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E. coli DH5α harbouring pET28a+ plasmid vector was lysed by alkaline lysis and the clarified plasmid solutions
were subjected to ultrafiltration experiments using two types of ultrafiltration membrane; i.e., cellulose
generated (Ultracel) and polyethersulfome PES (Biomax). Transmembrane pressures (TMP) through vacuum
suction of 0.1 to 0.7 bar were applied to the plasmid sample, and the corresponding flow rates and fluxes for
both filters were investigated. Even though, these two filters showed a slight different in the flux, a marked
different in DNA transmission were observed. DNA transmission were generally higher with cellulose generated
filters, whereby DNA transmission by Ultracel filter was at44.3, 63.9, 74.1, 55.6 and 54.5% at TMP of 0.1, 0.18,
0.39, 0.6 and 0.7 bar, respectively. Meanwhile, for PES filters the DNA transmission was at 22.3, 38.1, 39.1,
38.0 and 37.5% at TMP of 0.1, 0.3, 0.4, 0.6 and 0.7 bar, respectively. With the cellulose generated filter, DNA
transmission reached an optimum (~70%) at about 0.6 bar after which the transmission depleted at higher TMP
of 0.7 bar. Throughout all of the TMP, DNA transmissions observed were generally lower with PES filter. The
properties of the filter material could have contributed to the differences in DNA permeation.
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INTRODUCTION
The advent of biotechnology and molecular genetic in
the 21st century had resulted in many new disease causing genes
being discovered. There are many genetic disorders in human
arise from mutated and defective genes (Theodossiou et al.,
1997). Interest in the use of viral and non-viral vector such as
plasmids flourish in the area of gene therapy and vaccines
(Ramamoorth and Narvekar, 2015; Yin et al., 2014). Moreover,
the use of plasmid DNA in gene therapy is considered safer
compared to viral vector (Guerrero-Germán et al., 2009). In
order to meet this new demand, an efficient, cost effective large
scale production and purification processes of producing
pharmaceutical-grade plasmid DNA are needed (Ferreira et al.,
2000). The plasmid is to be of high purity, free from other
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cellular milieu such as proteins, genomic DNA, RNA and
endotoxins. Moreover, since plasmid DNA is an informational
molecule it will behave like a persistent pollutant unlike many
other chemicals.
Even though chromatography is one of a common
methods used in plasmid purification, it is expensive and has low
plasmid binding capacity (Guerrero-Germán et al., 2009). Other
than chromatography, filtration method is a valuable tools which
can be used since it is relatively selective, cost effective and
capable of purifying plasmid in single step operation
(Arkhangelsky et al., 2011). Many studies have been done on the
use of filtration to purify and separate plasmid from non-useful
isoforms. Those area of prime concerns include various factors
affecting filtration, and mechanism of how DNA molecules can
penetrate and transfer through membranes (Ager et al., 2009;
Latulippe and Zydney, 2011).
Due to its size and shape, the mechanism of plasmid
transfer across membrane is not straight forward, unlike small
molecules. Several factors have been characterised to determine
the transition of DNA across filtration membrane.
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Some of these include plasmid size, stirring speed,
membrane fouling, concentration polarization effect and the
critical flux (Arkhangelsky et al., 2011). In depth study carried out
by Latulippe and Zydney, demonstrated that other factors such
ionic strength and membrane charge will also affect plasmid
transition (Ager et al., 2009; Latulippe and Zydney, 2011).
Membrane polymer type should be considered as one of an
important parameter since the overall performance of a filtration
process is determined by the filter material in combination with
aforementioned factors. Studies have shown that hydrophobic
membranes were more prone to fouling than did hydrophilic
membranes (Kabsch-Korbutowicz et al., 1999). Therefore, during
plasmid separation, hydrophobic membrane and hydrophilic
membrane can result in different performances. The aim of this
work is to investigate on how these two types of ultrafiltration
membrane could perform in plasmid DNA purification. In
addition, this work employed negative pressure source driven by
vacuum suction, instead of using commonly used positive pressure
in pumping sample across membrane. Plasmid DNA sample will
be subjected to separation at different transmembrane pressures
(TMP) and the effects of these on type of filters were characterised
in the form of flow rates, flux and DNA transmission.
MATERIALS AND METHODS
Plasmid DNA purification
Plasmid pET28a+ of 5.369kbp in size was transformed
into Escherichia coli strain DH5α according to the manufacturer
protocol (Novagen). The transformed cell was cultivated in 500mL
Luria Bertani (LB) medium with added antibiotic kanamycin
(0.5mg/mL). In 2.0 L shake flask following overnight incubation
at 37°C with 1000rpm agitation, the cells were harvested.
Following centrifugation at 1000g, the pellets were resuspended in
30 mL of 50 mM glucose 10 mM ethylene-diamine tetra-acetic
acid (EDTA), 25 mMTris/HCl, at pH 8.0. The cell disruption was
performed according to method done by (Bimboim and Doly,
1979; Manzano et al., 2015), using alkaline lysis. Cellular lysis
was carried out by adding 30 mL of ice-cold lysis solution
containing 200 mM NaOH and 1% (w/v) sodium dodecyl sulfate
solution (SDS). Then, 30 mL of ice-cold 3 M potassium acetate
(pH 5.0) was added to gently precipitate unwanted material such
as chromosomal DNA, RNA, proteins and other cellular debris.
After a centrifugation at 10,000g (25 min, 4°C), the precipitate
was removed and concentrated CaCl2 was added to the
supernatants to a final concentration of 0.4M. Following a final
centrifugation 10,000g (25 min, 4°C), the supernatant was filtered
(0.45 µm filter), pooled and kept for further analysis.
Agarose gel electrophoresis
Following plasmid transformation and alkaline lysis
purification, the plasmid samples were checked by running 0.8%
agarose gel electrophoresis. The electrophoresis was run at 100 V
using TAE buffer containing 40 mM Tris base, 20 mM acetic acid
and 1 mM EDTA, pH 8.0, and stained with ethidium bromide

047

(0.005µg/ml). The electrophoresed gel was visualised using geldocumentation system (Alpha Innotech Alpha Imager 2200).
Filtration experiment
Cross-flow filtrations were performed at room
temperature using a unit of solvent clarification kit (Millipore)
employing a vacuum suction mode as a source of transmembrane
pressure (TMP). Two types of 44.5 mm diameter sterilising grade
ultrafiltration disc of 100kDa nominal molecular weight limit
(NMWL) were used (Merck Millipore) i.e., i) PBHK, Biomax
polyethersulfone, and ii) PLHK, Ultracel regenerated cellulose.
Pressure gauge was calibrated using buffer in order to attain a
stable TMP such that a measurable filtrate volume could be
collected at a rate of 0.5 to 6.0 mLmin-1. The flux J was calculated
from the following equation (1) (Kabsch-Korbutowicz et al.,
1999):
…. (1)
-1

-2

Where J is flux (mLmin cm ); V is the filtrate
(permeate) volume collected (mL); A is the effective area of
filtration (cm2) and t is the time of collection (min). Under
operating suction, an appropriate volume of DNA containing lysis
solutions were passed through the membrane and the time taken
for 10 to 30 ml of filtrate were recorded. Filter membrane was
always replaced at each filtration cycle and routinely pre-wetted
with buffer. Each of the filtration experiment was run in triplicates.
DNA purity and concentration
By using Nanodrop model 2000/2000c (Thermo Fisher
Scientific, USA), the DNA concentrations in the feed and filtrate
were determined at 260 nm (A260). DNA purity was measured as
the relative DNA/protein content and expressed as the ratio of
absorbance at 260 nm to that at 280 nm (A260/A280). In this
work, all alkaline lysis samples used had an initial A260/A280
ratio between 1.6 and 1.9. The DNA transmission was expressed
as a percentage (%) of the filtrate DNA concentration to that of
feed DNA concentration.
RESULTS AND DISCUSSIONS
E. coli strain DH5α cells was successfully transformed
with 5.369kb pET28a+ plasmid, and the transformed cells were
cultivated and harvested for plasmid extraction using alkaline lysis
solution. The result from agarose gel electrophoresis on the
extracted plasmid was shown in Figure 1. The vector of size
5.369kbp was successfully transformed into this cell, and the
transformed cell was used in the subsequent filtration experiment.
A plot in Figure 2a showed that there was a general
increase in flow rate following an increase in TMP. In principle,
flow rates will increase linearly with pressure for water or buffer
with no retain solutes (Dosmar and Pinto, 2007). For Ultracel,
slight deviation from linearity was observed at 0.2 bar and above
TMP. Flow rate reached 7.0 mL min-1 at 0.6 bar but then slightly
dropped to 6.8 mLmin-1at 0.7bar. In contrast, with Biomax filter,
the flow rate increased rather linearly at all TMPs.
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Fig. 1: Result from 0.8 % agarose gel electrophoresis run on plasmid extraction
samples. Lane 1, 2, 3, 4 and 5 are thereplicate samples containing concentrated
DNA from alkaline lysis. The high molecular size bands (>10kb) in lane 1 to 5
represent a closed circular plasmid which has an actual size of 5.369 kb
corresponding to pET28a+ vector. Lane M contained a standard 1 kb molecular
weight marker (Fermentas, Lithuania).

TMPs can be characterised by different phases (Claudia Muro et
al., 2012). First phase is referred to as ‘subcritical flux’
characterised by a linear change in flux with TMP. Further
increase in TMP will result in ‘limiting flux’, a region in which
any increase in TMP will not affect flux due mainly to the
membrane fouling. In the same figure, a deviation from linearity
was obvious with Ultracel filter in which a maximum flux
observed at 0.6 bar depleted at 0.7 bar. Therefore, at 0.6Therefore,
at 0.6 bar the possible transition from subcritical flux to limiting
flux could begin to trigger the onset of blinding effect or fouling.
By conducting filtration at constant pressure, the formation ‘cake
resistance’ resulted in blinding effect that halted filtration of
alkaline lysis sample which was also observed at different
pressures (Theodossiou et al., 1997). Meanwhile, with PES
membrane, a greater flux decline was observed upon TMP
increase due to fouling (Arkhangelsky et al., 2011).
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Fig. 3: Plot of plasmid DNA transmission versus transmembrane pressure
(TMP) for both Ultracel and Biomax filters.
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Fig. 2: The changes in flow rate (Figure 2a) and flux (Figure 2b) during
ultrafiltration experiment run at different transmembrane pressures or TMP
using Ultracel and Biomax filters.

As shown in Figure 2b, greater fluxes were generally
observed with Ultracel compared Biomax filter, a trend similar to
flow rates. TMP and flux can be related by Darcy law (Manzano et
al., 2015; Meireles et al., 2003). The membrane fluxes at varying

0.2

A plot of plasmid DNA transmission versus TMP was
shown in Figure 3. Following TMP increase from 0.1 to 0.2 bar,
both filters showed an increment in plasmid DNA transmission. In
a work using PES membrane, an increase in plasmid permeation
was observed as TMP was increased (Arkhangelsky et al., 2011).
At 0.4 bar, Ultracel filter achieved an optimal transmission of
~70%. However, beyond 0.4 bar, plasmid transmission depleted to
55.5% at 0.6 bar. In contrast with Biomax filter, following a slight
increase in TMP from 0.1-0.3 bar, plasmid transmission remained
almost constant, even at pressure beyond 0.3 bar. Therefore,
throughout all TMPs, greater plasmid transmissions were observed
across Ultracel compared to Biomax filter. This observation was
also consistent with the higher flow rate and flux observed at each
TMP with Ultracel filter. While the plasmid transmission with
Ultracel filter was benefited from the higher flow rate and flux,
this will be offset by an inherent risk in plasmid quality at higher
pressure. At higher TMP, the plasmid DNA could be subjected to
lose its integrity related to high flux. For instance, a work using
PVDF membrane had shown that the higher flux values generally
reduced the plasmid integrity (Kong et al., 2006). A semi
logarithmic plot of flux versus DNA plasmid transmission was
shown in Figure 4. Using this plot, Latulippe and Zydney
measured the sieving coefficient S (equivalent to transmission) for
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plasmid of different topologies and estimated the critical flux
value (Jcrit, at sieving S = 0), i.e., the minimum flux required by
plasmid to transfer across membrane (Latulippe and Zydney,
2011). In this plot, Jcrit i.e., the x-axis intercept value was
approximately 0.04 ± 0.01mLmin-1cm-2, for the filters. Therefore,
given the same Jcrit value, Biomax filters only showed to achieve a
lower DNA transmission.
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different materials were compared. With the TMP range
employed, a rather different permeation of plasmid DNA were
observed. In general, regenerated cellulose (Ultracel) filter showed
to have a higher DNA transmission compared to polyethersulfone
PES (Biomax) filter. However, in case of regenerated cellulose, a
slight drop in flow rate or flux observed at a very high TMP
resulted in a drop in DNA permeation. It is anticipated that the
different in performance of these filters were due to the
hydrophilicity or hydrophobicity of membrane material. Therefore,
the higher plasmid transmission in regenerated cellulose could
compromise with subsequent fouling and potential loss in plasmid
integrity which may occur at high TMP. This study could also
provide a useful guideline in selecting a suitable ultrafiltration
membrane for plasmid separation based on hydrophobicity of the
material.
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In this work, the use of TMP driven by vacuum suction
has produced a comparable result with many other works which
employed positive pressure in plasmid separation. By comparing
these two filters, the difference we observed in DNA transmission
was more pronounced than the one that we observed in flux. This
fundamental difference was on the fact that regenerated cellulose
material is more hydrophilic compared to the hydrophobic nature
of polyethersulfone (PES) membrane. By comparing membrane
fouling between PES and regenerated cellulose, PES membrane
lost up to 75% of its flux, but regenerated cellulose lost only at
31% or less (Dosmar and Pinto, 2007). Increase in permeation
observed at high TMP was also due to the result of polymer
stretching and pore size expansion (Arkhangelsky et al., 2015),
and this was enhanced with hydrophilic membrane. The lower
permeation observed in PES was commonly attributed to
membrane fouling and this was exacerbated by the presence of
protein in the lysis sample (Jens Haberkamp et al., 2008; Truskey
et al., 1987). Meanwhile, the superiority of regenerated cellulose
membrane was also demonstrated in works using other molecules.
For instance, in working with protein and lipid samples, Dumay
and co-workers reported that 10kDa regenerated cellulose filters
gave a better performance compared to other types of filter
(Dumay et al., 2008).
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CONCLUSIONS
In this work, by using pressures generated by vacuum
suction, the performances of two ultrafilters made up from
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