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Advance in the Bioavailability Monitoring of Heavy Metal Based on Microbial

Whole-cell Sensor

HOU Qi-hui, MA An-zhou, ZHUANG Xiu-liang, ZHUANG Guo-qiang

( Department of Environmental Biotechnology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China)

Abstract: Microbial whole-cell biosensor is an excellent tool to assess the bioavailability of heavy metal in soil and water. However,
the traditional physicochemical instruments are applied to detect the total metal. Furthermore, microbial whole-cell biosensor is simple,
rapid and economical in manipulating, and is thus a highly qualified candidate for emergency detection of pollution incidents. The
biological component of microbial whole-cell biosensor mostly consists of metalloregulatory proteins and reporter genes. In detail,
metalloregulatory proteins mainly include the MerR family, ArsR family and RS family, and reporter genes mainly include gfp,lux and
luc. Metalloregulatory protein and reporter gene are related to the sensitivity, specificity and properties in monitoring. The
bioavailability of heavy metals is alterable under different conditions, influenced by pH, chelate and detection methods and so on.
Increasing the accumulation of intracellular heavy metal, modifying the metalloregulatory proteins and optimizing the detecting
conditions are important for improving the sensitivity, specificity and accuracy of the microbial whole-cell biosensor. The future
direction of microbial whole-cell biosensor is to realize the monitoring of pollutions in situ and on line.
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Fig. 1 Mechanism of microbial organism and output character of signal in the microbial whole-cell biosensor
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Table 1  Characteristics of metalloregulatory proteins which could be used in microbial whole-cell biosensor designing

WEEA  HEESR K JECTE. EIRE {=| UL F AL SCHR
ArsR As(I) ,Sb( M) ArsR family iR ArsA/B/C TR J R B2 ATPase SMIERE [12, 14]
CadC Cd( 1) ArsR family FBHE CadA ATPase Ml A [12, 14]
ChrB cr( V) ArsR family £BHiE ChrA ATPase 4MEEH [15]
SmtB Zn( 1) ArsR family ZPHE SmtA &R [12, 14]
NmtR  Ni(II),Co( 1) ArsR family s NmtA ATPase #MIEE [12, 14]
MerR He( 1) MerR family b ehg MerT/P/A TR JE il K. ATPase ZMHEZE 11 [11, 14]
CueR Cu( I) MerR family e CueA ATPase YMEE H [11, 14]
ZntR Zn( 1) MerR family s ZntA ATPase #MIEE [11, 14)
PhrR Ph( 1) MerR family TR PhrA ATPase #MIEH [11, 14]
PcoRS  Cu( 1) RS family BE PcoABCD ERiqi [16]
CusRS  Cu( 1) RS family s CusCFBA HMER A [16]
NikR  Ni( ) NikR family B A NikA BHREA [17, 14]
RenR  Ni(II),Co( 1) CsoR family F BB RenA ATPase #MIERH [18, 14]
CopY Cu( Il CopY family 2= FHi8 [14]

DxR Fe( 1) ,Ni(II) DixR family A
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Table 2 Characteristics of reporter genes used in microbial whole-cell biosensors
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Table 3 Monitoring of metal bioavailability based on microbial whole-cell biosensor

PR AIER TR st HE e M) 7 34 J3E iacainaG] Sk
arsR A ¥p E. coli 0.1 wmol+L~" ~8 wmol-L~! 2 h [38]
AS’H I pmol-L=" ~25 pmol -L~!
As luxAB E. coli 0.1 pmol+L~" ~0.4 pmol-L~! [27]
As luxAB E. coli 1 fmol-L~" ~10 nmol-L ! 3 h [39]
Sh I fmol-L~" ~10 nmol -L~! 30 min
AS®* luc E. coli 0. 033 wmol-L~" ~1pmol-L ! 90 min [40]
As®* 33 wmol-L ™" ~33 000 pmol-L !
cd 10 wmol -L =" ~10000 pmol-L !
Sh 0.1 wmol+L~" ~100 wmol-L~!
cadC Cd zfp E. coli 0.000 I wmol-L~! ~500 wmol-1.~! 2 h [20]
Pb 0.01 wmol-L~" ~10 pmol-L~!
Sh 0.000 1 wmol+L~" ~10 wmol-L~!
chrB CrO3- Inc C. metallidurans =50 nmol - L. 7! 2 h [36]
Cr, 07" =30 nmol 1"
copA Ag luc E. coli 0.003 wmol-L~" ~0.3 wmol-L ! 2 h [41]
Cu 0.3 wmol-L~" ~300 wmol-L~!
Cu luxCDABE E. coli 24 pg -L7! 2h [42]
merR Hg luxCDABE E. coli 0.03 pg +L~! 2h [42]
merT Hg luc E. coli Tn21 0.1 fmol-L ™" ~1 wmol-L ! 1 h [43]
merRB MeHg luxAB E. coli =0. 01 nmol-L"! 40 min [44]
merRTPA Hg luxCDABE E. coli 0.05 nmol-L~! ~0.5 nmol -L. 7! 80 min [45]
pbrR Pb afp E. coli 50 wmol-L ™" ~250 wmol -L~! [46]
Pb luxCDABE C. metallidurans 500 wmol+L ™" ~5 mmol-L~! 3h [47]
zntR Cd luc E. coli 0.05 pmol-L~" ~30umol -L ! 2 h [36]
Hg 0.01 wmol-L~" ~1 wmol-L~!
Zn 40 wmol -L~" ~15 000 pmol-L !
cnr Ni luxCDABE metalliduransCH34 100 nmol - L =" ~60 pmol -L ! 4~6h [48]
Co luxCDAE 9 pmol - L =" ~400 pmol-L~"
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Table 4  Monitoring of metal bioavailability in situ or on line based on microbial whole-cell biosensor

fi EH e B ST A W Iy 5 FE SRR SCHik
E. coli lux cd** =0.5 pwmol L1 JEA . R T5 YK IR [58]
A3t =5.0 wmol - L1
Ralstonia eutropha lux Ni2* =0. 1 pmol-L~! Ji Aoz W ) g et [48]
Co** =9.0 pmol-L.~!
E. coli lux, gfp, luc As** | As’* 0~0.5 wmol-L~" (lux)  JEAZYEI KK [19]
0.1~0.6 wmol-L~"(gfp)
E. coli lacZ cd?+ 25 nmol - L=" (ORI AL, TEEMEI kil B3 [59)]
5.34 wmol - L' ( £34E)
E. coli luc, lux Hg?* ,As,Cu®* | Zn?* Pb®* [ Cd** 20 ~400 mg-L.~! TELR W] 15 YLK [41]
S. cerevisiae( 1) lacZ Cu?* 1.6 ~6.35 mg-L -1 JEA  FELREI BT s K [60]
S. cerevisiae( 11) 0.05 ~0.35 mg-L~!
Bacillus megaterium  egfp Zn** =1 wmol-L~! TELR M TR [61]
Alcaligenes eutrophus  luxCDABE Cu? =1 pmol -1,7! TELR KW [62]
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