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Research progress on reduction of selenium by microorganism and

application of bio-reducing products of selenium
——the 200th anniversary of the selenium discovery

WANG Dan XIA Xian WANG Ge-Jiao ZHENG Shi-Xue’

(State Key Laboratory of Agricultural Microbiology, College of Life Science and Technology, Huazhong
Agricultural University, Wuhan, Hubei 430070, China)

Abstract: Selenium is an essential trace element for life, incorporates into selenoproteins
(seleno-enzymes) in the form of selenocysteine (Sec, also referred to as the 21st protein amino acid)
and selenomethionine (Se-Met). Either selenium over-intake or deficiency will lead to the occurrence
of many diseases. Microorganisms are involved in the transformation of different selenium speciation
including Se(—II), Se(0), Se(IV) and Se(VI). Here we mainly reviewed the reduction of selenium in
microorganisms. The reduction of selenium by microbes include assimilation reduction and
dissimilation reduction. Selenoproteins could be produced via the pathway of the selenium assimilation
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reduction, which is benefit for the selenium enrichment through food chain. Higher concentration of
selenate and selenite would promote the process of selenium dissimilation reduction and the formation
of selenium nanoparticles in some microbes. Both selenium methylation and the formation of selenium
nanoparticles were mechanisms of detoxification, and would provide an economical and “green”
solution to the bioremediation of environmental selenium contamination. Finally, the potential
applications of biogenic selenium nanoparticles (bio-SeNPs) in medicine, biosensor and heavy metal
contamination bioremediation were discussed. The biosynthesis of CdSe quantum dots by microbes and
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its biological applications were also introduced.
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nanoparticle, CdSe quantum dots
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Figure 1 A scheme model of selenium reduction in bacteria

TE: ARPRER FTRUL T J] 52 18] BT PR S A 5 A AL S I AR A, 0 P IE AR AR ER 5 IS i T HE AN, BE T Rl A A e
AL 5 VBRI B P 4 )5 2 I s 200 L P P S 2 L R B s 2 Ak B W e AL BB, TR I KT (SeNP), AR AT LA [ 4k
W JEAE RS A NI 2 S A -G R TSR . MEARIRERFNA ATLIGIA AT LAGE ik PP f A A I A S 2 1 i — T B (DMIS e)
T HSLHEAR(DMDSe) s SRR 7 5 M A BR REEAb A KB B 27 A T P SRS (ROS)E s 1 T IV AR 8 A A T 2 LA % 4
KATHE B AU LR AT AL

Note: Selenate could be transformed into selenite by the bacterial periplasmic selenate reductase complex, or enter cytoplasm through the
sulfate transporter and then transformed into organic form through the assimilation pathway. Selenite could be reduced into Se’ by the
reductases which located in the periplasm and/or cytoplasm, or directly react with thiols and produce Se’. Reactive Oxygen Species will
generate from the latter reaction. Se” will be further assembled into selenium nanoparticles (BioSeNPs). Alternatively, selenite could be
further transformed into volatile DMSe or DMDSe through the methylation pathway after reduction. Selenate and organic selenium
compounds could also be transformed into DMSe or DMDSe through the methylation pathway. In addition, organic selenium speciation
could also be produced from selenite through the bacterial assimilating reduction pathway. However, it remains unclear that how selenite was
transported into the cytoplasm or how BioSeNPs was released from the cell.
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