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Research progress in microbial chromium-transformation and
resistance and bioremediation

XIA Xian LI Ming-Shun WU Shi-Juan WANG Ge-Jiao"

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

Abstract: Chromium is a transitional metal mainly existing as hexavalent [CrO4*", Cr,0,>, Cr(VI)]
and trivalent [Cr(OH);, Cr(Ill)] forms in the natural environment. Several microorganisms have
evolved various transformation and resistant mechanisms for chromium detoxification to resist the
poisonous chromium. Microbial chromium-transformation contain Cr(VI) reduction and Cr(III)
oxidation. Chromate-reducing microbes can transform high toxic Cr(VI) to low or non-toxic Cr(III).
These microbes show a big potential to bioremediate chromium-contaminated soil and water. In
addition, various microbes have been reported to participate in Cr(III) oxidation. These
microorganisms play a key role in the chromium transformation and biogeochemical cycle. So far,
four microbial chromium-resistant mechanisms have been found including: (1) reducing the uptake
of Cr(VI); (2) Cr(VI) efflux; (3) removing intracellular oxidative stress; and (4) DNA repair. This
review mainly focuses on summarizing the molecular mechanisms and new research progress in
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chromate transformation and bioremediation of chromium contamination by microorganisms.

Keywords: Chromium, Chromate, Chromium resistance, Chromate-reducing bacteria, Chromium
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Figure 1 Microbial mechanism of chromate resistance and reduction
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Note: @: Down regulation of SO,%/ CrO4* transport protein; : Efflux CrO,~; : Extracellular (extracellular reductase, membrane bound
reductase and functional groups) reduction; @l: Intracellular reduction; : Protect against intracellular oxidative stress; IH: DNA repair.
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Table 1 Chromate reductase of microbe

fity RN RE R E= BN
Enzyme Location in cell Source Reference
ChrR i) ag5is Pseudomonas putida F1, E. coli K12 [17-18]
YieF 4 T E. coli K12 [19]
FerB 4 T Paracoccus denitrificans CCM 982 [20]
NfsA 21 Pseudomonas ambigua G-1, Vibrio harveyi KCTC 2720, E. coli DH5a [3]
NfsB 21t E. coli DH50, [3]
NemA 2t i J5t E. coli W3110 [3]
AzoR 4 oz E. coli W3110 [3]
Frp 2t i 5T Vibrio harveyi ATCC 33843 [3]
YcnD 20 fifd ot Bacillus subtilis 168 [3]
Cytochrome c3 2t i J5T Desulfovibrio vulgaris ATCC 29579 [21]
Cytochrome csag 2t i 5 Enterobacter cloacae HO1 [22]
MtrC 2t i 5 Shewanella oneidensis MR1 [23]
OmcA 2] e Shewanella oneidensis MR1 [23]
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Figure 2 CHR superfamily gene clusters for chromate resistance
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Note: chrB, chrd, chrC, chrE and SCHR code for chromate sensitive regulator, chromate efflux protein, superoxide dismutase, cleavage of
chromium-glutathione complexes protein and ChrA ortholog protein, respectively P24 chrF, chrl, chrJ, chrK and chrL, unidentified

function proteins relative to chromium resistance.
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