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Abstract

The development of aqueous two-phase systems for plasmid purification fromEscherichia colicell lysates requires
a reliable DNA quantitation method. Plasmid DNA was quantified by fluorescence using PicoGreen nucleic acid
stain. Linearity was obtained up to 40 ng plasmid ml−1. Two polyethyleneglycol (PEG)/salt systems were studied,
PEG 600/K2HPO4 and PEG 300/K2HPO4. The average plasmid recovery was 41% in the bottom phase of the first
system and 35% in the top phase of the second system. This method has proved to be simple and reproducible.

Introduction

The advances in the use of plasmid DNA for non-
viral gene therapy or nucleic acid vaccination have
increased the need to obtain pure plasmid DNA. Aque-
ous two-phase systems (ATPS) offer mild conditions
for the separation of biomolecules due to the high wa-
ter content of each phase (80–95%). In most cases,
these systems are composed of a polyethyleneglycol
(PEG) enriched top phase and a dextran or salt en-
riched bottom phase. The extraction of plasmid DNA
from clarified cell lysates by ATPS is a promising
separation process, but few related works have been
reported in the last years (Ohlssonet al. 1978, Cole
1991).

The development of ATPS for plasmid purification
requires a reliable method for DNA quantitation in
each phase. Common methods for measuring plasmid
DNA concentration use a combination of gel elec-
trophoresis and UV-visible absorption. Electrophore-
sis in agarose gels is a method with low accuracy
and sensitivity. Spectrophotometry is a suitable pro-
cedure to quantify purified DNA samples, but not
very appropriate for ATPS. The high viscosity of PEG
makes the results not repeatable, both PEG and phos-

phate salt change the absorbancy at 260 nm (to lower
and higher values respectively) and high sample di-
lutions (<0.25µg ml−1) are not possible due to the
poor sensitivity of the method (Sambrooket al. 1989,
Haugland 1996). Anion exchange HPLC analysis has
also proved to be inefficient with ATPS probably due
to incomplete separation of DNA and PEG leading to
interference in the absorbancy at 260 nm. Fluorome-
try is one of the most sensitive molecular techniques
(Haugland 1996, Noiteset al. 1999, Charltonet al.
1999). This paper describes the use of PicoGreen,
an ultra-sensitive fluorescence nucleic acid stain, in
the determination of plasmid DNA concentration in
PEG/salt ATPS. The interference of PEG, salt and con-
taminants (such as RNA, genomic DNA and proteins)
in the clarified lysate, is overcome with a series of
ATPS blanks. The method is exemplified with the par-
titioning of an 8.5 kbp plasmid to a top and bottom
phase of two different ATPSs.
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Materials and methods

Materials

PEG 300 and 600 were obtained from Sigma.
PicoGreen dsDNA quantitation reagent was purchased
from Molecular Probes (Leyden, The Netherlands).
Plasmid pCF1-CFTR (8.5 kb), a gene therapy vector
containing the cystic fibrosis transmembrane conduc-
tance regulator gene (Leeet al. 1996) was a gift from
Genzyme Corporation, MA, USA. All other reagents
used were of analytical grade.

Bacterial culture

Escherichia coliDH5α strain harboring the plasmid
pCF1-CFTR was grown overnight in 100-ml shake
flasks containing 25 ml of TB medium (20 g tryp-
tone l−1, 24 g yeast extract l−1, 4 ml glycerol l−1,
0.017 M KH2PO4, 0.072 M K2HPO4) and 30µg of
kanamycin ml−1 at 37◦C and 250 rpm.E. coli DH5α
cells without plasmid were grown in similar condi-
tions but without antibiotic. Larger culture volumes
(250 ml) were inoculated and grown up to an optical
density at 600 nm around 3 under the same conditions.

Lysis

A modified alkaline method was used for cell lysis
(Sambrooket al. 1989). Cells were harvested by cen-
trifugation at 9000g (20 min, 4◦C) and the pellets
resuspended in 12.5 ml of 50 mM glucose, 25 mM
Tris/HCl, 10 mM EDTA, pH 8. The cells were lysed
by adding and gently mixing (10 min on ice) 12.5 ml
of 200 mM NaOH, 1% (w/v) SDS. The lysate was
neutralised with 9.4 ml of a solution of 3 M potassium
acetate, 11.5% (v/v) glacial acetic acid (10 min on ice).
All the solutions were previously chilled. The precip-
itate was removed by centrifugation (9000g, 20 min,
4◦C) and the lysate was kept at−20◦C for further
plasmid DNA recovery and purification with ATPS.

Plasmid standards

Plasmid standards were prepared fromE. coli cul-
tures using the Qiagen (Hilden, Germany) purification
mini kit, resuspended in TE buffer (10 mM Tris/HCl,
1 mM EDTA, pH 8) and quantified by measuring the
absorbance at 260 nm.

Aqueous two-phase systems

Two different ATPSs were studied: PEG 300/K2HPO4
and PEG 600/K2HPO4, hereafter named PEG 300 and
PEG 600, respectively.

(a) ATPS samples: ATPS PEG 300 and PEG 600
were both 20%/20% (w/w). The systems (5 g total
mass) were prepared in conical 14-ml centrifuge tubes
by adding 1 g PEG, 1 g salt, 1 g water and 2 g of
clarified cell lysate with pCF1-CFTR plasmid (CFTR
plasmid lysate). After vortex mixing, the systems were
centrifuged for 20 s at 2000 rpm to facilitate phase sep-
aration. Top and bottom phases were carefully isolated
and stored at 4◦C. Each phase was analysed by elec-
trophoresis in 1% agarose gels run with TAE buffer in
the presence of 0.5µg ml−1 ethidium bromide.

(b) ATPS blanks: PEG 300 and PEG 600 systems
with the same composition of the ones described above
were prepared using theE. coli lysate without plasmid
(DH5α lysate). The procedures followed to obtain top
and bottom phases were the same.

Fluorometry

Before each set of measurements, a PicoGreen stock
solution was diluted 200-fold with sterile TE buffer as
per manufacturer’s instructions. Appropriate dilutions
of the ATPS samples and ATPS blanks were also made
in sterile TE buffer. These diluted samples (0.25 ml)
were mixed with the PicoGreen solution (0.25 ml) in
a 5-mm path fluorescence cell and incubated 3 min at
room temperature in the dark. The fluorescence was
measured in aVersa-Fluorfluorometer from Bio-Rad
in the median gain, with a 470–490 nm excitation filter
and a 515–525 nm emission filter.

Calibration curves

In order to quantify the plasmid in the CFTR plasmid
lysate, a calibration curve was made using the lysate
without plasmid (DH5α lysate). The DH5α lysate was
diluted 4000-fold using sterile TE buffer. Calibration
standards (5–40 ng ml−1) were prepared by adding
known amounts of pure pCF1-CFTR plasmid to this
diluted DH5α lysate. For the quantitation of plasmid
in the ATPS, calibration curves were made using the
ATPS blanks. The blank top or bottom phases were
diluted 2000-fold with sterile TE buffer. Calibration
standards (5–40 ng ml−1) were prepared by adding
known amounts of pure pCF1-CFTR plasmid to these
diluted top or bottom phases.
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Fig. 1. Fluorescence calibration curves for plasmid DNA in the
lysate (♦, 4000-fold dilution), in the ATPS PEG 300/K2HPO4 top
phase (1, 2000-fold dilution) and ATPS PEG 600/K2HPO4 bottom
phase ( , 2000-fold dilution). rfu: relative fluorescence units.

Plasmid quantitation

The CFTR lysate and ATPS samples with unknown
plasmid concentration were diluted with sterile TE
buffer 4000- and 2000-fold respectively for fluores-
cence measurements. Before starting the quantita-
tion, the fluorescence cell was washed with a cromo-
sulfuric solution. The cell was cleaned by rinsing with
distilled water between measurements.

Results and discussion

Plasmid partitioning

In both PEG 300 and PEG 600 ATPS a well-defined
interphase was observed. By agarose gel analysis it
was found that in the PEG 300 system the plasmid
partitions to the PEG rich top phase, while in the PEG
600 system the salt rich bottom phase is preferred.
This difference in the partitioning is probably due to a
size exclusion effect of the polymer in the plasmid. In
both cases a significant amount of plasmid DNA was
present in the interphase. The volume of the PEG 300
top phase and the PEG 600 bottom phase was 2.2 ml
and 1.9 ml, respectively.

Fluorescence quantitation

Fluorescence calibration curves are shown in Fig-
ure 1. Correlation coefficients higher than 0.99 were
obtained in all cases. Linearity was observed up to
40 ng ml−1. As it can be seen, the presence of contam-
inants in the lysate amplifies the fluorescence even for

Table 1. Plasmid quantitation in the bottom
phase of ATPS PEG 600/K2HPO4.

[DNA] Average

(µg ml−1) (µg ml−1)

Sample 1 38 39± 1

40

Sample 2 39 39± 1

38

Sample 3 37 38± 1

39

38

39

Analyses were performed immediately (sample
1) or after 2 weeks (samples 2 and 3).

a 4000-fold dilution. In comparison, the partitioning in
the ATPS decreases the amount of contaminants in the
top and bottom phases, thus lowering the fluorescence
signal.

The unknown amount of plasmid in a CFTR plas-
mid lysate was quantified using five samples. The
average concentration was 89± 7 µg ml−1. In com-
parison, the value obtained by an anion exchange
HPLC analysis (details in Ferreiraet al. 1999) of the
same lysate was 76± 17 µg ml−1. The relatively
high standard deviation value (SDV) obtained for both
methods is probably due to the presence of small
particles in suspension. However, the high dilutions
made for fluorescence measurements seem to over-
come this problem leading to less interference in the
fluorescence readings and consequently smaller SDV.

Results from the quantitation of plasmid in ATPS
systems are shown in Tables 1 and 2. For a PEG 600
bottom phase, sets of measurements were immediately
made after the system was prepared (sample 1) and
after two weeks (samples 2 and 3). As it can be seen
from each set of values there is a high intra-assay pre-
cision (SDV are all≤ 2%) showing that the method is
repeatable. The proximity of the values obtained for
different samples (averaged 39± 1 µg ml−1) proves
the method reproducibility. The small decrease that
can be seen after 2 weeks may be attributed to plasmid
DNA degradation, rather than to the method itself. The
average plasmid recovery in the salt rich bottom phase
with the PEG 600 ATPS was 41%.

Three PEG 300 systems (a, b, c) were indepen-
dently prepared (Table 2), and three samples from each
top phase were taken (as for the PEG 600 system,
samples 2 and 3 were taken two weeks later). The
proximity of the values obtained for each system is
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Table 2. Plasmid quantitation in three top phases of ATPS PEG
300/K2HPO4.

[DNA] (µg ml−1)

System Sample 1 Sample 2 Sample 3 Average

a 29 25 / 27 25 26± 2

b 30 26 / 26 28 28± 2

c 31 28 / 34 32 31± 2

Systems a, b and c were prepared independently and analyzed
immediately (sample 1) or after 2 weeks (samples 2 and 3).

an evidence of the reproducibility of the aqueous two-
phase system method itself (29± 2 µg ml−1). The
detection method was also reproducible (SDV≤7.6%
for each system) as it was observed for the PEG 600
system bottom phase. The decrease in DNA concen-
tration observed after 2 weeks may also be attributed
to plasmid DNA degradation. The average plasmid
recovery was 35%.

The higher SDV observed for the PEG 300 system
comparatively to the PEG 600 system can be explained
by several factors. The PEG rich top phase is more
viscous than the salt bottom phase, leading to a less
homogeneous solution and the high PEG concentra-
tion makes cell cleaning difficult. The presence of
more contaminants in this phase e.g., proteins and
RNA (Ribeiro, results not shown) can also lead to a
higher variation in the fluorescence measurements. No
plasmid was found in the top and bottom phases of
systems PEG 600 and PEG 300 respectively, suggest-
ing that the majority of plasmid DNA is accumulated
in the interphase. These results are coherent with the
agarose gel analysis.

In conclusion, the fluorescence assay described
overcomes the major problems encountered in quan-
titation of plasmid DNA in ATPS. The method proved
to be simple, sensitive and reproducible. It has also

been successfully used for the ATPS quantitation of a
plasmid with a different size (7 kb).
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