
 
 

29  
 

   
  

 	  
 

 

     
 

 

 

 

  PD141001         

                



 1 

 

 

 

 

1 LC

 

1  

2  

3  

4  

5  

6 AMP ADP ATP GMP GDP GTP  

7  

 

2

 

1  

2  

3  

4  

5 18  

6  

 

3

LC-MS/MS  

1  

2  

3 LC-MS/MS  

4  

5  

6 Jurkat  

7  



 2 

 

4

 

1  

2  

3  

4 PKA  

5  

 

 

 

 

 

 

 

 



 3 

 

 

 

 

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  



 4 

 

 

Fig. 1  
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Fig. 2

Fig. 1 Fluorous interaction 

Fig. 2 Structures of some fluorous compounds 
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Fig. 3
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Fig. 3 Standard operation of the F-SPE procedure. 
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1 LC

 

 

HFUA

Fig. 1-1 4,4,5,5,6,6,7,7,8,8,9,9,10,10, 

11,11,11-Heptadecafluoro-n-undecylamine HFUA

LC

LC

6 AMP ADP ATP GMP GDP

GTP

MCF-7

MCF-10A  

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

 

1  

 

100 µL 100 µM 6-Chloropurine riboside-5'-O-diphosphate 6-Cl- 

PuDP 10 µL 300 µL 100 mM pH 4.0

100 µL 40 mM HFUA 500 µL

TDFH : 1H,1H,2H,2H-tridecafluoro-1-n-octanol (TFO) 3 : 1, 

v/v 100 µL 10 17,500 × g, 15 min

20 mM 1 : 1, v/v

100 µL 1 70

100 µL 10 17,500 × g, 15 min

5 µL LC  

 

2 LC  

 

XBridge® BEH Amide 150 × 3.0 mm I.D., 2.5 µm, Waters

A 2% 20 mM

80:20, v/v B 2% 20 mM 

40:60, v/v 0.6 mL/min

0 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

35 UV 254 nm  

 

3  

 

MCF-7 MCF-10A 15 mL 1.0 × 106

3

320 µL 1 220 µL 30

17,500 × g, 10 min, 4°C 100 µL
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2  

 

AMP ADP ATP GMP GDP GTP 10 µM LC

Fig. 1-2 a

HILIC

Fig. 

1-2 b

blank Fig. 1-2 c
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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  
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Fig. 1-3 Effect of the concentration of HFUA on the peak area of examined nucleotides. 
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2  
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Fig. 1-4 0-250 mM
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 Fig. 1-4 Effect of the concentration of acetate buffer on the peak area of   examined 
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3  

 

TDFH HFUA

solvent tuning [16,17]

TDFH 2,2,2-trifluoroethanol TFE 1,1,1,3,3,3-hexafluoro- 

2-propanol  TFO 3 TFO

TDFH TFO

Fig.1-5 TDFH TFO = 3:1 (v/v)

TDFH TFO = 2:1 (v/v)

TDFH TFO  3:1 (v/v)  

 

 

                                   (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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4  
 

Fig. 1-6 1

 

 

 

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

nucleotides. 
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Fig. 1-7 Effect of ion-pair reagent with this method. 
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5  

 

Table 

1-1 AMP ADP GMP GDP 0.05 µM 10 µM

0.05 0.1 0.5 1 5 10 µM r 0.9998

ATP GTP 0.1 µM 20 µM 0.1 0.5

1 5 10 20 µM r 0.9995

0.5 1 10 µM

70.4 96.8

S/N = 3 24 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 AMP ADP ATP GMP GDP GTP  

 

MCF-7 MCF-10A

6 AMP ADP ATP GMP

GDP GTP  LC

Fig. 1-8 Table 1-2

LC

 Fig. 

1-8 (a) Fig. 1-8 (b)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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  

 

AMP ADP ATP GMP GDP

GTP HFUA

6 70.4

96.8 r 0.9995

LC
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2

 

 

18 AMP ADP ATP CMP CDP CTP

GMP GDP GTP IMP ITP UMP UDP UDP-Glc UDP-Gal UDP-GlcNAc

UDP-GalNAc UTP

24 0 24 48 72

T Human T-cell Leukemia Virus Type 1 HTLV-1

HL60 HTLV-1

Jurkat HTLV-1 T

MT-2  
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1  

 

1  

 

1 1-(1)  

 

2 LC  

 

XBridge® BEH Amide 150 × 3.0 mm I.D., 2.5 µm, Waters

A 20 mM 80:20, 

v/v B 40 mM 40:60, 

v/v 0.6 mL/min 0-22 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 min 35 UV 254 nm

 

 

3  

 

HL60 Jurkat MT-2 24

1.0 × 106

320 µL 1 220 µL

17,500 × g, 15 min
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2  

 

1  

 

18 10 µM

LC Fig. 2-1

Fig. 2-1 (a)

Fig. 2-1 (b)

blank

Fig. 2-1 c

  

 

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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2  

 

Table 2-1 0.1 µM 20 µM 0.1 0.5 1 5

10 20 µM r 0.9925

0.5 1 10 µM 18

44.7

117 S/N = 3

17 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  

 

 HL60 Jurkat MT-2 LC

Fig. 2-2 (a)

(b)

 

 

 

 

 

  

 

 

 

 

 

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  

 

24 MT-2

Table. 2-2 0.5 1 10 µM 3

43.8 138

 

 

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 18  

 

1  

 

HL60 Jurkat MT-2

24 Table 2-3  

 

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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1

Fig. 2-3 A , Fig. 2-3 B

HL60 Jurkat

MT-2 HL60

Jurkat MT-2 2

HL60 Jurkat

1

1 2

MT-2 2

 

 

 

 

 

 

 

  

Fig.2-3 The PCA (A) score and (B) loading plots obtained with quantitation of the 
nucleotides in cell samples. 
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18

LC

43.8 138% r 0.9925 RSD

8.0

HL60 Jarkut MT-2
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24 72
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3

LC-MS/MS  

 

1 2

 [40,41]

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

kyl-n-iminodiacetic acid, PFIDA Fe(III)

Fig. 3-1

30 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, dUMP dUTP

LC-MS/MS Anti-Fas

Jurkat

 

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

PFIDA by fluorous-assisted metal chelate affinity technique.
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1  

 

1 Fe(III) PFIDA  

 

40 mM PFIDA TFE 100 µL 1 M (III) 100 µL

30 TDFH : TFO = 3 : 1 v/v 100 µL 50

100 µL 17,500 × g, 10 min

50 200 µL

TDFH : TFO = 3 : 1 v/v

 

 

2  

 

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, dUMP dUTP 0.2%TFA 60%CH3OH

400 µL 1.5 mL 50 mM Fe(III) PFIDA

TDFH : TFO = 3 : 1, v/v 20 µL 10

17,500 × g, 10 min 0.2% trifluoroacetic 

acid TFA 60% 50 µL

1% 70% 50 µL

10 17,500 × g, 10 min

5 µL LC-MS/MS  
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3 LC-MS/MS  

 

LC  

Acquity UPLC® BEH Amide 100 × 3.0 mm I.D., 1.7 µm, Waters

A 250 mM

80:20, v/v B 250 mM

60:40, v/v 0.6 mL/min

0–10 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% B 35

 

 

MS/MS  

LCMS-8050 ESI

MRM Q1 pre bias  CE Q3 pre bias

Table 3-1 MRM  

 

4  

 

Jurkat 100 ng/mL 

Anti-Fas mAb 0 ( ), 1, 2, 3, 4, 5, 6, 12 18

1.0 × 106

320 µL 1 220 µL

17,500 × g, 15 min  
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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  

 

1 µM

LC-MS/MS Fig. 3-2

30 HILIC

18  

 

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. 
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3 LC-MS/MS  

 

30  HILIC

LC

HILIC

HILIC HILIC

 

HILIC

0 10 30 50 mM

50 mM
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4  

 

10 µM , 

 

 

(1) Fe(III) PFIDA  

 

Fe(III) PFIDA

Fig. 3-3 Fe(III) PFIDA 0 5 10 20 30 40 50 mM

50 mM

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

examined nucleotides. 
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(2) TFA  

 

 TFA

TFA

TFA

TFA

TFA Fig. 

3-4 0% 0.6% TFA 0.2%

TFA

TFA 0.2%  

 

Fig. 3-4 Effect of the concentration of TFA in the extraction solvent. 
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5  

 

Table 

3-2 0.1 µM 10 

µM 0.1 0.2 0.5 1 5 10 µM r 0.9911

0.5 1 10 µM

43.2 94.7

RSD 6.6 S/N = 

3 0.37 nM

8.3
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6 Jurkat  

 

(1)  

 

Jurkat LC-MS/MS

Fig. 3-5

Table 3-3 0.0016

1.5 nmol/106 cells  

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

Peaks 1-30; see Fig. 3-2.  

P
ea

k 
in

te
ns

ity
 

5.0 7.5 10.0 12.5 15.0 17.5 
Time (min) 

B 1 

3 
4 

5 

7 
8 

9 
10 

11 
12 

13 
14 

15 
16 

17 

19 
20 

21 
22 
23 

25 
26 

29 
30 



 43 

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) Jurkat  

 

Jurkat Anti-Fas

1 2 3 4

5 6 12 18 Fig. 3-6

Anti-Fas 1

 

 

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

 

; PCA Fig. 3-7

Anti-Fas

 

A  

B  

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  

 

 HILIC-MS/MS

Anti-fas

 

  



   47 

4

 

 

Protein kinase; PK

PK

PK

[61,62] PK

CyclicAMP-dependent protein kinase PKA

Kemptide (NH3-Leu-Arg-Arg-Ala-Ser-Leu-Gly-COOH)

Fig. 4-1 carboxytetramethylrhodamine TAMRA, Fig. 4-2

S-kemptide PKA

P-kemptide Fe(III) PFIDA

S-kemptide PK

PK

 

 

 

 

 

 

 

 

 

 

 

 

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. 



   48 

 

 

 

 

 

 

 

 

Fig. 4-2 The structure of TAMRA. 
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1 Fe(III) PFIDA  

 

3 1-(1)  

 

2 PKA  

 

40 µM S-Kemptide 75 µL 400 µM ATP PKA 0-10 U/µL 75 µL

30 2  

 

3  

 

30 µL Fe(III) PFIDA TDFH : TFO = 3 : 1, v/v 20 µL

0.2 TF A 20 µL 10

17,500 × g, 10 min
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2  

 

1 Fe(III) PFIDA  

 

Fe(III) PFIDA Fig. 4-3

Fe(III) PFIDA 0-50 mM S-Kemptide P-Kemptide

40 µM

Fe(III) PFIDA 

S-Kemptide

P-Kemptide

P-kemptide 20 mM

Fe(III) PFIDA

40 mM  

 

 
 

 

 

 

 

 

 

 

 

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

P-Kemptide. 
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2 TFA  

 

TFA TFA

0-0.6 S-Kemptide P-Kemptide 40 µM

Fig. 4-4

TFA 0.2 S-Kemptide P-Kemptide

TFA 0.2% P-Kemptide

S-Kemptide  TFA 0.3%

P-kemptide

TFA 0.2  

 

 

 

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

P-Kemptide. 

 

  

Fl
uo

re
sc

en
ce

 in
te

ns
ity

 (a
rb

itr
ar

y 
un

it)
 

 

Concentration of TFA (%) 



   51 

3  

 

S-Kemptide P-Kemptide S : P = 

10:0-0:10 Fig. 4-5

P-Kemptide

P-Kemptide

P-Kemptide  

 

 

  

 

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

fluorous extraction.  
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4 PKA  

 

S-Kemptide PKA

0.1-10 U/µL

Fig. 4-6 (A) PKA

P-Kemptide S-Kemptide

PKA Fig. 4-6 (B) PKA

PKA

PKA  

 

 
 

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).  



   53 

5  

 

3

PK

P-Kemptide

S-Kemptide S-Kemptide PKA

PKA

P-Kemptide S-Kemptide

PKA
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1

6

HFUA 70.4

96.8

MCF-7 MCF-10A

LC

 

2

18 Jurkat

HL60 MT-2

43.8 138

3

24 72

 HL60 Jurkat MT-2 2

 

3

30

43.2 94.7

8.3

Jurkat
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Anti-Fas Jurkat

 

4 3

PK

S-Kemptide P-Kemptide P-Kemptide

P-Kemptide

S-Kemptide PKA

PKA

P-Kemptide S-Kemptide

PKA  
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(1) ( )  

Elix-3 UV (Millipore )��Milli-Q Gradient-A 10

(Millipore )  

 

(2)   

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

��2 ������������

 

  

(3)   

 

 

(4)   

: Genius Dry Bath Incubator, Major Science  

: Kubota1720 6200, Kubota  

 

(5)  

 Kanto chemical HPLC 

Sigma-Aldrich LC/MS 

�� TFA  

Kanto chemical TFE  Tokyo chemical industry  

 

(6)  

 LC/UV 1 2  

: CBM-20A Shimadzu  

������	����������: NexeraX2 LC-30AD Shimadzu  
����: DGU-20A5R Shimadzu  
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���: NexeraX2 SIL-30AC Shimadzu  

�������: CTO-20A Shimadzu   

UV : SPD-20A Shimadzu   

: Labsolutions Shimadzu  

 

HILIC-MS/MS 3  

: CBM-20A Shimadzu   

������	����������: NexeraX2 LC-30AD Shimadzu  
����: DGU-20A5R Shimadzu   

��������: NexeraX2 SIL-30AC Shimadzu  

�������: CTO-20A Shimadzu   

: LC-8050 Shimadzu   

: Labsolutions LCMS Shimadzu   

 

4  

Nanodrop 3300 fluorescence spectrometer, Thermo  

LED 585 nm  

 

1 2   

 

(1)  

���	��
���� 1.5 mL ����10 mM

6-Cl-PuDP ����Sigma-Aldrich 

�����������������������  

 

(2) 40 mM HFUA 

HFUA Sigma-Aldrich  CH3OH  

 

(3)  

TDFH TFO Sigma-Aldrich 3 : 1
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(4)  

30% Kanto chemical 70%

1%  

 

(5)  

  MCF-7 MCF-10A  American Type Culture Collection (ATCC, 

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

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

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

co's Modified Eagle Medium MCF-10A ATCC

SingleQuots Kit (Lonza, Walkersville, MD, USA)  Mammary Epitheli- 

um Basal Medium (MEBM) 37°C 5% CO2

MCF-7 MCF-10A 15 mL 1.0 × 

106

3 1

30 17,500 × g, 10 min, 4°C

100 µL   

 

(6)  

HTLV-1 HL60

HTLV-1 Jurkat HTLV-1

T MT-1 37°C 5% CO2

100 U/mL penicillin-streptomycin-glutamine mixed solution (Nacalai ) 

10% heat-inactivated foetal calf serum RPMI-1640 medium

15 mL 1.0 × 106

Phosphate buffered saline PBS 1 mL

2 0.2% TFA 1

1 17,500 × g, 10 min

400 µL  

 

3   
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(1)  

���	��
���� 1.5 mL ������10 mM

Sigma-Aldrich ���

��������������������  

 

(2) PFIDA  

���	��
���� 1.5 mL HFUA 472 µL 1.5 mmol DMF  

5 mL, N,N-diisopropyl ethylamine 465 µL 3.6 mmol , benzyl bromoacetate 570 µL

3.6 mmol , 40°C 20 

5 mL , n-hexane 10 mL × 3

 tetrahydrofuran THF 200 mg

40°C

25 mL THF 5 mL 50 mL n-hexane 3 1 M 

diethyl ether 50 mL × 3

PFIDA

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). ������	��

�� 1.5 mL  PFIDA TDFH TFO Sigma-Aldrich 

3 : 1 20 mM

������������������  

 

(3)   

Jurkat 

37°C 5% CO2 100 U/mL penicillin-streptomycin-glutamine 

mixed solution Nacalai 10% heat-inactivated foetal calf serum

RPMI-1640 medium 15 mL 1.0 × 

106 PBS 1 mL

2 0.2% TFA 1

1 17,500 × 

g, 10 min 400 µL   
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(4)  

30% Kanto chemical 70%

1%  

 

4   

 

(1) Kemptide  

������	��
 1.5 mL ������10 mM S-Kemptide

P-Kemptide Sigma-Aldrich PK buffer�������

���������������������������  

 

(2) 40 mM PFIDA  

3  

 

(3) Fe(III)  

3  
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