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5-DMT-PROTECTED DOUBLE-STRANDED DNA: SYNTHESIS
AND COMPETENCE TO ENZYMATIC REACTIONS

VeronikaV. Shchur, YuliyaP. Burankova, Andrei|.Zhauniarovich, Yaradau V. Dzichenka,
Sergei A. Usanov, Aleksei V. Yantsevich

Institute of Bioorganic Chemistry, National Academify Sciences, Belarus, Acad. Kuprevicha Street, NBit2sk,
220141 Belarus.

To whom correspondence should be addressed:

Yantsevich Aleksei V., Institute of Bioorganic Chisiry, National Academy of Sciences,
Belarus, Acad. Kuprevicha Street, 5/2 Minsk, 220B&larus, Tel/Fax +375 (17) 267-87-61;
ORCID 0000-0001-6786-3589; E-mail: al.yantsevich@iytom

The functionalization of 8OH group in nucleic acids is of significant valber
molecular biology. In the current work we discowkrthat acid-labile 4/4dimethoxytrityl
protecting group (DMT) of oligonucleotides (ONs)simble under PCR conditions and does not
interfere with activity of DNA polymerases. So apption of 3-DMT-protected ONs could
allow producing both symmetric and asymmetrieDMT-blocked double-stranded DNA
(dsDNA) fragments. We demonstrated that the presefdhiol compounds (mercaptoethanol
and dithiothreitol) in PCR mixture is undesirabde the stability of DMT-group. DMT-ONs can
be successfully used during polymerase chain adgemhisynthetic genes. We tested@mVT
dsDNA in blunt-end DNA ligation reaction by T4 DNWgase and found that it could not be
ligated with 3-phosphorylated DNA fragments, namely linearizeabpiid vector pJET1.2/blunt.
Possible reason for this is steric hindrance cdebyebulky and rigid DMT-group, that prevents
entering enzyme active site. We also demonstrai@dBtDMT modification of dsSDNA does not
affect activity of T5 53-exonuclease towards both ssDNA and dsDNA. Fugbezening of the
exonucleases, sensitive t6@EMT-modification or search of ways to separategld@+DMT-
ssDNA and 50H-ssDNA could allow finding application of'-BMT-modified oligo- and
polynucleotides.

KEYWORDS: oligonucleotide, 4,4dimethoxytrityl protection group, blunt-end ligai,
synthetic gene, cloning.
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Functionalization of a 'shydroxyl group of nucleic acids founds many apgiigns in
DNA technology', because it allows following and detecting labatedlecules and to control
specificity of the enzymes.

For example, stability, uptake and immunogenicityttierapeutic sSiRNA and mRNA
could be improved by structural modification of ttfend % Phosphorylation by T4
polynucleotide kinase is used for tagging of oligdeotides (ONs) before sequencing, PCR and
ligation *. In the latter case, selective ligation of phospladed DNA fragments into the
dephosphorylated vector happens (Fig. 1-1)

Asymmetric labeling of Send of DNA is of particular importance for the geation of
“gene-size” single-stranded DNA (ssDNA)Currently, ssDNA is used as a donor template for
knocking experiments requiring DNA fragments wi#ngth more than 500 bas&sssDNA
repair templates have recently been shown to hdvandages over dsDNA. Among them are a
very low tendency to random genome integratipiow cytotoxic response and absence of
expression from nonintegrated templates, thatifat@k correct identification of genome edited
clones. At the same time, the usefulness of loBgN#stemplates is limited due to the difficulty
and cost of producing them.

One solution to generate ssDNA templates is to edn& dsDNA PCR product into
ssDNA by selectively digesting either the sensdher antisense strand. Selective enzymatic
degradation of one strand of DNA could be achielgdabeling of 50OH (for example, by
phosphorylation), as shown on Fig.1-2. Such an wlasa realized using a strandase enzyme-
based approach from Takara Biosciences. Purelynesitzy synthesis to generate ssSDNA greater
than 15 kb using asymmetric PCR was repotted

Modifications of DNA 3-ends was considered as a way to terminate nonkaéenp
activity of DNA and RNA polymerasés

So, investigation of '85OH modification influence on enzymes interactingiA ends
could be of great interest to molecular biology.
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Figure 1. Exploring 3-OH modifications of nucleic acids in molecular loigy.
1. Selective ligation of full-length sequence franmixture of possible synthetic gene assembly
products. Only flanking ONs are phosphorylated,tmedoes not have'phosphate and could
not be self-ligated. 2. The general way to obtanegsize ssDNA by asymmetrically labeled
ONs. Currently used phosphorylating and splitting sed to destroy phosphorylated DNA
strand.

Owing to the low reactivity of the fydroxyl, its modification with the required
functional group is not easily achieved withoutesigactions at the nitrogen base level. So in
order to functionalize "send of dsDNA such modification should be introdliom the stage of
ON synthesis . Subsequent PCR will givé-finctionalized dsDNA fragment.

During ON synthesis orthogonal protection systemsstnbe used, most of which are
based on acid-labile 4;dimethoxytrityl (DMT) protective group. Since iitstroduction as acid-
labile protecting group for deoxyribonucleotide chstry, DMT becomes standard for the



protection of the 50H group®. Usually deblocking is realized by 2—3% trichlazetic acid
solution in toluene or dichloromethane. After ldsise coupling, DMT could be removed
(“DMT-OFF” synthesis) or left (“DMT-ON” synthesign the ON.

Hydrophobic properties of DMT allows blocked ON lbe retained on reverse-phase
sorbents (presumably C18) in the presence of thyh@iine as an ion-pairing reagent. So fast
and effective procedures for ON purification based reverse-phase solid-phase extraction
cartridges were developelf. During purification, DMT is removed by washing tvi2%
trifluoroacetic acid. Earlier we demonstrated thdity of ZipTip microextractors to purify and
dose ON pools for subsequent gene assertibly.

So DMT could be considered as intrinsic modificatiarising from phosphoamidite
synthesis and its relevance to different enzymagactions could be of interest in some cases.
This is expecially true for enzymes interactinghhlNA ends. Among such enzymes should be
listed 3, 3-exonucleases, DNA-ligases, DNA-polymerases anmmhso

Search of 5end modification that could inhibit non-templatecteotide addition (NTA)
by DNA polymerases in primer extensidhdemonstrated that-BMT modification of template
ON showed no significant termination effect on enagic DNA synthesis performed by
different DNA polymerases during primer extensi@ut nevertheless the modification had
some interesting but unexplained effects: the NTévay of KOD(exo-) and Deep Vent (exo-)
increased with the DMT-modified template. In alkea primer extension with DMT-modified
template furnished also incompletely extended petslas well, indicating that this modification
hampers the polymerase to reach the end of thelaesrgirand®.

The application of DMT-ONs in standard PCR (dsDNeéfnplate and 2 primers) and
during gene assembly was not reported earlier. Téftectiveness of DMT-ONs for PCR
amplification or for gene assembly remains unkn@asrwell as the fate of the protective group
after PCR.

Further investigations of influence of bulky, ligolic DMT-group on activity and
specificity of DNA-enzymes, especially, 8-exonucleases, will allow outlining the prospects
for practical application of DMT dsDNA.



Materials and methods
Materials

5-DMT-dAP%, 5-DMT-dT-, 5-DMT-dC*°-, and 3DMT-dG®“-CPG with a pore size of
1000 A and loading capacity of 42—gfnol/g were from BioAutomation (Irving, TX). DMT-
dA®?, DMT-dG®, DMT-dC*), and DMT-dT phosphoramidites; dichloromethane; tiace
anhydride; lutidine; 1-methylimidazole; trifluorcgtec acid; and methanol were from Sigma-
Aldrich (St. Louis, MO). HPLC-grade acetonitrile tvilow water content (0.002%) was from
Fisher Chemical (Waltham, MA). 5-(Ethylthio)-1H+t&tole (Berlin, Germany). CloneJET PCR
Cloning Kit, 10x DreamTaq buffer (for DreamTaq Puolrase) and dNTP mix were from
Thermo Scientific (Waltham, MA). Q5 High-FidelityNDA polymerase, 100 bp and 1 kb Plus
DNA ladder were purchased from New England Biol@gpswich, MA). 32% ammonia solution
was from Roth (Karlsruhe, Germany). Triethylamiresvirom Alpha Aesar (Kandel, Germany).

General Methods

A0 and electronic spectra for ON and dsDNA solutiaese recorded with NanoDrop
UV-Vis spectrophotometer from Thermo Scientific (Wdam, MA).

PCR based gene assembly, ON annealing and heatiftgebHPLC of ON were
performed in thermocycler DNA Engine (Bio Rad Ladtories, Hercules, CA).

Agarose gel electrophoreses were performed in MidddHorizontal Gel Electrophoresis
Apparatus (Gibco BRL, Life Technologies, Carlsb@d). Visualization of gel electrophoresis
was made using Azure Biosystems c280 gel documentaystem (Azure Biosystems, Dublin,
CA).

ON preparation

Common ONs were synthesized, deprotected and qatefi as described #A. DMT-
protected ONs were purified by the same procedeseept the detritylation step with
trifluoroacetic acid: after washing with 11% ACN @1 M TEAAc (pH 8.0) buffer ONs were
eluted in 20% ACN and vacuum evaporated. In ordeminimize detritylation, 50 pl of
concentrated agueous ammonia was added to eluate legaporation.

HPLC-MS analysis

Analytical HPLC analysis with a diode array detec{fDAD) and MS detector was
performed on an Agilent 1290 HPLC system accordiinthe application note “Characterization
of Synthetic Oligonucleotides Using Agilent LC/M§stems” from Agilent (section “LC/MS
Parameters for Agilent 6520 Accurate Mass QTOH®HaL).

Here we present distinctions of our method from l&gis one. We used column
Poroshell 120 EC-C18 (2.1 x 100 mm, sorbent partiihmeter — 2.7 um). Phase A was 200
mM hexafluoroisopropanol in 8.6 mM TEA(pH 7.7). Qentration of ON solution was
0.2 mg/ml. The detection wavelength of DAD deted®260 DAD VL (Agilent) was set to 260
nm. High-resolution mass spectra were registerett &i Q-TOF 6550 high-resolution mass
spectrometer (Agilent) in the ESImode. Mass spectra of ONs were deconvoluted by
BioConfirm module of MassHunter software.

Design and assembly of synthetic DNA fragment

As a model synthetic gene we used 312 bp sequence:
1 CGCCCATATGTITCCCGGACGGT GAAT TCACCAT GCAGGGT TGCCCGGAATGCAAACT GAAA
61 GAAAACAAATACTTCTCTAAACCGGACGCTCCGATCTACCAGTIGCATGEGT TGCTGCTTC
121 TCTCGTGCTTACCCGACCCCGECTCGT TCTAAAAAAACCAT GCTGGT TCCGAAAAACATC
181 ACCTCTGAAGCTACCTGCTGCGT TGCTAAAGCTTTCACCAAAGCTACCGTTATGGGTAAC
241 GITCGIGITGAAAACCACACCGAATGCCACTGCTCTACCTGCTACTACCACAAATCTTAA
301 TAAGGATCCGCG
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Figure 2. 312 bp DNA sequence was obtained from eight ON®G®Q. Design was
generated by DNAWorks softwalé Parameters for DNAWorks: ON Size — 66 nt, Anregli
Temp — 65 °C.

Table 1. List of ONs used for enzymatic assemblgyoithetic DNA fragment.

Position
No ON Length in
sequence|
1 | CGCCATATGITCCCGGACGGT GAATTCACCATGCAGG 37 1-37
2 | GGTTTAGAGAAGTATTTGITTTCTTTCAGITTGCATTCCGGGECAACCCTGCATGGTGAATTCACCG 66 18-83
3 | ACTGAAAGAAAACAAATACTTCTCTAAACCGGACGCTCCGATCTACCAGTIGCATGGEGTTGCTGCTT 66 54-119
4 | CCAGCATGGTTTTTTTAGAACGAGCCGEEGEGET CGGGTAAGCACGAGAGAAGCAGCAACCCATGCACT 66 101-166
5 | CTCGTTCTAAAAAAACCATGCTGGT TCCGAAAAACATCACCTCTGAAGCTACCTGCTGCGTTGCTA 66 143-208
6 | GTTTTCAACACGAACGT TACCCATAACGGTAGCTTTGGT GAAAGCTTTAGCAACGCAGCAGGTAGC 66 190-255
7 | TATGGGTAACGTTCGTGT TGAAAACCACACCGAATGCCACTGCTCTACCTGCTACTACCACAAATC 66 231-296
8 | CGCGGATCCTTATTAAGATTTGIGGTAGTAGCAGGTAGAG 40 273-312

ON for gene assembly were purified individuallyveas described earlier, every ON
was divided into 2 parts, one of them was purifedave DMT-group, another — to get rid of it.
ON'’s mixes was made before PCR assembly. The ctiatems of ONs in assembly mixture
were 20 nM for ONs 2-7 and 150 nM for flanking Olflsand 8. Q5 High-Fidelity DNA
polymerase and PCR cycle based on the supplieenreendations (annealing temperature —
60 °C) were used for assembly. To control synthetiagments formation we used
electrophoresis in 1% agarose gel. We plannedsextir812 bp fragment into cloning vector. In
order to easily control efficient insertion by masion analysis before cloning we amplified



fragment with primers (with and without DMT), deseyl to introduce two flanking EcoRYV sites
(bold type) after insertion into vector:

5-ATCCGCCATATGTTCCCGGACGGT-3
5-ATCCGCGGATCCTTATTAAGATTTGTGGTA-3.

Generation of short DM T-protected dsDNA fragment by direct ON annealing
In order to obtain short DMT-blocked dsDNA fragmé@b bp), we synthesized two
complementary ONs (Table 2).

Table 2. List of ONs used for annealing in ordegéb a short DMT-protected dsDNA
fragment.

Name Sequence (53)

DNAG5_1 | ATCTTCTCAATTGACCT TGCGAAT TCCCCCCCATGGTAGCT CGAAGCTTATCACCTGCTTTCGAT
sense

DNAB5_2 | ATCGAAAGCAGGT GATAAGCT TCGAGCTACCAT GGGGEGGGAAT TCGCAAGGT CAATTGAGAAGAT
antisense

ONs were designed to introduce two flanking EcoRegtniction sites (bold type in
table 2) after insertion to pJET1.2/blunt in orterallow easy control of fragment insertion by
restriction analysis.

ONs were ammonia deprotected and purified in “DMN2Onode as stated above.
Purified ON solutions were aliquoted and vacuumpevated for storage. 50 ul of aqueous
ammonia were added to the ON solution before ewadiporin order to prevent the loss of DMT-
group.

For dsDNA preparation, we used 100 pmol/ul soliaf DMT-ONs in deionized
water.

For annealing of ONs we used the following progr@min at 95 °C then cooling to
20 °C at a rate of 0.1 °C per second.

For 5-OH dsDNA 15 pl of water, 3.75 ul of each DMT-ONOLmol/ul solution were
mixed in PCR tube. PCR tube was placed in thermecymd heated and cooled according to
the annealing program described above. At thiseesEAgT-ONs loss DMT group. Then 2.5 pl of
10X DreamTaq buffer was added, mixed and repeatedigadead.

In order to get SDMT dsDNA 15 ul of water, 3.75 ul of each DMT-OMlstion and
2.5 pl of 10X DreamTaq buffer were mixed in PCR tube. The ammggrogram was repeated
twice in order to ensure equal conditions with greviously described procedure for@H
dsDNA generation.

Concentration of each ON after mixing with wated duffer was 15 pmol/ul. So after
annealing of ONs we had-®H and 5DMT dsDNA with concentration 15 pmol ends/ul.
Before ligation into pJET1.2/blunt (0.05 pmol end¥/solutions of 50H and 5DMT dsDNA
was 100x diluted. So equal volumes of dsDNA andoremould be mixed to get molar ratio 3:1.

To control duplex formation we used electrophoresi¥% agarose gel.

Blunt-end ligation into plasmid vector and transformation

For blunt-end ligation we used commercially avdgalloneJET PCR Cloning Kit
from Thermo Scientific. Ligation was performed aacting to supplier recommendation. The
molar ratio of dsDNA fragment to vector was 3:1. \W&ad 5 pl of ligation mix per 100 pl of
chemically competert. coli cells (strain DHE).

Ligation was controlled by electrophoresis of ligatmixes in 1.5% agarose gel, by
PCR of ligation mixes with vector’s primers to avale the presence of insert and its length, by
transformation of competent cells. In PCR mix wedigxpected for complete ligation 1 ng of



vector with insert, 0.4 uM of each pJET sequengpimgrers and other reagents in concentrations
optimal for DreamTaq polymerase, PCR cycle for oglBCR from pJET supplier.

For ligation we used short (65 bp) synthetic dsDbdl#ained by ONs annealing and
amplification product of a synthetic gene (312 bpjained by polymerase chain assembly as
described above.

Sensitivity to 5’, 3’-exonuclease activity

In order to compare the sensitivity 0fGH-dsDNA, 3-DMT dsDNA and 5DMT-
ONs to T5 5§ 3-exonuclease activity, we mixed 41.7 @ 5 pl 10X buffer N4, 3 pl of DNA
solution (to get 15 pmol/ul for each chain) and PI3r5 5, 3-exonuclease (10 U/ul) in PCR
tube and incubate 30 min at 37 °C.

For the analysis, we used electrophoresis in 3%oagayel.



RESULTSAND DISCUSSION

Heat-activated detritylation of ONs

In order to simplify stability investigation of DMprotecting group, we used-BMT-
dT;5 ON as a model. " DMT-ON could be easily separated froty@H ON by ion-pairing
reversed phase HPLC analysis, thus allowing to tapmietrytilation process. PCR cycle was
simulated in the simplest case as heating at 9&s°tDis is a maximum temperature used in PCR.
In a more representative experiment PCR cycle revemded for DreamTaqg polymerase was
used (Fig. 3A).

HPLC analysis demonstrated that in deionized watare than 90% of ON converts to
unprotected form during short 5 min heating at @§Fig. 3B-D, Table 2).

Commercially available PCR buffers tested by us alestrated a significant effect in

stabilizing DMT-ON.
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Figure 3. Experiment scheme to study dftBMT-dT;5 stability in PCR conditions (A). Heat-
activated detritylation of DMT-dE ON in water, Q5 and DreamTaq DNA polymerase bsffer
after heating at 98 °C during 5 min as observediBy.C with detection at 260 nm (B). Mass-

spectra of peaks eluted near 13 and 23 min present€ and D and correspond teCH-dT;s
and 3-DMT-dT;5 ONSs.

Even 15 min of heating at 98 °C inXLDreamTaq polymerase buffer allows saving
more than 83% DMT-protected gil{Table 2). Buffer for Q5 polymerase showed woesults
— about 72% of DMT-protected gdl(Table 2).

Analysis of PCR buffer composition (Table 3) dentoated, that tested buffers differ
in pH values: Q5 buffer (pH 9.3) has a higher pantbreamTaq buffer (pH 8.3).

Table 2 — Content of ®MT-dT15 ON in different solutions after heating at 98 °C.

Solvent Con.tent of 5DMT-dT1§
Imin| 5min| 15 min
Water 44.5%)| 7.43%| 0%
1X Q5 DNA polymerase buffer - 88.4%| 71.5%
1X DreamTaq DNA polymerase buffer - 93.5%| 83.69%
25 PCR cycles in X DreamTaq DNA polymerase buffer 79.5%




Table 3 — Commercially available PCR buffers (sigsphformation).

pol?lrl::g\rase pH 1X buffer composition Supplier
Taq pH 8.3 10 mM Tris-HCI Sigma-Aldrich
(25 °C) 50 mM KCI
1.5 mM MgCb
0.01% gelatin
Pfu pH 8.8 20 mM Tris-HCI Promega

(25 °C) 10 mM KCI

10 mM (NH,),SOy

2 mM MgSQ

1.0% TritonX-100

1 mg/ml nuclease-free BSA

Pwo pH 8.85 10 mM Tris-HCI Roch
(20 °C) 25 mM KCI
5 MM (NH,)2SO,

2 mM MgSQ
Tth pH 8.9 10 mM Tris-HCI Sigma-Aldrich
(25 °C) 1.5 mM MgC}
0.1 M KCI

500ug/ml BSA
0.5% Tween 20

Q5 pH 9.3 25 mM TAPS-HCI NEB
(25 °C) 50 mM KCl,
2 mM MgCh
1 mM B-mercaptoethanol
Phusion pH 9.3 25 mM TAPS-HCI, NEB
(25 °C) 50mM KClI
2 mM MgChb

1 mM B-mercaptoethanol

Given the nature of the DMT group, elevated pH &thdéurther stabilize DMT-ON, but
in the real experiment, we obtained the opposigulte This contradictory result could be
explained by the presencefBMmercaptoethanol in the Q5 DNA polymerase buffer.

Unwanted retritylation, that can occur through téxeersal of the equilibrium generated
by nonaqueous detritylation, between the coloretiomia species and the DMT-ON was
reported earliéf. Allowing such equilibrium under heating, we copidpose that such a strong
nucleophile as a sulfur atom of mercaptoethanoldcbe a good acceptor of trityl-cation and
could shift the balance to the side of th&% ON formation.

Synthetic DNA assembly from 5-DM T-ONs

Superimposed structures ofghosphorylated and-®MT-modified dsDNA (Fig. 4)
suggest that bulky, hydrophobic DMT group could rade the specificity of enzymes that
recognize DNA ends and catalyze DNA ends modificatieactions. So in order to check some
promising reactions, we proposed three ways of rgéing of 3-DMT-modified dsDNA:
annealing of 5DMT-ONs for short sequences (<100 bp), polymerakain assembly by
Stemmer approacht from 5-DMT-ONs for middle size sequences (<500 bp), angldication
of target sequence with-BMT-primers for DNA with length more than 300 bp.



Figure 4. Superimposed structures dfghosphorylated and-®MT-modified dsDNA. General
volumes occupied by phosphate and DMT are showhlwes and gray spheres respectively.
Molecular graphics and analyses performed with UC8Hnera®.

The result of 312 bp synthetic DNA fragment assgmfitdlm 8 ONs is shown in Fig. 5.
PCA from all DMT-ONs, common ONSs, or from inner DMONs and outer ONs showed no
differences as observed in 1% agarose gel eleairepis.
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Figure 5. Agarose gel electrophoresis (1%) of “one-pot” podyase chain assembly of
312 bp synthetic DNA fragment from 8 ONs. The caricions of ONs in assembly mixture
were 20 nM for ONs 2-7 and 150 nM for flanking ONand 8. 1. Gene assembly from DMT-
ONs. 2. Assembly from deblocked ONs. 3. Assembgmfrinner DMT-ONs and flanking
deblocked ONs.
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Generation of short DMT-protected dsDNA fragmerdrage electrophoresis in 4% gel
showed that SDMT dsDNA had lower electrophoretic mobility asngpared to natural DNA

(Fig. 6).
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Figure 6. Agarose gel electrophoresis (4%) of dsDNA fragmebtained by ON
annealing. 1. 50H dsDNA. 2. 5DMT dsDNA. 3. ON mixture without annealing.




Blunt-end ligation of 5'-DMT dsDNA

Non-phosphorylated DNA fragment (PCR-product ortkgtic fragment originated
from 5-OH-ONSs) could be ligated only with phosphorylatB8lA fragments. Such ligation
product restores single-strand nicks but if phosglhated DNA is a vector, such a product could
be used for bacteria transformation. Bacterial eelymes repair single-strand nicks of ligation
product.

To test the ability of T4 DNA ligase to perform hteend ligation of 5SDMT dsDNA
fragments to a vector we usedMT dsDNA, obtained in different ways:

1. short fragment of 65 bp obtained by annealing o6ON

2. fragment of 312 bp obtained by PCR amplificatiorsgithetic gene using DMT-

blocked primers.

Both fragments were flanked by sequences “ATC” ‘@@AT”, which allows to restore
EcoRYV recognition sites on the sides of the insgotafter ligation DNA fragment could be cut
out with mentioned enzyme.

As phosphorylated fragment we used commerciallyil@va vector for blunt-ended
cloning pJET1.2/blunt. This vector is a linear ilend DNA molecule, that being self-ligated
recover the toxic gene Eco471/T7, product of whiobuld kill the bacterial cells under
expression. So only plasmid with insert could gwiable colonies on LB-agar containing
ampicillin. The reason for this choice is in alyilib monitor ligation products not only by direct
observation with electrophoresis or selective aficglion but also by bacterial transformation.
Bacterial transformation efficiency could be moengtive indicator, so as we could detect
single molecule as a colony in Petri dish.

Analysis of ligation mixtures of short 65 bp fragmdoy agarose gel electrophoresis
(Fig. 7) allowed us to confirm that it is not pdsdsi at a first glance to distinguish
electrophoretically blunt-end ligation of pJET 112t with 53-OH dsDNA and 5DMT dsDNA.

But still electrophoresis of both insert-vectoraligpn mixture (lane 3 and 4) differ from
self-ligation mixture on lane 2.

Considering excess of insert (vector/insert ratisn1:3) and partially deblocked
molecules due to spontaneous detrytilation theewarof ligation ways could make the
electrophoresis picture and its interpretationeatfifficult.

But the ability to produce viable clones Bfcoli on LB medium with ampicillin is the
property of only circular molecules with insertl{dgated vector does not produce clones due
to assembly of lethal gene). So transformationciefficy data obtained under the same
conditions could be very sensitive criterion ofdridigation.

Another sensitive approach to detect correct aslyeofbvector-insert could be PCR-
amplification of ligation product with vector’s pmiers (pJET1.2/blunt sequencing primers from
cloning kit).

By the way amplification of two ligation mixturesvg completely different pictures (Fig.
7). In lane 3 (insert without DMT) there is a baadabut 184 bp, which corresponds to circular
vector with insert. In lane 4 (insert with DMT) tieeis no such band, there is only a band about
119 bp, which is seen in all 3 lanes and correspaodelf-ligated vector. So 5’-DMT on insert
ends prevent its blunt-end ligation into cloningtee.
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Figure 7. Ligation of test dsDNA fragment (65 bp) into pJEI/blunt cloning vector
(upper electrophoresis) and PCR of ligation prosluetith vector's primers (lower
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dsDNA + T4 DNA ligase; 4. pJET1.2/blunt +BMT dsDNA + T4 DNA ligase. Due to minor
difference in length (65 bp) it is difficult to sapate self-ligated vector and vector containing
insert. But bacterial transformation and selectwgplification of insert region can be a reliable
evidence of the presence of vector, containingrinse



Methods for directed fusion of DNA-fragments is these of modern synthetic biology.
Currently methodology realized mainly by BioBricksgembly Standartf allow to design and
assemble large synthetic biological circuits frondividual parts (BioBricks) with defined
functions. All current BioBricks standards rely mstriction-enzyme assembly stand&tcind
require usage of restriction enzymes, generaticgysends that could be ligated by DNA-ligase.

The ability of DMT-modification to prevent blunt-érigation creates background for
directed linking of blunt-end DNA fragments, whiclould be realized step-by-step in cycle
manner.

From this point of view lability of DMT becomes auvantage, because it could be
easily removed in a cycle by acid treatment (Ilkk@©N synthesis) or heating under neutral pH.

So, based on mentioned above, we propose a hymath&theme for directed ligation
of DNA fragments that could be realized on soligysart (Fig. 8).
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Figure 8. Hypothetical scheme for blunt-end solid-phase daDigation directed by
asymmetrical 5SDMT-labeling

E. coli transformation by ligation mixture

Transformation of competeft coli cells (DH) by ligation mixtures showed positive
results for 5DMT dsDNA and 5OH-dsDNA on both cases of synthetic gene and dedea
ONSs. Subsequent isolation of the correspondingnpthrom night culture and restriction
analysis by EcoRV enzyme confirmed insert correxgn@&ransformation efficiency for-BMT
dsDNA-containing ligation mixture was about 10x &whan for 50H-dsDNA (about 40 000
cfu per pg vector DNA for'5OH-dsDNA with the molar ratio of insert to vectgual to 3). The
data obtained are in agreement with selective dicgdion of the incorporated region from
ligation mixture (Fig. 7) and reliably confirm thienpossibility to ligate 5DMT and 3-
phosphate DNA blunt-ends. Positive clones in cd$é-DMT dsDNA insert could be explained
by small population of BOH-dsDNA, that arise from temperature inducedydigtion.

Exposureto %', 3'-exonuclease activity

The ability of 3,3-exonuclease to differentiate modification ofefhd of DNA
underlies “The Guide-it Long ssDNA Strandase Kitat is designed to produce a long single-



stranded DNA (ssDNA) ON of up to 5 kb length foreuas a repair template in knocking
experiments using CRISPR/Cas9 or other genomengditiols. So discovery of new pairs of
“modifier-exonuclease”, which allow selective detdgion of one strand preserving the other,
could open alternative ways of ssSDNA synthesis.

T5 exonuclease degrades DNA in thédb3 direction and is able to initiate nucleotide
removal from the Stermini or at gaps and nicks of linear or circulsDNA. As follows from
the Fig. 9, T5 exonuclease did not show specifimtgtructure of Stermini: 3-DMT dsDNA is
degraded by T5 exonuclease as well’'&®B dsDNA and 5DMT ONSs.
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Figure 9. Exposure of 50H dsDNA, 3-DMT dsDNA and 5DMT ON mix to T5 5,
3-exonuclease. 1.HH dsDNA; 2. 50H dsDNA + T5 exonuclease; 3-BMT dsDNA; 4. B-
DMT dsDNA + T5 exonuclease; 5-BMT-ON mix; 6. 3-DMT-ON mix + T5 exonuclease.

CONCLUSION

In the current study, we confirmed that the aclidaDMT-protecting group primarily
remains on ONs in PCR conditions, pH and conterR@R buffers being essential to preserve
this modification.

We demonstrated that DMT-ONSs could be efficienthgd for PCR-amplification and as
building blocks during gene assembly, allowing émerate symmetrically or asymmetrically 5
DMT-protected dsDNA.



We showed that DMT-modification has little effect DNA electrophoretic mobility in
agarose gel, which could be observed only for siragiments.

We assumed that the bulky and rigid DMT protectgngup could be a modifier of
activity for enzymes that contact’-fanction of dsDNA, which could be useful for
selective/directed ligation or generation of SSDNA.

In order to test functional competence 6DBAT dsDNA to the enzymatic reaction, we
examined it in blunt-end ligation reaction catalyzsy T4 DNA ligase and in specific hydrolysis
catalyzed by T5 exonuclease.

Despite our assumptions, we found thaD#MT-ONs and 5DMT-dsDNA is sensitive
to enzymatic hydrolysis by T5 exonuclease.

At the same time "®DMT-modified DNA blunt ends could not be ligatedthv5'-
phosphorylated dsDNA blunt ends. Possible explanatif the fact is the steric hindrance that
prevents 5DMT-modified DNA entering ligase active site. Seage of 5DMT-modified DNA
fragments (symmetrically of asymmetrically labeleal)ows for directed or selected DNA
ligation and we proposed possible realization ahsecycling scheme, that hypothetically could
ligate dsDNA blunt-end fragments step by step.

Possible limitation of SDMT-dsDNA application could be the low stability this
group, which leads to presence of unblocked modéscul population. Thus, precautions must be
taken when working with"©DMT-modified molecules: it is recommended to wevikh freshly
synthesized ONs and to avoid long storage or hgatirsolutions with acid or close to neutral
pH.

Further work on the investigation of biological pesties of 5DMT-dsDNA,
including testing of other DNA-enzymes interactimggh DNA ends, is required to find its
possible application in molecular biology.
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Manuscript highlights.

1. 5-DMT group remains on oligonucleotides in PCR conditions and this allows

enzymatic synthesis of 5'-DMT dsDNA.
2. DMT-oligonucleotides could be efficiently used for gene assembly by

polymerase chain assembly approach (PCA).
3. Functiona competence of 5-DMT dsDNA to the enzymatic reaction was

tested, namely, during blunt-ended ligation reaction catalyzed by T4 DNA ligase and
specific hydrolysis catalyzed by T5 exonuclease.



