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Introduction

Advances in molecular biology have led to the development of oligonucleotides — short
sequences of both DNA or RNA molecules, which have identified numerous applications not
only in research areas, but also in therapeutical and forensic sciences[1]. The solid-phase
supported technique is a widely used method for manufacturing DNA oligonucleotides. The
synthesis proceeds in the 3> — 5’ direction, in contrast to biosynthesis. Preparation of such
molecules incorporates a number of steps, including detritylation, coupling, oxidation and
capping processes[2]. Automated solid-phase oligodeoxynucleotide synthesizers employ 5'-
protected deoxynucleosides linked to a controlled pore glass, known as CPG, that support at the
3" end via a chemically cleavable linker. The phosphoramidite or solid-phase approach uses
deoxynucleosides (dA, dC, dG and dT), ribonucleosides (A, C, G and U), modified nucleosides
as building blocks in the synthesis. This technique is commonly utilized in modern laboratory
operations due to its great efficiency and low cost of production of oligomers with defined
structure.
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Figure 1
Solid support-linked 4-step oligonucleotide synthesis cycle
DMT-Dimethoxytrityl; N-1-Methylimidazole/N-methylimidazole

Methods and materials

For a long while, the main method of chemically synthesizing of oligomers has been the
four-step process (Figure 1) which applies the reaction of acid-activation of deoxynucleoside
phosphoramidites by using solid phase supported deoxynucleosides. In the beginning of
synthesis the 5’-O-DMT (Dimethoxytrityl) or protecting group is removed from the nucleoside
connected to the polymer support. In the next stage, coupling, the free 5’OH end of the first
deoxynucleoside replaces the diisopropylamino group of second nucleoside causing the process
of elongation of growing nucleotide. Capping — is an intermediate procedure, where the
deoxynucleosides with non-reacted 5’OH are acetylated to prevent the extension of oligomers
with failures in sequences. The idea of oxidation step is to convert non-stable phosphite group
into a stable phosphate triester via adding the atom of oxygen. The stage permits the following
cycle to proceed to step one, the detritylation of second nucleotide. The finished product is
devoid of base and DMT (protective groups) after being treated with 40% ammonium hydroxide
solution[3].

Reagents Description
W1/W2 Washing solutions
Dbl Deblocking solution
CpA Component of capping solution (A)
CpB Component of capping solution (B)
Oxd Oxidation solution
R2 Additional reactive for synthesis
Actl Activator
Monomers Solutions of phosphoramidites
(dA, dC, dG and dT)

Table 1. List of required reagents for synthesis and their short description

DNA/RNA oligonucleotide synthesizers employ a range of chemicals to produce single-
stranded molecules. As it is provided in the Table 1, a list of required reactives are specified.
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During the synthesis, the solutions “W1” and “W2” are used to wash the reaction columns. The
solutions include acetonitrile, however the “W1” solution is anhydrous, with less than 30 ppm of
H20, whereas the “W2” solution has a rate of 150-180 ppm of H20. The “Dbl” or “Deblocking
solution” plays a certain role during the detritylation phase. "Capping solutions “A” and “B” are
also necessary in the production of oligomers due to their ability to eliminate molecules with
unreacted 5'OH ends. The "Oxd" or "Oxidation solution" plays a significant role in converting
the phosphite part of oligonucleosides into phosphate triesters. "Act1" is an important component
made of ETT (EthylTioTetrazole), and its primary role is to activate essential reactives at various
stages of the synthesis. "R2" means additional solution, such as dichloromethane or other
compounds. Finally, “Monomers” are the solutions containing various phosphoramidites such as
deoxyadenosine, deoxycytidine, deoxyguanosine and deoxythymidine.

The automated oligonucleotide synthesizer uses a variety of reaction columns to
complete the synthesis. They are commonly composed of Teflon (a fluoropolymer) fitted with
porous foil filters. The working capacity of these reaction columns ranges from 6 to 50
microliters, and the number of produced molecules can range from 20 to 400 nanomoles. Other
types of columns that might be utilized for the synthesis include polypropylene columns with
porous polyethylene filters. Oligomers may be synthesized using reaction columns in quantities
0f 0,04, 0,2, 1, and 15 micromole. Figure 2 shows the construction of a reaction column with
porous foiled filters. The interior component is made up of controlled pore glass, or CPG, which
contains various phosphoramidites such as deoxyadenosine, deoxycytidine, deoxyguanosine and
deoxythymidine. The exterior side, as previously noted, is made of an organic composition.

The sequence in which reaction columns are prepared for the synthesis:

1. Choose an empty column with the appropriate volume based on the scale of the
synthesis.
2. Install the first porous foil or filter.
Fill the column with polymer (CPG).
4. Install a second porous foil/filter.

w

(dA/dC/dG/dT)

Inner part of
reaction column

W Outer part of
A reaction column

Porous foil

Figure 2. Structure of the reaction column

Purification

Chromatography is a widely used separation technology for biomolecules in research,
pharmaceutical and other fields. Often, numerous chromatographic stages are necessary to
achieve the requisite high purity of oligonucleotides. AEC (Anion Exchange Chromatography) is
the preferred method for distinguishing oligonucleotides of varying lengths with N—x deletions.
If it is needed to separate oligonucleotides with distinct base sequences, I[P RP (Ion-Pair

63



Reversed-Phase) chromatography is the best option. Furthermore, it is quite adaptable and may
be used to tackle various separation difficulties such as duplexes, RNA/DNA mixes, and
stereoisomeric oligonucleotides[4]. Using HPLC (High-Performance Liquid Chromatography) is
also an excellent choice for purifying oligomers of various lengths in sequences with high level
of purity[5]. Another one technique for analyzing and classifying immunotherapeutic and
diagnostic oligonucleotides has been devised that combines liquid chromatography and mass-
spectrometry (LC-MS). Using certain buffers allow the effective separation of native and
modified antisense oligonucleotides (AS-ODNs) from secondary products or those with failures
during the synthesis. The mobile phases are MS compatible, enabling for direct and sensitive
examination of components that eluted from the column. Tandem LC-MS analysis establishes
the identification of the oligonucleotide failed products and the existence of protection groups
that were not removed during synthesis, and the level of depurination or phosphorothioate
backbone oxidation[6].

Application

Oligonucleotides, short sequences of nucleotides, exhibit diverse applications across
molecular biology, diagnostics, and therapeutics owing to their programmable nature and
specific molecular recognition properties. Oligomers, primarily, act as forward and reverse
primers during the PCR (Polymerase Chain Reaction) contributing for various molecular biology
research by amplifying the targeted sequence of DNA. In diagnostics, the molecules have a wide
range of applications, such as the therapies, including the antisense oligonucleotides that
contribute for the treatment of various neurodegenerative diseases, for instance, amyotrophic
lateral sclerosis, Huntington's and Alzheimer's diseases[7]. Also, there are more than two
hundred clinical trials were confirmed with using the oligonucleotides, antisense
oligonucleotides and other smaller molecules in the treatment of cancer, tumor, neoplasm and
carcinoma[8]. Oligonucleotide treatments, such as ASO, microRNA (miRNA) and small
interfering RNA (siRNA), are now being studied both pre-clinically and clinically as possible
medicines for a variety of disorders, including asthma, COPD (Chronic Obstructive Pulmonary
Disease), and IPF (Idiopathic Pulmonary Fibrosis)[9].
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N. benthamiana eciMairine TeMneparypa MeH BUPYCTBIH 0ipJieCKeH CcTpecCiHig
acepi

Capcenbex Kancas Camamgwizel, Uxcam Hypeyn Hypkanamxoizo,
bexmyposa Acemeynv JKambynosna
JL.LH. I'ymunes ateingarsl Eypasust yITTBIK YHUBEPCUTETI, OMOTEXHOIOTHS KOHE
Mukpoounorus kadenpacel, Acrana, 010008, Kazakcran

7KyMBICTBIH 63€KTiJIiri:

OcimIiKTep CTpecCcTiK jkarnaiapra keOipek ymslpaiinel. bynm opTypni crpecc
bakTopiapbiHBIH ~ OCIMIIKTepAl  OMOXUMUSUIBIK,  (PU3HOJOTHUSAJIBIK,  MOJEKYJSPIBIK
TYTaCTBHIFbIHA Kajlaili ocep eTEeTiHIH TYCIHY KaKeTTUlriH Tyasipansl. COHBIMEH KaTap
OCIMIIKTEpAIH CTpeccKe OeiliMaeny MeXaHuU3MJepi KOHE OCIMIIKTEpIiH ©3repeTiH
KIUMATTBIK JKaFJaiiapra peakiusChl Typaibl OUTIMIMI3AI KeHEeWTyre bIKnan eremi. OChI
calajarsl  3epTTeysiep  OCIMIIKTepAiH  CTpeccke  TOe3IMIUNMH  KakcapTy  JKoHe
aybUIIIApYaIlbUIBIK OHJIPICIH OHTAWIAHABIPY YIIiH jKaHA SAICTEp MEH TEXHOJIOTHSIIAP/bIH
JaMyBIHA QKeITyl MYMKiH.

1. Kipicrie

OcimaikTep TYpii CTpeccKe YIIbIpaybl MYMKiH, COHBIH I1IIiHAE aOMOTHKAJBIK,
OMOTHKAJIBIK CTpecC JIeM 06l KapacTelpambl3. ATal aifTaTelH 00JICakK, TY3/1aHy, TOMEH JKoHE
JKOFapbl TeMIlepaTypajap, XUMHSUIBIK JIACTaFbIll 3aTTap, COHMAAN-aK OMOTHKANBIK CTpecc
(Bupyc, OakTepusi, caHbIpayKyJIakKTap) TYpJil KO3IBIPFBIIITAp, HEMOTONATAp, >KOHMIIKTE,
kemiprimrep [1].

AyBIIIapyalnbUIBIFIHAA ~ A0MOTHKANBIK ~ CTpeccTep  AAKbULAAPABIH  OHIMILIIH
JTYHHEKY31 OOMbIHIIIA ITaMaMeH >KblTbiHa 50% neiiin Temenaereni [2]. CoHbIH immiHae Ka3ipri
TaHJa eTe ayKbIMABI Macenenepain Oipi - »korapel Temrneparypa [3]. On eciMIOiKTiH ecyiHe
BIKIAJ €T€ KOWMaill, OHIMIUIIriHe e Tikenel ocep erefi. OCIMIIKTIH KOJAMIbl ecy
TeMIepaTypacblHa cail KeJIMEWTIH SKCTpeMalbJbl TeMIepaTypajap KaTraH TYpAE ©CIMJIIKKe
Kepi ocepiH TUri3eni, KIETKaJIbIK TOMEOCTa3 OY3bUTybl MEH TINTEH OCIMIIKTIH OJiN KeTyiHe
neitin amapanpl [4].

TemmeparypaliblK CTpeCCKEe TYPAKTBUIBIK KOPCETETIH TYpJl MEXaHHU3MJEp >KayarThl
eKeHi Oenrim, ofaH jkacyma MeMOpaHAaChIHBIH TYPAKTBUIBIFBIH CaKTay, OTTETiHIH OernceHai
TYpJIEpiH a3alTy, aHTUOKCHUIAHTTAPbIH CHHTE3/Eyi, OCMOPETYJIAIMsIay, MalepoHIapIbIH
TPAHCKPHIILMACHI MEH CUTHAJI OepyiH KYLICHTETiH KOHE CTPECCKE ayalThl KHHa3aJapIblH
aKTUBTEHY1 JKaTajibl [5].

CoHbIMEH Karap, JKOFapbl TeMmIepaTrypa ©CIMIIK BHPYCTapblH TapaTaTbIH
OyBIHASIKTBIIAPIBIH KOOCIOIHE aJIbIll Kellel, OChUIANIa BUPYCTHIK SMUAEMUSIIAP TE3 JaMBIIIL,
BUPYCTBIK aypyJapMeH Kypecy IliapajiapbiHa Kenepri kenrtipenai [6,7]. TemmeparypaHbly
e3repyl BHUpPYCTapIblH KJIETKa KOXAWbIHBIHAA IKACyIIApajblK JKOHE IKYHENIK OpbIH
aybICTBIPJIYbIHA, PEIUIMKAIMACHIHA 9Cep €TETiHI aHBIKTANbl. JKamnmbl, )KOFapsl TeMIepaTypa
OCIMIIKTEepAeTi BUPYCTHIH TapalyblH KylieiTeni, Oipak Temmeparypa Oenrisi Oip BUPYCTHIH
OHTAaMJIBl IEHIeWiHEeH achIll KeTCEe, OHBIH TapalyblHa Keaepri kentipeni. Meicansl, Nicotiana
tabacum ecimairinge Temeki Mo3aukanblK BHpPychl (TMV) ke0eroi  KbUIIaMIBIFBI
temneparypa 20°C tan 32°C-ka AeiiiH KeTepiireH cailbiH apThin, 32°C-TaH KoFapbl 0OJIFaH
Ke3ze Texenai [8].

2.3epTTey HBICAHIAPHI MEH IiCTEpi

2.1 Ocimoix mamepuanvl Hcane 6Cy Wapmmapol
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