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50 DNA Concentration  Vivacon® 500

Reproducible DNA and protein  
sample desalting and concentration
Vivacon® 500 centrifugal concentra-
tors offer the optimal solution for DNA 
and protein concentration and buffer 
exchange applications. For optimal 
performance with very dilute samples, 
e.g. forensic samples, Vivacon® 500 is 
equipped with the patented regener-
ated cellulose membrane Hydrosart®.

High recoveries and excellent repro-
ducibilities are paired with conve-
nience offered by molecular weight 
cut-off printed on individual devices.

The possibility of a re-spin after sample
processing assures complete con
centrate recovery which is especially  
important when working with low  
sample concentrations.

New: Vivacon® 500-PCR Grade
When using DNA amplification  
technologies, any traces of DNA  
originating from the equipment have 
to be eliminated.

Vivacon® 500-PCR Grade units are 
treated with ethylene oxide (ETO)  
in a validated process in order to  
deactivate all traces of DNA that  
might interfere with subsequent  
amplification procedures.

Ref.: K. Shaw et al., Int. J. Legal Med. 
(2008) 122: 29–33

Feature Benefit

Re-spin possibility Complete and highly reproducible  
sample recovery

Low binding material High recoveries of low sample concentrations

Technical Specifications Vivacon® 500

Concentrator capacity

Fixed angle rotor 0.5 mL

Dimensions

Total length (concentration) 45 mm

Total length (back spin) 47.5 mm

Width 12.4 mm

Active membrane area 0.32 cm2

Hold up volume of membrane and support < 5 μL

Dead stop volume (40° rotor) 5 μL

Materials of construction

Body Polycarbonate

Filtrate vessel Polypropylene

Membrane Hydrosart®

Vivacon® 500
for DNA sample desalting and concentration
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Conversion table for Hydrosart® MWCO to Nucleotide Cut-off

Membrane MWCO Double-Stranded 
Nucleotide Cut-off (bp)

Hydrosart® 2 kDa > 10

Hydrosart® 10 kDa > 30

Hydrosart® 30 kDa > 50

Hydrosart® 50 kDa > 300

Hydrosart® 100 kDa > 600

Performance characteristics for DNA
Start volume 0.5 mL, sample concentration 50 ng/mL

Sample size  
(bp)

Time to concentrate up 
to 30x [min.] at 20°C

Concentrate 
recovery %

g-force  
(xg)

2,000 MWCO 10 60 min 93% 7,500

10,000 MWCO 30 25 min 94% 7,500

30,000 MWCO 50 18 min 88% 5,000

50,000 MWCO 300 18 min 91% 5,000

100,000 MWCO 600 10 min 87% 3,000

Performance characteristics for proteins
Start volume 0.5 mL, sample and concentration of proteins as specified in table

Sample Time to concentrate up 
to 30x [min.] at 20°C 

Concentrate 
recovery %

g-force  
(xg)

2,000 MWCO 0.25 mg/mL 
cytochrome c

30 min 95% 14,000

10,000 MWCO 0.25 mg/mL 
cytochrome c

15 min 92% 14,000

30,000 MWCO 1.0 mg/mL BSA 10 min 95% 14,000

50,000 MWCO 1.0 mg/mL BSA 10 min 92% 14,000

100,000 MWCO 1.0 mg/mL  
bovine IgG

11 min 90% 8,000
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Ordering information

Vivacon® 500 Pack size Prod. No.

2,000 MWCO 25 VN01H91

2,000 MWCO 100 VN01H92

10,000 MWCO 25 VN01H01

10,000 MWCO 100 VN01H02

30,000 MWCO 25 VN01H21

30,000 MWCO 100 VN01H22

50,000 MWCO 25 VN01H31

50,000 MWCO 100 VN01H32

100,000 MWCO 25 VN01H41

100,000 MWCO 100 VN01H42

Vivacon® 500 Sample Kit

Sample Kit L (4 units each of 2, 10, 30 K) 12 VN01HL12

Sample Kit H (4 units each of 30, 50, 100 K) 12 VN01HH12

Vivacon® 500-PCR Grade Sample Pack

30,000 MWCO 4 VN01H2SETO

50,000 MWCO 4 VN01H3SETO

100,000 MWCO 4 VN01H4SETO

Vivacon® 500-PCR Grade 

30,000 MWCO 25 VN01H21ETO

30,000 MWCO 100 VN01H22ETO

30,000 MWCO 500 VN01H23ETO

50,000 MWCO 25 VN01H31ETO

50,000 MWCO 100 VN01H32ETO

50,000 MWCO 500 VN01H33ETO

100,000 MWCO 25 VN01H41ETO

100,000 MWCO 100 VN01H42ETO

100,000 MWCO 500 VN01H43ETO

Vivacon® 500 accessories

Tubes 100 VNCT01
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Reproducible DNA sample desalting 
and concentration
Vivacon® 2 centrifugal concentrators 
offer the optimal solution for DNA  
and protein concentration and buffer 
exchange applications. For optimal 
performance with very dilute samples, 
e.g. forensic samples, Vivacon® 2 is 
equipped with the patented regener-
ated cellulose membrane Hydrosart®.

High recoveries and excellent repro-
ducibilities are paired with conve-
nience offered by volume graduation 
and molecular weight cut-off printed 
on individual devices.

The possibility of a re-spin after sample
processing assures complete con
centrate recovery which is especially 
important when working with low  
sample concentrations.

New: Vivacon® 2-PCR Grade
Vivacon® 2-PCR Grade units are  
treated with ethylene oxide (ETO)  
in a validated process in order to  
deactivate all traces of DNA that  
might interfere with subsequent  
amplification procedures.

Feature Benefit

Re-spin possibility Complete and highly reproducible  
sample recovery

Low binding material High recoveries of low sample concentration

Easy to remove re-spin cap Convenient sample handling

Graduation printed on Optimal process control

Technical Specifications Vivacon® 2

Concentrator capacity

Fixed angle rotor 2 mL

Dimensions

Total length (concentration) 125 mm

Total length (back-spin) 115 mm

Width 16 mm

Active membrane area 0.95 cm2

Hold-up volume membrane and support 10 μL

Dead stop volume (25° rotor) 55 μL

Materials of construction

Body Polycarbonate

Filtrate vessel Polypropylene

Back spin vial Polypropylene

Concentrator cap Polypropylene

Membrane Hydrosart®

Vivacon® 2
for DNA sample desalting and concentration
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Conversion table for Hydrosart® MWCO to Nucleotide Cut-off

Membrane MWCO  Double-Stranded
Nucleotide Cut-off (bp)

Hydrosart® 2 kDa > 10

Hydrosart® 10 kDa > 30

Hydrosart® 30 kDa > 50

Hydrosart® 50 kDa > 300

Hydrosart® 100 kDa > 600

Performance characteristics
Volume 2 mL, sample concentration 50 ng/mL, start volume: 2 mL

Sample size
(bp)

Time to concentrate up
to 30x [min.] at 20°C

Concentrate
recovery %

g-force
(xg)

2,000 MWCO 10 120 min 92% 7,500

10,000 MWCO 30 60 min 94% 5,000

30,000 MWCO 50 60 min 95% 2,500

50,000 MWCO 300 45 min 96% 2,500

100,000 MWCO 600 30 min 93% 2,500
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Ordering information

Vivacon® 2 Pack size Prod. No.

2,000 MWCO 25 VN02H91

2,000 MWCO 100 VN02H92

2,000 MWCO 500 VN02H93

10,000 MWCO 25 VN02H01

10,000 MWCO 100 VN02H02

10,000 MWCO 500 VN02H03

30,000 MWCO 25 VN02H21

30,000 MWCO 100 VN02H22

30,000 MWCO 500 VN02H23

50,000 MWCO 25 VN02H31

50,000 MWCO 100 VN02H32

50,000 MWCO 500 VN02H33

100,000 MWCO 25 VN02H41

100,000 MWCO 100 VN02H42

100,000 MWCO 500 VN02H43

Vivacon® 2-PCR Grade

30,000 MWCO 25 VN02H21ETO

30,000 MWCO 100 VN02H22ETO

30,000 MWCO 500 VN02H23ETO

50,000 MWCO 25 VN02H31ETO

50,000 MWCO 100 VN02H32ETO

50,000 MWCO 500 VN02H33ETO

100,000 MWCO 25 VN02H41ETO

100,000 MWCO 100 VN02H42ETO

100,000 MWCO 500 VN02H43ETO

Vivacon® 2-PCR Grade Sample Pack 

30,000 MWCO 4 VN02H2SETO

50,000 MWCO 4 VN02H3SETO

100,000 MWCO 4 VN02H4SETO
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58 Protein Purification  Vivapure® Ion Exchange Protein Purification Products

Fast and easy-to-use spin columns
Vivapure® Ion Exchange (IEX) spin  
columns are centrifugal devices,  
incorporating Sartobind® Membrane 
Adsorber technology as their chroma-
tography matrix. Vivapure® IEX spin 
columns make protein purification  
as easy as filtration. The devices are 
ready-to-use and do not bear the  
risk of running dry. For many protein 
purification applications, they can  
replace time-consuming and tedious 
column chromatography.

The rapid 1-2-3 bind-wash-elute proto-
col especially lends itself to screening 
applications, where many different 
samples are processed in parallel.

The Sartobind® membrane adsorber
matrix 
Sartobind® IEX membrane adsorbers 
are based on stabilized regenerated 
cellulose and display a microporous 
structure with a pore size of > 3 μm, 
which is orders of magnitude larger 
than conventional chromatographic 
gel materials. This allows molecules  
to be transported to the ligands
immobilized on the membrane  
adsorber by convective flow, leading 
to very high flow rates.

In contrast to that, gel chromatogra-
phy is slowed down due to diffusion 
limitations, as the molecules need to 
enter the small bead pores in order to 
be bound by the ligands. The porous 
membrane adsorber enables fast,  
reproducible and scalable protein  
purification.

Fast and simple to use spin columns	- Devices are ready to use	- Make protein purification as simple 
as filtration

Reproducible results	- No column packing necessary  
devices are ready-to-use	- Membrane adsorber spin columns 
cannot crack or run dry

Centrifugal devices	- Offer the possibility of working in 
parallel

Low bed volume	- Small membrane adsorber bed  
volumes allow working with lower 
buffer amounts, leading in concen-
trated elution fractions

Up-scalable product range	- Process scale modules are available 
with the same Sartobind® IEX  
membrane adsorber matrix

Vivapure® Ion Exchange Protein Purification Products

Chromatography gel beads (right) 
are shown on top of a membrane 
adsorber in this SEM picture.  
The membrane adsorber pores are 
over 50 + larger than bead pores.

Fast and easy protein purification with Vivapure® spin columns
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Available formats

Vivapure® IEX Products Application

Vivapure® Mini Spin Columns 	- Sample fractionation	- Purification condition scouting	- Small scale purification

Vivapure® Maxi Spin Columns 	- Large scale sample fractionation	- One step protein purification | concentration	- Polishing of his-tagged protein

Membrane availability

Functional groups Ion exchanger type

Sulphonic acid (S) Strong acidic cation exchanger: R-CH2-SO3
-Na+

Quaternary ammonium (Q) Strong basic anion exchanger: R-CH2-N+-(CH3)3Cl-

Diethylamine (D) Weak basic anion exchanger: R-CH2-NH+-(CH2H5)2

Performance characteristics

Vivapure® spin  
columns

Protein binding  
capacity* (mg)

Max. volume per  
centrifuge run using a 
swing-out rotor (mL)

Max. volume per  
centrifuge using a fixed 
angle rotor run (mL)

Vivapure® Mini H 4 0.4

Vivapure® Maxi H 60–80 19 10.5

Typical Applications	- Fractionation prior to further analysis e.g. 2D gels	- Scouting purification conditions for new protein preparation protocols	- Endotoxin removal	- Polishing His-tagged proteins after metal chelate chromatography	- Purification and concentration of proteins	- Removal of heme moiety from heme containing proteins

Detailed application notes are available on our website: www.sartorius.com

Ordering Information

Vivapure® Mini Ion Exchange  
Spin Columns (up to 0.5 mL)

Spin  
Columns

Centrifuge  
Tubes

Prod. no.

Vivapure® Mini S&Q H starter kit 16 32 VS-IX01SQ16

Vivapure® D Mini H 24 48 VS-IX01DH24

Vivapure® Q Mini H 24 48 VS-IX01QH24

Vivapure® S Mini H 24 48 VS-IX01SH24

Vivapure® Maxi Ion Exchange Spin Columns (up to 20 mL)

Vivapure® D Maxi H 8 16 VS-IX20DH08

Vivapure® Q Maxi H 8 16 VS-IX20QH08

Vivapure® S Maxi H 8 16 VS-IX20SH08

* �Actual yields depend on specific protein 
sample and selected pH and salt conditions. 
Yields established using 1 mg/mL BSA in 
25 mM Tris/HCL pH 8.0 with Vivapure® Q & 
D spin columns and 1 mg/mL cytochrome c 
in 25 mM sodium acetate buffer pH 5.5 with 
Vivapure® S spin columns.

Vivapure® Mini-400 | 500 µL  
Binding capacitis: 1–4 mg

Vivapure® Maxi-19 | 20 mL  
Binding capacitis: 15–80 mg
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Recombinant virus vectors are the
preferred method for a wide range of 
gene delivery applications. Especially 
adenovirus type 5 and VSV-G pseudo-
typed lentivirus are two frequently  
utilized viral vectors for in vitro and in 
vivo applications.

Recombinant adenovirus vectors
Recombinant adenovirus vectors are 
versatile tools in research and thera-
peutic applications for gene transfer 
and protein expression in cell lines that 
have low transfection efficiency with  
liposomes.

After entering cells, the virus remains
epichromosomal (i.e. does not inte-
grate into the host chromosome,  
leaving the host genome unaffected). 
The delivery of RNAi into cells is  
becoming a major application for  
adenovirus vectors. 

Lentivirus vectors
Lentivirus vectors are frequently used 
in gene transfer studies, due to their 
ability of gene transfer and integration 
into dividing and non-dividing cells. 
The pseudotyped envelope with  
vesicular stomatitis virus envelope G 
(VSV-G) protein broadens their target 
cell range. Lentiviral vectors have been 
shown to deliver genes into cell types 
(e.g. neurons, lymphocytes and  
macrophages) which other retrovirus 
vectors could not be used for. The  
lentivirus vector is increasingly used  
to integrate siRNA efficiently in a wide 
variety of cell lines and primary cells, 
both in vitro and in vivo.

Rapid virus purification by  
Membrane Chromatography
The Sartobind® ion exchange mem-
brane adsorber technology used in 
AdenoPACK and LentiSELECT is 
unique in its capability to efficiently 
and rapidly capture and recover large 
virus particles. When compared to 
chromatography media, membrane
adsorbers provide large 3000 nm
pores allowing unrestricted access  
and recovery of virus from the charged 
adsorber surface. Convective flow 
through the syringe filter devices  
provides high-speed separations not 
possible with traditional chromatogra-
phy, cesium chloride density gradients 
and ultracentrifugation methods.

Our membrane adsorbers with porous
matrices, high capacities, low differ
ential pressures, high flow rates and 
low unspecific adsorption show an  
excellent performance in small scale 
virus purification. Additionally, they  
are also scalable and confirm to  
cGMP facilities to large volume, high 
performance separation, reducing  
the processing time by a factor of 10  
in the final process.

Vivapure® Virus Purification and Concentration Kits
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AdenoPACK 20 | 100 | 500
The AdenoPACK adenovirus purifi
cation and concentration kits offer  
researchers who need to recover up to 
3 × 1013 purified recombinant adeno
virus particles for invitro transfection a 
fast, safe and easy to use solution. The 
kits include all reagents and devices 
necessary for clarification, purification 
and concentration of adenovirus 
type 5 from HEK293 cell cultures in
only two hours. These straight forward 
kits replace time-consuming and  
labor-intensive 48 hour CsCl density 
gradients.

AdenoPACK kits are offered as  
AdenoPACK 20, AdenoPACK 100  
and AdenoPACK 500, for the  
purification and concentration of  
adenovirus type 5 from 20 mL to 
500 mL cell culture, leading to  
1 × 1011- 3 × 1013 purified viral particles. 
For each sample volume, the most 
convenient handling method is  
offered for ultimate convenience.

To this end, preparations using  
AdenoPACK 20 are pursued in  
spin column format in a centrifuge,  
AdenoPACK 100 is a manually
operated kit in syringe filter format*, 
and AdenoPACK 500 is a pump  
driven kit.

AdenoPACK advantages

Fast and easy virus purification	- Purification completed in 2 hours	- Convenient, over 10 × faster  
alternative to CsCl density gradient

Quantitative yields	- In contrast to CsCl density gradient, 
the complete cell culture is used for 
virus purification and not only the 
viral pellet

Flexible product range	- Applicable from initial construct 
screening to large scale virus  
production

Complete Kit	- Including filtration devices,  
AdenoPACK units for virus purifica-
tion, Vivaspin® and all buffers

Low endotoxin levels	- High cell viability and infection  
rates due to endotoxin levels of 
< 0.025 EU/mL

Adenovirus Purification with Vivapure® AdenoPACK Kits

*     �Vivapure® AdenoPACK 100 can optionally  
be operated with a laboratory pump and an 
infusion pump, for which protocols are pro-
vided on our web page www.sartorius.com. 
Additionally, the tubes and adaptors  
needed for these operation modes can be 
ordered.

**   after dialysis
*** before buffer exchange

Purification results from preparations with Ad5 GFP-constructs

Purification method Process time Eluate Recovery*** Viral Particles

AdenoPACK 20|20 mL culture 1 hour 1 mL 65–70% 1 × 1011-12

AdenoPACK 100|60 mL culture 1–2 hours 1 mL 65% 1–3 × 1012

AdenoPACK 100|200 mL culture 2 hours 1 mL 80% 1 × 1013

AdenoPACK 500|500 mL culture 2 hours 1 mL 80% 1–3 × 1013

500 mL CsCl density gradient 24–48 hours 1–2 mL** 60–70% 1 × 1011-12



Final  
concentration| 
buffer exchange

1. Treat with Benzonase®** 
2. Filter with Vivaclear Maxi
3. �Add 10× Loading Buffer  

to sample
4. �Equilibrate AdenoPACK Maxi spin columns

5. �Bind virus and wash 
away contaminants

6. Elute purified virus

spin spin spin
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Vivapure® AdenoPACK 20 is the 
downscale kit in the AdenoPACK  
series, purifying up to 1 × 1012 adeno
virus type 5 particles from 20 mL cell 
culture. Especially when testing new 
constructs, parallel and fast purifica-
tions of different adenoviruses are
essential. This kit allows the rapid, sim-
ple and affordable spin column based 
purification of 6 different samples in 

parallel and bridges a gap in the CsCl 
density gradient method – for the first 
time adenovirus type 5 can efficiently 
be purified from less than 100 mL cell 
culture volume!

Typical performance
For a normal yielding vector, 1 × 15 cm  
culture plate purified using this meth-
od yields up to 1 × 1012 viral particles.

Vivapure® AdenoPACK 20 contents and ordering information

Vivapure® AdenoPACK 20 VS-AVPQ020

Vivapure® AdenoPACK 20 RT* VS-AVPQ022

AdenoPACK Maxi spin columns 6

Vivaclear Maxi 0.45 μm PES 6

Empty 50 mL tubes 6

Loading Buffer (10×) 25 mL

Washing Buffer (10×) 30 mL

Elution Buffer 20 mL

Benzonase® (12.5 U/μL) 120 μL

Vivaspin® 20, 100 kDa MWCO 6

Instructions 1 each for Kit and Vivaspin®

Technical data

Kit specifications

Sample size 20 mL of cell culture

Number of purifications 6 × 20 mL

Virus particles (VP) per mL Typically up to 1 × 1011 – 1012

VP | IU 50–100

Processing time Typically 1 hour

Endotoxin level < 0.025 EU/mL

Vivapure® AdenoPACK 20  
The optimal kit for construct screening

*   �AdenoPACK 20 RT does not contain  
Benzonase®

** �Benzonase® Nuclease is manufactured by 
Merck KGaA, Darmstadt, Germany and  
is covered by US Patent 5,173,418 and EP 
Patent 0,229,866. Nycomed Pharma A/S 
(Denmark) claims worldwide patent rights 
to Benzonase® Nuclease, which are licensed 
exclusively to Merck KGaA, Darmstadt,  
Germany. Benzonase® is a registered trade-
mark of Merck KGaA, Darmstadt, Germany.
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Vivapure® AdenoPACK 100 is optimally 
suited for adenovirus purification from 
up to 200 mL cell culture for in vitro 
transfection. This flexible kit contains 
two AdenoPACK 100 units, which  
can be either used in tandem for the 
purification of up to 200 mL cell  
culture for recovering 1 × 1013 viral  
particles or individually for purifying 
1–3 × 1012 viral particles from up to 
60 mL cell culture. The purification  
is pursued manually with a syringe  
optimally attached to a retort stand. 

However, for even more convenience, 
protocols are provided for optionally 
running the virus purification with a 
peristaltic pump or with an infusion 
pump, in additional to detailed instruc-
tions for a manual operation supplied 
with the kit. The accessories needed 
for the operation with a pump are  
supplied as individual products.

Typical performance
For a normal yielding vector, 10 × 15 cm  
culture plate purified using this meth-
od yields up to 1 × 1013 viral particles.

Vivapure® AdenoPACK 100 contents and ordering information

Vivapure® AdenoPACK 100 VS-AVPQ101

Vivapure® AdenoPACK 100 RT* VS-AVPQ102

AdenoPACK 100 units 2

Minisart® Plus 4

20 mL syringe 4

Tubing set and one way valve 2

10 mL syringe (elution) 2

Loading Buffer (10×) 1 × 25 mL

Washing Buffer 1 × 120 mL

Elution Buffer 1 × 20 mL

Benzonase®  12.5 U/μL 200 μL

Vivaspin® 20 concentrator 4

Instructions 1 each for Kit and Vivaspin®

AdenoPACK 100 accessories

Pump tubing set for Vivapure® AdenoPACK 100 VS-AVPA001

Vivapure® AdenoPACK 100  
Fast purification of up to 1 × 1013 viral particles

* �AdenoPACK 100 RT does not contain  
Benzonase®*



1. �Add Benzonase® 
and clarify sample

2. �Load cleared 
sample

3. Wash 4. Elute Concentrate
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Technical data

Kit specifications

Sample size 20–200 mL of cell culture

Number of purifications 2 × 20–60 mL
1 × 200 mL

Virus particles (VP) per mL Typically up to 1 × 1013

VP | IU 20–50

Processing time Typically 2 hours

Endotoxin level < 0.025 EU/mL



1. �Add Benzonase® and  
clarify sample

2. �Load sample and wash  
unspecifically bound proteins

3. Elute 4. Concentrate
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Vivapure® AdenoPACK 500 is the  
direct upscale kit to the AdenoPACK 
100, for adenovirus purification. In  
only 2 hours up to 3 × 1013 adenovirus 
particles are purified and concentrated 
from 500 mL cell culture. This com-
pletely ready-to-use kit is conveniently
operated by a laboratory pump, offer-
ing optimal flow control and minimal

hands-on time. This easy to use prod-
uct replaces lengthy and inefficient  
cesium chloride density gradient 
methods.

Typical performance
For a normal yielding vector, 25 × 15 cm
culture plate purified using this meth-
od yields up to 3 × 1013 viral particles.

Vivapure® AdenoPACK 500 contents and ordering information

Vivapure® AdenoPACK 500 VS-AVPQ501

Vivapure® AdenoPACK 500 RT* VS-AVPQ502

AdenoPACK 500 unit 1

Sartopore 2 150 1

Tubing set and one way valve 2

10 mL syringe 1

Loading Buffer (10×) 60 mL

Washing Buffer (10×) 30 mL

Elution Buffer 20 mL

Benzonase® 12.5 U/μL 500 μL

Vivaspin® 20 concentrator 2

Instructions 1 each for Kit and Vivaspin®

Technical data

Kit specifications

Sample size 500 mL of cell culture

Number of purifications 1 × 500 mL

Virus particles (VP) per mL Typically up to 3 × 1013

VP | IU 20–50

Processing time Typically 2 hours

Endotoxin level < 0.025 EU/mL

Vivapure® AdenoPACK 500  
Pump driven kit for larger volumes

* �AdenoPACK 500 RT does not contain  
Benzonase®
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LentiSELECT 40 | 500 | 1000
The LentiSELECT lentivirus purifica-
tion and concentration kits offer  
researchers who need to recover up to 
5 × 109 infective lentivirus particles per 
mL for invitro transfection or animal 
studies a fast and easy to use solution.

These straight forward kits replace 
time-consuming ultracentrifugation 
protocols, which typically take approxi-
mately one day for large sample vol-
umes, thus reducing the purification 
time to only a few hours.

LentiSELECT kits are offered as  
LentiSELECT 40, LentiSELECT 500 
and LentiSELECT 1000 for the purifi-
cation and concentration of VSV-G 
pseudotyped lentivirus from 40 mL
to 1000 mL cell culture, leading to 
8 × 108 – 1 × 1010 purified infective  
particles. For each sample volume,  
the most convenient handling method 
is offered. To this end, 40 mL sample 
volumes are processed manually with 
LentiSELECT 40, while LentiSELECT
500 and 1000 are pump driven kits.

LentiSELECT advantages

Fast and easy virus purification	- Purification completed in under one 
to six hours, depending on sample 
volume	- Kit as easy to use as filtration

No need for expensive instruments	- Lentivirus purification with  
LentiSELECT is independent of 
equipment such as ultracentrifuges

High virus purity	- Achieve pure virus due to a chroma-
tography purification for your experi-
ments instead of a crude and vari-
able cell culture supernatant pellet

Optimal for multiple virus construct 
screening
With LentiSELECT 40, four purifica-
tion runs can be conducted in parallel 
with one kit

Complete Kits	- Including LentiSELECT units for  
virus purification, Vivaspins for  
concentration | buffer exchange and 
all buffers and syrings necessary

Low endotoxin levels	- High cell viability and infection  
rates due to endotoxin levels of 
< 0.025 EU/mL

Purification results from preparations with VSV-G pseudotyped  
lentivirus constructs

Purification method Process 
time

Eluate Viral  
Particles/mL

Recovery Infective Viral 
Particles

LentiSELECT  
40|40 mL sample 

45 min 200 μL* 4 × 109 50% 8 × 108

LentiSELECT  
500|500 mL sample 

3 hours 1 mL* 3 × 109 35% 2–5 × 109

LentiSELECT 
1000 | 1000 mL sample 

6 hours 2 mL* 5 × 109 35% 1 × 1010

Ultracentrifugation |  
500 mL sample 

10–11 hours 500 μL 6 × 109 25% 3 × 109

Lentivirus Purification with Vivapure® LentiSELECT Kit  

* After desaltin | buffer exchange
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Vivapure® LentiSELECT 40 is optimally
suited for lentivirus purification for up
to 40 mL cell culture and contains all 
components necessary for 4 purifica-
tions. Up to 8 × 108 viral particles are 
recovered in less than one hour. In 
contrast to traditional ultracentrifu
gation methods, virus purification
with Vivapure® LentiSELECT is fast
and simple, without the need for  
expensive equipment like an ultra

centrifuge. Additionally, this chro-
matographic procedure leads to pure 
virus samples in contrast to the crude 
ultracentrifuge pellet, resulting in 
higher reproducibility and increased 
gene transfer efficiency.

Typical performance
For a normal yielding vector, 2 × 15 cm
culture plate purified using this meth-
od yield up to 8 × 108 particles.

Vivapure® LentiSELECT 40 contents and ordering information

Vivapure® LentiSELECT 40 VS-LVPQ040

LentiSELECT units 4

50 mL syringe  4

10 mL syringe 4

Tube set with one-way valve 4

Loading buffer (10 ×) 30 mL

Washing buffer 150 mL

Elution buffer 20 mL

Vivaspin® 20, 100 kDa MWCO 8

Instructions 1 each for Kit and Vivaspin®

Technical data

Kit specifications

Sample size 40 mL cell culture

Number of purifications 4 × 40 mL

Infective particles (P) per mL Typically up to 3 × 109

VP | IU 5–15

Processing time Typically 45 minutes

Endotoxin level < 0.025 EU/mL

Vivapure® LentiSELECT 40   
Fast purification of up to 8 × 108 viral particles

1. � 2. Washing 3. Elute

10 mL syringe
containing
elution buffer

LentiSELECT
Unit

Purified virus

Tube containing
24 mL buffer

LentiSELECT
Unit
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Vivapure® LentiSELECT 500 is  
optimally suited for VSV-G pseudo-
typed lentivirus purification from up  
to 500 mL cell culture and contains  
all reagents and devices necessary  
for purifying up to 2–5 × 109 infective 
particles.

The whole purification procedure  
is simply operated by a laboratory 
pump, which minimizes hands-on 
time. Unlike conventional purification 

methods as ultracentrifugation,  
Vivapure® LentiSELECT 500 offers  
a fast and simple solution for purifying 
VSV-G pseudotyped lentiviruses mak-
ing expensive purification equipment 
like ultracentrifuges redundant.

Typical performance
For a normal yielding vector, 500 mL 
cell culture purified using this method 
yield up to 2–5 × 109 infective particles 
in 1 mL (total volume 1 mL).

Vivapure® LentiSELECT 500 contents and ordering information

Vivapure® LentiSELECT 500 VS-LVPQ500

LentiSELECT unit 1

Sartopore® 2 150 1

50 mL syringe 1

Tube set with one-way valve 1

Loading buffer (10 ×) 30 mL

Washing buffer 170 mL

Elution buffer 30 mL

Vivaspin® 20, 100 kDa MWCO 2

Operating manual 1 each for Kit and Vivaspin®

Technical data

Kit Specifications

Sample size 500 mL cell culture

Number of purifications 1 × 500 mL

Infective particles (IP) per mL Typically up to 2–5 × 109*

Processing time Typically up to 3 hours

Endotoxin level < 0.025 EU/mL

Vivapure® LentiSELECT 500  
Fast purification of up to 2–5 × 109 infective particles per mL from 500 mL cell culture

* 1 mL final elution sample
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Vivapure® LentiSELECT 1000 is the  
direct scale up kit to LentiSELECT 
500, for VSV-G pseudotyped lenti
virus purification. The rapid 6 hour  
protocol results in a recovery of  
4–5 × 109 infective particles per mL 
(total volume 2 mL) from 1000 mL  
cell culture supernatant.

This kit is to be operated by a laborato-
ry pump and contains all necessary 
buffers and ultrafiltration devices for 

optimal convenience. The traditional 
time consuming ultracentrifugation 
method is replaced by this fast and 
simple Vivapure® LentiSELECT
1000 kit.

Typical performance
For a normal yielding vector, 1000 mL 
cell culture purified using this method 
yield up to 4–5 × 109 infective particles 
in 1 mL (total volume 2 mL).

Vivapure® LentiSELECT 1000 contents and ordering information

Vivapure® LentiSELECT 1000 VS-LVPQ1000

LentiSELECT unit 2

Sartopore® 2 150 1

50 mL syringe 1

Tube set with one-way valve 1

Loading buffer (10 ×) 30 mL

Washing buffer 170 mL

Elution buffer 60 mL

Vivaspin® 20, 100 kDa MWCO 2

Operating manual 1 each for Kit and Vivaspin®

Technical data

Kit specifications

Sample size 1000 mL cell culture

Number of purifications 1 × 1000 mL

Infective particles (IP) per mL Typically up to 4–5 × 109*

Processing time Typically up to 6 hours

Endotoxin level < 0.025 EU/mL

Vivapure® LentiSELECT 1000   
Pump driven kit for larger sample volumes

* 2 mL final elution sample
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Introduction
Vivaspin® centrifugal concentrators, 
with patented vertical membrane 
technology, combine fast filtration 
with high recovery of target proteins. 
This makes Vivaspin® the technology 
of choice for desalting or buffer ex-
change, avoiding lengthy dialysis steps.

While proteins are retained by an  
appropriate ultrafiltration membrane, 
salts can pass freely through, inde
pendent of protein concentration or 
membrane MWCO. In consequence, 
the composition of the buffer in the 
flow-through and retentate is un-
changed after protein concentration. 
By diluting the concentrate back to 
the original volume, the salt concen-
tration is lowered. The concentrate  
can be diluted with water or salt-free 
buffer if simple desalting is required; 
however, it is also possible to dilute the 
concentrate with a new buffer, thereby 
exchanging the buffering substance 
entirely. For example, a 10 mL protein 
sample containing 500 mM salt, if 
concentrated 100 × still contains 
500 mM salt. If this concentrate is 
then diluted 100 × with water or salt-
free buffer, the protein concentration 
returns to normal, while the salt  
concentration is reduced 100x to only
5 mM, (I.E. a 99% reduction in salt).

The protein sample can then be con-
centrated again to the desired level, or 
the buffer exchange can be repeated 
to reduce the salt concentration even 
further before a final concentration  
of the protein. This process is called 
‘diafiltration’. For proteins with a  
tendency to precipitate at higher con-
centrations, it is possible to perform 
several diafiltration steps in sequence, 
with the protein concentrated each 
time to only 5 or 10x. For example,  
if a precipitous protein sample is  
concentrated to 5x then diluted back 
to the original volume, and this pro-
cess is repeated a further two times, 
this still results in a >99% reduction  
in salt concentration, without over 
concentrating the protein.

1. Desalting and Buffer Exchange with Vivaspin®  
Centrifugal Concentrators
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Desalting and buffer exchange  
procedure (see figure 1.)
1.  �Select the most appropriate MWCO 

for your sample. For maximum  
recovery, select a MWCO ½ to 1/3  
the molecular size of the species  
of interest.

2. �Fill concentrator with up to the  
maximum volume stated in the  
device operating instructions*,  
(e.g. 20 mL if Vivaspin® 20 is used).

3. �If the sample is smaller than the 
maximum device volume*, it can be 
diluted up to the maximum volume 
before the first centrifugation step. 
This will help increase the salt  
removal rate.

4. �Centrifuge for the recommended 
amount of time at an appropriate 
spin speed for your Vivaspin® 
model*.

5. Empty filtrate container**.
6. �Refill concentrator with an  

appropriate solvent.
7. Centrifuge again as before.
8. Empty filtrate container†.
9. �Recover the concentrated,  

de-salted sample from the bottom 
of the concentrate pocket with a  
pipette.

Notes 
*   �For guidance on maximum fill volumes,  

spin speeds and suggested spin times, 
please refer to the Operating Instructions 
that accompany your Vivaspin® products.

** �Filtrate volumes should be retained until the 
concentrated sample has been analyzed.

1, 2, 3	 4	 5, 6	 7	 8, 9

Select device  
with MWCO  
⅓rd MW of  
largest protein.

Fill device with 
sample solution.

Spin. 
 
Salts pass 
through  
membranes

Decant filtrate.

Make concen- 
trate back up to 
original volume 
using fresh buffer.

Salt is now diluted.

Spin to 
concentrate 
target protein.

Recover  
concentrated & 
de-salted protein 
sample

Figure 1: Step-by-step method for desalting and concentration
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Test results
As the results below show, the efficient 
design of Vivaspin® devices allowed 
>95% of the salt to be removed during 
the first centrifugation step. Only one 

subsequent centrifugation step was 
needed to increase the typical salt  
removal to 99% with >92% recovery of 
the sample.

Vivaspin® 20

MWCO 5 kDa 30 kDa 50 kDa 100 kDa

Cytochrome C
0.25 mg/mL

BSA 1 
mg/mL

BSA 1 
mg/mL

IgG 1 mg/mL

Protein 
Recovery

NaCL
Removal

Protein 
Recovery

NaCL
Removal

Protein 
Recovery

NaCL
Removal

Protein 
Recovery

NaCL
Removal

Spin 1 100% 99% 97% 99% 97% 99% 90% 98%

Spin 2 96% 100% 92% 100% 93% 100% 87% 100%

Four Vivaspin® 20 devices of each  
cut-off were tested with 20 mL of 
solution. Each of the solutions con-
tained 500 mM NaCl. Each spin was 
performed at 4,000 × g. The devices 
> 5 kDa were spun for 30 min. The  
devices with 5 kDa were spun 45 min. 
After the first and second spin, the  

retentate was brought up to 20 mL  
with ultra pure water from the Arium®

system (Sartorius). OD readings were 
taken at 410 nm for the Cytochrome C 
and 280 nm for the BSA and IgG  
samples. Salt concentration was mea-
sured with a Qcond 2200 conductivity 
measuring instrument.

Vivaspin® 6

MWCO 5 kDa 30 kDa 50 kDa 100 kDa

Cytochrome C
0.25 mg/mL

BSA 1 
mg/mL

BSA 1 
mg/mL

IgG 1 mg/mL

Protein 
Recovery

NaCL
Removal

Protein 
Recovery

NaCL
Removal

Protein 
Recovery

NaCL
Removal

Protein 
Recovery

NaCL
Removal

Spin 1 98% 99% 92% 99% 93% 99% 92% 98%

Spin 2 85% 100% 86% 100% 83% 100% 89% 100%

Four Vivaspin® 6 devices of each  
cut-off were tested with 6 mL of  
solution. Each of the solutions con-
tained 500 mM NaCl. Each spin was 
performed at 4,000 × g. The devices
> 5 kDa were spun for 30 min. The  
devices with 5 kDa were spun 45 min. 
After the first and the second spin the 

retentate was brought up to 6 mL  
with ultra pure water from the Arium® 
system (Sartorius) OD readings were 
taken at 410 nm for the Cytochrome C 
and 280 nm for the BSA and IgG  
samples. Salt concentration was mea-
sured with a Qcond 2200 conductivity 
measuring instrument.
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Introduction
With appropriate device size and 
membrane cut-off selected, Vivaspin® 
products will typically yield recoveries 
for the concentrated sample > 90% 
when the starting sample contains 
over 0.1 mg/mL protein of interest.  
Depending on sample characteristics
relative to the membrane type used,
solute (protein) adsorption on the 
membrane surface is typically very  
low (2–10 μg/cm2) and in practice not 
detectable. 

This can increase to 20–100 μg/cm2 
when the filtrate is of interest and the 
sample must pass through the whole 
internal structure of the membrane. 
Whilst the relative adsorption to the 
plastic of the sample container will be 
proportionately less important than  
on the membrane, due to the higher 
total surface area, this can be also be a 
source of yield loss. Typically, a higher 
cut-off membrane will bind more than 
a low molecular weight alternative.

Whenever possible, the smallest 
MWCO and device size applicable 
should be chosen. Swinging bucket 
rotors are preferred to fixed angle  
rotors. This reduces the surface area of 
the concentrator that will be exposed 
to the solution during centrifugation.

An important factor not to be  
neglected is the thorough recovery of 
the retentate. Make sure to carefully 
remove all traces of solution from the 
sample container and, if feasible, rinse 
the device after recovering the sample 
with one or more drops of buffer and 
then recover again.

The intention of the following “passiva-
tion” procedure is to improve recovery 
of protein samples in the nano- to  
microgram concentration range by 
pretreating the device (membrane & 
plastic). For this purpose a range of 
solutions are suggested in Table 1.

Table 1: Passivation Solutions

Type Concentration

Powdered milk 1% in Arium® water

BSA 1% in PBS

Tween 20 5% in Arium® water

SDS 5% in Arium® water

Triton X-100 5% in Arium® water

PEG 3000 5% in Arium® water

Passivation procedure for Vivaspin®

ultrafiltration concentrators

A) Passivation procedure
1. �Wash the concentrators once by  

filling with Arium® water and spin  
the liquid through according to the 
respective protocol.

2. �Remove residual water thoroughly 
by pipetting.  
Caution: Take care not to damage 
the membrane with the pipette tip.

3. �Fill concentrators with the blocking 
solution of choice as given in Table 1.

4. �Incubate the filled concentrators  
at room temperature for at least  
2 hours (overnight is also possible 
except for Triton X-100 which is  
not recommended for overnight  
incubation).

5. �Pour out the blocking solution.
6. �Rinse the device 3–4 × very  

thoroughly with Arium® water  
and finally spin through.

7. �The “passivated” devices are now 
ready for use. We recommend  
comparing different passivation  
reagents with an untreated device.

Note
It is necessary to rinse the device  
thoroughly before each washspin  
to ensure that traces of passivation 
compound are removed from the 
deadstop. Use the device immediately 
for protein concentration or store it  
at 4°C filled with Arium® water, to
prevent the membrane from drying.

2. Treatment of Vivaspin® Concentrators for Improved 
Recovery of Low-concentrated Protein Samples
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B) Evaluation of passivation effects
(exemplary with BSA)
1. �Prepare a 10 μg/mL BSA stock  

solution e.g. by diluting 90 μL of the 
4 mg/mL stock solution in 36 mL 
0.1 M sodium borate pH 9.3. Mix well.

2. �Fill Vivaspin® 2 devices with 2 mL  
of this 10 μg/mL BSA solution and 
close with cap provided.

3. �Spin the device in a swing-out rotor 
at 4,000 × g until the volume is to 
app. 100 μL.

4. �Recover the concentrate and make 
back up to 2 mL with 0.1 M sodium 
borate pH 9.3

5. �Determine recovered protein  
concentrations e.g. according to 
Bradford or BCA assays.

Results and discussion
As an example, the effect of milk  
powder was analysed. It could be 
shown (Table 2) that the protein  
recovery of a 10 μg/mL BSA solution 
could be increased from around 70 to 
90%. If milk powder is not interfering 
with sample purity and quality, it is  
a good starting point to improve  
recovery of diluted sample solutions.

Protein recovery (10 μg/mL BSA) with 
Vivaspin® PES 10 kDa after passivation
In another example, detergents were
analysed with only 250 and 500 ng 
BSA (Table 3). BSA recovery declined 
to 50-30% in untreated devices as the 
protein concentration was reduced. 
Significant improvement to 60-90% 
recovery could be demonstrated when 
using the passivation strategy. Often, 
Triton X-100 seemed to work though 
the optimal reagent has to be selected 
for the respective protein and its  
hydrophilic|-phobic characteristics.

Application Note
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Summary
Passivation is an appropriate method 
to achieve increasing sample recovery 
when using very dilute samples. In ad-
dition to skimmed milk, other proteins 
(BSA), detergents and compounds  
are possible. However, it should be 
noted that this is a general procedure, 
not specific for any particular applica-
tion. Depending on the hydrophilic |  
-phobic character of the protein 
non-specific binding may be more or 
less of a problem and the suggested 
passivation solutions may lead to dif-
ferent results. Even with the Hydrosart® 
membrane, which is recommended  

for dilute samples, passivation of the 
device will reduce losses on the plastic 
surface. One very important thing to 
remember is that the blocking agent is 
potentially introduced into the sample. 
It should be assured that this will not 
interfere with downstream analysis.  
For example, proteins must not be 
used for passivation if a pure protein is 
intended to be concentrated for x-ray 
crystallography, as even the smallest 
traces would interfere with the diffrac-
tion pattern. Other subsequent analy-
ses methods include activity testing, 
gel electrophoresis or labelling are less 
problematic.

Table 2: Protein recovery (10 μg/mL BSA) with Vivaspin® PES 10 kDa after  
passivation

Table 3: Protein recovery (250 and 500 ng BSA) with Vivaspin® 2 PES 10 kDa 
after passivation

100 

80 

60 

40 

20 

0

	 milk powder
	 untreated

100 

80 

60 

40 

20 

0
250 ng 500 ng

	 PEG	 Triton X-100
	 Tween	 untreated
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Introduction
For separation and purification of pro-
teins from biological samples, different 
characteristics of the target protein 
e.g. its size, charge, hydrophobicity  
or specifically engineered tags are  
exploit.

With ion exchange chromatography,
separation is achieved on the basis  
of different charges of biomolecules. 
This makes it to a versatile method 
often used for pre-fractionation or  
purification of a target protein from 
crude protein mixtures. To optimize 
the purification procedure for an  
individual target, several binding  
and elution conditions have to be  
tested on cation and anion exchange 
matrices.

In contrast to traditional column chro-
matography methods, Vivapure® IEX 
centrifugal columns allow scouting  
of several chromatography conditions 
in parallel, leading quickly to different 
fractions which can be further analyzed 
for enriched or even already purified 
target protein.

Here, we demonstrate the performance 
of Vivapure® IEX Mini spin columns  
for evaluation of optimal purification 
conditions of cloned SH2 domains 
from an E. coli lysate in a two step  
procedure. This protocol can generally 
be employed for finding a purification 
method based on ion exchange  
chromatography for a given target 
protein as it is fast and only uses up 
small amounts of the sample.

In the first step of this protocol, bind-
ing conditions are evaluated by load-
ing the sample on Vivapure® Q and S 
columns at various pH-values, eluting 
bound proteins with a high salt con-
centration buffer and analyzing all 
fractions for the target protein. This 

step results in the optimal binding pH 
and the best ion exchange chemistry
for the purification.

In a second step, the best elution 
method is evaluated by applying  
increasing salt concentrations to  
columns which were shown to bind 
the target protein in step one, leading 
to a complete purification protocol  
in less than one hour.

Experiment
Using the described scouting proce-
dure, a purification method for a SH2 
domain expressed in E. coli was devel-
oped. In a first step, proteins were 
bound to the Vivapure® IEX mem-
branes at different pH values, then
eluted with high-salt buffer. In Step 
Two a fresh sample was adjusted to the 
respective pH elucidated previously as 
the best choice for binding the protein 
and was loaded onto a new column for 
refining optimal elution conditions.

Materials	- Vivapure® Mini Q H spin columns	- Vivapure® Mini S H spin columns	- Minisart® syringe filter (0.45 μm CA, 
Sartorius Stedim Biotech GmbH)	- Centrifuge, 45°-fixed-angle rotor; 
2000 × g

Buffers used
Buffer A: 25 mM Citrate, pH 4

Buffer B: 25 mM Potassiumphosphate, pH 6

Buffer C: 25 mM HEPES, pH 8

Buffer D: 25 mM Sodiumbicarbonate, pH 10

Buffer E: 25 mM Citrate, pH 4,  
supplemented with 1 M NaCl.

Buffer F: 25 mM Potassiumphosphate,  
pH 6, supplemented with  
0.2 M, 0.4 mM, 0.6 mM, 0.8 mM,  
& 1 M NaCl, respectively.

Buffer G: 25 mM HEPES, pH 8,  
supplemented with 1 M NaCl

Buffer H: 25 mM Sodiumbicarbonate, pH 10, 
supplemented with 1 M NaCl

3. Scouting Protein Purification Conditions Using  
Vivapure® Centrifugal Ion Exchange Membrane Absorbers
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Procedure

Step One: Scouting for binding  
conditions to the appropriate ion  
exchange chemistry.

Expression of target protein
300 mL LB media were inoculated 
with 4 mL of an overnight culture and 
incubated at 37°C, shaking at 150 rpm 
until an OD600 of 1.0 was reached. 
IPTG was added to a final concentra-
tion of 1 mM and incubated for further 
4 h with shaking at 150 rpm. Cells  
were harvested by centrifugation at
4000 × g for 30 min at 4°C. The pellet 
was resuspended in 35 mL PBS 
(150 mM KPi, pH 7,3) and cells were 
lysed by addition of lysozyme to a  
final concentration of 0.1 mg/mL and 
incubation for 1 h at 37°C. Insoluble 
particles as cell debris were removed 
by centrifugation at 10000 × g for 
30 min at 4°C.

Sample preparation
4 × 200 μL of the cell lysate were  
diluted with 1.8 mL binding buffer A  
to D each, to adjust the sample to the  
respective pH conditions. In order to 
avoid clogging of the membranes  
in the Vivapure® Mini spin columns, 
samples were clarified by passage 
through Minisart® syringe filters.

Column equilibration
4 × Q and 4 × S Vivapure® Mini spin 
columns were labeled 4, 6, 8 and 10 
corresponding to the pH of the buffer 
to be used. To each spin column, 
400 μL of the corresponding binding 
buffer were added and spun for
5 minutes at 2000 × g.

Binding and washing
400 μL of the clarified samples adjust-
ed to pH values 4, 6, 8 and 10 were  
applied each to the correspondingly 
equilibrated Vivapure® Q and S spin 
columns. Columns were spun for 5 min 
at 2000 × g. Afterwards, Vivapure® 
Mini spin columns were reloaded  
with 400 μL sample and spun again  
for 5 min at 2000 × g. Loosely bound
proteins were washed away with the 
application of 400 μL of the respec-
tive binding buffer to each of the  
columns and spinning for 5 min at 
2000 × g. Flow-through and wash 
fractions were collected for subse-
quent detection of the target protein.

Complete elution of bound proteins
200 μL of elution buffer E, F, G and H, 
were applied to the washed columns 
and spun for 3 min at 2000 × g.  
Eluates were saved for subsequent 
analysis.

Analysis
4 μL of flow-through, wash, and elution
fractions from each column were ana-
lyzed on reducing SDS-PAGE followed 
by silver staining.
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Result of Step One
Dilution of the E. coli lysate with  
binding buffer A (25 mM Citrate, pH 4) 
lead to complete precipitation of  
sample proteins. Thus, pH 4 could not 
be tested in this experiment. As can  
be seen on the SDS gel in figure 1,  
the target protein was present in the 
eluate of the Vivapure® Q Mini spin
column at all pH values tested togeth-
er with most of the E. coli proteins 
(Lanes Q “e”). In contrast, using the  
Vivapure® S Mini spin column, at all 
pH-values tested, most E. coli proteins 
did not bind to the membrane and 
were found in the flow-through (Lane 
Lane S “f”), thus resulting in pure
target protein in all elution fractions
(Lane S “e”).

Differences could be detected in the 
binding efficiency of the target protein 
as at pH 8 traces of the target protein 
were already found in the flow-

through, with slightly higher amounts 
at pH 10 (Lane S “e”). At pH 6, the most 
efficient binding of the target protein 
to the S membrane was observed.
Now that the binding conditions, i. e. 
binding pH and the best suited ion  
exchange chemistry, were found, the 
elution protocol of the target protein 
was optimized in a second step.

Step Two: Optimizing elution  
conditions

Sample preparation
Taking account of the results of Step 
One, 200 μL cell lysate were diluted 
with 1.8 mL binding buffer B (25 mM 
KPi, pH 6). In order to avoid clogging 
of the membrane in the Vivapure® Mini 
spin column, the pH adjusted sample 
was clarified by passage through a 
Minisart® syringe filter.

Fig. 1: Scouting for optimal binding conditions of a SH2 domain expressed in E. coli. SDS gel  
(reducing, 12%), silver stained. Shown are sample before loading, flow-through, wash, and elution 
fractions (1 M NaCl) from Vivapure® Q and S Mini spin columns, at the various pH values tested.
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Column equilibration
400 μL binding buffer B were applied 
to one Vivapure® S Mini spin column 
and spun for 5 minutes at 2000 × g.
Binding and washing 400 μL of the 
clarified sample were applied to the 
equilibrated Vivapure® S column and
spun for 5 min at 2000 × g. Afterwards, 
the Vivapure® S Mini spin column was 
reloaded with 400 μL sample and 
spun again for 5 min at 2000 × g.
Loosely bound proteins were washed 
away by application of 400 μL binding 
buffer to the column and spinning for 
5 min at 2000 × g. Flow-through and 
wash fraction were saved for analysis.

Stepwise elution
100 μL elution buffer F, supplemented 
with 0.2 M NaCl were applied to the 
Vivapure® S Mini spin column and 
spun for 3 min at 2000 × g. The eluate 

was collected. In the next step, 100 μL 
of elution buffer F, supplemented  
with 0.4 M salt were applied and again 
spun for 3 min at 2000 × g. Elution was 
continued until the entire gradient had 
been tested, saving the eluates from 
each step.

Analysis
4 μL of flow-through, wash, and elution
fractions from each column were ana-
lyzed on reducing SDS-PAGE followed 
by silver staining.

Result of Step Two
The target protein started to elute  
with 200 mM NaCl, however the main 
fraction eluted with 400 mM NaCl. 
Traces of the target protein were also 
found in the next elution step with 
600 mM NaCl, but this might be due 
to the low elution volume.

Fig. 2 Scouting for optimal elution conditions of a SH2 domain expressed in E. coli. SDS gel  
(reducing, 12%), silver stained. Sample before loading, flow-through, wash, and elution fractions 
from Vivapure® S Mini spin column at pH 6 are shown.
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Discussion
A two-step procedure was used to  
rapidly scout optimal purification  
conditions for a target protein (a SH2 
domain from E. coli lysate) with ion  
exchange chromatography. In the  
first step, the most suited buffer pH  
for binding the target protein to the 
most adequate ion exchanger was ver-
ified. In the second step, the elution 
condition was optimized building on 
the results gained in step one of this  
protocol (elution optimization after 
optimal binding of the target to the 
proper ion exchanger). With the  
scouting procedure described here,  
it was possible to quickly and conve-
niently purify the target protein to  
homogeneity. 

The results obtained in this experiment 
can be used for various ends, e.g:	- polishing a specific protein after  

a first  chromatography step with  
another chemistry	- establishing quickly a FPLC method 
for a new protein	- finding a purification method for  
a new protein for upscaling with  
Vivapure® Maxi or Mega.

For these purposes Vivawell 96well 
plates, Vivapure® Maxi and Mega  
columns and Sartobind® membrane 
adsorber units with FPLC connectors 
are available.
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Introduction
Evolutionary, viruses developed vari-
ous different mechanisms to interact 
and manipulate the genetic material  
of their target cells. Based on this, 
modern molecular biology utilizes  
viruses in a constantly growing number 
of applications.1 They range from  
controlled genetic transfection of cells 
to a variety of different basic studies  
in medical science.2 In medical studies 
the strategic focus is on recombinant 
vaccines and on the development of 
potential vectors for gene therapy.3,4

Besides the great relevance of viruses 
for medical applications, the assess-
ment of virus type and content is  
important for the risk assessment of 
food and drinking water.5 Also, the 
classification of virus content is often 
of high relevance for the quality  
control of aquatic biotopes.6

During the preparation, handling, or 
analysis of viruses or virus-like particles 
(VLPs), a concentration and | or purifi-
cation step is frequently required.5 
Typical viruses have a size within the 
range of about 20 nm up to several 
hundred nanometers.7 Therefore they 
are ideally suited for the retention on 
ultrafiltration membrane systems and 
such ultrafilters are widely used in 
basic virus research. The specifications 
of such ultrafiltration devices depend 
on the particular type of virus and the 
purpose of the subsequent applica-
tion.

This short review highlights methods 
for the purification of various mamma-
lian viruses for basic medical research. 
Also, the concentration of pathogenic 
viruses from water and food samples
and the purification of marine bacte-
riophages (virioplankton) are high-
lighted. It will also give guidance for 
the selection of an ideal performing 
device with the optimum molecular 
weight cut-off (MWCO) for the user 
specified ultrafiltration process.

Concentration of mammalian viruses 
in medical research
In medical research viruses and VLPs 
are of major interest, particularly for  
investigations on infectious viral  
diseases and for the development of  
vaccines or antiviral drugs. Moreover,
certain VLPs can manipulate genetic 
material in a directed manner and are 
used broadly in the development of 
genetic therapy approaches. Addition-
ally, viral vectors are well established
as a transfection method for gene 
transfer to cell lines e. g. to manipulate 
mammalian cells in vivo and in vitro.

An overview of thematically linked 
publications using Sartorius ultrafiltra-
tion devices for the purification and 
concentration of viruses and VLPs in 
the medical context is given in Table 1.
Among other applications, Vivaspin® 
devices were employed for the con-
centration of adeno-associated virus 
(AAV) and lentiviral vectors after  
purification via ion exchange chroma-
tography,8–10 on blood sera to prepare 
blank samples from hepatitis C virus 
(HCV)-positive blood sera,11 for the  
development of a vaccine against 
human immunodeficiency virus (HIV) 
and of an antiviral drug against  
Chikungunya virus.12,13

4. Sartorius Ultrafiltration Products for the Concen-
tration and Purification of Viruses – a Short Review
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Table 1: Summarized examples of applications with Vivaspin® and Vivaflow®  
for of viruses in medical reserch

Goal of Research 
(Type of virus,  
Host Organism)

Purpose of Filtration 
(Buffer System)

Sartorius Ultra-
filtration Device 
(MWCO)

 Subsequent Step Ref.

Gene therapy  
(Adenovirus type 5, 
VLP, human)

Diafiltration  
(20 mM Tris saline 
buffer)

Vivaflow® 
(100 kDa)

Storage, chromatography 
on Sartobind® STIC  
membrane absorber 
(FPLC)

14

Reduction of HCV- 
induced fibrosis  
(Hepatitis C Virus; 
human)

Removal of HCV from 
human blood serum 
(Blood serum)

Vivaspin® 
(30 kDa)

Preparation of negative 
control (from positive 
sample) for immuno
fluorescence assay,  
fibrosis induction assays

11

Development of a 
viral entry inhibitor for 
HIV (HIV, human) 

Removal of protein 
fraction from virus 
(PBS)

Vivaspin® 20 
(1,000 kDa)

Virus inactivation 12

Gene therapy for  
cancer treatment  
(adeno-associated 
virus; rAAV-2, human)

Concentration and 
purification after  
expression, Buffer  
exchange after His tag 
(FreeStyle 293  
Expression Medium 
(Gibco), serum-free)

Vivaspin® 20 
(1,000 kDa)

Titer, ELISA, cell binding 
assay, apoptosis | cell  
cycle assay

8

System for controlled 
gene expression in 
mice brain (Adeno- 
associated virus, mice)

Concentration of  
eluate after anion  
exchange chromatog-
raphy (elution buffer)

Vivaspin® 20 
(100 kDa)

Transduction of mice  
neurons 

9

Efficient gene transfer 
into the CNS  
(Lentivirus, human)

Concentration  
after ion exchange 
chromatography 
(PBS)

Vivaspin® 
(100 kDa)

Quantification via real- 
time PCR and end-point 
dilution. Transduction of 
murine neuronal and glial 
cells in vivo

10

Identification of  
effective chikungunya 
antiviral drugs  
(Chikungunya-Virus, 
human)

Concentration Vivaspin® 20 
(100 kDa)

Quantification by TCID50 13

Gene therapy of 
achromatopsia in 
mice (Recombinant 
adeno-associated 
virus, human virus 
used in mice)

Concentration  
(Anion exchange 
chromatography  
elution buffer)

Vivaspin® 4 
(10 kDa)

Titer determination  
by dot-blot analysis,  
subretinal injections

15
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Concentration of viruses from  
drinking water and food samples
The guidelines for drinking-water  
quality by the world health organiza-
tion describe safety plans to reduce 
potential risks from various virus  
infections.16 It states that, due to the  
increased resistance of viruses to  
disinfection methods, an absence of 
bacterial contamination after disinfec-
tion cannot be used as a reliable indi-
cator of the presence | absence of 
pathogenic viral species in drinking 
water supplies. Considering this,  
ultrafiltration can play a vital role in  
detecting such viral contaminations 
for the research on drinking water 
quality and food safety.

For an ultrafiltration step, the water 
sample does not have to be pre-con-
ditioned and its efficacy in concentrat-
ing the virus is virtually independent  

of the chemical properties and the 
structure of the virus.17 Thus ultrafiltra-
tion is very well suited to isolate and 
concentrate virus particles from water 
samples and is a valuable aid during 
the assessment of water quality. Most 
of the viruses which are found in water 
and also food samples are of fecal  
origin. Screening for these viruses is 
crucial to prevent infections. The most 
frequent ones are hepatitis A, hepatitis 
E and norovirus.18 Ultrafiltration has 
been described as the most appropri-
ate method for the recovery of hepati-
tis A virus from vegetables and other 
food items.19 Detection of infectious  
viruses is mainly done by propagation 
in cell culture (plaque assay) or the  
detection of the viral genomes by  
molecular amplification techniques 
such as quantitative reverse tran
scriptase polymerase chain reaction 
(RT-PCR).20

Table 2: Summarized examples of ultrafiltration application with Vivaspin®  
and Vivaflow® with viruses from drinking water and food samples

Goal of Research 
(Type of virus,  
Host Organism)

Purpose of Filtration 
(Buffer System)

Sartorius Ultra-
filtration Device 
(MWCO)

Subsequent Step Ref.

Method for the  
detection of norovirus 
genogroup I  
(Norovirus, human)

Concentration  
(PBS processed food 
samples)

Vivaspin® 
(5 kDa)

RNA extraction for  
real-time RT-PCR

22

Analysis of viral con-
tent in groundwater 
(A set of pathogenic 
viruses, potentially 
human)

Concentration of 
drinking water sample 
(Drinking water)

Vivaflow® 200 
(10 kDa)

Qualitative analysis  
(enterovirus) by  
RT-nested PCR and  
microtiter neutralization 
test

21

Comparative Analysis 
of Viral Concentration 
Methods (Hepatitis A 
virus, human)

Concentration 
(0.25 M threonine, 
0.3 M NaCl, pH 9.5)

Vivaspin® 20 
(100 kDa)

RNA extraction for  
real-time RT-PCR

19

Analysis of regional 
outbreak of gastro-
enteritis due to drink-
ing water contamina-
tion (Norovirus, 
Astrovirus, Rotavirus, 
Enterovirus, Hepatitis 
A virus; human)

Concentration 
(50 mmol/L glycine 
buffer, 1% beef  
extract)

Vivaspin® 2 Nucleic acid extraction 23
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Concentration of viruses and  
bacteriophages from marine  
biological samples
In marine biology, the concentration 
and subsequent analysis of marine 
bacteriophages (virioplankton) is of 
major interest. They outnumber the 
bacterioplankton (their host organ-
isms) by an order of magnitude and 
thus have an important influence
on the whole marine biosphere.24

As described by Wyn-Jones &  
Sellwood (ref. 17) ultrafiltration can  
be used to concentrate virus particles 
in water samples without any prior  
pretreatment of the sample and it is 
also practically independent from the 

chemical and structural properties  
of the viruses. Thus, it finds wide use 
for the analysis of aquatic viruses.  
For instance, Schroeder et al. (ref. 26) 
were able to determine the diversity 
and monitor population dynamics of 
viruses that infect Emiliania huxleyi, a 
globally important form of photosyn-
thetic plankton. In this study a reus-
able Vivaflow® 50 unit equipped with
a polyethersulfone (PES) membrane 
with MWCO of 50 kDa was used  
to concentrate viruses in sea water 
samples prior to storage and analysis. 
For further examples of virus concen-
tration from marine biological samples 
see table 3.

Table 3: Summarized examples of ultrafiltration applications with Sartorius  
Vivaflow® and Vivaspin® of samples from marine biology

Goal of Research  
(Type of virus,  
Host Organism)

Purpose of Filtration 
(Buffer System)

Sartorius Ultra-
filtration Device 
(MWCO)

Subsequent Step Ref.

Assessment of  
virioplankton diversity 
(Virioplankton,  
Plankton)

0.2 μm filtration for  
clarification, filtrate  
subjected to 3 kDa  
filter for concentration  
(Sea water)

Vivaflow® 200 
(0.2 μm and 
30 kDa)

Subsequent analysis  
by DNA separation 
on Agarose gel

25

Classification of  
virus (MpRNAV-01B,  
Micromonas pusilla)

Vivaflow® 200: harvest 
and concentration  
of whole cell lysate;  
Vivaspin®: washing  
(removal of CsCl)

Vivaflow® 200, 
Vivaspin® 
(30 kDa)

Classification of  
new virus: genome, 
proteins, stability, 
etc.

28

Assessment of genetic 
diversity in virioplankton 
(Emiliania huxleyi  
Bloom virus, Eukaryotic 
phytoplankton - alga)

After 0.45 μm filtration, 
concentration 1 L to 
20 mL (Sea water)

Vivaflow® 50 
(50 kDa)

PCR and Denaturing  
gradient gel  
electrophoresis

26

Investigation of gene  
expression during  
infection (Emiliania  
huxleyi virus strain 86, 
Eukaryotic phytoplank-
ton - alga)

Concentration  
from 5 L to 20 mL  
(f/2 medium)

Vivaflow® 50 
(50 kDa)

CsCl-gradient 27

Study on host genome 
integration (virophage 
mavirus, Cafeteria  
roenbergensis)

Clarification with 0.2 μm 
filter and concentration 
with 100 kDa filter  
(Cafeteria roenbergen-
sis, f/2 medium)

Vivaflow® 200 
(0.2 μm and 
100 kDa)

CsCl gradients,  
electron microscopy

29
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Conclusion
As mentioned before, the purification 
of virus by ultrafiltration is virtually in-
dependent of the chemical properties 
and the structure of the virus particles. 
As viruses have a size within the range 
of about 20 nm up to several hundred 
nanometers, they are typically several 
orders of magnitude bigger than  
even the biggest protein complexes.7 
Therefore, most viruses are unfailingly 
retained on membranes with large 
MWCOs of up to 1,000 kDa. The exact 
specifications of the ideal ultrafiltra-
tion membranes depend on the pur-
pose of the subsequent application.

During the preparation of viral vectors 
for medical studies, a buffer exchange 
after column purification can be  
performed with various MWCOs of  
all sizes.8,9,10,15 To separate virus particles 
from small proteins, a 1,000 kDa cut 
off has been shown to work.12 For the 
complete removal of HCV from blood 
serum a 30 kDa MWCO has been  
utilized.11 When the assessment of 
whole virus content is crucial (e.g. 
food, drinking water or marine water 
samples) smaller MWCOs (5 – 100 
kDa) are used to ensure full recovery 
of virus particles.19,21,22,25-29

Abbreviations

AAV Adeno-associated virus

CNS Central nervous system

DNA Deoxyribonucleic acid

ELISA Enzyme-linked immunosorbent 
assay

FPLC Fast protein liquid chromatography

HCV Hepatitis C virus

HIV Human immunodeficiency virus

kDa Kilodalton (1000 g per mole)

M Molarity (mole per litre)

mol Mole

MWCO Molecular weight cut-off

PBS Phosphate buffered saline

PCR Polymerase chain reaction

PES Polyethersulfone

RNA Ribonucleic acid

RT-PCR Reverse transcriptase-polymerase 
chain reaction

TCID50 50% Tissue culture Infective Dose

VLP Virus-like particle
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Introduction
Paul Ehrlich was inspired by the idea  
of the “magic bullet”* when he for the 
first time described in theory toxic 
drugs assembled to so-called “Nano-
carriers” in 1908.1 Today, Nanocarriers 
have found multiple applications in 
modern medicine and biotechnology. 
A key application for these special 
nanomaterials is a targeted delivery  
of drugs where they act as transport 
modules (i. e. as nanoparticles, vesi-
cles, or micelles) for the active ingre
dient.2,3,4,5 This is assumed to be more 
effective and less toxic to the (human) 
organism compared to traditionally 
administered drug substances.6  
Besides drug delivery, various further 
fields using Nanocarriers evolved 
during the last decades; e. g. magnetic 
resonance imaging or stem cell gene 
therapy with metal-based nanoparti-
cles,7,8 or optical imaging with quantum 
dots.9

Nanocarriers can be categorized by 
their starting material (i. e. metal-, 
lipid-, polymer-, and protein-based) 
and by their formation after preparation 
(i. e. vesicles, particles and micelles).  
In general, the preparation of a 
nanoparticle suspension or a vesicle 
dispersion in an aqueous medium 
consists of three steps: a) assembly  
of the Nanocarriers (for example by  
injections, film hydration, or reverse 
phase evaporation), b) purification  
(exemplary: chromatography, dialysis 
or ultrafiltration), and c) concentration 
like ultrafiltration or evaporation. 

This short review provides examples  
of recent literature dealing with the 
preparation of Nanocarriers. Particular 
focus is laid on the concentration and 
purification steps which were per-
formed via ultrafiltration with Sartorius 
Vivaspin® or Vivaflow® devices with  
different pore sizes (respectively  
molecular weight cut-off, MWCO). 

The Vivaspin® portfolio spans a volume 
range from 0.5 mL to up to 20 mL, 
whereas the Vivaflow® system covers 
volumes from 0.05 liters to up to  
5 liters. Thus, Sartorius offers an  
unrivaled wide range of processable 
sample volumes, membrane materials 
and MWCOs to meet the different  
requirements of their intended use. 
Challenges in this context are buffer 
exchange after synthesis, desalting 
and washing,10,11 exclusion of solubilized 
compounds,12,13,14 or aggregates.15

Purification is essential to obtain  
isosmotic conditions for in vivo  
applications to prevent aggregation  
or agglomeration and to remove  
free toxic drugs, ligands, or other  
substrates potentially triggering  
side effects. Concentration steps  
are essential to adjust the amount of  
pharmaceutical active ingredient in 
the drug to achieve the anticipated 
therapeutic or diagnostic effect.

During purification, the separation  
of free substances (starting material) 
from the desired Nanocarriers via 
size-exclusion chromatography (SEC) 
leads to an unavoidable dilution and to 
the necessity of a subsequent concen-
tration step. In contrast, diafiltration 
purifies without significant dilution  
but a concentration step can still be 
mandatory, if higher Nanocarrier  
concentrations are necessary. Both 
separation methods require a quite  
extensive costly and time-consuming 
manual handling. This drawback is 
overcome by the ultrafiltration utilized 
by centrifugation in Vivaspin® or with  
a peristaltic pump for the Vivaflow® 
System. This technique is less expen-
sive and quickly performed with very 
little manual input. Noteworthy is that 
purification and concentration steps 
are performed simultaneously.16 

5. Sartorius Ultrafiltration Products in the Preparation 
of Biological Nanoparticles and Medical Nanocarriers
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After the Nanocarrier is purified  
the determination of drug loading 
(conjugation or encapsulation  
efficiency) is commonly performed. 
The conjugation or encapsulation  
efficiency is one of the reference  
values to describe and characterize 
Nanocarriers. Other important proper-
ties are the zeta potential and the size 
distribution determined via photon 
correlation spectroscopy (PCS), 
high-resolution transmission electron 
microscopy (HRTEM) imaging, or  
via dynamic light scattering (DLS). 

Prior to performing these different 
characterizations a successful  
purification and concentration of the 
suspension or dispersion is essential.

In the following table you can find  
an overview of publications using  
ultrafiltration steps for the purification 
and concentration of different kinds  
of Nanocarriers. This table will also give 
you a guidance on which MWCOs  
to use.

* �In German “Zauberkugel”, opera “Freischütz” 
by Carl Maria von Weber

Table 1 summarizes examples of Nanocarrier ultrafiltration applications with Sartorius Vivaspin® or Vivaflow®:

Nanocarrier: Nanoparticle,  
Vesicle, Micelle

Size distribution obtained via 
(HR)TEM or DLS, Z-Average 
via PCS and others-if reported

Application Sartorius  
Ultrafiltration  
Device

MWCO Ultrafiltration  
purpose

Ref.

Nanoparticles from metal, metal oxides and functionalized metals

Iron oxides nanoparticles with  
cisplatin- bearing polymer coating

SD: 4.5 ± 0.9 nm via  
X-Ray-Diffraction Analysis

Magnetic resonance  
imaging

Vivaspin® 20 100 kDa Purification and  
concentration step

7

Functionalized iron oxide  
nanoparticles

SD: 38 and 40 nm via DLS Stem cell gene  
therapy and tracking

Vivaspin® 20 100 kDa Washing step 8

Gold nanoparticles SD: 0.8–10.4 nm via Atomic 
Force Microscopy

Antimicrobial activity Vivaspin® 20  5 kDa Purification step 17

Protein coated gold nanoparticles SD: 15 and 80 nm via TEM Drug delivery Vivaspin® 6 10 kDa Separation of 
Nanoparticles | Dyes 
and Washing

18

Functionalized gold nanoparticles Core-SD: 2 nm via TEM Targeted imaging tool 
and antigen delivery

Vivaspin® 10 kDa Purification step 19

Functionalized gadolinium-based  
nanoparticles

Z-Average: 1.1 ± 0.6 nm and  
4–14 nm

Diagnostic and  
therapeutic application

Vivaspin® 5 kDa, 10 
kDa

Purification and  
Concentration

20, 
21

Functionalized nanocrystals SD: 10 to 20 nm Quantum dots for  
imaging

Vivaspin® 300 kDa  
and  
50 kDa

Separation of quan-
tum dots-antibody 
conjugates from  
starting material (prior 
to enumeration)

9
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Nanocarrier: Nanoparticle,  
Vesicle, Micelle

Size distribution obtained via 
(HR)TEM or DLS, Z-Average 
via PCS and others-if reported

Application Sartorius  
Ultrafiltration  
Device

MWCO Ultrafiltration  
purpose

Ref.

Nanoparticles from polymers, functionalized polymers and polymersomes

Polymer based Nanoparticles Drug delivery Vivaspin® 30 kDa Purification and  
Concentration

22

Curdlan coated polymer  
nanoparticles

Z-Average: 280–480 nm  
depending on the composition

Macrophage  
stimulant activity  
and drug delivery

Vivaspin® 20 3 kDa Washing 23

Docetaxel-carboxymethylcellu-
lose  
Polymer Nanoparticles

Z-Average: 118 ± 1.8 nm Anti-cancer efficacy 
studies

Vivaspin® 10 kDa Concentration step 24

Functionalized Polymersomes Z-Average: 185 nm Surface functionaliza-
tion studies

Vivaspin® 20 10 kDa Concentration step 3

Lipid Nanoparticles and Liposomes

Liposomes and micelles Z-Average: 100 nm for  
Liposomes and 15 nm for  
micelles

Ischemia-reperfusion 
injury

Vivaspin® 20 100 kDa Concentration step 25

Extracellular vesicles  
(Exosomes and microvesicles)

Exosomes: 70–150 nm
Microvesislces: 100–1000 nm

Paper provides  
a general protocol

Vivaflow® 
50R

100 kDa Diafiltration and  
Concentration

26

Bacterial outer membrane vesicles SD: 124 nm via TRPS Tunable resistive pulse 
sensing (TRPS) Analysis

Vivaflow® 
200

100 kDa Buffer exchange and 
concentration step

27

Bacterial outer membrane vesicles Basic research Vivaspin® 20  
and 500

100 kDa Buffer exchange and 
concentration step

28

Bacterial outer membrane vesicles SD: 95 nm Basic research Vivaflow® 
200

100 kDa Buffer exchange and 
concentration step

29

Bacterial outer membrane vesicles SD: 50–150 nm via TEM Basic research Vivaspin® 100 kDa Buffer exchange and 
concentration step

30

Liposomes Drug delivery Vivaspin® 100 kDa External buffer  
exchange

2

Urinary exosomes size of exosomes < 100 nm Preparation of  
urinary exosomes

Vivaspin® 20  
and 500

100 kDa Concentration 31

Micelles

Micelles Drug delivery Vivaspin® 30 kDa Separation of free 
substrate and  
concentration step

4

Hydrophobic drug micelles  
based on polymers

SD via DLS: 39–165 nm  
depending on compound  
in use

Drug delivery Vivaflow® Removal surfactant 14

Protein Nanoparticles

Protein Nanoparticles SD: 20–40 nm via DLS Drug carrier studies Vivaspin® 
500

3 kDa Separation of the  
free from the encap-
sulated drug (Drug 
binding quantification 
by subsequent 
UV | Vis analysis)

32

SD = Size distribution
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