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ABSTRACT

Purification of nucleic acids is still an important step in molecular genetic
research. The development of whole genome sequencing technologies has increased
the requirements for the purity of the nucleic acids used, and also required the
selection of DNA fragments by size. Buffer systems that contain PEG/NaCl
solutions and silica-coated magnetic beads allow to purify nucleic acids and
selectively sorb certain sizes of DNA. In this article, we present a simple protocol
for the purification of PCR products with the ability to absorb the required DNA
molecules. It was determined that the use of an optimized PEG / NaCl buffer
system with magnetic silica gel in a ratio of 1.5: 1 with a PCR product allows to get
rid of DNA fragments 100 and less base pairs (bp), as well as other contaminants,
while maintaining this is more than 90% of the DNA in solution. The ratio of 0.35:
1 allows for high-affinity sorption of DNA molecules larger than 400 bp. The
practical use of the obtained data allows us to improve the quality of sequencing
without increasing the cost of research.
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INTRODUCTION

Nucleic acid purification methods that are used in genetic analysis and
identification of biological objects play a crucial role in research in the field of life
sciences. [1]. For diagnostic and research purposes, it is necessary to isolate nucleic
acids from various objects including bacteria, virus-containing liquid, tissues and
exudates of higher organisms. To isolate nucleic acids, there is a huge selection of
commercially available kits and open protocols that make it possible to obtain highly
purified nucleic acids from impurities of cell walls, proteins and chemical compounds
[2,3].

Another important task of molecular biology is to purify PCR products for
subsequent cloning or sequencing including preparing libraries for sequencing on high
performance sequencers. [4]. Two main factors affect the quality of the resulting
sequences: the concentration, integrity, and purity of the DNA matrix; effective removal
of primer residues, unbound deoxynucleotide triphosphates, proteins and chemical
compounds [5]. In addition, to clear libraries for whole genome sequencing, it is
necessary to select PCR products by size, removing non-specific low-molecular and
high-molecular DNA fragments formed during the demirization of primers and DNA
fragmentation. Methods for cleaning PCR products can often be expensive, time-
consuming, and can lead to partial or complete loss of the original DNA template. The
determination of a nucleic acid purification technique may depend on several factors,
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such as cost, operating time, the need for high-performance processing, the quality of
sequence data, and user preferences. Numerous approaches are available for purification
of PCR products, including alcohol precipitation [6], affinity chromatography [7], size
exclusion chromatography methods [8-10], proprietary kits, and the use of paramagnetic
particles or beads [11-12]. Among these methods, the method of cleaning nucleic
acids with paramagnetic particles coated with silica gel has a number of advantages.
The use of magnetic silica gel reduces operating time and costs and increases the
integrity of the DNA. [13]. Also, magnetic extraction does not use harmful organic
solvents, the protocols are simple and allow you to automate the processes. [14].
Magnetic silica gel has been widely used in cleaning up “libraries” for whole genome-
sequencing, as it has several advantages: unlike cleaning libraries on spin column, it
does not require a centrifugation stage, which allows you to automate and scale the
cleaning process [15]; get rid of low molecular weight DNA fragments [16]; get rid of
long DNA molecules [17].

Magnetic silica gel has a ferrite core coated with silica or carboxylic polymer,
which eliminates the oxidation of iron and prevents the loss of its properties, and also
facilitates the sorption of nucleic acids. These properties of magnetic silica gel allow
reversible binding of nucleic acid under conditions of dehydration and in the presence
of a strong magnet can be safely immobilized during several stages of washing and
manipulation [18]. The particle structure and composition of the solution can be
modified to selectively adsorb nucleic acids depending on their type and size. These
properties were used to develop purification methods based on a three-stage process of
binding, washing and elution. In an optimized binding solution, the particles selectively
adsorb nucleic acids from complex mixtures. An external magnetic field is used to
remove particles and adherent target nucleic acid from unbound material. Flushing
particles eliminates residual contamination. The purified target nucleic acid is then
eluted, ready for subsequent applications. This technology was developed as an
alternative to vacuum filtration and centrifuge-based cleaning formats to ensure high
sample processing performance. Commercially available kits are expensive and
significantly increase the cost of the sequencing process. In this regard, many groups
develop their protocols using ready-made or self-prepared silica gels [19]. However, it
IS necessary to optimize the conditions for cleaning nucleic acids for a certain type of
magnetic silica gel.

In this article we present an optimized method of nucleic acid purification that
demonstrates quality results comparable to data obtained using more expensive
commercial kit.

Materials and methods

In this work was used a sample of P. multocida DNA isolated from saiga fallen
during the epizootic in 2016, from the collection of "National Reference Center for
Veterinary Medicine". Cultivation of the P. multocida strains was carried out on meat
peptone agar (HiMedia, India). DNA was isolated using the QlAamp DNA Mini Kit
manufactured by QIAGEN (USA) according to the manufacturer's instructions. DNA
concentration was determined using a NanoDrop1000 spectrophotometer. We also used
RNA samples isolated using the GeneJET Viral DNA and RNA Purification Kit
(ThermoScientific) from patients diagnosed with SARS-Cov2 coronavirus infection.

PCR amplification. Amplification of the 16S rRNA gene fragment was
performed with universal primers 8f 5 and 806R [20] in a total volume of 30 ul. The
PCR mixture contained 2 ng of P. multocida DNA, 1U Taq DNA Polymerase
(ThermoScientific), 0.2 mM of each dNTP, 1xPCR KCI buffer, 2.5 mM MgCI2, 30



pmol of each primer. Excess primer was used as a purification control. The PCR
program: denaturation at 95°C for 5 min, 30 cycles (95°C for 35 s, 55°C for 30 s and
72°C for 60 s) and final elongation at 72°C for 5 min. PCR was performed using a
MasterCycler Gradient thermal cycler (Eppendorf).

Amplification of SARS-Cov 2 virus fragments was performed in a total volume of
25 pl using a SuperScript III One-Step RT-PCR Platinum Taq Hi-Fi Set (Invitrogen),
according to the manufacturer's instructions. Each reaction contained 10 pmol of direct
and reverse primers and 5 ul of RNA. The PCR program: reverse transcription stage at
56°C for 30 min; denaturation of 94°C for 3 min; 35 cycles (94°C for 15 s, 58°C for 30
s, 68°C for 2 min) and final elongation at 68°C for 5 min. PCR was performed using a
MasterCycler Gradient thermal cycler (Eppendorf).

Enzymatic purification. Enzymatic purification of PCR products for sequencing
was performed using Exonuclease | (ThermoScientific) and alkaline phosphatase
(Shrimp Alkaline Phosphatase, ThermoScientific) [21].

Purification using magnetic particles coated with silica gel. Optimization of
PCR purification of products using magnetic particles coated with silica gel. For this
purpose, were prepared 4 variants of binding buffer systems containing different
concentrations of PEG 8000 (polyethylene glycol) (AppliChem) and NaCl: PEG_1
(9.1% PEG 6000 in 2 M NaCl), PEG_2 (15% PEG 8000 in 1.5 M NaCl), PEG_3 (15%
PEG 8000 in 2 M NaCl), PEG_4 (20% PEG 8000 in 2.5 M NacCl). Silica gel particles
have abrasive properties and, when rubbed against each other, form nanosized
impurities. Therefore, before using magnetic silica gel, it must be washed with sorption
buffer (10mM Tris-HCI, ph 8.0 1 mM EDTA, pH 8.0) to remove fine impurities and
optimize pH. Magnetic silica gel (5% molbiol.ru) was added immediately before use to
a concentration of 0.1 %. As eluting solutions, 1x TE pH-9.2 (10 mM Tris-1mM
EDTA), deionized water, 10 mM Tris HCI pH-8, 1x TE buffer pH 8.0 were used.

The products of 20 PCR 16S rRNA reactions of P. multocida were mixed and
transferred 20 pl into 25 tubes, 24 of which were used to verify purification using
various concentrations of PEG and elution solutions, and 1 sample was a control. To 20
ul of the PCR product was added 30 pul of PEG solution with magnetic silica gel, stirred
on a shaker for 2 minutes at 1800 rpm. Incubated at room temperature for 10 minutes.
After the stage of DNA binding with magnetic particles, the plate was placed on a
magnetic tripod (00347252 Magnetic Stand-96, Invitrogen,) for 2 minutes, after the
solution was clarified, the supernatant was removed. The magnets were washed twice
with 100 pl of 70% ethanol. The product was eluted in 20 pl for 10 minutes at 60°C,
with shaking after 5 minutes of incubation on a shaker for 1 minute at 1600 rpm. Then
the plate was placed on a magnetic tripod, the purified PCR product was taken and
electrophoretic analysis was performed in 1.5% agarose. Concentration was measured
on a Qubit® 2.0 fluorimeter (Invitrogen) and with the dsDNA HS Assay Kit
(Invitrogen).

Determination the dependence of ratio of PEG solutions on the size of
adsorbing fragments. For this purpose, marker DNA was purified with fragments from
100 to 1000 bp (100 bp step) with a variable ratio of the purified product to the
PEG/NacCl solution. The ratio of the volume of the PEG solution to the volume of the
DNA marker ranged from 0.35 to 1.8. A commercially available magnetic particle
cleaning solution called AMPure XP (Beckman Coulter) was used as a control in an
identical range.

RESULTS



Determination of the optimal PEG/NaCl solution. To evaluate the
efficiency of purification, a single protocol was used with the ratio of the PCR product
and PEG solutions 8000 / NaCl with silica-coated magnetic beads 1: 1.5. The highest
adsorption efficiency of PCR products was observed in test tubes with 20% PEG 8000
and 25 M NaCl (figure 1). In the phoregram with this solution, the highest
luminescence intensity of the target PCR product was observed, but there was no low
molecular weight nucleic acid (up to 100 bp). A quantitative assessment (table 1)
confirms the highest efficiency of purification of PCR products with a solution of
magnetic silica gel and 20% PEG 8000 and 2.5 M NaCl. The total DNA output in
protocols with 9.1% PEG 6000 in 2 M NaCl, 10% PEG 8000 in 1.5 M NaCl and 15%
PEG 8000 in 2.0 M NaCl compared with 20% PEG 8000 in 2.5 M NaCl was on average
lower by 97.2%, 76.7% and 29.2%, respectively. Among the eluting solutions, 1x TE
pH-8.0, and 10 mM Tris HCI, pH-8 was most effective.

PEG_1 PEG 2 PEG_3 PEG_4 K M
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

PEG_1 - 9.1% PEG 6000/2 M NaCl; PEG_2 - 10% PEG 8000/1.5 M NaCl; PEG_3 - 15% PEG 8000/2.0
M NaCl; PEG_4 - 20% PEG 8000/2.5 M NaCl.
Eluting solutions: 1 - 1XTE —pH 9.2, 2 -Dionized water, 3-10 mM TrisHCI pH 8.0, 4-1XTE —pH 8.0
M- # SM1293, molecular weight marker from 100 to 10,000 bp
Fig.1. Purification quality of PCR products with different concentrations of PEG/NaCl

Table 1. Quantification of effectiveness the PCR products purification

Purification Concentration during elution with various solutions ng/ul
method 10 mM | IXTE-pH | IXTE  —pH | Dionized water
TrisHCI pH 8.0 9.2
8.0
9.1% PEG 6000/2 0.688 0.717 0.448 0.353
M NaCl
10% PEG 5.53 7.03 4.53 1.71
8000/1.5 M NaCl
15% PEG 16.8 17.7 125 10.1
8000/2.0 M NaCl
20% PEG 20.3 20.5 20.0 19.8
8000/2.5 M NaCl
Note: Conc (K) —21.6 ng/uLL




Estimation the ratio of PEG 8000 / NaCl with sizes of adsorbed fragments.
Based on the results of optimizations, in further work we used PEG 8000 20% and 2.5
M NaCl with 0.1% silica-coated magnetic beads. As an eluting solution, we used 1xTE,
pH-8. The optimized composition of PEG 8000 / NaCl with magnetic silica gel in a
ratio of 0.35 allows sorption of fragments from 500 bp, a ratio of 0.65 to 1.2 - from 200
bp (figure 2). The ratio of 1.8:1 adsorb fragments from 100 bp. Using a commercial AM
Pure XP solution, a ratio of 0.35: 1 led to almost complete loss of a marker of all
lengths, a ratio of 0.65: 1 and 0.8: 1 adsorb molecules from 300 bp, while a ratio of 1.2 :
1 and 1.8: 1 begins to adsorb DNA fragments with 200 bp.

20% PEG 8000 and 2.5 M NaCl _AMPure XP
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Fig. 2. Assessment the ratio of PEG 8000/NaCl with sizes of adsorbed fragments

Purification of PCR products for ""Sanger' sequencing method. PCR products
amplifying SARS-Cov2 fragments were used as the initial template. Amplification was
performed on RNA samples isolated from nosopharyngeal swabs from patients with a
positive diagnosis of coronavirus infection. High concentrations of non-targeted RNA
generated non-specific low molecular weight fragments and smears (figure 3A), which
led to a deterioration in the quality of sequencing PCR products purified by the
enzymatic method (figure 4A). Using an optimized method with a ratio of 0.35:1 made
it possible to significantly clear PCR products from low-molecular compounds (figure
3B), thereby improving the quality of sequencing (figure 4B).



1-8 - RNA isolated from nosopharyngeal swabs
from patients with a positive diagnosis of

1-8 - RNA 1S0ldleq 1rom nosopnaryngeal swabs
coronavirus infection

from patients with a positive diagnosis of

T coronavirus infection

M- # SM1293, molecular weight marker from 100 M- # SM1293, molecular weight marker from 100

_ to 10,000 bp _ to 10,000 bp
Fig.3A. PCR products after enzymatic Fig. 3B. PCR products purified by magnetic silica
purification beads
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began in the 90s of the last century [22]. Currently, many sets of nucleic acid isolation
and purification of PCR products have appeared on the market. Nevertheless, despite
the simplicity of the methodologists, their cost is still high. In this article, we describe a
protocol for the purification of PCR fragments using reagents standardly available in
research laboratories. The developed protocol in its technical characteristics is not
inferior to commercial analogues.

Magnetic silica gel is a particle of iron oxide coated with silica or polymer,
which is why it has a magnetic moment and can move when exposed to a magnetic
field. Creating a magnetic field at the edge of the test tube leads to the formation of a
clot of magnetic silica gel at the place where the magnetic field is applied. This ability
provides a number of advantages for methods based on magnetic particles in
comparison with standard methods based on spin columns, silica gel, and nucleic acid
precipitation. The absence of a centrifugation step allows to automate the process and
reduce the risk of cross-contamination [23]. It allows one to isolate a product from large
volumes with a low DNA concentration without increasing the process execution time
[24, 25].

Size fractionation of DNA molecules is an important advantage that has found
application in the preparation of samples for whole genome sequencing.

DNA size selection method is a two-step adsorption of DNA on magnetic
particles. For this, at the first stage, high affinity binding of large DNA fragments with a
length of more than 800 bp occurs, which is achieved by adding a PEG / NaCl solution
with paramagnetic particles in a ratio of 0.5: 1 to the sample volume. For the second
stage, the supernatant is transferred to a new tube into which PEG / NaCl with
paramagnetic particles is added in a ratio of 0.7: 1. As a result, sorption of DNA
fragments of more than 300 bp occurs. After removal of unbound short DNA fragments
and washing of magnetic particles, the sorbed fragments are eluted, which allows
obtaining ready-made libraries of 300-800 bp in size. [26]. We used various
concentrations of PEG8000 and NaCl with a constant concentration of magnetic silica
beads. The use of the previously described concentrations of PEG8000 and NaCl [27,
28] led to large losses of target fragments. Only an increase in the concentration of
PEG8000 to 20% and NACI to 25 mM led to a decrease in losses during the
purification of PCR products. The optimized buffer, when used in a ratio of 1.5: 1 to the
volume of DNA solutions, made it possible to purify PCR products from primers of
dimers, salts, and other contaminating components of the reaction, retaining from 91.6
to 94.9% of DNA in solution.

Applying different ratios of volume of buffer systems with magnetic silica to the
volume of the sample allowed to selectively adsorb DNA fragments by size. Thus, the
ratio of 0.35: 1 made it possible to selectively adsorb fragments of more than 400 bp,
which was used in the purification of PCR fragments containing low molecular weight
smears. Purification using magnetic particles significantly improved Sanger sequencing
results.

CONCLUSIONS

An optimized protocol allows purification of PCR products and is not inferior to
commercial analogs in results.
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ABCTPAKT

O4HCTKA HYKJIEMHOBBIX KHCJIOT MO-NPeKHEMY SIBJSIETCS BA’KHbIM IIArOM B
MOJIEKYJISIPHO-TEHEeTHYECKH X HCCJIeIOBAHUSAX. PasButne TEXHOJIOT Ui
CeKBEHHPOBAHWSI BCEr0 TEHOMA  YKeCTOYMJIa TpeOOBaHUA K  YHMCTOTE
HCNOJIb3yeMbIX HYKJEHMHOBBIX KHCJIOT, a TaK:Ke MNOTPe0OBaj0 MPOBOAUTH
cenexunio ¢pparmentos IHK mo pasmepam. BydepHblie cucreMsbl, cogepxkamiue
pactBopsl II3I' / NaCl m MarHuTHble APUKH, NOKPBITbIE CHJIHKArejeM,
MO3BOJIAIOT OYMIIATH HYKJIEHHOBBbIE KHCJIOTHI M HM30MpaTeibHO COpPOMpPOBATH
onpenesieHubie pasMmepsl JTHK. B 310l crarbe MbI mnpejacraBiasieM NPOCTOM
MPOTOKOJ A O4YMCTKH mnpoaykToB IIIP ¢ BO3MOKHOCTBIO NOIJIOLIEHUS
HeoOxoaumbix MosekyJd JHK. bBpuio ycTaHoB/IEeHO, YTO MCHOJIb30BAHHE
ontumusupoBanHoi 0ydepnoii cucremsl 13 / NaCl ¢ MAarHUTHBIM CHJIHKATeJIeM
B cootHomenun 1,5: 1 ¢ mpoxykrom TP no3Bossier u3d0aBuThest 0T GparMeHTOB
JJHK 100 m meHee map ocHOBaHHWil (II.H.), a Tak:Ke OT JAPYIHX 3arps3HAIOIINX
BemiecTB coxpansiss Oosee 90% JHK B pacrBope. CoorHomenue 0,35: 1
o0ecneunBaer BbicOKOA(PuHHYI0O copOomuio moJekya JHK o0omee 400 m.H.
IIpakTH4Yeckoe HCHOJb30BAHHE I03BOJMJIO YJIYYHUTh Ka4eCcTBO IMOJIYy4YaeMbIX
pPe3yJIbTaTOB CeKBEHHPOBAHUSA 0€3 yBeJIUYeHHs] CTOUMOCTH UCCJIeI0OBAHMIA.

KurouBble ¢j10Ba: MATHUTHbIE YACTHIbI, MOKPbIThIE CUJIMKATeeM, 04N CTKA,
JHK, ITIP npoxyKThbI.
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TYUIH

MogekyJajblKk — reHeTHMKAJBIK 3epTrey/epaeri MaHbI3Abl MIceseepAiH
0ipi HyKJeHMH KbUIIBLIAAPLIH Ta3anay. ToOJBIK TeHOMABIK CEKBEHHpPJEY
TeXHOJIOTUSICBIHBIH JaMybl HYKJIEMH KbIIKbUIAAPbIHBIH Ta3aJIbIFbIHA JIeTeH
Tajgantbl, coHbiMeH Kartap JIHK ¢parmenTtin esmemi OoifbIHIIA cypbINTay
skyprizyai kymeitrTi. Kypambinaa II9I'/NaCl :xkone marnutri Tyipmikrep 0ap
Oygepai :xKyile HYKJIeHH KbIIIKbLIAAPbIH Ta3aptbin, JAHK-ubiH Oesriii



eJimieMJepiH ciHipyre mymkinaik Oepeni. bysn makanana IITP enimpaepin, KamxerTi
JHK monekyaanapblH CiHipy apKbUIbl Ta3apTyAblH KapanaibIM JiciH
yebiHaMbI3. I3 / NaCl MeH MarHuTTi CHJIMKAareJiiH OHTANJIaAHIBIPbLIFAH
oygepai :kyiieni, IITP enimimen 1,5:1 apa-karbiHacTa Koaaany apkblibl, JJHK
¢pparmenTrepinin 100 x.H koHe OJaH Ja KeM KYN Heri3aepiHeH, 0acka 1aa
JIACTAHYLIBLIAPAAH KYThLIYFa MYMKIHIIK TyFbi3agbl. ConbiMen Katap AHK-HbIH
90%-b1 cakragaasl. 0,35:1 apa-karbiHacTbl KoJaaHy JIHK-ubiH 400 :k.H.-TeH
JKOFapbl MoJieKyJajJapabl CiHipyai KaMTaMachbi3 eTeli. OIICTIi NMPaKTHKAIBIK
KOJIIaHY apKbUIbI AJBIHATBIH CEKBEHHUPJICY HITH:KeJepiH camacblH 3epTTeyAiH
KYHBIH JKOFapjaTnaii ;kakKcapryra yJeciH TUTi3ai .

Herisri ce3gep: cmimkarejMeH KanTaJdfaH MarHuTTi OeJimexkTep, Ta3apry,
JHK, IITP enimaep.



