
 

! 38 ! 

" #$ %&'()*+,-,./0 12 3456-,7! 89:;<=!

!

!"#$%&'()*+,-./0123456789:;<!

=)&>"'?@&A4"675B<CD!

 

>?! @ABC! DBEF! G*BHI! JKBLM! NOBPQ! RN 

STU-+-+V(WX+YZ[! (W\][+^_! ! *XY`a 

b464-8603! STUcdefghi 

E-mail: hnakano@agr.nagoya-u.ac.jp 

Home Page: http://www.agr.nagoya-u.ac.jp/~molbiote/ 

 

! !"#$%&'()*EFGW/OHI>JK7LM<N8O PCREPQRSTUVWBE+XY

VZ[\]EMGI)A^!"#_`STUEab+c"de\fgOE+hi`jkMl\mnM

o\pq>r"s"GI)A^tu$v)&wxEXYVZ[\]EMG=)&>"'?@wyz8

O&A4"675{|zMo\p}~�MFG�Uv)�I&89z<�-]E{��b�-\T�

��1�Phanerochaete chrysosporium�{��e\456789:;<N�Mo\ Manganese 

peroxidase�MnP�<yz��+��`GMnP <!"#_�<jkE=)&>"'?@�?q)*

<CD+���.p!

!

1.! F��`  

 

! j4klmnopqrstuvwxyz{|}o~

s�r������=������ylmnopqr

sy(���y�����k��lmn�<����

�uB�������������k�y��lmn

�<P�� ��¡¢£¤y¥¦tk§¨B©ª«¬

�®�¯���k°±<8u��²¯lmnopq

rs(��³´�-µ¶·¸�¶¹����º»k�

¼����¡¢£¤y¥¦�½¯�YZ�¾¿�ÀÁ

�����ÂyÃÄÅrÆyÇ�����kÈÉÊy

¥ËÌ¡¢£¤¥¦�¼Manganese peroxidase.MnP7

y`ÍÎÏ�������!

MnPtkÐªuÑ¼����Mn
2Ò�Mn

3Ò�ªu�k

oxalate ¶ÓyÔ`ª� Mn
3ÒyÕÖ×�¡¢£¤¶Ó

yØÙqrsÌÚ��ªu¯���yMn
3ÒÛÜr8Õ

Ö×tk©ÝÞßàáâ¶ªuãÞäåkæsnÛç

èréyêÌëì�íîjïð��yÞµ¶�ñ§�

uÖ)yªuòóÍ�¯�����kMnP yôõ¶¥

Qöy÷��øùú�����!

���kMnP t§� pH ûüýkÂ��êÌu�

þÞä�ÐªuÑ¼�ÿ¯�!"Ì�°ð#ê�û¯

���$%&�ä�����¹�kMnP ��'â�(

�u¯����tk����ÿ¯�!"Ì�§���

��®�ú���Â�Þk'YZÞtk)*+,Ê

Phanerochaete chrysosporium-.yMnP�ÿ/���k

pHküý01ÐªuÑ¼�ÿ¯�§!"Ìkú��§

êÌ¶MnPÏá×�23¯����45�â��k6

r789<ÄÜm��ØÅr:m8;8¡r�<�<

;¡r£¤¢=����ÏáMnP>m<srÄ:8<

;¡r£¤¢�ya?��²�����  

 

2.! 9�$"s����*  

 

6r789<ÄÜm�  

6r789<ÄÜm��tkW/O o�s@A¤BÞ

y�¥A PCR[1]�CDEF)�ÖG=��HIÖÁJ

����<¹�kKÌ�m;Å6r7L�F)��Â

��±rM¯�NOA�PQ�89<ÄÜm¯���

�Þµ�\]Þä�[2] (R 1)�� åk��y6r7L

ÞSºT�NOAT�UVúJ����Þµ��  

 Wk�Xy PCRÄYm�r�Z"u��6r7�

���o�s@A¤BÞ PCR�À$��yQk�o�

s@A¤ä�åÄYm�rZ"u6r7�[T DNA

�Â�\���W�� ��<$¶«¬�]"¯��

�Þk�6r7L��e^y DNA�_`BZ"uú�

�� 

a�ko�s@A¤�bc��%d��6r7�k

DNA��âF)���¶efg���h×�ij¯��

ÂykkW/Oo�s@A¤BÞCDEF)�ÖGl÷  



 

! 39 ! 

 

" 1. #$%&'()*+,-./$0+1213$

4567(83$9:;<=> 

 

4?@ABC-DEFG7HIJKLMNOPGDQ

RST-UFT=VWG7#$%-DNA-HIJXPM

KYZ[\CA 

YZ[\7#$%-DNA-HIJXPM456]^_

`J-=abcd4?@-Def4gBHIJ4hg

G7#$%=iK^_jk[\CAl=mD./$0

+1213$456]l=#$%4noBCAnoG

7#$%pNqC DNA 4 PCR Nrs]tuGDv`

wx4yzBCDqC6{|=(83$9:;=}T

DNA-BCA~=r@ND#$%&'()*+,-.

/$0+1213$4�iP��C~-Nr�D��

=0:)�4�+(�$)�1N(83$9:;BC

~-K��-�CA 

 

3.! !"#$%  

!

(1)MnP =���HIJPZ<N��C DsbC =�

���=��!

MnP {nS�N 5 �=�(�.'�OP4�BCA

l=7�D���HIJPZ<�EF[�7 MnP{D!

" 2. �� PDI- DsbC���=MnP=ef!

 ¡�.¢$�&':;K[\]6�6£efT=¤

=K�6-6@¥¦§K¨©ª\]67[3]Al~�D

MnP =«¬®¯���HIJPZ<ND�(�.'

�OP°f±ab�qC�� PDI - DsbC 4��GD

EF²=¡³-ef´µ4?s7Al=O�DDsbC=

��Nr�DefTMnP=PZ²4 2¶t�[�C~

-NZ·G7¸" 2¹A!

!

(2)^_º»NrC MnP=ef´µ  

#$%&'()*+,-./$0+1213$45

67(83$9:;<4MnPNd5BC7�Def4

^_º»Nr��¼BC~-4½i7A`J{ Amplex 

Red4567AAmplex Red{¾±[\C-¿À 590 nm

=^_4EBC Resorufin-�CA!

{Á�NDMnP jÂ456]ab=Ã»-^_º»

NÄÅÅÆKqCÇ4��G7Al=O�DMnP =Ã

»-^_º»{ÄÅÅÆ4ÈÉ~-Kg[\7A|ND

���HIJPZ<�EF[�7MnP456]abc

d4?s7-~ÊDMnP =ef4�¼BC~-K�Ë

7AG7Ks]DAmplex Red4`J-G7^_º»N

rC MnP=ef�¼K��Ì-6@~-Kg[\7A!

!

(3)#$%NÍµ±G7 MnP=ef´µ  

  Carboxylic acid (CA) #$%NÍµ±[\7 MnP =

ef4�¼BC~-4½i7ALM4Î�[�7 CA

#$%ND���HIJPZ<�EF[�7MnP4h

g[�Dabcd4?s7Al=O�DMnP =ef4

�¼BC~-K�Ë7AG7Ks]DMnP {#$%N

Íµ[\7ÏÐ�¤ef4ÑÈG]6C~-Kg[\

7A 

!

4.! &'()*  

! FÒÓ�ND���HIJPZ<�=efTMnP=

EFD^_º»NrCMnP=ef�¼D#$%NÍµ

[\7ÏÐ�= MnP =ef�¼NZ·G7AÔm{D

./$0+1213$4567Õ°MnP=�+(�$

)�1�(83$9:;<Ö×=��4?@A 

! ¾±ØÙab=efN`ÚÛ(83$9:;Ü,K

¡ÝBC~-Nr�DÅÞBCßà�ab=á�âÕ

N56C~-¤��-�C-ãä�ËCA 

 

+$,-!

 

[1] Kojima T, et al. : Nucleic Acids Res., 33, e150 (2005) 

[2] Gan R, et al. Biotechnol. Prog., 24, 1107-1114 (2008) 

[3] Miyazaki C, et al. : FEBS Lett., 509(1), 111-4 (2001) 


