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� Mn�S�ª˨=
˂ɘ˲=Ǭ̚0ɍďƖ-,ɍɂ0ɍĘȘò.Ɗ̾-ɂ˲E¾ʚ

�Aª˨E�ǻª˨+>3
"0ª˨ɎɂE�ǻª˨Ɏɂ+����B.œ�)
Ŵ

ʅĤ0ǯɂ=Ƈɍɂ.9?B
Ƀ."0ɍɂ0ɍĘʜƦ
ɗʬĶȁ.ɟŲ̛��-�

ª˨E¢ǻª˨+��
"0ª˨ɎɂE¢ǻª˨Ɏɂ+���¢ǻª˨Ɏɂ0ļ�1


ɍ·0ɗʬ0ɃŊǓǛƘ�1ɃŊ0ʗʢ*ɍƖ�B
ʕʮÖĻ5ʿɹ�BA 1,2)� Ď

ɷǯɂ=Ƈɍɂ0¢ǻª˨Ɏɂ1Ɵɍɂ˲=ʺʒʀ
ʘȦ�0ǙɏƎ+Ó.ſ˲ɗɈ

0ˤʄ0ɥɺ�*<̝ˎˑ�B)�A� 

� Monascus ʺʒ1ĊǢ>@äɏ�B)�AƇɍɂɑǢľȻɂʺʒ*�@
ǍǞ*1


Ȏʠ0ˮʲ>�
˳̈́-,0ɅɃ0̓ǄóEſƖ�A�+.Ɓɼ')�$ 3-5)��

Monascus ʺʒ1
ɈĩƗ�Ħ*̓Ě0ɢʺǆ+�)ˡċ�B)�AĜ�0ƇɍɂɑǢ

ľȻɂʺʒ*�A 6)� Monasucus ʺʒ.��A�-óďɂ+�)1 Azaphilone ʌʺ

ʒóďɂ+"0NˢŖ·
�-D&
͌ ʺ0 monascin
ankaflavin 
Ǹʺ0 rubropunctatin͝

monascorubrin
˳ ʺ0 rubropunctamine ͝ monascorubramine 0 6óďɂ�ɤ?B)�A

7-12)�  

 Monascus spp..>')ɍɎ�BA˳ʺʺʒ1
Ɵʼ 13)
ƟQ� 14)
Ɵ̚ó 15)-,

0ɍɊȘƎEɬ��+�Ǐ?�.�B
Ƽ;) Monascus ʺʒ�̝ɏˑ�BA>�.

-')�A����-�?
1995Ų.Blanc?.>@
Monascus spp.�Ǚō-mycotoxin

*�A citrinin EɍɎ�A�+�Ǐ?�.�B$ 16)� citrinin 1
�̖0 Monascus�

Aspergillus
PenicilliumŠʼ.>@ɍɎ�B 17,18,19)
ɸɂE1�;+�A̓Ě=ͅǆ

�.9?BA�ŋ̲.1
citrinin.ɍɊȘƎ��A+0ıĕ<�A� 20)
ʘĉƵć.

>Asi50̀´śʕʂ.��Aʱ̳ōEɬ�¨
ʫʵ
ɰʘʌ
Ïɖƞå-,ǵ�

-̳ōE<$?� 21)��$�')
citrinin0µȨ�ǚ8BA�
ȽÜɊ0̋ɶ*
ã

0óďɂ+0ˌď·*�@
ʕʮȅƎE<( citrinin H1= citrinin H2EſƖ�)�8�
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22)��0$;
Ǽʈ.��)̓Ě50 Monascus ʺʒ0»ɏ1ˡ;?B)�? 
Ħ

̲ə.<ňÑ-Ƈɍɂʺʒ0¾ʚ�ȋ;?B)�A 23)� 

� ħĹ>@ü̶�B$�ʋɄʼ
Penicillium purpurogenum IAM15392ǫ1ċȯƎh�w

�
̙ȄMR]
TM�̚ʟˆȟ+��ǳ;)üʏ-ĮĪ.)AzaphiloneʌMonascus

ʺʒĐǋ·EɍɎ�A��ʸ. Penicillium ŠʋɄʼ�ɍɎ�Aʺʒ+�)1 quinone 

ă3 phenolic óďɂ*�A˳ʺʺʒ�ˏÝ�B)�A� 24-33)
Ogihara ?0ɥɺ.

>@
ǞʋɄʼ0�ɍɎʺʒ*�A PP-O[(10Z)-12-carboxyl-monascorubrin]1

monascorubinĐǋ·
PP-V[(10Z)-12-carboxyl-monascorubramine]1Azaphilone ʌʺʒó

ďɂ N ˢŖ·
�-D& monascorubramine Đǋ·*�A�+�Ǐ?�.�B)�A

34, 35)(Fig. 1)� Ƀ. PP-V1
Monascus «Ļ0ʋɄʼ�? Monascus ʺʒĐǋ·�ɍ

Ɏ�BA�+�ˏÝ�B$ǘá0ʺʒ*�A 36 �͐8$
Ɉĩ8*. P. purpurogenum

� citrinin EɍďƖ�$+��ıĕ1-�B)�? 
ǞʋɄʼ.>A Monascus ʺʒ

Đǋ·0ňŊɍɎ�Ǜƃ�BA 37)�>')
Monascus ʺʒŪĲ50äɏ�ƋɏEǰ

˘�A�*<ǞʋɄʼ0ʺʒĐǋ·ɍďƖǹǴ0˕Ǐ1ƒʥȡ�<0*�A� 

� P. purpurogenum IAM15392��+�)ɍɎ�Aʺʒ1
Ǹʺʺʒ0 PP-O+ʔʺʺʒ

0 PP-V*�A�PP-O1ȄǬ0t��ɋ0͗´.̚ʒĀńEēF*�@
PP-V1"B

�H�oį.ʤƲ�B$Ǵ̇E+A(Fig. 2)� 8$
PP-V 1ɻʒēǙ}�VbJj+

�)<ɤ?BA 38)�}�VbJjóďɂ1H[� CoA Eæ͈·+�)Ƈɍɂ=ǯɂ

.>')ɍɎ�B
ǁļ�0õˀĚ�ɤ?B)�A 39)�ʋɄʼ�ɍɎ�A}�Vb

Jjóďɂ0ļ�1ȸóȉʒóďɂ*�@
ɻʒĀńEǴ̇�.Ǚ�A<01Ř-�

�
�0ɻʒĀń1
õˀ=˽ˀ.��)ȘƎɗɈ.̝ˎ-ƁëEǦ$�)�A�+

�ɤ?B)�A 40,41)����
ɻʒEǴ̇�.Ǚ�A}�VbJjóďɂ0ɍɎ.

��)ȺǹɻʒȭEäɏ�$ɍɎɥɺ17+F,˅DB)�? 
ȺǹƔɻʒEäɏ

�$}�VbJjóďɂɍďƖʌ50ɻʒ0ć@˿9.̨�Aɥɺ<ǜ%̉F*�-

�� 
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� ɻʒEǴ̇�.Ǚ�A}�VbJjóďɂɍďƖʌ50ɻʒ0ć@˿9.̨�)


Ƈɍɂ*1ʋɄʼ Aspergillus terreus0ɍɎ�A isoflavipucine+ rubrobramide0ɥɺ.

��)
ɻʒĀń1ȄǬſƖǓ.H�o̚0ſ*ŖÐ�BA+ưȫ�B)�A 42)�Đ

ǵ.ƽʞʼStreptomyces halstedii0ɍɎ�Avicenistatin0ɥɺ.��)<ɻʒĀń1Ȅ

ǬſƖǓ.H�o̚0ſ*ŖÐ�BA 43)�8$ǯɂ*1
�P�ɲ0ǯɂx���c

(Ruta graveolens)=sPWoP^�ɲ0iKW[q(Huperzia serrata)0ɍɎ�AuGJ

iH�R[�*�Aacridoné1ȄǬſƖǓ.N-methyl-anthraniloyl-CoA0ſ*ɻʒĀ

ńEć@˿: 44,45)��0>�.
ǯɂ�Ƈɍɂ0ɍɎ�AɻʒēǙ}�VbJjó

ďɂ0ɍďƖʌ.��)
ļ�1ȄǬſƖǓ.Ǵ̇�.ɻʒĀń�ć@˿8BA��

Ǌ
P. purpurogenum IAM15392ǫ.��)1
PP-O0Ǵ̇�ſƖ�B$Ƅ.
ɻʒĀ

ńEć˿:+�BA��$�')
PP-V0H�oį0ŖÐǹǴ0ɥɺ1
}�VbJ

jóďɂ0ɍďƖɥɺ.ǉ$-ɤˏE<$?�<0*�@
ǉː-ˀɊóďɂ0ìˋ

=Ǚɏʺʒ0ňŊə-ɍɎ.˰�A�+�Ǜƃ�BA� 

� Ǟɥɺ*1
P. purpurogenum0 PP-VɍďƖǹǴEǏ?�.�A$;.
ɻʒª˨

.��A PP-V0ƁëEˤ6A�+Eɞə+�$�Ô·ə.1
ɕ-Aȶŷ0U�b�

�Eɻʒȭ+�)ɏ�
ʺʒɍɎƎ+ʕʮÖH��lK��y�Eˤ6$�8$
ʕ

ʮÖ50H��lK�0ć˿91�.H��lK�i��]}�b�.>')˅DB

A�+�?
ǞʋɄʼ0H��lK�i��]}�b�̑²ńEĐŊ�
"BEÞˈ

̙ȄÖ*ɕɷɗɈ�!$��0ſ˲˹ƲE�$̙ȄEɏ�)
µH��lK�ĮĪ*

0ɠˊg]i
H��lK�0ć˿9ȘƎ0ȫŊ
�d�H��lK�50ƓĈg]

iE˅'$��?.
ǞʋɄʼ*0ɗɈ˕ǥE˅'$�PP-VɍɎ.H��lK�i�

�]}�b��̨��)�A0�ˤ6A$;.1
ɠĐʗƲ�= RNAi E˅�Ɗˎ�

�A$;
P. purpurogenum0ſ˲˹ƲE˞9$� 

 

 



 4 

     

 
 

Fig. 1 Structure of PP-O, PP-V and Monascus pigments 
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Fig. 2 Characterization of PP-O and PP-V 

 

 

 

 

 

 

 

 

 

Rf 0 0.5 1.0Rf 0 0.5 1.0

Solvent ; n-BuOH: AcOH: H2O= 12: 3: 5

PP-O PP-V

fig. 1-1 Structures and characterizations of PP-O and PP-V

pH 5.0 pH 5.2

PP-V production medium

2% Soluble Starch
0.2% Bacto Yeast Extract
0.3% NH4NO3

50 mM citric acid / Na3 citrate buffer

PP-O production medium

2% Soluble Starch
0.2% Bacto Yeast Extract

50 mM citric acid / Na3 citrate buffer

PP-O PP-V

O

O
O

O

O COOH O

O
O

O

COO-NH2+

O

O
O

O

O COOH O

O
O

O

COO-NH2+NH2
+�

2% Soluble Starch 
0.2% Bacto Yeast Extract 

50 mM citric acid / Na3 citrate buffer�

2% Soluble Starch 
0.2% Bacto Yeast Extract 
0.3% NH4NO3�

50 mM citric acid / Na3 citrate buffer�
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ɿ 1 ʄ ˦˖  

 

 ħĹ>@ü̶�B$�ʋɄʼ
P. purpurogenum IAM15392 ǫ1ɃŊĮĪǡ®�*


AzaphiloneʌMonascusʺʒĐǋ·*�A PP-Y
PP-O
PP-V
PP-REɎɍ�A 34,35)�

Monascus ʺʒ1ĊǢ>@ǣH\H*äɏ�B)�$�
�̖0 Monascus �ʺʒɍɎ

Ǔ. citrinin Eéɍ�A�+�?
Ǽʈ˦Ħ*1"0äɏ�ˡ;?B)�-� 23)�"

B.œ�)
ǞʋɄʼ.��)1
citrininɍɎ1ɫˡ�B)�-���$�')
 

P. purpurogenum IAM153921¦Ƅ0ľȻɂʺʒɍɎʨ+�)
Ǜƃ�BA 37)� 

 «æ0ɥɺ.>@
ǞʋɄʼ0�ɍɎʺʒ*�A PP-V1monascorubramine Đǋ·*

�@
ȄǬ0t��ɋ.H�oįEē:}�VbJj*�A�+�Ǐ?�.�B)�

A 34)�}�VbJjóďɂ1qTg�H
ʋɄʼ
ǯɂ�ɍďƖ�A¢ǻª˨Ɏɂ*

�@
"0óďɂ1Ɵɍɂ˲ 46)=X�]g���ďƖ̩ōç 47)
̓Ěɢʺǆ.äɏ

�B)�Aʺʒ 23)�?mycotoxin 48)8*ǵ�*�A��0>�-}�VbJjóďɂ

0ļ�1ȸóȉʒ̣�?-')�A�"0$;
ɻʒóďɂ.̝ˎ-ɍɊȘƎEǙ�

A�+�Þ�')�A.<��D? 41)
PP-V 0>�-ɻʒēǙ}�VbJj0ɥ

ɺ17+F,˅DB)�-�� 

� Ɨ�1
ňŊĐ´·Ƕ˪̘̚Eɏ�$ŋ͉Eį.
PP-V0ɍďƖʘ˶.̨�)
Ȅ

Ǭ0ſƖ1Monasucus0ɍɎ�A˳ʺʺʒ+Đǵ.˅DBA�+Eɬ�$ 38)��Ǌ*


PP-O0 7-O+ PP-V0 7-N+0ʤƲ�,0>�.˅DB)�A�1Ǐ?�.-')�

-�� 

� ̅Ů
TM�̚ʟˆȟ
̙ ȄMR]
ċȯƎh�w�Eē:ĮĪ* PP-O�ɍɎ�B


"�.H��lK�Ĵ<��1ɩ̚ĴEî�A�+* PP-V �ɍɎ�BA>�.-A

49)��?.̀Ų0ɥɺ*
U�b��
U�b��̚EȤî�A�+*<ʔʺʺʒE

ɍɎ�A�+�Ǐ?�.�B$ 50)�8$
�B?¢ɷ́0H�o̚.̨�)
U�b
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��07��ʔʺɍɎ.œ�)ñǦ�͊�'$ 50)�8$
U�b�k�  ̀ (GTA)E

̩ō�$+�
PP-V0ɍɎƎ�µ��A�+�Þ�')�A(ǉŝ ǜɗˇ)��B?0

�+�?
Ǟʺʒ0ɍďƖ.1H��lK�ĐóƄ.GTA.>')ɎÝ�B$H��

lK��äɏ�BA+ʧ�?B$(Fig. 3)� 

� «�0>�-ʭǕE˷8�
PP-VɍďƖ.1ʕʮÖH��lK��y��̝ˎ%+

ʧ�$�U�b��.̨�)1
NMR.>')"0Ǵ̇� PP-V0<0+�ʷ�A�

+�ǌ.ɬ�B)�A$; 50)
U�b��Eɻʒȭ+�$+�0 PP-VɍɎƎ+ʕʮ

ÖH��lK�EȆ˺�$� 

 

ɿ 2 ʄ ŋ͉Ǡǆ�>3ŋ͉ǊȒ 
 
1 ŋ͉Ǡǆ�>3˞ˀ�ǹĠ 

Ǟɥɺ.��)
IAM culture collection .ÃŅ�B)�A P. purpurogenum IAM15392

ǫEɏ�$�PCRąƋă3 0.2 mld��v0J�R�y�[��.1 TU�\L�i

Y��YJT�� (Biometra) <��1 T1Y��YJT�� (Biometra) Eɏ�$�1.5 

mld��v0̎ƉÞ̶.1ú�̎Ɖǹ Centrifuge 5424
��b� FA-45-24-11-Special 

(Eppendolf)�>3
Centrifuge 5415R
��b� F-45-24-11 (Eppendolf)ɏ�$�50 ml

d��v (CORNING®) 0̎ƉÞ̶.1
Ùþ̎Ɖǹ RSL-05A
]J�U��b�50 

ml × 4�lei (¶�̧ˋºƛ) Eɏ�$�8$Ƀ˚�-�̫@
˞ ˀ1ęÎʏˀŧǲ

0Ƀʑ˞ˀEɏ�$�ȉ1Milli-Q˵ʏȉˉʤ (MILLIPORE) *ƅ$˵ʏȉEO�iT

��vȰʼ�)ɏ�$�8$
ĮĪ
0.2 ml (WATSON) ă3 1. 5 mld��v (Axygen, 

BIO-BIK) 1 ES-215 (ǫŻ±ɮ�i��ʊŧ) E
ˤˋ�$˞ˀ1 ES-315 (ǫŻ±ɮ�

i��ʊŧ) Eɏ�)O�iT��vȰʼ�$��˔u�]X1Drying Sterilizer SG810 

(�~iɲņǫŻ±ɮ) Eɏ�)�ȽȰʼ�$�8$
ʼ·0ɨɦ.ɏ�$�̡�>3

�Ǯ1ƹº.ȟ·ɻʒEɏ�A�+�?
ƴĸE̒�A$;. ;-80 °C*Ùþ�$� 
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2  P. purpurogenum IAM15392ǫ0Į͇ǡ® 

 P. purpurogenum IAM153921
YMAĮĪ (5 g peptone (ǳǣˋˀŧǲǫŻ±ɮ), 3 g 

BactoTM Malt Extract, 10 g D(+)-Glucose, 20 g INA -Agar (°̔̓ĚŧǲǫŻ±ɮ) / L).ǯ

ʼƄ
ʼ·�öÞ.ɍʬ�$<0E»ɏ�$�ȟ·Į͇�A$;.
500 ml Ŏ�˔u

�]X.įǞĮĪ (20 g Soluble starch, 2 g BactoTM Yeast Extract / L 50 mM citric acid / Na3 

–citrate buffer , pH 5.0 ) <��1įǞĮĪ.ʖȶŷ 1<��1 10 mM0 L-glutamineE

ē:GlnĮĪE 100 mlˤˋ�
O�iT��vȰʼ�$�YMAĮĪ>@
�ȽȰʼ

�$M�`Eɏ�)ʼʋă3
ÞɍńE 1 ɘ̠ʪ+@
ˤˋȦ90ĮĪ."B#Bǯ

ʼ�$��0ƹº1
T���y�dÖ*˅'$�ǯʼ�B$ʼ·1Ʃ+�Į͇ǹ (b

PSÙǹǫŻ±ɮ)Eɏ�) 30 ˚C � 200 rpm* 72<��1 96 Ǔ̧
ŀȈə.Į͇�

B$� 

 

 

3ʕʮĻʺʒ+ʕʮÖʺʒ0ƢÝ�>3˕ǥ 

 

3-1ʕʮĻʺʒ0ƢÝ+ Thin layer chromatography (TLC).>A˕ǥ 

 

3-1-1Į͇�ȥ�?0ʺʒƢÝ 

� įǞĮĪ
GlnĮĪ0Į͇�ȥEMd��ORYJjQ]͏ ÷ʾĽĐǫŻ±ɮ .͐>

@HPSPȰʼqeU͏ ǍȏƝɥŧǲǫŻ±ɮ E͐ɏ�)Ȱʼ�$ȷʐ͏ Advantec
No. 2 
͐

vuk�Ȳǅă3ĔżɌEɏ�)Ĕżȷ̋�$�Į͇ȷȟE 15 ml d��v. 10 ml

Þć�
4 ˚C
1600�g
15 min0ǡ®*̎ƉÞ̶�$��ȥE 10 mlŎQ�]ˋ̎ȍ

ʂ͏Iwaki͐. 5 mlÞć�
ʀ̟0̘̚Md�Eî�
ȴ��ƺƤ�
2 minɶŷ̺ʤ

�$��šE̎ȍʂ0ɞɜ@* 1 ml ( 3Ǟ0P�d��d��v͏ �12×75 mm, Iwaki͐
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.ÞȔ�
̎ƉMq}��b�͏Eyela Centrifugal Vaporizer CVE-200D͐Eɏ�)ȨĨ

�ĥ�$� 

 

3-1-2 Silica gel TLC.>Aʺʒ0˕ǥ 

� ȨĨ�ĥ�$̘̚Md�ƢÝɂ. 0.1 ml 0̘̚Md�Eî�
5 μlR�t���E

ɏ�)
Į͇ȟƲʁ* 250 μlE 1 cm ̧̰* Silica gel TLCw��i.]}ei�$�

ǻ.
n-BuOH͘MeOH͘H2O = 12͘3͘5 (BAW) Eş̦ȯŃ+�)ɏ�)
ʺʒEÞ

̶�$�"0Ƅ
����vh�˞ˀ͚Disodium Molybdate (Ⅵ) Dihydrate 2͎E

Phosphoric Acid−Sulfuric Acid−H2O͏3:10:200, V/V/V͐ȣȟ.ȯ˕�$<0͛Eġ̹�


{eiw��i� 120 ˚C*îȽąƋ�! TLCw��i�0]}eiEɫˡ�$� 

 

3-2 ʕʮÖʺʒ0ƢÝ+ TLC˕ǥ 

 

3-2-1 ʼ·�?0ʺʒƢÝ 

� įǞĮĪ
GlnĮĪ0Į͇�ȥEȷʐ (No. 2)
vuk�Ȳǅă3ĔżɌEɏ�)Ĕ

żȷ̋�$�ʼ·E 50 mMTM�̚ buffer͏pH 5.0͐Eɏ�)ȗȚƄ
ȷʐ�.Ȭʼ

·Eƅ$�ƅ?B$ʼ·E 50 ml0�bo��.ȝ�
24Ǔ̧ƽʤ�$��bo��

ƢÝɂ1
ȷʐ (No. 2)+ȲǅEɏ�)ȷ̋�A�+.>')ƅ?B$��BE 15 ml

d��v. 10 mlÞć�
d��v0ɞɜ* 1 ml ( 3Ǟ0P�d��d��v͏�

12×75 mm, Iwaki͐.ÞȔ�$�"BE̎ƉMq}��b�.>')ȨĨ�ĥ�$� 

 

3-2-3 TLC.>Aʺʒ0˕ǥ 

� ȨĨ�ĥ�$�bo��ƢÝɂ. 0.1 ml 0�bo��Eî�
5 μlR�t���E

ɏ�)Į͇ȟƲʁ* 250 μlE 1 cm ̧̰* Silica gel TLCw��i.]}ei�$�ǻ

. n-BuOH͘ MeOH͘ H2O = 12͘ 3͘ 5 (BAW) Eş̦ȯŃ+�)ɏ�)ʺʒEÞ̶�$� 
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4 in vitro.>A PP-O+ L-glutamine0ąƋ  

 

4-1 PP-O+ L-glutamine0ąƋɂ0ƢÝ 

� įǞĮĪ* 72 Ǔ̧Į͇�$ʼ·0Į͇�ȥEȰʼ�$ȷʐ͏No. 2 
͐vuk�Ȳǅ

ă3ĔżɌEɏ�)Ĕżȷ̋�$�Į͇ȷȟE 15 mld��v. 9 mlÞć�
100 mM 

L-glutamineȯȟE 1 ml͏ʖȶŷ 10 mM͐î�$��0ȯȟE˹Çȣę�$Ƅ
30 ˚C

�ǖƛ* 10Ǔ̧̺ʤ�$�ąƋʖ�Ƅ
4 ˚C� 3,000 rpm* 15Þ̧̎ƉÞ̶�$��

ȥE 10 mlŎQ�]ˋ̎ȍʂ͏Iwaki͐. 5 mlÞć�
ʀ̟0̘̚Md�Eî�
ȴ�

�ƺƤ�
2Þɶŷ̺ʤ�$��šE̎ȍʂ0ɞɜ@* 1 ml ( 3Ǟ0P�d��d

��v͏ �12×75 mm, Iwaki .͐ÞȔ�
̎ ƉMq}��b�Eɏ�)
ȨĨ�ĥ�$� 

 

5 ʕʮÖH��lK�0Ŋ  ̟

 

5-1 ʼ·0Į  ͇

� įǞĮĪ
1 mM GlnĮĪ
10 mM GlnĮĪE 500 mLu�]X. 100 mlˤˋ�
T

���y�dÖ* P. purpurogenum IAM15392E 1ɘ̠ʪǯʼ�
30 ˚C � 200 rpm*

72<��1 96 Ǔ̧Į͇�$�ȷʐ͏ No. 2 
͐vuk�Ȳǅă3ĔżɌ.>@
Į͇ȟ

EĔżȷ̋�$�ʼ·E 50 mM citric acid / Na3 –citrate buffer (pH 5.0).)ȗȚƄ
ȷʐ

�.Ȭʼ·Eƅ$�ʼ·1ȟ·ɻʒ*Ûʙ�!
-80 ˚C*ÃŅ�$� 

 

5-2ʕʮÖH��lK�0ƢÝ 

 Ǟʄ5-1*ƅ?B$ʼ·0.5 g+α-H��k1.0 gE�̡.î�
�ǮEɏ�)Ȋ�*


ʼ·Eɨɦ�$�öÞ.ɨɦ�$Ƅ
10 mM Sodium Phosphate Buffer (pH 8.0)E 1 mlî

��ǮE»')ȣę�$�1.5 ml d��v(BIO-BIK).ɵ� 4 ˚C� 10,000 rpm* 20 Þ
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̧̎ƉÞ̶E˅'$�ƅ?B$�ȥ 300 µlEǉ�� 1.5 ml d��v(BIO-BIK).ɵ�


ʀ̟0 0.5 M Trichloroacetic acid solutionEî�
ŌȪ
10,000 rpm* 5Þ̎ƉÞ̶�


ƅ?B$�ȥEʕʮÖH��lK�ƢÝȟ+�$� 

 

5-3 ʕʮÖH��lK�0ȫŊ 

� Ǟʄ 5-2*ƅ?B$ʕʮÖH��lK�ƢÝȟ 100 μlE�10×90 ˞͉ʂ.Þć�$�

"�.
ȉ 1700 μlEî�
DU-730 (yeT~��X��b�)E»')ąƋæ0ĔÎŷ

(ĔĆȓ̥ 450 nm)EȫŊ�$��BEA1+�A�ĔÎŷEȫŊ�$ȯȟE×3�10×90 

˞͉ʂ.ƚ�
n]��˞ˀ(Sigma-Aldrich)E 200 μlî�$�ŮȪ* 10Þ̺ʤ�
Í

7,+Đǵ0ǹĠEɏ�)
ąƋƄ0ĔÎŷ͏ĔĆȓ̥ 450 nm͐EȫŊ�$��BE

A2+�A�ʕʮÖ0H��lK�ȶŷEʁÝ.1
A2- A1�?ƅ?B$ÈE»ɏ�$�

-�
ǰ̟ʞ0ºˋ.1
0 µM
50 µM
100 µM
200 µM.-A>�.ˤˋ�$NH4Cl

ȯȟ 1,800μl.
n]��˞ˀE 200 μlî�$<0Eɏ�$� 

 

6 HPLC.>A PP-V0Ŋ  ̟

� Ǟʄ3-1-1*ƅ?B$ƢÝɂE50 μl 0DMSO.ȯ˕�$�ÖƂ150�4.6 mm0

X-Bridge C18P��͏ Waters +͐uNicJO�jH�J(G135B DAD, Agilent Inc.)E»

ɏ�$̃ɠHPLC[]g�(Agilent HP1100[��^).>')PP-VEŊ̟�$�-�

PP-V0Þ̶1
0.1% HCOOHȯ  ̞ 40% MeCN (0–5 min), 0.1 % HCOOHȯ˕40–80% 

MeCN (5–45 min), 0.1% HCOOHȯ˕80% MeCN (45–50 min)*ș  ̆ 1.0 ml/min
P��Ȫ

ŷ40 ˚C0ǡ®*˅'$� 
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7 ĮĪʤƲ 

 

7-1 ʼ·0Į  ͇

� 500 ml�˔u�]X.įǞĮĪ
1 mM GlnĮĪ
�>3 10 mM GlnĮĪE 100 ml

ˤˋ�$�T���y�dÖ* P. purpurogenum IAM15392E 1ɘ̠ʪǯʼ�
30 ˚C 


200 rpm* 48<��1 72Ǔ̧Į͇�$�ɞə0Ǔ̧͏48<��1 72 Ǔ̧͐Į͇�

B$ʼ·ET���y�dÖ*Ǟʄ 5-1 +Đǵ0ǊȒ*̵ʼ�
Ȭʼ·Eƅ$�ƅ?

B$ʼ·Eǉ��ˤˋ�$įǞĮĪ.ɵ�
ĮĪʤƲæ+Ƅ*0Į͇Ǔ̧�ď˗ 96Ǔ

̧.-A>�.
24<��1 48Ǔ̧Į͇�$� 

 Į͇Ƅ
ȷʐ͏No. 2 
͐vuk�Ȳǅă3ĔżɌ.>@
Į͇ȟEĔżȷ̋�
ȷȟ

10 mlE 15 ml d��v.Þć�$�Ǟʄ 3-1-10ǊȒ*ʕʮĻ0ʺʒEƢÝ�
Ǟʄ

3-1-2+Đǵ0ǊȒ*˕ǥ�$� 

 ʼ·1O�iT��v.>@ȰʼÜɊ�$ 50 mM citric acid / Na3 –citrate buffer (pH 

5.0).)ȗȚƄ
ȟ·ɻʒ*Ûʙ�!
-80 ℃*ÃŅ�$��0ʼ·.œ�
Ǟʄ 5-2


5-3+Đǵ0ǊȒ*ʕʮÖ0H��lK�EŊ̟�$� 

 

ɿ 3 ʄ ŋ͉ʙǦ 
 
1 PP-VɍɎ.œ�A glutamine0ƀ  ̼

 

1-1 ʕʮĻʺʒ0ǰÝ 

� L-glutamine EȤî�$+�.ɍɎ�BA PP-V �ʕʮÖ*ɍďƖ�B$<0*�A

�,��ˤ6A$;.
in vitro* PP-O+ L-glutamineEąƋ�!$�Fig.4.ɬ�>�

.
PP-O+ L-glutamine0ąƋɂ�? PP-V1ǰÝ�B-�'$�8$
ɕ-Aȶŷ0

L-glutamineEȤî�) 72
96Ǔ̧Į͇�$+�C
1 mM GlnĮĪ��? PP-V1ǰ
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Ý�B-�'$�"B.œ�)
10 mM GlnĮĪ* 96 Ǔ̧Į͇�$+�
ĮĪ��?

PP-V�ǰÝ�B$� 

 

 1-2 ʕʮÖʺʒ0ǰÝ 

� Fig.5A1ŋ̲.ʕʮÖ*0 PP-VɍďƖ0ƨòEˤ6$ʙǦ*�A�10 mM GlnĮĪ

.��) 72Ǔ̧�?ʕʮÖ* PP-V�ɍďƖ�BŁ;
96Ǔ̧*"0ɍɎƎ1͊�-

'$�1 mM GlnĮĪ*1
96Ǔ̧*ʕʮÖ*0 PP-VɍďƖ�ˏ?B$�
"0̟1

ĮĪ��?ǰÝ�BA7,*1-�'$� 

 

1-3 HPLC.>A PP-V0ǰÝ 

� ʕʮĻ. PP-V +�)ƭÝ�B$H��lK�̟+ʕʮÖ*ɗɍ�A¹ê0H��

lK�̟��ʷ�A�,��ˤ6A$;.
8 
HPLC.>')Į͇ 96Ǔ̧.��

A 10 mM GlnĮĪ�0 PP-VEŊ̟�$�ʕʮĻ.Þȑ�B$ PP-V1 8.52 μmol/g (cell 

weight)*�'$�PP-VEŊ̟�$̲0T�~iU��1 Fig. 5B.ɬ�� 

                                   

2 ʕʮÖH��lK�ȶŷ0ȫŊ 

� Table1.1 PP-OɍɎǓ+ PP-VɍɎǓ0ʕʮÖH��lK��y�͏ p < 0.05 E͐Ȇ

˺�$ʙǦEɬ��ȫŊ.1
PP-OɍɎǡ®(įǞĮĪ
1 mM GlnĮĪ)�>3 PP-V

ɍɎǡ®(10 mM GlnĮĪ)*
72<��1 96Ǔ̧Į͇�B$ʼ·Eɏ�$�10 mM Gln

ĮĪ* 72Ǔ̧Į͇�B$ʼ·0ʕʮÖH��lK��y�1 PP-OɍɎǡ®*Į͇�

B$ʼ·0ʍ 1.5Æ͊�-'$����
Į͇ 96Ǔ̧* 10 mM GlnĮĪ*Į͇�B$

ʼ·0ʕʮÖH��lK��y�1 PP-O ɍɎǡ®*Į͇�B$ʼ·+7+F,Đ�

È8*��'$��?. Table1 �?
Į͇ 96 Ǔ̧.(�)
ʕʮÖ*ɗɍ�A¹ê

0H��lK�̟EʁÝ�$ʙǦ
4.36 μmol/g (cell weight)*�'$� 
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3 ʕʮÖH��lK�ȶŷ� PP-VɍɎ.��Aƀ  ̼  

 

3-1 ĮĪʤƲæƄ0ʕʮĻʺʒ0ǰÝ 

� ¹ê0H��lK�%�* PP-V�ɍɎ�BA�,��ˤ6A$;.
ĮĪʤƲ0ŋ

͉E˅'$�Fig. 6A.1
Į͇ 48Ǔ̧0Ǔȹ.��AʺʒɍɎƎ+
ʼ·EĮĪʤ

Ʋ�)�?. 48Ǔ̧Į͇�$+�0ʺʒɍɎƎEɬ��Fig. 6B.1
Į͇ 72Ǔ̧0

Ǔȹ.��AʺʒɍɎƎ+
"0ʼ·EĮĪʤƲ�)�?. 24Ǔ̧Į͇�$+�0ʺ

ʒɍɎƎEɬ���  

� Į͇ 48Ǔ̧*ʼ·Eǉ��įǞĮĪ.ɵ�$+�
ǘá.,0 glutamineȶŷ*Į

͇�)<
ǸʺʺʒEɍɎ�$�œ�)
Į͇ 72Ǔ̧*ʼ·Eǉ��įǞĮĪ.ɵ�

$+�
10 mM GlnĮĪ*Į͇�B<0%��
ʔʺʺʒEɍɎ�$�įǞĮĪ
1 mM 

GlnĮĪ* 72Ǔ̧Į͇�B$Ƅ
ĮĪʤƲ�B$ʼ·1,&?0ʺʒ<ɍɎ�-�'

$� 

 

3-2ĮĪʤƲæƄ0ʕʮÖH��lK�0ȫŊ 

� Table21ĮĪʤƲæƄ0ʕʮÖH��lK��y�EȆ˺�$ʙǦ*�A͏ p < 0.05 �͐

ʼ·E 48Ǔ̧Į͇�
"BEĮĪʤƲ�)�?. 48Ǔ̧Į͇�$+�
Ñ)0ǡ®

.��)ĮĪʤƲæƄ*ʕʮÖH��lK��y�.7+F,Ũ1ˏ?B-�'$�� �  

� ʼ·E72Ǔ̧Į͇�
"BEĮĪʤƲ�)�?.24Ǔ̧Į͇�$<0.̨�)1


ǘá0Į͇.įǞĮĪ
1 mM GlnĮĪEɏ�$+�
ĮĪʤƲæƄ*ʕʮÖH��l

K�.1Ũ1-�'$�œ�)
ǘá0Į͇. 10 mM GlnĮĪEɏ�$+�
ĮĪʤ

Ʋæ0ʕʮÖH��lK��y�1ǘá.įǞĮĪ
1 mM GlnĮĪ*Į͇�B$ʼ·

0 1.5Æ͊�'$����
ĮĪʤƲƄ0ʕʮÖH��lK��y�1
įǞĮĪ
1 mM 

GlnĮĪ*ǘá.Į͇�B$ʼ·+Đ��?�8*ȨŘ�$� 
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ɿ 4 ʄ ʧő 

 
� PP-O+ L-glutamineE in vitroąƋ�!$+�. PP-V�ǰÝ�B-�'$�+
8

$
̓ ·�bo��ƢÝɂ�? PP-V�ǰÝ�B$�+�?
ɻʒȭ+�) L-glutamine

E»'$+�.ĮĪ�.Þȑ�BA PP-V �ʕʮÖ*ɍďƖ�B$<0*�A�+�

ɬ�B$� 

� ̀Ų
¢ǻª˨Ɏɂ�ʋɄʼ.+')̝ˎ-ɍɊəƁëEƦ(�+�ıĕ�B)�

A�¼�2
citrinin1̚ó]i�]�?ʕʮEŇAƁë��@ 51)
ochratoxin1ʕʮ

Ö0Cl-0ƏŮƎEʜƦ�AƁë��A 52)��0�+�?
P. purpurogenum0ɍɎ�

Aʺʒ.<
Đʼ.+')¸?�0̝ˎƎ��A�+� ȫ�B$� 

� PP-V1"0Ǵ̇�.H�oįEē:AzaphiloneóďɂNˢŖ·*�A��$�')


Ǟʺʒ0ɍďƖ.1H��lK��Ɗˎ+�BA�8$
Arai0ɥɺ 50)+GTA0̩

ōŋ͉�?͏ǉŝ ǜɗˇ 
͐glutamine Þ˕0̋ɶ*ɗɍ�$H��lK�� PP-V ɍ

ďƖ.»DBA�+� ȫ�BA� 

� �B?0ˏ˕Eį.
Ǟɥɺ*1 P. purpurogenum1 PP-V0ȄǬ.ʕʮÖ*�Ɗˎ

.-'$H��lK�Eć@˿8!)
ʕʮĻ.ƭÝ�)�A+0¬ˣEƱǭ�$�

ŋ̲
10 mM GlnĮĪ.��)Į͇ 96Ǔ̧0Ǔȹ* PP-V�ɍɎ�B$+�
ʼ·0

ʕʮÖH��lK��y�1 PP-OɍɎǡ®͏įǞĮĪ
1 mM GlnĮĪ͐*Į͇�B

$ʼ·+7+F,Đ��?�8*ȨŘ�$��0ʙǦ1¬ˣEƻƦ�A�
>@ɫ�

-˜ƥEƅA$;.
PP-V+�)ƭÝ�B$H��lK�̟+ʕʮÖ0¹ê0H��

lK�̟��ʷ�A�ˤ6$�10 mM Gln*Į͇�$ʼ·�
PP-V+�)ʕʮĻ.Þ

ȑ�$H��lK�1 8.52 µmol/g (cell weight)*�'$����
Table1�?ʁÝ�B

$ʕʮÖ0¹ê0H��lK�̟1 4.36 µmol/g (cell weight)*�'$��B1
Į͇ 72

Ǔ̧�? PP-VɍďƖ�Ł8')�$$;
ǌ.ʕʮÖ* PP-O+ąƋ�8�
ȫŊ�
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�B-�'$H��lK��ĶîÞ.È�A+ʧ�?BA��0�+�?
ʕʮĻ.

Þȑ�B$H��lK�̟+ʕʮÖ0H��lK�̟0�ʷEˏA�+1ģ̷*�A

�+�Þ�'$0*
ã0ǊȒ*
P. purpurogenum IAM15392ǫ�ʕʮÖ0¹ê0H

��lK�Þ%�*< PP-VEɍɎ*�A�,��ˤ6$� 

� Ɨ�0¬ˣE˷8�A+
ʕʮÖH��lK�ȶŷ��Ŋ�y�E˵�)�$Ĳď


"BḘā�AƊˎ+ʧ�?B$�H��lK�Ḙā�AƜȂ+�)
PP-VEɍď

Ɩ�A0*�B2
̅Ů PP-O�ɍɎ�BAįǞĮĪ*< PP-V�ɍɎ�BA1 *�

A��$�')
ɱ$&1
growth phase.�')
̋ ʒɍɎ�-�ʼ·(Į͇ 48Ǔ̧) 

+
̋ ʒɍɎ�Șɗó�)�Aʼ·(Į͇ 72Ǔ̧)Eǉ��ˤˋ�$įǞĮĪ.ɵ�$� 

� P. purpurogenum IAM15392� 10 mM GlnĮĪ* 72Ǔ̧Į͇Ƅ.
įǞĮĪ.ɵ�B

$+�
̅Ů
PP-O EɍɎ�A1 0ǡ®*<
ʔʺʺʒ�ǰÝ�B$�Ogihara ?

0ɥɺ.>@
TLC˕ǥ*0 PP-V1Rf = 0.75
PP-O1Rf = 0.65*�A�+�ɬ�B

)�A35,36,38)�Ǟŋ͉.��)ǰÝ�B$ʔʺʺʒ1PP-V0RfÈ+�ʷ�$$;


�0ʔʺʺʒE PP-V+�$�įǞĮĪ<��1 1 mM GlnĮĪ*Đ�Ǔ̧Į͇�$+

�.1
PP-O
PP-V 0,&?<ǰÝ�B-�'$��B.(�)1
72 Ǔ̧�?¢

ǻª˨0�y��ȨŘ�A$;+ʧ�?B$�8$
ĮĪʤƲæ+Ƅ0ʕʮÖH��

lK�EȫŊ�A+ PP-VEɍɎ�$ǡ®*1ĮĪʤƲƄ*ȨŘ�ˏ?B$��Ǌ
Į

͇ 48Ǔ̧Ƅ.
įǞĮĪ.ɵ�B$+�.1
Ñ)0ǡ®�* PP-OɍɎ�ɫˡ�B

$��0+�
10 mM GlnĮĪ*Į͇�B$ʼ·.̨�)ʕʮÖH��lK�1
Į

ĪʤƲæ+Ƅ*Ũ1-�'$��$�')
�B?0ʙǦ�?
PP-V1ʕʮÖ0¹ê

0H��lK�E»')ɍďƖ�BA+��¬ˣ(Fig. 7)�Ǿ���+�ɬě�B$�

$%�
ŋ̲
ʕʮÖ*1ǵ�-ʘ˶�?H��lK�1ɗɍ�)�A$;
ŋ˲ə

.1
ɻʒóďɂ=Ȥî�B$ L-glutamine«Ļ0H�o̚.ɑǢ�AH��lK�+

< PP-O�ąƋ�)�A+ʧ�?BA� 

� ̋ê0H��lK�1ɍɂ·.œ�)ȅʒ.-A 53-55)�"0$;
si1śʒY
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JT�.>')
H��lHEȺȅ-ɂ˲.ĺƲ� 53)
Saccharomyces cerevisiae 55)

1 SPSi��]}�b�E§�)
H�o̚+�)H��lK�EʕʮĻ.ƭÝ�A�

�0>�-�Pl^�1ʋɄʼ.��)1ɤ?B)�? 
Ǟʼ�á;)*�A� 
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Fig. 3 Glutamine catabolism and PP-V production 
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  Fig. 4 Effect of L-glutamine on PP-V production 
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 Fig. 5 Detection of PP-V in extracts of P. purpurogenum 

A) TLC of the extracellular and intracellular pigment. (B) HPLC chromatogram in extracellular 

pigment from basal and 10 mM L-glutamine medium. 
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Table1 The intracellular ammonium level of P. purpurogenum cultured in L-glutamine 

containing medium 

Culture 

condition 

Culture time 

(hr) 

Growth 

(g/100 mL) 

Cell weight1(g) Ammonium� level2 

(µmol/g)3 

Basal 72 1.84 0.50 8.37 (±0.36)4 

96 3.02 0.50 7.17 (±1.60) 

1 mM Gln 72 1.94 0.51 8.21 (±0.94) 

96 3.06 0.48 6.52 (±0.17) 

10 mM Gln 72 2.12 0.49 12.45 (±0.93) 

96 3.53 0.50 8.09 (±0.94) 

1 Mycelia weight for this experiment 

2 Ammonium level of extracts 

3 Mole of ammonium /cell weight 

4 Standard deviation (SD)  
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Fig. 6 PP-V productivity of P. purpurogenum before and after replacing medium (A) Pigment 

productivity after cultivation for 48 hr cultivation and after replacing medium. (B) Pigment 

productivity after cultivation for 72 hr cultivation and after replacing medium. 

 

 

 

 

 

 

 

Rf 0 0.5 1.0

Solvent；n-BuOH:AcOH:H2O=12:3:5

Before replacing medium After replacing medium
B

A

Rf 0 0.5 1.0
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Table2 The intracellular ammonium level of P. purpurogenum in before and after replacing 

medium  

 

Culture condition 

before replacing 

medium 

Culture 

time before 

replacing 

medium 

(hr) 

 

Cell weight 

(g)1 

 

Ammonium� level2 

(µmol /g)3 

Culture 

time after 

replacing 

medium 

(hr) 

 

Cell weight 

(g)1 

 

Ammonium�

level2 

 (µmol/g)3 

Basal 48 0.48 8.36 (±1.14)4 48 0.53 7.76 (±0.62)4 

1 mM Gln 48 0.51 7.65 (±0.11) 48 0.53 7.38 (±0.44) 

10 mM Gln 48 0.50 8.31 (±1.29) 48 0.54 6.66 (±0.67) 

Basal 72 0.51 8.58 (±0.83) 24 0.50 9.28 (±0.42) 

1 mM Gln 72 0.50 7.51 (±1.34) 24 0.53 9.08 (±0.53) 

  10 mM Gln 72 0.51 12.81 (±1.26) 24 0.53 7.55 (±0.48) 

1 Mycelia weight 

2 Ammonium level of extracts 

3 Mole of ammonium /cell weight 

4 Standard deviation (SD)  
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Fig. 7 The role of PP-V biosynthesis in P. purpurogemum 
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ɿ1ʄ� ˦˖ 
 

� Ǟʼ0ɍɎʺʒ*�APP-V1 PP-O07-O+H�oį�ʤƲ�BA�+*ɍďƖ�

BA+ʧ�?B)�A�æɽ.)
P. purpurogenum1ʕʮÖ0¹ê0H��lK�0

�̖E PP-V+�)ƭÝ�)�A+ ȫ�$� 

� Ǟʼ0̅Ů0 PP-V ɍɎĮĪ.1
ɩ̚H��lK��ē8B)�A 35)�8$


GlutaminaseE̩ō�A+ PP-VɍɎƎ�µ��A(ǉŝ ǜɗˇ)��B?0�+�?


Ǟʼ1
8 ĮĪ�?ʕʮÖ.ć˿F%ȺǹɻʒȭE�ŷU�b��8*ĺƲ�
"

BEã0H�o̚ďƖ-,.äɏ�)�@
"0̋ɶ*ɗɍ�AʕʮÖ0H��lK

�� PP-VɍďƖ.»DBA+ ȫ�B$�8$
ć˿8B$H��lK�ʶ˸< PP-V

ɍďƖ0$;0ʕʮÖH��lK�0ɑǢ0�(+ʧ�A�+�*�A�«�0�+

�?
ĻǢ�?0H��lK�0ć˿9̟< PP-VɍďƖ0$;.1̝ˎ*�A+ƌD

BA(Fig. 8)� 

� ʕʮÖĻ0H��lK�0˻̂E§�A01
H��lK�i��]}�b�+

ė2BAʴb�rT˲*�A��$�')
�0̑²ń0ɗɈ�y�Eˤʄ�A�+

*ʕʮÖ0H��lK��y��åƆ*�B2
ɿ 1 ɽ*ɼ)$ʧő�>@ɫ�.-

A+ʧ�$�>')
Ǟɽ*1ʕʮĻ�?0H��lK�0ć˿9.̨��AH��

lK�i��]}�b�.ɢɞ�$� 

� H��lK�i��]}�b�1Amt/MepuG���.Š�
ĀǬ�>3ɡǬɍɂ

.Ŵ�ÃŅ�B)�A��ʸ.
ɡʼ1ˌǁ0H��lK�i��]}�b�EƦ'

)�@�̙ Ȅ.��)1 S. cerevisiae�?Mep1, Mep2, Mep3 56,57)
Shizosaccharomyces 

pombe�?Amt1, Amt2, Amt3 58)�ĐŊ�B)�A�8$
ʋɄʼ.��)1
Fusarium 

fujikuroi�? AmtA, AmtB, AmtC 59)
Aspergillus nidulans�?MeaA, MepA, MepB, 

MepC 60,61)�ĐŊ�B)�A����-�?
P. purpurogenum�?H��lK�i�

�]}�b�1ĐŊ�B)�-��"�*8 
Ǟɥɺ*1 P. purpurogenum0j�u
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iWo�[�V�]�? amt+ưŊ�BȂ²ń(amtA�amtB�amtC�amtD)E 4(Đ

Ŋ�
H�o̗̚àƐı�?ɃƎEưŊ�$�ǻ.
H��lK�0ć˿9.̨�)

ĎAmt0ɃƎEˤ6$�$%�
P. purpurogenum0ſ˲˹ƲȒ�ɫɼ�B)�-�$

;
ǞʼE»'$ǹʯ˕ǥ1ģ̷*�'$$;
Þˈ̙ȄEŏ�+�$ɕɷɗɈ.>

@ǹʯ˕ǥE˅'$� 

 

ɿ2ʄ� ŋ͉Ǡǆ�>3ŋ͉ǊȒ 
  

1 ŋ͉Ǡǆ�>3˞ˀ�ǹĠ 

Ǟɥɺ.��)ɏ�$ʼǫ1
IAM Culture Collection .ÃŅ�B)�A P. 

purpurogenum IAM15392ǫ*�A�PCRąƋă3 0.2 mld��v0J�R�y�[�

�.1 T U�\L�iY��YJT�� (Biometra) <��1 T1 Y��YJT�� 

(Biometra) Eɏ�$�1.5 mld��v0̎ƉÞ̶.1ú�̎Ɖǹ Centrifuge 5424
��

b� FA-45-24-11-Special (Eppendolf)�>3
Centrifuge 5415R
��b� F-45-24-11 

(Eppendolf)Eɏ�$�50 ml d��v (CORNING®) 0̎ƉÞ̶.1
Ùþ̎Ɖǹ

RSL-05A
]J�U��b�50 ml × 4�lei (¶�̧ˋºƛ) Eɏ�$�8$Ƀ˚�

-�̫@
˞ˀ1ęÎʏˀŧǲ0Ƀʑ˞ˀEɏ�$�ȉ1 Milli-Q ˵ʏȉˉʤ 

(MILLIPORE) *ƅ$˵ʏȉEO�iT��vȰʼ�)ɏ�$�8$
ĮĪ
0.2 ml 

(WATSON) ă31. 5 mld��v (Axygen, BIO-BIK) 1ES-215 (ǫŻ±ɮ�i��ʊŧ) 

E
ʕ ˋ�$˞ˀ1 ES-315 (ǫŻ±ɮ�i��ʊŧ) Eɏ�)O�iT��vȰʼ�$�

�˔u�]X1Drying Sterilizer SG810 (�~iɲņǫŻ±ɮ) Eɏ�)�ȽȰʼ�$�

8$
ʼ·0ɨɦ.ɏ�$�̡�>3�Ǯ1
ƹº.ȟ·ɻʒEɏ�A�+�?
ƴ

ĸE̒�A$;. ;-80 ˚C*Ùþ�$� 
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2  P. purpurogenum j�uiWo�[�V�]�?0 amt0ŉÑ̥ cDNA0ćƅ    

 

2-1 P. purpurogenumj�uiWo�[�V�]�?0 amtɠĐ̑²ń0Ʈʓ 

 

2-1-1 Local Blast.>A amtɠĐ̗à0ćƅ 

amtɠĐ̑²ń1ǞɥɺŌ*ǌ.ÃǙ�)�AP. purpurogenum IAM15392ǫ 0Wo

�̗à�?ƅ?B$�P. purpurogenum IAM15392ǫ0j�uiWo�[�V�]1


ôȜ̌[]g��YJM�]ǫŻ±ɮ.ł˙�
Roche Genome Sequencer FLXEɏ�

$˕ǥ.>@ćƅ�$�Ĵį̗àƐı0ɠĐƎǰʓ.1
NCBI͏National Center for 

Biotechnology Information; http://www.ncbi.nlm.nih.gov/͐Eʘɑ�)BLASTǰʓE˅'

$�Ĵį̗à0h�b1
GENETYX-Mac NETWORK version 15.0.6 (GENETYX 

CORPORATION) .>@˕ǥ�$� 

 NCBI.fasta 0Wo�h�b�y�].œ�)
Aspergillus, Penicillium, Talaromyces, 

Eupenicillium -,ǌɤ0ʋɄʼ0ŠđEɏ�)
h�by�]0×ǴʆE˅'$��

0h�bEɏ�)ʇǐə- P. purpurogenum IAM15392ǫ0j�uiWo�[�V�]

0Hog�[��E˅'$��0h�bE<+.ǌɤ0ʋɄʼɑǢ PKS̗àƐı+ɠ

ĐƎEƦ( contig0ǰʓE˅'$�ƅ?B$ contig0 ORFE GENETYX-Mac.)˕

ǥ�$�ƅ?B$ ORF̗àƐıE NCBI0 BLASTX*ǰʓ�
b�rT˲H�o̚

̗àƐı+�) amt0ǰʓE˅'$� 

 

2-2  amtɠĐ̑²ń0ŉÑ̥ cDNA0ćƅ 

 

2-2-1 P. purpurogenum IAM15392ǫ�?0RNAƢÝ 

� įǞĮĪ(20 g Soluble starch, 2 g BactoTM Yeast Extract / L 50 mM citric acid / Na3 –citrate 

buffer, pH 5.0)E 500 mL u�]X. 100 mL ˤˋ�
T���y�dÖ* P. 



 30 

purpurogenum IAM15392E 1ɘ̠ʪǯʼ�
30 ˚C� 200 rpm* 72Ǔ̧Į͇�$�ȷʐ

͏Advantec
No. 2 
͐vuk�Ȳǅă3ĔżɌ.>@
Į͇ȟEĔżȷ̋�$�ʼ·E

50 mM citric acid / Na3 –citrate buffer (pH 5.0).)ȗȚƄ
ȷʐ�.Ȭʼ·Eƅ$�̓ ·1

ȟ·ɻʒ*Ûʙ�!
-80 ˚C*ÃŅ�$� 

� RNAƢÝ.1 Plant Total RNA Extraction Mini Kit (Favorgen Biotech)Eɏ�$�-80 ˚C

*ÙÛÃŅ�$Į͇ʼ· 0.3 gE�ɛľɴ*ɴć'$�̓ ·E�̡.ÐB
Ȋ�*Ù=

�)��$�̡.ȟ·ɻʒEî�-�?
Đ��Ȋ�*Ù=�)��$�Ǯ*ʉɦ�

$�ɨɦ�$Y�w�E 2(0 1.5 mld��v(BIO-BIK).Þ�
�-��PwiMb

o��Eē: FAPRB BufferE 500 µlî�$�|�geT]�RY�.>')ȣę�$

Ƅ
ŌȪ* 5 min̺ʤ�$�©ŠĚ0Collection Tube. Filter ColumnEć@©�
"

�.Y�w�Eɵ�$�14,000 rpm* 1Þ̧̎Ɖ�$Ƅ
CȟEǉ�� 1.5 mld��

v.ɵ�
Cȟ+ʀ̟070 %Mbo��Eî�$�|�geT].>')ȣę�$Ƅ


�0ȯȟECollection Tube.ć@©�$ FARB Mini Column.ɵ�
14,000 rpm* 1Þ

̧̎Ɖ�$�CȟḘā�
500 µl0Wash buffer1Eî�
14,000 rpm* 5Þ̧̎Ɖ�

$Ƅ
CȟḘā�$�100 %Mbo��Eē:Wash buffer2E 750 µlî�
14,000 rpm

* 1Þ̧̎Ɖ�
CȟḘā�$Ƅ
�0ƹºE×3˅'$�14,000 rpm* 3Þ̧̎

Ɖ�
CȟḘā�$Ƅ
ȰʼȉE 30 µlî�$�1Þ̧̺ʤ�
14,000 rpm* 2Þ̧

̎ƉƄ
Đ�Y�w�0CȟE 1(0d��v.8+;ď˗ 60 µl+�
«̪0ƹº.

ɏ�$� 

 

2-2-2 DNase I.>AWo�̭ā+ʊ  ̀

� Ǟʄ 2-2-1*ƅ?B$RNAȯȟ.Recombinant DNase I (RNase-free) (Takara) 2 µl
10 

× DNase I Buffer 10 µl (Takara)
RNase Inhibitor Recombinant type (TOYOBO) 0.5 µl
ȉ

27.5 µlEî�
37 ˚C.˛Ŋ�$KN�b�q]* 1Ǔ̧J�R�y�[���
Wo

�DNAEÞ˕�$�ąƋʖ�Ƅ
100 µl0 PCI (ȉ͆ęuLo��͘T��{��͘
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JaH��H�X��͙25 2͘4 1͘)Eî�
|�geT]*ƺƤƄ
ŌȪ� 10,000 rpm

* 15Þ̧̎Ɖ�$��ȥEǉ�� 1.5 mld��v͏BIO-BIK͐.ĢĆ�
"B+ʀ̟

0T��{��Eî�
|�geT]*ƺƤƄ
ŌȪ�* 10,000 rpm* 15Þ̧̎Ɖ�

$��ȥEĢĆ�
ǉ�� 1.5 mld��v͏BIO-BIK͐.ɵ�
3 M ̘̚ki�K�

E1/10̟+100͎Mbo��E3Æ̟î�
-80 ℃*15Þ̧̺ʤƄ
 4 ˚C �13,200 rpm

* 20Þ̧̎Ɖ�
�ȥḘā�$�70͎Mbo��E 200 μlî�
4 ˚C� 13,200 rpm

* 10Þ̧̎Ɖ�
�ȥEƫ)
͂��$�͂�Ƅ
z�eiEȰʼȉ 30 μl*ŉÑ.

ȯ˕�
«̪0ƹº.ɏ�$� 

 

2-2-3 cDNAďƖ 

� Gene spec I (Naka Instuments).>')Ǟʄ 2-2-2*ƅ?B$RNA0ȶŷEȫŊ�$�

~�P�+�)λDNA/Hind IIIE»ɏ�
ʊˋ�$RNAȯȟ�500 ng.-A>�.1  ͎

Agarose S͏Takara /͐1×TAE .Hw�J�$�100 V* 30Þ̸̧ȈȖò�
Md\K

�v�~Jj͏EtBr 10 μl/1×TAE 1 ml͐* 20Þ̧Ǩʺ�$�Ǩʺ�$HQ��]W�

Ei��]J��n�b�High Performance UV Transilluminator͏ukX[͐0�.ʤ

�
ʔĻʞȼŕ͏302 nm͐* 3.5ɳ̧
̸ȈȖòW�Ʒƀ/˕ǥ[]g� Kodak Digital 

Science EDAS Version 3.6͏Kodak͐.>@Ʒƀ�$�RNA�Þ˕�B)�-��+E

̸ȈȖò.>')ɫˡ�$Ƅ
0.2 mld��v.RNA� 2,000 ng.-A>�.ʊˋ�

$RNAȯȟEî�$�"�.
dNTPs 2 µl
oligo dT primer (50 pmo/ µl) 2 µlEî�$�

�?.
ĎY�w�0ąƋȯȟ̟� 10 µl.-A>�.ȰʼȉEî�
Y�~�YJT

��E»')
60 ˚C * 5 Þ̧J�R�y�[���$�Y�w�EƍÙ�


PrimeScript™ Reverse Transcriptase (Takara) 1 µl
RNase Inhibitor Recombinant type 0.5 µl


5 × PrimeScript Buffer 4 µl
Ȱʼȉ 4.5 µlEî�
Y�~�YJT���* 42℃�1 hr


75 ℃�15 min0ǡ®*ąƋ�!$�ąƋʖ�Ƅ
Y�w�E-80 ℃*ÃŅ�$�-�


1(0Y�w�.(�
PrimeScript™ Reverse TranscriptaseEē:++
"BEē8-�
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−Eˤˋ�$� 

 

2-2-4  3’RACEȒ.>A amt0 3’ǝɾ0ćƅ 

� Ǟʄ 2-1-1 *ćƅ�$Ĵį̗àƐıEį.
"B#B0ŉÑ̥ cDNA EƅA$;.

3’UTR+ ȫ�BA̿ĭ.w�J~�E˛˗�
PCR.ɏ�$�8$
©î̗àɃɕ

əw�J~�+�)
GCA nestEɏ�$�KOD -Plus- Ver. 2͏TOYOBO͐Eɏ�$ą

Ƌȟ 25 µl͏10 × buffer for KOD–Plus– (TOYOBO) 2.5 µl, 2mM dNTPs (TOYOBO) 2.5 µl, 

25 mM MgSO4 (TOYOBO) 1.5 µl, 10 µM w�J~� 1.5 µl, 10 µM GCA nested 0.75 µl, 10

ÆŬ̜ȟ cDNAȯȟ 1.0 µl, KOD-Plus- (TOYOBO) 0.5 µl
ȉ 14.75 µl͐Eî�
95 ℃�

2 min
95 ℃�15 sec
50 ℃�2 minE 1YJT�+�
10YJT�ąƋ�!$Ƅ
95 ℃�

15 sec
58 ℃�30 sec
68 ℃�2 minE 1YJT�+�
30YJT�ąƋ�!$� 

 

amtA  for-1� 5-ACGTTCCTTCTTCAGCCAGA-3’ 

amtB  for-1� 5’- CAACACCAAACCTTGCCCTC-3’ 

amtC  for-1� 5’- AAACCCCAGCGAAATCATTG-3’ 

amtD  for-1� 5’- GCTTGGGTCATGGCTCT-3’ 

GCA nest �   5’-GTCGAGCTCTACGTACAATT-3’ 

 

 

2-2-5 PCRɎɂ0ʊ  ̀

� PCRɎɂ0ʊˋ.1
Spin Column PCR Product Purification Kit (Bio Basic Inc.)Eɏ�

$�å̫̙ʒȞó�$ąƋȟ.œ�)
ȟ̟0 3Æ0Binding Buffer IEî�
�BE

©ŠĚ0 spin column.ɵ�
2 Þ̧ŌȪ*J�R�y�[���$�"0Ƅ
5,000 rpm

* 1Þ̧̎ƉÞ̶�$�ȷȟEƫ)
P��.Wash Solution 500 µlEÐB
8,000 rpm

* 1Þ̧̎ƉÞ̶�$�ȷȟEƫ)
Wash Solution 500 µlEÐB
8,000 rpm* 1Þ̧
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̎ƉÞ̶�$�CȟEƫ)
10,000 rpm* 1Þ̧̎ƉÞ̶�)P��E�Ⱦ�!$Ƅ


P��E 1.5 mld��v.0!$��B.ȉ 30 µlEÐB
2Þ̧ŌȪ*J�R�y�

[���$Ƅ
10,000 rpm* 1Þ̧̎ƉÞ̶�$� 

 

2-2-6 TAT��l�U 

� Ǟʄ 2-2-5*ƅ?B$ʊˋ�$ PCRǈɀEē:ȯȟ 30 µl. dNTPs 4 µl
Go taq DNA 

polymerase 0.2 µl
ȉ 5.8 µlEî�
72 ˚C.˛Ŋ�$Y���RY�* 15 Þ̧J�R

�y�[���$�ąƋƄ
Ǟʄ 2-2-5+Đǵ0ǊȒ*ʊˋ�$�1.5 mld��v.ʊ

ˋ�$DNAȯȟ 3 µl 
pGEM-T easy vector (Promega) 1 µl (10 ng / µl)
T4 DNA Ligase 1 

µl
2�Ligation Buffer 5 µlEî�
ď˗ 10 µl+�$��BE 16 ˚C* 16Ǔ̧J�R�

y�[���$� 

 

2-1-7 Ľʳʼ0ſ˲˹Ʋ 

� �JW�[��ąƋȟ. E. coli DH5αX�tg�i_� 200 µlEî�$�"0Ƅ


Ȋ�* 30Þ̧J�R�y�[��Ƅ
42 °C* 60ɳJ�R�y�[���
×ŷȊ�

* 1Þ̧Ùþ�$�SOCĮĪ (2.0% w/v Bacto Tryptone
0.5 % w/v Bacto Yeast Extract


0.05 % w/v NaCl
0.001 N NaOH
10 mM MgCl2
10 mM MgSO4
20 mM Glucose) 800 µl

Eî�
37 ˚C* 1Ǔ̧Ʃ+�Į͇�$�Į͇ȟE 1. 5 mld��v.ɵ�
ŌȪ�*

10,000 rpm* 1Þ̧̎Ɖ�$Ƅ
�ȥ 900 µlḘā�$�z�eiE×ƕȵ�
T�

��y�dÖ* 0.5 mM IPTG
20 µg/ml X-gal Eē: LB –H�t[��ĥ·ÆĪ (1.0% 

w/v Bacto Trypton
0.5% w/v Bacto Yeast Extract
1.0 % w/v NaCl
50 µg /ml H�t[�

�ki�K�
1.5 % w/v INA- Agar).
X���\ǮEɏ�)w��gI�U�
37 ˚C

*�ǔĮ͇�$� 
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2-2-8 X�l�cJ�Ti PCR.>AT���0̐ã 

� ąƋȟ 20 μl (5 × Go Taq Reaction Buffer 4 μl
10 mM dNTPs 0.4 μl
10 μM w�J~�

-for 1 μl
10 μM w�J~�-rev 1 μl
5 unit/μl Go Taq DNA Polymerase 0.1 μl
ȉ 12.5 μl) 

Eˤˋ�$�Ǟʄ 2-2-7*Į͇�$X�l�0�&
ɘʺ0X�l�EȺʼə-ȿǱǧ

Eɏ�)teTHew�$<0Eg�w��i+�
Ď amt0ORF+ ȫ�BA̿ĭ

Ö.˛˗�$w�J~�Eɏ�)
PCRE˅'$� 

� PCRɎɂE
DNA~�P�+�) 100 bp DNA laddarEɏ�) 2 %HQ��]W�

̸ȈȖò�
ɞə0Ķůǈɀ�ɫˡ�B$T���E̐ã�
"0w�]�jEÃǙ

�AĽʳʼE LB - H�t[��ȟ·ĮĪ 3 ml.Ⱥʼə.ȿǱǧEɏ�)ǯʼ�
16

Ǔ̧Į͇�$� 

w�]�jĢĆ.1 EZ-10 Spin Column Plasmid DNA Minipreps Kit (Bio Basic Inc.)E

ɏ�$�Į͇ȟE 1 ml ( 1. 5 mld��v (BIO-BIK) .ÐBŌȪ.) 10,000 rpm*

1Þ̧̎ƉÞ̶Ƅ
hP�g�[��.>@�ȥḘā�$�ĐƹºE 3Ģʣ@́�


Į͇ȟ�0ʼ·EĢĆ�$�Solution IE 100 µlî�
~JT�tzei*ƺƤ�ŉÑ

.ȣď�$�Solution IIE 200 µlî�˹Çȣę�$Ƅ
ŌȪ* 1Þ̧J�R�y�[�

��$�ǻ. Solution IIIE 350 µlî�˹Çȣę�$Ƅ
ŌȪ* 1Þ̧J�R�y�[

���$��B.T��{��E 100 µlî�˹Çȣę�$Ƅ
ŌȪ.) 12,000 rpm*

5Þ̧̎ƉÞ̶�$�ƅ?B$�ȥE©Š0P��.ÐBŌȪ* 2 minƽʤƄ
ŌȪ.

) 5,000 rpm* 1Þ̧̎ƉÞ̶�$�P��.Wash Buffer 500 µlEî�
ŌȪ* 8,000 

rpm* 1Þ̧̎ƉÞ̶�$��0ƹºE×ŷʣ@́�
ȷȟEƫ)ŌȪ.) 10,000 rpm

* 1Þ̧̎ƉÞ̶E˅�P��.w�]�jEĔɢ�!$�P��E 1.5 mld��v

.ɵ�ȉE 30 µlÐB 37 ˚C* 2Þ̧J�R�y�[��Ƅ
ŌȪ.) 10,000 rpm* 1

Þ̧̎ƉÞ̶E˅�ȯÝ�
Gene Spec I (Naka Instuments)*ȶŷȫŊE˅'$� 
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2-2-9 Ĵį̗à0˕ǥ 

0.2 ml d��v.
BigDye® Terminator v3.1 /1.1 Cycle Sequencing Kit (Applied 

biosystems) Eɏ�$ PCRąƋȟ (Ready Reaction Premix 2 µl
Sequencing Buffer 3 µl
1 

µM primer 3.2 µl) Eˤˋ� 
g�w��i 200 ngɠžEî�
�?.ȉEî�˗ 20 µl

.-A>�.ˤˋ�$�PCRǡ®1
ǘá0ȽĺƎE 95 ˚C* 2 Þ̧˅�
95 ˚C�10 

sec
50 ˚C�5 sec
60 ˚C�4 minE 1YJT�+�) 25YJT�˅�
4 ˚C*ąƋE

ǽ;$� 

� 1.5 mld��v. PCRɎɂEɵ�
125 mM EDTA (pH 8.0) 2 µl
3 M̘̚ki�K

� 2 µl
100͎Mbo�� 50 µlEî�
-80 ˚C* 15Þ̧J�R�y�[���$�4 ˚C

� 15,000 rpm* 30Þ̧̎ƉÞ̶Ƅ
�ȥḘā�$��B. 70%Mbo�� 100 µl

Eî�
4 ˚C� 13,200 rpm* 10Þ̧̎ƉÞ̶Ƅ
�ȥḘā�
ŌȪ�* 10Þ̧͂

��$��0 PCRɎɂ0DNAĴį̗à1
ABI automatic Sequencer (Perkin Elmer Japan, 

Tokyo) Eɏ�)˕ǥ�$�Ĵį̗à0h�b1
GENETYX-Mac NETWORK version 

15.0.6 (GENETYX CORPORATION) .>@˕ǥ�$� 

 

 

3 qJOJ�uN~gIT].>Ai}�\�˕ǥ 

 TMHMM.>Ai}�\�˕ǥ 

� Ǟʄ 2-2-9 *ƅ?B$ P. purppurogenum 0 amt 0Ĵį̗àE GENETYX-Mac 

NETWORK version 15.0.6 (GENETYX CORPORATION) Eɏ�)H�o̗̚à.ĺƲ

� $ � " B E ʴ ˯ ̅ ̿ ĭ   ȫ f � � * � A TMHMM 

(http://www.cbs.dtu.dk/services/TMHMM/)*˕ǥ�$� 
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4 Þˈ̙ȄE»'$H��lK�i��]}�b�0ǹʯ˕ǥ 

 

4-1 P. purppurogenum0 amtɗɈyTb��>3 Shizsaccharomyces pombe0 amtɗɈ

yTb�0Ǵʆ 

 

4-1-1 PCR.>A P. purppurogenum0 amt0Ķů 

� Ǟʄ 2-2-1
Ǟʄ 2-2-2+Đǵ0ǊȒ* P. purppurogenum IAM153920RNAƢÝ
ʊ

ˋ�
Ǟʄ 2-2-3+Đǵ0ǊȒEɏ�) cDNAEďƖ�$��0 cDNAEg�w��

i.�
PCRE˅'$�ąƋȟ͏50 µM primer 1 µl, 10 × PfuUltra II Rxn Buffer 10 µl, 5 U 

PfuUltra II Fusion HS DNA polymerase (Agilent) 2 µl, 2 mM dNTPs (TOYOBO) 12.5 µl, P. 

purpurogenumɑǢ cDNA 2 µl͐E 100 µlˤˋ�
áǛĺƎ 95 ˚C�2Þ̧0Ƅ
95 ˚C�

30 sec
55 ˚C�30 sec
72 ˚C�2 minE 1YJT�+�
30YJT�0ǡ®* PCRE˅

'$�-�
»ɏ�$w�J~�1Ǟʄ 2-1*ćƅ�$ŉÑ̥ cDNAEį.
̦Ł�

dOl�0æ.å̫̙ʒYJiE©î�$<0("B#B 10w�J~�)+
ʖǽXj

�0Ƅ.å̫̙ʒYJiE©î�$<0("B#B 20w�J~�)E˛˗�$��BE

Ǟʄ 2-2-5+Đǵ0ǊȒ*ʊˋ�$�»ɏ�$w�J~�1«�.ɬ�� 

 

PpamtA-1  5’-CATATAAGCCCATATGTCGGACTCGGGAG-3’ 

PpamtA-2  5’-GTTTGGATCCTTACACCTTGGACTCTTC-3’ 

PpamtB-1  5’-TTGACAGCCCCATATGTCGTCTGCCGATAC-3’ 

PpamtB-2  5’-AAGCGGATCCCTATGCAATTTTTTCTTCTTCAATC-3’ 

PpamtC-1  5’-AAATCATTCCGTCGACATGGACTCGGTTCTGGAAG-3’ 

PpamtC-2  5’-TCTACCAGCCCGGGCTATTCCAGTCTCAC-3’ 

PpamtD-1  5’-AGCTATATGACATATGGCCGACGCACCTCAGTACA-3’ 

PpamtD-2  5’-ATACCCCGGGTCACGCTGTCTTCGACTCG-3’ 
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4-1-2 PCRɎɂ0å̫̙ʒȞó 

� Ǟʄ 4-1-1*ćƅ�$ DNA0ĶůǈɀEå̫̙ʒȞó�$�amtA + amtB.̨�

)1
NdeI+ BamHIEɏ�$�8 
ąƋȟ(amtA<��1 amtB PCRɎɂ 20 µl
10

�buffer 10 µl
NdeI 3 µl, BamHI 3µl
ȉ 64 µl )E 100 µlˤˋ�
37 ˚C
3Ǔ̧J�R�

y�[���$�ąƋƄ
70 ˚C.˛Ŋ�$Y���RY�* 15Þ̧J�R�y�[

���$�"�.
10 µl0 3 M̘̚ki�K�+ 220 µl0 100%Mbo��Eî�


-20˚C* 16Ǔ̧J�R�y�[���$� 

� amtC0å̫̙ʒȞó.1 SalI+ SmaI
amtD0å̫̙ʒȞó.1NdeI+ SmaIEɏ

�$�ąƋȟ(amtC0PCRɎɂ 20 µl
10�buffer 10 µl
SalI 3 µl
ȉ 64 µl )+ąƋȟ(amtD

0 PCRɎɂ 20 µl
10�buffer 10 µl
NdeI 3 µl
ȉ 64 µl )E 100 µlˤˋ�
37 ˚C
3Ǔ

̧J�R�y�[���$�Ǟʄ 2-2-5+Đǵ0ǊȒ*ʊˋ�
ąƋȟ( amtC<��

1 amtDʊˋɂ 50 µl
10�buffer 10 µl
SmaI 3 µl
ȉ 37 µl )E 100 µlˤˋ�$��B

E
30 °C
3Ǔ̧J�R�y�[���$�ąƋʖ�Ƅ
amtA�amtBĐǵ. 70 ˚C.

˛Ŋ�$Y���RY�* 15Þ̧J�R�y�[���
"�.
10 µl0 3 M̘̚

ki�K�+ 220 µl0 100 %Mbo��Eî�
-20 	* 16Ǔ̧J�R�y�[��

�$� 

 

4-1-3 yTb�0å̫̙ʒȞó 

� Þˈ̙ȄɏɗɈyTb�*�A pREP2+ pREP42 62) (Fig. 9)Eå̫̙ʒȞó�$�

amtA + amtBEƪÐ�A$;0yTb�.̨�)1
NdeI+ BamHIEɏ�$�pREP2

<��1 pREP42 1,000 ng
10�buffer 10 µl
NdeI 3 µl. total 100 µl+-A>�.ȉE

î�$�37 °C* 1Ǔ̧J�R�y�[���
"�. BamHI 3 µl Eî�
�?. 2

Ǔ̧J�R�y�[���$�70 °C.˛Ŋ�$Y���RY�* 15Þ̧J�R�y

�[���
ąƋʖ�Ƅ
10 µl0 3 M̘̚ki�K�+ 220 µl0 100 %Mbo��E
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î�
-20 	* 16Ǔ̧J�R�y�[���$� 

 amtC EƪÐ�A$;0yTb�.̨�)1 SalI + SmaI
amtD EƪÐ�A$;0y

Tb�.̨�)1NdeI+ SmaIEɏ�$�ąƋȟ(pREP2<��1 pREP42 1000 ng
10

�buffer 10 µl
SalI 3 µl
ȉ 64 µl )+ąƋȟ(pREP2<��1 pREP42 1,000 ng
10�buffer 

10 µl
NdeI 3 µl
ȉ 64 µl )E 100 µlˤˋ�
37 °C* 3Ǔ̧J�R�y�[���$�

Ǟʄ 2-2-5+Đǵ0ǊȒ*ʊˋ�
ąƋȟ( amtC<��1amtDʊˋɂ 50 µl
10�buffer 

10 µl
SmaI 3 µl
ȉ 37 µl )E 100 µlˤˋ�$��BE
30 ˚C
3Ǔ̧J�R�y�[

���$�ąƋʖ�Ƅ
amtA�amtBĐǵ. 70 ˚C.˛Ŋ�$Y���RY�* 15Þ̧

J�R�y�[���
"�.
10 µl0 3 M̘̚ki�K�+ 220 µl0 100%Mbo

��Eî�
-20 	* 16Ǔ̧J�R�y�[���$� 

 

4-1-4 Mbo��ȍȃ 

� Ǟʄ 4-1-2
4-1-3*-20 ˚C*J�R�y�[���$å̫̙ʒȞóȦ9 PCRĶůǈ

ɀ+yTb�E"B#B 4 	� 13,200 rpm* 20Þ̧̎Ɖ�$��ȥḘā�
70%

Mbo��E 200 µlî�) 4 	� 13,200 rpm* 10Þ̧̎Ɖ�
�ȥḘā�
z�

ei�̄Ǐ.-A8*͂��$�TE 20 µl.ȯ˕�$� 

 

4-1-5 amtA, amtB, amtC, amtD0yTb�50ƪÐ 

 1.5 mld��v.
Ǟʄ 4-1-4*Mbo��ȍȃ�$ amtE 8.0 µl
Đ��Ǟʄ 4-1-4

*Mbo��ȍȃ�$ pREP2<��1 pREP42 2.0 µl
DNA Ligation Kit Ver.2.1.©Š

�)�A Solution I (Takara) 10 µl
Eî�
̠  20 µl+�$��BE 16 ˚C* 2Ǔ̧J�

R�y�[���$� 

 

4-1-6Ľʳʼ0ſ˲˹Ʋ 

� Ǟʄ 4-1-50ąƋȟ 10 µlEã0d��v.Þć�
-20 ˚C*ÃŅ�$�Ȁ@0 10 µl
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. E. coli DH5αX�tg�i_� 100 µlEî�
"0Ƅ
Ȋ�* 30Þ̧J�R�y�

[��Ƅ
42 ˚C* 60 ɳ̧J�R�y�[���
×ŷȊ�* 1Þ̧Ùþ�$�SOC

ĮĪ (2.0% w/v Bacto Tryptone
0.5 % w/v Bacto Yeast Extract
0.05 % w/v NaCl
0.001 N 

NaOH
10 mM MgCl2
10 mM MgSO4
20 mM Glucose) 800 µlEî�
37 ˚C* 1Ǔ̧

Ʃ+�Į͇�$�Į͇ȟE 1. 5 mld��v.ɵ�
ŌȪ�* 10,000 rpm* 1Þ̧̎Ɖ

�$Ƅ
�ȥ 900 µlḘā�$�z�eiE×ƕȵ�
T���y�dÖ* LB –H�

t[��ĥ·ÆĪ (1.0% w/v Bacto Trypton
0.5% w/v Bacto Yeast Extract
1.0 % w/v NaCl


50 µg /ml H�t[��ki�K�
1.5 % w/v INA- Agar).
X���\ǮEɏ�)w

��gI�U�
37 ˚C*�ǔĮ͇�$� 

 

4-1-7 å̫̙ʒ.>Aw�]�j0̐ã�>3Ĵį̗à0˕ǥ 

� Ǟʄ 4-1-6*w��gI�U�$��?��c�.ǁÅ0X�l�E̐Ơ�
ȿǱǧ

Eɏ�)
LB - H�t[��ȟ·ĮĪ 3 ml.ȿǱǧEɏ�)Ⱥʼə.ǯʼ�
37 ˚C

* 16Ǔ̧Į͇�$�EZ-10 Spin Column Plasmid DNA Minipreps Kit(Bio Basic Inc.)Eɏ�

)
Ǟʄ 2-2-8+Đǵ0ǊȒ*w�]�jEĢĆ�
Gene Spec I (Naka Instuments)*ȶ

ŷȫŊE˅'$� 

 1,000 ng0w�]�jE"B#BǞʄ 4-1-3+Đǵ0ǊȒ*å̫̙ʒȞó�$�2 %

W�Eºˋ�
100 V* 30Þ̸̧ȈȖò�
"B#B amtA
amtB
amtC
amtD+Đ

�Ľ��0ǈɀ�ɫˡ*�$w�]�jE[�V�]˕ǥ.ɏ�$� 

 

4-1-8 PCR.>A Shizosaccharomyces pombe 0 amt0Ķů 

 g�w��i.1
Shizsaccharomyces pombe FY7507ǫ0Wo�DNA (Îȳ ǜɗˇ)

Eɏ�$�ąƋȟ͏FY7406Wo�DNA 2 µl
 50 µM primer ͔µl,  

10 × PfuUltra II Rxn Buffer 10 µl, 5 U PfuUltra II Fusion HS DNA polymerase (Agilent), 2.5 

mM dNTPs (Takara) 10 µl E͐ 100 µlˤˋ�
PCR(95 ˚C�2 min*ĺƎ�
"0Ƅ
95 ˚C�
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30 sec, 55 ˚C�30 sec, 72 ˚C�2 minE 30 cycles, 72 ˚C�3 min)E˅'$�Y�w� 10 µl

. 2 µl0 10 × Loading bufferEî�$�1% SeaKem GTG Agarose/1×TAEEɏ�) 12 µl

0Y�w�+ 10 µl0~�P�E"B#BKL�.Hw�J�
100 V* 30Þ̸̧Ȉ

Ȗò�$�ȖòƄ
10 µl0Md\K�v�~Jj* 15Þ̧Ǩʺ�
ØɡƷƀ�$�

-�
»ɏ�$w�J~�1«�.ɬ�� 

 

Spamt1R1  5’-GACTTCTTGTCATATGTCTTCCTCTACCG-3’ 

Spamt1R2  5’-AACACCCGGGCTAAATAGCTGGAGCTTGAG-3’ 

Spamt2R1  5’-TAAAAAATTAGTCGACATGTCTTCAGTGAATT-3’ 

Spamt2R2  5’-GCAGGGATCCTTAGATCGTAAGTCCAAG-3’ 

 

4-1-9 DNA0ʊ  ̀

DNA0ʊˋ.1QIAquick PCR Purification kit(QIAGEN)Eɏ�$�Ǟʄ 4-1-80Ķů

ǈɀE 1.5 mld��v.ɵ�
5Æ̟0Buffer PBEî�
ȣď�$�2 mlX�T[�

�d��v.QIAquickP��E_ei�
"0��? 540 µl0Y�w�EÐB
̎ Ɖ

(14,000 rpm, 1Þ, 25 ˚C)�
CȟḘā�$�P��Ed��v._ei�
"0��

? 750 µl0Buffer PEEÐB
ŮȪ� 14,000 rpm* 1Þ̧̎Ɖ�
CȟḘā�$�Đ

ǵ0ǡ®*×3̎Ɖ�$Ƅ
P��Eǉ$- 1.5 mld��v._ei�
50 µl0Buffer 

EBEÐB) 1Þ̧ƽʤ�$�ƽʤƄ
ŮȪ� 14,000 rpm, 1Þ̧̎Ɖ�
-20 	*ÃŅ

�$� 

 

4-1-10 PCRɎɂ0å̫̙ʒȞó 

� Ǟʄ4-1-9*ʊˋ�$20 µl0Shizosaccharomyces pombe 0amt1.
54 µl0Ȱʼȉ, 10 

µl0 10 × T, 10 µl0 0.1% BSA, 3µl 0NdeI, 3 µl0 SmaIEî�$�8$
Đ��Ǟʄ

4-1-9*ʊˋ�$ 20 µl0 Shizosaccharomyces pombe 0 amt2.
64 µl0Ȱʼȉ, 10 µl
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0 10×H, 3 µl0 SalI, 3 µl0 BamHIEî�$��B?E 37 ˚C* 3 Ǔ̧J�R�y�[

���$�ąƋʖ�Ƅ
70 ˚C.˛Ŋ�$Y���RY�* 15Þ̧J�R�y�[�

��
"�.
10 µl0 3 M̘̚ki�K�+ 220 µl0 100%Mbo��Eî�
-20 ˚C

* 16Ǔ̧J�R�y�[���$� 

 

4-1-11 yTb�0å̫̙ʒȞó 

� pREP2+ pREP420å̫̙ʒȞóE˅'$�2 µl0ĎyTb�."B#B 75 µl0Ȱ

ʼȉ, 10 µl0 10 × buffer, 10 µl0 0.1% BSA, 3 µl0NdeIEî�
37 ˚C* 1Ǔ̧J�R

�y�[���$�"�. 3 µl0 SmaIEȣę�
37 ˚C* 2Ǔ̧J�R�y�[��

�$�8$
�Ǌ* 2 µl0ĎyTb�. 85 µl0Ȱʼȉ, 10 µl0 10 × buffer, 3 µl0 SalI

Eî�
37 ˚C* 1Ǔ̧J�R�y�[���$�"�. 3 µl0 BamHIEȣę�
37 ˚C

* 2 hrJ�R�y�[���$�ąƋʖ�Ƅ
70 ˚C.˛Ŋ�$Y���RY�* 15

Þ̧J�R�y�[���
"�.
10 µl0 3 M̘̚ki�K�+ 220 µl0 100%M

bo��Eî�
-20 ˚C* 16Ǔ̧J�R�y�[���$� 

 

4-1-12 Mbo��ȍȃ 

� Ǟʄ 4-1-10
4-1-11*-20 	*J�R�y�[���$å̫̙ʒȞóȦ9 PCRĶů

ǈɀ+yTb�E"B#B 4 	� 13,200 rpm* 20Þ̧̎Ɖ�$��ȥḘā�
70%

Mbo��E 200 µlî�) 4 	� 13,200 rpm* 10Þ̧̎Ɖ�
�ȥḘā�
z�

ei�̄Ǐ.-A8*͂��$�"0Ƅ
TE 20 µl.ȯ˕�$� 

 

4-1-13 yTb�50 amt1, amt20ƪÐ 

  1.5 mld��v.
Ǟʄ 4-1-12*Mbo��ȍȃ�$ amtE 8.0 µl
Ǟʄ 4-1-11*M

bo��ȍȃ�$ pREP2<��1 pREP42 2.0 µl
DNA Ligation Kit Ver.2.1.©Š�)

�A Solution I (Takara) 10 µlEî�
  ̠ 20 µl+�$��BE 16 ˚C* 2Ǔ̧J�R�
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y�[���$� 

� ąƋȟ 10 µlEã0d��v.Þć�
-20 ˚C*ÃŅ�$�Ȁ@0 10 µl.E. coli DH5α

X�tg�i_� 100 µlEî�
"0Ƅ
Ȋ�* 30Þ̧J�R�y�[��Ƅ
42 ˚C

* 60 ɳ̧J�R�y�[���
×ŷȊ�* 1 Þ̧Ùþ�$�SOCĮĪ (2.0% w/v 

Bacto Tryptone
0.5 % w/v Bacto Yeast Extract
0.05 % w/v NaCl
0.001 N NaOH
10 mM 

MgCl2
10 mM MgSO4
20 mM Glucose) 800 µlEî�
37 ˚C* 1Ǔ̧Ʃ+�Į͇�$�

Į͇ȟE 1. 5 mld��v.ɵ�
ŌȪ�* 10,000 rpm* 1Þ̧̎Ɖ�$Ƅ
�ȥ 900 µl

Ḙā�$�z�eiE×ƕȵ�
T���y�dÖ* 0.5 mM IPTG
20 µg/ml X-gal E

ē: LB –H�t[��ĥ·ÆĪ (1.0% w/v Bacto Trypton
0.5% w/v Bacto Yeast Extract


1.0 % w/v NaCl
50 µg /ml H�t[��ki�K�
1.5 % w/v INA- Agar).
X��

�\ǮEɏ�)w��gI�U�
37 ˚C*�ǔĮ͇�$� 

 

4-1-14å̫̙ʒ.>Aw�]�j0̐ã�>3Ĵį̗à0˕ǥ 

� Ǟʄ 4-1-13*w��gI�U�$��?��c�.ǁÅ0X�l�E̐Ơ�
ȿǱ

ǧEɏ�)
LB - H�t[��ȟ·ĮĪ 3 ml.ȿǱǧEɏ�)Ⱥʼə.ǯʼ�
37 ˚C

* 16Ǔ̧Į͇�$�Į͇�$ĽʳʼEȊÙ�
ŌȪ� 3,000 rpm* 5Þ̧̎Ɖ�
h

P�g�[��*�ȥḘā�$�Ȁ'$�ȥ+z�eiEƕȵ�
1.5 mld��v

.ɵ�$��BE 4 ˚C� 10,000 rpm* 1Þ̧̎Ɖ�
�ȥḘā�$�z�ei. 250 

µl0Buffer P1Eî�
|�geT]*ƸƤ�
ŉÑ.ƕȵ�!$�ƕȵȟ. 250 µl

0Buffer P2Eî�
ȟ�̄Ǐ.-A8*ą˹ȣę�$Ƅ
350 µl0Buffer N3Eî�


ɘȵ�A8*ą˹ȣę�$�ŮȪ� 14,000 rpm* 10 Þ̧̎Ɖ�
2 mlX�T[��

d��v.QIAprep]t�P��E_ei�
�ȥEP��.ÐB
ŮȪ� 14,000 rpm

* 1Þ̧̎Ɖ�
CȟḘā�$�P��Ed��v._ei�
750 µl0Buffer PE

Eî�
ŮȪ� 14,000 rpm* 1Þ̧̎Ɖ�$Ƅ
CȟḘā�$�Đǵ0ǡ®*×3
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̎Ɖ�
P��Eǉ$- 1.5 mld��v._ei�
100 µl0Buffer EBEî�
1Þ

̧̺ʤ�)�?ŮȪ� 14,000 rpm* 1Þ̧̎Ɖ�$Ƅ
-20 ˚C*ÃŅ�$� 

� 1.5 mld��v.
1 µl0�lw�ewDNA.œ�
amt1ɏ.1 6 µl0Ȱʼȉ
1 µl

0 10 × buffer
1 µl0 0.1% BSA
0.5 µl0NdeI
0.5 µl0 SmaIE
amt2ɏ.1 7 µl0

Ȱʼȉ
1 µl0 10 × buffer
0.5 µl0 SalI
0.5 µl0 BamHI0ʗƖ+-A>�.ȣď�

$master mixEˤˋ�$�ǉ$- 1.5 mld��v.
9 µl0master mix
1 µl0�lw

�ewDNAEî�) 37 ˚C, 1 hrJ�R�y�[���$�J�R�y�[���$Y

�w�0Ñ̟.
2 µl0 10 × Loading BufferEî�
1% SeaKem GTG Agarose/1 × TAE

*
̸ȈȖòE˅'$�amt1
amt2+Đ�Ľ��0ǈɀ�ɫˡ*�$w�]�jE[

�V�]˕ǥ.ɏ�$� 

 

4-2 amtA, amtB, amtC, amtDɗɈ S. pombe0ºÝ 

 

4-2-1 S. pombe0ſ˲˹Ʋ 

� YE + Uracilw��i(50 mg Uracil
30 g Glucose
5 g Bacto TM Yeast Extract
20 g INA 

-Agar / L)Eˤˋ�
S. pombe0̞ɍǫ*�A FY7406ǫ�>3ǍǞĽņɍɂ˰ȭɲņ̖

�?�0ɍɂņɲ
 ÎȳțǀƬºˋ0HMP103(amt1,2,3�) 58)E"B#B 10 µl]}e

i�
w��iEÌ�)ʼȟEź2�
30 ˚C* 3Ǎ̧Į͇�$�INA -Agar Eē8-

�YE + Uracilȟ·ĮĪEˤˋ�
50 mld��v. 5 ml (Þć�$�Ⱥʼə.ȿǱ

ǧEɏ�)
ĮĪ�ȵA�?�0̟0ʼ·Eǯʼ�
30 ˚C * 24Ǔ̧Į͇�$� 

 ʦǍ
ſ˲˹Ʋæ.æȮË+�)
Ǟʄ 4-1*Ǵʆ�$ P. purourogenum0 amtɗɈ

yTb�+ S. pombe 0 amt ɗɈyTb�� 1 ng .-A>�. 1. 5 ml d��v 

(BIO-BIK).Þć�$�95 °C.˛Ŋ�$Y���RY�E»')
10 mg / ml carrier 

DNA (1 % (w/v) Deoxyribonucleic acid sodium salt from salmon testes(Sigma-Aldrich) /10 

mM TE )EJ�R�y�[���$Ƅ
yTb�EÞć�$ 1.5 mld��v. 5 µlÞ
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ć�$� 

� æȮËʖ�Ƅ
300 mlu�]X.YE+Uracilȟ·ĮĪ 50 mlˤˋ�
æǍ 50 mld�

�v*Į͇�$ʼ·E 2 mlǯʼ�$�34 Ǔ̧Į͇Ƅ
"B#B0Į͇ȟÑ̟E 50 ml

d��v.ɵ�
ŌȪ� 3,000 rpm* 5 min̎Ɖ�$��ȥḘā�
5 ml0 0.1 M LiAc 

(pH5.0)Eî�
̓ ·EƕȵƄ.ŌȪ� 3,000 rpm* 5Þ̧̎Ɖ�$��ȥḘā�
1.0 

mL0 0.1 M LiAcEî�)ƕȵ�$��0ƕȵȟE
æȂʽ*yTb�+ carrier DNA

EÞć�$d��v. 100 µl  (Þć�
3 ĢtzgI�UE�$�290 µl 0 50 % 

polyethyleneglycol / 0.1 M LiAc , pH5.0Eî�
10ĢtzgI�UE�$��0ȯȟE

30 ˚C* 30Þ̧J�R�y�[���$�+
43 ˚C* 15Þ̧J�R�y�[���

$�ŮȪ� 5,000 rpm* 5ɳ̧̎Ɖ�
z�eiEŤ�>�. 500 µl0ȉEŽ;.î�

$�510Þ̧̺ʤƄ
|�geT]E»')
z�eiEƕȵ�
Edinburgh Minimal 

Medium (EMM) +Thiaminew��i (27.4 g EMM broth without nitrogen (FORMEDIUM)


5.0 g NH4Cl
20 g INA-Agar /L ).w��gI�U�$� 

� ſ˲˹Ʋ·�ɍʬ�)�? 4 Ǎɞ.
űīə-Ľ��0X�l�E̐Ơ�
hI]

}��wE»')ǉ�� EMM+Thiaminew��i.ɵ�$�"0Ƅ
30 ˚C* 2-3Ǎ̧

Į͇�
20%U�_���]ieTEºˋ�$� 

 

4-3 µH��lK�ǡ®�*0ɠˊ˞  ͉

� Ǟʄ 4-2-1*ºˋ�$U�_���]ieT(pREP2* P. purourogenum 0 amt<�

�1 S. pombe0 amtEɗɈ�!$<0)EȊ�ȯ˕�$�10 µlE EMM+Thiaminew�

�i.]}ei�)�?
w��iEÌ�)ʼȟEź2�
30 ˚C* 3Ǎ̧Į͇�$�

ʼ·�ɍʬ�)�A�+Eɫˡ�
500 µl0ȰʼȉEÞć�$ 1.5 mld��v.ʼ·

Eɵ�$��0+�
hI]}��wE»')
ʼ·E̖Þə.ɵ�$�ʼ·Eƕȵ

�
20 µlEǉ�� 1.5 mld��v.Þć�$���.
950 µl0ȰʼȉEî�
Pq

�Q�]E�!$˄ɉ˗ʁɁ͏Erma͐0̧̱.ȟE 5 μlȔÐ�
̄̋Ĭo�~�]R
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�ƇÞŰȧˉʤ0(�$ÇɼĬ̀Ƈ  ̤ IMT2-NIC͏ Olympus E͐ɏ�)ʕʮǁEȫŊ�

$�Ȁ@0ȟ1
DU-730 (yeT~��X��b�).>AĔÎŷ(ĔĆȓ̥ 600 nm)ȫ

Ŋ.ɏ�$� 

� ȫŊ�$ʕʮǁ+ĔÎŷE<+.
Ďǫ.̨�AĀȟ�0ʕʮǁEȋ;$�ʕʮǁ

� 1.0�107 cell/ ml .-A>�.Ŭ̜�
"0�& 5 µlE
ThiamineEē8-� EMM

w��i
EMM+Thiaminew��i
0.5 mM NH4w��i(27.4 g EMM broth without 

nitrogen (FORMEDIUM), 26 mg NH4Cl, 20 g INA-Agar /L)+ ThiamineEî�$ 0.5 mM 

NH4+Thiaminew��i.]}ei�$�Ñ)0ʼǫ0]}eiʖ�Ƅ
ĮĪ.ʼȟ�

ȝ̄�A8*ƽʤ�$�"B#B0w��i.]}ei�$ʼ·E 30 ˚C* 2Ǎ̧Į͇

�$� 

 

4-4 Ammonium removal assay 

� ĮĪ�0H��lK�ȶŷ0ȫŊ1
ǌ.ɬ�B)�AǊȒEɏ�$ 56)� Ǟʄ 

4-2-1*ºˋ�$U�_���]ieT(pREP42* P. purourogenum 0 amt<��1 S. 

pombe0 amtEɗɈ�!$<0)EȊ�ȯ˕�$�10 µlE EMM+Thiaminew��i.

]}ei�)�?
w��iEÌ�)ʼȟEź2�
30 ˚C* 3Ǎ̧Į͇�$�50 mL

d��v. 10 ml 0ǘŗw���ĮĪ (27.4 g EMM Broth without Nitrogen 

(FORMEDIUM), 1.0 g proline/L pH5.9)EÞć�
ȿǱǧE»')ɍʬ�$ʼ·Eɵ�$�

30 ˚C* 24 hrĮ͇�
DU-730 (yeT~��X��b�).>@ĔÎŷ(ĔĆȓ̥ 600 nm)

EȫŊ�$�ĔÎŷ� 2.0.-A>�
ǉ�� 50 mld��v.Į͇ȟ+ǘŗw���

ĮĪEî�
30 ˚C* 90Þ̧Į͇�$�Į͇Ƅ
��. 100 mM NH4ClE 100 µlî�

$�˹ÇȣęƄ
ąƋ 0Ǔ̧+�) 300 µlEUltra free®-MC-Centrifugal Filter Devices 

(Merck Millipore).Þć�$�4 ˚C� 1,000 rpm* 1Þ̧̎Ɖ�
ʼ·�ć@̭�B$

ĮĪE 4°C*ÃŅ�$�Į͇1 2Ǔ̧8*˅�
ĮĪ0ĢĆ1 30Þ̧�+.˅'$� 

� ĮĪ�0H��lK�0ȫŊ1
F-Rei H��lH(Roche)Eɏ�$�ĢĆ�$Į
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Ī(0
30
60
90
120Þ)100 μlE�10 × 90 ˞͉ʂ.Þć�$�"�.
©ŠĚ*�

ANADH / TEAqeuG�
pH8.0 2-ORaU�b�̚ȯȟ(ˤˋȒ1Rei0ˣǏǗ

.Ȯ A)1,000 µl 
ȉ 1900 µlEî�
˹Çȣę�$�25 ˚C.˛Ŋ�$KN�b�q

]* 5Þ̧J�R�y�[���$�ǉ���10 × 90 ˞͉ʂ.ȯȟE 1,500 µlÞć�


DU-730 (yeT~��X��b�)E»')ąƋæ0ĔÎŷ(ĔĆȓ̥ 340 nm)EȫŊ�

$��BEA1+�A�©ŠĚ*�AGIDHE 10 μlî�
25 ˚C.˛Ŋ�$KN�b�

q]* 20Þ̧J�R�y�[���$�Í7,+Đǵ0ǹĠEɏ�)
ąƋƄ0ĔÎ

ŷ͏ĔĆȓ̥ 340 nm͐EȫŊ�$��BEA2+�A�ĮĪ�0H��lK�ȶŷ1


A2- A1�?ƅ?B$ÈE»ɏ�
Rei0ˣǏǗ.Ȯ�)ʁÝ�B$� 

 

4-5 �d�H��lK�0ƓĈ˞  ͉

� Ǟʄ 4-2-1*ºˋ�$U�_���]ieT(pREP42*P. purourogenum 0 amt<�

�1 S. pombe0 amtEɗɈ�!$<0)EȊ�ȯ˕�$�10 µlE EMM+Thiaminew�

�i.]}ei�)�?
w��iEÌ�)ʼȟEź2�
30 ˚C* 3Ǎ̧Į͇�$�

ʼ·�ɍʬ�)�A�+Eɫˡ�
500 µl0ȰʼȉEÞć�$ 1.5 mld��v.ʼ·

Eɵ�$��0+�
hI]}��wE»')
ʼ·E̖Þə.ɵ�$�ʼ·Eƕȵ

�
20 µlEǉ�� 1.5 mld��v.Þć�$���.
950 µl0ȰʼȉEî�
Pq

�Q�]E�!$˄ɉ˗ʁɁ͏Erma͐0̧̱.ȟE 5 μlȔÐ�
̄̋Ĭo�~�]R

�ƇÞŰȧˉʤ0(�$ÇɼĬ̀Ƈ  ̤ IMT2-NIC͏ Olympus E͐ɏ�)ʕʮǁEȫŊ�

$�Ȁ@0ȟ1
DU-730 (yeT~��X��b�).>AĔÎŷ(ĔĆȓ̥ 600 nm)ȫ

Ŋ.ɏ�$� 

� ȫŊ�$ʕʮǁ+ĔÎŷE<+.
Ďǫ.̨�AĀȟ�0ʕʮǁEȋ;$�ʕʮǁ

� 1.0�107 cell/ml.-A>�.Ŭ̜�
"0�& 5 µlE
2.0 % INA-AgarEē:ǘŗ

w���ĮĪ 100 mM �d�H��lK�ĮĪ(27.4 g EMM Broth without Nitrogen 

(FORMEDIUM)
1.0 g proline
6.75 g Metylammonium /L pH5.9).]}ei�$�Ñ)0
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ʼǫ0]}eiʖ�Ƅ
ĮĪ.ʼȟ�ȝ̄�A8*ƽʤ�$�"B#B0w��i.

]}ei�$ʼ·E 30 ˚C* 4Ǎ̧Į͇�$� 

 

 

5øŊ̟əRT-PCR.>AɗɈ˕ǥ 

� įǞĮĪE 500 mLu�]X. 100 mlˤˋ�
O�iT��vȰʼ�$�YMAĮĪ

>@
�ȽȰʼ�$M�`Eɏ�)ʼʋă3
ÞɍńE 1 ɘ̠ʪ+@
ˤˋȦ90Į

Ī."B#Bǯʼ�$��0ƹº1
T���y�dÖ*˅'$�ǯʼ�B$ĮĪ1

Ʃ+�Į͇ǹ (bPSÙǹǫŻ±ɮ)Eɏ�) 30˚C � 200 rpm* 48Ǔ̧
ŀȈə.Į

͇�$�T���y�dÖ*
ȷʐ͏ No. 2 
͐vuk���iă3ĔżɌEɏ�)Į͇

�ȥEĔżȷ̋�$�ʼ·E 50 mMTM�̚ buffer͏pH 5.0͐Eɏ�)ȗȚƄ
ȷʐ

�.Ȭʼ·Eƅ$��0ʼ·E Basal-N ĮĪ(20 g Soluble starch, 2 g DifcoTM Yeast 

Nitrogen Base w/o Amino acids and ammonium Sulfate / 50 mM citric acid / Na3 –citrate 

buffer , pH 5.0 L)
Basal-NĮĪ. 1 mM NH4ClEē: 1 mM NH4ĮĪ
Basal-NĮĪ.

100 mM NH4ClEē: 100 mM NH4ĮĪ.ɵ�
Ʃ+�Į͇ǹ* 30 ˚C� 200 rpm* 2

Ǔ̧Į͇�$�Í7,Đǵ.
Į͇�ȥEĔżȷ̋�
50 mMTM�̚ buffer͏ pH 5.0͐

Eɏ�)ȗȚƄ
ȷʐ�.Ȭʼ·Eƅ$�ƅ?B$ʼ·Eȟ·ɻʒ*Ûʙ�!
-80 ℃

*ÃŅ�$� 

Ǟʄ 2-2-1+Đǵ0ǊȒ*RNAEƢÝ�
Ǟʄ 2-2-2+Đǵ0ǊȒ*ʊˋ�$�Ǟ

ʄ 2-2-3+Đǵ0ǊȒ* 1,000 ng 0 cDNAEďƖ�$�ďƖ�$ cDNAEg�w��

i.øŊ̟əRT-PCRE˅'$�PCRąƋ1
95 °C* 5Þ̧ȽĺƎE˅'$Ƅ
95 ˚C�

30 sec*ȽĺƎ
57 ˚C�30 secHl���U
72 ˚C�40 sec³̥ąƋ0ǡ®*˅'$�

ąƋʖ�Ƅ
2% HQ��]W�.>@̸ȈȖò�$�8$
øŊ̟ə RT-PCR *ɏ

�$w�J~�1«�.ɬ�� 

 



 48 

amtA-RT-for  5’-AAATCAGCCCTCCTCCCTCAT-3’ 

amtA-RT-rev  5’-CAGAGCGACACTAGAAGGGG-3’ 

amtB-RT-for  5’-ATTTGATCAACATCACGCCA-3’ 

amtB-RT-rev  5’-GGGGGCAATGATATCCTCTT-3’ 

amtC-RT-for  5’-GGTGTGGTCAGAAAATGGCT-3’ 

amtC-RT-rev  5’-AGCCATCACGCTCTTGAAGT-3’ 

amtD-RT-for  5’-CGACGACGGAATGGAAGTAT-3’ 

amtD-RT-for  5’-CAATCCAATCAACTCGGCTT-3’ 

 

ɿ3ʄ� ŋ͉ʙǦ 
 

1 P. purpurogenum.��A amt 

� P. purpurogenum IAM 15392ǫ0j�uiWo�[�V�]�?H��lK�i��

]}�b�EX�j�Ȃ²ńEǰʓ�$+�C
ǞʋɄʼ.��)1
amt+ưŊ�

BȂ²ń� 4((amtA, amtB, amtC, amtD)Ǩʺ·�.Ņĩ�A�+�D�'$(Table3)�

"B#B0ŉÑ̥ cDNAEćƅ�
H�o̗̚àƐıE˕ǥ�$+�C(Fig. 10)
AmtA

+AmtB1 46%
 AmtA+AmtC1 32%
AmtA+AmtD1 45%
 AmtB+AmtC1

25%
 AmtB+AmtD1 37%
AmtC+ amtD1 29%0ɠĐƎEɬ�$(Fig. 11A)�8

$
H��lK�0ć˿9.̨�AɃƎEȌŊ�AH�o̚Ȁį1
AmtA
AmtC


AmtD1His
AmtB1Glu*�A�+�Þ�'$(Fig. 11B)� 

� TMHMM .>Ai}�\�˕ǥE˅'$+�C
AmtA
AmtB
AmtD 1 11 Ģ


AmtC1 9Ģʴ˯̅j�J�EǙ�)�$(Fig. 12)� 
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2 P. purpurogenum0<( amt0ǹʯ˕ǥ 

 

2-1 µH��lK�ǡ®�.��AÞˈ̙Ȅ0ɍʬɠˊ+H��lK�0ć˿9ȘƎ 

� 0.5 mM H��lK�ĮĪ*P. purpurogenuum0Amt�amtΔǫ0ɍʬǺƴEɠˊ�

A�,��ˤ6$(Fig. 13)��B1
3(0 amtÑ)�Ǻƴ�$Þˈ̙Ȅ amtΔǫ1µ

H��lK�ǡ®�*ɍʬ*�-�$; 58)
µH��lK�ǡ®�.��)Ǟʼ0

amt� amtΔǫ0ɍʬǺƴEɠˊ*�B2
Amt+�)0ǹʯE<(+ʧ�A�+�*

�A�?*�A�pREP2Eɏ�) P. purpurogenuum0<( 4(0 amtEÞˈ̙Ȅ amtΔ

*ɗɈ�!$+�C
Þˈ̙Ȅ0ɍʬǺƴEɠˊ�)�$01AmtA+AmtB*
AmtC

+ AmtD1ɠˊ�-�'$�8$
dH��Eē8-� EMMĮĪ*ſ˲˹Ʋ·0ɍ

ʬ1Ñ)̩ō�B
"0�*< amtBEɗɈ�!$ǫ1ǘ<ɍʬ�̩ō�B$�œ�)


dH��Eē: EMMĮĪ*1Ñ)0ǫ0ɍʬǺƴ1̩ō�B-�'$� 

� ŋ̲.�B?Amt0H��lK�ć˿9ʯEȫŊ�$(Fig. 14)�HJai�wE»'

)ɟƯə.H��lK�i��]}�b�0H��lK�ć˿9ʯEˤ6AĲď<�

A� 59-61)
Ǟɥɺ*1ĮĪ�0H��lK�0ȨŘ̟EȫŊ�A�+*
̧Ưə.

H��lK�0ć˿9ʯEˤ6$�"0ʙǦ
Í0ŋ͉*ɍʬǺƴEɠˊ�)�$

AmtA +AmtB.1H��lK�0ć˿9�ˏ?B$��0+�
AmtB1AmtA>@

H��lK�Eć˿:ʯí�͊�+��h�b�ƅ?B$����
AmtC+AmtD.

H��lK�0ć˿91ˡ;?B-�'$� 

 

2-2 �d�H��lK�.œ�A amtɗɈǫ0ƓĈƎg]i 

� �d�H��lK�1H��lK�0Hk�U*
H��lK�i��]}�b�

.>')ć˿8BA�ʕʮÖ.ć˿8B$�d�H��lK�1ª˨�B-�$; 63)


ʙǦə.Þˈ̙Ȅ0ɍʬ1̩ō�BA�Ɠŷ�ʹ�+���+<�@
æ˚�$�d

�H��lK�0ɃƈEäɏ�$ȫŊȒ�
H��lK�i��]}�b�0ɃƎ˝
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À+�)»DBA�+�ļ��"�*
Ǟɥɺ.��)<
�d�H��lK�.œ

�AĎ amtɗɈǫ0ƓĈƎEˤ6$(Fig. 15)� 

� pREP42Eɏ�) P. purpurogenuum0<( 4(0 amtEÞˈ̙Ȅ amtΔ*ɗɈ�!$

+�C
100 mM�d�H��lK�Eē:ĮĪ*
amtA+ amtBEɗɈ�!$ʼǫ0

ɍʬ�ǘ<̩ō�B$�amtD EɗɈ�Aʼǫ1D �.ɍʬ�̩ō�B$�amtC E

ɗɈ�Aʼǫ1
100 mM�d�H��lK�Eē:ĮĪ*ɍʬ�̩ō�B-�'$� 

 

3 amt0ɗɈòƔ 

� P. purpurogenum0 cDNAEɏ�)Ď amt0ɗɈòƔEˤ6$+�C(Fig. 16)
amtA

+ amtC1 1 mM NH4ĮĪ*>�ɗɈ�
100 mM NH4ĮĪ*7+F,ɗɈ1ˏ?B-

�'$��0+�
amtA07�� amtC>@ɗɈ�)�$�œ�)
amtB+ amtD1

,&?0ĮĪǡ®�*<͊ɗɈ�ˏ?B$�
amtB07��>@ɗɈ�)�$� 

 

ɿ4ʄ� ʧő 

 
� Ǟɽ*18 
P. purpurogenum IAM15392ǫ0j�uiWo�[�V�]�?H�

�lK�i��]}�b�+ưŊ�BA 4(0 amt (amtA�amtB�amtC�amtD)EĐŊ

�
H�o̗̚àƐı�? Amt0ɃƎE ȫ�$�Ď Amt0ɠĐƎEˤ6$+�C


AmtC%��¨0,0 Amt+<ɠĐƎ�µ��+�Ǐ?�+-'$�8$
H��l

K�0ć˿9.̨��A+�DBAH�o̚Ȁį.̨�)
AmtA
AmtC
AmtD �

His
AmtB�Glu*�A�+�Þ�'$�ļʼɷ*1
His E<(Amt1 high affinity

Ĭ
GluE<(Amt1 high capacityĬ*�AĲď�ļ� 57, 58, 61 �͐TMHMM.>A

i}�\�˕ǥ�?1
AmtA
AmtB
AmtD� 11Ģʴ˯̅j�J��?-@
AmtC

1 9 Ģʴ˯̅j�J��?-A+ ȫ�B$��ʸə.
H��lK�i��]}�

b�111Ģʴ˯̅j�J�EƦ')�A$;58-60,64)
¦ĢTMHMM0˛Ŋ�?1
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AmtC1Ǵ̇ə.<¨0Amt+ɕ-')�A�+�Þ�'$� 

� «�0h�b�?
H�o̗̚àƐı�?Ǟʼ0<(ưŊ�0Amt0ɃƎ� ȫ�

B$�>')
ǻ.�B?0 Amt �ŋ̲.Ǚ�AǹʯE˕ǥ�AƊˎ��A�
P. 

purpurogenum0ſ˲˹ƲǊȒ1ɫɼ�B)�-�$;
ǹʯ˕ǥ�ģ̷*�'$�"

�*
"0ƜȒ�ɫɼ�B)�AÞˈ̙Ȅ amt�ǫEŏ�+�)ɕɷɗɈE˅��+*

ĎAmt0ǹʯ˕ǥE��-'$(Table4)�Þˈ̙ȄEŏ�+�$+�
P. purpurogenum

0Amt�Þˈ̙Ȅ*<ǹʯ*�A�+�Ǐ?�.-'$�8$
ǹʯ˕ǥ0$;.˅

DB$ 4(0ŋ͉�?
"B#B0Amt0ɃƎ.1Ǐɫ-ɠ̍�ˏ?B$��.ǹʯ

�)�AH��lK�i��]}�b�1
AmtA+AmtB*�A�+�ɬě�B$�


�0+�
EMMĮĪ0ɍʬ0̩ō=Ammonium removal assay0ʙǦ�?
AmtB07

��>@͊�H��lK�ć˿9ʯEǙ�)�A+ʧ�?B$��Ǌ*
AmtC+AmtD

1µH��lK�ǡ®�.��Aɠˊ˞͉*Þˈ̙Ȅ0ɍʬǺƴEɠˊ! 


Ammonium removal assay�?H��lK�0ć˿9ʯ1-�+ʧ�?B$����


>@Ɠŷ0ʹ��d�H��lK�*�B2ć˿9�ǰÝ*�AĲď��A 58)�"�

*
�d�H��lK�.œ�AĎAmtɗɈǫ0ƓĈƎEˤ6$+�C
amtA+ amtB

ɗɈǫ.î�
H��lK�0ć˿9ʯ�-�+�B$ amtDɗɈǫ.<D �.ɍʬ

̩ō�9?B$��0�+�?
AmtD .17F0D �.H��lK�Eć˿:Ș

Ǝ��A�+�ɬě�B$��Ǌ*
amtCɗɈǫ.1�d�H��lK�.œ�AƓ

ĈƎ<ˡ;?B 
¦Ģ˅DB$ŋ͉�?1
AmtC.H��lK�0ć˿9ʯ�-�

+âǈ�B$����
P. purpurogenum*ɗɈ�ˏ?B)�$�Amt0ǹʯ1ĮĪ�

0H��lK�ȶŷ=ɻʒȭ0ɷ́.¿Ņ�A�+�? 58,61)
ŋ͉ǡ®Eĺ�A�

+*Þˈ̙Ȅ*< AmtC= AmtD�ǹʯ�AċʯƎ1öÞ.�A+��A�8$
ɕ

ɷɗɈ*1-�
Ǟʼ*ǹʯ˕ǥE�B2ǹʯEˏ?BAċʯƎ1�A� 

 �$�')
¦Ƅ1
>@˟ʕ-ɃƎEˤ6A$;0ȫŊE˅��"0�(+�)


͊˒ęƎi��]}�b�EɃŊ*�AÁÐƖ̥0ɠˊŋ͉Ẻ;A Ŋ*�A�"
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B+ĐǓ. amtA+ amtBE�Ɖ.
Ǟʼ* amt0ɗɈåƆE˅�
ʺʒɍɎ.œ�A

H��lK�0ć˿90ƀ̼Eˤ6)��͏Fig. 17 �͐  
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Fig. 8 Ammonium metabolism and PP-V biosynthesis in P. purpurogenum 
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Fig. 9 Yeast expression vectors used for heterologous expression 
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Gene  Protein homolog 
(accetion number) Source of protein homolog identities

(XP_002144588.1)

(XP_002340946.1)

(XP_001275244.1)

ammonium transporter MeaA Penicillium marneffei ATCC 18224

ammonium transporter MeaA Talaromyces stipitatus ATCC 10500

ammonium transporter MeaA Aspergillus clavatus NRRL 1 

(XP_002147208.1)

(XP_002481337.1)

(XP_001820962.1)

ammonium transporter putative Penicillium marneffei ATCC 18224

ammonium transporter Mep2, putative Talaromyces stipitatus ATCC 10500

ammonium transporter MeaA Aspergillus oryzae RIB 40 

(XP_002340346.1)

(XP_002145043.1)

(XP_001274395.1)

ammonium transporter MepA Talaromyces stipitatus ATCC 10500

ammonium transporter MepA Penicillium marneffei ATCC 18224

ammonium transporter MepA Aspergillus clavatus NRRL 1 

(XP_002151421.1)

(XP_001210376.1)

(XP_002341539.1)
ammonium transporter Mep2,putative Talaromyces stipitatus ATCC 10500

ammonium transporter Mep2, putative Penicillium marneffei ATCC 18224

ammonium transporter Mep2 Aspergillus terreus NIH 2624

amtA

amtB

amtC

amtD

81 %

78 %

82 %

91 %

79 %

78 %

71 %

84 %

84 %

70 %

90 %

83 %

Table3 Isolation of amt in P. purpurogenum 
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 Fig. 10 Alignment of four Amts in P. purpurogenum 
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Fig. 11 Results of sequence analysis (A) Homology of four Amts in P. purpurogenum. (B) Red 

circle represents amino acid residue involved in ammonium incorporation. 
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Fig.13 Complementation test of fission yeast amt�in low ammonium condition 
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Fig. 14 Ammonium removal assay on Amts of P. purpurogenum 
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Fig. 15 Sensitivity to methylammonium of amtA, amtB, amtC, or amtD expressed transformants  
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Fig. 16 Expression pattern of P. purpurogenum amts under low and high ammonium condition 
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AmtA� AmtB� AmtC� AmtD�

Complementation  
 (0.5 mM NH4

�)�

Growth inhibition  
  ( EMM medium)�

Ammonium removal�

MA sensitivity�

�� −� −�−���

�� −� −���

�� −� −�−���

�� −� −���
��

Table4 Characterization of AmtA, AmtB, AmtC, AmtD of P. purpurogenum�
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Fig. 17 Analysis of PP-V productivity by regulating incorporation of ammonium intracellulary 

with gene modification. 
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ɿ�ʄ�˦˖�

 
 ɿ2ɽ.��)
P. purpurogenum 0amt͏amtA
amtB
amtC
amtD͐EĐŊ�
Þ

ˈ̙ȄEɏ�)"B#B0ɃƎEˤ6$�͖(0�&
AmtA+AmtB.1H��lK

�0ć˿9ȘƎ1ˏ?B$�
AmtC+AmtD.1ˏ?B-�'$��$�')
ʕʮ

Ö50H��lK�0ć˿9.1
AmtA+AmtB��.ǹʯ�A�+� ȫ�B$�

�$�')
ǻ0]gew+�)
̑²ńƼĺ.>@
AmtA+AmtBE�Ɖ.H��

lK�i��]}�b��?0H��lK�0ć˿9EåƆ�
ʺʒɍɎ50ƀ̼E

ˤ6AƊˎ��A�8$
P. purpurogenum1MonascusʺʒɍɎ07�.R[��Þ˕

̙ʒ=�-glucosidase0ɍɎʼ+�)<ɤ?B)�@65,66)
̋ ʒɍɎ+1̍�Þ̞*<

ǙɏƎ�͊�ʋɄʼ*�A+��A��$�')
¦Ƅ
Ǚɏɂ˲͊ɍɎǫ0ºÝ


ɍďƖǹǴE˕Ǐ�A$;0ſ˲˹Ʋ·0ºÝEʧ�$�*1
̑²ńƼĺ1̝ˎ.

-A� 

� Penicillium chrysogenum
Penicillium expansum
Penicillium nordicum-,��(�0

Penicillium spp..��)1
ſ˲˹ƲȒ�ıĕ�B)�A67-69)����
ǞʋɄʼ.

(�)1ǜ%ɫɼ�B)�-���$�')
Ǟʼ*̑²ńƼĺE˅��+1ɈǓȹ

*1�ċʯ*�A�"�*Ǟ˥*1
Ǟʼ*äɏ*�AɗɈyTb�EǴʆ�
�?

."BE»')gfpEɗɈ�!A�+*P. purpurogenum0ſ˲˹ƲE˞9$� 

 Ǟ˥*1
P. purpurogenum*»ɏ*�Ȃ²ńɗɈyTb�
pBPEEǴʆ�$�̑

²ńɗɈɏ0yTb�0Ĳď
ɞə̑²ń0ɗɈ�y�.ƀ̼�A+��Ɋɑ�?


w���b�0̐Ơ1Ƀ.̝ˎˑ�BA�w���b�.1
ǡ®Ƀɕə.ǹʯ�A

<070-74)+
ŊŮə.ǹʯ�A<070, 75,76)��A�ſ˲˹ƲȒ�ɫɼ�B)�-�

ʼ*1
ŊŮə.ǹʯ�AǊ�ǚ8��$;
Ǟɥɺ*1i�wiuG�ďƖ̑²ń

t͏rpC͐w���b�77)Eɏ�$�8$
ſ˲˹Ʋ·EºÝ�A̲.
]T��l�

U�Ɗˎ+�BA�"0$;
ŏ�+�)Ǫ͇ˎȋƎǫEɏ�A�
ſ˲˹Ʋ0̲.
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ˀçʩƎ̑²ńEʗ˿F%yTb�Eɏ�A0��ʸə*�A����
Ǫ͇ˎȋƎ

ǫEºˋ�A̲.<
ſ˲˹ƲE˅D-�B2-?-�$;
Ǟʼ*1ˀçʩƎ̑²

ńE~�P�+�$。 

 

ɿ�ʄ� ŋ͉Ǡǆ�>3ŋ͉ǊȒ�

�

1 ŋ͉Ǡǆ�>3˞ˀ�ǹĠ 

� Ǟɥɺ.��)ɏ�$ʼǫ1
IAM Culture Collection .ÃŅ�B)�AP. 

purpurogenum IAM15392ǫ*�A�PCRąƋă30.2 mld��v0J�R�y�[��

.1TU�\L�iY��YJT�� (Biometra) <��1T1Y��YJT�� 

(Biometra) Eɏ�$�1.5 mld��v0̎ƉÞ̶.1ú�̎Ɖǹ Centrifuge 5424
��

b� FA-45-24-11-Special (Eppendolf)�>3
Centrifuge 5415R
��b� F-45-24-11 

(Eppendolf)Eɏ�$�50 mld��v (CORNING®) 0̎ƉÞ̶.1
Ùþ̎Ɖǹ

RSL-05A
]J�U��b�50 ml × 4�lei (¶�̧ˋºƛ) Eɏ�$�8$Ƀ˚�

-�̫@
˞ˀ1ęÎʏˀŧǲ0Ƀʑ˞ˀEɏ�$�ȉ1Milli-Q˵ʏȉˉʤ 

(MILLIPORE) *ƅ$˵ʏȉEO�iT��vȰʼ�)ɏ�$�8$
ĮĪ
0.2 ml 

(WATSON) ă31. 5 mld��v (Axygen, BIO-BIK) 1ES-215 (ǫŻ±ɮi��ʊŧ) 

E
ʕ ˋ�$˞ˀ1ES-315 (ǫŻ±ɮ�i��ʊŧ) Eɏ�)O�iT��vȰʼ�$�

�˔u�]X1Drying Sterilizer SG810 (�~iɲņǫŻ±ɮ) Eɏ�)�ȽȰʼ�$�

8$
ʼ·0ɨɦ.ɏ�$�̡�>3�Ǯ1
ƹº.ȟ·ɻʒEɏ�A�+�?
ƴ

ĸE̒�A$;. ;-80 ˚C*Ùþ�$� 

�

�

�

�
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2�gfpɗɈyTb�0Ǵʆ�

�

2-1�pBPE0Ǵʆ�

�

2-1-1 HygromycinʩƎ̑²ńP_ei0ß@Ý� 

� ɰƙĽņ �Şǃ īǀƬ>@ˬȩ�)�$%�$pSilent1 78)0HygromycinʩƎ̑²

ńP_eiEApaI͏ Takara͐.>')Ȟó�$�pSilent1 3,000 ng.œ�
10 × Buffer 20 

µl
15 unit/µl ApaI(Takara)2 µlEî�
ąƋȟ̟�300 µl.-A>�.MilliQ waterEî�

$�ąƋ0$;
37 ˚C*12Ǔ̧J�R�y�[���$� 

�

2-1-2� ̑²ńP_ei0ʊ  ̀

� Spin Column PCR Product Purification Kit (Bio Basic Inc.)E»')
å̫̙ʒȞó�$̑

²ńP_eiEʊˋ�$�ąƋȟ.œ�)
ȟ̟03Æ0Binding Buffer IEî�
�B

E©ŠĚ0spin column.ɵ�
2Þ̧ŌȪ*J�R�y�[���$�"0Ƅ
5,000 rpm

*1Þ̧̎ƉÞ̶�$�ȷȟEƫ)
P��.Wash Solution 500 µlEÐB
8,000 rpm*

1Þ̧̎ƉÞ̶�$�ȷȟEƫ)
Wash Solution 500 µlEÐB
8,000 rpm*1 Þ̧̎Ɖ

Þ̶�$�CȟEƫ)
10,000 rpm*1Þ̧̎ƉÞ̶�)P��E�Ⱦ�!$Ƅ
P�

�E1.5 mld��v.0!$��B.ȉ30 µlEÐB
ŌȪ*2Þ̧J�R�y�[��

�$Ƅ
10,000 rpm*1Þ̧̎ƉÞ̶�$� 

 

2-1-3 KOD DNA polymerase.>Aűȱǝɾó 

� ąƋȟ50 µl͏ DNA fraguments 30 µl
2mM dNTPs 5.0 µl 10×Buffer 5.0 µl
25 mM MgSO4 

2.0 µl 1 unit / µl KOD͏TOYOBO͐5 µl
ȉ 125 µl͐Eˤˋ�
60 ˚C*1Ǔ̧J�R�y

�[���$�ʊˋ1
Ǟʄ 2-1-2+Đǵ0ǊȒ*˅'$� 

�
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2-1-4 pBlue script II SK+0å̫̙ʒȞó 

� pBlue script II SK+EApa I͏Takara͐.>')Ȟó�$�pBlue script II SK+ 3,000 ng.

œ�
10 × Buffer 20 µl
15 unit / µl Apa I͏ Takara 2͐ µlEî�
ąƋȟ̟�300 µl.-A

>�.MilliQ waterEî�$�ąƋ0$;
37 ˚C*12 hrJ�R�y�[���$�ąƋ

ʖ�Ƅ
Ǟʄ 2-1-2+Đǵ0ǊȒ*å̫̙ʒȞó�$yTb�0ʊˋE30 µl0ȉ*ȯÝ

�
"0ȯȟ.2 mM dNTPs 5.0 µl
 10 × Buffer 5.0 µl
25 mM MgSO4 2.0 µl
 1 unit / µl 

KOD͏TOYOBO͐5 µl
ȉ 125 µlEî�
űȱǝɾóE˅'$�"0Ƅ
Ǟʄ� 2-1-2

+Đǵ0ǊȒ*ʊˋE˅�
50 µl*ȯÝ�$� 

 

2-1-5 pBlue script II SK+0ʰ��̚ó 

� űȱó�$yTb�EE. coli Alkaline Phosphatase͏ Toyobo E͐ɏ�)ʰ��̚ó�$�

ąƋʌ200 µl ( Ǟʄ2-1-4*ƅ$ 30 µl
10 × BAP buffer 20 µl 
0.4 unit/µl E. coli Alkaline 

Phosphatase 5 µl
MilliQ water)Eˤˋ�
60 °C*1 hrąƋ�!$�ąƋƄ
Ǟʄ2-1-2+

Đǵ0ǊȒ*ʊˋE˅'$� 

 

2-1-6 pBlue script II SK+50HygromycinʩƎ̑²ńP_ei0ƪÐ 

� 1.5 mld��v.
Ǟʄ2-1-5*ʊˋ�$DNAȯȟ3.0 µl
pBluescript II SK(+) 1.0 µl


T4 DNA Ligase (Promega) 1.0 µl
2×Ligation Buffer (Promega) 5.0 µlEî�
ď  ̠ 10.0 µl

+�$��BE16 ˚C*16 Ǔ̧J�R�y�[���$� 

��

2-1-7 Ľʳʼ0ſ˲˹Ʋ 

� �JW�[��ąƋȟ.
E. coli DH5αX�tg�i_�200 µlEî�$�"0Ƅ


Ȋ�*30Þ̧J�R�y�[��Ƅ
42 ˚C*60ɳ̧J�R�y�[���
×ŷȊ�

*1Þ̧Ùþ�$�SOCĮĪ (2.0% w/v Bacto Tryptone
0.5 % w/v Bacto Yeast Extract


0.05 % w/v NaCl
0.001 N NaOH
10 mM MgCl2
10 mM MgSO4
20 mM Glucose) 800 µl
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Eî�
37 °C*1Ǔ̧Ʃ+�Į͇�$�Į͇ȟE1. 5 mld��v.ɵ�
ŌȪ�.)

10,000 rpm*1Þ̧̎Ɖ�$Ƅ
�ȥ900 µlḘā�$�z�eiE×ƕȵ�
T���

y�dÖ*0.5 mM IPTG
20 µg/ml X-gal Eē:LB –H�t[��ĥ·ÆĪ (1.0% w/v 

Bacto Trypton
0.5% w/v Bacto Yeast Extract
1.0 % w/v NaCl
50 µg /ml H�t[��k

i�K�
1.5 % w/v INA- Agar).
X���\ǮEɏ�)w��gI�U�
37 ˚C*

�ǔĮ͇�$� 

 

2-1-8 X�l�cJ�TiPCR.>AT���0̐ã 

� ąƋȟ20 µl (5 × Go Taq Reaction Buffer 4 µl
10 mM dNTPs 0.4 µl
10 µM Hygr-for 1 µl


10 µM Hygr-rev 1 µl
5 unit/µl Go Taq DNA Polymerase 0.1 µl
ȉ 12.5 µl) Eˤˋ�
Ǟ

ʄ 2-1-7*Į͇�$X�l�0�&
ɘʺ0X�l�EȺʼə-ȿǱǧEɏ�)teT

Hew�$<0Eg�w��i+�)
PCRE˅'$� 

� PCRɎɂE
DNA~�P�+�)100 bp DNA laddarEɏ�)2 %HQ��]W�̸Ȉ

Ȗò�
ɞə0Ķůǈɀ�ɫˡ�B$T���E̐ã�
"0w�]�jEÃǙ�A

ĽʳʼELB - H�t[��ȟ·ĮĪ3 ml.Ⱥʼə.ȿǱǧEɏ�)ǯʼ�
16Ǔ̧Į

͇�$� 

� w�]�jĢĆ.1EZ-10 Spin Column Plasmid DNA Minipreps Kit (Bio Basic Inc.)E

ɏ�$�Į͇ȟE1 ml (1. 5 mld��v (BIO-BIK) .ÐBŌȪ.)10,000 rpm*1Þ

̧̎ƉÞ̶Ƅ
hP�g�[��.>@�ȥḘā�$�ĐƹºE3Ģʣ@́�
Į͇

ȟ�0ʼ·EĢĆ�$�Solution IE100 µlî�
~JT�tzei*ƺƤ�ŉÑ.ȣď

�$�Solution IIE200 µlî�˹Çȣę�$Ƅ
ŌȪ�*1Þ̧J�R�y�[���$�

ǻ.Solution IIIE350 µlî�˹Çȣę�$Ƅ
ŌȪ�*1Þ̧J�R�y�[���$�

�B.T��{��E100 µlî�˹Çȣę�$Ƅ
ŌȪ�12,000 rpm*5Þ̧̎ƉÞ̶�

$�ƅ?B$�ȥE©Š0P��.ÐBŌȪ*2Þ̧ƽʤƄ
ŌȪ�5,000 rpm*1Þ̧

̎ƉÞ̶�$�P��.Wash Buffer 500 µlEî�
ŌȪ�8,000 rpm*1Þ̧̎ƉÞ̶�



 71 

$��0ƹºE×ŷʣ@́�
ȷȟEƫ)ŌȪ�10,000 rpm*1Þ̧̎ƉÞ̶E˅�P

��.w�]�jEĔɢ�!$�P��E1.5 mld��v.ɵ�ȉE30 µlÐB37 ˚C*2

Þ̧J�R�y�[��Ƅ
ŌȪ�10,000 rpm*1Þ̧̎ƉÞ̶E˅�ȯÝ�
Gene 

SpecI (Naka Instuments)*ȶŷȫŊE˅'$� 

� �

2-1-9 Ĵį̗à0˕ǥ 

� 0.2 mld��v.
BigDye® Terminator v3.1 /1.1 Cycle Sequencing Kit (Applied 

biosystems) Eɏ�$PCRąƋȟ (Ready Reaction Premix 2 µl
Sequencing Buffer 3 µl
1 

µM primer 3.2 µl) Eˤˋ� 
g�w��i200 ngɠžEî�
�?.ȉEî�˗20 µl

.-A>�.ˤˋ�$�PCRǡ®1
áǛĺƎE95 ˚C*2Þ̧˅�
95 ˚C�10 sec
50 

˚C�5 sec
60 ˚C�4 minE1YJT�+�)25YJT�˅�
4 ˚C*ąƋEǽ;$� 

� 1.5 mld��v.PCRɎɂEɵ�
125 mM EDTA(pH 8.0) 2 µl
3 M̘̚ki�K�2 µl


100͎Mbo��50 µlEî�
-80 ˚C*15 Þ̧J�R�y�[���$�4 ˚C�15,000 

rpm*30Þ̧̎ƉÞ̶Ƅ
�ȥḘā�$��B.70%Mbo��100 µlEî�
4 ˚C

�13,200 rpm
10Þ̧̎ƉÞ̶Ƅ
�ȥḘā�
ŌȪ�*10Þ̧͂��$��0PCR

Ɏɂ0DNAĴį̗à1
ABI automatic Sequencer (Perkin Elmer Japan, Tokyo) Eɏ�)˕

ǥ�$�Ĵį̗à0h�b1
GENETYX-Mac NETWORK version 15.0.6 (GENETYX 

CORPORATION) .>@˕ǥ�$� 

�

2-1-10  trpCw���b��>3b��n�b�0Ķů 

� ɞə̑²ńEɗɈ�A$;0trpCw���b�0�ǝɾ+
trpCb��n�b�0�

ǝɾ.w�J~�E˛˗�$��0+�
w���b�
b��n�b�0ɀǊ0w

�J~�.̨�)
"B#BXhoI+ApaI0ˡ˪̗àE©î�$�ąƋʌ 50 µl͏10 × 

Buffer for KOD-plus-Ver.2 5 µl
2 mM dNTPs 5 µl
25 mM MgSO4 4 µl
10 µM forward 

primer 1 µl
 10 µM reverse primer 1 µl
 1 unit/µl KOD-Plus-Ver.2 1 µl
1 ng /µl pSilent1 1 
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µl
 Milli Q water 32 µl E͐ˤˋ�
PCR͏ 94 °C*2 Þ̧ĺƎ�
"0Ƅ
94 °C�15 sec


53 °C�30 sec
68 °C�30 secE1YJT�+�$ ͐30YJT�˅'$�1  ͎ Agarose S

Eɏ�)
̸ȈȖòE˅'$�ȖòƄ
Md\K�v�~JjǨʺE˅�
Ķůǈɀ

Eɫˡ�
PCRɎɂEǞʄ� 2-1-2+Đǵ0ǊȒ*ʊˋ�$�Ďw�J~�_ei1�

˚.ɬ�$� 

 

PtrpC-for  5’-TGATATTGAAGGAGCACTTTTTGGGC-3’ 

PtrpC-rev  5’-TCGAGGTCGACGGTATCGATGCTTGGG-3’ 

TtrpC-for  5’-GGGCCCCGGATCCACTTAACGTTACTG-3’ 

TtrpC-rev  5’-AACCCAGGGGCTGGTGACGGAA-3’ 

�

2-1-11 PCRɎɂ0��̚ó 

� Ǟʄ 2-1-10*ƅ?B$ʊˋɂ.DNA Denaturation buffer 75 µlEî�
90 °C*2Þ̧ƍ

Ù�$��0ȯȟ.10×buffer 10 µl
ATP͏10mM͐10 µl
T4 poly nucleotide kinase 2 µl 

MilliQȉ3µlEî�
̠ 100 µl.-A>�.ąƋȟEˤˋ�
37 ˚C*60Þ̧
"0Ƅ90 ˚C

*2Þ̧J�R�y�i�$�ąƋƄ
ʊˋE��-'$� 

 

2-1-12 pBlue script II SK+50trpCw���b��>3b��n�b�0ƪÐ 

� HygromycinʩƎ̑²ńP_eiEē:pBlue script II SK+ENotI*å̫̙ʒȞó�$�

yTb�3,000 ng.œ�
10 × Buffer 20 µl
10 unit / µl NotI͏Takara͐3 µlEî�
ąƋ

ȟ̟�300 µl.-A>�.MilliQ waterEî�$�ąƋ0$;
37 ˚C*12Ǔ̧J�R�

y�[���$�ąƋʖ�Ƅ
Ǟʄ 2-1-2+Đǵ0ǊȒ*ʊˋ�$<0Eűȱó�$Ƅ


×3Ǟʄ 2-1-2+Đǵ0ǊȒ*ʊˋ�
ʰ��̚ó�$�Ǟʄ 2-1-2+Đǵ0ǊȒ*ʊ

ˋƄ
"�.trpCw���b�EƪÐ�
Ľʳʼ0ſ˲˹ƲE�$�X�l�cJ�

TiPCRE˅�
trpCw���b��ƪÐ�B)�Aw�]�jEÃǙ�AT���E
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̐ã�$�trpCw���b��ʗ˿8B)�Aw�]�jEÃǙ�AĽʳʼELB - H

�t[��ȟ·ĮĪ3 ml*Į͇�
w�]�jEĢĆ�$��0w�]�jEXhoI.>

')Ȟó�
ʊˋ�$<0Eűȱó�$Ƅ
ʰ��̚ó�$�"�.trpCb��n�

b�EƪÐ�
Ľʳʼ0ſ˲˹ƲE˅'$�X�l�cJ�TiPCR.>')trpCw�

��b��ƪÐ�B)�Aw�]�jEÃǙ�AT���E̐ã�$�trpCw���

b��ʗ˿8B)�Aw�]�jEÃǙ�AĽʳʼELB -H�t[��ȟ·ĮĪ3 ml

*Į͇�
w�]�jEĢĆ�$� 

�

2-1-13 Ĵį̗à0˕ǥ 

� 0.2 mld��v.
BigDye® Terminator v3.1 /1.1 Cycle Sequencing Kit (Applied 

biosystems) Eɏ�$PCRąƋȟ (Ready Reaction Premix 2 µl
Sequencing Buffer 3 µl
1 

µM primer 3.2 µl) Eˤˋ� 
g�w��i200 ngɠžEî�
�?.ȉEî�˗20 µl

.-A>�.ˤˋ�$�PCRǡ®1
áǛĺƎE95 ˚C*2 min˅�
"0Ƅ
95 ˚C�10 

sec
50 ˚C�5 sec
60 ˚C�4 minE1YJT�+�)25YJT�˅�
4 ˚C*ąƋEǽ;

$� 

� 1.5 mld��v.PCRɎɂEɵ�
125 mM EDTA(pH 8.0) 2 µl
3 M̘̚ki�K�2 µl


100͎Mbo��50 µlEî�
-80 ˚C*15Þ̧J�R�y�[���$�4 ˚C.)15,000 

rpm*30Þ̧̎ƉÞ̶Ƅ
�ȥḘā�$��B.70%Mbo��100 µlEî�
4 ˚C

.)13,200 rpm*10Þ̧̎ƉÞ̶Ƅ
�ȥḘā�
ŌȪ�*10Þ̧͂��$��0PCR

Ɏɂ0DNAĴį̗à1
ABI automatic Sequencer (Perkin Elmer Japan, Tokyo) Eɏ�)˕

ǥ�$�Ĵį̗à0h�b1
GENETYX-Mac NETWORK version 15.0.6 (GENETYX 

CORPORATION) .>@˕ǥ�$� 

�

�

�
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2-1-14 ~�dT��l�UYJi0º  ̀

� XhoI
NotI
EcoRV
HindIII
ApaI0ˡ˪̗àEē:>�
«�.ɬ�Hcwb�̗

àE˛˗�$�˛˗�$50 µM MCS1+50 µM MCS2E 20 µl (+Tris-HCl (pH7.5)- 

MgCl2 10 µld��v.�B
95 ˚C.˛Ŋ�$Y���RY�*2Þ̧J�R�y�i�

$�ąƋʖ�Ƅ
ŌȪ.-A8*ƽʤ�$�MC1+MCS20mT�Odj̗àE«�.

ɬ�� 

 

MCS1  5'-CTCGAGGCGGCCGCGATATCAAGCTTGGGCCC-3' 

MCS2  3'-GAGCTCCGCCGGCGCTATAGTTCGAACCCGGG-5'  

 

2-1-15 pBlue script II SK+50~�dT��l�UYJi0ƪÐ 

� Ǟʄ 2-1-13* trpCw���b�+b��n�b��ƪÐ�B)�A�+�ɫˡ*

�$yTb�EpBlue script II SK+EApaI*Ȟó�
Ǟʄ 2-1-2+Đǵ0ǊȒ*ʊˋ�$�

yTb�3,000 ng.œ�
10 × Buffer 20 µl
10 unit / µl XhoI͏Takara͐3 µlEî�
ąƋ

ȟ̟�300 µl.-A>�.MilliQ waterEî�$�ąƋ0$;
37 °C*12Ǔ̧J�R�

y�[���
Ǟʄ 2-1-2+Đǵ0ǊȒ*ʊˋ�$�2-1-6+Đǵ0ǊȒ*
��.Ǟ

ʄ 2-1-14*ºˋ�$~�dT��l�UYJiEƪÐ�$�Ǟʄ2-1-7+Đǵ.
Ľʳ

ʼ0ſ˲˹ƲE˅�
ʦǍǞʄ2-1-8+Đǵ0ǊȒ*
X�l�cJ�TiPCR.>'

)~�dT��l�UYJi�ƪÐ�B)�Aw�]�jEÃǙ�AT���E̐ã

�$�~�dT��l�UYJi�ʗ˿8B)�Aw�]�jEÃǙ�AĽʳʼELB 

- H�t[��ȟ·ĮĪ3 ml*Į͇�
w�]�jEĢĆ�$� 

 

2-1-17 Ĵį̗à0˕ǥ 

� 0.2 mld��v.
BigDye® Terminator v3.1 /1.1 Cycle Sequencing Kit (Applied 

biosystems) Eɏ�$PCRąƋȟ (Ready Reaction Premix 2 µl
Sequencing Buffer 3 µl
1 
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µM primer 3.2 µl) Eˤˋ� 
g�w��i200 ngɠžEî�
�?.ȉEî�˗20 µl

.-A>�.ˤˋ�$�PCRǡ®1
áǛĺƎE95 ˚C*2Þ̧˅�
95 ˚C�10 sec
50 

˚C�5 sec
60  ˚C�4 minE1YJT�+�)25YJT�˅�
4 ˚C*ąƋEǽ;$� 

� 1.5 mld��v.PCRɎɂEɵ�
125 mM EDTA(pH 8.0) 2 µl
3 M̘̚ki�K�2 µl


100͎Mbo��50 µlEî�
-80 ˚C*15Þ̧J�R�y�[���$�4 ˚C�15,000 

rpm
30 min̎ƉÞ̶Ƅ
�ȥḘā�$��B.70%Mbo��100 µlEî�
4 ˚C�

13,200 rpm*10Þ̧̎ƉÞ̶Ƅ
�ȥḘā�
ŌȪ�*10Þ̧͂��$��0PCRɎ

ɂ0DNAĴį̗à1
ABI automatic Sequencer (Perkin Elmer Japan, Tokyo) Eɏ�)˕ǥ

�$�Ĵį̗à0h�b1
GENETYX-Mac NETWORK version 15.0.6 (GENETYX 

CORPORATION) .>@˕ǥ�$� 

 

 

2-1-18 GeneticinʩƎ̑²ńP_ei0ß@Ý� 

� ɰƙĽņ �Şǃ īǀƬ>@ˬȩ�)�$%�$pSilent-Dual1 79)0GeneticinʩƎ̑

²ńP_eiESac I͏Takara͐.>')Ȟó�$�pSilent-Dual1 3,000 ng.œ�
10 × 

Buffer 20 µl
10 unit / µl SacI͏ Takara 2͐ µlEî�
ąƋȟ̟�300 µl.-A>�.MilliQ 

waterEî�$�ąƋ0$;
37 °C*12Ǔ̧J�R�y�[���$�ąƋʖ�Ƅ
Ǟ

ʄ 2-1-2+Đǵ0ǊȒ*ʊˋ�$� 

 

2-1-19 pBlue script II SK+50GeneticinʩƎ̑²ńP_ei0ƪÐ 

� SacI.>')ß@Ý�$GeneticinʩƎ̑²ńP_eiEűȱǝɾó�$�trpCw��

�b�
b��n�b��ƪÐ�B$pBlue script II SK+ESacI*å̫̙ʒȞó�
ʊˋ

�$<0Eűȱó�$Ƅ
×3Ǟʄ 2-1-2+Đǵ0ǊȒ*ʊˋ�
h ��̚ó�$�Ǟ

ʄ 2-1-2+Đǵ0ǊȒ*ʊˋƄ
"�.Ǟʄ2-1-6+Đǵ0ǊȒ*
GeneticinʩƎ̑²ń

P_eiEƪÐ�
Ǟʄ 2-1-7+Đǵ0ǊȒ*Ľʳʼ0ſ˲˹ƲE˅'$�Ǟʄ 2-1-8
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+Đǵ.
X�l�cJ�TiPCR.>')GeneticinʩƎ̑²ńP_ei�ƪÐ�B

)�Aw�]�jEÃǙ�AT���E̐ã�$�GeneticinʩƎ̑²ńP_ei�ʗ

˿8B)�Aw�]�jEÃǙ�AĽʳʼELB - H�t[��ȟ·ĮĪ3 ml*Į͇�


w�]�jEĢĆ�$� 

�

2-1-20 Ĵį̗à0˕ǥ 

� 0.2 mld��v.
BigDye® Terminator v3.1 /1.1 Cycle Sequencing Kit (Applied 

biosystems) Eɏ�$PCRąƋȟ (Ready Reaction Premix 2 µl
Sequencing Buffer 3 µl
1 

µM primer 3.2 µl) Eˤˋ� 
g�w��i200 ngɠžEî�
�?.ȉEî�˗20 µl

.-A>�.ˤˋ�$�PCRǡ®1
áǛĺƎE95 °C*2Þ̧˅�
95 ˚C�10 sec
50  

˚C�5 sec
60 ˚C�4 minE1YJT�+�)25YJT�˅�
4 ˚C*ąƋEǽ;$� 

� 1.5 mld��v.PCRɎɂEɵ�
125 mM EDTA(pH 8.0) 2 µl
3 M̘̚ki�K�2 µl


100͎Mbo��50 µlEî�
-80 ˚C*15Þ̧J�R�y�[���$�4 ˚C�15,000 

rpm*30Þ̧̎ƉÞ̶Ƅ
�ȥḘā�$��B.70%Mbo��100 µlEî�
4 ˚C

�13,200 rpm*10Þ̧̎ƉÞ̶Ƅ
�ȥḘā�
ŌȪ�*10Þ̧͂��$��0PCR

Ɏɂ0DNAĴį̗à1
ABI automatic Sequencer (Perkin Elmer Japan, Tokyo) Eɏ�)˕

ǥ�$�Ĵį̗à0h�b1
GENETYX-Mac NETWORK version 15.0.6 (GENETYX 

CORPORATION) .>@˕ǥ�$� 

 

2-2 pBPE-GFP0Ǵʆ 

 

2-2-1 J�Y�i.ɏ�Agfp0º  ̀

� J�Y�i.ɏ�$gfp1
̋ ā.ǞɥɺŌ*
T-easy vector.T��l�U�$<0

Eɏ�$�gfpEß@Ý�$;.
gfp�ʗ˿8B$T-easy 3,000 ng.œ�
10 × Buffer 30 

µl
10 unit / µl NotI͏Takara͐3 µlEî�
ąƋȟ̟�300 µl.-A>�.MilliQ waterE
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î�$�ąƋ0$;
37 ˚C*12Ǔ̧J�R�y�[���$�2 % Agarose S͏ Takara͐

/1 × TAE ºˋ�
ȯȟ�-�-A8*ĎKL�.10 µl (Hw�J�$�50 V*60Þ

̸̧ȈȖòƄ
ɞəǈɀEW��?ß@Ý�
Spin Column DNA Gel Extraction Kit(Bio 

Basic Inc.)Eɏ�)
ʊˋ�$�ß@Ý�$W�.œ�)
3Æ̟0Binding Buffer IIEî

�
ŌȪ*10Þ̧̺ʤ�
˹ ÇȣęE�
W�Eȯ˕�$��BESpin Column.ɵ�


2Þ̧ŌȪ*̺ʤ�$�"0Ƅ
10,000 rpm*1Þ̧̎Ɖ�$��0d��v0ŹȟEƫ

)
Wash SolutionE500 µlî�
10,000 rpm*1Þ̧̎Ɖ�$��0ƹºE2Ģʣ@́�


d��v0ŹȟEƫ)
10,000 rpm*2Þ̧̎Ɖ�
1.5 mld��v.P��Eɵ�
"

B.MilliQ WaterE30 µlÐB
10,000 rpm*2Þ̧̎Ɖ�ȯÝ�$�W�ĢĆ�$ǈɀE

űȱǝɾó�
Ǟʄ 2-1-2+Đǵ0ǊȒ*ʊˋ�$� 

�

2-2-2 pBPE50gfp0ƪÐ 

� Ǟʄ 2-1*Ǵʆ�$pBPEEEcoRVȞó�$�ąƋÄ�Ƅ
Ǟʄ 2-1-2+Đǵ0ǊȒ

*ʊˋ�
ʰ��̚ó�$��BEǞʄ 2-1-2+Đǵ0ǊȒ*ʊˋ�
Ǟʄ 2-2-1*º

ˋ�$gfpEƪÐ�A$;.
Ǟʄ 2-1-6+Đǵ0ʗƖ�?ƖAąƋȟEˤˋ�
16 ˚C

*16Ǔ̧J�R�y�[���$�Ǟʄ 2-1-7+Đǵ0ǊȒ*
Ľʳʼ0ſ˲˹ƲE˅

�
Ǟʄ 2-1-8+Đǵ.
X�l�cJ�TiPCR.>')T���E̐ã�$�gfp

�ʗ˿8B)�Aw�]�jEÃǙ�AĽʳʼELB-H�t[��ȟ·ĮĪ3 ml*Į

͇�
w�]�jEĢĆ�$� 

 

2-2-3 Ĵį̗à0˕ǥ 

� 0.2 mld��v.
BigDye® Terminator v3.1 /1.1 Cycle Sequencing Kit (Applied 

biosystems) Eɏ�$PCRąƋȟ (Ready Reaction Premix 2 µl
Sequencing Buffer 3 µl
1 

µM primer 3.2 µl) Eˤˋ� 
g�w��i200 ngɠžEî�
�?.ȉEî�˗20 µl
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.-A>�.ˤˋ�$�PCRǡ®1
áǛĺƎE95 ˚C*2Þ̧˅�
95 ˚C�10 sec
50 

˚C �5 sec
60 ˚C�4 minE1YJT�+�)25YJT�˅�
4 ˚C*ąƋEǽ;$� 

� 1.5 mld��v.PCRɎɂEɵ�
125 mM EDTA(pH 8.0) 2 µl
3 M̘̚ki�K�2 µl


100͎Mbo��50 µlEî�
-80 ˚C*15Þ̧J�R�y�[���$�4 ˚C�15,000 

rpm*30Þ̧̎ƉÞ̶Ƅ
�ȥḘā�$��B.70%Mbo��100 µlEî�
4 ˚C

�13,200 rpm*10Þ̧̎ƉÞ̶Ƅ
�ȥḘā�
ŌȪ�*10Þ̧͂��$��0PCR

Ɏɂ0DNAĴį̗à1
ABI automatic Sequencer (Perkin Elmer Japan, Tokyo) Eɏ�)˕

ǥ�$�Ĵį̗à0h�b1
GENETYX-Mac NETWORK version 15.0.6 (GENETYX 

CORPORATION) .>@˕ǥ�$� 

 

 

3 GFPɗɈǫ0ºÝ 

 

3-1   w�iw�]ió  

 

3-1-1� ʮńƕȵȟ0º  ̀

� T���y�dÖ*
PDAǇ̻ĮĪ.ǞʋɄʼ0ʮńă3ÞɍńEƵɷ�
30 ˚C*

3͜5Ǎ̧Į͇�$�Į͇Ƅ
�B?0PDAǇ̻ĮĪ.
0.05  ͎ Tween 80E"B#B
5 

ml (î�
2 ml0hI]z�Y�͏Tpp͐0Í*ʼ·Eè��
ƕȵ�!$���i

0�.ɞ̦�160 µm0 kJ���e[�͏ Ěɔ 81/2xx-160
ɐ��ǻ̕ĝŶ E͐�!


�BE15 mld��v.�!
ƕȵȟ5 mlEî�ȷ̋�$��0ƹºE2Ģ˅�
ʮńƕ

ȵȟ10 mlEºˋ�$�8$
˄ɉ˗ʁɝ͏Erma͐.Pq�Q�]E�!
"0̧̱.

ʮńƕȵȟE0.05  ͎ Tween 80.>@10ÆŬ̜�$<0E10 µlȔÐ�
̄̋Ĭo�~�

]R�ƇÞŰȧˉʤ0(�$ÇɼĬ̀Ƈ  ̤ IMT2-NIC͏ Olympus E͐ɏ�)ʮńǁEȫ
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Ŋ�$�ʮńƕȵȟ1
4 ˚C.)ÃŅ�$�«̪
Ǟʄ 3-2-38*0ƹº1Ñ)T��

�y�dÖ*˅DB$� 

�

3-1-2  P. purpurogenum IAM15392ǫ0Į͇+ĢĆ�>3ȗȚ 

� 500 mlŎ�˔u�]X.įǞĮĪ(20 g Soluble starch, 2 g BactoTM Yeast Extract / L 50 

mM citric acid / Na3 –citrate buffer , pH 5.0)E100 mlˤˋ�$<0E4Ǟɏƒ�
ʮńƕȵ

ȟ͏7.2×106 cell/ml͐Eǯʼ�$�"BE30 ˚C.)130 rpm͏Eyela Malti Shaker Mms͐*

24 hrĮ͇�$� 

� Į͇ȟE50 mld��v.50 mlÞć�
4 ˚C�3000 rpm*15Þ̧̎Ɖ�$��ȥEƫ

)
Į͇ȟ�-�-A8*�0ƹºEʣ@́�$� 

� ĢĆ�B$ʼ·0Ð'$50 ml0d��v.
O�iT��vȰʼ�B$25 ml00.8 

M NaClEî�$�4 ˚C�3000 rpm*15Þ̧̎Ɖ�
�ȥEƫ)$�×ŷ0.8 M NaClEî

�Đǵ0ǡ®*̎Ɖ�
�ȥEƫ)$� 

�

3-1-3 ̙ʒÜɊ.>Aʕʮķ0̭ā 

� ȗȚ�$ʼ·Eǉ��15 mld��v.ɵ�
5 ml0Yatalase enzyme solution͏1.5 % 

w/v YatalaseTM (Takara), ʖȶŷ 0.8 M NaCl, 1 mM DTT, 0.01 M Na phosphate buffer, pH 

6.0 ͐Eî�$��BE30 ˚C*90Þ̧J�R�y�[���)
ʕʮķḘā�$� 

 

3-2 Penicillium purpurogenum0ſ˲˹Ʋ 

 

3-2-1 w�iw�]i0ĢĆ 

� ��i0�.ȷū+�)Milacloth͏Calbiochem͐E�!
�B.̙ʒąƋȟEî�


ȷ̋�
50 mld��v.w�iw�]iEĢĆ�$�ȷȟE4 ˚C�3,000 rpm*15Þ̧

̎ƉÞ̶�
�ȥḘā�$� ��.Solution I (ʖȶŷ 0.8 M NaCl, 0.05 M CaCl2, 0.01 
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M Tris/HCl, pH7.5) E10 mlî�
z�eiEƕȵ�!$Ƅ
4�C�3,000 rpm*15Þ̧̎

ƉÞ̶�$��ȥḘā�
×3�0ƹºEʣ@́�$� 

�

3-2-2 w�iw�]iPEGȒ.>AyTb�0ŖÐ 

� ĢĆ�$w�iw�]i.Solution I 300 µl
1M DTT 0.45µl
Solution II͏50 % w/v 

polyethylene glycol 4000, ʖȶŷ 0.05 M CaCl2, 0.01 M Tris/HCl, pH7.5  ͐ 500 µlEî�


ƕȵ�$�ǉ��ɏƒ�$3Ǟ015 mld��v0�&2Ǟ.5 µg
10 µg0pBPE-GFPE

"B#BÞć�
Solution I
1M DTT
Solution IIEē:100 µl0w�iw�]iȯȟE

î�$�-�
Ȁ@1Ǟ0d��v.1yTb�EÞć! 
100 µl0w�iw�]i

ȯȟ%�Eî�
nQgIvX�i���+�
¨0ʌ+Đǵ0ƹºE˅'$�ąƋ

ȟE30Þ̧Ȋ�*J�R�y�[��Ƅ
ąƋÉǽ0$;.500 µl0Solution IIEî�

)ƕȵƄ
Ȋ�*�?.20Þ̧J�R�y�[���$� 

 

3-2-3 NaClēǙ YMA/Geneticin ĮĪ50ǯ  ̓

� ąƋʖ�Ƅ
"B#B0d��v.
10 ml0Solution IEî�
ǁĢ˹Çȣę�$�4 

˚C�3,000 rpm*5Þ̧̎ƉÞ̶�$Ƅ
500͜1000 µlɶŷ0ȯȟ�ȀA>�.hP�g

�[��*�ȥEƫ)$�Ȁ'$�ȥ*z�eiEƕȵ�
50 µlE150 µg/ mL G418 ¢

ɪ̚Ĵȉȯȟ͏nacalai tesque͐+3.8 % (w/v) NaCl Eē:YMA(5 g peptone, 3 g BactoTM 

Malt Extract, 10 g D(+)-Glucose, 20 g INA –Agar  / L) / GeneticinĮĪ.]}ei�$�"

0��?
150 µg/ ml G418 ¢ɪ̚Ĵȉȯȟ͏ Nacalai Tesque +͐3.8 % (w/v) NaCl 
0.5 % 

agar (W�óȪŷ30͜31 ˚C; nakalai tesuque)Eē:YMĮĪ5 mlEî�
w�iw�]i

ȯȟ�īʀ.-A>�
ĮĪÑ·.ƶ�Ŵ�$�"0Ƅ
30Þ̧ɶŷƽʤ�
ĮĪE

�Ⱦ�!$��ȾƄ
[���0ĻÊEY\P�g�w͏]��M�x�]VH͐*

ũ�
ȉ̌ȉ*Ȭ?!$R��JwEǃ�$ɗɧ]d���ˋ0ʃ0�*30 ˚C*4͜7

Ǎ̧̺ʤĮ͇E˅'$� 
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�

�

�

3-3 GFPɗɈǫ0]T��l�U 

 

3-3-1 ˀçʩƎǫ0_�T[�� 

� T���y�dÖ*
Ǟɽ 3-2-3*ǯʼ�$w�iw�]i�?
ǎǛ.ĮĪ�.ɍ

�)�$<0E3.8 % (w/v) NaCl Eē8-�YMA/Geneticin ĮĪ.ɵ�
ʮńſƖEɫ

ˡ*�$?
×3Đǵ0ʗƖ�?-AĮĪ.ǯʛ�%��BE˗7Ģ˅'$�

YMA/Geneticin ĮĪ*0ɍʬ�ʹŀ%'$ǫE̐ã�
«̪0ŋ͉.ɏ�$� 

 

3-3-2 Typhoon9410.>AGFPɗɈǫ0]T��l�U 

� Ȱʼ͕č˔[���(Ǫɥóņ).YMAĮĪE100 mlˤˋ�$�"�.̞ɍǫ+̐ã

�B$ˀçʩƎǫET���y�dÖ*ǯʼ�
30 ˚C*7Ǎ̧̺ʤĮ͇�$�̓ ·�ɍ

ʬ�)�A�+Eɫˡ�
q�Hv�J��\Hk�JZ�0Typhoon 9410 (GE 

Healthcare UK Ltd)Eɏ�)
GFP0˃Î[Uk�Eċˑó�$��0+�
GFPEð˴

�!A$;.488 nm0��Z�E̐Ơ�
526 nm0ȓ̥EǰÝ*�A>�.˛Ŋ�$� 

 

3-4 gfp0ǰÝ 

 

3-4-1 ſ˲˹Ʋ·0Į  ͇

� YMĮĪE100 mlˤˋ�
30 ˚C�200 rpm*4Ǎ̧Į͇�$�Md��ORYJjQ]

.>@HPSPȰʼqeUEɏ�)Ȱʼ�$ȷʐ͏No. 2͐
vuk�Ȳǅă3ĔżɌ.>

@
̞ɍǫ+ſ˲˹Ʋ·0Į͇ȟEĔżȷ̋�$�ʼ·EO�iT��v.>@Ȱʼ
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ÜɊ�$50 mM citric acid / Na3 –citrate buffer (pH 5.0).)ȗȚƄ
ȷʐ�.Ȭʼ·Eƅ$�

ʼ·1ȟ·ɻʒ*Ûʙ�!
-80 ˚C*ÃŅ�$� 

 

 

3-4-2śʒ/uLo��ȒE<+.Ƽʹ�$DNAƢÝȒ.>AWo�DNA               

ƢÝ 

� -80 ˚C*ÙÛÃŅ�$Į͇ʼ·1.0 gE�ɛľɴ*ɴć'$�̓ ·E�̡.ÐB
Ȋ�

*Ù=�)��$�̡.ȟ·ɻʒEî�-�?
Đ��Ȋ�*Ù=�)��$�Ǯ*

ʉɦ�$�ʉɦ�$ʼ·E15 ml d��v.ÐB
 1 × DNAƢÝBuffer͏ ʖȶŷ1.0  ͎

SDS, 40 mM EDTA, 100 mM Tris-HCl (pH 7.5), 600 mM NaCl, 5M śʒ, 5  ͎uLo��, 

10 mM β��PwiMbo��͐E4 mlî�
Vortex-Genic 2͏ Scientific Industries͐Eɏ

�5 ɳ̧ȴ��ƸƤ�$�ȟ·ɻʒ.>')
ƢÝȟEÛʙ�!
"0Ƅ
50 ˚C0K

N�b�q]Ö*ȯ˕�$��0ƹºE2Ģʣ@́�$�ƢÝȟ+Đ̟͏4 ml͐0PCI

͏0.5 M Tris-uLo��͘T��{��͘JaH��H�X��͙25͘ 24͘ 1 E͐î�


Vortex-Genic 2*ȴ��ƸƤ�
ŌȪ�3,000 rpm*30 Þ̧̎Ɖ�$��šE~JT�

tzei͏Gilson͐*ã015 ml d��v.ɵ�$��0ƹºE2Ģʣ@́�$�ǉ�

�15 ml d��v.ɵ�$�ȥ.œ�
ʀ̟0T��{��Eî�
Vortex-Genic 2*

ȴ��ƸƤ�
ŌȪ�3,000 rpm, 30Þ̧̎Ɖ�$��ȥEǉ��15 mld��v.ɵ�


-80 ˚C*Ùþ�$100  ͎Mbo��E2.5Æ̟͏ 10 ml î͐�˹Çȣę�
4 °C�3,000 rpm

*30Þ̧̎Ɖ�$��ȥEć@̭�
-20 ˚C*Ùþ�$70͎Mbo��E5 mlî�
4 ˚C

�3,000 rpm*10Þ̧̎Ɖ�$��ȥEć@̭�
z�ei�̄Ǐ.-A8*͂��$�

TE͏10 mM Tris-HCl pH 8.0
1 mM EDTA pH 8.0͐2 ml*z�eiEȯ˕�
4 ˚C*̺

ʤ�$� 

� ʦǍ
RNase G.S͏Wako, Nippon Gene͐E2 µlî�
37 ˚C
1 hrJ�R�y�[��

�
RNAEÞ˕�$�ąƋƄ
 2 ml0PCIEî�
|�geT]*ƺƤ
ŌȪ�3,000 rpm
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30Þ̧̎Ɖ�$��ȥEĢĆ�
"B+ʀ̟0T��{��Eî�
|�geT]*

ƺƤƄ
3,000 rpm*30Þ̧̎Ɖ�$��ȥEĢĆ�
ǉ��1.5 mld��v͏ BIO-BIK͐

.ɵ�
3 M ̘̚ki�K�E1/10̟+100͎Mbo��E3Æ̟î�
-80 °C*30Þ̧

̺ʤƄ
 4 ˚C�13200 rpm*20Þ̧̎Ɖ�
hP�g�[��*�ȥEƫ)$�70͎M

bo��E200 µlî�
4 ˚C�13,200 rpm*10Þ̧̎Ɖ�
�ȥEƫ)
͂��$�͂

�Ƅ
z�eiETE 200 µl*ŉÑ.ȯ˕�
−20 ˚C*ÃŅ�$� 

�

3-4-3 Agarose S/EtBr ̸ȈȖò.>AWo�DNA0Ŋ  ̟   

� ~�P�+�)λDNA/Hind IIIE»ɏ�
ǌɤȶŷ0λDNA͏ Takara E͐ǶȮ+�)50, 

100, 150, 200 ng/µl
ă3Ǟʄ3-4-2*ƢÝ�$Wo�DNAȯȟEĀȟ
 10ÆŬ̜
50

ÆŬ̜�$5 µlE1  ͎ Agarose S͏ Takara /͐1 × TAE Eɏ�)100 V*30Þ̸̧ȈȖò�


Md\K�v�~Jj͏EtBr 10 µl/1 × TAE 1 ml͐*20 minǨʺ�$�Ǩʺ�$HQ�

�]W�Ei��]J��n�b�High Performance UV Transillminator͏ ukX[͐0

�.ʤ�
ʔĻʞȼŕ͏302 nm͐*
3.5ɳ̧
̸ȈȖòW�Ʒƀ/˕ǥ[]g� Kodak 

Digital Science EDAS Version 3.6͏Kodak͐.>@Ʒƀ�$� 

 

3-4-5� PCR.>Agfp0ǰÝ 

� 10 ng/µlWo�DNAE1 µlî�$
0.2 mld��v.Go Taq DNA Polymerase͏ Promega͐

Eɏ�$ąƋȟ19 µl (5 × Go Taq Reaction Buffer 4 µl
10 mM dNTPs 0.4 µl
10 µM 

GFP-for 1 µl
10 µM GFP-rev 1 µl
5 unit/µl Go Taq DNA Polymerase 0.1 µl
Milli Qȉ 12.5 

µl) Eî�
PCR͏áǛĺƎE95 °C*10 Þ̧˅�
"0Ƅ95 ˚C�30 sec, 50 ˚C�30 sec, 

72 ˚C� 40 secE1YJT�+�$͐E30YJT�˅'$�PCRɎɂE
DNA~�P�

+�)100 bp DNA laddarEɏ�)2 %HQ��]W�̸ȈȖò�$�»ɏ�$w�J~

�1
«�.ɬ�� 

�
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GFP-for  5’-TATATCATGGCCGACAAGCA-3’ 

GFP-rev  5’-GAACTCCAGCAGGACCATGT-3’ 

 

 

3-4-6 TAT��l�U 

� Ǟʄ2-1-2+Đǵ0ǊȒ*PCRɎɂEʊˋ�
Ǟɽ2-1-6+Đǵ0ǊȒ*pGEM-T easy 

vector (Promega).PCRɎɂEƪÐ�$�Ǟʄ2-1-7+Đǵ0ǊȒ*Ľʳʼ0ſ˲˹ƲE

˅�
Ǟʄ2-1-8+Đǵ.
X�l�cJ�TiPCR.>')T���E̐ã�$� 

 

3-4-7 Ĵį̗à0˕ǥ 

� 0.2 mld��v.
BigDye® Terminator v3.1 /1.1 Cycle Sequencing Kit (Applied 

biosystems) Eɏ�$PCRąƋȟ (Ready Reaction Premix 2 µl
Sequencing Buffer 3 µl
1 

µM primer 3.2 µl) Eˤˋ� 
g�w��i200 ngɠžEî�
�?.ȉEî�˗20 µl

.-A>�.ˤˋ�$�PCRǡ®1
áǛĺƎE95 ˚C*2Þ̧˅�
95 ˚C�10 sec
50 

˚C�5 sec
60 ˚C�4 minE1YJT�+�)25YJT�˅�
4 ˚C*ąƋEǽ;$� 

� 1.5 mld��v.PCRɎɂEɵ�
125 mM EDTA(pH 8.0) 2 µl
3 M̘̚ki�K�2 µl


100͎Mbo��50 µlEî�
-80 ˚C*15Þ̧J�R�y�[���$�4 ˚C�15,000 

rpm*30Þ̧̎ƉÞ̶Ƅ
�ȥḘā�$��B.70%Mbo��100 µlEî�
4 ˚C

�13,200 rpm*10Þ̧̎ƉÞ̶Ƅ
�ȥḘā�
ŌȪ�*10Þ̧͂��$��0PCR

Ɏɂ0DNAĴį̗à1
ABI automatic Sequencer (Perkin Elmer Japan, Tokyo) Eɏ�)˕

ǥ�$�Ĵį̗à0h�b1
GENETYX-Mac NETWORK version 15.0.6 (GENETYX 

CORPORATION) .>@˕ǥ�$� 
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3-5 ˃Î̀Ƈ̤˓ő.>AGFPɗɈ0ɫ  l

� 15 mL d��v.PDĮĪ3 mLEî�
̞ ɍǫ+ſ˲˹Ʋ·E"B#B30 °C*4Ǎ̧

Į͇�$�̓ ·�ɍʬ�)�A�+Eɫˡ�
˹ Çȣę�$Į͇ȟE]�jU�].5 

µl]}ei�
"0��?Pq�U�]E�4!$�HSO��J���˃Î̀Ƈ̤

(Keyence, BZ-9000)E<&�)
Ǐˑ̞˓ő+˃Î˓őE�
GFP0ɗɈEɫˡ�$�

�0Ǔ
̞ɍǫ1 × 400Æ
ſ˲˹Ʋ·1 × 200Æ*˓ő�$�-�
]V��q�1

50 µm.˛Ŋ�$� 

�

ɿ3ʄ ŋ͉ʙǦ 

 
1 GFPɗɈǫ0]T��l�U 

 

1-1 YMA/ GeneticinĮĪE»'$]T��l�U 

� YMA/GeneticinĮĪ.yTb�Eʗ9˿F%w�iw�]ióȯȟEĳū�$+�

C
5 µg0yTb�EŖÐ�$<0�?21Å
10 µgEŖÐ�$<0�?24Å0X�l

��ƅ?B$�7Ģ0ʛª0�*YMA/GeneticinĮĪ*ňŊ�$ɍʬEɬ�$6ʼǫ0ˀ

çʩƎǫ(TP1
TP2
TP6
TP7
TP8
TP13)E�?.]T��l�U�$(Fig. 18)� 

 

1-2 Typhoon9410.>A]T��l�U 

� Ǟʄ 1-1*ƅ?B$ˀçʩƎǫ*GFP�ɗɈ�)�A�ˤ6A$;.
Typhoon9410

E»')
GFP0ɗɈ[Uk�EǰÝ�$�"0ʙǦ
TP6
TP7
TP8�?[Uk�

�ǰÝ�B$��Ǌ
TP1
TP2
TP13�?1[Uk��ǰÝ�B-�'$͏ Fig. 19 �͐ 
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1-3 PCR.>Agfp0ǰÝ 

� Ǟʄ 1-2*ɗɈ[Uk��ǰÝ�B$3ʼǫ0Ǩʺ·�.gfp�ƪÐ�B)�A�ˤ

6A$;.
�B?ʼǫ0Wo�DNAE̢Ĭ.PCRE˅'$�"0ʙǦ
Ñ)0ʼǫ

�?gfp0Ķůǈɀ�ǰÝ�B$��*<
TP6.(�)1
ǘ<Ž�q�jŽŷEɬ

�$(Fig. 20)� 

 

 

1-4 ˃Î̀Ƈ̤.>AGFPɗɈǫ0ǰÝ 

� Ǟʄ 1-3*ǘ<Ž�q�jŽŷEɬ�$TP6�.��AGFP0ŜĩE˃Î̀Ƈ̤.

>')˓ő�$�GFP1ʼʋÑ·.Ŝĩ�)�A�+�Þ�'$(Fig. 21)� 

�

2 ſ˲˹ƲǊȒ+"0ʙǦ 

� pBlue script II SK+Eį.�P. purpurogenum*»ɏ*�AɗɈyTb�(pBPE)EǴʆ�

$�(Fig. 22) ˀç~�P�+�)
HygromycinʩƎ̑²ń+GeneticinʩƎ̑²ńEɏ

�$�Geneticin1Hygromycin«Ļ.P. purpurogenum*»ɏ*�Aˀç*�A�+�Ǐ

?�.-'$�ˀ çʩƎ̑²ń�>3
ɞə̑²ń0ɗɈ0$;.
Aspergillus nidulans

.ɑǢ�AtrpCw���b�+trpCb��n�b�E»ɏ�$�
P. purpurogenum*<

»ɏċʯ*�A�+�Þ�'$� 

� Ǟɽ*1
Aspergillus oryzae0ſ˲˹ƲȒ 80) Eį.
Fig. 23.ɬ�ǊȒ*
P. 

purpurogenum0w�iw�]ióE˅�
Fig.24.ɬ�ǊȒ*ſ˲˹ƲE˅'$��0

ǊȒE»')
ſ˲˹ƲE�$ʙǦ
ǘʖə.3ʼǫ0ſ˲˹Ʋ·�ƅ?B$�8$


5 µg0yTb�EŖÐ�$+�
Ñ·X�l−ǁ.œ�)ƅ?B$ſ˲˹Ʋ·0Ȇɇ�

0 %%'$0.œ�
10 µgEŖÐ�$+�1
12.5 %%'$����
͕(0ǡ®�.

��AÑ·X�l�ǁ.̍�1-�(Table5)� 

�
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ɿ4ʄ ʧő 
 
� Ɨ�1P. purpurogenumɏ0ǉːɗɈyTb�EǴʆ�A�+�*�$�"BE»'

)gfpEP. purpurogenum*ɗɈ�!$+�C
3ʼǫ0ˀçʩƎǫ�?ɗɈ�ɫˡ*�

$� 

� ¦ĢƗ��Ǵʆ�$yTb�.1
Aspergillus nidulans.ɑǢ�AtrpCw���b�

E»ɏ�)�A�A. nidulans0trpCw���b�1
ʋɄʼ0̑²ńɗɈ.>�ɏ�?

BAw���b�0�(*�A�81,82,83)
Ɉĩ8*.P. purpurogenum*0»ɏ¼1

-��Ǟɥɺ0ʙǦ�?
P. purpurogenum0̑²ńɗɈ.̨�)<äɏ*�A�+�

Ǐ?�.-'$����
"0GFP0˃Î1͊�-�'$0*
M�p�Y�E©î

�A�
P. chrysogenumɑǢ0M�jU�Pk�`̑²ń(xylP)0w���b�84)0>

�.
>@Ží-w���b�0»ɏ�ǚ8BA� 

� ļ�0Ɵɍɂ˲0�*
Hygromycin=Geneticin1ʋɄʼ0ſ˲˹ƲǓ.>�ɏ�?

BA�"0$;
Ǟʼ0ſ˲˹Ʋ.<�B?¢ɷ́0ˀçʩƎ̑²ńE̐Ơ�
yT

b�.ʗ9˿F%�¦Ģ1
ƅ?B$Ñ·X�l�ǁ�"B7,ļ�-�
Geneticin

.>A]T��l�U%�E˅'$����
¦Ƅ
ſ˲˹Ʋñɇ�Ē��$Ĳď1


Geneticin.î�)
Hygromycin*0]T��l�UE˅��+*ſ˲˹Ʋ·0]T�

�l�U.>@͊�̐ƠĨE��?BA�+�Ǜƃ*�A� 

� ſ˲˹Ʋ1
ʋɄʼ.»��*<�ʸə-ǊȒ*�Aw�iw�]iPEGȒE̐Ơ

�$�ǌ.ɫɼ�B)�AAspergillus oryzae0ſ˲˹ƲȒ 80).Ř�0ƼĺEî�


P.purpurogenum*<̏Ƌ*�A>�.�$�A.oryzae0ʕʮEw�iw�]ió�A̲


3͜4 hrEˎ�A� 80͐
P.purpurogenum*1
"0øÞ0Ǔ̧*7+F,0ʕʮ�w

�iw�]i.-A�+�Þ�'$��0+�
A.oryzae*1Yatalase+CellulaseEɏ�

)ʕʮķEÞ˕�A� 80͐
Ǟʼ*1Yatalase%�*<w�iw�]iEƅ?BA�

+�Ǐ?�.-'$� 
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� >@ļ�0ſ˲˹Ʋ·EƅA$;.1
"B#B0ʋɄʼ.̏�$ǡ®�Ņĩ�A�

"0�(�
w�]�j̟*�A�¼�2
A. nidulans.��)
ƅ?BAX�l�0

ǁ1w�]�j0̟.¿Ņ� 85)
Penicillium griseoroseum.��)1ſ˲˹Ʋ.ɏ�

A2(0w�]�j0Ȇɇ.>')
ſ˲˹Ʋñɇ�ĺDA 86͐� 

P. purpurogenum0ſ˲˹Ʋ.1
5 µg<��110 µg0yTb�Eɏ�$�ǞʋɄʼ.

��)1
5 µg
10 µgÓ.
ƅ?BAX�l�ǁ.7+F,Ũ1-�'$����


Ñ·X�l−ǁ.œ�Aſ˲˹Ʋ·0Ȇɇ1
5 µg�0 %.œ�
10 µg�12.5 %%'$�

�$�')
P. purpurogenumEſ˲˹Ʋ�A̲.ɏ�AyTb�̟1Ř-�+<10 µg

Eˎ�A�+�Þ�'$� 

� Ǟɽ*1 P. purpurogenum0ſ˲˹ƲE˅'$�YMA/GeneticinĮĪ*0]T��l

�U0ʙǦ
6ʼǫ0ˀçʩƎǫ�Ǟŋ͉.ɏ�?B$�
ǘʖə.
"0�& 3ʼǫ

�ſ˲˹Ʋ·+�)ƅ?B$��0�+�?
Ɨ�0Ǵʆ�$ǊȒ*1ſ˲˹Ʋñɇ

1µ��+�ɬ�B$��$�')
¦Ƅ1ǊȒ0Ƽğ�Ɗˎ+�BA�8$
̀Ƈ

̤˓ő0ʙǦ
GFP 0ɗɈ�µ��+�Þ�'$0*
ɞə̑²ńE>@͊ɗɈ*�

Ayクターを構築することが重要である。 
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Fig. 18 Growth test of drug resistance strain 
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Fig. 19 The detection of GFP signal by Typhoon9410 
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Fig. 20 The detection of gfp from transformant genomes 
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Fig. 21 Localization of GFP with fluorescence microscopy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 ᖩή᫋ࣇᦟǛဇƍƨ GFP ƷנޅƷӧᙻ҄
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Fig. 22 The plasmid map of pBPE and original restriction site 
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Fig. 23 Manipulation of protoplast preparation 

 

 

 

 

 

Plotplast formation

 For 24 hr at 30 °C with shaking at 130 rpm. 

PP-O production medium (100 mL)

0.2% Bacto Yeast Extract

0.3% Soluble Starch

50 mM citric acid

/Na3 citrate buffer, pH 5.0

Spore of Penicillium purpurogenum IAM15392

15 min at 4 °C, ×1600 g

25 mL of 0.8 M NaCl for 15 min at 4 °C

15 min at 4 °C, ×1600 g

The supernatant 

The supernatant 

Transfer of pellet to a 15 mL tube

Incubation at 30 °C for 90 min 

5 mL of YatalaseTM enzyme solution 

×2
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Fig. 24 Manipulation of transformation of P. purpurogenum 

 

 

Transformation of Penicillium purpurogenum

5 mL of Plotplast solution (50 mL tube)

15 min at 4 °C, ×1600 g

10 mL of Solution I 

10 min at 4 °C, ×1600 g

The supernatant 

300 µL of Solution I 

0.45 µL of 1 M DTT 

150 µL of Solution II

plasmid vector 

×2

On ice for 30 min

500 µL of Solution II

On ice for 20 min

5 min at 4 °C, ×1600 g

The supernatant 

SODWHG�RQWR�<0$�������ȝJ�P/�*���

10 mL of Solution I 
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Table5 The results of transformation in P. purpurogenum IAM15392 

The amount of 

pBPE-GFP 

 

   Total colonies 

Number of 

transformants 

Percentage of 

transformants (%)  ͑

5 μg 21 0 0 

10 μg 24 3 12.5 

͑Percentage of transformants was regard as number of GFP fluorescence strains/total colonies 
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ʝďʧő 
 

� Ǟɥɺ*1
Penicillium purpurogenum 0ɻʒª˨+ʺʒɍɎ+0̨̈ƎEˤ6A�

+*
PP-VɍďƖǹǴE˕Ǐ�A$;.
ɻʒª˨.��A PP-V0ƁëEˤ6A�

+Eɞə+�$�ɿ 1ɽ.)
ʕʮÖ0¹ê0H��lK�E»') PP-VEɍďƖ�

)�A�+�Ǐ?�.-'$��B8*¢ǻª˨1
ɋĵ̏Ƌ.1Ɗˎ+�BA�


ɍĘʜƦ.1Ɗ̾0ª˨*1-�+�B)�$����
̀Ų citrinin = ochratoxinA

+�'$ mycotoxin �
"0>�-óďɂEɍɎ�Aʼ.+')1ɍɊə.̝ˎ-Ɓ

ëEƣ')�A�+�Ǐ?�.-')�)�A� 

� ochratoxin A0ɍɎʼ+�)ɤ?BAP. nordicum=P. vercussum1͊Ĵȶŷǡ®*<

ɍʬ�A�+�ċʯ*�A��B?0ʼ1
ʕʮÖ0 Cl−0ƏŮƎEʜƦ�A$;.

ochratoxin A0Ǵ̇�.Cl-Eć˿8!ʕʮĻ.ƭÝ�)�A+ʧ�?B)�A 52)��

0�+�?
Ǟʼ<�B+Đǵ
H�oįʤƲąƋEäɏ�)
PP-V+�)ʕʮÖ0

¹ê0H��lK�EʕʮĻ.ƭÝ�A�+*
ʕʮÖ0H��lK�0ƏŮƎEʜ

Ʀ�)�A+ʧ�?BA�ŋ̲
S. cerevisiae.��)
̋ļ0H��lK��ʕʮÖ

.ć˿8B$Ĳď
ʕʮÖ*"BEH�o̚.ĺƲ�
SPS i��]}�b�E§�

)ʕʮĻ.ƭÝ�A+���Pl^��ɤ?B)�A 55)����
ʋɄʼ.��)"

0>�-�Pl^�1ıĕ�B)�-���$�')
Ǟɥɺ*Ʊǭ�$ PP-V0Ɓë

1
ʋɄʼ.��A̋ļ0H��lK�EƭÝ�A�Pl^�+�)1á;)0ɤˏ

*�A� 

� ɿ 1ɽ*Ʊǭ�$ʧő.î�
PP-VɍɎ.̨�)Ǐ?�-�+1
̅Ů0 PP-VĮ

Ī. NH4NO3�ɏ�?BA�+
8$ glutaminaseE̩ō�A+ PP-VɍɎƎ�µ��

A�+*�A��$�')
Ǟʼ1
8 ĮĪ�?ʕʮÖ.ć˿F%ȺǹɻʒȭE�

ŷU�b��8*ĺƲ�
"BEã0H�o̚ďƖ-,.äɏ�)�@
"0̋ɶ*

ɗɍ�AʕʮÖ0H��lK�� PP-VɍďƖ.»DBA+ ȫ�BA�<&CF0�
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+
ć˿8B$H��lK�ʶ˸< PP-VɍďƖ.äɏ�BA+ʧ�?BA$;
ĻǢ

�?0H��lK�0ć˿9̟< PP-VɍďƖ0$;.1̝ˎ*�A+ʙ˥©�$�"

�*
ɿ 2 ɽ*1ʕʮÖĻ0H��lK�0˻̂E§�A
H��lK�i��]

}�b�.ɢɞ�
H��lK�0ć˿9.̨�Aǹʯ˕ǥE˅'$� 

� 8 
Ǟʼ1 amt+ưŊ�BȂ²ńE 4((amtA, amtB, amtC, amtD)Ʀ(�+�Þ�

'$�Þˈ̙ȄEŏ�+�$ɕɷɗɈ.>')"B?0 4 (0ǹʯ˕ǥE˅'$+�

C
S. pombe*Ǟʼ0Amt0ɃƎEˤ6A�+�*�
ĎAmţ*H��lK�0ć

˿9.̨�)0ŨEˏA�+�*�$�ɕɷɗɈ.>AH��lK�i��]}�b

�0ǹʯ˕ǥ.1
Ľơ S.cerevisiae�ɏ�?BA$;
S. pombe*<ʋɄʼ0Amt0

ǹʯ˕ǥ�*�$+��ȹ.̨�)1
Ǟɥɺ�á;)0ıĕ*�@
ǉ$-ŏ�0

ɗˏ+��ƒĖ*̝ˎ-�+*�A�8$
4(0ȫŊ0ʙǦ�?
H��lK�0ć

˿9.1 AmtA+ AmtB��.ǹʯ�)�A�+�ɬě�B$��$�')
«̪1

�0 2(0AmtE�Ɖ.
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