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Introduction 

Recently, magnetic particles have received a lot of attention as a promising carrier 
for enzyme since they possess high surface area and enzyme immobilized on magnetic 
particles can easily be manipulated using external magnetic fields. It is known that 
when magnetic particles are subjected to a high frequency alternating magnetic field, 
they dissipate heat caused by magnetic hysteresis and eddy currents and therefore, 
enzyme immobilized on magnetic particles may be heated up and activated under an ac 
magnetic field. In this study, I immobilize DNA polymerase on the surface of magnetic 
particles and analyze the activity of the immobilized DNA polymerase. I also carry out 
tow-step polymerase chain reaction (PCR) utilizing the heat dissipation of magnetic 
particles under an ac magnetic field. 
 
Experimental methodology 

I first immobilized polyethyleneglycol (PEG, Tokyo chemical industry Co.) on 
magnetic particles (Dynabeads M-270 Streptavidin, Dynal Biotech, Inc.) and then 
immobilized DNA polymerase (Ex-Taq polymerase, Takara Bio, Inc.) on the particles. 
I carried out PCR using the Ex-Taq polymerase/magnetic particle hybrids with a 
thermal cycler (Veriti 96-Well Thermal Cycler, Applied Biosystems) and analyzed the 
activity of the immobilized Ex-Taq polymerase. I also carried out two-step PCR using 
an ac magnetic field, in which case the reaction temperature was controlled utilizing 
the heat dissipation of magnetic particles induced by the external field. The 
temperature of reaction solution including the Ex-Taq polymerase/magnetic particle 
hybrids was kept at 65 ºC by a constant-temperature bath (LTB-125, AS ONE) and 
temperature alternation between 65 and 96 ºC was carried out by switching an ac 
magnetic field (96 kA/m, 335 kHz) off and on. After 25 cycles of the temperature 
alternation, PCR products were analyzed by gel electrophoresis. 
 
Results and discussion 

First of all, I confirmed that Ex-taq polymerase was still active after having been 
immobilized on magnetic particles and target DNA was amplified by using the 
immobilized Ex-taq polymerase. I also confirmed that the Ex-Taq 
polymerase/magnetic particle hybrids were reusable although the activity decreased 
compared to that in the case of first time since some Ex-Taq polymerase molecules 
were detached from the magnetic particles due to high temperature during the PCR 
thermal cycling. In the two-step PCR experiment, smeared DNA band was observed, 
which means that DNA surrounding the hybrids was denatured caused by the heat 



dissipation of the particles induced by the ac magnetic field. However, target DNA was 
not amplified under the present experimental conditions and I will be exploring the 
optimal conditions for two-step PCR with an ac magnetic field. 
 
Conclusions 

I immobilized Ex-Taq polymerase on magnetic particles and successfully amplified 
target DNA using the Ex-Taq polymerase/magnetic particle hybrids. The hybrids could 
be reused for PCR although the activity decreased compared to that in the case of first 
time. I also found that when an ac magnetic field was applied to the hybrids, DNA 
around the hybrids was denatured caused by the heat dissipation of the particles. I will 
be exploring optimal conditions to carry out two-step PCR utilizing the heat 
dissipation of magnetic particles under an ac magnetic field.  
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