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Abstract

Background/Aims: DNA isolation is the initial process in genetic research. The product is used
in many PCR reactions (PCR-RFLP, Real-Time PCR, multiplex PCR). That is why it is important
to optimize DNA isolation protocol to obtain a good quality of DNA. Our first attempts at
isolation, conducted using Purification Kit, did not result in sufficient concentration (6.414
ng*uL") and purity (A-260/280) of 0.764 of isolated DNA. Methods: We used twice the
recommended amount of tissue and cell lysis solution to get more effective cell lysis. We
extend the time of vortexing, centrifugation and incubation at critical steps. We manipulated
the speed and temperatures of centrifugation. We used cold iso-propanol to get white strands
of DNA faster. When rinsing with ethanol we used cold alcohol. We tested efficiency of two
methods of drying of ethanol to achieve optimal DNA pureness. We leave the isolated DNA
for 20 minutes to evaporate the ethanol and then resuspend nucleic acid in TE Buffer. Results:
Our modifications resulted in the improvement of isolation efficiency. After optimization we
achieved DNA concentration (in range of 50-150 ng*ulL™") and purity (A 260/280) of 1.735.
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Similar results for DNA parameters were achieved from the whole blood frozen for 2-3
months (concentration in the range of 125.762 ng*ulL", pureness: 1.761) and from blood
frozen for 18 months (117.94 ng*uL™" and 1.7194, respectively). We performed electrophoresis
after each isolation to confirm the effectiveness of optimized procedure. The refinements
we used in DNA isolation are more efficient than those recommended in DNA Purification
Kits. Conclusion: Our results confirm that optimized DNA protocol fulfills the conditions of
good extraction technique: it is relatively fast and easy to perform yet it guarantees a high
reproducibility, specificity and sensitivity. There are also no dangerous or harmful steps. Our
paper demonstrates innovative and effective approach. It confirms a high effectiveness of
method regardless of duration of sample freezing, as well as introduce important modifications
(timing, temperature conditions, drying details, absence of K-proteinase) that make overall

H R © 2025 The Author(s). Published by
procedure more productive and relatively fast. Cell Physiol Biochor Press GmbHACo. KG

Introduction

The previous research shows that DNA amplification by polymerase chainreaction (PCR)
have been routinely used to analyze sequence differences in medical diagnosis of diseases,
and population studies [1, 2, 3, 4, 5]. RFLP and molecular sequencing have been extensively
used to track the phylogeny of different species including human using deoxyribonucleic
acid (DNA) fragment amplified through PCR. DNA digestion by restriction endonuclease
is recommended before PCR amplification in case of circular and high molecular mass of
DNA. The restriction digestion before PCR amplification of large number of mtDNA samples
sometimes gives problems due to a high rate of sequence evolution of such DNA. Such
phenomena in mtDNA may introduce extra site of restriction enzyme used to linearize DNA
in samples in the region of amplification and consequently desired amplification is not
achieved [1, 3].

A good quality of DNA is required for many molecular analyses making isolation of
DNA one of the most basic procedures performed in a molecular laboratory. The Swiss
physician and biologist Friedrich Miescher was the first scientist to extract DNA in 1869
[6, 7]. Later Meselson and Stahl (1958) [8] developed a laboratory procedure for DNA
isolation [6, 8]. Today we have many different protocols and commercially available DNA
Purification Kits specialized in extracting DNA from a wide variety of biological materials
[9]. The recommended protocols normally involve four basic steps: 1) cell lysis followed
by 2) denaturation of nucleoproteins, then 3) removal of contaminants, and finally 4) DNA
precipitation [9, 10]. DNA isolation methods are divided into two main categories: solution-
based DNA extraction and solid-phase DNA extraction [10].

Rather outdated technique of DNA extraction was based on the density gradient
centrifugation in the presence of cesium chloride/ethidium bromide. Separation of DNA
with satisfying efficiency took place as a result of differential density between cesium ion
and water with intercalation of ethidium bromide (in this way there was a possibility to
obtain separation of each DNA as individual bands). The method was highly labor absorbing
and time-consuming. Furthermore, it exacted expensive laboratory equipment and working
with toxic ethidium bromide [11, 12].

Phenol-chloroform is the classic organic liquid-liquid extraction procedure that
separates mixtures of molecules based on differential solubility [9]. In this method cell lysis
is achieved by sodium dodecyl sulfate (SDS), followed by denaturation of nucleoproteins,
removal of contaminants (by phenol and phenol-chloroform), and then DNA precipitation
with isopropanol [9, 13, 10]. In the salting out method proteinase K or laundry powder is
used to inactivate enzymes, while a high sodium chloride concentration is used to purify
the DNA [14, 13, 10]. Both of these solution-based DNA extractions are still in common use.
A modified salting out method was developed into a commercial kit, e.g. Epicentre Master
Pure™ DNA Purification Kit.
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Solid-phase DNA extraction is faster, easier, more efficient and less problematic
than traditional methods, which is why it is commonly used in commercial kits [14, 10].
Generally, after cell lysis, DNA is bound to solid phase, then contaminants are washed off
and finally DNA is diluted. All steps usually require centrifugal force, using different pH
and buffer conditions. Silica matrices are the most popular solid phase [9, 10]. Today there
are modification of membranes, which allows to isolate DNA more efficiency [15, 16]. The
silica particles are positively charged and thus have a high affinity for negatively charged
DNA molecules. In case of silica based solid phase columns chaotropic buffer often plays
the role of protein denaturant as well as cofactor stimulating adsorption of nucleic acids.
The key feature of chaotropic ions - enlarged charge delocalization - gives them a potential
of deranging neighboring hydrogen bonding which favors protein solubility in the water
[17]. One more critical factor is pH which implicates that final effectiveness of the isolation
depends on the interaction between DNA, silica and chaotropic molecules as a function of
pH. Taking it into consideration the choice of miniaturized silica columns with small pores
may act profitably bringing higher effectiveness of adsorption and elution for dilute nucleic
acids yet these columns could also be vulnerable to plugging or negative disruptions from
proteins, carbohydrates or lipids surface passivation [10, 17].

Another popular method employs magnetic beads made of magnetite or maghemite
coated with silica. After DNA is attached to the magnetic pellet it is immobilized to remove
supernatant, and then washed with alcohol. Nucleic acids are then suspended in buffer and
the beads are eluted [18, 9, 10]. Therefore, the technique of isolation that uses chemically or
biologically modified magnetic particles can be considered as altered version of solid phase
extraction. Accordingly adjusted nanoparticles can effectively separate cells, ions, pollutants,
proteins as well as DNA. Separation is based on binding of specific targets on the surface
of magnetic particles. Advantages of this technique arise from micro- and nanoparticles
conveniences: relatively low price, versatility, recyclability and compatibility with various
biological solutions. There are different types of nanoparticles varied in specification and
efficiency of binding. Among them are silica, carbon, silver or gold nanoparticles occasionally
with specifically modified surfaces (e.g. the addition of oligonucleotides or amino-coated
nanoparticles) [19, 11].

The role of such modifications is to improve binding properties as well as to stabilize
particles. Furthermore, size, charge or chemical composition of particles influence on such
features as magnetization potential, density or porosity which appear fundamental for
effectiveness of binding biomolecules. The surface of particle may also shape its general
stability and change the value of zeta potential. Finally, ionic strength and pH of environment
as well as the conformation of DNA jointly influence on binding potential of DNA to particles
[20]. Therefore, coating the surface of magnetic particle is essential. E.g., binding of nucleic
acids to silica with chaotropic salts is widely applied in extraction of nucleic acids from
various sample matrices into solutions that are free from inhibitors. In this approach
mobility of magnetic particles is an advantage enabling transport of adsorbed biomolecules
into relatively small volumes which produce increment in the concentration [21].

Another positive is fast and easy separation of particles bound with biomolecules in
the presence of magnetic field (permanent magnet). Thus, in this method nucleic acids are
less susceptible for degradation (which in traditional isolation may appear as a consequence
of centrifugation). Magnetic separation also permits very simple elimination of potential
inhibitors of PCR reaction (e.g. phenolic compounds or polysaccharides) [22]. Finally,
relatively wide range of commercially available magnetic carriers (obtained for example
from biopolymers or inorganic magnetic materials) made this technique broadly accessible.
Despite diversified range of particles diameters - in general larger irregular and possibly
porous surface guarantee the most effective binding of nucleic acids (optimally spherical
beads of the uniform size) [22, 11].

Anion exchange resins are substances with positively charged di-ethyl-aminoethyl
cellulose (DEAE-cellulose) groups on their surfaces. DEAE can react with negatively charged
nucleic acids [9, 10]. DNA is deposited on the membrane during the electrophoresis and is
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more difficult to elute [23]. The development of faster, more effective, relatively low-cost yet
stable and repetitive techniques of isolation is a matter of unabated interest. One of the most
promising issue is the use of ionic liquids which are liquid molten salts (at the temperature
less than 100°C) consist of large unsymmetrical organic cations and organic or inorganic
anions [24, 25].

Among certain advantages of ionic liquids are their stability, only tiny volatility
and high solvation capability for the broad range of compounds. They also may serve as
surface-active ingredients that largely improve the extraction results. Finally, ionic liquids
can be involved in and modulate many types of extractions like liquid-liquid (for instance
based on the hydrophobic ionic liquids or aqueous biphasic systems), solid-liquid or solid-
phase isolations (with IL-modified materials) [24, 25]. What is more, ionic liquids may
be potentially applied in the technology of storage of DNA. Serious disadvantage of a long
term storage of DNA is a risk of increased oxidative or structural damages especially due to
the freeze-thaw of samples. On the other hand, keeping of DNA in room temperature often
requires dehydration conditions which may disturb its conformation (exchange of B-form
of DNA to A-form) or cause denaturation [26, 25]. Ionic liquids can act as stabilizers of DNA
physiological conformation maintaining structural and chemical properties of B-form even
for a longer periods of time. Furthermore, ionic liquids provoke conformational transitions
in DNA in order to retain B conformation. This phenomenon prompts to use ionic liquids
as components of DNA storage media [26, 27]. However, there are also some disadvantages
connected with possible ionic liquids toxicity. E.g., it can enter into aquatic environments and
remain there for a long time. In this situation high stability of ionic liquids seriously reduce
their biodegradability and create a threat for aquatic organisms. On the enzymatic level
ionic liquids show inhibitory activities which may lead among others to perturbations of
important neurological processes. lonic liquids toxicity is probably associated with cationic
moiety and side-chain length [25].

In modern days genetic studies are popular in research laboratories. Many regions in
DNA are being studied for their influence on the development of diseases [3]. It is important
to collect and storage samples to conduct many studies to observe influence of changes in
DNA on the development diseases. In some studies, the methods may not be satisfactory,
therefore it is advisable to retain samples for future studies using newer, more reliable
methods [28]. To study one DNA sample for multiple disease predispositions we need
effective DNA isolation method (which results with high concentration and good purify and
storage nucleic acid) or secure several samples of material from one patient (and isolate DNA
when will be performed analysis). Storage of isolated nucleic acid is expensive procedure.
There are over 100 companies in the world which perform isolation and long-term DNA
storage. Unfortunately, this procedure costs in the range from a hundred to a thousand of
United States dollar [28, 29, 30]. Commercially available extraction kits usually deliver pure,
double-stranded DNA - the frequently accompanying disadvantage may be significant DNA
loss. This problem is especially augmented when DNA undergoes extraction from dried
blood spots which is often connected with lower (even 10-fold) DNA recovery rate compared
to extraction from the whole blood. It is also worth mention that the limit of detection tend
to be lower for extraction from whole blood (better sensitivity) when compared to the dried
blood spots [5]. However, the cost per extraction is important and the usage of commercial
kits may be connected with expenses but it is rather comfortable when many samples need
to be processed [5, 31].

In this paper we discuss DNA isolation using the Epicentre Master Pure™ DNA
Purification Kit. The aim of our study was to optimize the isolation of DNA from human
peripheral blood using the Master Pure™ DNA Purification Kit in order to obtain 90-100%
performance. Isolated DNA using the method described in the original protocol is occasional
for analyses, but not for our research, where we used the PCR-RFLP method. That is why
we have undertaken to optimize the DNA isolation method. Besides, the original protocol is
useful mainly for the isolation of the fresh blood DNA. However, due to the fact that in most
cases, frozen blood is used for scientific research, we have adapted the method to our material
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for such needs. Thanks to this, it will broaden the scope of application of the standard set.
Therefore, our optimized method proposed here will allow to isolate DNA from frozen blood.
The novel modification details we used were not specified in the protocol instructions from
the manufacturer which led us to develop the optimization process outlined in this paper. A
further aim of this work was to develop a DNA isolation protocol for use in both in a long-
term (about 18 month of storage) and a short-term frozen blood (2-3 months of storage).

Materials and Methods

Peripheral blood was collected from the ulnar vein from patients hospitalized in the Department of
Eye Diseases, Nicolaus Copernicus University Hospital No. 1 named of Dr. A. Jurasz in Bydgoszcz, Poland.
Patients filled in the declarations of informed and voluntary consent for their participation in the research
in the scope of this work.

We used frozen human whole blood for optimization of the protocol of DNA isolation. Samples were
collected in vials with K,EDTA, which is common anticoagulant in laboratory diagnostics. Both samples
(short-term 2-3 months and long-term approximately 18 months) were frozen. Long-term frozen blood,
from 50 patients, was stored for 18 months at -80°C while short-term frozen blood from 50 patients was
stored at -80°C for 2-3 months. The same kit (the same component), the same solution bottles, etc. were
used for all compared samples, which guaranteed equal conditions for the DNA isolation process. This is
important to allow for a proper comparison.

We used an Illumina Epicentre Master Pure™ DNA Purification Kit for isolation [19]. The kit consists
of Red Cell Lysis Solution (120 mL), Tissue and Cell Lysis Solution (60 mL), 2X T and C Lysis Solution (50
mL), MPC Protein Precipitation Reagent (55 mL), RNase A (5 pg*uL? 400 pL), Proteinase K (50 pg*uL! 200
uL), TE Buffer (17 mL (10 mM Tris-HCl, 1 mM EDTA). One Master Pure™ DNA Purification Kit is enough to
perform 200 DNA purifications [32]. We also used iso-propanol and 70% ethanol from the Sigma company.

Additional equipment used in the optimization methods included a centrifuge (Eppendorf), a
laboratory incubator (Poll CL-60), a vortex (Eppendorf), a Nanodrop (Thermo Scientific) and a pipette with
variable capacity (Eppendorf).

Our isolation protocol was divided into 2 parts:

1) lysis, where we lysed erythrocytes, leukocytes and digested RNA.

2) precipitation of total DNA, including removal of proteins, precipitation of DNA and dissolution of the
nucleic acid in TE buffer. The manufacturer’s protocol for our sample is as follows [26]: ‘B2. DNA Purification
for 200 pL of Whole Blood (with RBC Lysis).

Expected yield: 3-9 ug of DNA (see [33]):

1. Draw 5 mL of blood into an EDTA Vacutainer tube. Transfer 200 uL of whole blood into a micro-
centrifuge tube. As it is commonly known, multiple research are based on the frozen blood, because it is
hard to collect fresh blood from multiple patients during a long-period time. That is why we should test the
possibility to isolate good quality DNA from long-term frozen blood.

2.Add 600 pL of Red Cell Lysis Solution. Invert three times to mix and then flick the bottom of the tube
to suspend any remaining material.

3. Incubate at room temperature for 5 minutes and then vortex briefly. Continue incubating at room
temperature for an additional 5 minutes, followed again by brief vortexing.

4. Pellet the white blood cells by centrifugation for 25 seconds in a micro-centrifuge.

5. Remove most of the supernatant, leaving approximately 25 pL of liquid. Vortex to suspend the pellet.

6. Resuspend the white blood cells in 300 pL of Tissue and Cell Lysis Solution by pipetting several
times.

7.Add 1 pL of RNase A and mix thoroughly.

8. Incubate at 37°C for 30 minutes.

9. Place the samples on ice for 3-5 minutes and then proceed to precipitation of total DNA.

10. Add 175 pL of MPC Protein Precipitation Reagent to 300 pL of lysed sample and vortex vigorously
for 10 seconds.

11. Pellet the debris by centrifugation for 10 minutes at 210.000 x g in a microcentrifuge.

12. Transfer the supernatant to a clean centrifuge tube and discard the pellet.
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13. Add 500 pL of iso-propanol to the recovered supernatant. Mix by inverting the tube 30-40 times.

14. Pellet the DNA by centrifugation at 4°C for 10 minutes in a micro-centrifuge.

15. Carefully pour off the iso-propanol without dislodging the DNA pellet.

16. Rinse twice with 70% ethanol, being careful to not dislodge the pellet. Centrifuge briefly if the
pellet is dislodged. Remove all of the residual ethanol with a pipette.

17.Resuspend the DNA in 35 pL of TE Buffer. Quantitate the DNA by electrophoresis, spectrophotometry,
or fluorimetry.

Our revised protocol differed in the following areas:

Step 3. Incubate at 25°C (not room temperature) for 5 minutes and then vortex the mixture for a few
seconds. Repeat this step.

Step 4. Pellet the white blood cells by centrifugation for 25 seconds in a micro-centrifuge. We change
the centrifugal force and length the time, because our earlier attempts to isolation had unsatisfactory results.
That is why we try to modify this step and with above protocol our results were much better. We centrifuge
for 2 minutes at rcf=15295 x g spin speed.

Step 6. Resuspend the white blood cells in 300 pL of Tissue and Cell Lysis Solution by pipetting several
times. We use 2xTissue and Cell Lysis Solution.

Step 9. Place the samples on ice for 3-5 minutes and then proceed to precipitation of total DNA. We
placed samples in the freezer for 4 minutes.

Step 10. Add 175 pL of MPC Protein Precipitation Reagent to 300 pL of lysed sample and vortex
vigorously for 10 seconds. We pipette cells up and down several times and vortex for 20 seconds.

Step 11. Pellet the debris by centrifugation for 10 minutes at 210.000 x g in a microcentrifuge. We
centrifuged at 4°C for 10 minutes at 12.000 rpm.

Step 12. Transfer the supernatant to a clean centrifuge tube and discard the pellet.

We transferred the supernatant to a clean microcentrifuge tube with a press stud (1.5 mL; these
equipment are safe-lock tubes.

We added an additional step in our protocol at this point.

Step 13. Incubate for 15 minutes on ice (time of incubation depends on how many strands of DNA are
needed; longer incubation produces more DNA).

Step 14. Pellet the DNA by centrifugation at 4°C for 10 minutes in a microcentrifuge. We centrifuged
atrcf=10650x g.

Step 16. Rinse twice with 70% ethanol, being careful to not dislodge the pellet. Centrifuge briefly if the
pellet is dislodged. Remove all of the residual ethanol with a pipette. We used cold ethanol -20°C.

We added an additional step in our protocol at this point.

Step 16a. Open the tubes and leave for 20 minutes to evaporate the remaining drops on the walls of
the tubes.

Step 17. Resuspend the DNA in 35 uL of TE Buffer. Quantitate the DNA by electrophoresis,
spectrophotometry, or fluorimetry.

We pipetted the precipitate up and down several times then vortex the mixture for 30-60 minutes until
completely dissolved.

We added an additional step in our protocol at this point:

Step 17a. Store the dissolved DNA in a fridge at 4°C.

Statistical analysis was performed with STATISTICA v.13 (TIBCO Software Inc. 2017) and Microsoft
Excel v.2019. Wilcoxon test was conducted with the confidence level a=0.05 and obtained p-values below
0.05 were recognized as statistically significant while p-values that topped 0.05 were recognized as
statistically insignificant. Wilcoxon test is designed to compare results for the same samples obtained in
various conditions. By using this test is possible to compare results of DNA concentration in the same sample
before and after optimization, and the impact of procedure or sample storage on final DNA concentration.

Measurements of DNA quality parameters (concentration and pureness) were accomplished with
Nano-Drop 2000 (Thermo Scientific). Application of 2 uL. of DNA suspended in TE Buffer was sufficient
for effective analysis. Electrophoresis was performed with horizontal electrophoresis apparatus (MS Major
Science MP-300V) while results were documented with photo chamber (Syn-gene G:BOX ChemiXR5).
[llumina Epicentre Master Pure™ DNA Purification Kit [32] (Cat. No MCD85201) was selected to perform
isolation procedure based on detailed product specification - compatible with our needs - as well as
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favorable experiences from previous researches conducted in our laboratory with this specific purification
kit. All procedures and all stages of optimization was performed with the same purification kit with original
reagents provided by manufacturer. Introduction of each modification of original procedure was followed by
accurate and multiple examination of after-effects and evaluation of positive impact on DNA concentration
and purity. Final results of optimization are presented and accordingly discussed in succeeding section of
this paper.

Results

Our first attempts at DNA isolation - conducted strictly adhering to the manufacturer’s
protocol did not result in sufficient DNA concentration (ng*uL™) or purity (A 260/280). The
parameters shows, that samples were useless for PCR reactions. Descriptive statistics for
these results are presented in Table 1 and Figures 1-3 (n=50).

We experimented with two methods of drying the ethanol in the samples (step 10
above), 1) placing in an incubator for about 20 minutes at a temperature of 37°C and 2)
standing in the open air for 20 minutes at room temperature [34]. Drying of ethanol in
the open air at room temperature yielded stable values of purity in the range 1.6-1.9 (A
260/280). Drying in the incubator yielded more labile results (Fig. 1). However, comparing
the results of DNA concentration and purity after drying, by using Wilcoxon statistical test
indicated that method of drying of ethanol does not exert statistically significant influence
on concentration and pureness of DNA isolated from blood samples (the lack of significant
difference in the DNA concentration and pureness between two methods of drying; p=0.721
for concentration and 0.241 for pureness; Table 2, Fig. 1). The optimal range of purity for our
experiments was established due to optimization and available data [35, 36].

After optimization we repeated the isolation protocol on the samples from the first
experiment, achieving efficiency in range of 90-100%. Statistics for these results are
presented in Table 1 (n=50). We established the optimal DNA concentration range (50-150
ng*uL') due to optimization and available data [37, 35, 31]. The purity of samples was in the
range of 1.6-1.9 (A 260/280) in most cases. Figures 2 and 3 present graphical comparison
of the DNA concentrations before and after optimization and DNA purity before and after
optimization, respectively (the Wilcoxon test). There was a significant higher concentration
(p=0.000000000757) and purity (p=0.0000000007566) of DNA after optimization which
confirmed fundamental improvement achieved in DNA quality parameters in result of
introduced modifications (Table 1, Figures 2, 3).

Table 1. Results of DNA isolation before and after optimization (statistics for 50 samples; n=50)

Statistical analysis of 50 samples from first experiment
DNA pureness before optimization

Statistical parameter DNA concentration before optimization (ng*pL1)

(A260/280)
Average 6.414 0.764
Max 12.8 1.28
Min 3.2 0.55
SD 2.475596 0.14938
Statistical parameter =~ DNA concentration after optimization (ng*pL-1) DNA pureness after optimization
(A260/280)
Average 126.036 1.735
Max 318.3 1.83
Min 61.3 1.48
SD 51.39417 0.072598

Statistical differences in DNA concentration before and after optimization — Wilcoxon test: p=0.000000000757
Statistical differences in DNA pureness before and after optimization - Wilcoxon test: p=0.0000000007566
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Fig. 1. Comparison of DNA pureness (A 260/280) of
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Table 2. Comparison between two methods of drying of ethanol in context of DNA concentration and
pureness (optimization on 50 samples; n=50)

Statistical analysis of DNA concentration in two methods of drying of ethanol

Statistical DNA concentration after drying of ethanol in DNA concentration after drying of ethanol in
parameter incubator (ng*uL-1) open air (ng*uL-1)
Average 113.1 109.58
Max 219.1 192.3
Min 57.2 61.3
SD 54.87442 37.18963

Statistical differences in DNA concentration obtained after application of two methods of drying of ethanol - Wilcoxon
test: p=0.721277
Statistical analysis of DNA pureness in two methods of drying of ethanol

Statistical DNA pureness after drying of ethanol in DNA pureness after drying of ethanol in open air
parameter incubator (A 260/280) (A260/280)
Average 1.613 1.749
Max 1.83 1.82
Min 1.18 1.57
SD 0.222813 0.079924

Statistical differences in DNA pureness obtained after application of two methods of drying of ethanol - Wilcoxon test:
p=0.241122

Samples with DNA concentrations above 150 ng*pL ! were not problematic when diluted
with TE Buffer. Depending on the DNA concentrations, we add TE Buffer 5 uL amounts,
adjusting the concentrations to the optimum. The dilutions used are shown in the Fig. 4.

In our next experiment we analysed the efficiency of the optimized method in the
isolation of DNA from two independent samples of whole blood: short-term frozen (n=50)
and long-term frozen (n=50) (Table 3). All samples were frozen at the temperature of -80°C.
We examined blood from vials with K,EDTA. These vials are used in every laboratory in
the morphological tests. Our studies allow to use blood previously examined and does not
require another blood sample for molecular tests [38]. Reducing the number of tubes and
their volume (milliliters) of blood taken from the patient is important for patient safety
especially for children and elderly [39, 40]. It is important to collect low volume of samples
and obtain high efficiency method to isolate DNA, which allow scientists to perform multiple
DNA tests on one sample, even from a long-term frozen blood [5, 31].

The statistics (Table 3) confirm that the optimized method provided good efficiency of
the DNA isolation both from short-term and long-term frozen whole blood. In the majority
of samples we observed DNA the concentrations on the level of 125.762 ng*uL™ for isolation
from short-term frozen blood and 117.94 ng*uL for isolation from long-term frozen blood
(n=50). In general, the purity of the DNA also achieved satisfactory average values of 1.761
(A 260/280) for isolation from blood frozen for 2-3 months and 1.7194 (A 260/280) for
isolation from blood frozen for 18 months (n=50). Blood frozen for 18 months yielded
slightly lower quality of DNA resulting in a lower concentration and purity. We expected that
prolonged storage may cause degradation of DNA and contamination of the isolation product.
Nevertheless, Wilcoxon statistical test indicates that there is no significant difference in DNA
concentration between short-term and long-term frozen samples (p=0.131). Therefore, in
the matter of the concentration, optimized procedure enables isolation of DNA from both
short-term and long-term frozen samples with comparable efficiency. However, Wilcoxon
test showed that there is a significant difference in DNA pureness between samples frozen
for 2-3 months and frozen for 18 months (p=0.004284). It suggests that long-term freeze
actually worsen the pureness of DNA even when isolated with optimized procedure. Still
most of analysed long-term frozen samples showed purity in range of 1.6-1.9 (A 260/280)
and only few demonstrated purity slightly below mentioned range while purity and
concentration of all 50 samples appeared sufficient for effective PCR-RFLP implementation
(Table 3, Fig. 5). A graphic illustration of the efficiency of the optimized method in the matter
of concentration and purity of DNA in these two sets of samples (short-term and long-term
frozen) is presented in the Fig. 5.
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Fig. 4. Procedure of gradual dilution presented
above was applied when achieved DNA concentration
was too high. Dilution of DNA sample with TE Buffer
enabled to obtain the value of concentration (ng*uL™?)
close to optimum. In the beginning we observed
relatively high DNA concentration (436.2 ng*uL?).
After adding 5 pL of TE Buffer DNA concentration
fell to 317.3 ng*uL* (the next 5 pL resulted in 249.6 : P e &
ng*uL?). Finally, after adding 20 pL of TE Buffer

(together in 4 steps) we obtained DNA concentration

of 171 ng*uL! (the next dilution would certainly provide DNA concentration in the range of 50-150 ng*uL™).
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Table 3. Comparison of efficiency of DNA isolation - concentration (ng*uL™) and pureness (A 260/280) - in
case of two groups of samples: frozen 2-3 months and 18 months

Statistical analysis of 50 samples from second experiment

Statistical Concentration of DNA (ng*pL-1) isolated from Pureness of DNA (A 260/280) isolated from
parameter samples frozen 2-3 months samples frozen 2-3 months
Average 125.762 1.761
Max 239.1 1.86
Min 55.2 1.59
SD 42.2549 0.055595
Statistical Concentration of DNA (ng*pL-1) isolated from Pureness of DNA (A 260/280) isolated from
parameter samples frozen 18 months samples frozen
18 months
Average 117.94 1.7194
Max 316.2 1.89
Min 43.5 1.54
SD 62.02388 0.077021

Statistical differences in DNA concentration between short-term (2-3 months) and long-term (18 months) frozen blood -
Wilcoxon test: p=0.1308561753

Statistical differences in DNA pureness between short-term (2-3 months) and long-term (18 months) frozen blood -
Wilcoxon test: p=0.004284
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The success of PCR
amplification  depends
on the procedure of the
DNA isolation. Fig. 6
shows electrophoresis
of our isolation products,
which provided suitable
DNA for further research.
The image on the left
(Fig. 6) shows products

achieved with primary
isolation, when we used Fig. 6. Effects of electrophoresis of DNA isolation. On the left (A) obtained

the original Epicentre according to original Epicentre protocol (samples 1-6), on the right (B)
protocol. The image on obtained in optimized Protocol (samples 1-6). The image of undegraded
the right was produced productis a final confirmation of high effectiveness of optimized procedure.

from our optimized

method. In the latter case we obtained un-degraded product, which we were able to use
in further research. In our research we need to gain good quality and concentrated DNA,
because we conduct PCR-RFLP. In lower concentrated DNA we had problems to gain a good
material to gain visible products in the electrophoresis.

The results of spectrophotometric analysis of the isolated DNA confirmed that our
optimized methodology was highly effective, with an efficiency at the level of 90-100%
based in all of our experiments. The procedure yielded satisfactory concentration and purity
of DNA. Furthermore, the efficiency was equally good when the whole blood had been frozen
for 18 months. This was confirmed by electrophoresis of the extracted DNA samples in all
cases (Fig. 6).

Discussion

In recent years nucleic acid isolation undergoes simplification and acceleration. In this
context various systems may be characterized with certain advantages. E.g., the microfluidic
platforms may be considered as cost-effective solutions for sample preparation in
consequence of reduced sample and reagents size. Paper devices are generally inexpensive
and easy to fabricate. Furthermore, such devices simplify the process of extraction by
ensuring additional purification functions or by eliminate the need for centrifugation at
certain steps. On the other hand, chitosan-based charge switching extraction techniques can
be integrated to selectively bind target DNA or RNA from certain complex biofluids. It may
result in rapid sample preparation at the detection area and increase extraction efficiency.
However, a key task is to develop extraction strategies that may be applied to very diversified
sample matrices. It may be important e.g. in case of newly emerging diseases when it is still
uncertain which diagnostic medium is optimal [2].

The optimized method of DNA isolation allowed us to obtain DNA on the first attempt.
Epicentre Master Pure™ DNA Purification Kit offers an easy and cheap method of DNA
extraction from many materials (e.g. whole blood, tissues samples, fluid samples like saliva
or semen, cell samples). The troubleshooting and optimization are time-consuming steps [4,
41]. The storage techniques of material are also fundamental [2, 4]. E.g,, Zhou et al. (2022)
[30] recommend the method of in situ cryo-silicification of whole blood cells for long-term
preservation of DNA. These authors characterize their method as inexpensive and reliable.
They also ensure that it yields cryo-silicified samples that meet the criteria for safe and
long-term DNA preservation such as resistance to external stressors and stability even
in unfavorable conditions. Finally, the researchers mention that their method facilitates
highly effective freezing of DNA within thermally stable silica helping to avoid ultra-low
temperature storage and accompanying cold chain inconveniences [30]. Our optimized
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method allowed us to obtain isolated DNA, which was ready for polymerase chain reaction
(PCR) immediately. In our study we provided amendments to the standard protocol of
DNA isolation. The instructions, which come with the kit do not contain sufficient detailed
information (e.g. isopropanol temperature should be -20°C, incubation in the ice enhances
the extraction of DNA, while RNA must be heated to room temperature). Dahm (2005) [7]
previously suggested that a gentle pipette and vortex mixing should be used to dissolve the
pellet, which we also include in our protocol (step 17).

Other changes resulted from multiple attempts such as increasing centrifuging speed,
adding concentrated Tissue and Cell Lysis Solution, incubation in the freezer, drying and
vortexing to dissolve isolated DNA. The results of our initial attempts and the final outcomes
are shown in Table 1. The increase in DNA concentration and DNA purity were significant
(Figures 2 and 3). We required DNA concentration in the range of 50-150 ng*uL?* [37, 35],
and DNA purity in the range of 1.6-1.9 ng*uL* (A 260/280) [36]. Our optimized protocol
fulfilled both of these conditions.

Even the process of drying was problematic. In Table 1, it can be seen that the standard,
supplied protocol resulted in a low amount of impure DNA (regardless the technique of
drying). The results of optimization of this step are visible in Fig. 1 and Table 2. We tried to
dry DNA in the incubator and in air both for about 20 minutes. Finally, both trials produced
good results in matter of concentration and purity of DNA (no statistical differences
between two methods of drying in Wilcoxon test that indicated p-values of 0.721 and 0.241
for concentration and pureness accordingly; Table 2), however the process appeared to be
more effective stable for samples that were dried in air (Fig. 1). It is likely that drying in the
incubator resulted in the contamination of DNA, due to biological or chemical factors [42].
Our laboratory have incubator which is used to multiple research, also to dry plants, heat
probes etc. Probably forced air circulation in the incubator in small space allow to migrate
pollutions, which could contaminate the samples. According to this we conclude, that in
other laboratories could be similar problem. So we suggest, to dry DNA in the open air. We
optimized the protocol on 50 samples, so we can conclude that the representativeness of our
assessment can be considered as rather sufficient.

After optimization the concentration of DNA was high (Fig. 2); for some samples, it
was even higher than 150 ng*uL. It is not possible to conduct PCR on highly concentrated
samples [42]. Thus the samples were diluted according to the scheme shown in the Fig. 4.
This procedure yielded a larger sample with an optimal DNA concentration. It was beneficial
for optimizing conditions in PCR reactions, because we conducted many reaction from one
sample. After one process of the isolation we could obtain more product for next analysis.

Our methodology was also tested on long-term stored blood. Freezing procedures
generally tend to induce DNA strand breaks and DNA extraction yield may be reduced in
consequence of freezing and thawing [4]. Table 3 shows the variation in DNA concentration
and purity between short- and long-term frozen blood. Short- and long-term frozen blood
samples yielded sufficient DNA to perform PCR but short-term frozen blood had a slightly
higher concentration and purity on isolation. It has been shown that storage of whole blood
in a freezer at a temperature of -80°C may not be as effective as storage in liquid nitrogen.
DNA degradation proceeds faster at the higher temperatures in freezers [31, 43]. According
to our results (as shown at Fig. 5), both short-term and long-term frozen blood samples
could still yield sufficient DNA to perform PCR. However, the manufacturer notes that DNA
isolation should be carried out from fresh material. Our methodology makes the kit also
useful when using blood samples frozen for a longer period of time. Thanks to this, the
Epicentre set has a wider range of applications, which is certainly a beneficial aspect for the
manufacturer. Especially, that today specimens ale collected for a long time before they are
examined. Often, multiple tests are performed from one sample. This is very important to
have good method to isolation high-quality material from long-frozen time specimens [4, 31,
33, 34]. Today most methods concentrate on this aspect, because of its importance for the
genomic research on the previously collected samples [44, 45]. Only a small number of the
total samples yielded concentrations below established level of 50 ng*uL! and these were
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all derived from long-frozen blood (approximately 18 months), nevertheless they were still
suitable for further analysis.

Incorrect DNA extraction is a major limitation in PCR [46]. However, our optimized and
original protocol did not use proteinase K. This enzyme is used to the lysis structural and
membrane proteins [47, 48, 49]. It is useful in the isolate nucleic acids from various samples
and obtain long fragments [47, 49]. K-proteinase is not recommended by the Epicentre in
the procedure of DNA isolation from blood. We also resign with using this enzyme, because
many publications show that the resignation did not affect the results [47, 50, 51]. Avoiding
this part let us to save the time and shortens the duration of the procedure [47].

The presented results confirm that optimized DNA protocol fulfills the conditions
of good extraction technique: it is relatively fast and easy to perform yet it guarantees a
high repeatability, specificity and sensitivity. There are also no dangerous or harmful
steps in the procedure (see [12]). Nowadays there is urgent need to adjust DNA isolation
methods to requirements of point-of-care diagnostics which force to widely introduce the
microanalytical systems (that could be used the nearest to patient as possible). Neither of
currently use techniques may be considered as perfect for this task. One of fundamental
steps of solid-phase extraction is centrifugation that requires specific machinery. On the
other hand, extraction with magnetic beads needs external magnet source. Both solutions
could be difficult to implement in point-of care systems. Additional difficulties would be
connected for instance with maintenance of optimal temperature for critical procedure
steps or with medical wastes utilization (see [11]). For that reason further improvement
of DNA isolation techniques will be one of the most diligent matters in the near or possibly
even distant future. Our results demonstrates the innovative and effective approach to the
subject. It confirms a high effectiveness of method regardless of the duration of sample
freezing, as well as the introduce important modifications (among others in matter of timing,
temperature conditions, drying details) that make overall procedure more productive and
relatively fast (absence of K-proteinase).

Epicentre Master Pure™ DNA Purification Kit for isolation, in accordance with the
manufacturer’s recommendations, contains a safe and gentle protocol without hazardous
chemicals. It also allows scaling the amount of reagents to obtain the appropriate sample
volume and concentration of nucleic acid.

In conclusion, our optimized protocol for precipitation DNA isolation is one of the
cheapest among those described. We checked the prices in the online stores. The isolation
kit for processing 200 DNA samples and costs about $973 ($4.87 per sample), in solid-phase
DNA extraction, isolation of 50 samples costs from $120 to $430 ($2.40-8.60 per sample).
The cost of using the magnetic method is $620 for 96 samples ($6.45 per sample) or $645
for 48 samples ($13.44 per sample), but this method usually require specialized equipment
(and do not allow for too much manipulation during the nucleic acid isolation process).

Taken together, all methods can be used for extraction DNA from blood and for other
tissues. The time required for DNA isolation is approximately 30 minutes using the magnetic
method, and from 20 minutes to 1 hour using columns (depending of the producer). DNA
isolation using our method takes approximately 1 hour and 30 minutes.

New applications of optimization of the method of DNA isolation from human whole
blood with Master Pure DNA Purification Kit™

Our optimized protocol differs from the standard Epicentre Master Pure™ DNA
Purification Kit [32, 33] by including some additional specific manual steps:

Innovation 1. In step 4, we increased the spin time to 2 minutes and set the centrifuge
speed at rcf=15295 x g. In step 6 we added 2x Tissue and Cell Lysis Solution to get more
effective cell lysis. In step 9, we optimized the protocol by incubation in the freezer for 4
minutes.

Innovation 2. In the precipitation process we added pipetting in step 10, and we
lengthened the vortexing from 10 seconds to 20 seconds. In step 13, we used chilled
isopropanol (-20°C) rather than warm (see [40]). With cold isopropanol we got white
strands of DNA faster. In the same step we added cooling on ice for 15 minutes.
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Innovation 3. In step 16, we used cold ethanol (-20°C). Also, in the same step we removed
the rest of ethanol by using a pipette and then left the tubes to dry for about 20 minutes.
When all ethanol drops dried off we added TE buffer.

Innovation 4. In step 17, after suspension of DNA in 35 pL of TE Buffer we vortexed the
sample tubes for 30 minutes. Then kept it overnight in room temperature before putting in
a fridge (4°C).

Conclusion

1. Optimized adaptations recommended in this paper allowed us to isolate DNA from
whole frozen blood consistently, making any repeat of the protocol unnecessary.

2. Our optimized method allowed us to obtain isolated DNA ready for PCR in a fast
and effective way. Improvements in concentration and pureness of DNA were evident and
significant (Wilcoxon test).

3. We highlighted important deviations from the standard protocol recommended for
DNA isolation (e.g. isopropanol temperature should be -20°C; incubation in ice, increasing
centrifuging speed, adding concentrated Tissue and Cell Lysis Solution, incubation in freezer,
drying and vortexing to dissolve isolated DNA).

4. The process of dilution of DNA samples enabled us to obtain a greater sample volume
with optimal DNA concentration. Establishment of specific scheme of solutions of DNA
samples enabled us to obtain a greater sample volume with optimal DNA concentration.

5. Short-term frozen (2-3 months) blood yields a higher DNA concentration of better
purity than longer frozen material. In the matter of DNA concentration both short-term (2-3
months) frozen blood samples and long-term (18 months) frozen blood samples delivered
satisfactory and comparable results of isolation (lack of significant difference in Wilcoxon
test). In case of long-term frozen blood there was certain downgrade in DNA pureness
when compared to short-term frozen samples (significant difference in Wilcoxon test).
Nevertheless, DNA isolated from all tested samples was suitable for further analysis.

6. All of short-term frozen blood Both short-term and long-term frozen samples yielded
sufficient amount of extracted DNA to perform PCR.

7. The success of PCR amplification depends on the procedure of the DNA isolation
protocol.

Electrophoresis of PCR products confirms that our optimized method yields sufficient
DNA suitable for further research.

8. The results of spectrophotometric analysis of the isolated DNA confirmed that our
optimized methodology was highly consistent (we estimated the efficiency at 90-100%
based in all of our experiments). The procedure gives satisfactory DNA concentration and
purity. In practice the efficiency was equally good when the whole blood was frozen for 18
months.

9. To get final confirmation, we conducted electrophoresis on all DNA samples isolated in
our experiments. We then conducted PCR on our samples. In all cases the PCR was successful.
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