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DNA Purification by Solid Phase Extraction (SPE) Methods
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ABSTRACT

NA isolation/purification is a widely used procedure for molecular biology, medical studies, gene therapy

and especially PCR studies which needs high quality or extremely pure nucleic acid samples. Nucleic acid
separation was mainly achieved by two methods; solvent extraction and solid phase extraction (SPE) methods.
Although solvent extraction method is the simplest method, there are some drawbacks such as toxicity, more
solvent requirement, time-consuming procedure and low specificity. Nowadays, there is a wide use of solid
phase matrices to extract DNA from a variety of samples. In this review article; we basically focused on SPE for
DNA purification methods.
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6ZET

NA'nin saflastirilmasi veya izole edilmesi molekiler biyoloji, tibbi ¢calismalar ve gen tedavi ¢alismalariigin

dnem tasir. Ozellikle PCR calismalari icin yiiksek saflikta DNA molekiiliine ihtiyac duyulmaktadir. Niikleik
asitlerin saflastiriimasinda sirasiyla ¢ozlicl 6zitlemesi ve kati faz 6zitlemesi olmak Uzere iki yéntem kulanilir.
Cozlicl ekstraksiyonu kolay uygulanabilir olmasina ragmen; toksisite, yliksek oranda ¢6zlci ihtiyaci, yéntemin
uzun zaman almasi ve distk 6zgllliga gibi birtakim kisitlamalar mecvuttur. Ginimuzde ¢esitli 6rneklerden
DNA'nin saflastirilmasi icin kati faz 6zitlemesi (SPE) yaygin olarak kullaniimaktadir. Bu calismada; 6zellikle
DNA'nin saflastirilmasiicin SPE ydnteminin uygulamalari Gizerinde durulmus ve bilimsel calismalar 6zetlenmistir.
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INTRODUCTION

NA isolation dated back 17" century whose

quality, impurity and isolation strategy are
important for purification procedures used in
a broad range of application areas including
molecular biology, genomics, biotechnology,
clinical research and especially obtaining pure
and high quality DNA samples are of paramount
importance for polymerase chain reaction (PCR)
[1-7]. When considered from this point of view,
the ability to extract pure DNA efficiently is
extremely critical, to ensure needed amounts of
genomic and/or plasmid DNA, while removing
contaminants that can effect further use of DNA
and shorten the shelf-life.

DNA molecules must be extracted from other
cellular components before their use in different
kind of applications. Cellular components
like membranes, organelles and proteins that
surround and preserve DNA in the biological
environment can inhibit the use of DNA molecules
in these applications. For this reason, several
DNA extraction methods have been developed to
separate cellular components from DNA.

DNA/RNA or nucleic acids lost their
solubilities in organic solvents (phenol or
chloroform). Because of the solubility differences,
solvent extraction method is basically used as
nucleic acid isolation. Main drawbacks of the
solvent extraction method are contamination,
time-consuming procedure, device requirement,
low specificity and toxicity of the solvents used
[7-10]. Another approach is solid phase extraction
(SPE) method; which is based on the interaction
between selected analyte in the liquid phase and
support material. SPE techniques have been used
since1980[11]. SPEisnot only aneconomic method
but also a high recovery analyte enrichment
method whose adsorbents are prepared with
different forms such as cryogel, monolith, disc etc.
[12-15]. Herein, we summarized traditional nucleic
acid purification technigues with many research
articles but especially focused on SPE methods.

DNA Separation With Magnetic Particles:

Magnetic separation (MS) is an alternative
technique for separation and purification of
selected molecule by using magnetic field (16,

Figure 1). MS is a useful separation method
owing to some properties such as; protection
of desired molecule towards physical/chemical
conditions and the use of advanced devices like
centrifuge is not necessary [16,17]. Percin et
al., prepared poly(hydroxyethyl methacrylate)
magnetic nanoparticles in the presence of Fe,0,
and N-metacryloyl-(L)-histidine as a ligand for
plasmid DNA purification from Escheria coli [18].
According to experimental results; total amount
of adsorbed and recovery capacities of plasmid
DNA were identified 154 mg/g polymer and 92%
respectively. In another study; Hemoglobin was
immobilized on magnetic nanoparticles as a
SPE adsorbent for plasmid DNA purification [19].
Before DNA adsorption studies; silica based Fe,O,
was synthesized and its surface was modified
for hemoglobin immobilization. In this study,
68.3% DNA recovery, 27.86 mg/g adsorbed
DNA capacity were identified and hemoglobin
modified magnetic particles were also tested
towards commercial purification kit. Rahman
and Elaissari, synthesized magnetic particles
including thermosensitive properties in the
presence of N-isopropylacrylamide (NIPAM) [20].
In this study, researchers pointed out that pH and
temperature effects are important parameters
for DNA adsorption. According to experimental
data, maxiumum adsorbed DNA was found 8.34
ug/mg at pH 4.2. They also pointed out that
affinity constans and adsorbed amounts of DNA
decreased over pH 4.2.

DNA separation by Microfluidic Systems

Microfluidic systems (MFS) uses small amount
of fluids that are easily operated by channel
systems or devices. MFS are important tools for
many application areas including biomedical,
biochemistry, electronic, Lab-on-Chip devices
because of many advantageous such as short
analysis time, low cost and low sample volume
[21-23]. According to Azimi et al. microchips are
not widely used for extracting of nucleic acids
from blood samples [24]. Hence, researchers
used magnetic based microfluidic system for
purification spiked bacterial (E. coli and B.
subtilis) DNA from human blood and amount of
recovery DNA was evaluated with PCR study. In
another study, disposable PDMS microchip was
designed for multipurpose analysis [25]. Buccal
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Figure 1. DNA separation with magnetic particles by magnetic field.
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Figure 2. Affinity based separation scheme, (A); activation, (B); ligand immobilization, (C); adsorption and (D); elution.

cell lysis, DNA purification and selected gene PCR
analysis were carried out on the same chip, then
selected gene amplification result was compared
with gel electrophoresis and interestingly all
experimental results were completed in a short
time nearly 1 hour. Another DNA separation study
with microfluidic system based on the microfluidic
electrophoresis but this system was combined
with end-labeled free-solution electrophoresis
(ELFSE) and ion concentration polarization (ICP)
system for enrichment of separated DNA molecule
in the presence of bipolar electrode system
[26]. In this study, Pant and coworkers was used
streptavidin as label agent for ELFSE system and
modified microfluidic system performance was
checked and optimized with various parameters

in the presence of modified and unmodified DNA
solutions.

DNA Purification by Affinity Chromatography:
Affinity chromatography is a useful separation/
purification technique (Figure 2) for many
molecules including hormones, proteins and
other biologically important molecules. This
chromatographic technique uses biospecific
interactions of the ligand complementary to the
selected molecules [27,28]. Typically affinity
separation includes three steps (Figure 2); at the
first step ligand is covalently immobilized onto
support material or matrix for biorecognition,
secondly selected molecule is passed through the
matrix and finally selected molecule is eluted from
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Figure 3. Schematic representation of cryogel preparation; (A). before polymerization, (B)., during polymerization, (C).

after polymerization.

support material by altering several parameters
such as pH, temperature and so on [27].

Nowadays; numerous new affinity support
materialsincluding cryogels has been synthesized
and developed for separation/purification studies
[29]. Cryogels are prepared under semi-frozen
conditions and possess several unique properties
compared to traditional gels (Figure 3). These
include elasticity, macroporous structure, low
resistance and low pressure drop during the
adsorption studies [30,31].

In a research study, poly(2-hydroxyethyl
methacrylate) (PHEMA) based cryogel was
prepared as an affinity adsorbent for treatment
of systemic lupus erythematosus (SLE) patients
[31]. Before removal of SLE patient’'s DNA (dsDNA)
from plasma; PHEMA cryogel was synthesized via
free radical polymerization then poly(ethylene
imine) (PEIl) was attached on PHEMA cryogel.
After the attachment of PEI, DNA was immobilized
on cryogel. According to experimental results,
maximum anti-dsDNA-antibody adsorption was
70x10% 1U/q. In this study, PHEMA cryogel usability
was also evaluated towards whole blood sample
by researchers. Cimen et al., prepared dye-affinity
cryogel discs for plasmid DNA (pDNA) purification
[29]. For pDNA purification; Cibacron Blue F3GA
was covalently immobilized on cryogel discs and
pDNA adsorption studies were evaluated with
batch system. Maximum adsorbed pDNA was
32.4 mg/g. Corman et al., prepared an affinity
adsorbent cyrogel for the purification of DNA
via hydrophobic interactions [32]. Experimental

studies were carried on three types of PHEMA
based cryogels embedded PHEMA/MATrp
beads, PHEMA/MATrp and PHEMA. Researchers
tried to increase the adsorbed amounts of DNA
via embedded hydrophobic MATrp beads and
optimized the affinity adsorbents with various
parameters including salt types, temperature,
DNA concentration and reusability. According to
experimental results, maximum adsorbed DNA
was identified as 37.9 mg/g in the presence of
PHEMA/MATrp beads.

DNA Purification by Electrophoresis
Electrophoresis is an analytical separation
method that uses the different migration
velocities of different charged molecules and
particles under the guidance of an electrical
field in the direction of the electrode bearing the
opposite charge (Figure 4). DNA electrophoresis
with a high separation efficiency is generally used
as an analytical method, but may be performed
for preparative purposes prior to use of other
methods such as DNA amplification or DNA
proliferation [33,34]. Molecules of DNA are
negatively charged because of the phosphate
groups in the molecular structure, so they will
migrate toward the anode.

In the mid 1930s, the Swedish chemist Arne
Tiselius used the idea of separating charged
particles by applying an electrical field. Tiselius
used moving boundary electrophoresis to resolve
serum proteins [35]. Convection was one of
the difficulty causing the transport of particles
to be faster than electrophoresis. Using a
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Figure 4. Sample separation with electrophoresis.

supporting matrix solved this problem by acting
as an anticonvective medium [36]. Evolved
from the methods of protein electrophoresis,
the separation of DNA by electrophoresis
through a supported matrix was developed by
Vin Thorne in the mid 1960s [37]. Thorne was
used an agar gel electrophoresis in order to
separate superhelical, nicked, and linear forms
of DNA. Several supporting media, including
agar, agarose, polyacrylamide and composite
agarose-acrylamide gels have been used for
DNA electrophoresis [37-40]. Together with the
anticonvective property of the supporting media,
pores of the matrix create a sieving medium for
the molecules and separate components of DNA
sample into sharp zones.

The electrophoresis of DNA is now the most
commonly used method in modern biochemistry
and molecular biology for analyses, separation,
and purification of DNA fragments. A typical gel
electrophoresis method is still a manual process
including three steps. These include pouring
of gel, applying the voltage for separation, and
visualizing the bands. These series of manual
tasks is time-consuming, labor intensive and not
easily automated. Moreover, most electrophoretic
methods are qualitative.

DNA Purification by Capillary Electrophoresis (CE)
CE (Figure 5) is a recently developed technigue
that uses a narrow fused-silica capillary tube
(20-200 pm i.d.) to perform high efficiency
separation with small amounts of sample. The first

separations of DNA by capillary electrophoresis
were reported in 1988 by Kasper and Cohen [41,
42]. Main advantages of using this technique
include high resolution, shorter analysis time,
full automation, ease of data storage, and nano-
sampling capability. UV detector with a limited
sensitivity is commonly used in CE analyses
of DNA, but the use of highly sensitive , laser-
induced fluorescence (LIF) detector opens up new
perspectives for extremely high sensitivity DNA
analyses up to yoctomole (102* mol) range [43].
This approach requires fluorescent derivatives of
DNA obtained by binding of fluorogenic dyes.

CE has found extensive use in a broad range
of analytical applications which DNA separations
are required. These include determining the
sequence of bases in DNA and the analyses of
samples including DNA and/or its fragments like
PCR products [44]. CE as a preparative method
is infrequently used, because only small amounts
of DNA can be introduced into the system. On
the other hand, combination of the CE and PCR
amplification methods can circumvent this
problem [45]. This approach initally reported
by Zhang et al. for ultrasensitive detection
of low-abundance proteins that can bind to
aptamers. They used the affinity of specific
aptamers to target proteins. First, they formed a
complex of aptamer (RT 26) and protein (reverse
transcriptase of the human immunodeficiency
virus), and they used CE to separate protein-
aptamer complex. After the collection of protein-
aptamer complex, aptamer dissociated from the
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Figure 5. Schematic representation of capillary electrophoresis.

complex and then amplified by PCR.

In another study, Fiore et al. used the
advantages of CE for the isolation of the target-
bound DNA template and its subsequent amplified
guantitation by real-time PCR (RT-PCR) [46].
They selected the aptamer of adenosine and first
the aptamer was split into two fragments, which
are able to assembly in presence of target. They
succeeded an ultrafast isolation (60 s) by using
CE. By the combination of CE and RT-PCR Fiore et
al. showed the determination of adenosine with a
LOD of 1uM.

DNA Purification with Carbon Nanotubes
Carbon nanotubes (CNTs) are defined (Figure 6)
the roller shape of sheet graphite and synthesized
with single or multi walled carbon nanotube
forms [47]. CNTs show various and significant
properties for instance; which are not only
elastic but also steady materials and also posses
high surface area, electric and thermal stability
but their specific features based on several
parameters including atomic organisation, length
and diameter of nano tubes and chriality [47,48].
CNTs are useful materials for many application
areas [49,50] but in this part we only focused on
separation studies.

Several adsorption studies have been
made by using CNTs. Zheng et al. showed the
selective adsorption of DNA molecules to carbon
nanotubes for separating single-walled carbon
nanotubes (SWNTs) by using the adsorption of

DNA molecules to SWNTs [51]. Li et al. studied the
binding of DNA to SWNTs, and reported that DNA
destabilization and conformational transition
induced by SWNTs are sequence dependent and
showed that SWNTs can induce B-A transition
for GC-DNA [52]. According to the circular
dichroism, competitive binding assay and triplex
destabilization results of Li et al., SWNTs bind to
DNA major groove with GC preference.

First adsorption study that offers CNTs to be
used as SPE sorbents studied by Shakhmaeva et
al., where oxidized multi-layered CNTs were used
for separation of supercoiled plasmid DNA [50]. In
the experimental study of Shakhmaeva et al. RNA,
chromosal DNA and plasmid DNA adsorption
behaviors were investigated with oxidized CNTs.
For the purification of plasmid DNA especially
after isolation from bacteria, contaminating
nucleic acids like proteins, chromosomal DNA,
RNA and denatured forms of p-DNA can bind on
CNTs and removed together with the adsorbent
by centrifugation. Using this method the desired
molecule, supercoiled p-DNA does not interact
with CNTs and remains in solution.

In another study, phenol-stacked CNTs were
used for the isolation of genomic DNA from
plants [53]. According to results of Zabeti and
coworkers, phenol reagent stack on CNTs can
effectively remove proteins, polysaccharides and
other polyphenol constituents. By this way, fast
and effective nucleic acid extraction was achieved
by using CNTs.
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Figure 6. Schematic representation of DNA adsorption to SWNT.

CONCLUSION

DNA purification is important step for various
applications for instance gene therapy, clinical
or medical applications, gene vaccines and PCR
studies. Herein, we summarized DNA purification
with  SPE methods because SPE method has
many advantageous especially low cost and
high recovery efficiency. SPE methods including
magnetic particles, affinity chromatography,
microfluidic systems, electrophoresis/capillary
electrophoresis and carbon nanotubes with
various research articles have been explained. The
improvement of automation and miniaturization
technology has a great effect on the rapid
growth on DNA extraction and analyses systems.
Development of new techniques for the DNA
extraction, which brings various advantages such
as, reduced labor and waste, faster processing
with higher sensitivity, can be a potential
development in the future.
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