
Fast, effective and safe adenovirus purification with 
Vivapure AdenoPACK kits
The use of Sartorius membrane adsorbers incorporated in AdenoPACK units facilitates and speeds 
up the purification step for adenovirus preparation, which can take days using traditional methods. 
Ready-to-use kits are available for processing cell culture volumes from 20 ml to 500 ml, permitting 
preparation of up to 3 × 1013 purified viral particles in only 2 hours. Plus, the method can be scaled up 
for adenovirus purification in process scale.

Recombinant viral vectors are used to infect cells for expressing desired 

proteins for signal transduction experiments, gene-function analysis or 

gene-therapy research. Adenovirus is a nonenveloped dsDNA virus with 

a diameter of 80–90 nm. Owing to its ability to infect most mammalian 

cell types (replicative and nonreplicative) and to replicate at high titers, 

it is one of the most widespread systems for viral gene transfer.

Various requirements need to be met when purifying adenovirus 

from cell culture for the above-mentioned applications. In the early 

phases of a research project, many different adenoviral constructs need 

to be screened. For this purpose, only small virus amounts are required. 

Gene-therapy experiments, however, require large amounts of virus. 

Additionally, the possibility of scaling up the method is a must when 

entering Phase I experiments1.

Adenovirus purification with membrane 
chromatography
Adenovirus is cultivated in HEK 293 cells and purified from the cell lysate 

as soon as cells start showing cytopathic effects. The most common puri-

fication method uses a cesium chloride (CsCl) density gradient, in which 

the adenovirus is purified on the basis of its specific density. Density 

gradients, followed by the obligatory dialysis step to remove cytotoxic 

CsCl, are very time-consuming and difficult to pursue with small and 

large cell-culture volumes. Because adenovirus is negatively charged 

under physiological conditions, it can effectively be purified using ion 

exchange chromatography2. Membrane chromatography offers a simple, 

scalable and fast alternative to the lengthy CsCl gradient purification 

method as well as purification with traditional chromatographic beads. 

Membrane adsorbers display a highly porous structure, with pores larger 

than 3,000 nm, and thus offer the adenoviral particles easy access to 

their charged surface3. Figure 1 shows an electron microscopic image of 

a membrane adsorber in comparison to common chromatography beads 

on the upper right side. The large membrane adsorber pores are easy to 

see, in contrast to the dense bead-surface structure.

Vivapure AdenoPACKs are ready-to-use membrane adsorber–based 

kits for convenient adenovirus purification at the laboratory scale. They 

contain all the filters, buffers, enzymes and other accessories needed 

for adenovirus purification. The AdenoPACK syringe filter arrangement 

incorporates the membrane adsorber for virus purification. The kits 

contain buffers, optimized for the purification of type 5 adenovirus, 

which is most frequently used for gene expression.

Fast and simple type 5 adenovirus purification
For a side-by-side comparison, we used Vivapure AdenoPACK100 for 

the purification of Ad-GFP (adenovirus expressing green fluorescent 

protein) from a 200-ml cell culture in comparison with the purification 

of the same virus from another 200-ml culture using the CsCl gradient 

purification method.
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Figure 1 | Open porous structure of membrane adsorbers. An electron 
microscopic image comparing the open porous structure of the membrane 
adsorber to the much smaller chromatography bead pores. Scale bar, 50 µm.
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For both experiments, we infected low-passage HEK 293 cells with 

the adenovirus stock at a multiplicity of infection (m.o.i.) of 10–20 in 

15-cm plates containing 20 ml of Dulbecco’s modified Eagle medium 

(DMEM). We collected the cells when they started showing cytopathic 

effects. This step is not as critical when using the AdenoPACK kits, as 

the cell lysate and supernatant are both used for isolating the virus. 

When performing a CsCl gradient purification, the cells need to be 

collected before they release the virus into the supernatant, as only the 

cell pellet can be used.

For purification with AdenoPACK, we resuspended the harvested 

cell pellet in 10 ml of DMEM and lysed it by three freeze-thaw cycles  

while storing ~180 ml of supernatant, which also contains adenovi-

ruses, on ice. After lysis, we centrifuged the sample to remove cell 

debris and recombined it with the supernatant from the previous step. 

DNA digestion with supplied Benzonase® Nuclease was performed 

with the entire sample (195 ml), followed by a final filtration, to pre-

vent clogging of the AdenoPACK units. We prepared a second pellet 

obtained from 200-ml cell culture for a CsCl density gradient purifica-

tion according to published protocols (16 h at 100,000g, after which 

the viral band is recovered with a syringe, followed by a further CsCl 

density gradient, 16 h at 30,000g).

We equilibrated AdenoPACK units with loading buffer supplied 

in the kit and then loaded the previously prepared sample. The 

adenovirus particles are bound by the membrane adsorber’s ion-

exchange ligands. Nonspecifically and loosely bound cell proteins 

are removed in a wash step before the final elution of the purified 

adenovirus. We quantified the virus particles by absorbance mea-

surement at 260 nm, taking one optical density unit at 260 nm to be 

equivalent to 1012 particles. The AdenoPACK kit purification yielded 

3.5 × 1012 viral particles, whereas the CsCl density gradient con-

tained 1.5 viral particles.

We quantified the number of infectious particles using a commer-

cial kit, resulting in the detection of approximately 5 x 1010 infec-

tious units from preparation made using both purification methods. 

The achieved virus purity is shown in a western blot (Fig. 2a). We then 

examined the viral preparation by a transfection assay for GFP expres-

sion in HeLa cells. Figure 2b shows a fluorescent microscopic image of 

HeLa cells transfected with Ad-GFP, after purification with the Vivapure 

AdenoPACK 100.

Conclusions
The AdenoPACK kit achieves purification results similar to those 

obtained via CsCl gradient purification in only 2 hours, a fraction of 

the time needed for a purification by CsCl gradient. A transfection assay 

with Ad-GFP in HeLa cells shows that adenovirus purified with the 

AdenoPACK kit is highly infective, and microscopic analysis of cell 

viability clearly indicates high purity and low levels of endotoxins in 

viral concentrates.

Membrane adsorbers are ideal for virus purification, as large flow-

through pores allow unrestricted access to the binding ligands and 

convective transport speeds up the purification process. Moreover, the 

method can be scaled up for adenovirus purification in process scale, 

using the Sartorius SingleSep products, which are based on the same 

membrane adsorber technology.
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Figure 2 | Experimental purification results of Vivapure AdenoPACK.  (a) A 
western blot comparing the effectiveness of adenovirus purification over two 
CsCl density gradients and using AdenoPACK 100. A rabbit polyclonal antibody 
was used for the detection of Ad5 hexon proteins. The second antibody was a 
goat-anti-rabbit–alkaline phosphatase conjugate. (b) Infection assay with GFP-
adenovirus and HeLa cells shows that the purified virus is highly infectious, as 
detected in the high number of fluorescent cells (kindly provided by G.L. Lux, 
University Hospital and University of Applied Sciences, Mannheim). 

ADVERTISING FEATURE

ii | AUGUST 2006 | NATURE METHODS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice


