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1. Introduction 
  When an external magnetic field is applied to magnetic particles, clusters are formed in the 
direction of the magnetic field. It is expected that magnetic particles may be intensively utilised 
particularly in the medical and biochemical fields thanks to their unique properties and high 
applicability. When a rotational magnetic field is applied, magnetic particles form clusters due to 
dipole-dipole interactions and rotate following the magnetic field.  
  Carbon nanotubes (CNTs) possess several outstanding properties such as high mechanical 
strength, and high electric and thermal conductivity. It is well known that when a near-infrared laser 
is irradiated onto carbon materials, the temperature rises due to effective absorption of photons by 
the materials [1], which is called the photothermal effect and can be utilised for cancer therapeutics 
[2].  
 
2. Experimental method 
<Experiment 1> 

  I immobilised α-amylase on the surface of paramagnetic particles and added 20 ml of the hybrid 
particles to 30 ml of starch substrate. α-amylase/starch reaction experiments were carried out for 30 
min in a rotational magnetic field and the reaction was stopped by adding 4 ml of hydrochloric acid 
to the solution. The reaction rate was measured with the absorbance of photons of 700 nm 
wavelength after stained with iodine solution.  
<Experiment 2> 

  I immobilised α-amylase on the surface of multi-walled carbon nanotubes (MWNTs) and added 
20 ml of the hybrid MWNTs to 30 ml of starch substrate. α-amylase/starch reaction experiments 
were carried out with irradiation of a near-infrared laser. The irradiation time was changed from 1 
to 4 min and the reaction was stopped. The reaction rate was measured as in the case of experiment 
1. 
 
3. Results and discussion 
<Experiment 1> 
  The dependence of the enzyme’s activity on the frequency of the rotational magnetic field is 



shown Fig. 1. In the previous work in our laboratory, the enzyme’s activity reached maximal at 7 
Hz, whereas in the present case, the maximal activity was obtained at 20 Hz. The high magnetic 
susceptibility of the present magnetic particles induced stability of the cluster structures even at 
higher frequencies. 
<Experiment 2> 
  The starch molecules were effectively decomposed by the enzymes by irradiating MWNTs with 
the near-infrared laser. The quantity of decomposed starches increased with an increase in the 
irradiation time of the laser as expected (Fig. 2). That is, enzymes immobilised on the CNTs were 
heated because the CNTs absorbed the near-infrared light. According to the temperature 
measurement by thermography, the enzyme’s activity was remarkably raised at 76 °C (Fig. 3). 
 
4. Summary 

  I immobilised α-amylase on the surface of paramagnetic particles and multi-walled carbon 
nanotubes in order to enhance the activity by a rotational magnetic field or irradiation of a 
near-infrared laser. I clarified the dependence of the enzyme’s activity on the frequencies of the 
rotational magnetic field and the irradiation time of the near-infrared laser. 
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Fig. 3 Temperature of MWNTs solution with irradiation of a 
near-infrared laser. 

Fig. 2 Dependence of the enzyme’s activity on 
the irradiation time of a near-infrared laser. 

 

Fig. 1 The dependence of the enzyme’s activity on the 
frequency of the rotational magnetic field. 


