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Abstract
Current research work exploited astonishing properties of nanoparticles in polymerase chain reaction \
(PCR). Present research employs the magnesium oxide nanoparticles in polymerase chain reaction \
(PCR) in place of magnesium chloride which results in signi�cant reduction in time of the conventional
PCR procedure, reduction in concentration of the magnesium used and smearless DNA. The rationale
behind the use of magnesium oxide nanoparticles is its unique properties such as highly stable, good
dispensability and less toxic effects. The preliminary results explicated that magnesium oxide nano-
particles ultimately show enhancement in reaction e�ciency.

Introduction
Polymerase chain reaction \(PCR) employs an in vitro DNA replication system by the simultaneous primer
extension of complementary strands of DNA, and has become a widely used technique in molecular
biology since its invention. The PCR process, which requires very little amount of nucleic acid; can
achieve higher detection sensitivity and larger ampli�cation of speci�c sequences in less time than
conventional methods. Nano-PCR is relatively a near area of research in the �eld of biotechnology in
which the idea of adding nanoparticles into polymerase chain reaction \(PCR) for enhancing its e�ciency
and speci�city has attracted several researchers. Nanomaterials have received considerable attention and
nanomaterials-based PCR is a new area in nanobiology that combines arti�cial nanomaterials and
biomolecules, for building and mimicking the DNA replication machinery in vivo. Various kinds of
nanomaterials have been bene�cial to PCR reactions 1-3. Citrate stabilized gold nanoparticles,
rhamnolipid stabilized gold and silver nanoparticles, and magnetic iron oxide nanoparticles are employed
for strain typing of Salmonella Typhi”. Researchers proved that these nanoparticles increase the
speci�city to Salmonella Typhi in the case of multiplex PCR for the detection of typhoid 13. Various
nanoparticles are employed which includes metallic 4, 5, oxide 6, 7, carbon nanotubes \(CNT) and
nanoparticles 8, 9. Researchers reported that these nanoparticles increase e�ciency 7, speci�city 10-13, less
consumption of reaction time 8. However, various nanoparticles such as metallic oxide \(ZnO and TiO2),
carbon nanotubes \(CNTs; MWCNTs), metal alloy nanoparticle, metallic nanoparticles such as Gold and
silver nonparticles are used for increasing the e�ciency and speci�city PCR reaction. The carbon
nanotubes used are less stable in reaction mixture as compared to metallic oxide nanoparticles. The
metallic oxide nanoparticles used are toxic and showed less dispersibility. Thus, in view of studies as
detailed above, there is a need to develop a method for enhancing the e�ciency of Polymerase Chain
Reaction \(PCR) by using magnesium oxide \(MgO) nanoparticles as MgO nanoparticles are highly
stable, shows good dispersibility and less toxic as compared to other metallic oxide nanoparticles. In the
PCR protocol there is use of magnesium chloride because it acts as a cofactor of the coenzyme Taq DNA
polymerase. Present research replaces magnesium chloride with magnesium nanoparticles in the
reaction mixture. In previous studies, researches have used many nanoparticles in PCR protocol but they
have not used MgO nanoparticles to the best of author’s knoweldge. Present research proves that we can
replace magnesium chloride with magnesium oxide nanoparticles which helps in overall reduction in time
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and concentration. Furthermore the current results explore that the smearless DNA product is also
produced with the help of these nanoparticles. Main reason behind smear is DNA was degraded due to
nuclease and protein contamination. MgO nanoparticles might be protecting DNA from the enzymes and
other ambient conditions.

Reagents
Magnesium nitrate \(MgNO3), Sodium hydroxide \(NaOH) was procured from Sisco research laboratory \
(SRL). PCR master mix \(2X) from the Quiagen Artus, Germany. All other chemicals were of analytic
reagent grade. Double distilled water \(DW) was used throughout the experiments

Equipment
PCR was carried out using a thermocycler \(Rotor Gene Q \(5X Multiplier), centrifugation

Procedure
1. Prepare a reaction mixture: 27.5 μL of master mix \(0.05 units/μL Taq DNA Polymerase), 2.5 μL MgO
nanoparticles \(2.48 mM), 0.4 mM dNTPs, 1 μM of each forward/reverse primer and 20 μL of template
DNA per 50 μL reactions. 2. Keep the reaction mixture in a thermocycler. 3. Program the thermocycler as
follows: 3.1. Hold the sample at 95 ◦C for 10 min 3.2. Denature step at 95 ◦C for 15 sec 3.3. Anneal
temperature of 65 ◦C for 25 s 3.4. Extend at 72 ◦C for 15 sec followed by a uniform three-step
ampli�cation pro�le for another 45 cycles, and �nally held at 4 ◦C.

Timing
By using nanoparticles, we have reduced the time for annealing step for 25 s, 72 ◦C extension step for 15
sec \(i.e., annealing and extension time were reduced by 5 s both). As we have given 45 cycles the
reduction in time is 225 sec for annealing step and 225 sec for extension step. Therefore overall reduction
in time for whole cycle is 450 sec.

Anticipated Results
3.1 UV analysis of nanostructures UV spectra were obtained in the absorbance range 200 – 800 nm. No
peak was observed for the blank solution while solution containing MgO nanoparticles gave a peak at
around 285 nm \(Fig. 1). Effect of MgO nanoparticles on PCR Initially, MgO nanoparticles were
suspended in distilled H2O followed by ultrasonication of sample for 20 min and then were used to test
the feasibility of PCR. The PCR results showed explicit improvement in the PCR yield as the DNA
produced was smearless. In the normal PCR cycle without nanoparticles the PCR protocol began by �rst
holding the sample at 95 ◦C for 10 min followed by a 95 ◦C denaturation step for 15 sec, followed by
initial annealing temperature of 65 ◦C for 30 sec, and a 72 ◦C extension step for 20 sec, followed by a
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uniform three-step ampli�cation pro�le \(95 ◦C denaturing step for 15 s, 65 ◦C \(25 s) annealing step for
30 s, 72 ◦C extension step for 20 sec) for another 45 cycles, and �nally held at 4◦C but when we use
nanoparticles we have reduced the time for annealing step for 25 s, 72 ◦C extension step for 15 sec \(i.e.,
annealing and extension time were reduced by 5 s both). As we have given 45 cycles the reduction in time
is 225 sec for annealing step and 225 sec for extension step. Therefore overall reduction in time for whole
cycle is 450 sec. Figure 3 shows the rtPCR graph performed by using MgO nanoparticles and MgCl2. Both
of the tubes were able to amplify the DNA. But the DNA ampli�ed by MgO nanoparticles produced more
counts \(22.87) in comparison to the MgCl2 \(22.37). The yellow line indicates the �uorescence obtained
by the MgCl2. However, the red line indicates the �uorescence performed by the MgO nanoparticles. In the
above mentioned protocol we have used MgO with concentration of 2.5 mM while in the control
experiment we used MgCl2 with concentration of 5 mM. Therefore we have also reduced the
concentration of Mg. We have found that by using MgO nanoparticles we are able to get smearless DNA
which is major troubleshooting of PCR products \(Figure 4). Main reason behind smear is DNA was
degraded due to nuclease and protein contamination. MgO nanoparticles might be protecting DNA from
the enzymes and other ambient conditions.
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