coli
chromosome and fused by overlapping PCR to form carrier
protein Lpp-OmpA.

Western blotting (His-tag antibody) was used to analyzed
protein expression of LO-MTTS.

ReadyPrep ™ Protein Extraction Kit (Membrane 1) was used
in this study for isolating membrane proteins.

Fluorescence microscopy was used in this study to detect the
fluorescence of LO-sfGFP.

ICP-AES was used to detect the heavy metal. The biomass
was added into medium which contained cadmium, and the
supernatant was assigned to the Environmental Technology
Research Center.

Results
Construction of LO-MTTS

The Carrier protein, which the C-terminal was fused with
MTTS5, contained Lpp(1-9aa) and OmpA(46-159aa). (Figure 1)
The signal peptide of Lpp transferred fusion protein to
periplasm, and OmpA formed transmembrane structure to
stabilize the passenger at outer membrane.

Protein expression analysis

The E. coli strain C43(DE3)pLysS was used to produce more
products after induction. (Data not shown)

The LO-MTTS expressed higher quantity at the time point of
4 hours after IPTG induction. (Figure 2, A)

Membrane extraction (lane 6) confirmed the presence of LO-
MTTS on the membrane. Inclusion body resulted in the
smear in membrane extract. (Figure 2, B)

Fluorescent analysis for functional check

The LO-sfGFP fluorescence signals were detected under the
excitation channel of 460~490 nm. (Figure 3)

Heavy metal biosorption

Our result showed the concentrations of Cadmium detected
in medium after the treatment of the pET21b(+) or LO-MTT5.
(Figure 4)

The removal efficiency of LO-MTT5 was 60% higher than
control. (Figure 4)
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Figure 1. Plasmid construction OmpA 46-159a

(A) Gene maps of pET21b(+) plasmids harboring Lpp-OmpA-MTTS5 fusions. (B) cloning/ expression
regions and MTTS displayed on the outer membrane of E. coli.
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Figure 2. Protein expression of LO-MTT5

Western blot of recombinant proteins probed by anti-His antibody. (A) The expression of LO-
MTTS5 (26.7 kDa) after IPTG induction. Total cell proteins were separated by 12% SDS-PAGE. (B)
Western blot analysis of different cellular fractions. Total: whole-cell lysates, Solute: soluble
fraction, mem: outer-membrane fraction.
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Figure 3. Fluorescence analysis of LO-sfGFP
(A) Gene maps of pET21b(+) plasmids harboring Lpp-OmpA-sfGFP fusions. (B) Phase contrast
micrographs and fluorescence images of recombinant E. coli cells.
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Figure 4. Cadmium biosorption in LB medium

Conclusions

In this study, we successfully optimized the expression process of
membrane protein.

The absorption efficiency of LO-MTTS is significantly higher than
control.

In the future, we will focus on improving the method to capture the
biosorbent and eliminate it in a more efficient way.
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