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Preparation of 500bp double-stranded DNA: 

The 500 bp double-stranded DNA was amplified from the template of pBR322 

(Takara Biotechnology, Dalian) plasmid by Polymerase Chain Reaction with the 

forward primer: 5’-CCC TTA TGT TAC GTC CTG-3’ and the reverse primer: 

5’-TGG TGT AGA GCA TTA CGC-3’. The amplification was carried out using the 

following thermal cycling profile: 94°C for 3 min, followed by 30 cycles of 

amplification (94°C for 30 s, 55°C for 30 s, 72°C for 30 s). Finally, the reaction was 

maintained at 72°C for 2 min. The PCR products were purified using DNA fragment 

purification kit. The pBR plasmid was bought from Takara Biotechnology Co. Ltd. 

(Dalian, China); the primers were synthesized by Saibaisheng Biocompany (Beijing, 

China); the DNA purification kit was purchased from Tiangen Biocompany (Beijing, 

China). 



Supplementary Material (ESI) for Chemical Communications 
This journal is (c) The Royal Society of Chemistry 2007 

Fluorescent microscopy image of FAM-labeled DNA directed CP assembly 

FAM (6-carboxyfluorescein) labeled DNA sequence: 5’ 

FAM-GGGTTGCCCCGGTCCTTTTTTAAACCCCCCCCCAAGGAAGGGAAAAA

AAA-3’ was annealed with its complementary strand and applied into the normal 

assembly process (500 bp DNA as starting material, as described in manuscript). As 

the assembled structure is longer than micrometer, its morphology could be observed 

on Fluorescent Microscopy (Leica DMI 6000). As shown in Figure. S1, similar 

images has been observed with bright field mode and fluorescent mode (excited at 

494 nm and detected at 518 nm). This result demonstrated that the assembly of CP is 

based on the DNA templates. 

 

Figure S1.Represented optical (left) and the corresponding fluorescence (right) 

images of CP assembly templated by FAM-labeled DNA. The scale bars are 2μm. 
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CMV CPs observed under Transmission Electron Microscopy (TEM): 

 
Figure S2. TEM images of pure CMV CPs. The scale bar is 20 nm (left) and 50 nm 

(right). 

The CMV CPs was applied to the assembly process without DNA (20 mM Tris-HCl, 

150 mM NaCl, pH 7.5). The mixture was then applied onto copper grids coated with 

amorphous carbon film and then negatively stained with 2% uranyl acetate. As shown 

in Figure S2, there is no tubular or fibril structures observed. Without the DNA 

template, the CPs can self-assemble into virus-shaped nanoparticles.  

 

TEM images of the nanotubes formed at a DNA/CP ratio of 1:1 

 
Figure S3. TEM images of nanotubes formed by DNA/Cp=1:1. Scale bar is 50 nm. 

Conditions are same as Figure 2 but with the ratio of one DNA base pair to one 

protein. As shown in Figure S3, there are assembled nanotubes, the small particles 

accompanied could be the virus-shaped nanoparticles self-assembled by superfluous 

CPs. 
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CMV CP expression and purification protocol: 

Buffers used are as follows:  

solution buffer (500 ml): 50 mM TrisHCl (3.94 g) pH 8.0, 25% Sucrose (125 g), 1 

mM NaEDTA (1ml stock solution [0.5 M]), 0.1% NaAzide (1.5 ml stock solution 

[30%]), 10 mM DTT (770 mg);  

lysis buffer (500 ml): 50 mM TrisHCl (3.94 g) pH 8.0, 1% Triton X-100 (5 ml), 0.1% 

Na deoxycholate (5 ml stock solution [10%]), 100 mM NaCl (2.93 g), 0.1% NaAzide 

(1.5 ml stock solution [30%]), 10 mM DTT (770 mg);  

washing buffer: 50 mM Tris HCl (3.94 g) pH 8.0 with 0.5% Triton X-100 (2.5 ml), 

100 mM NaCl (2.93 g), 1 mM NaEDTA (1 ml stock solution [0.5 M]), 0.1% NaAzide 

(1.5 ml stock solution [30%]), 1 mM DTT (77 mg). 

Expression: 

Full-length CP gene of 218 amino acid residues (GenBank ID AB008777) of CMV 

was PCR-amplified by the forward primer: 

5’-AACCATGGACAAATCTGAATCAACC-3’ and the reverse primer: 

5’-TTGGATCCTCAAACTGGGAGCACCCCAGACGTGGG-3’. The PCR products 

were gel-purified, restricted enzyme digested with NcoI and BamHI, and ligated with 

NcoI and BamHI restricted pET11d (Novagen, USA). E. coli BL21 (DE3) Rosseta 

(Novagen) was used as a host strain for the production of recombinant protein. 

Cultures were grown at 37°C by inoculating a 5 ml overnight culture into 2 L LB 

medium containing ampicillin (10 mg/L). Incubation was continued until the culture 

reached an OD600 of between 0.4 and 0.6, at which point expression was induced by 
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the addition of 1 mM isopropyl-β-d-thiogalactopyranoside (IPTG). After 4 h 

incubation, cells were harvested by centrifugation at 4000g for 10 min. The cells 

pellets were then stored at −20°C. 

Purification of inclusion body: 

All purification steps were performed on ice or at 4°C. The pellets (crude inclusion 

body) were re-suspended in solution buffer and then homogenized by sonication, 

followed by lysis buffer. The protein products were washed by centrifugation for 3 

times by washing buffer, each for 20 min at 11,000g.  

 
 

Figure S4. Recombinant CMV CP induced-expression and inclusion body purification 

in E. coli. Lane 1: 29Kda pre-stained protein marker; lane 2: uninduced and lane 3: 

IPTG induced total bacterial proteins; lane 4: crude inclusion protein; lane 5 and 6 are 

the inclusion body protein after washing; lane 7: the final washed inclusion body. 
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Protein refolding process: 

Buffers used are as follows:  

refolding buffer (250 ml):100 mM Tris-HCl (3.925 g) pH 8.0, 400 mM 

L-arginine-HCL (21 g), 2 mM NaEDTA (1 ml stock solution [0.5 M]),0.5 mM oxid. 

glutathione (0.077 g), 5 mM red glutathione (0.385 g);  

guanidine solution (100 ml): 3M guanidine-HCL (28.7 g); [SIGMA, G-4630] pH 4.2, 

10 mM sodium acetate (0.082 g) keep at room temperature, 10 mM NaEDTA (2 ml 

stock: 0.5 M);  

Protease inhibitors (stock solutions): PMSF, 100 mM (174.2 mg in 10 ml 

2-propanol, stored at RT); [SIGMA P-7626], Pepstatin, 2 mg/ml (5 mg in 2.5 ml 

DMSO, aliquots stored at -20ºC); [SIGMA P-4265]; Leupeptin, 2 mg/ml (5 mg in 2.5 

ml deionized H2O, aliquots stored at - 20ºC);  

Exchange buffer (500ml): 20 mM Tris HCl (1.57 g) pH 8.0, 50 mM NaCl (1.46 g). 

Procedure: 

With the above mentioned process, a quantity of CP inclusion bodies was achieved. In 

an effort to obtain soluble and re-natured proteins, the CP inclusion bodies were 

solved in 2 M urea solution and then guanidine solution was added into. 2 ml 100 mM 

PMSF, 100µl 2 mg/ml pepstatin and 100 µl 2 mg/ml leupeptin were mixed with 200 

ml refolding buffer. The protein solution was injected into above prepared refolding 

buffer which was circumgyrating with high speed. The refolding process was then 

carried out for 8h at 4℃ with lower circumgyrating speed. To achieve higher 

concentrations, the refolded protein solution was ultra-filtered using Ultrafree-CL 
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(10,000 MW) filters (Millipore). Washing with 10 times diluted exchanger buffer, and 

finally solved in the exchange buffer to a final concentration at 50 μg/ml. 

 

Figure S5. Re-natured CMV CP Lane 1: 29Kda pre-stained protein marker; lane 2: 

induced CP; lane 3: un-induced CP; lane 4: re-natured CP; lane 5: higher 

concentration CP in exchanger buffer (final assembly buffer) 

 



<<
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


