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1. Experimental Section: 

1.1 Synthesis Fe3O4/Au nanocomposite: a) The Fe3O4 nanospheres with high 

saturation magnetization were synthesized by a solvothermal method according to 

reference (17). b) For APTMS-functionalized Fe3O4 spheres, Fe3O4 nanospheres (20 

mg) were added to ethanol (30 mL), followed by the addition of water (2 mL). Then, 

ammonium hydroxide (25%; 2 mL) and APTMS (200 mL) were added to the above 

solution. The resulting solution was sonicated for about 8 h. After four-step separation 

by means of an external magnetic field, the resulting product was dissolved in water 

(10 mL). c) 13 nm Au NPs were synthesized according to reference (18). Thus, a 1 

mm HAuCl4 solution (100 mL) was brought to reflux while stirring and then 38.8 mm 

trisodium citrate solution (10 mL) was added quickly, which resulted in a color 

change of the solution from pale yellow to deep red. The solution was then heated to 

reflux for an additional 15 min. The concentration of Au NPs was about 1 mm 

provided that HAuCl4 was completely reduced. d) The Fe3O4/Au nanocomposite were 

prepared by mixing an aqueous solution of APTMS-functionalized Fe3O4 nanospheres 

(1 mL) with 10 mL of a solution of Au NPs (excess). The resulting products were 

collected by means of an external magnet and dissolved in 1 mL of water. 

Transmission electron microscopy (TEM) measurements were made on a HITACHI 

H-8100 EM with an accelerating voltage of 200 kV.  

1.2 Organisms, Media, and Growth Conditions: S. oneidensis strain MR-1 were 

cultivated in minimal salts medium with 10 mM HEPES. Medium contained (per 

liter): 0.46 g NH4Cl, 0.225 g K2HPO4, 0.117 g MgSO4·7 H2O, 0.225 (NH4)2·SO4, plus 

10 ml of a mineral mixture (containing per liter: 0.1 g MnCl2·4H2O, 0.3 g 

FeSO4·7H2O, 0.17 g CoCl2·6H2O, 0.1 g ZnCl2, 0.04 g CuSO4·5H2O, 0.005 g H3BO3, 

0.09 g Na2MoO4, 0.12 g NiCl2, 0.02 g NaWO4·2H2O, and 0.10 g Na2SeO4). Medium 

was adjusted to pH 7, saturated with N2:CO2=80:20, sealed with butyl stoppers and 

aluminum seals, and autoclaved. Cultures for each reactor were grown from frozen 

stocks, then transferred into anaerobic medium with 20 mM fumarate as the electron 
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acceptor until an OD of 0.4 and transferred into the electrochemical cell, and lactate 

was added (20 mM). 

1.3 Microbial current measurements: All electrochemical experiments were carried 

out under potentiostatic control utilizing a three electrode arrangement, consisting of 

the glassy carbon working electrode (0.07 cm2), a Ag/AgCl reference electrode (sat. 

KCl) and a counter electrode (platinum wire or). The working electrode was poised at 

a potential of +300 mV vs Ag/AgCl reference electrode. Experiments were conducted 

in a constant temperature room (30°C) in duplicate. The electrochemical 

measurements were performed with an EG&G 273A electrochemical system 

(Princeton Applied Research, USA). Sealed and thermostated vessels (100 mL) were 

served as electrochemical cells which hosted the fermentation medium and the 

electrodes. All experiments were performed under strictly anoxic conditions. 

Scanning electron microscopy (SEM) images were determined with a Philips XL-30 

ESEM. The accelerating voltage was 20 kV. 

1.4 Protein Purification and Analysis: The cell protein attached on the electrode 

surface was quantified as the same way as previously described (19). For protein 

quantification, cells were collected by flushing and scraping the biofilm with a 

pipettor from the electrode surface with 1mL of sterile isotonic wash buffer, then 

freezedried and quantified. OmcA was purified from anaerobically grown S. 

oneidensis MR-1 in defined media containing 30 mM lactate and 50 mM ferric citrate 

(20). The OM fraction was treated with 2% Triton X-100 and loaded onto a 

Q-Sepharose anion-exchange column and equilibrated with 50 mM HEPES, pH 7.5, 

and 5% Triton X-100. Fractions were eluted with a gradient of 0 to 0.5 M NaCl over 

160 ml at 1 ml/min. The OmcA liposome was prepared as the same protocol (5g) 

without the dye addition. 

1.5 Preparation of OmcA/Fe3O4/Au NCs/GC electrode and OmcA/Fe3O4 NPs GC 

electrode: For preparation of OmcA/Fe3O4/Au NCs/GC electrode, 5μL of Fe3O4/Au 

NCs suspension (10 mg mL−1) was spread evenly onto the GC electrode surface with 

syringe. Then 5μL of the OmcA liposome (5 mg mL−1) was spread onto the Fe3O4/Au 

NCs/GC electrode surface. Finally, the modified electrode was allowed to dry for 24 h 
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at 4 ◦C. The resulted OmcA/Fe3O4/Au NCs/GC was washed thoroughly with water 

and stored at 4 ◦C when not in use. The preparation of OmcA/Fe3O4 NPs/GC 

electrode was almost under the same way, except 5μL of Fe3O4 NPs suspension (10 

mg mL−1) was used to prepare the Fe3O4 NPs/GC electrode.  

References: 

(17) Deng, H.; Li, X. L.; Peng, Q.; Wang, X.; Chen, J. P.; Li, Y. D. Angew. Chem. 

2005, 117, 2842-2845. 
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(19) Richter, H.; McCarthy, K.; Nevin, K. P.; Johnson, J. P.; Rotello, V. M.; Lovley, 
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2. TEM of Fe3O4/Au nanocomposites 

 

Figure S1 The TEM image of the prepared Fe3O4/Au nanocomposites. 

 

 

 

 

 

 

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2010



 S6 

 

 

 

 

 

 

 

 

 

3. Electricity generation of S. oneidensis MR-1 on GC electrode in absence of 

Fe3O4/Au nanocomposites 

 

Figure S2 Current generation by S. oneidensis MR-1 on GC electrode poised at a 

potential of +200 mV vs Ag/AgCl reference electrode. 
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4. Cyclic voltammograms of S. oneidensis MR-1 biofilm  

 

Figure S3 Cyclic voltammograms of S. oneidensis MR-1 biofilm on GC electrode, 

scan rate: 1mV/s. The voltammograms were recorded in a substrate depleted culture 

medium. 
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5. Cyclic voltammograms of OmcA liposome at bare GC electrode 

 
Figure S4 Cyclic voltammograms of OmcA liposome at bare GC electrode at a scan 
rate of 50 mV/s in 0.1 M PBS (pH=7.2) under a N2-saturated atmosphere. 
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6. Comparison of current and specific electron transfer rate of S. oneidensis 
MR-1 

Experimental  

condition 

Current (µA) ET rate 

 (µmol/min.g) 

Current density (mA/m2) 

a 0.87 237 125 

b 19.78 702 2826 
 
Table S1 Comparison of current, specific electron transfer (ET) rate in μmol of 

electrons per minute and gram cell protein attached of S. oneidensis MR-1 on GC 

electrodes in absence of Fe3O4/Au nanocomposites (a) and presence of Fe3O4/Au 

nanocomposites (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


