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Biological effects of intense AC electric field
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Electric field distribution under AC field

By Prof. S. Katsuki (Kumamoto University)
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Biological effect at low frequency (<1MHz)
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Biological effect at high frequency (>1MHz)

PEF germination
control

PEF: 8kV
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Marx IES pulsed power generator
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Marx-IES pulsed power generator

Fuse length・・10 cm

Inductance ・・10 mH

Charging voltage・・5 kV

Output voltage・・110 kV

Amplified ratio・・22

Pulse width・・50 ns
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FFT analysis
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Electrical stimulation using pulsed power generator

Experimental

○ Field: Sotoyama Forest park, Morioka

○ Mushroom : Lentinula edodes,   

Pholiota nameko, Naematoloma 

sublateritium

Logs

○ Length: 90 cm 

○ Species: Quercus mongolica var. grosseserrata

Samples

No.1 :   control, 15 logs

No.2 :   50kV× 1, 15 logs

No.3 :   90kV× 1, 15 logs

No.4 :   125kV× 1, 15 logs

No.5 :   50kV× 50, 15 logs

2 7

パルス
電源

15

90
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PFE：stimulation?

【Life cycle of 

Basidiomycete】 spore

hypha



w/o stimulation

w/ 50kV, 50 times stimulation

Siitake mushroom （Oct 7, 07；Sotoyama park）
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Stimulations by Water, shock and PEF

Water spray Water spray + shock

Water spray + 50kVx50
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Lentinula edodes (Shiitake mushroom)
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100 kV

Mushroom crops increase about 

2.1 times by applying 50 kV, 50 

times pulse voltage
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Total cropped weight for each log
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History of total cropped weight

# Yield: 2.2 times increase with stimulation 50 kV, 50 times

# weight for a fruit body: 34.1 g for control, 69.9 g for 100 kV
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History of total cropped rate

# Yield rate: Improve with stimulation 50 kV and 100 kV

# Cropped weight at 15 day: 50% for control, 90% for 50 and 100 kV
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sample hyd2

A-2 12.1

A-3 12.9

A-7 5.31

B-1 5

B-2 6.87

B-3 13.1

Hydrohobin analysis
転写発現
パターン

栄養増殖
菌糸

膜状菌糸 子実体
原基

未成熟子実体 成熟子実体

Le.hyd2 Le.hyd1

1      actcgaacaa ccaacaattg tcgttcaagt attcccccag tttcatcatg cagttcaaac

61    ttgcctttgt ctccatcgct cttgctactc ttgcggtcgc cacacctgct cctcgtggtg

121 agccggctag cagctgcagt acaggcgacc ttcagtgttg caacaccgtc gagccggcct

181 ccagtccctc ggccagtacg attcttggtc tcctcggtat cgtcatccaa ggcgttgacg

241 ttctggtcgg cctcacttgc tctcccataa ccgttattgg tcttgaaagt ggtggctggt

301 aagtttatct atcccgtatt ttcggggtgt gtgctaacga tggccacagc tctgcgcagg

361 ccgtctgctg cactgacaac agtaacggta taatgatacc tttcaatttt ggaccctact

421 tgttttcggt tctgatgctt gttgacaggt ggactcattt ccattggatg tcttcccgtc

481 actctctgag cacctgtacc tcgcggcggc tccatacacg aacgagctca ccgtagcagg

541 ttgggggaaa gaaagtcagc cttgtggctt tgatcagtcg acggatgttg agctgtagaa

601 tgaactttct tgcgatttgt tgtctatacg aaaatgtttc tatataacca aaaaaaaaag

661 tagatgttgg gtatgtcttc tagtagaacg cactgtgggt tctgtgatga tgtgtcaggc

721 ctgaacatac aaacctca

DNA pattern of Le.hyd2

PCR (Polymerase 

Chain Reaction )

Le.hyd2 Lcc1
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Hydrohobin2 release

 Hyd2 of PEF sample: 2.3 times larger than that of control

 Early stage: Hyd2 decrease after that increase
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Lcc.1 activity at 28days from stimulation
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Formation of the film-like hypha

SEM image of Siitake 
mushroom hypha (x500, 28 
days cultivation, w/o PFE)

SEM image of Siitake mushroom hypha 

(x500, 28 days cultivation, w/ PFE)
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before after

×100

Microscopic observation
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Microscopic observation

Blue and red parts: hyphae moved
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Cutting of mushroom hypha

SEM image of Siitake mushroom 
hypha (x2,000, 19 days 
cultivation, w/o PFE)

SEM image of Siitake mushroom 
hypha (x2,000, 19 days 
cultivation, w/ PEF)



L. Edodes:

2.2 times
P. Nameko: 1.3 times

Naematoloma

1.6 times 

Ganoderm luchidum

1.7 times 

Lyophyllum decastes:

1.3 times
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Ganoderm luchidum (霊芝)

w/o stimulation w/ 100kV stimulation

霊芝: 1USD/1g!!



100kV
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Namezosan

(Kantobosai Co.)
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Conclusion

IES Pulsed power generator

Single IES： 110 kV at 14 kV charging

Marx IES： 110 kV at 5 kV charging

（220 kV at 7 kV charging）

Pulse voltage stimulation effect

1. L. edodes ：2.1 times increase by 50 times

stimulation

2. P. nameko, N. sublateritium： 1.6～1.8 times 

increase by 90 kV stimulation

3. Hyd2, Lcc1 release: Increasing by PEF stimulation
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