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Abstract :

Toxic heavy metals in the environment affect all living organisms, leading to many problems such
as poor growth and impaired activity. The effects of these toxic metals are brought about by their
interactions with proteins. In plants, toxic metals cause photosynthetic disorders and death. This
directly leads to social and environmental problems such as crop failure and reduction of green
space. As some of the major effects of toxic metals on photosynthesis, many studies have reported
that metals inhibit the electron and energy transfer of photosystem II proteins (PSII) and the
antenna protein phycocyanin (PC). However, neither the specific binding sites nor the mechanism of
inhibition are structurally known. If PSII and PC can be genetically modified to be less susceptible
to inhibition by toxic metals, it will lead to the design of photosynthetic organisms that are
resistant to toxic metals and can be proposed for use in environmental improvement with
"bioremediation. In bioremediation, toxic metals can be captured by the proteins in their tissue
bodies and collected from soil and water bodies, making it easy to extract the toxic metals.

In this study, we analyzed the crystal structure of phycocyanin (PC), which is an antenna protein
that binds to the photosynthetic core protein PSII, as part of bioremediation research aimed at
removing toxic metals in the environment. As a result, the crystal structure of phycocyanin (PC)

bound to mercury (Hg) and lead (Pb) ions, which are well-known toxic metals, was determined, and



the specific binding mode of Hg in the PC crystal was successfully identified. Cyanobacteria
possessing PC have existed since the primitive times and widely survive from underwater to the
land, and from volcanic regions to the Antarctic. Since cyanobacteria are adapted to various
environments, it is expected that cyanobacterial PCs can be used as a mechanism for uptake of

toxic metals and for bioremediation in various environments.
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HgClz2 conc. PbClz2 conc.
0.1mM 1mM 10mm 10mmM
Data collection
Resolution 20-1.7 (1.73-1.70) 20-1.82 (1.86-1.82) 20-2.01 (2.06-2.01) 20-1.32 (1.34-1.32)
Obs reflection 1,159,714 947,755 217,637 1,875,962
Uniq reflection 56,974 46,928 33,394 92,097
Redundancy 20.4 (18.1) 20.2 (21.9) 6.5(6.7) 20.4 (19.0)
Completeness (%) 98.2 (98.7) 98.9 (97.2) 99.6 (96.4) 100 (100)
R-merge (%) 9.4 (181) 12.6 (237) 8.3 (73.4) 5.1 (269)
I/sigma 18.7 (1.7) 16.5 (1.6) 12.7 (2.6) 26.9(1.3)
Refinemet
R /free R (%) 26.3 /286 25.5/280 235 f26.4 21.2 /234
Mo of bound metals 1 3 4 6
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