
in less than 60 minutes using the NucleoSpin® 96 Plasmid 
Kit and may be integrated with any Hamilton liquid handling 
platform without the need for deck modifications. We show 
that the combination of [MPE]2 and NucleoSpin® 96 Plasmid 
Kit provides an automated and high-throughput plasmid  
DNA purification solution with reliable performance and 
excellent yields.

Materials and Methods

Sample Preparation and Lysis

Following the NucleoSpin® 96 Plasmid (P/N 740625.1 /.4 /.24,  
MACHEREY-NAGEL) protocol, two cultures of E. coli DH 5α 
containing high-copy plasmid pGEM®-T Easy (P/N A1360, 
Promega Corporation, Madison, WI) and transformed 
separately with either a 1482 bp insert, or a 982 bp insert, 
were harvested and centrifuged at 1000 × g for 10 minutes 
in a 96-well microplate. Supernatant was discarded, and the 
sample pellets were resuspended in Buffer A1 by mixing or 
shaking. Lysis Buffer A2 was then added to the sample wells, 
and the plates were briefly shaken, then incubated for 2–5 
minutes at room temperature. Neutralization Buffer A3 was 
added to the wells, followed by mixing or shaking.

Introduction

The application of plasmid DNA is rapidly growing in areas such 
as drug discovery, animal breeding, synthetic biology, genetic 
engineering, and more. At the same time, advances in cloning 
technologies enabled an increase in sample throughput. 
Downstream use is critically dependent on purifying high 
quality and biologically active plasmid DNA; the process of 
which includes removing impurities and bacterial chromosomal 
DNA from the sample.

The NucleoSpin® 96 Plasmid Kit from MACHEREY-NAGEL 
(Düren, Germany) diminishes impurities while achieving 
a precise DNA separation for successful downstream 
transfections in areas such as cloning or sequencing. In this 
method, cellular debris and chromosomal DNA are removed 
from bacterial sample lysates and nucleic acids are bound to a 
silica membrane in the presence of chaotropic salts. Unbound 
contaminants are removed during washing steps, after which 
the purified plasmid DNA is eluted and ready for use. The dual 
filter/binding plate format and 96-well density enables precise 
plasmid DNA separation in a high-throughput manner.

Here, we demonstrate use of the [MPE]2 from Hamilton 
Company (Reno, NV) to automate the NucleoSpin® 96 
Plasmid Kit workflow (see Workflow at end). This monitored 
multi-flow positive pressure evaporative extraction [MPE]2 
device maintains equal positive pressure across microplates 
during parallel processing, including filter/collection plate 
combinations up to 110 mm high (see Device Layout at end). 
Unlike vacuum filtration methods, the [MPE]2 reduces the  
risk of unprocessed sample wells due to clogged filters.  
The [MPE]2 facilitates the processing of up to 96 samples 

Benefits-Based Highlights
 ■ Maintain equal positive pressure across the  

96-well plate without risk of well clogging.

 ■ Improve selective plasmid DNA yield and purity 
compared to vacuum-based sample processing.
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Vacuum Manifold-Based Plasmid DNA Purification

Crude lysates were transferred to the NucleoSpin® 96 Plasmid 
Filter Plate which was placed atop the NucleoSpin® 96 Plasmid 
Binding Plate in a vacuum manifold set to -0.2–0.4 bar. Lysates 
were filtered into the Binding Plate where DNA bound to the 
silica membrane. The Filter Plate was removed and discarded, 
and the Binding Plate was placed atop the MN Wash Plate  
in the vacuum manifold. A vacuum of 0.2–0.4 bar was applied 
for 1 minute to ensure binding of DNA to the silica membrane. 
The membrane was washed, once with the Wash Buffer AW 
and twice with Wash Buffer A4, with each wash step including 
a 1 minute vacuum application. The MN Wash Plate was 
removed, and the Binding Plate was placed into the vacuum 
manifold set to full vacuum for 10–15 minutes to dry the plate. 
After drying, the Binding Plate was removed and the Elution 
Plate was inserted into the vacuum manifold. The Binding Plate 
was placed atop the Elution Plate, Elution Buffer AE was added, 
and increasing vacuum pressure was applied over 3 minutes 
at room temperature to elute the purified plasmid DNA.

[MPE]2-Based Plasmid DNA Purification

Crude lysates were transferred to the NucleoSpin® 96 
Plasmid Filter Plate previously set up with the [MPE]2 adapter 
frame, specialized MN Positive Pressure Frame (P/N 740474, 
MACHEREY-NAGEL) for direct filtration without additional 
manual intervention, NucleoSpin® 96 Plasmid Binding Plate 
and MN Wash Plate (P/N 740479 /.24, MACHEREY-NAGEL). 
The entire plate assembly was then placed on the [MPE]2, and 
positive pressure was applied across the top of the assembly 
such that the lysates were filtered directly into the Binding Plate 
where DNA bound to the silica membrane. The membrane  
was washed, once with the Wash Buffer AW and twice with 
Wash Buffer A4. Following washing steps, Elution Buffer  
AE was added, and the plate was incubated for 3 minutes  
at room temperature to elute the purified plasmid DNA.

Plasmid DNA Analysis

Subsequent to purification by either manual or automated 
methods, total plasmid DNA yields were determined using 
absorbance measurements taken with the Synergy™ HT 
Multi-Mode Reader (BioTek Instruments, Winooski, VT). 
Purified plasmid DNA reproducibility was analyzed by gel 
electrophoresis, whereby 10 μL of each manually or automated 
purified plasmid DNA sample was added to a well of an agarose 
gel containing 1% tris-acetate-EDTA (TAE), ethidium bromide, 
and a GeneRuler™ 1kb DNA Ladder (P/N SM0313, Thermo 
Fisher Scientific, Waltham, MA). The gel was electrophoresed  
at 100 V for 40 minutes using a Powerpack Basic Supply  
(Bio-Rad, Hercules, CA) and subsequently imaged.

Results and Discussion

A total of 24 samples were processed, analyzed, and averaged 
for each E. coli transformation and the manual or automated 
purification method to effectively determine whether results 
obtained in the automated [MPE]2 workflow were comparable 
to those obtained using a vacuum manifold. 

Plasmid DNA Yield

Per Figure 1, calculated yields of both plasmids obtained using 
the [MPE]2 are equivalent or better to those obtained using the 
vacuum manifold. The 1482 plasmid yield was determined to 
be 8.13 µg using the [MPE]2, which was higher to the 7.48 µg 
yield using the vacuum manifold. The 982 bp plasma yield was 
9.48 µg using the automated method; slightly higher than the 
9.30 µg obtained via manual methods. 

Plasmid DNA Purity Assessment

DNA purity was compared between samples processed 
via manual and automated methods using two common 
absorbance ratios (Figure 2). Purity of the 1482 bp insert  
was calculated to be 1.96 when processed via the automated 
method compared to 1.94 when processed manually using 
the absorbance ratio of A260/A280, and 2.11 versus 1.96 when 
comparing the respective processing methods at an absorbance 
ratio of A260/A230. These comparisons indicate that automated 
sample purification, using the [MPE]2, is equivalent or slightly 
better than methods using a vacuum manifold.

The 982 bp purity assessment was conducted in the same 
manner. At the absorbance ratio of A260/A280, DNA purity  
was calculated at 1.98 for both purification methods, and at the 
absorbance ratio of A260/A230, the values were again equivalent at 
2.16. This indicated that automated sample purification methods 
are equivalent to those obtained using the vacuum manifold. 

Plasmid DNA Reproducibility

DNA isolated using the manual and automated methods was 
compared using gel electrophoresis. Figure 3 demonstrates 
consistent and reproducible high copy plasmid DNA yield  
in both methods, with no signs of degradation.
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Conclusion

The rapid and high-throughput purification of plasmid DNA using silica membrane-based assay chemistries is facilitated through 
use of the automated [MPE]2 positive pressure module from Hamilton. The NucleoSpin® 96 Plasmid Kit from MACHEREY-NAGEL 
is easily adapted, using the MN Positive Pressure Frame, for inclusion of the [MPE]2 in place of a vacuum manifold. The combination 
of assay chemistry, adapter, and positive pressure technology provides reliable performance and excellent yields for downstream 
applications dependent on highly purified plasmid DNA.
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Figure 1. Comparison of plasmid DNA yields obtained using [MPE]2 (dark blue) or vacuum manifold (light blue) methods. 
Total yields were determined to be slightly higher in the automated purification method. N=24.

Figure 2. Comparison of plasmid DNA purity obtained using [MPE]2 (dark blue) or vacuum manifold (light blue) methods. A260/A280 ratio 
represented by dark blue bars; A260/A230 ratio represented by red squares. Purity levels are comparable between methods. N=24.
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Figure 3. Determination of plasmid DNA reproducibility via gel electrophoresis.

Automated NucleoSpin® 96 Plasmid workflow using [MPE]2.
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Workflow

NucleoSpin® 96 Plasmid kit plate assembly on the [MPE]2.

Device Layout

NucleoSpin® 96 Plasmid   
Filter Plate

[MPE]² Adapter Frame

MN Positive Pressure Frame

NucleoSpin® 96 Plasmid   
Binding Plate

MN Wash Plate
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