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НОВЫЕ МАТЕРИАЛЫ ДЛЯ ВЫДЕЛЕНИЯ ДНК

ExceptмsiliconмdioxideшмcommonlyмusedмforмDNAмisolationшмsuchмmetalмoxidesмфVхмasмTaюO5
шмNbюO5

 and 

VюO5
мwereмproposedмforмthisмpurposeъмAмmethodмforмcoveringммmagneticмironщbasedмnanoparticlesмwithм

metalмoxidesмфVхмwasмsuggestedъмTheмsynthesizedмnanoparticlesмwereмusedмforмDNAмextractionмandмtheм
amountмofмisolatedмDNAмwasмcomparedмwithмtheмcommerciallyмavailableмmagneticмparticlesмcoatedмwithм
silicon dioxide. Magnetic nanoparticles covered with TaюO5

 and NbюO5
мshowedщмaмgreaterмadsorptionм

capacityмasмcomparedмwithм theмsameмnanoparticlesмcoveredмwithмsilicaмandмcommercialм samplesъмTheм
synthesized nanoparticles can be suitable for DNA extraction in clinical or research laboratories. The 

functionalм thinм ilmsм forм fastм andм efectiveмDNAм extractionм areм ofм greatм interestм forм neurobiologyм
investigations.

SOLGEL;мTHINмFILMS;мDNAшмMAGNETICALмNANOPARTICLES;мXPSъ

˞˷м˿̈́̂̎̕˼̄˿˼̃м˻˿̅́̈˿˻˷м́̇˼̃̄˿̖шм̅˸̒̎̄̅м˿̈̆̅̂̓˾̊˼̃̅˺̅м˻̖̂м˹̒˻˼̂˼̄˿̖м˛ˤˡшм˻̖̂м̔̉̅̀м̍˼̂˿м
˸̒̂˿м̆̇˼˻̂̅˽˼̄̒м̉˷́˿˼м̅́̈˿˻̒м̃˼̉˷̂̂̅˹мфVхшм́˷́мTaюO5

шмNbюO5
м˿мVюO5

ъм˙м˻˷̄̄̅̀м̈̉˷̉̓˼м̇˷̈щ
̈̃̅̉̇˼̄м̃˼̉̅˻м̆̅́̇̒̉˿̖м̔̉˿̃˿м̅́̈˿˻˷̃˿м̃˷˺̄˿̉̄̒̌м̄˷̄̅̎˷̈̉˿̍м̄˷м̅̈̄̅˹˼м˽˼̂˼˾˷шм˿̈̈̂˼˻̅˹˷щ
̄̒м̌˿̃˿̎˼̈́˿˼м˿м̈̉̇̊́̉̊̇̄̒˼м̈˹̅̀̈̉˹˷ъм˨˿̄̉˼˾˿̇̅˹˷̄̄̒˼м̄˷̄̅̎˷̈̉˿̍̒м˸̒̂˿м˿̈̆̅̂̓˾̅˹˷̄̒м
˻̖̂м˹̒˻˼̂˼̄˿̖м˛ˤˡшм̆̇̅˹˼˻˼̄̅м̈̇˷˹̄˼̄˿˼м̈м˿̃˼̐̕˿̃˿̖̈м˹м̆̇̅˻˷˽˼м̃˷˺̄˿̉̄̒̃˿м̎˷̈̉˿̍˷̃˿шм
̆̅́̇̒̉̒̃˿м˻˿̅́̈˿˻̅̃м́̇˼̃̄˿̖ъмˣ˷˺̄˿̉̄̒˼м̄˷̄̅̎˷̈̉˿̍̒шм̆̅́̇̒̉̒˼мTaюO5

м˿мNbюO5
м̆̅́˷˾̒щ

˹˷̉̕м̄˷˿˸̅̂̓̏̊̕м˷˻̈̅̇˸̍˿̅̄̄̊̕м̈̆̅̈̅˸̄̅̈̉̓м̆̅м̈̇˷˹̄˼̄˿̕м̈м̄˷̄̅̎˷̈̉˿̍̒̃˿шм̆̅́̇̒̉̒̃˿м
˻˿̅́̈˿˻̅̃м́̇˼̃̄˿̖м˿м̈м́̅̃̃˼̇̎˼̈́˿м˻̅̈̉̊̆̄̒̃˿ъм˨˿̄̉˼˾˿̇̅˹˷̄̄̒˼м̄˷̄̅̎˷̈̉˿̍̒м̃̅˺̊̉м˸̒̉̓м
˿̈̆̅̂̓˾̅˹˷̄̒м˻̖̂мм̔́̈̉̇˷́̍˿˿м˛ˤˡм˹м́̂˿̄˿̎˼̈́˿̌м˿̂˿м̄˷̊̎̄̅щ˿̈̈̂˼˻̅˹˷̉˼̂̓̈́˿̌м̂˷˸̅̇˷̉̅щ
̇˿̖̌ъм˫̊̄́̍˿̅̄˷̂̓̄̒˼м̉̅̄́˿˼м̆̂˼̄́˿м˻̖̂м˸̒̈̉̇̅̀м˿м̔̋̋˼́̉˿˹̄̅̀м̔́̈̉̇˷́̍˿˿м˛ˤˡм̆̇˼˻щ
̈̉˷˹̖̂̉̕м˸̅̂̓̏̅̀м˿̄̉˼̇˼̈м˻̖̂м˿̈̈̂˼˻̅˹˷̄˿̀м˹м̄˼̀̇̅˸˿̅̂̅˺˿˿ъ
˩˥ˤˡ˟˜м˦ˢ˜ˤˡ˟;м˞˥ˢ˳щ˚˜ˢ˳;м˛ˤˡ;мˣ˗˚ˤ˟˩ˤ˲˜мˤ˗ˤ˥ˮ˗˨˩˟˭˲;м˧˫˴˨ъ

Introduction

Overмtheмlastмdecadeмtheмstudiesмonмtheмmagneticм
nanoparticlesмфMNPхмhaveмbecomeмpopularмinмwideм
rangeмofмbiomedicalмapplicationsшмsuchмasмbiosensorsшм
contractмagentsмforмmagneticмresonanceмimagingшмdrugм
deliveryшмetcм[эտ5]ъмOneмofмtheмmostмcommonмapplicaщ
tionsмofмmagneticмnanoparticlesмisмDNAмisolationъмInм
thatмapplicationмtheмsurfaceмofмmagneticмnanoparticlesм
isмcoveredмwithмmaterialsмwhichмareмactiveмforмDNAм
isolationъмSoшмatмtheмirstмstepмMNPмsurfaceмactivelyм
absorbesмDNAмmoleculesмandмatмtheмnextмstepмMNPм
areмeicientlyмseparatedмfromмchemicalмorмbiologicalм
suspensionsмwithм theмmagneticмieldм [6]ъмMagneticм

separationмisмrecognizedмasмsimpleмandмefectiveмmethщ
odмforмnucleicмacidsмpuriicationъ

Onм theмotherмhandмmaterialsмwithмhighм surfaceм
areaшм suchм asм nanoparticlesшм areм preferredм forм theм
nucleic acids binding. Magnetic particles with shape 

ofмnanospheresшмareмmoreмpreferredмinмtheмprocessмofм
selectionшмasмtheyмhaveмaмgreaterмabilityмtoмbindщconщ
ductiveм[7]ъмManyмdiferentмDNAмisolationмkitsмwithм
magneticмparticlesмareмpresentsмinмtheмmarketшмsuchм
as:мAGOWA®мmagшмDynabeads®мDNAмandмotherм
[8]ъмInмgeneralшмsurfaceмcoverмmaterialsмofмtheseмmagщ
netic nanoparticles is silicon dioxide SiOю 

orмaмcomщ
poundмbasedмonмitм[9տэя]ъм
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The principle of DNA isolation on silicon dioxide 

matrixм isм basedм onм theм highщainityм ofм negativelyм
charged DNA strands to the positively charged soщ
diumм ionsшмwhichмareм inм turnмboundм toмnegativelyм
chargedмparticlesмofмsiliconмdioxideъмSodiumмionsмactм
asмaмcationмbridgesшмwhichмattractмnegativelyмchargedм
oxygen of the phosphates in the nucleic acid chain. 

Sodiumм ionsм treatм theмbondsмbetweenмhydrogenм inм
water and negatively charged oxygen ions on silica 

surface under high salt (Ȑǭм≤м7хъмThusшмDNAмisмirmщ
lyмconnectedмtoмtheмmatrixъмPuriiedмDNAмmoleculesм
can be eluted by low salt solution using Elution bufщ
ferмorмdistilledмwaterм[э4տэ6]фigъмэхъ

FigъмэъмSiOю–DNA interaction under high salt

(Ȑǭм≤м7х

Inмtheмpreviousмworkм[э7]мitмwasмassumedмthatмusщ
ingмofмmetalмoxidesмфVхмфtantalumшмniobiumмandмvaщ
nadiumхмwouldмprovideмmoreмefectiveмDNAмextracщ
tion than silicon dioxide. Since their crystal lattices 

closeм toм stoichiometricм ratioмю:5шмwhileм theм siliconм
dioxideмstoichiometricмcompositionм isмcloseм toмэ:юъм
MoreмefectiveмDNAмextractionмcanмbeмexplainedмbyм
theмabilityмofмmetalмoxideмфVхмsurfaceм toм formмю5см
moreмchemicalмbondsмthanмSiOю according to oxides

stoichiometryъмInмrecentмstudyмweмproposedмaмtechщ
nologicalмframeworkмforмfabricationмofмtheмmagneticм
ironщbasedмnanoparticlesм coveredмbyмSiOюм andмTaшм
NbшмVмoxidesмinмorderмtoмverifyмthisмassumptionъмSynщ
thesisedмmagneticмnanoparticlesмwithмbioactiveмsurщ
face were used for DNA extraction and quantitative 

characteristicsмofмisolatedмDNAм[э8]мwereмcomparedм
withмcommercialмSyntolм®мmagneticмparticlesъ

Materials and Methods

Theмnonщagglomerativeмsphericalмmagneticмnanoщ
particles of Fe

3
O

4
 were produced by aerosol CVD 

synthesisмmethodъмTheмexperimentalм setupм forм the 

CVC synthesis of nanoparticles has been described 

elsewhereм [э9шм юь]ъм Brielyшм theм liquidм precursorшм
Fe(CO)

5
шмwasмheatedм inм aм bubblerшм evaporateм and

transportedмbyмinertмgasмфargonмorмheliumхмlowмintoм
a heated tubular furnace. The tubular furnace proщ
videsмaмheatмsourceмforмtheмcontrolledмdecompositionм
of the precursor. The product of the precursor deщ
compositionмwasмcollectedмinмaмvacuumмchamberмonм
the surface of a rotating chiller cooled by liquid niщ
trogen. An iron particle passivation process was 

achievedмbyмdosingмoxygenмbeforeмopeningмtheмchamщ
berмtoмairъмTheмprecursorмdecompositionмtemperatureм
wasмsetмatм4ььмoCъмAfterмtheмsynthesisмinitialмFeщbasedм
nanoparticlesмhaveмcoreщshellмstructure:мcoreмisмpureм
ironмandмshellмisмэщюмnmмthickмmagnetiteъмSEMмmiщ
crographмofмasщproducedмnanoparticlesмareмshownмinм
theмigъмюъ

FigъмюъмSEMмelectronмmicrographмofмFe
3
O

4
 MNPs

Magnetic nanoparticles we covered with oxides 

usingмsolщgelмsynthesisмmethodъмMNPsмwereмcoveredм
withмmetalм oxidesм inм theм followingм compositions:м
Fe

3
O

4
/SiOю; Fe

3
O

4
/SiOю/NbюO5

; Fe
3
O

4
/SiOю/TaюO5

; 

Fe
3
O

4
/SiOю/VюO5

ъм Allм reagentsм andм materialsм areм
commerciallyмavailableмinмSigmaмAldrich:мtantalumм
фVхмchlorideшмniobiumмфVхмchlorideшм vanadiumмфVхм
oxideшмisoamylмalcoholшмthionylмchlorideмandмethanolъ

Theм structureмofм theмmaterialsмwasмanalyzedмbyм
scanningмelectronмmicroscopyмфSEMшмLeoмDSMм98юм
GeminiмandмJEOLмJSM_75ььFмmicroscopesхъмTheм
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phaseмcompositionмofм theмmaterialsмwasм studiedмbyм
Xщrayм photoelectronм spectroscopyм фXPSхм onм aм
ThermoмScientiicмKщalphaмspectrometer (USA) with 

monochromeмradiationмsourceмфAlмKα). Ion etching 

ofмsamplesмwasмcarriedмoutмuntilмtheмelementмcontentм
becameмconstantмasмaмfunctionмofмtheмetchingмdepthъ

TheмbiologicalмmaterialмobtainingмandмDNAмisolaщ
tionмprocessмwasмcarriedмoutмinмtheмImmanuelмKantм
Baltic Federal University.

RealщtimeмpolymeraseмchainмreactionмфRTщPCRхм
wasмcarriedмoutмusingмPCRмCFX96мRealщTimeмPCRм
Detectionм Systemм ф«BioщRad»шмUSAхъм PCRм tubeмм
containedмюьмμlмreactionмmixture:мDNAщpolymeraseм
buferмTaqмфֈEvrogen։шмRussiaхмտмэxшмюш5мmMмMgClю 
ф«Syntol»шмRussiaшмьшю5мmMмofмeachмdNTPsмф«Syntol»шм
RussiaшмTaqщpolymeraseмф«Syntol»шмRussiaхмտмэxшмtheм
neurotrophinмreceptorмgeneмprimerмщмTrkBмщмьш5мμˣъм
Theм ampliicationм reactionм wasм startedм withм theм
followingмconditions:м95мьCмforмямminмфonceхшм95мьC 

forмэьмsшм6ямьCмforм4ьмsшмф5ьмcyclesхъ

Results and discussion

Preparation of metal oxides (V) thin ilm
on the surface of MNPs precursors

Atмtheмirstмstepмtheмnanoparticlesмwereмcoveredмbyм
siliconмdioxideмthinмilmsмbyмsolщgelмsynthesisмmethodм
byмusingмtheмwellщknownмprocessмdescribedмinм[юэ]ъм
Weмmixedмэ5мmgмofмMNPsшм5ььмμlмethanolшм5ььмμlм
deionizedмandмdeoxygenatedмwaterшм5ьмμlмammoniumм
solutionмфю5смwtхмandмямμlмtetraethoxysilaneъмMixtureм
wasмshakenмonмvortexмandмsonicatedмforмьш5мhъмTheм
tubeмwithмMNPsмwasмplacedмinмtheмmagneticмrackым
Afterмtheмseparationмparticlesшмliquidмwasмremovedмbyм
pipetting.

SiliconмdioxideмthinмilmмonмtheмsurfaceмofмMNPsм
wasмusedмasмaмsubstrateмforмformationмofмmetalмoxideм
фVхм thinщilmsъмForм theм synthesisм ofм thinм layersмofм
metalмoxidesмonм theм silicaм surfaceмofмMNPsмcorreщ
sponding etoxides (Nb(CюH5

O)
5
; Ta(CюH5

O)
5
) were 

used as precursors for Ta and Nb oxides coating and 

vanadiumмoxychlorideмфVOCl
3
хмwasмusedм forмvanaщ

diumмonesъмPrecursorsмwereмsynthesizedмinм laboraщ
toryмusingмreactionмbetweenмmetalмchloridesмandмabщ
soluted ethanol [ююտю4]шмexcessмofмHClмwasмremovedм
byмreactionмwithмgaseousмammoniumъм

Forмtheмsynthesisмэ5мmgмMNPsмфFeыSiOюхмщмcoatedм
by SiOюмфdescribedмaboveхшмwasмaddedмьъ7мmlмdeioniщ
zedмwaterшмьшь5мmlмю5смammoniaмsolutionмforмHClм

neutralizing (which released during VOCl
3 
hydrolysis 

processхмandмьъьэмmlмethylenglycolмфisмaмcomplexingм
agentхъмInмtheмresultingмsolutionмdropwiseмьъьямmlмэьсм
solution corresponding precursor – (Nb(CюH5

O)
5
; 

Ta(CюH5
O)

5
мտмwhereinмtheмmetalмoxidesмareмsolъмThe

mixtureмwasмstirredмforмэьмminмandмplacedмonмanмulщ
trasonicмbathмunderмroomмtemperatureмforмэьмminмщмям
timesъмTheмtubeмwithмMNPsмwasмplacedмinмtheмmagщ
neticмrackшмafterмtheмseparationмparticlesшмliquidмwasм
removedмbyмpipettingъмThenмMNPsмwereмwashedмthreeм
timesмwithм эмmlм deionizedмwaterм underмmagneticм
separation process.

As the results four type of coating had been synщ
thesizedмonмtheмsurfaceмofмMNPs:мэхмFeыSiOю;мюхмFeы
SiOю/TaюO5

; 3) Fe/SiOю/NbюO5
; 4) Fe/SiOю/VюO5

. 

Theseмparticlesмwereмusedмinмfurtherмexperimentsъ

Particles characterization 

Chemicalм compositionмofмMNPօsм surfaceмwith 

diferentмcoatingsмwasмstudiedмbyмXщrayмphotoelectronм
spectroscopyм фXPSхмTheмXщrayмbeamмsizeмwasм4ььм
micronsъмOverviewмspectraмwereмobtainedмwithмelecщ
tronмtransmissionмenergyмюььмeVмwithмstepмэшьмeVшмtheм
numberмofмscansмwasмэ5ъмHighщresolutionмspectraмфSiшм
NbшмTaшмVшмOхмwereмobtainedмwithмelectronмtransmisщ
sionмenergyм5ьмeVмwithм stepмэшьмeVшм theмnumberмofм
scansм7ъмCleaningмofмtheмsamplesмafterмairмcontaminaщ
tion was carried out by Arч ionмetchingмunderмatмюььм
eVмforмяьмsecъмXPSмspectraмbeforeмandмafterмionмetcщ
hingмareмshownмinмigъмяъмTheмionмbeamмwithмюьмmmм
diameterмhadм aмuniformм radialм distributionмofм ionм
current.

SEMмelectronмmicrographsмofмMNPsмcoatedмbyм
silicaмandмniobiumмoxideмareмshownммinмigъм4ъ

SEMмelectronмmicrographsм conirmedм theм factм
thatмcoatedмMNPsмdoмnotмformммagglomeratesмinмluidsъм
TheмaverageмMNPмsizeмisмю5мnmшмMNPsмshapeмisмcloseм
to spherical.

Testing MNP’s for DNA isolation 

TheмsorptionмeiciencyмofмmetalмoxidesмфVхмwasм
analysedмbyмconductingмrealщtimeмpolymeraseмchainм
reaction. For this purpose we isolated DNA using 

standardмprotocolмbasedмonмmagneticмparticlesмDNAм
isolationмmethodшмdescribedмinм[эь]ъмInмorderмtoмdeщ
termineмtheмoptimalмconditionsмforмDNAмbindingмbyм
metalмoxidesмфVхмweмhaveмchangedмsomeмparametersм
of standard protocol. 
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Fig. 3. XPS spectra of Fe
3
O

4
/SiOю and Fe

3
O

4
/SiOю/NbюO5

 before (aшмc) and after (bшмd)

etching

Figъм4ъмSEMмelectronмmicrographsмof:мa) MNPs coated SiOюш
b) MNPs coated SiOю/NbюO5

.

DNA isolation was carried out with standard 

protocolшм describedмpreviouslyшмwithмmetalм oxidesм
фVхмandмcommerciallyмavailableмsorbentsмфֈSyntol։шм
Russiaхъм Theм resultingм ampliicationм curvesм areм
shownмinмigъм5ъ

Basing on the values of average DNA threshold 

cyclesмфigъм5хмweмcanмconcludeмthatмMNPsмcoveredм
byмniobiumмoxideм фVхм thinмilmsмhaveм theмhighestм
sorption properties.

TheмworstмresultмwasмshownмbyмcommercialмMNPsм
producedмbyм«Syntol»мфRussiaхъмTheмaverageмdiferщ
ence in threshold cycles between the MNPs covered 

byмmetalмoxidesм фVхмandмMNPsмcoveredмbyм siliconм
dioxideмф«Syntol»хмwasмaboutмямcyclesъ

Thisмphenomenonмcanмbeмexplainedмbyмtheмdiferщ
enceмinмamountмofмformedмchemicalмbondsмavailableм
for DNA binding and it turn to decreased the quanщ
tity of extracted DNA.

a)

c)

b)

d)
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