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Ȑǀ 

 

Ɇʅ 

 

�Ȩ 1Ȧ�v�Q�`NQ�{Lǐ0BEnV�Qfk˖1ʫŸȋŹÎ- LCÏ

Ƭ 

1 ďǥƍ± 

2 V��jW�� 

3 ŹÎƩ©1Ƶɸ 

4 ʫŸť1Șʀ 

5 q�i�^�� 

6 ��JȾɔɾƖ� AMPˢADPˢATPˢGMPˢGDPê5 GTP1ÏƬ 

7 ĳż 

 

�Ȩ 2 Ȧ�v�Q�`NQ�{Lǐ1ȊɥȆǽƪȾɔɾƖ�nV�Qfk˖Ï

Ƭ71šǻ 

1 ďǥƍ± 

2 ƼǥÿIǻ�%ÏƬƩ©Ƥʪß 

3 ȊɥȆǽƪȾɔɾƖ1ÏƬ 

4 ǝÚąíǴ-ÊǶť 

5 nV�Qfk˖ 18ȣ1ħʶ 

6 ĳż 

 

�Ȩ 3 Ȧ�v�Q�`ʷĶT��jLvMmhM�ǐ0BEnV�Qfk˖1

ʫŸȋŹÎ- LC-MS/MSÏƬ 

1 ďǥƍ± 

2 V��jW�� 

3 LC-MS/MSÏƬƩ©1Ƶɸ 

4 ŹÎƩ©1Ƶɸ 

5 q�i�^�� 

6 JurkatȾɔɾƖ�nV�Qfk˖1ǣħ 

7 ĳż 
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�Ȩ 4 Ȧ�v�Q�`ʷĶT��jLvMmhM�ǐ1x�hN�Tl�cǖ

ťǣħ71šǻ 

1 ďǥƍ± 

2 ďșƵɸ 

3 ħʶť1Șʀ 

4 PKAǖťǣħ71ʪǻ 

5 ĳż 

 

Ʌż 

 

Ĩ˛1ʭ 

 

éɓƕǳ 

 

ʇʗ 
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Ȃʂɪ 

 

¨�1ȂóI²ǻ�%� 

 

6-Cl-PuDP 

DMF 

DMSO 

DMT-MM 

 

F-SPE 

HFUA 

 

HILIC 

HTLV-1 

MRM 

MCA 

PBS 

PCA 

PFCs 

PFIDA 

 

PFOS 

PK 

PKA 

PTMs 

SPE 

TAMRA 

TDFH 

TFA 

TFE 

TFO 

THF 

 

 

 

 

 

6-Chloropurine riboside-5'-O-diphosphate 

N,N-dimethylformamide 

Dimethyl sulfoxide 

4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-methylmorphol-

inium Chloride 

Fluorous-solid phase extraction 

4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-Heptadecafluoro-

n-undecylamine 

Hydrophilic interaction liquid chromatography 
Human T-cell Leukemia Virus Type 1 

Multiple reaction monitoring 

Metal chelate affinity 

Phosphate buffered saline 

Principal component analysis 

Perfluorinated compounds  

4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-Perfluoro-n-alkyl-

iminodiacetic acid 

perfluorooctane sulfonates 

Protein kinase 

CyclicAMP-dependent protein kinase 

Functional post-translational modifications 

Solid phase extraction 

Carboxytetramethylrhodamine 

n-Tetradecafluorohexane 

Trifluoroacetic acid   

2,2,2-Trifluoroethanol 

1H,1H,2H,2H-Tridecafluoro-1-n-octanol 

Tetrahydrofuran  
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�Ɇʅ� 

 

� ǹ°ʿʢǯʐ1ÏƬ2�ɣǯÞŭɴƬ@ȅŨ��R�1ƆȽ/.�áȈ1ȉ

ĵ0ƿ�!/�ȕȤh��14-),�E��ƙˢǹ°ɾƖ2ęʶ1ěˇǯI

ú<ˢǣħıʊ-�Eǯʐ1ÏƬ�ĞĪ�FEđö?�E��/H'ˢBDº

˔ť1˞�ÏƬIɦ�%>02ˢǣħıʊǯʐ0˞ʫŸȋ�)ÝǴ1ɜ�ÖÍ

Ƿ�ȳɬIƚ�şɮ��E�#�,ˢų�2ˢǹ°É0ĢĊ�Eǣħıʊǯʐ

0ʫŸȋ/ÖÍǷǐIʽȉ�8� 	sv�Q�`LvMmhM�
Iǻ�E�-

-�%ˠFig. 1 �l 

� v�Q�`LvMmhM�-2ˢęƓ1vgȼ�ɂö�%L�T�ďˠr�

v�Q�L�T�ďˡøĖ�Ț�ǰȃȋ/ɲþť1�-Iž��r�v�Q�

L�T�ßöǯˠv�Q�`ßöǯˡøĖ2Ʒť0µĢ! ő�ɲþťIȚ�

�ˢ̩ v�Q�`ßöǯ-2ɲþťIŽ%/��B(+ vs�Q�`ßöǯ2ˢ

ǈ-?ƥƾǦĠ-?ǜö! ˢ#FCøĖ,ǰȃȋ0Ŏ�ö�ˢ#1¦1ǯʐ

�CÏˈ�E-��ǰ

ŝI?)[1,2]��F;,ˢ

�1v�Q�`1ǰȃ

ȋ/ťʐIÓǻ�E%

>0	v�Q�`ʁĲ°

ßǐ
�ǻ�CF+�%

[3-11]�v�Q�`ʁĲ

°ßǐ2 �s�kLbj

L�kď@L_kďˢ̀

V^�N�kď@L�

pď-�(%ìšťĦ

ɕďIŽ)v�Q�`

ßöǯˠFig. 2ˡIʁĲ

Fig. 1 Fluorous interaction 

Fig. 2 Structures of some fluorous compounds 
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°ßɾɣ-�+ǻ�ˢǣħıʊǯʐ0r�v�Q�L�T�ďIßģȋ0»˘

�ˢv�Q�`Ƽʉ�E-�(%ƙǐ,�E�Ĩˆ0ˢǣħıʊǯʐ1˞ʫŸ

ȋÏƬǐ1ȘȥIžù�%ˢv�Q�`ʁĲ°ßǐ-ĈȒŹÎǐ@ǦĠŹÎǐ

-Iɀ<öH!%ÖÍǷǐ�Đû�F+�E[12-14]�v�Q�`ĈȒŹÎ

ˠF-SPEˡ,2ˢv�Q�`ʁĲ°ß�F%ǣħıʊǯʐ2ˢø��r�v�Q

�L�T�ď,»˘�F%v�Q�`^�RY�ĈħȒ0ǰȃȋ0¹Ž�FE�

#1řˢȄv�Q�`ǦĠˠǈˢN,N-_�f�|��L�k@_�f�`�|

T^kȩ Ilǻ�+ĈħȒIǔ

ǘ�E�-,ˢ̩ v�Q�`ß

öǯI˄è,�E��C0 ɲs

v�Q�`ǦĠˠ�ep��ˢ

Lbjmj��@hj�sk

�v��ȩˡIǻ�E�-,ˢ

v�Q�`ʁĲ°1<Iąí

�E�-�òɕ-/Eɣ Fig. 3ˡ

[14]�³�3ˢ˞Ʒť�A�0

ěˇŲÏ�C1ȳɬ�Ćˉ,

�(%ȴ˖0ı�+v�Q�

`ʁĲ°ßIƚ�ˢF-SPE0+

ȳɬ�E�-0B(+ ȴsʺ1

˞Ŭŋ�)˞ʫŸ/ÏƬ�ʧŲ,�%-��Đû��E [15]��C0ˢF-SPE

0ǻ�CFEv�Q�`ĈħȒIÃē×-�%v�Q�`LCR��?łʍ�F

+�E�ʁĲ°ß�F%ǣħıʊǯʐ2ˢ�1v�Q�`R��0ʫŸȋ0¹

Ž�FE%>ˢLC�0+#1¦ěˇŲÏ-Ïˈ�E�-�,�E[5]��1ƙǐ

,2ˢȳɬ@ŹÎȩ1ÖÍǷ��âÏ/ɾƖ,�(+?ˢǣħıʊ0ʫŸȋ/

ÏƬIɦ��-�,�E����/�Cˢ�FCF-SPEIǻ�%ÖÍǷǐ,2ˢ

^�RY�-1ȄǈťȒ ±ǻ@R��ê5ĈħȒ0�ȹǯ-�+ú;FEʷ

Ķ˖71ʮ®ť-�(%ˢv�Q�`ɲþť¨Ę1Ȓ ±ǻ1ŕˏ�ɓ�CFˢ

v�Q�`ßöǯ71ʫŸť-��ǫ0��+Əăǫ�žƋ�F+�E�v�

Q�`ǦĠŹÎǐ,2ˢn-tetradecafluorohexane (TDFH)/.0§ɪ�FEr�v

�Q�L�R�˖ˠv�Q�`ǦĠˡIŹÎǦĠ-�+ǻ�E�v�Q�`Ǧ

Ġ2ˢŅǢ0+ǈ@ƥƾǦĠ-ǜö�E�-/�ĬƟ0Ïˈ�FE�-�Cˢ

試料導入 疎フルオラス溶媒 
（洗浄） 

親フルオラス溶媒 
（溶出） 

非フルオラス画分 フルオラス画分 

Fluorous
silica gel

Fig. 3 Standard operation of the F-SPE procedure. 
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#1¦Ȓ ±ǻ1ŕˏIï�E�-/�ˢȰ¶/ƍ±0B(+v�Q�`ßö

ǯ1<IǦĠ�7-ʫŸȋ0ŹÎ�E�-�,�E�v�Q�`ßöǯ2ˢr

�v�Q�L�T�ď1ʺʼ0B(+ˢø�ÏġÉ039¼¨�1vgȼæġI

Ž)	yt�v�Q�`ßöǯ
-ø�ÏġÉ09-17¼Ȣŋ1vgȼæġIŽ)

	�Njv�Q�`ßöǯ
-0Ï˖�FE��1�'ˢő�v�Q�`ɲþ

ťIƥ�ˢv�Q�`ǦĠ�7-ÝǴɜ�Ïʮ�FEyt�v�Q�`ßöǯ

�ǦĠŹÎǐ1ıʊ-/E����ˢyt�v�Q�`ßöǯ2ˢʫŸť�˞

�ìˍˢȄv�Q�`/�ɛ1ƥƾǦĠ71Ǧɴť�Ʒ>+¯�ˢǋǻť0ƿ

�E-�(%Ă˕ǫ�ſ�CF%�#1%>ˢǋǻť1˞��Njv�Q�`

ßöǯIǦĠŹÎǐ0��+ǻ�E8� 	ssolvent tuning
-ü3FEv�Q�

`ǦĠŹÎǐ1ʽȉ�ɦHF%[16,17]��1ƙǐ,2ˢŹÎ0ǻ�Ev�Q�

`ǦĠ-�+ˢr�v�Q�L�R�˖--?0ˢƷťďIƥ�Er�v�Q

�P�h�˖@r�v�Q�L�Z��˖-�(%v�Q�`ǦĠI²ǻ�E�

øơ0Ȅv�Q�`ǦĠIǻ�+ɾƖǦǚIʄɬ�ˢ�C0#1ɀ<öH!@

ØöIʄƔ�E�-0B(+ˢ�Njv�Q�`ßöǯ1v�Q�`ǦĠ�7

1ŹÎÝǴIù��!E��/H' ssolvent tuning0B(+ˢ�Njv�Q�`

ßöǯIǻ�%ʫŸȋŹÎ�òɕ-/E��1æǷIˢǂȁťƥƾǌƮǯʐ-

�+�Ȁȋ0ɰÔ�F+�Er�v�Q�QVe�`�|�ʱˠperfluorooctane 

sulfonates; PFOSˡ/.1r�v�Q�ʿʢßöǯˠPFCsˡÏƬ1%>1ÖÍǷ

-�+Óǻ�+�E³��E[18]��1ȕȤ,2ˢ�Njv�Q�`ßöǯ0Ï

˖�FEPFCsIv�Q�`ǦĠ�7-ʫŸȋ�)ÝǴB�ŹÎ�E%>0ˢ

solvent tuning0BEv�Q�`ǦĠŹÎǐ�ǻ�CF%��1B�0ˢ�ɛȋ/

ĈȒŹÎ@ǦĠŹÎǐ,2ˢʫŸȋ/ȳɬ�Ćˉ,�Eđö,?ˢ F-SPE@v

�Q�`ǦĠŹÎIǻ�E�-,ˢǣħıʊǯʐ1v�Q�`ʁĲ°0ı�+

ʫŸȋ/ÖÍǷIɦ��-�,�E�  

� ų�2ˢ�ʜ1v�Q�`LvMmhM�1ǰťIǹ°ʿʢǯʐ0ı�EÖ

ÍǷǐ-�+šǻ�%��ɛ0ǹ°É@ǸĔ�02v�Q�`ßöǯ29-J

.ĢĊ�/��-�Cˢv�Q�`LvMmhM�1ǹ°ŲÏÏƬ71ʪǻ2

˞�ʫŸť-ŉ�ʪǻť�ƦŘ,�E�ƨȕȤ,2ˢǹ°ʿʢǯʐ1�'ˢǹ

°É��ʱßöǯIıʊ-�%�nV�Qfk@��ʱß{xfk1B�/ǹ

°É��ʱßöǯ2ˢPo�U�Ǻǹ@^Wl�«ʧ-�(%ǹýǶʊ0Ǜ�

ʿ��+�Dˢǹ°ƾɕʄȬ0��+Ě�/ŖØIƭ%�+�E�#1%>ˢ
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ǹ°É��ʱßöǯ2ˢȅŨ��R�@Ȇŭʣɦŋ1žƼ-/E-ɓ�CF+

�E[19-21]��FC1ǹ°ÉſÞ0)�+�C0ɴƬIʣ>E%>02ˢ��

ʱßöǯ0BDʫŸȋ�)˞Ŭŋ/ÏƬǐ1ĲÅ�şɮ�òƿ,�E��ƙˢ

��ʱßöǯ2ˢ#1ȣ˖-ťʐ�ęĹ0ǠE�-�Cˢ��ʱßöǯ1ʫŸ

ȋÖÍǷ@˖ɉßöǯøĖ1Ȓ Ïˈ2Ćˉ/đö?ę�ˢÏƬɂƭ�ɭˇß

�ˢǁȘ/ħʶ@øħ�ĞĪ�FE�-��E��F;,ˢǹ°É��ʱßö

ǯ1ÖÍǷ02ˢǦĠŹÎǐ@ĈȒŹÎǐ/.1Ŷɧ�ǻ�CF+�%�

[22-31]ˢBDº˔ť1˞�ÏƬIɦ�%>02ˢ��ʱßöǯ0ı�+˞ʫŸ

ȋ/ÖÍǷǐ1ʽȉ�Ǌ>CFE�ƨȕȤ,2ˢıʊ-�E��ʱßöǯ0B

DʫŸȋ/ÖÍǷIɦ�8�ˢ�Njv�Q�`ßöǯIɾɣ-�+ǻ�ˢv

�Q�`ǦĠŹÎ1æǷ0ď*�%ʫŸȋŹÎǐ1ʽȉIɾ<%��C0ˢ�

F;,v�Q�`1ǰȃťIÓǻ�E%>0ǻ�CF+�%ʁĲ°ß1ƍ±2ˢ

��ʱßöǯIe�Ygj-�%đöˢ�ɛ0Ǭˇß�E�-�ę��;%ˢ

Ȑȋǯʐ1ƹʡũĐIėß�!E�-2ˢÏƬIɦ��,ş �?ĝ;��2

/��#�,ˢƨȕȤ,2ˢʁĲ°ßI¥�E�-/�ˢòʞȋ/ìšIǻ�

E�-,ˢv�Q�`1ʫŸťIÓǻ,�Eƙǐʅ1ʽȉIɦ(%�ƨǐ2ˢ

��ʱď1NQ�ťê5ʷĶʮ®ť0ȓȐ�ˢ#1òʞȋ/Ȓ ±ǻ-v�Q

�`1ǰȃť-Iɀ<öH!%ˢ��ʱßöǯ0˞ʫŸȋ/ŹÎǐ,�E�ƨ

ǐ1æǷ2ˢıʊ-�E��ʱßöǯ-ı1ˊɞIŽ)ßöǯˢ?��2ʷĶ

ʮ®ťĦɕďIŽ)ßöǯIv�Q�`ɾɣ-�+ǻ�ˢıʊǯʐIʫŸȋ0

ƂƁ�ˢv�Q�`ǦĠ�7-ʫŸȋ0ŹÎ�E�-0ď*�ˠFig. 4 �lƨŹÎ

ǐ0BDˢ��ʱßöǯ�ʫŸȋ0ȳɬ�FˢÏƬ1ĞĪ-/EěˇŲÏ�C

ÝǴB�Ïˈ�E�-�,�E��ƙ�v�Q�`ǦĠ2ǈ@ƥƾǦĠ-ǜö

�/�ťʐ�Cˢ#1;;ǣħƾĄ7-ĲÅ�E�-2,�/��#1%>ˢ

ŹÎřˢȐȋǯʐIˌv�Q�`ǦĠ�7-ʞŹÎ�ˢLC/.1ƾĄÏƬ7-

´�E�-,ʫŸȋ/ÏƬIɦ��-�òɕ-/E� 

� Ȩ1Ȧ�CȨ3Ȧ,2ˢǹ°É��ʱßöǯ1�'ˢnV�QfkIıʊ-�

%ʫŸȋŹÎǐ1ʽȉIɦ(%�nV�Qfk˖2ˢƺ�/ǹ°É«ʧƾƹ0

��+ˢǎħȋ/ŖØIƭ%�+�E�³�3ˢnV�Qfk˖2ˢǹ°ƾɕ

0��EPo�U�«ʧǯʐ,�Dˢǹ°ÉöŲɁʔ1ʘʠ/ǖťß0��+

ʰȼ1B�/ŖØIƭ%�¦ RsNAöŲ1Ö˚°-�+?ȔCF+�E[32-34]�

;%ˢbR�k�gb�_��0?/D�E�-�Cˢ^Wl�«ʧɁʔ0�
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�+?ʴɮ/ŖØIƭ%�+�E[35-37]�nV�Qfk˖2ˢWLp^�ˢ^

f_�ˢO�^�ˠf��ˡê5Lip^�Iďƨ˜Ʋ-�ˢ�C0ƹʡÉ�

�ʱď1¼Ɠ0B(+,�p��ʱˢ_��ʱê5j���ʱ�ĢĊ�E�#F

$Fȃ/EȾɔǱŭėß0ʿ��+�E�ˢ�0Lip^�j���ʱˠATPˡ

�C1��ʱď1Ƅ�0B(+ņɩ�¹%F+�E�#1ˆ AsTP2ɖ��ʱß

�FAMP?��2ADP0/E�ˢ#1¦nV�Qfk˖0)�+?ˢǱŭėß

0öH!+øƺ1ɖ��ʱß�ʒ�(+�E��1�-�CˢȾɔ@Þǯ1P

o�U�ǱŭI�me��E%>02ˢɄɍȋ/nV�Qfk˖1ǣħ�şɮ

-/E[33]�;%ˢʙŇˢiQT^nV�Qfk˖1ħʶ?şɮ-�F+�E�

iQT^nV�Qfk˖1ÏƬ2ˢƱʱɬ×1øħ@ÿʐȫǷˢDNA�f�ß

1Ñħ0şɮ-�FE[38,39]�¨�1�-�CˢnV�Qfk˖ê5iQT^

nV�Qfk˖1ʫŸȋÏƬǐ1ʽȉ2ˢɘŊģȋ/ūɐ�ˌŅ0˞���F

;,ˢǹ°ɾƖ�nV�Qfk˖1ŹÎǐ-�+ˢǦĠŹÎǐ@ĈȒŹÎǐˢ

W�vKNjR�}�Iǻ�%ŹÎǐ�ǻ�CF+�%[4-6]��ƙˢ�FC1

ƙǐ,2ˢǹ°ɾƖ�nV�Qfk˖1ʫŸȋ/ąí1%>02ˢÊǶť@ą

íǴ0��+ˢƏă�şɮ,�(%�¨�1�-Iʻ<ˢȨ1Ȧ,2ˢnV�Q

fk˖71ʫŸťI�C0ù��!%ŹÎǐ-�+ˢv�Q�`NQ�{LŹ

Îǐ1ʽȉIɦ(%�ƨȕȤ0��+ nsV�Qfk˖6ȣɣ AMP AsDP AsTPˢ

GMPˢGDPê5GTPˡIıʊ-�ƥǻťIƵɽ�%��C0ˢƨǐI��JȾ

Fig. 4 Selective extraction method with a specific partitioning technique of 
fluorous via non-covalent interaction. 



 9 

ɔɾƖ7-ʪǻ�ˢ#1Ĩǻť1ƵɽIɦ(%�Ȩ2Ȧ,2ˢȨ1Ȧ,ʽȉ�%

v�Q�`NQ�{Lǐ1�C/Ešǻ-�+ˢȊɥȆǽƪȾɔɾƖˠJurkatȾ

ɔˢHL60Ⱦɔê5MT-2Ⱦɔˡ0ƨǐIʪǻ�%�ƨȕȤ,218ȣ1nV�Qf

k˖ˠAMPˢADPˢATPˢCMPˢCDPˢCTPˢGMPˢGDPˢGTPˢIMPˢITPˢ

UMPˢUDPˢUDP-GlcˢUDP-GalˢUDP-GlcNAcˢUDP-GalNAcê5UTPˡIı

ʊ-�%��C0ˢõȾɔ0��EnV�QfkǨŋI24ơʾ�-0ǣħ�ˢ

Ⱦɔʾ1nV�QfkǨŋėßIɳį�%�Ȩ3Ȧ,2ˢv�Q�`ʷĶT��

jLvMmhM�ǐ1ʽȉê5#1šǻIɦ(%�ʷĶT��jLvMmhM

�ǐˠMetal Chelate Affinity; MCAˡ-2ˢʷĶNQ�1ʷĶʮ®ɕIǻ�+ˢ

Ȑȋǯʐ1<-ʫŸȋ0ɂö�!Eŵǐ1�-,�E[40, 41]�ƨȕȤ,2ˢ#

1MCA0v�Q�`1ǰȃȋ/ťʐIɀ<öH!ˢBDʫŸť1˞�ƙǐʅ1

ƹȮIɦ(%�ƨǐ2ˢʮ®ťv�Q�`ɾɣ0ʷĶNQ�IĈħßřˢ�C

0#1ʷĶNQ�0ı�+��ʱßöǯ�ʮ®�E�-0B(+ˢ#1ʮ®°

�-v�Q�`ǦĠ0ŹÎ�E-�(%ƙǐ,�E�ƨȕȤ,2ˢʽȉ�%v

�Q�`ʷĶT��jLvMmhM�ǐ1nV�Qfk˖ŹÎ0ı�Eƥǻť

1ƵɽIɦ(%�¤ą 3s0ȣ1nV�Qfk˖ɣ AMP, ADP, ATP, CMP, CDP, CTP, 

GMP, GDP, GTP, IMP, IDP, ITP, UMP, UDP, UTP, dAMP, dATP, dCMP, dCDP, 

dCTP, dGMP, dGDP, dGTP, dIMP, dITP, dTMP, dTDP, dTTP, dUMPê5dUTPˡI

ıʊ-�+ƨǐ1ƥǻť1ƵɽIɦ(%��C0ˢƨȕȤ,2ˢnV�Qfk

˖1LC-MS/MS0��EÏˈƩ©0)�+?Ƶɸ�%�Śƪ nsV�Qfk˖1

LCÏˈ02ˢNQ�{LV��jW�vM�[42-44]@NQ�¡ƉV��jW�

vM�[45,46]ˢW�vKNjR�}�-1Ȓ ±ǻIÓǻ�%ƙǐ[46-48]�ǻ

�CF+�%��ɛ0łʍ�F+�EʞȒR��Iǻ�%đöˢR���;%

2HPLCʮȫ�0ǂĢ�EǖťʷĶˠ³�3Fe(III)/.ˡ-��ʱď-�őÙ/

T��jIœŲ�E%>ˢu�V1h���W�ʒ�E[49]��1B�/LC0

��EnV�Qfk˖1u�VœǱƏă1%>ˢ��ʱɈɨǚ-�(%�Ɗȉ

ť1ĒIú=ȡÞȒ�ǻ�CFE����ˢMSƵÎ0��ENQ�ß1ÝǴI

��ˢÊǶťIɠ��¯��!E3�D�ˢ�Ɗȉť1Ē�ƬÎ�E�-,N

Q�Ǥ1ǌƮIŎ�ʒ��ˢV��m�WI˓ą0ɦH/�+2/C ˢʪÐ

-2ɶ�/�[50,51]�¨�1Ă˕ǫIƏă�8�ˢʙŇˢnV�Qfk˖Iú

>%ƺ�/˞Ʒťßöǯ1ÏƬ0Hydrophilic interaction liquid chromatography

ˠHILICˡ�ǻ�CF+�E[52-54]�ʟŅ1ʞȒÏʮV��jW�vM�,2ˢ
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¯ƷťĈħȒ-Ȑȋǯʐ-1ȄǈťȒ ±ǻ0BEÏʮ0BDˢR��0¹Ž

�FE��ƙˢHILIC,2ˢǈȶ1ȡÞȒI²ǻ�%ʞȒȶLC1Ʃ©,ˢƷť

1˞�?19.¹Ž�FE-��ǰŝIŽ)�HILICĈħȒ02ˢɲǈďIŽ)

Ħɕď�źŽ�F+�DˢȡÞȒ�1ǈ0B(+ˢĈħȒ�0ǈþȒ�œŲ�

FE�#1ǈþȒˣȡÞȒ-Ȑȋǯʐ-1ɲǈťȒ ±ǻ0BEÏʮ1Ȣŋ�

ėß�E%>ˢ˞ƷťǯʐI¹Ž�E�-�,�E��/H'ˢ��ʱßöǯ

2ˢ˞ �pHƩ©�0��+NQ�ß� HsILICR��0ɜĝ0¹Ž�FE�ƨȕ

Ȥ,2ˢĒďť1ȡÞȒƩ©�0��+HILIC-MS/MSIǻ�%nV�Qfk˖

1Ïˈ�ƵÎƩ©IƹȮ�%�Ȩ4Ȧ,2ˢȨ3Ȧ,ʽȉ�%v�Q�`ʷĶT

��jLvMmhM�ŹÎǐI��ʱß{xfk1ÖÍǷ0ǻ�ˢx�hN�

Tl�cǖťǣħǐ-�+1ƥǻť0)�+ƵɽIɦ(%�e�rVʐ1ɒɻ

ř»˘ɣ Functional post-translational modifications; PTMs 2l ǹs°ƾɕ0��+ˢ

ʴɮ/ŖØIƭ%�+�E [55,56]�#1�,?, e�rVʐ1��ʱß2Ƥ?

ʴɮ-�F+�D Ās�˖1Ⱦɔ0��E�B#30%1e�rVʐ�x�hN�

Tl�c0B(+��ʱß�F+�E�B(+ˢ��ʱß»˘2ˢ¿ŌǱŭ-

ĮƇ0ʿ��E-ɓ�CF+�D[57-60] �sF;,ˢ́ ǇßģƵÎ@ɤÄƵÎˢ

N�pLgbNIďȏ-�%ƵÎŶɧIǻ�%x�hN�Tl�cǖťǣħǐ

�ʽȉ�F+�%[7–13]�ƨȕȤ,2ˢƘɰx�hN�Tl�cǖťǣħǐ-�

+v�Q�`ʷĶT��jLvMmhM�ŹÎǐ1ĲÅIɾ<%�ƨȕȤ,2ˢ

Ǆ˅ȋ0ʄɬ�%PKAIǻ�+#1ǖťǣħIɦ��-0B(+ˢƨǐ1ƥǻ

ť1ƵɽIɦ(%� 
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�Ȩ 1Ȧ�v�Q�`NQ�{Lǐ0BEnV�Qfk˖1ʫŸȋŹÎ- LCÏ

Ƭ 

 

� ƨȕȤ,2ˢòʞȋ/ìšI¥�+v�Q�`1ǰȃťIÓǻ�ˢnV�Q

fk˖1ʫŸȋ/ŹÎIʧŲ�8�ˢv�Q�`NQ�{Lǐ1ʽȉIɦ(%�

�F;,0ˢNQ�{LŹÎǐ0v�Q�`1ǰȃťIɀ<öH!%ƨǐIn

V�Qfk˖1ŹÎǐ7-ʪǻ�%³2/��ƨǐ1æǷ2ˢʋ1ˊɞIȚ�

��ʱßöǯ-ı1ˊɞIȚ�v�Q�`ɾɣ-1NQ�{LIv�Q�`Ǧ

Ġ�7-ʫŸȋ0ŹÎ�ˢ#1¦ěˇŲÏ-Ïˈ�%řˢʞŹÎIɦ��-0

B(+ȐȋǯʐIȳɬ�E-�(%?1,�E�ƨȕȤ,2ˢr�v�Q�L

�T�L��ɾɣ,�EHFUAIv�Q�`NQ�{L×-�+Óǻ� nsV�

Qfk˖1ʫŸȋŹÎǐ1ʽȉIɾ<%ˠFig. 1-1 �l4,4,5,5,6,6,7,7,8,8,9,9,10,10, 

11,11,11-Heptadecafluoro-n-undecylamineˠHFUAˡ-nV�Qfkʾ,œŲ�E

NQ�{L°2v�Q�`ǦĠ�7-ʫŸȋ0ŹÎ�FE��ƙˢv�Q�`

ǦĠ2Ȅǈ�ȄǏť,�E�-�Cˢ#1;;LC7-ĲÅ�E�-2,�/�

%>ʞŹÎIɦ��ʞŹÎ,2ˢŹÎƍ±Iɦ(%řˢěˇŲÏIú=�ķI

˄è�ˢ#�0ɖNQ�{L×Iú=ǈǦǚIÚ�ˢnV�Qfk˖I#1ǈ

Ǧǚ�7-ÊŋŹÎ�E�śCF%ʞŹÎǚI#1;;LC7-ĲÅ�ǣħIɦ

��ƨȕȤ0��+ˢnV�Qfk˖6ȣˠAMPˢADPˢATPˢGMPˢGDPê5

GTP Ilıʊ-�ďșȋƩ©1ƵɸIɦ(%��C0 ƨsǐ1ƥǻťIƵɽ�8

�ˢ��JȾɔˠMCF-7ˡê5#1Z�j���Ⱦɔ-�+ȔCFE�ɗ�ȍ

ȾɔˠMCF-10Aˡ7-ƨǐIʪǻ�%� 

Fig. 1-1 The principal of the ion-pair extraction method for ncleotides with HFUA.  
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1 ďǥƍ± 

 

ˠ1ˡ�ƍ±ŵ˒ 

 

� ɾƖǦǚ 100 µLI-D 1s00 µM 6-Chloropurine riboside-5'-O-diphosphateɣ 6-Cl- 

PuDP ÉsƼǥǯʐ 1l0 µL ǈs 300 µL 1s00 mMʯʱlj�O�Ɉɨǚɣ pH 4.0ˡ

100 µLê5 40 mM HFUAɣ �ep��Ǧǚ 5l00 µLIÚ�+ǜö�%�ǀ�,ˢ

v�Q�`ǦĠ TDFH : 1H,1H,2H,2H-tridecafluoro-1-n-octanol (TFO) 1ǜǚɣ 3 : 1, 

v/vˡ100 µLIÚ�+ 10Ïʾƀ-��%�ʩŞÏˈˠ17,500 × g, 15 minˡřˢ�

ķI˄è�%1' �sep��˥ 20 mMʯʱlj�O�Ɉɨǚ1ǜǚɣ 1 : 1, v/vˡ

100 µL Iǻ�+�ķIǔǘ�%�#1řˢ1˟L��mLIú= 70˟Lbjm

j��I 100 µLÚ�ˢ10Ïʾƀ-��%�ʩŞÏˈˠ17,500 × g, 15 minˡřˢ

�ķ1�ʭˠ5 µLˡI LC0ǒÅ�%� 

 

ˠ2ˡ�LCƩ© 

 

� R��02XBridge® BEH Amideˠ150 × 3.0 mm I.D., Ȳŗ2.5 µm, WatersˡI²

ǻ�ˢȡÞȒA-�+2%1L��mLê520 mMǪʱL��mO�Iú=Lb

jmj��˥ǈˠ80:20, v/vˡȡÞȒB-�+2%1L��mLê520 mM ǪʱL

��mO�Iú=Lbjmj��˥ǈˠ40:60, v/vˡI²ǻ�ˢǗʠ0.6 mL/min

,W�_P�jǦˈIɦ(%ˠ0 min, 15% B; 0–30 min, linear change from 15% to 

40% B; 30–30.01 min, linear change from 40% to 15% B; and run time, 40 min �lR�

�Ǣŋ235�ˢUVƵÎ2254 nm0ɺħ�%� 

 

ˠ3ˡ���JȾɔɾƖÖÍǷ 

 

� MCF-7ê5MCF-10AȾɔI15 mL1f��w01.0 × 106¼0/EB�Ïî�ˢ

ǹǷ˗ĒǈIÚ�+ȾɔI3ąǔǘ�%�ǔǘǚIƃ+ˢǂǡ0ǉË�ep��

320 µLIÚ�+1Ïʾƀ-��ˢǀ0ǉËǈ220 µLIÚ�+�C030Ƞƀ-��

%�ʩŞÏˈřˠ17,500 × g, 10 min, 4°Cˡs śCF%�Ǟ1�'100 µLIɾƖǦ

ǚ-�%� 
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2 V��jW�� 

 

� AMPˢADPˢATPˢGMPˢGDPê5 GTP1Ƽǥǜöǚˠõ 10 µMˡI LC0

+ÏƬ�%-�1V��jW��I Fig. 1-2ɣ aˡ0Ț��ƨƩ©0BDˢnV�

Qfk˖2 HILIC R���,ĥÆ0Ïˈ�Fˢɜĝ0ÏƬ�E�-�,�%�

�C0 øsƼǥǜöǚIďǥƍ±0Ś�ŹÎ� śsCF%V��jW��I Fig. 

1-2ɣ bˡ0Ț��ÉƼǥǯʐê5ıʊ-�EnV�Qfk˖I�8+ƵÎ�E�

-�,�%��C0 bslank1ŹÎǚIǣħ�+śCF%ɂƭ,�E Fig. 1-2ɣ cˡ

02ˢnV�Qfk˖1u�V2Șʀ,�/�(%��FC1ɂƭ�Cˢƨǐ

0B(+ˢnV�Qfk˖IŹÎ,�E�-�Șʀ,�%� 

 

                             2            5 

                          1       3    4     6      7 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1-2 Chromatograms of (a) non-extracted, (b) extracted standard solution, and (c) 

blank solution with this method. Peaks: 1, 6-Cl-PuDP; 2, AMP; 3, ADP; 4, GMP; 5, 

ATP; 6, GDP; and 7, GTP (each 10 µM). 
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3 ŹÎƩ©1Ƶɸ 

 

� AMP AsDP AsTP GsMP GsDPê5 GTP1Ƽǥǜöǚˠõ 10 µMˡIǻ�+,  

ŹÎƩ©1ƤʪßIɦ(%� 

 

ˠ1ˡ�HFUAǨŋ1Ƶɸ 

�  

� HFUAǨŋ�ŹÎ0ê:�ŕˏ0)�+Ƶɸ�%ˠFig. 1-3 �lHFUA1ǨŋI

0ˢ10ˢ20ˢ40ˢ60ˢê5 80 mM -ėß�!+ŹÎIɦ(%�#1ɂƭ�p�

�ʱˠAMP ê5 GMPˡ0)�+2ˢHFUA Ǩŋ1ĕÚ0¬�ˢąíǴ2ù�

�%��ƙˢ_ˢj���ʱ0)�+2ˢHFUA Ǩŋ1ĕÚ0¬�ˢąíǴ2

¯��%�ŹÎř1ˌv�Q�`ķɣ nV�Qfk˖�ú;F+�%ɾƖǦǚˡ

�C2nV�Qfk˖IƵÎ,�/�(%�-�CˢnV�Qfk- HFUA -

1NQ�{L°2v�Q�`ǦĠ�0ŹÎ�F+�E�-�Șʀ,�%��1

�-�Cˢ_ˢj���ʱˠǰ0 ATP ê5 GTPˡ2 HFUA -1ő�NQ�{

LȒ ±ǻIȚ��-0BDˢʞŹÎ�FE�-/�v�Q�`ǦĠ�0ȁ;

(+�E?1-ɓ�CFE�¨�BDˢƨȕȤ,2ˢıʊ-�%�8+1nV

�Qfk˖IÝǴB�ŹÎ�8�ˢHFUA1ǨŋI 40 mM-�%� 

 

� � �  

 

Fig. 1-3 Effect of the concentration of HFUA on the peak area of examined nucleotides. 
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ˠ2ˡ�ɈɨǚǨŋ1Ƶɸ 

 

� v�Q�`NQ�{LŹÎIɦ�0�%DˢǦǚ1ǚť2#1ŹÎÝǴ0Ě

��ŕˏ�E�ƨǐ,2  s HFUAê5��ʱď1 pKaIʻ<ˢʯʱlj�O�

ɈɨǚIǻ�E�--�%��C0ˢʯʱlj�O�ɈɨǚǨŋ�ŹÎ0ê:

�ŕˏIƵɸ�%ˠFig. 1-4 �lɈɨǚǨŋ 0-250 mM1ȭć0��+ƵɸIɦ(

%-�G Ǩsŋ1ĕÚ0¬� �spnV�Qfk˖1ąíǴ¯��Șʀ�F%�

¨�1ɂƭBDˢʯʱlj�O�Ɉɨǚ1Ǩŋ2 100 mM-�%� 

 

 

 Fig. 1-4 Effect of the concentration of acetate buffer on the peak area of   examined 

nucleotides.  
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ˠ3ˡ�v�Q�`ǦĠ1Ƶɸ 

 

� ƨȕȤ0+ˢ²ǻ�Ev�Q�`ǦĠ1ƵɸIɦ(%��ɛ0ˢv�Q�`

ŹÎǐ,Óǻ�FE TDFH Iǻ�%đöˢHFUA ê5#1NQ�{L°IŹÎ

�E�-�,�/�(%��1�-�CˢNQ�{L°1ąíǴIù��!E

8� solvent tuning [16,17]1æǷIǻ�ˢƷťďIƥ�Ev�Q�`L�Z��

I TDFH7-ǝÚ�%�¤ą 2s,2,2-trifluoroethanolɣ TFEˡs 1,1,1,3,3,3-hexafluoro- 

2-propanolê5 TFO1 3ȣ1ǦĠIǻ�+ƵɸIɦ(%ɂƭˢTFOIǻ�%đ

öˢƤ?ɜĝ/ɂƭ�śCF%��C0ˢTDFH 0ǝÚ�E TFO 1ǅǴIƵɸ

�%ˠFig.1-5 �l#1ɂƭˢTDFH˥TFO = 3:1 (v/v)1ǅǴ1ơˢƤ?ɜĝ/ɂƭ

�śCF%��ƙˢTDFH˥TFO = 2:1 (v/v)1ǅǴIǻ�%đöˢˌv�Q�`

ķ-v�Q�`ķ-�Ïˈ! ˢŹÎIɦ��-�,�/�(%�¨�1ɂƭ

�CˢƨȕȤ,2 TDFH- TFO1ǜöǅI 3:1 (v/v)-�E�--�%� 

 

� �  

                                   (The ratio of TDFH to TFO) 
 

Fig. 1-5 Effect of the ratio of TDFH to TFO with extraction solution on the method. 
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ˠ4ˡ�L��mLǈǨŋ1Ƶɸ 
 

� ƨǐ,2ˢL��mLIɖNQ�{L×-�+ǻ�+ˢv�Q�`ɾɣ-n

V�Qfk˖-1NQ�{LIɴǙ�!E�-,ˢnV�Qfk˖IʞŹÎ�

E�-�,�%�#�,ˢŹÎ1Ǧǚ0ǝÚ�EL��mLǈǨŋ1ƵɸIɦ

(%ˠFig. 1-6 �l#1ɂƭˢÆ+1nV�Qfk˖�ÝǴB�ŹÎ,�%ˢ1˟

L��mL1ǈǦǚIʞŹÎǦĠ-�+ǻ�E�--�%� 

 

 

Fig. 1-6 Effect of the concentration of ammonia solution on the peak area of examined 

nucleotides. 
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20 
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80 

100 

AMP ADP ATP GMP GDP GTP 

HFUA n-	
 �������

4 ʫŸť1Șʀ 

 

ˠ1ˡ�nV�Qfk˖71ʫŸť 

� AMP1˖­°,�E cAMPê5Lip^� ;s% HFUA-NQ�{LIœŲ

��ER�}�ʱ˖,�E^L�ʱê5QT]�ʯʱ0ı�ˢƨǐIʪǻ�%

-�Gˢ#FC��ʱďI?%/�ßöǯ2ˢ� F?ŹÎ�F/�(%�-

�CˠąíǴ�17%ˡs nV�Qfk˖71ʫŸť�Șʀ,�%� 

 

ˠ2ˡ�HFUA1ƥǻť 

� ƨǐ1v�Q�`0BEʫŸťIȘʀ�8�ˢv�Q�`ťIŽ%/�L�

�ȶNQ�{Lɾɣ-�+ n-QVf�L��IʫŸ�ŹÎƍ±Iɦ�ˢHFUA

Iǻ�%đö1ɂƭ-ǅʖ�%ˠFig. 1-7 �ln-QVf�L��Iǻ�%đöˢn

V�Qfk˖29:ŹÎ�F/�(%10ı�ˢHFUA Iǻ�%đöˢɜĝ/

ąíǴ�śCF%�¨�1ɂƭ�Cˢƨǐ� HFUA -v�Q�`ǦĠ-Iøơ

0ǻ�%đö01<ʧŲ�FE�-�Ț�F%� 

 

 

 

� �  

 

 

 

 

 

 

 

 

Fig. 1-7 Effect of ion-pair reagent with this method. 
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5 q�i�^�� 

 

� ƼǥÿIǻ�+śCF%Ƶʶɇ ƵsÎ˂Ȁ ąsíǴê5ɋDʚ�ÊǶťITable 

1-10Ț��AMP AsDP GsMPê5 GDPƵʶɇ2Ĵ/�-? 0.05 µM�C 10 µM

ˠ0.05ˢ0.1ˢ0.5ˢ1ˢ5ê5 10 µMˡ1ȭć,ɜĝ/ȑɇťˠr�0.9998ˡIȚ�

%�;% AsTPê5 GTP1Ƶʶɇ2 Ĵs/�-? 0.1 µM�C 20 µMɣ 0.1 0s.5ˢ

1ˢ5ˢ10ê5 20 µMˡ1ȭć,ɜĝ/ȑɇťˠr�0.9995ˡIȚ�%��C0ˢ

õǨŋ� 0.5ˢ1ê5 10 µM-/EB�ʄɬ�%nV�Qfk˖1ƼǥǜöǚI

ǻ�%đöˢąíǴ2 70.4˟�C 96.8˟1ȭć0�Dˢ;%ˢÊǶť0)�+

?ɜĝ/ɂƭIśE�-�,�%�;%ˢS/N = 30��EƵÎ˂Ȁ2ˢ24 nM

¨�,�(%� 

 

Table 1-1 Validation data of standard nucleotides. 

�  Linearitya) 

(r) 

LODb) 

(nM) 

Mean recovery ± SD (%, n = 6) 

�  0.5 µM 1 µM 10 µM 

AMP 0.9999 11    74.4 ± 3.2 78.6 ± 3.0 75.7 ± 2.0 

ADP 0.9999   9.7 88.9 ± 3.3 85.0 ± 1.6 84.5 ± 2.4 

ATP 0.9996 24     70.4 ± 2.6 77.6 ± 2.6 75.9 ± 2.3 

GMP 0.9998 12     76.3 ± 3.6 77.4 ± 2.9 78.8 ± 2.9 

GDP 0.9998 11     96.8 ± 2.1 89.5 ± 3.5 90.3 ± 2.1 

GTP 0.9995 24     72.3 ± 2.7 75.3 ± 4.7 73.8 ± 2.2 

a) Correlation coefficient of calibration curve in the range from 0.05 to 10 µM for 

AMP, ADP, GMP, and GDP, and that from 0.1 to 20 µM for ATP and GTP. 

b) Defined as the concentration yielding a signal-to-noise ratio of 3. 
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6 ��JȾɔɾƖ� AMPˢADPˢATPˢGMPˢGDPê5 GTP1ÏƬ 

 

� ƨǐ1ĨɾƖÏƬ71ƥǻťIƵɽ�8�ˢƨǐI MCF-7 ê5 MCF-10A �

nV�Qfk˖ 6 ȣ1ħʶ0ʪǻ�%�ȾɔɾƖ� AMPˢADPˢATPˢGMPˢ

GDPê5 GTPIďǥƍ±0Ś�ŹÎ�%ř  s LCÏƬIɦ(%�ɂƭ1V��

jW��I Fig. 1-80Ț��;%ˢśCF%ħʶɂƭI Table 1-20Ț��ƨǐ

0BD ȾsɔɾƖ�nV�Qfk˖1ŹÎ2òɕ,�D #sFC2 LC,ÏƬ�

E�-�òɕ,�(%� ;% ƨsǐIʪǻ�/�(%đö1V��jW��ɣ Fig. 

1-8 (a)ˡ-ǅʖ�E-ˢƨǐʪǻř1V��jW��ˠFig. 1-8 (b)ˡ,2ˢ��

)�1ĞĪu�VI˄è,�+�E�-�Cˢƨǐ0B(+ěˇŲÏ�C1ȳ

ɬ�òɕ,�(%�¨�BDˢƨǐ1ĨɾƖ0ı�EƥǻťIȘʀ�E�-�

,�%� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1-8 Chromatograms obtained from (A) MCF-7 and (B) MCF-10A cell samples. 

(a) Non-extracted cell sample; (b) extracted cell sample with the present method. 

Peaks 1-7; see Fig. 1-2. 
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Table 1-2 Determination results of examined nucleotides in cell extract samples. 
�  Concentration (nmol/1×106 cell) 

�  MCF-7 MCF10-A 
AMP 00.62 00.44 
ADP 1.7 00.79 
ATP 9.9 3.4 
GMP 00.14 00.08 
GDP 00.45 00.14 
GTP 2.3 00.56 

 

 

 

 

7 ĳż 

 

� ƨȕȤ,2ˢǹ°É��ʱßöǯ1ʫŸȋŹÎǐ1ƹȮIȐž�ˢv�Q�

`NQ�{Lǐ1ʽȉIɦ�ˢnV�Qfk˖ˠAMP AsDP AsTP GsMP GsDP

ê5 GTP 1lŹÎ7-ʪǻ�%�ƨǐ,2 vs�Q�`L��ɾɣ,�E HFUA

Iǻ�E�-,ˢnV�Qfk˖-NQ�{LIœŲ�!ˢ#1NQ�{L°

1<Iv�Q�`ǦĠ�0ʫŸȋ0ŹÎ�E�-�òɕ,�(%��C0ˢɖ

NQ�{L×Iú=ǦǚIǻ�E�-,ˢnV�Qfk˖I#1ǈǦǚ�7-

ʞŹÎ�E�-?,�%�ƨǐ0BEnV�Qfk˖ 6 ȣ1ąíǴ2 70.4˟�

C 96.8˟1ȭć0�DˢƵʶɇ1ȑɇťˠr�0.9995ˡê5ÊǶť?ɜĝ/¾�

śCF%��C0ˢ��JȾɔɾƖ�nV�Qfk˖1ŹÎ7-ƨǐIʪǻ�

%-�GˢȾɔɾƖ��C?ıʊ-�EnV�Qfk˖IŹÎ�E�-�,�ˢ

ħʶ¾IȪÎ�E�-�,�%�;%ˢɾƖ�ěˇŲÏ1ŕˏIï�E�-/

�ˢLC0+ÏƬòɕ,�(%�-�Cˢƨǐ�ȾɔɾƖ�nV�Qfk˖1Ź

Îǐ-�+ƥǻ,�E�-�Șʀ,�%� 
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�Ȩ 2 Ȧ�v�Q�`NQ�{Lǐ1ȊɥȆǽƪȾɔɾƖ�nV�Qfk˖Ï

Ƭ71šǻ 

 

� ƨȦ,2ˢȨˤȦ0��+ʽȉ�%v�Q�`NQ�{LǐI�C0šǻ�

8� ısʊ-�EnV�Qfk˖I 18 ȣɣ AMP AsDP AsTP CsMP CsDP CsTPˢ

GMP GsDP GsTP IsMP IsTP UsMP UsDP UsDP-Glc UsDP-Gal UsDP-GlcNAcˢ

UDP-GalNAc ê5 UTPˡ7-ŻŐ�%�;%ˢƨǐ0BEnV�Qfk˖ŹÎ

1ĨǻȕȤ-�+ˢȾɔÉnV�Qfk˖1ÏƬIɦ(%�ƨȕȤ,2ˢȾɔ

ÉnV�Qfk˖Ǩŋėß�ȾɔǱŭ1ėßIìƠ�+�E1�.��1Șʀ

Iɦ�8�ˢȾɔÉnV�QfkǨŋI 24ơʾ�-ˠ0ˢ24ˢ48ê5 72ơʾˡ

0ǣħ� Ďs˙ơʾɁʥ�-1ȾɔÉnV�QfkǨŋ1ħʶIɦ(%�/�ˢ

¤ą ssj TȾɔȊɥȆON�`ɣ Human T-cell Leukemia Virus Type 1 HsTLV-1ˡ

ˌŬƮť1ŤťÆ˜˝ťȊɥȆȾɔ,�E HL60Ⱦɔ HsTLV-1ˌŬƮť1Ťť

��rťȊɥȆȾɔ,�E Jurkat Ⱦɔê5 HTLV-1 ŬƮť1Ų£ T ȾɔťȊɥ

ȆȾɔ,�EMT-2ȾɔIǻ�+ƵɸIɦ(%� 
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1 ďǥƍ± 

 

ˠ1ˡ�ƍ±ŵ˒ 

 

� Ȩ 1Ȧ 1-(1)0Ś(+ƍ±�%� 

 

ˠ2ˡ�LCƩ© 

 

� R��02XBridge® BEH Amideˠ150 × 3.0 mm I.D., Ȳŗ2.5 µm, WatersˡI²

ǻ� ȡsÞȒA-�+20 mMǪʱL��mO�Iú=Lbjmj��˥ǈɣ 80:20, 

v/vˡs ȡÞȒB-�+40 mMǪʱL��mO�Iú=Lbjmj��˥ǈɣ 40:60, 

v/vˡI²ǻ�ˢǗʠ0.6 mL/min,W�_P�jǦˈIɦ(%ˠ0-22 min, linear 

change from 15% to 37% B; 22-30 min 37% B; 30-30.01 min, linear change from 37% 

to 15% B; and run time, 40 minˡ�R��Ǣŋ235�ˢUVƵÎ2254 nm0ɺħ�

%� 

 

ˠ3ˡ�ȾɔɾƖ 

 

� sjȊɥȆǽƪȾɔư,�EHL60ȾɔˢJurkatȾɔê5MT-2ȾɔI24ơʾ�

-01.0 × 106¼0/EB�ąí�ˢȾɔɾƖ-�+ǻ�%�ƅî�%Ⱦɔ{�g

j0ǉË�ep��I320 µLÚ�ˢ1Ïʾƀ-�řˢǉËǈ220 µLIÚ�ˤÏʾ

ƀ-��ˢʩŞÏˈˠ17,500 × g, 15 minˡIɦ(%��ǞIɾƖǦǚ-�+ǻ�

%�  
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2 ƼǥÿIǻ�%ÏƬƩ©Ƥʪß 

 

ˠ1ˡ�V��jW�� 

 

� ÏƬıʊ-�%nV�Qfk˖ 18ȣ1Ƽǥǜöǚˠõ 10 µMˡIďǥƍ±0

Ś�ŹÎ�%řˢLCÏƬIɦ(%�ɂƭ1V��jW��I Fig. 2-10Ț��

śCF%ɂƭ�CˢƨƩ©�0��+ˢıʊ-�%nV�Qfk˖IÏˈ�Ƶ

Î�E�-�,�%ˠFig. 2-1 (a) �l�C0ˢøƼǥǜöǚIďǥƍ±0Ś�Ź

Î�+śCF%V��jW��I Fig. 2-1 (b)0Ț��ƨǐ0B(+ ısʊ-�E

nV�Qfk˖I�8+ŹÎ�E�-�,�%��ƙˢblank1ŹÎǚIǣħ�

+śCF%ɂƭ,�E Fig. 2-1ɣ c 0l2 nsV�Qfk˖1u�V2Șʀ�F/

�(%�-�Cˢƨǐ0B(+ˢnV�Qfk˖IŹÎ,�E�-�Șʀ,�

%�  

 

Fig. 2-1 Chromatograms of (a) non-extracted, (b) extracted standard solution, and (c) 

blank solution with this method. Peaks: 1, 6-Cl-5’-PuDP; 2, AMP; 3, UDP-GlcNAc; 4, 

UDP-GalNAc; 5, UMP; 6, UDP-Glc; 7, UDP-Gal; 8, IMP; 9, ADP; 10, CMP; 11, 

GMP; 12, UDP; 13, ATP; 14, CDP; 15, GDP; 16, UTP; 17, ITP; 18, CTP; 19, GTP. 
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ˠ2ˡ� q�i�^�� 

 

� ƼǥǜöǚIǻ�+śCF%ƵʶɇˢƵÎ˂ȀˢąíǴê5ɋDʚ�ÊǶť

I Table 2-10Ț��Ƶʶɇ2ˢĴ/�-? 0.1 µM�C 20 µMɣ 0.1 0s.5 1s 5sˢ

10ê5 20 µMˡ1ȭć,ɜĝ/ȑɇťˠr�0.9925ˡIȚ�%��C0ˢõǨŋ

� 0.5ˢ1ê5 10 µM-/EB�ʄɬ�%nV�Qfk˖ 18ȣ1ƼǥǜöǚI

ǻ�+ˢąíǴê5ɋDʚ�ÊǶťIǣħ�%-�GˢąíǴ2 44.7˟�C

117˟1ȭć0�Dˢɜĝ/ÊǶťIśE�-�,�%�;% Ss/N = 30��E

ƵÎ˂Ȁ2ˢ17 nM¨�,�(%� 

Table 2-1 Validation data of standard nucleotides. 
�  Linearitya) 

(r) 
LODb) 
(nM) 

Mean recovery ± SD (%, n = 6) 
�  0.5 µM 1 µM 10 µM 

AMP 0.9996   3.9 67.4 ± 1.2  66.8 ± 0.78  69.6 ± 1.1  
UDP-GlcNAc 0.9992   3.3 68.3 ± 2.8  71.4 ± 1.4  75.9 ± 1.2  
UDP-GalNAc 0.9999   3.8 74.4 ± 1.9  71.2 ± 1.2  75.5 ± 1.1  

UMP 0.9999   8.0 47.7 ± 1.0  45.7 ± 0.89  53.9 ± 0.8  
UDP-Glc 0.9999   4.7 101 ± 2.3  100 ± 0.94  96.7 ± 2.8  
UDP-Gal 0.9999   4.3 117 ± 2.6  113 ± 0.94  103 ± 3.9  

IMP 0.9999   7.0 70.4 ± 0.87  68.1 ± 1.2  71.3 ± 1.2  
ADP 0.9998   1.7 59.4 ± 1.3  72.5 ± 0.94  83.3 ± 1.1  
CMP 0.9997   6.0 69.4 ± 2.3  69.6 ± 0.93  73.9 ± 1.2  
GMP 0.9997   2.0 75.3 ± 0.85  71.0 ± 1.0  74.4 ± 1.1  
UDP 0.9999   4.0 84.6 ± 2.3  81.3 ± 1.9  86.9 ± 1.4  
ATP 0.9976   9.0 58.3 ± 4.8  68.7 ± 4.5  77.7 ± 5.0  
CDP 0.9993 17 71.3 ± 2.3  81.0 ± 2.3  87.4 ± 1.4  
GDP 0.9999 16 83.6 ± 2.0  82.3 ± 1.2  89.3 ± 1.5  
UTP 0.9971 13 64.3 ± 4.6  70.8 ± 4.9  87.7 ± 5.7  
ITP 0.9925 16 48.4 ± 5.7  56.4 ± 3.7  65.8 ± 5.3  
CTP 0.9970 15 63.3 ± 4.2  69.8 ± 4.8  79.0 ± 4.9  
GTP 0.9967 13 50.4 ± 4.1  61.2 ± 2.1  68.0 ± 5.2  

a) Correlation coefficient of the calibration curve of nucleotides in the concentration 

range 0.1-20 µM. 

b) Limit of detection, defined as the sample concentration giving a signal-to-noise 

(S/N) ratio of 3. 
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3 ȊɥȆǽƪȾɔɾƖ1ÏƬ 

 

�  HL60Ⱦɔ JsurkatȾɔê5MT-2Ⱦɔ�CnV�Qfk˖IŹÎ� LsC0+Ï

Ƭ�+śCF%V��jW��IFig. 2-20Ț��(a)2˄e�rVIƚ�%ř1

ɾƖǦǚI#1;;ǣħ�%đöˢ(b)2ƨǐʪǻř1ŹÎǚIǣħ�%đö1

V��jW��,�E�ŹÎ1ÖřIǅ8E-ˢ� FȾɔ0��+?ˢŹÎ

Ö1V��jW��0ɯCF%ĞĪu�VIŹÎř1V��jW��,2˄è

�E�-�,�%��FC1ɂƭ�Cˢƨǐ0B(+ˢȾɔɾƖ�nV�Qf

k˖IŹÎòɕ,�E�-�Șʀ,�%� 

 

 

 

 

  

 

 

 

 

 

Fig. 2-2 Chromatograms obtained from (A) HL60, (B) Jurkat and (C) MT-2 cell 

samples. (a) Non-extracted cell sample; (b) extracted cell sample with this method. 

Peaks 1-19; see Fig. 2-1.  
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4 ǝÚąíǴ-ÊǶť 

 

� Ď˙ʽğ�C 24ơʾř1MT-2Ⱦɔ1ɾƖǦǚIǻ�+śCF%ǝÚąíǴ

ê5ÊǶťI Table. 2-20Ț��ǝÚʶ 0.5ˢ1ê5 10 µM1ɾƖǦǚI 3ąɋ

Dʚ�ÖÍǷˢŹÎê5ǣħ�%-�ˢąíǴ2 43.8˟�C 1381˟ȭć0�

Dˢɜĝ/ÊǶťIśE�-�,�%��FC1ɂƭBDˢƨǐ�ȊɥȆȾɔ

ɾƖ�nV�Qfk˖1ŹÎǐ-�+ƥǻ,�E�-�Ț�F%� 

 

Table 2-2 Mean recoveries of nucleotides in cell sample. 

�  Mean recovery ± SD (%, n = 6) 

�  0.5 µM 1 µM 10 µM 

AMP 56.9 ± 1.2 66.9 ± 3.6 77.5 ± 3.1 

UDP-GlcNAc 88.3 ± 16 89.0 ± 3.2 86.4 ± 1.3 

UDP-GalNAc 85.3 ± 5.2 76.5 ± 2.6 88.1 ± 1.4 

UMP 46.3 ± 6.2 43.8 ± 5.3 56.2 ± 4.0 

UDP-Glc 124 ± 11 112 ± 6.2 115 ± 3.2 

UDP-Gal 138 ± 7.8 129 ± 6.7 132 ± 4.0 

IMP 74.0 ± 0.7 76.2 ± 1.2 83.4 ± 1.3 

ADP 68.4 ± 3.1 83.4 ± 1.4 107 ± 2.0 

CMP 78.6 ± 1.9 83.9 ± 0.5 85.3 ± 2.8 

GMP 85.2 ± 1.9 80.9 ± 0.4 84.7 ± 2.4 

UDP 116 ± 8.0 103 ± 1.8 105 ± 3.3 

ATP 95.7 ± 19 82.8 ± 3.3 87.0 ± 1.1 

CDP 106 ± 6.1 106 ± 2.6 108 ± 1.1 

GDP 103 ± 3.8 97.8 ± 1.2 103 ± 3.7 

UTP 113 ± 17 95.8 ± 2.2 111 ± 10 

ITP 95.8 ± 2.8 90.0 ± 2.4 95.8 ± 2.9 

CTP 117 ± 5.0 99.2 ± 2.0 103 ± 6.6 

GTP 105 ± 5.5 91.1 ± 0.9 99.3 ± 7.5 
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5 nV�Qfk˖18ȣ1ħʶ 

 

ˠ1ˡ�ħʶɂƭ 

 

� HL60ȾɔˢJurkatȾɔê5MT-2Ⱦɔ0��EnV�QfkǨŋIĎ˙ʽğ

24ơʾ�-0ǣħ�%�#1ħʶɂƭI Table 2-30Ț�� 

 

Table 2-3 Determination results of examined nucleotides in cell extract samples. 
�  HL60 (fmol/cell)  Jurkat (fmol/cell)  MT-2 (fmol/cell) 

�  0 h 24 h 48 h 72 h  0 h 24 h 48 h 72 h  0 h 24 h 48 h 72 h 

AMP 0.032 0.063 0.30 1.8  0.049 0.079 0.22 0.44   1.3 3.7 2.2 3.3 

UDP-GlcNAc 0.98 2.6 0.57 0.79  2.2 0.26 3.8 3.2   2.8 2.4 2.1 2.1 

UDP-GalNAc 0.25 0.86 0.16 0.20  0.6 0.071 1.1 0.91   0.84 0.74 0.66 0.67 

UMP 0.044 0.06 0.10 0.38  0.05 0.032 0.13 0.24   0.68 1.8 1.2 1.6 

UDP-Glc 0.22 0.37 0.38 0.30  0.29 0.29 0.38 0.31   0.99 0.62 0.61 0.64 

UDP-Gal 0.075 0.11 0.11 0.10  0.095 0.083 0.10 0.081   0.30 0.18 0.20 0.21 

IMP 0.0068 0.0025 0.049 0.29  0.0018 0.0040 0.034 0.092   0.59 0.64 0.76 0.90 

ADP 0.35 0.42 1.1 1.5  0.47 0.45 0.84 0.94   2.1 2.1 2.0 2.5 

CMP 0.041 0.05 0.20 0.20  0.055 0.067 0.11 0.14   0.35 0.62 0.46 0.61 

GMP 0.0077 0.0028 0.066 0.40  0.0063 0.0090 0.041 0.15   0.29 0.88 0.61 0.74 

UDP 0.022 0.17 0.18 0.34  0.12 0.073 0.31 0.4   0.46 0.69 0.67 0.96 

ATP 3.0 5.0 5.6 4.0  3.3 3.3 4.8 3.6  16 8.9 8.9 6.4 

CDP 0.18 0.33 0.52 0.14  0.22 0.26 0.51 0.16   0.68 0.37 0.33 0.40 

GDP 0.045 0.074 0.22 0.36  0.062 0.088 0.17 0.21   0.51 0.55 0.50 0.63 

UTP 0.97 2.6 1.9 1.4  1.7 1.3 2.4 1.7   6.9 4.2 4.1 3.0 

ITP 0.0036 0.095 0.023 0.022  0.045 0.011 0.12 0.078   0.026 0.020 0.015 0.019 

CTP 0.46 0.94 0.73 0.55  0.69 0.50 1.0 0.64   2.2 1.3 1.2 0.87 

GTP 0.78 1.1 1.7 1.2  0.88 0.89 1.3 1.1   3.1 1.9 1.9 1.4 
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ˠ2ˡ�ħʶɂƭIǻ�%ęėʶɴƬ 

 

� ˠ1ˡ0+śCF%nV�Qfk˖1ħʶ¾�CˢɅöȋžƼˠ�ŲÏˡIö

Ų�ˢ̀ ZLx�gj-��iM�Wx�gjI±Ų�%��ŲÏÏƬ1ɂƭˢ

śCF%`ZLx�gjIFig. 2-3ɣ A 0l, ��iM�Wx�gjIFig. 2-3ɣ Bˡ

0Ț��̀ ZLx�gj0��+ HsL60Ⱦɔ-JurkatȾɔ1x�gj2ƽʕʋÀ

0®Ɍ�ˢMT-2Ⱦɔ1x�gj2ƽʕǁÀ0®Ɍ�%��1�-�CˢHL60

Ⱦɔ�JurkatȾɔɏ-MT-2Ⱦɔɏ12ɏʾ1ŀȃIòɱß�E�-�,�%��

ƙ HsL60Ⱦɔ-JurkatȾɔʾ02Ⱦɔȣ0BEŀȃIȘʀ�E�-�,�/�(

%��C0ˢ��iM�Wx�gj1ɂƭ�CˢȨ1�ŲÏ1ĭ�Ǵ19��˞

��-�Cˢƽʕ110ʙ�§ʇǯ9.2ɏ1ŀȃ0Ě��ʿ��+�E-ɓ�

CFˢƽʕǁ1®Ɍ0ÏŃ�Eǯʐ2 MsT-2Ⱦɔ0��+ˢ#1¦2ȣ1ȾɔB

D˞Ǩŋ0ú;FE�-�Țā�F%� 

 

 

 

 

 

 

  

Fig.2-3 The PCA (A) score and (B) loading plots obtained with quantitation of the 
nucleotides in cell samples. 
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6 ĳż 

 

� v�Q�`NQ�{Lǐ0BDˢȾɔɾƖ�nV�Qfk˖ 18ȣIʫŸȋ0

ŹÎ�E�-�òɕ,�(%�ƨŹÎǚI LC0+ǣħ�%ɂƭ nsV�Qfk

˖1ąíǴ2 4s3.8
138%1ȭć0�D ȑsɇťɣ r�0.9925 êl5ÊǶťɣ RSD

˦8.0˟ˡ2-?0ɜĝ/ɂƭ�śCF%�ǀ0ƨǐIˢȊɥȆǽƪȾɔɾƖ

ˠHL60 ȾɔˢJarkut Ⱦɔê5 MT-2 Ⱦɔˡ7-ʪǻ�%-�GˢɾƖ�nV�

Qfk˖Iǣħ�E�-�,�%�;%ˢMT-2ȾɔIǻ�+ǝÚąíɾ˛Iɦ

(%-�GˢąíǴ2 43.8%�C 138%1ʾ0�DˢÊǶť0��+?ɜĝ/¾

�śCF%��C0ˢHL60 ȾɔˢJurkat Ⱦɔê5 MT-2 Ⱦɔ0��EnV�Q

fk˖ǨŋIĎ˙ʽğ�C 24ơʾ�- 7s2ơʾ;,1õȾɔÉnV�Qfk˖

Ǩŋ1ħʶIɦ(%�#1ħʶɂƭ0ı�+ęėʶɴƬIƚ�%-�GˢHL60

Ⱦɔ�Jurkat Ⱦɔɏ- MT-2 Ⱦɔɏ1 2 ɏʾ1ŀȃIòɱß�E�-�,�%�

�ƙ HsL60Ⱦɔ- JurkatȾɔ1ʾ02Ɂʥơʾ�-ê5Ⱦɔȣ1ʨ�0BEŀ

ȃ2Șʀ,�/�(%�¨�BDˢv�Q�`NQ�{LǐIšǻ�%nV�

Qfk˖ɴƬ0B(+ˢõȾɔ�nV�Qfk˖1ǨŋėßIʝ��-,ˢȾ

ɔȣŀ1ɴƬê5Ⱦɔȣ1Ñħ0ʪǻòɕ,�E�-�Țā�F%� 
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�Ȩ 3 Ȧ�v�Q�`ʷĶT��jLvMmhM�ǐ0BEnV�Qfk˖1

ʫŸȋŹÎ- LC-MS/MSÏƬ 

 

� Ȩ1Ȧê5Ȩ2Ȧ,2ˢ��ʱßöǯIıʊ-�%ʫŸȋ/ŹÎIɦ�8�ˢ

v�Q�`ǦĠŹÎ0NQ�{L1ƸţIîDÅF%�ƨȦ,2ˢ�C0��

ʱßöǯ71ʫŸť1ù�IȐž�ˢʷĶT��jLvMmhM�ǐ [40,41]I

v�Q�`ǦĠŹÎǐ0îDÅF%ƙǐʅIʽȉ�%�ƨǐ2ˢ; öŲ�%

N�p�ʯʱčv�Q�`ɾɣˠ4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-Perfluoroal- 

kyl-n-iminodiacetic acid, PFIDAˡ0ʷĶNQ�ˠFe(III)ˡIĈħßřˢ#1ʷĶN

Q�0��ʱßöǯ�ʮ®�E�-,ˢ#1ɭö°�-v�Q�`ǦĠ0ŹÎ

�E�ǀ�,ɖT��j×Iú=ǦĠIǻ�+ʞŹÎIɦ�ˢ#1ǦĠ�0ú

;FEıʊǯʐIǣħ�E-��ƙǐ,�EˠFig. 3-1 �l�C0ƨȕȤ,2ˢƨ

ǐInV�Qfk˖1ŹÎ7-ʪǻ� 3s0ȣˠAMP, ADP, ATP, CMP, CDP, CTP, 

GMP, GDP, GTP, IMP, IDP, ITP, UMP, UDP, UTP, dAMP, dATP, dCMP, dCDP, 

dCTP, dGMP, dGDP, dGTP, dIMP, dITP, dTMP, dTDP, dTTP, dUMPê5dUTPˡI

ıʊ-�+LC-MS/MSÏƬIɦ(%�;%ˢL~j�^`IʁĲˠAnti-Fasŷ°

ǝÚˡ�!%Ťť��rťȊɥȆȾɔˠJurkatȾɔˡ�nV�Qfk˖1ÏƬ0

ƨǐIʪǻ�%� 

Fig. 3-1 The principal of the extraction method for nucleotides with Fe(III)-immobilized 

PFIDA by fluorous-assisted metal chelate affinity technique.



 32 

1 ďǥƍ± 

 

ˠ1ˡ�Fe(III)ʮ® PFIDA1ʄɬ 

 

� 40 mM PFIDAǦǚˠTFEǦǚˡ100 µL0ˢ1 MĒßʹ(III) 100 µLIÚ�ˢĩ

Ǣ, 30ÏʾƐɌ�%�#1řˢTDFH : TFO = 3 : 1ˠv/vˡ100 µLê5 50˟�e

p�� 100 µLIÚ�ƀ-��%�ʩŞÏˈˠ17,500 × g, 10 minˡřˢ�ķˠˌ

v�Q�`ķˡI˄è�ˢ50˟�ep�� 200 µLIÚ�ˢ�ķ�ȓɝ�/�/

E;,�ķˠv�Q�`ķˡ1ǔǘˠƀ-�-�ķ1˄èˡIɭƓąɋDʚ�

%�śCF%v�Q�`ķIǨɊ�Ĉ�ˢǂǡ0 TDFH : TFO = 3 : 1ˠv/vˡIÚ

�+ȐȋǨŋ0ǻơʄɬ�%� 

 

ˠ2ˡ�ŹÎŵ˒ 

 

� ɾƖǦǚˠAMP, ADP, ATP, CMP, CDP, CTP, GMP, GDP, GTP, IMP, IDP, ITP, 

UMP, UDP, UTP, dAMP, dATP, dCMP, dCDP, dCTP, dGMP, dGDP, dGTP, dIMP, 

dITP, dTMP, dTDP, dTTP, dUMPê5 dUTP1 0.2%TFAIú= 60%CH3OHǦǚˡ

400 µLIqNL�ˠ1.5 mLZmR�čˡ0-Dˢ50 mM Fe(III)ʮ® PFIDAǦǚ

ˠTDFH : TFO = 3 : 1, v/vˡ20 µLIÚ�ˢĩǢ, 10Ïʾƀ-��%�ʩŞÏˈ

ˠ17,500 × g, 10 minˡřˢ�ķˠˌv�Q�`ķˡI˄è�ˢ0.2% trifluoroacetic 

acidˠTFAˡIú= 60%�ep�� 50 µL,�ķˠv�Q�`ķˡIǔǘ�%�

ǀ�, vs�Q�`ķ0 1%L��mLIú= 70%Lbjmj�� 50 µLIÚ�ˢ

ĩǢ, 10Ïʾƀ-��%�ʩŞÏˈˠ17,500 × g, 10 minˡřˢśCF%�ķˠˌ

v�Q�`ķˡ1�ʭˠ5 µLˡI LC-MS/MS0ǒÅ�%� 
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ˠ3ˡ�LC-MS/MSƩ© 

 

LCƩ© 

� R��02Acquity UPLC® BEH Amide ɣ 100 × 3.0 mm I.D., Ȳŗ1.7 µm, Watersˡ

I²ǻ�ˢȡÞȒ A-�+ 250 mMǪʱǈȼL��mO�Iú=Lbjmj�

�˥ǈˠ80:20, v/vˡˢȡÞȒ B-�+ 250 mMǪʱǈȼL��mO�Iú=L

bjmj��˥ǈˠ60:40, v/vˡI²ǻ�ˢǗʠ 0.6 mL/min,W�_P�jǦˈ

ˠ0–10 min, linear increase from 20 to 30% B; 10–12 min, linear increase from 30 to 

60% B, 12–25 min, linear increase from 60 to 100% B, 25–25.01 min, linear decrease 

from 100 to 20% B; and 25.01–40 min, 20% BˡIɦ(%�R��Ǣŋ2 35�0ɺ

ħ�%� 

 

MS/MSƩ© 

� ɫɌ02ˢLCMS-8050ˠĻǕɬ±ŴɬˡI²ǻ�ˢNQ�ß2 ESI oShM

w��k,ɦ(%�õMRMj��_g^�� Qs1 pre bias  s CEê5 Q3 pre bias

I Table 3-11ʟD0ɺħ�ˢMRM��k0BEǣħIɦ(%� 

 

ˠ4ˡ�ȾɔɾƖ 

 

� ȊɥȆǽƪȾɔ,�EJurkatȾɔ0ı� Ls~j�^`ʁĲ×,�E100 ng/mL 

Anti-Fas mAb IǝÚ�ˢ0 (ƧǝÚ), 1, 2, 3, 4, 5, 6, 12ê518ơʾ�-0ąí�Ⱦ

ɔɾƖ-�+ǻ�%��ħʶƅî�%Ⱦɔ{�gjˠ1.0 × 106¼ˡ0ǉË�ep

��I320 µLÚ�ˢ1Ïʾƀ-�řˢ�C0ǉËǈ220 µLIÚ�ˤÏʾƀ-��

%�ʩŞÏˈˠ17,500 × g, 15 minˡř1�ǞIɾƖǦǚ-�+ǻ�%� 
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Table 3-1 MRM conditions of nucleotides. 

Nucleotides 
Precursor ions 

(m/z) 

Product ions 

(m/z) 
Q1 pre bias CEs Q3 pre bias 

dTMP 321.0 195.0 12 16 21 
dUMP 307.1 195.2 11 11 11 
dAMP 330.0 134.1 25 24 14 
AMP 346.2 078.9 13 46 14 
UMP 323.0 078.9 12 37 14 
dIMP 331.1 135.1 13 23 14 
dTDP 401.1 159.1 15 25 30 
dCMP 306.0 079.0 12 47 15 
IMP 347.0 078.8 13 45 14 

dGMP 346.0 078.9 13 21 15 
ADP 426.1 158.9 16 26 29 
CMP 322.0 078.8 12 46 15 
UDP 402.9 159.0 15 26 30 
dTTP 481.0 159.1 23 31 30 
GMP 362.0 078.9 27 41 15 
dCDP 386.1 078.9 15 45 15 
dATP 490.0 159.0 18 31 30 
dUTP 467.0 159.1 18 35 30 
IDP 426.0 159.0 16 27 30 
ATP 506.0 159.1 20 30 30 

dGDP 426.0 078.9 16 49 14 
CDP 401.9 159.0 15 26 30 
UTP 482.8 159.0 18 30 30 
dITP 491.0 159.0 11 35 16 
GDP 441.9 158.9 11 35 16 
dCTP 466.0 159.0 18 30 30 
ITP 506.8 159.0 38 31 30 

dGTP 506.0 159.0 20 30 29 
CTP 481.9 159.0 18 27 30 
GTP 521.7 159.0 38 33 30 
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2 V��jW�� 

 

� ıʊ-�%nV�Qfk˖1Ƽǥǜöǚˠõ 1 µMˡIďǥƍ±0Ś�ŹÎ�

%ř LsC-MS/MSÏƬIɦ(%�śCF%V��jW��I Fig. 3-20Ț��¤

ąıʊ-�% 30ȣ1nV�Qfk˖2 �s F? HILICR��0âÏ0¹Ž�

Fˢ18Ï¨É0�8+1ǯʐIƵÎ,�%� 

 

Fig. 3-2 Chromatograms obtained for standard solution treated with this method.  
Peaks: 1, dTMP; 2, dUMP; 3, dAMP; 4, AMP; 5, UMP; 6, dIMP; 7, dTDP; 8, dCMP; 9, 

IMP; 10, dGMP; 11, ADP; 12, CMP; 13, UDP; 14, dTTP; 15, GMP; 16, dCDP; 17, 

dATP; 18, dUTP; 19, IDP; 20, ATP; 21, dGDP; 22, CDP; 23, UTP; 24, dITP; 25, GDP; 

26, dCTP; 27, ITP; 28, dGTP; 29, CTP and 30, GTP. 

5.0 7.5 10.0 12.5 15.0 17.5 
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3 LC-MS/MSÏƬƩ©1Ƶɸ 

 

� ; ˢnV�Qfk˖30ȣIBDƤʪ/Ʃ©0+¹Ž�Ïˈ�8�ˢ HILIC

R��1ÊƵɸIɦ(%�nV�Qfk˖2ʱťßöǯ,�DˢLC0��+Ē

ďťȡÞȒI²ǻ�%đö HsILICR��7-ÝǴB�¹Ž�!E�-�,�E�

B(+ˢĒďťƩ©�,?²ǻ,�E6%)1R��0ɃDˢL�kč1R�

�-~���z�`1R��0)�+ƵɸIɦ(%�ƨȕȤ,2ˢBDɜĝ/

Ïˈ�śCF%L�kč1HILICR��IʫŸ�%�L�kčHILICR��2ˢ

ˊɞȋ0m��j��,�DˢNQ�¡Ɖȋ/Ȓ ±ǻ�Ĵ/��-�CˢƊ

ȉťĒ1ǈǦǚ-Lbjmj��-Iɀ<öH!%Ɉþ/ǦˈƩ©,ÏƬIɦ

��-�,�E�ƨȕȤ0��+?ˢǪʱǈȼL��mO�Iú=ǈ-Lbj

mj��1ǜǚIǻ�E�-0B(+ˢnV�Qfk˖0ı�+ɜĝ/¹Žê

5ÏˈIʧŲ�E�-�,�%� 

ǀ0 ȡsÞȒ0ú;FEǪʱǈȼL��mO�1Ǩŋ-Ïˈ1Ȓʿ0)�+

ƵɸIɦ(%�HILICR��,2ˢȡÞȒ0��+ĒǨŋ��Ɲ�E�-,Ĉħ

Ȓɪˍ1ǈþķ�ĕÚ���C0Ʒťßöǯ-ĈħȒ-1Ȓ ±ǻ�ĕÚ��

ɂƭȋ0¹Ž�ù��E�-�ȔCF+�E�#�,ˢȡÞȒ0ǝÚ�EǪʱ

ǈȼL��mO�1ǨŋI0ˢ10ˢ30ê550 mM-�ÏˈIɦ�ˢ#F$F1V

��jW��Iǅʖ�%�ǪʱǈȼL��mO�1Ǩŋ�ĕÚ�E0)Fˢu

�VœǱˢ¹Žê5Ïˈ�� F?Əă�F+�E1�Șʀ,�%��1ɂƭ

BDˢȡÞȒ�0ǪʱǈȼL��mO��50 mMú;FEB�ʄɬ�E�--

�%� 
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4 ŹÎƩ©1Ƶɸ 

 

� nV�Qfk˖1Ƽǥǜöǚɣ õ 10 µM Ilǻ�+, ŹÎƩ©1ƤʪßIɦ(

%� 

 

(1) Fe(III)Ĉħß PFIDAǨŋ1Ƶɸ 

�  

� ƨƵɸ0��+ˢFe(III)Ĉħß PFIDA Ǩŋ�ŹÎ0ê:�ŕˏ0)�+Ƶɸ

�%ˠFig. 3-3 �lFe(III)Ĉħß PFIDAǨŋI 0 5s 1s0 2s0 3s0 4s0ˢê5 50 mM

-ėß�!+ŹÎIɦ(%-�GˢɾɣǨŋ�ĕÚ�E0)F+ˢŹÎǴ�ĕ

Ú�EÂù0�(%�ƨȕȤ,2ˢɾɣ1ǦĠ71ǦɴťIɓů�ˢ50 mMI

ʫŸ�%� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-3 Effect of the concentration of Fe(III)-immobilized PFIDA on the peak area of 

examined nucleotides. 
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(2) ŹÎ0ǻ�E TFAǨŋ1Ƶɸ 

 

 nV�Qfk˖0ʫŸȋ/ŹÎIɦ�8� ɾsƖǦǚ0 TFAIǝÚ�E�--

�%�ɾƖǦǚ0 TFAIǝÚ�%đöˢnV�Qfk˖0ʫŸȋ/ŹÎ�ʧŲ

,�%10ı�ˢTFA IǝÚ�/�(%đöˢR�}�ʱßöǯ-�(%#1

¦1ʮ®ťßöǯ?ŹÎ�F%��ƙˢɾƖǦǚ0ǝÚ�E TFAǨŋ�əʪƩ

©Iʓ�%đöˢnV�Qfk˖1ŹÎ;,?�ĞĪ�FE�-�Cˢv�Q

�`ǦĠ71ŹÎơɾƖǦǚ0ǝÚ�E TFA 1əʪǨŋ1ƵɸIɦ(%ˠFig. 

3-4 �l0%�C 0.6%1 TFA Iǻ�+ąíǴIȘʀ�%-�Gˢ0.2%,Ƥ?B�

ąíǴIȚ�ˢ#F¨�1Ǩŋ,2ąíǴ� TFA1ǨŋµĢȋ0¯��%�-

�CˢƨȕȤ,2ˢŹÎ0ǻ�E TFA1Ǩŋ-�+ˢ0.2%IʫŸ�%� 

�  

Fig. 3-4 Effect of the concentration of TFA in the extraction solvent. 

 

  



 39 

5 q�i�^�� 

 

� ƼǥÿIǻ�+śCF%Ƶʶɇ ƵsÎ˂Ȁ ąsíǴê5ɋDʚ�ÊǶťITable 

3-20Ț��ıʊ-�%nV�Qfk˖1Ƶʶɇ2ˢĴ/�-? 0.1 µM�C 10 

µMˠ0.1ˢ0.2ˢ0.5ˢ1ˢ5ê5 10 µMˡ1ȭć,ɜĝ/ȑɇťˠr�0.9911ˡIȚ

�%��C0ˢõǨŋ� 0.5ˢ1ê5 10 µM-/EB�ʄɬ�%ƼǥǜöǚIǻ

�+ ąsíǴê5ɋDʚ�ÊǶťIǣħ�%-�G ąsíǴ2 43.2˟�C 94.7˟

1ȭć0�Dˢɜĝ/ÊǶťˠRSD�6.6˟ˡIśE�-�,�%�;%ˢS/N = 

30��EƵÎ˂Ȁ2ˢ0.37 nM¨�,�(%��C0ˢƨǐIǹ°ÉR�}�

ʱ˖ˠ�ʱˢQ�f�ʱˢXjW�e�ʱˢ���ʱˢ��[ʱˢLZmgj

ʱ VsP�ʱ 0lı�+ʪǻ�%-�G �sFCR�}�ʱ˖1ŹÎǴ2 8s.3˟

¨�,�(%�-�Cˢƨǐ1nV�Qfk˖71ʫŸť�Șʀ,�%� 
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6 JurkatȾɔɾƖ�nV�Qfk˖1ǣħ 

 

(1) V��jW�� 

�  

� JurkatȾɔɾƖ�nV�Qfk˖Iďǥƍ±0Ś�ŹÎ�%ř LsC-MS/MSÏ

ƬIɦ(%�śCF%V��jW��I Fig. 3-50Ț���1ɂƭ�Cˢƨǐ2

ȾɔÉnV�Qfk˖1ŹÎ0?ʪǻòɕ,�E�-�Ț�F%��C0ˢś

CF%ɂƭ�Cħʶ¾IȪÎ�E�-�,�ˠTable 3-3ˡs ȾɔÉ02 0.0016


1.5 nmol/106 cells1ȭć,nV�Qfk˖�ĢĊ�E�-�Șʀ,�%� 

 
Fig. 3-5 Chromatograms obtained for Jurkat cell samples treated with this method. 

Peaks 1-30; see Fig. 3-2.  
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Table 3-3 Determination results of nucleotides in Jurkat cells. 

 
Concentration  

(nmol/106 cells) 

RSDa) 

(%, n = 3) 

dTMP 000.0016 

0.0016 

 

0.0016 

0.0016 

 

0.0016 

 

4.11 

 

4.11 

 

4.11 

 

4.11 

 

4.11 

4.11 

 

8.9 
dUMP < LODa) 	
  
dAMP 000.0028 

 

 

3.4 
AMP 0.14 

 
1.0 

UMP 00.046 

 
4.1 

dIMP < LODa) 	
  
dTDP 000.0038 

9.32 

9.32 

 

3.9 
dCMP < LODa) 	
  
IMP 00.017 

 
2.5 

dGMP < LODa) 	
  
ADP 0.35 

 
5.3 

CMP 00.061 

 
1.0 

UDP 0.12 

 
1.8 

dTTP 00.021 

 
1.7 

GMP 00.028 

 
5.5 

dCDP < LODa) 	
  
dATP 00.034 

 
11 x 

dUTP < LODa) 	
  
IDP < LODa) 	
  
ATP 1.50 

 

 

4.4 
dGDP 00.017 

 
4.4 

CDP 00.041 

 

 

6.7 
UTP 0.33 

 
10 x 

dITP < LODa) 	
  
GDP 00.074 

 
11 x 

dCTP 000.0085 

21 

21 

 

7.3 
ITP < LODa) 	
  

dGTP < LODa) 	
  
CTP 0.31 

 
4.9 

GTP 0.13 

 
11 x 

a) Limit of detection.
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(2) L~j�^`ʁĲ JurkatȾɔɾƖ�nV�Qfk˖1ħʶ 

 

� JurkatȾɔ0 Anti-Fasŷ°IǝÚ�L~j�^`IʁĲ�! ơsʾɁʥ�-1

ȾɔÉnV�Qfk˖Ǩŋ1ėÞIɳį�%�ŷ°ƧǝÚ ǝsÚř 1 2s 3s 4sˢ

5ˢ6ˢ12ê5 18ơʾř1nV�Qfk˖1ħʶɂƭI Fig. 3-60Ț���1ɂ

ƭ�C Asnti-Fasŷ°ǝÚ 1ơʾř0��+ ĚsʭÏ1nV�Qfk˖1ȾɔÉ

Ǩŋ2ĕÚ�ˢ#1řơʾɁʥ�-0ǟĴ�+�E�-�Șʀ,�%� 

 

Fig. 3-6 Intracellular concentrations of nucleotides in apoptosis-induced Jurkat cells.  
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(3) ħʶɂƭIǻ�%ęėʶɴƬ 

 

� L~j�^`ʁĲȾɔ1ėßIòɱß�8�ˢśCF%ħʶ¾0ı�+ęė

ʶɴƬˠ�ŲÏÏƬ; PCAˡIƚ�%�ɂƭI Fig. 3-70Ț��`ZLx�gj

1ɂƭ�C Asnti-Fasŷ°ǝÚř1x�gj2 ƧsǝÚȾɔ1x�gj-ƞȘ0

àÒ�E�-�,�%��C0ˢɣ×1ǝÚřơʾɁʥ�-0x�gj�Ŀ7

-^vj�EÂùIȚ�%�;%ˢ��iM�Wx�gj1ɂƭ�Cˢ�FC

1ŀȃ0ʿ��+�EnV�Qfk˖IȘʀ�E�-�,�%�¨�1ɂƭ�

CˢȾɔÉnV�QfkǨŋėß1ɳį2ˢL~j�^`ʣɦŋ1òɱß0ƥ

ǻ,�E�-�Țā�F%� 

ˠAˡ`ZLx�gj 

ˠBˡ��iM�Wx�gj 

Fig. 3-7 The PCA (A) score plot and (B) loading plot obtained with of the quantitatively 

value of nucleotides in Jurkat cell. 
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7 ĳż 

 

� ƨȕȤ0��+ˢv�Q�`ʷĶT��jLvMmhM�ǐIǻ�%nV�

Qfk˖1ʫŸȋŹÎǐ1ʽȉIɦ(%�ƨǐ0B(+ʫŸȋ0ŹÎ�F%n

V�Qfk˖2ˢ HILIC-MS/MS ÏƬ0��+ˢĒďťȡÞȒƩ©�,ɜĝ/

ÏˈIʧŲ,�%��C0ˢƨǐ2ˢȾɔÉnV�QfkǨŋ1ħʶ0?ƥǻ

,�E�-�Șʀ,�%�;%ˢAnti-fasŷ°0B(+L~j�^`IʁĲ�%

ȊɥȆȾɔ0��+ˢơʾɁʥ�-1ȾɔǱŭ1ėß-ȾɔÉnV�QfkǨ

ŋ-1ʾ0ĢĊ�EȒʿʿ·Iòɱß�E�-�,�%�¨�1ɂƭ�Cˢn

V�Qfk˖1ǨŋėßIʝ��-0B(+ˢȾɔǱŭ1ėßIɳį,�Eò

ɕť�Țā�F%� 
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�Ȩ 4 Ȧ�v�Q�`ʷĶT��jLvMmhM�ǐ1x�hN�Tl�cǖ

ťǣħ71šǻ 

�  

� ƨȦ,2ˢv�Q�`ʷĶT��jLvMmhM�ǐI��ʱß{xfk1

ʫŸȋŹÎ7-šǻ�ˢx�hN�Tl�cˠProtein kinase; PKˡǖťǣħ7-

ʪǻ�%�PK-2ˢ|���1Õǧ0š�+ˢ{xfk/.1e�rVʐ1�

�ʱßIɵĠ�ˢʬ«ġȉǶ@Ⱦɔĕǃ/.ˢƺ�/ȾɔƾɕIZ�j���

�Eʰȼ,�E��C0ˢPK1ǖťȃŅ2�J0§ɪ�FEB�/ƺ�/ȅŨ

1ȉȇ�Rma�0Ǜ�ʿ��ˢ#FCȅŨ1ɼƗ@��R�-�+ƥǻ,�

E-�F+�E[61,62]��/H'ˢPK ǖťǣħ2ɘŊģȋūɐ�Ʒ>+˞��

¤ąˢCyclicAMP-dependent protein kinaseˠPKAˡê5#1ďʐ{xfk,�E

Kemptide (NH3-Leu-Arg-Arg-Ala-Ser-Leu-Gly-COOH)Iǻ�+ ƨsǐ1ƥǻť1Ș

ʀIɦ(%ˠFig. 4-1 �lƨǐ2 csarboxytetramethylrhodamineɣ TAMRA, Fig. 4-2ˡ

,x�ɤÄƼʉß�%ďʐ{xfkˠS-kemptideˡI PKA ʰȼìš0B(+�

�ʱß�ˢ#1��ʱß°ˠP-kemptideˡ1<I Fe(III)ʮ® PFIDA ,ƂƁ�ˢ

v�Q�`ǦĠ�7-ŹÎ�E-��æǷ0ď*���1-�ˢǈķ02ˢ

S-kemptide�ǂĢ�+�E�-�Cˢ#1ŹÎÖř1ɤÄőŋ1ǟĴǴ�C PK

ǖť1ǣħ�òɕ-/E�ƨȕȤ,2 ƼsǥÿIǻ�+ PKǖťǣħ1%>1ď

ȏƔÁIɦ(%� 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4-1 The removing extraction method for P-Kemptide with Fe(III)-immobilized 

PFIDA by fluorous-assisted metal chelate affinity technique and measurement of  

protein kinase activity assay. 
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Fig. 4-2 The structure of TAMRA. 

 

 

 

1 ďǥƍ± 

 

ˠ1ˡ�Fe(III)ʮ® PFIDA1ʄɬ 

 

� Ȩ 3Ȧ 1-(1)0Ś(+ʄɬ�%� 

 

ˠ2ˡ�PKAʰȼìš 

 

� 40 µM S-Kemptide 75 µL0ˢ400 µM ATPIú= PKAǦǚˠ0-10 U/µLˡ75 µL

IÚ�ˢ30�, 2ơʾƐɌ�%�śCF%ǦǚIɾƖǦǚ-�+ǻ�%� 

 

ˠ3ˡ�ŹÎƍ± 

 

� ɾƖǦǚ 30 µL0ˢFe(III)ʮ® PFIDAǦǚˠTDFH : TFO = 3 : 1, v/vˡ20 µLê

5 0.2˟TF AIú=Lbjmj�� 20 µLIÚ�ˢĩǢ, 10Ïʾƀ-��%�

ʩŞÏˈˠ17,500 × g, 10 minˡřˢ�ķˠˌv�Q�`ķˡ1ɤÄőŋIǣħ�

%� 

 

  

O

O

N
CH3

CH3
N

H3C

CH3

O
HO
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2 ďșƵɸ 

 

ˠ1ˡ�Fe(III)ʮ® PFIDAǨŋ1Ƶɸ 

 

� Fe(III)ʮ® PFIDA 1Ǩŋ�ŹÎ0ê:�ŕˏ0)�+Ƶɸ�%ˠFig. 4-3 �l

Fe(III)ʮ® PFIDA1ǨŋȭćI 0-50 mM-� Ss-Kemptideê5 P-Kemptide1Ƽ

ǥÿɣ õ 40 µM 0lı�+v�Q�`ʷĶT��jLvMmhM�ǐIʪǻ�ˢ

�ķˠˌv�Q�`ķˡ1ɤÄőŋIǣħ�%�Fe(III)ʮ® PFIDA Iǻ�%đ

öˢS-Kemptide ,2�ķ1ɤÄőŋ0ėß�ɯCF/�(%10ı�ˢ

P-Kemptide,2ɾɣ1ǨŋµĢȋ0�ķ1ɤÄőŋ�ǟĴ�%��1�-�Cˢ

P-kemptide 1<IʫŸȋ0ŹÎ˄è,�%�-�Șʀ,�%�;%ˢ20 mM ¨

�,�ħ1ŹÎÝǴ�śCF%%>ˢŹÎ0ǻ�E Fe(III)ʮ® PFIDAǨŋ-�

+ 40 mMIʫŸ�%� 

 

 
 

 

 

 

 

 

 

 

 

Fig. 4-3 Effect of the concentration of Fe(III)-immobilized PFIDA for extraction of 

P-Kemptide. 
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ˠ2ˡ�TFAǨŋ1Ƶɸ 

 

� ƨƵɸ0��+ˢTFA Ǩŋ�ŹÎ0ê:�ŕˏ0)�+Ƶɸ�%�TFA 1Ǩ

ŋȭćI 0-0.6˟-� Ss-Kemptideê5 P-Kemptide1Ƽǥÿˠõ 40 µMˡ0ı�

EŹÎIɦ�ˢ�ķˠˌv�Q�`ķˡ1ɤÄőŋIǣħ�%ˠFig. 4-4 �l�1

ɂƭ�CˢTFAǨŋ� 0.2˟¨�,2ˢS-Kemptide1ŹÎ�ɦ� ˢP-Kemptide

1<IʫŸȋ0ŹÎ,�%10ı�ˢTFA Ǩŋ� 0.2%I�ąE- P-Kemptide

1</C S-Kemptide?;%ŹÎ�F%��ƙˢ TFAǨŋ� 0.3%¨�0/E

- P-kemptide 1ŹÎ�ĞĪ�FE�-�Șʀ,�%%>ˢƨȕȤ,2ŹÎ0ǻ

�E TFAǨŋ-�+ 0.2˟IʫŸ�%� 

 

 

 

Fig. 4-4 Effects of the concentrations of TFA for selective removing extraction of 

P-Kemptide. 
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3 ħʶť1Șʀ 

 

� ƨƵɸ0��+ˢS-Kemptideê5 P-Kemptide1ƼǥÿIʪŒ/ǅǴˠS : P = 

10:0-0:10 ,lǜö� ƨsǐIʪǻ�%��ķ1ɤÄőŋIǣħ�%ɂƭI Fig. 4-5

0Ț��ƨǐ0BDˢP-Kemptide 1<�v�Q�`ǦĠ7-ŹÎ˄è�F+�

D Ps-Kemptide1úƥǴµĢȋ0�ķ1ɤÄőŋ�ǟĴ�E�-�Șʀ,�%�

�1ɂƭ�C ƨsǐ0B(+ P-KemptideIħʶȋ0ŹÎ,�E�-�Ț�F%� 

 

 

  

 

Fig. 4-5 The fluorescence intensity of the non-fluorous aqueous phase before and after 

fluorous extraction.  
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4 PKAǖťǣħ71ʪǻ 

�  

� �ħǨŋ1 S-Kemptide 0ı�ˢǄ˅ȋ/Ǩŋ-/EB�0ʄɬ�% PKA

ˠ0.1-10 U/µLˡIÚ�+��ʱßIɦ(%řˢśCF%ìšǦǚ0ƨǐIʪǻ

�%��ķ1ɤÄőŋIǣħ�%ɂƭI Fig. 4-6 (A)0Ț��PKA1Ǩŋ�Ɲ0

¬� P-Kemptide�ĕÚ�%Ïˢ�ķ0ǂĢ�E S-Kemptide�ǟĴ�%ɂƭˢ�

ķ1ɤÄőŋ�ǟĴ�%�-�Șʀ,�%��C0ˢŹÎÖř1ɤÄőŋǅI

PKA1Ǩŋ�-0x�gj�%ɂƭI Fig. 4-6 (B)0Ț���1ɂƭ�CˢPKA

1ǨŋµĢȋ0�ķ1ɤÄőŋ�ǟĴ�+�E�-�Ț�F%�¨�BDˢˌ

v�Q�`ķ1ɤÄőŋ1ǟĴǴ� PKAǨŋˠǖťßˡ0µĢ�+�E�-�

Șʀ,�ˢƨǐ0B(+ˢPKA1ǖťIǣħòɕ,�E�-�Țā�F%� 

 

 
 

Fig. 4-6 (A) Fluorescence emission spectra of non-fluorous phases and (B) the relative 

fluorescence intensity changes at 585 nm obtained before (I0) and after (I) fluorous ex- 

traction of enzymatic reaction solutions with different concentrations of PKA (0–10 

U/µL).  
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5 ĳż 

 

� ƨȕȤ,2ˢȨ 3 Ȧ,ʽȉ�%v�Q�`ʷĶT��jLvMmhM�ǐI

��ʱß{xfk1ŹÎ7-šǻ�ˢPK ǖťǣħ7-ʪǻ�%�ƨǐ0BDˢ

��ʱß°,�E P-Kemptide1<�v�Q�`ǦĠ7-ŹÎ�Fˢˌ��ʱ°

,�E S-Kemptide 2ŹÎ�F/�(%�;%ˢS-Kemptide 0ı� PKA ʰȼì

šIǻ�+��ʱßIɦ�ˢƨǐIʪǻ�%�#1ɂƭˢPKA 1Ǩŋ�Ɲ0¬

� P-Kemptide�ĕÚ�%Ïˢ�ķ0ǂĢ�E S-Kemptide�ǟĴ�%ɂƭˢ�ķ

1ɤÄőŋ�ǟĴ�%�-�Șʀ,�%�¨�BDˢƨǐ0B(+ˢPKA 1ǖ

ťIǣħòɕ,�E�-�Țā�F%�ƨǐ2ˢʰȼˀĪ×1`V��m�W

/.7-šǻòɕ,�E-ɓ�CFE� 

�  
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�Ʌż� 

 

� ƨȕȤ,2ˢv�Q�`LvMmhM�0BEǹ°É��ʱßöǯ1ʫŸȋ

ÖÍǷǐ1ʽȉê5#1ĨɾƖ71šǻIɦ(%� 

�  

� Ȩ 1 Ȧ,2ˢv�Q�`NQ�{LɾɣIǻ�%��ʱßöǯ1ʫŸȋŹÎ

ǐ-�+ vs�Q�`NQ�{Lǐ1ʽȉIɦ(%�6ȣ1nV�Qfk˖Iı

ʊ0 HFUA INQ�{L×-�+ďƨƩ©IƵɸ�%-�GˢąíǴ2 70.4˟

�C 96.8˟1ȭć0�Dˢȑɇťê5ÊǶť?ɜĝ/¾�śCF%��C0ˢ

��JȾɔɾƖɣ MCF-7Ⱦɔê5MCF-10AȾɔ 0lƨǐIʪǻ�%-�G ıs

ʊ-�EnV�Qfk˖IŹÎ,� LsC0+ěˇŲÏ1ŕˏIï�E�-/�

ÏƬ�E�-�,�%��FC1ɂƭ�Cˢƨǐ1ȾɔɾƖ�nV�Qfk˖

ŹÎ71ƥǻťIȘʀ�E�-�,�%� 

� �C0 Ȩs 2Ȧ,2 vs�Q�`NQ�{LŹÎǐI�C0ȉĵ�!E8�ˢ

ıʊ-�EnV�Qfk˖I 18 ȣ7-ŻŐ�ˢȊɥȆȾɔɾƖˠJurkat Ⱦɔˢ

HL60Ⱦɔê5MT-2Ⱦɔˡ�nV�Qfk˖1ÏƬ7-ʪǻ�%�ȾɔɾƖI

ǻ�%đö1ǝÚąíǴ2 4s3.8˟�C 1381˟ȭć0�D ɜsĝ/ÊǶťIś

E�-�,�%�;%ˢƨǐIǻ�+ 3sȣ1ȾɔɾƖ0��EnV�QfkǨ

ŋI 24 ơʾ�-0 72 ơʾ;,ǣħ�ˢśCF%ħʶ¾0ı�+ęėʶɴƬI

ƚ�%�#1ɂƭ  s HL60Ⱦɔ�JurkatȾɔɏ-MT-2Ⱦɔɏ1 2ɏʾ1ŀȃI

òɱß�E�-�,�%�¨�1ɂƭ�Cˢv�Q�`NQ�{LǐIšǻ�

%nV�Qfk˖ɴƬ0B(+ˢȾɔȣŀ1ɴƬê5Ⱦɔȣ1Ñħ0šǻòɕ

,�E�-�Țā�F%� 

� Ȩ 3 Ȧ,2ˢ��ʱßöǯ71ʫŸťI�C0ù��!%ŹÎǐIʽȉ�8

�ˢv�Q�`-ʷĶT��jLvMmhM�-Iɀ<öH!%v�Q�`ʷ

ĶT��jLvMmhM�ǐ1ʽȉIɦ(%�ƨǐInV�Qfk˖ 30ȣ1Ź

Î7-ʪǻ�%-�G ƨsǐ0��EąíǴ2 43.2˟�C 94.7˟1ȭć0�Dˢ

ȑɇťê5ÊǶť0��+?ɜĝ/¾IśE�-�,�%��ƙˢ��ʱßö

ǯ-øƺ0ʷĶʮ®ťIŽ)R�}�ʱ˖0ı�+ƨǐIʪǻ�%-�Gˢ#

1ąíǴ2 8.3˟¨�,�Dˢƨǐ1��ʱßöǯ71ʫŸť�Șʀ,�%�;

%ˢƨǐIȊɥȆȾɔ,�E Jurkat Ⱦɔ�nV�Qfk˖1ŹÎ7-ʪǻ�%

-�G ȾsɔɾƖ�nV�Qfk˖IÊǶťB�ŹÎ�ħʶ�E�-�,�%�
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�C0 Asnti-Fasŷ°0B(+L~j�^`IʁĲ�% JurkatȾɔ0��+ˢƨ

ǐIǻ�+ơʾɁʥ�-1nV�Qfk˖1ǨŋėßIʝ��-0B(+ˢȾ

ɔǱŭ1ėß-ȾɔÉnV�QfkǨŋ-1ʾ0ĢĊ�EȒʿʿ·Iòɱß�

E�-�,�%�¨�1ɂƭ�Cˢƨǐ2nV�Qfk˖1ʫŸȋŹÎê5ɴ

Ƭ0��+ˌŅ0ƥǻ,�E�-�Șʀ,�%� 

� Ȩ 4 Ȧ,2ˢȨ 3 Ȧ,ʽȉ�%v�Q�`ʷĶT��jLvMmhM�ǐI

��ʱß{xfk1ŹÎ7-šǻ�ˢPKǖťǣħ0ʪǻ�%�#1ɂƭˢˌ�

�ʱß°ˠS-Kemptideˡ-��ʱß°ˠP-Kemptideˡ1ǜöǚ�CˢP-Kemptide

1<�v�Q�`ǦĠ7-ŹÎ�F%�-�CˢP-Kemptide 71ʫŸť�Șʀ

,�%�;%ˢS-Kemptide0ı� PKAʰȼìšIǻ�+��ʱßIɦ�ˢƨǐ

Iʪǻ�śCF%ˌv�Q�`ķ1ɤÄőŋIǣħ�%�#1ɂƭˢPKA 1Ǩ

ŋ�Ɲ0¬� P-Kemptide�ĕÚ�%Ïˢˌv�Q�`ķ0ǂĢ�E S-Kemptide

�ǟĴ�%�-�Cˢˌv�Q�`ķ1ɤÄőŋ�ǟĴ�%�-�Șʀ,�%�

¨�BDˢƨǐ0B(+ PKA1ǖťIǣħòɕ,�E�-�Țā�F%� 

 

� ¨�1ȕȤɂƭ�CˢƨȕȤ,ʽȉ�F%v�Q�`LvMmhM�0BE

ǹ°É��ʱßöǯ1ʫŸȋŹÎǐ2ˢǣħıʊǯʐ1ƹʡũĐIė�E�-

/�ˢ˞�ʫŸť�śCFEǿƦȋ/ÖÍǷǐ,�E-ɶ�E�ƨȕȤ�ˢɘ

ŊƵƯ@ǹ°ƾɕɴƬ/.1ʿʢÏʵ1ȉĵ0ĭ��ˢáȈ1Öʣê5țª1

¿Ō0Ě��ʌǳ�+�FE�-IƦŘ�E� 
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�Ĩ˛1ʭ�  

 

õȦ0Çʟ1�ˑ 

 

(1) ǈ(ȳɬǈ)  

� ǈʦǈIElix-3 UV ȹȱɬʡɫɌ(Millipore ɬ)��Milli-Q Gradient-A 10ʓȹ

ǈɬʡɫɌ(Millipore ɬ)0BDȳɬ�+²ǻ�%� 

 

(2) S�`ĄÈ  

� SCAT 20X-PF(Nacalai tesque ɬ)�ǔǘřˢłʍ1Ȗʱ(60% (v/v)ˢd = 1.38) �

��2½ńʲ�%ǚ0Ĵ/�-?�������������ǔǘ�ˢ�Ǯ�+

²ǻ�%� 

  

(3) ɾɣ  

� ǰɹ�/�˂D łsʍ1ǰȻÿI#1;;²ǻ�ɾɣǦǚ2ǰɹ�/�˂Dˢ

Ņǐ0Ś(+ʄɬ�+²ǻ�%� 

 

(4) ƾĄ  

�� ìšŦǢƻ: Genius Dry Bath Incubator, Major Science ɬ 

�� ʩŞÏˈƾ: Kubota1720ê56200, Kubota ɬ 

 

(5) ȡÞȒ 

�  ǈ2ȳɬǈI²ǻ��ep��ˢLbjmj��2Kanto chemical ɬ1HPLC 

ǻI²ǻ�%�ǪʱǈȼL��mO�2Sigma-Aldrich ɬ1LC/MS ǻI²ǻ�

%�ǪʱL��mO�ˢUʱL��mO�ˢʯʱˢʯʱlj�O��� TFA 2 

Kanto chemical ɬˢTFE 2 Tokyo chemical industry ɬ1ǰȻÿI²ǻ�%� 

 

(6) ɫɌ 

 LC/UV ɫɌˠȨ1Ȧê5Ȩ2Ȧˡ 

�� ^`h�Z�j����: CBM-20AˢShimadzu ɬ 

��������	����������: NexeraX2 LC-30ADˢShimadzu ɬ 
������: DGU-20A5RˢShimadzu ɬ 
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��Q�j\����: NexeraX2 SIL-30ACˢShimadzu ɬ 

���������: CTO-20AˢShimadzu ɬ  

��UV ƵÎĄ: SPD-20AˢShimadzu ɬ  

��ɴƬdvj: LabsolutionsˢShimadzu ɬ 

 

HILIC-MS/MS ɫɌˠȨ3Ȧˡ 

��^`h�Z�j����: CBM-20AˢShimadzu ɬ  

��������	����������: NexeraX2 LC-30ADˢShimadzu ɬ 
������: DGU-20A5RˢShimadzu ɬ  

����������: NexeraX2 SIL-30ACˢShimadzu ɬ 

���������: CTO-20AˢShimadzu ɬ  

��ʐʶÏƬɷ: LC-8050ˢShimadzu ɬ  

��ɴƬdvj: Labsolutions LCMSˢShimadzu ɬ  

 

ɤÄÏÄÄŋɷˠȨ4Ȧˡ 

�� Nanodrop 3300 fluorescence spectrometer, Thermo ɬ 

ÜʒÄ02ˢȊɝLEDIÓǻ�ˢɤÄǑʼ2585 nm0ɺħ�%� 

 

Ȩ1Ȧê5Ȩ2Ȧ0ʿ�EĨ˛  

 

(1) nV�Qfk˖Ƽǥǚ 

� ���	��
����ɣ 1.5 mL 0l����10 mM0ʄɬ�%nV�Qfk

˖ê56-Cl-PuDPɣ ����Sigma-Aldrich ɬ 1lƼǥǚIȐȋ1Ǩŋ0ȳɬǈ,

ńʲ������������������������Ëɢ¹Ģ�%� 

 

(2) 40 mM HFUA 

� HFUA2Sigma-Aldrich ɬ I²ǻ�²ǻ�EȑÖ0CH3OHIǻ�+ʄɬ�%� 

 

(3) ŹÎǻv�Q�`ǦĠ 

� TDFHê5TFOɣ � F?Sigma-Aldrich ɬ Il3 : 11Øö,ǜö�%?1I²

ǻ�%� 
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(4) ʞŹÎǻǈǦǚ 

� 30%L��mLǈˠKanto chemical ɬˡI²ǻȑÖ070%Lbjmj��ǈǦ

ǚIǻ�+1%0ńʲ�+²ǻ�%� 

 

(5) ��JȾɔɾƖ 

�   MCF-7 -MCF-10AȾɔ2ˢ  American Type Culture Collection (ATCC, 

Manassas, VA, USA)�CʑÅ�%�MCF-7Ⱦɔ2, 1% Penicillin-Streptomycin-Neo- 

mycin Antibiotic Mixture (Life Technologies, Carlsbad, CA, USA) -10% heatinactiv- 

ated fetal bovine serum (FBS) (Nichirei Bioscience Inc., Tokyo, Japan) Iú=Dulbec- 

co's Modified Eagle Medium�,Ď˙�F%�MCF-10AȾɔ2ˢATCC1ʃƞƣ0

Ś� SsingleQuots Kit (Lonza, Walkersville, MD, USA)Iǻ�+ Mammary Epitheli- 

um Basal Medium (MEBM) �,Ď˙�F%�.'C1Ⱦɔ?37°Cˠ5% CO2ˡƩ

©�,Ď˙�F%�Ď˙�%MCF-7 -MCF-10AȾɔI15 mL1f��w01.0 × 

106¼0/EB�Ïî�ˢśCF%Ⱦɔ{�gj0ı�ˢǹǷ˗ĒǈIÚ�+Ⱦ

ɔIǔǘ�%�3ąǔǘřˢǉË�ep��IÚ�+1Ïʾƀ-��ˢǀ0ǉË

ǈIÚ�+�C030Ƞƀ-��%�ʩŞÏˈřˠ17,500 × g, 10 min, 4°Cˡs śC

F%�Ǟ1�'100 µLIɾƖǦǚ-�%�  

 

(6) ȊɥȆȾɔɾƖ 

� ȊɥȆȾɔ02ˢHTLV-1ˌŬƮť1ŤťÆ˜˝ťȊɥȆȾɔư,�EHL60ˢ

HTLV-1ˌŬƮť1Ťť��rťȊɥȆȾɔư,�EJurkat Ⱦɔê5HTLV-1Ŭ

Ʈť1Ų£TȾɔťȊɥȆȾɔưMT-1Iǻ�%�Ⱦɔ2ˢ37°Cˠ5% CO2ˡƩ©

�0��+100 U/mL penicillin-streptomycin-glutamine mixed solution (Nacalai ɬ) 

-10% heat-inactivated foetal calf serum-IǝÚ�%RPMI-1640 medium�,Ď˙

�F%�Ď˙�%ȾɔI15 mL1f��w01.0 × 106¼0/EB�Ïî�ˢśC

F%Ⱦɔ{�gj0ı�ˢPhosphate buffered salineˠPBSˡI1 mLÚ�+ȾɔI

ǔǘ�2ąǔǘřˢ0.2%1TFAIú=ǉË�ep��IÚ�+1Ïʾˋ-��ˢ

ǀ0ǉËǈIÚ�+�C01Ïʾˋ-��ʩŞÏˈřˠ17,500 × g, 10 minˡs śC

F%�Ǟ1�'400 µLIɾƖǦǚ-�%� 

 

Ȩ3Ȧ0ʿ�EĨ˛  
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(1) nV�Qfk˖Ƽǥǚ 

� ���	��
����ɣ 1.5 mL �l�����10 mM0ʄɬ�%nV�Qf

k˖ˠSigma-Aldrich ɬˡ1ƼǥǚIȐȋ1Ǩŋ0ȳɬǈIǻ�+ńʲ����

��������������������Ëɢ¹Ģ�%� 

 

(2) PFIDA  

� ���	��
����ɣ 1.5 mL 0l HsFUA 472 µLɣ 1.5 mmol IlîD DsMF  

5 mL, N,N-diisopropyl ethylamine 465 µLˠ3.6 mmolˡ, benzyl bromoacetate 570 µL

ˠ3.6 mmol êl5�Oßlj�O�IÚ�+, 40°C,ǜ"/�C20 ơʾƐɌ�%�

ǀ0ˢȳɬǈ5 mLIÚ�, ǹŲǯIn-hexaneɣ 10 mL × 3ˡ�7-ŹÎ�%��1

ƥƾķ0ȗʱ�Wo^O�IÚ�+ɖǈ�ˢGʥ�%řˢǟĉǇǗ�,ɡȉ�

Ĉ�%�ǂǡI tetrahydrofuranˠTHFˡIǻ�+ÊǦɴ�ˢȸ200 mg1ǈʱßl

j�O�ê5Ĵʶ1ȳɬǈIÚ�ˢ40°C,ǜ"/�CˤƜƐɌ�%��C0ˢ

25 mL THF-5 mLȳɬǈIÚ�+50 mL n-hexane,3ąǔǘ�%��1ǈķI1 M 

Ēʱ,�þ�ˢdiethyl etherˠ50 mL × 3ˡ�7-ŹÎ�%��1ŹÎǚ0ȗʱ�

Wo^O�IÚ�+ɖǈ� Gsʥ�%ř ǟsĉǇǗ�,ɡȉ�Ĉ� PsFIDA-�

+ǻ�%�˧ Yield: 0.4575 g (62.7%). 1H-NMR (CD3OD, 500 MHz): δ 1.95 (m, 2H), 

2.33 (m, 2H), 3.18 (m, 2H), 3.86 (s, 4H). Ź˨Î0²ǻ�Eˆ2 �s�����	��

��ˠ1.5 mLˡ0 PFIDAI-DˢTDFHê5TFOˠ� F?Sigma-Aldrich ɬˡ

I3 : 11Øö,ǜö�%ǦǚIǻ�+ˢ20 mM0/EB�0ʄɬ�+²ǻ�%�

������������������Ëɢ¹Ģ�%� 

 

(3) ȊɥȆȾɔ  

� ȊɥȆȾɔ02ˢŮť˜˝ťȊɥȆȾɔư,�E Jurkat ȾɔIǻ�%�Ⱦɔ

2ˢ37°Cˠ5% CO2ˡƩ©�0��+ 100 U/mL penicillin-streptomycin-glutamine 

mixed solutionˠNacalai ɬˡ- 10% heat-inactivated foetal calf serum-IǝÚ�%

RPMI-1640 medium�,Ď˙�F%�Ď˙�%ȾɔI 15 mL1f��w0 1.0 × 

106¼0/EB�Ïî�ˢśCF%Ⱦɔ{�gj0ı�ˢPBSI 1 mLÚ�+Ⱦ

ɔIǔǘ�%�2ąǔǘřˢ0.2%1 TFAIú=ǉË�ep��IÚ�+ 1Ïʾ

ƀ-��ˢǀ0ǉËǈIÚ�+�C0 1Ïʾƀ-��%�ʩŞÏˈřˠ17,500 × 

g, 10 minˡs śCF%�Ǟ1�' 400 µLIɾƖǦǚ-�%�  

 



   60 

(4) ʞŹÎǻǈǦǚ 

� 30%L��mLǈˠKanto chemical ɬˡI²ǻȑÖ070%Lbjmj��ǈǦ

ǚIǻ�+1%0ńʲ�+²ǻ�%� 

 

Ȩ4Ȧ0ʿ�EĨ˛  

 

(1) KemptideƼǥǚ 

� ������	��
wˠ1.5 mLˡ������10 mM0ʄɬ�%S-Kemptide

ê5P-Kemptide1Ƽǥǚɣ � F?Sigma-Aldrich ɬ IlPK buffer�������

���������������������������Ëɢ¹Ģ�%� 

 

(2) 40 mM PFIDA  

� Ȩ3Ȧ-øƺ0ʄɬ�%� 

 

(3) Fe(III)Ĉħß 

� Ȩ3Ȧ-øƺ0ʄɬ�%� 
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�ʇʗ�  

 

� ƨȕȤ2ˢȝĺĚģɣģʭɣÿÏƬģƒĩ ɕǼ Č ƒƄ1ğȿėHC�EǢ

���žĲˢ�ˎƌ1?-0ɦHF;�%�ʈJ,Ŭʇ1ūIɪ�;��  

� ƨȕȤIɦ�0�%Dˢğȿ�űȯ/�žĲˢǧÜIʏD;�%øƒĩ ĸð

Ƒ¸ ƒƄ0ʈJ,ŬʇǾ���;��  

� ƨȕȤIʤɦ�E0�%Dˢ�İ�)ǭŞ/�žĲIʏD;�%øƒĩ ÷Ǽ

Ȟň ÌƒƄ0Ǜʇɚ�;��   

� ƨȕȤ0ˆ�ˢ�ęŠ1�ˢˌŅ0ę�1�Ûɶ-�žĲIː�;�%ȝĺ

ĚģɣģʭƾĄÏƬģƒĩ Łĸ Ţ ÌƒƄ0Ǜ�ŬʇǾ���;��  
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