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1.  

(ALP)

ALP

ALP

ALP

pH 9

pH

ALP

ALP

(Phos-tag; (1,3bis[bis(pyridin-2-ylmethyl)amino]propan-2-olato dizinc(II))

(R-OPO32−) 1:1

Phos-tag Phos-tag

Phos-tag ALP ALP

TAMRA(Tetramethylrhodamine) TAMRA

(TAMRA–Phos-tag) ALP

( ) ALP

 ( 1)  
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1 TAMRA–Phos-tag  

TAMRA–Phos-tag ALP

TAMRA–PEA

(TAMRA/TAMRA )  

 

TAMRA NHS (5-TAMRA-NHS) Phos-tag

12 TAMRA

Phos-tag

2 3

(TAMRA–Phos-tag) pH 7.4 (10 mM Hepes–NaOH 0.10 M 

NaCl) 5.0 μM TAMRA–Phos-tag

557 nm (ε = 9.7  104 M−1·cm−1) 520 nm

(λex = 523 nm)

580 nm TAMRA/TAMRA

(PEA; 

2-aminoethyl dihydrogen phosphate) 5-TAMRA-NHS pH 8 2

TAMRA–PEA HP-20 C18

TAMRA–Phos-tag
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5.0 μM TAMRA–PEA (λex = 523 

nm) 551 nm (ε = 9.4  104 M−1·cm−1) 520 nm

577 nm

TAMRA–Phos-tag TAMRA–PEA

pH 7.4 2.5 μM TAMRA–Phos-tag 2.5 μM 

TAMRA–PEA (λex = 523 nm) 580 nm

5.0 μM TAMRA–Phos-tag 5.0 μM TAMRA–PEA

32% 68%  

 

pH TAMRA–Phos-tag (TAMRA–PEA

) TAMRA

TAMRA–Phos-tag TAMRA–PEA

TAMRA/TAMRA ALP

2.5 μM TAMRA–Phos-tag 2.5 μM TAMRA–PEA pH 7.4

3mL(10 mM Hepes–NaOH 0.10 mM MgCl2 0.10 M NaCl)

(25.0 ± 0.1 ℃) ALP(

0.11 0.33 1.0 3.0 units/mL) 580 nm(λex = 523 nm)

20 50%

ALP

TAMRA/TAMRA ALP

 

TAMRA–Phos-tag TAMRA

/TAMRA ALP

5.0 μM TAMRA–Phos-tag 2.5 μM 

( ; H2VO4
–) pH 7.4

3mL(10 mM Hepes–NaOH 0.10 mM MgCl2 0.10 M NaCl) (25.0 ± 
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0.1 ℃) ALP(

0.050 units/mL) ALP(0.020 units/mL) 580 nm(λex = 523 nm)

100%

ALP (%)

ALP ALP

50% (IC50) 0.18 ± 0.05 μM 2.0 ± 0.5 μM

IC50 10

TAMRA/TAMRA ALP

 

pH ALP TAMRA/TAMRA

TAMRA–Phos-tag TAMRA–PEA 1:1

ALP

TAMRA–Phos-tag ALP

ALP pH TAMRA/TAMRA

TAMRA–Phos-tag

TAMRA (30%) pH5 9

ALP
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2.
 

[1]

[2]

(

) Glycosylphosphatidyl 

inositol(GPI)

[3]

[4] (Appendixes

8.4 )

4-

P-

(Appendixes 8.5 )

P-

P-

pH

in vitro pH 9

[5−7]

pH [8−10]
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(R-OPO3
2−)

Phos-tag (1,3bis[bis(pyridin-2-ylmethyl)amino] 

propan-2-olato dizinc(II)) Phos-tag

Phos-tag

[11] Phos-tag

[12−15] 2009 Phos-tag

FRET(Fluorescence resonance 

energy transfer) [16]

Phos-tag

Phos-tag

Phos-tag 1:1

FRET

FRET 47% 86%

FRET [17]

(4-{[4(dimethylamino)phenyl] 

azo} benzoate) Phos-tag 5'- (

) [18]  

[19] 1 TAMRA

(Tetramethylrhodamine)

[20,21] TAMRA
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TAMRA

TAMRA

TAMRA TAMRA

FRET TAMRA

TAMRA pH5 9

TAMRA

Phos-tag TAMRA–Phos-tag

TAMRA–Phos-tag

TAMRA–PEA TAMRA/TAMRA

pH

TAMRA–Phos-tag

TAMRA/TAMRA

ALP
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3.

3.1

 

Phos-tag N-(2-aminoethyl)-6-

{[{3[bis(pyridin-2-ylmethyl)amino]-2-hydroxypropyl}(pyridin-2ylmethyl)amino]methyl}

nicotinamide ( , )

5-Carboxy-N,N,N',N' tetramethylrhodamine succinimidyl ester (5-TAMRA-NHS)

ChemPep Inc(Wellington FL, USA) 3',6'-Bis(diethylamino)-3H-spiro 

[isobenzofuran-1,9'-xanthen]-3-one (Rhodamine B) ( , 

) Disodium 2,2',2'',2'''-(1,2-ethanediyldiammonio)tetraacetate(disodium 

EDTA) 2-[4-(2-hydroxyethyl) piperazin-1-yl]ethane-1-sulfonic acid(Hepes)

Cosmosil 140C18-OPN ( , )

NH-DM 1020

( , ) -

HP-20 ( , 

) Type VII-S

Sigma-Aldrich pH 9.8 37 °C

1 1 μM P-

1unit TLC

(No. 5533, No. 5560; Merck, Darmstadt, Germany)
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3.2

V-630( ; , ) 25.0 ± 0.1 °C

FP-8300( ; , ) 25.0 ± 0.1 °C

FT/IR-4600( ; , 

) 1H-NMR (500 MHz) 13C-NMR

(125 MHz) LA500 ( ; , )

TAMRA Phos-tag NMR

(CDCl3) (TMS) TAMRA–PEA

NMR DMSO-d6
1H-DMSO (δ = 2.5 ppm) pH

pH (9618-10) LAQUA F-72 pH (

; , ) pH 25 °C 

(pH 4.01, 6.86) ( )

LTQ Orbitrap XL(

; , )  

 

3.3 TAMRA Phos-tag

 

5-TAMRA-NHS(96 mg, 0.18 mmol) 5.0 mL

Phos-tag (100 mg, 0.18 

mmol) 5.0 mL 12

(NH-DM 1020, ; 

CHCl3/CH3OH = 50:1) TAMRA Phos-tag

(123 mg, 0.13 mmol, 72%)

(Fig. 1)  
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TLC [silica gel plate (No. 5533), CHCl3–MeOH (10:1)]: Rf = 0.50 (one magenta-colored 

spot).  

IR (KCl): 3264 (br), 2918, 1750 (COO), 1649 (CON), 1613 (CON), 1594, 1534, 1488, 

1433, 1407, 1347, 1305, 1253, 1227, 1188, 1122, 929, 822, 768, 665 cm–1.  
1H NMR (500 MHz, in CDCl3): δ = 2.55 (2H, dd, J = 8 and 13 Hz, NCCCHN), 2.61 (2H, 

dd, J = 4 and 13 Hz, NCCCHN), 3.03 (12H, s, CH3), 3.51 (2H, br s, NCCH2N), 3.58 (2H, 

br s, NCCH2N), 3.72–3.85 (8H, m, PyCH2), 3.94 (1H, tt, J = 4 and 8 Hz, NCCHCN), 

6.43 (2H, d, J = 3 Hz, ArH), 6.46– 6.49 (2H, m, ArH), 6.86 (2H, dd, J = 3 and 9 Hz, ArH), 

7.05–7.09 (3H, m, PyH), 7.12 (1H, d, J = 8 Hz, ArH), 7.21 (1H, d, J = 8 Hz, PyH), 7.30 

(3H, dd, J = 8 and 14 Hz, PyH), 7.50–7.57 (3H, m, PyH), 8.03 (1H, dd, J = 2 and 8 Hz, 

PyH), 8.15 (1H, dd, J = 2 and 8 Hz, ArH), 8.43–8.46 (3H, m, PyH), 8.81 (2H, br s, 

NHCO and ArH), 8.95 (1H, d, J = 2 Hz, PyH), 9.22 (1H, br s, NHCO).  
13C NMR (125 MHz, CDCl3): δ = 40.2, 40.5 (CH3), 40.8, 59.0, 59.1, 60.8, 67.4, 97.5, 

109.5, 110.8, 122.1, 122.4, 123.2, 126.0, 126.2, 128.3, 130.2, 132.1, 134.0, 135.8, 136.2, 

136.5, 146.0, 148.4, 149.0, 154.2, 154.8, 159.3, 159.4, 162.0, 165.8 (CO), 167.5 (CO), 

170.2 (CO). HRMS (electrospray, MeOH): m/z [M + H]+ calcd for C55H57N10O6+: 

953.4457; found: 953.4442. 

3.4 TAMRA (TAMRA–PEA)

 

O- (PEA; 2-aminoethyl dihydrogen phosphate)

pH 8.0 5.0 mL 5-TAMRA-NHS(96 mg, 0.18 mmol)

2 1.0 M 2.0 mL

HP-20 ( ; 25 mm, ; 150 

mm) PEA

(300 mL) TAMRA–PEA TAMRA

TAMRA (100 
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mL) C18 (Cosmosil 

140C18-OPN, ; CHCl3/CH3OH = 50:1)

TAMRA–PEA({2-[6-(dimethylamino)-3-(dimethyliminio)-3H-xanthen-9yl]-5-({[2-(phos

phonooxy)ethyl]amino}carbonyl)benzoate}) (65 mg, 0.12 mmol, 

65%)  

 

TLC [No. 5560 silica-gel plate; MeOH–H2O (1:1)]: Rf = 0.40 (single magenta-colored 

spot). 

IR (KBr): 3419 (br), 2930, 1715 (COO), 1647 (CON), 1603 (CON), 1560, 1535, 1512, 

1495, 1410, 1366, 1352, 1191, 1080, 929, 815, 701, 505 cm–1.  
1H NMR (500 MHz, DMSO-d6): δ = 3.02 (12H, s, CH3), 3.47–3.52 (2H, br s, CH2), 3.68 

(2H, br s, HO in a DHO signal), 3.92–3.97 (2H, br s, CH2), 6.63 (2H, s, ArH), 6.68 (4H, s, 

ArH), 7.33 (1H, d, J = 8 Hz, ArH), 8.25 (1H, d, J = 8 Hz, ArH), 8.48 (1H, s, ArH), 9.25 

(1H, br s, NHCO). HRMS (electrospray, MeOH): m/z [M + H]+ calcd. for 

C27H29N3O8P+: 554.1687; found. 554.1688. 

 

3.5

 

10 mM Hepes–NaOH (pH 7.4)

0.10 M NaCl 3 (3 

mL) 1–cm (10 × 10 × 45 mm)

25.0 ± 0.1 °C 3 mm

(523 nm) (580 nm)

2.5 nm

20 1
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4.

4.1 TAMRA

 

TAMRA Phos-tag Phos-tag

[11] N- (NHS)

5-TAMRA 5-TAMRA-NHS

72% ( )

TAMRA–Phos-tag(60 μM) pH 7.4 10 mM Hepes–NaOH

(0.1 M NaCl ) TAMRA Phos-tag 60 μM

2.5 (Zn2+ 150 μM) pH 7.4

TAMRA–Phos-tag (4 °C) 6

Phos-tag [10,17]

TAMRA–Phos-tag Fig. 1

 

Figure. 1 

Structure of the TAMRA–Phos-tag complex with TAMRA–PEA and the 

dephosphorylation of TAMRA–PEA to reduce the fluorescence quenching effect at pH 

7.4 in aqueous solution.
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TAMRA–Phos-tag pH 5 pH 11

TAMRA–Phos-tag 80 μM

1-cm

pH 7.4 (10 mM Hepes–NaOH 0.10 M NaCl)

5.0 μM TAMRA–Phos-tag 25 °C

Fig. 2a (λmax) 557 nm (ε = 9.7  104 

M−1·cm−1) 520 nm

25 °C

(λex = 523nm) Fig. 3a

(λem) 580 nm 5-TAMRA

(λem) 580 nm [22]  

TAMRA (TAMRA–PEA; Fig. 1) pH 8.0

5-TAMRA-NHS PEA

( ) TAMRA–PEA

TAMRA–Phos-tag (pH 7.4) Fig. 

2b Fig. 3b 5.0 μM TAMRA–PEA

TAMRA–PEA TAMRA–Phos-tag

(λmax) 551 nm (ε = 9.4  104 M−1·cm−1) 520 nm

pH 7.4

TAMRA–PEA (4 °C) 6

(λex = 523 nm) (λem) 577 nm 523 

nm TAMRA–PEA(Fig. 3b) TAMRA–Phos-tag(Fig. 3a)

TAMRA–PEA 523 nm

(Fig. 2b)
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Figure. 2 

Visible absorption spectra at pH 7.4 (10 mM Hepes–NaOH, 0.10 M NaCl) and 25 °C: (a) 

5.0 μM TAMRA–Phos-tag (dotted curve), λmax = 557 nm (  = 9.7  104 M−1·cm−1); (b) 

5.0 μM TAMRA–PEA (broken curve), λmax = 551 nm (  = 9.4  104 M−1·cm−1); (c) 1:1 

mixture of 2.5 μM TAMRA–Phos-tag and 2.5 μM TAMRA–PEA (solid curve), λmax = 

523 nm ( bsorbance = 0.33)

 

Figure. 3 

Fluorescence emission spectra (λex = 523 nm) at pH 7.4 (10 mM Hepes–NaOH, 0.10 M 

NaCl) and 25 °C: (a) 5.0 μM TAMRA–Phos-tag (dotted curve), λem = 580 nm; (b) 5.0 

μM TAMRA–PEA (broken curve), λem = 577 nm; (c) 1:1 mixture of 2.5 μM 

TAMRA–Phos-tag and 2.5 μM TAMRA–PEA (solid curve), λem = 577 nm
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4.2 Phos-tag

 

pH 7.4 (10 mM Hepes–NaOH 0.10 M NaCl) TAMRA–Phos-tag 

TAMRA–PEA 25 °C

(3 mL) TAMRA 5.0 μM

TAMAR–Phos-tag TAMRA–PEA

TAMAR–Phos-tag (MF = [TAMRA–Phos-tag]/[TAMRA–Phos-tag] + 

[TAMRA–PEA]) 0 1 0.5 557 nm

TAMRA–Phos-tag (Fig. 2a) 551nm TAMRA–PEA

(Fig. 2b) 520 nm

MF = 0.5(TAMRA–Phos-tag = 2.5 μM, TAMRA–PEA = 2.5 μM)

Fig. 2c

Fig. 2c 523 nm

TAMRA–Phos-tag TAMRA–PEA 0.33

TAMRA–Phos-tag TAMRA–PEA

( )

Fig. 1 TAMRA–Phos-tag TAMRA–PEA 1:1

TAMRA

2 nm TAMRA

[20,21] TAMRA

TAMRA  

TAMRA–Phos-tag TAMRA–PEA TAMRA

523 nm 580 nm MF = 0.5

(Fig. 3) TAMRA–Phos-tag TAMRA–PEA

(Fig. 3c; TAMRA–Phos-tag = 2.5 μM, TAMRA–PEA = 

2.5 μM) 5.0 μM TAMRA–Phos-tag (Fig. 3a) 5.0 μM TAMRA–PEA
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(Fig. 3b) 32% 580 nm 68%

554 nm 45%(Fig. 2)

25 °C 1.0 mM EDTA(

) TAMRA–Phos-tag TAMRA–PEA 1:1 (TAMRA–Phos-tag = 2.5 

μM, TAMRA–PEA = 2.5 μM) Zn2+

523 nm EDTA

1 (25 °C) 580 nm

5.0 μM TAMRA–Phos-tag 5.0 TAMRA–PEA

TAMRA–Phos-tag

TAMRA–PEA

Phos-tag Zn2+
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4.3 TAMRA–PEA

 

Phos-tag

FRET

[18] Phos-tag Phos-tag

TAMRA/TAMRA TAMRA–PEA

(Fig. 1) O-

(PEA)

[23] TAMRA–PEA 1-cm

25.0 ± 0.1 °C (3 mL)

2.5 μM TAMRA–PEA 2.5 μM TAMRA–Phos-tag 0.10 mM MgCl2 0.10 M NaCl

10 mM Hepes–NaOH (pH 7.4)

0.5%

580 nm(λex = 523 nm)

20

1 Fig. 4

50%

TAMRA–PEA

2.9 TAMRA–PEA

(0, 0.11, 0.33, 1.0, 3.0 units/mL)

5.0 μM 

TAMRA–PEA 6.0 units/mL

1

TAMRA–PEA (λem)577 nm

5.0 μM TAMRA–PEA 95%

5.0 μM TAMRA–PEA 1
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4 °C 1

95%

TAMRA–PEA TAMRA–Phos-tag

(Fig. 1) TAMRA–Phos-tag

TAMRA–PEA 6

TAMRA/ 

TAMRA in vitro

 

 

 

 

 

 

 

 

 

 

 

Figure. 4 

Time course change of the 580-nm fluorescence intensity (λex = 523 nm) of an aqueous 

solution (pH 7.4, 3.0 mL) containing 2.5 μM TAMRA–Phos-tag and 2.5 μM 

TAMRA–PEA, 0.10 mM MgCl2, 0.10 M NaCl, and 10 mM Hepes–NaOH at 25 °C in the 

absence or presence of bovine intestinal mucosa alkaline phosphatase: 0 units/mL (open 

circles), 0.11 units/mL (open squares), 0.33 units/mL (closed squares), 1.0 units/mL 

(closed circles), 3.0 units/mL (closed diamonds). The typical date are plotted with a time 

interval of 60s. 
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4.4 TAMRA–Phos-tag

 

TAMRA–Phos-tag

Fig. 5

TAMRA/TAMRA

TAMRA–Phos-tag

[23] TAMRA–PEA

TAMRA–Phos-tag 25 °C pH 7.4

(10 mM Hepes–NaOH, 0.10 M NaCl) 5.0 

μM TAMRA–Phos-tag(ε = 9.7  104 M−1·cm−1)  557 nm

(5.0 μM TAMRA–Phos-tag + 10 μM , ε = 7.6  104 M−1·cm−1, 

Supplemental Fig. S1) 20 μM 

(HPO4
2–)

1.0 mM EDTA 5.0 μM TAMRA–Phos-tag 10 μM 

TAMRA–Phos-tag

(Fig. 5) (5.0 μM 

TAMRA–Phos-tag) 10 μM 

580 nm(λex = 523 nm)

(Supplemental Fig. S1) 51% 557 nm

22% 5.0 μM TAMRA–Phos-tag

(λmax) 557 nm 523 nm 5.0 μM 

TAMRA–Phos-tag 557 nm 

(λem = 580 nm) 5.0 μM TAMRA–Phos-tag

10 μM 580 nm(λex = 557 nm)

25% 523 nm (51%)

5.0 μM TAMRA–Phos-tag (0–10 μM)

Fig. 6A Fig. 6A
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2.5 μM

TAMRA–Phos-tag 1:2

TAMRA–Phos-tag

TAMRA–Phos-tag

TAMRA–Phos-tag (Fig. 6A)

TAMRA–Phos-tag TAMRA

(50-500 μM)

(Fig. 6B)

TAMRA–Phos-tag 557 nm 520 nm

Fig. 6B TAMRA–Phos-tag

1:1

TAMRA–Phos-tag

TAMRA–Phos-tag

TAMRA–Phos-tag
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Figure. 5 

Structure of the dimeric TAMRA–Phos-tag complex linked with pyrophosphate, and the 

hydrolysis of pyrophosphate to reduce the fluorescence quenching effect at pH 7.4 in 

aqueous solution. 

Figure. 6 

Fluorescence emission response (at 580 nm) of 5.0 μM TAMRA–Phos-tag (TP) to 

increasing level of pyrophosphate (PP) at pH 7.4 (10 mM Hepes–NaOH, 0.10 M NaCl) 

and 25 °C. The concentration ranges of pyrophosphate are 0–10 μM for A and 0–500 μM 

for B.
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4.5 TAMRA–Phos-tag

 

 

Phos-tag

[24]

TAMRA–Phos-tag TAMRA–PEA

(3 mL) 5 μM TAMRA–Phos-tag

2.5 μM 0.10 mM MgCl2 0.10 M NaCl 10 mM Hepes–NaOH (pH 7.4)

10% 580 nm(λex = 523nm)

0.025 0.050 0.075 0.10 units/mL

3

3.6 × 10–4 7.1 × 10–4 1.1 × 10–3 1.4 × 10–3 

s–1 ±10%

(H2VO4
–)

(0.050 units/mL)

10

(%)

(Fig. 7; closed squares)

25 °C pH 7.4 50% (IC50) 0.18 ± 

0.05 μM dabcyl–Phos-tag

5'-

IC50 0.10 μM [18]
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TAMRA/TAMRA

[1] (Fig. 7; closed circles)

IC50 2.0 ± 0.5 μM IC50

IC50 10

TAMRA–Phos-tag (

) TAMRA/TAMRA

pH 7.4

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 7 

Inhibition curves of the AP reactions in the presence of dihydrogen orthovanadate ion 

(H2VO4
–) at 25 °C. The ordinate represents the residual phosphatase activity ratio (%). 

The reaction mixture contained 5.0 μM TAMRA–Phos-tag, 2.5 μM pyrophosphate, 0.10 

mM MgCl2, 0.10 M NaCl, and 10 mM Hepes–NaOH (pH 7.4). The amounts of bovine 

intestinal AP (closed squares) and E. coli AP (closed circles) were 0.05 units/mL and 0.02 

units/mL, respectively. 
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5.

Phos-tag TAMRA–Phos-tag

TAMRA–PEA

(Phos-tag) TAMRA

Phos-tag Phos-tag TAMRA–PEA

TAMRA

TAMRA/TAMRA

TAMRA–Phos-tag

IC50

TAMRA–Phos-tag 2:1

3

1 10

TAMRA/TAMRA

TAMRA–Phos-tag

TAMRA pH
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7.  Supplementary materials 

Supplemental Figure S1. 

 

 

 

 

 

 

 

Visible absorption spectra at pH 7.4 (10 mM Hepes–NaOH, 0.10 M NaCl) and 25 °C. 

Solid curve: 5.0 μM TAMRA–Phos-tag, λmax = 557 nm (ε = 9.7 × 104 M−1·cm−1) 

Broken curve: 5.0 μM TAMRA–Phos-tag + 10 μM pyrophosphate, λmax = 557 nm 

(ε = 7.6 × 104 M−1·cm−1) 

 

 

 

 

 

 

 

Fluorescence emission spectra (λex = 523 nm) at pH 7.4 (10 mM Hepes–NaOH, 0.10 M 

NaCl) and 25 °C. 

Solid curve: 5.0 μM TAMRA–Phos-tag (dotted curve), λem = 580 nm (relative intensity = 

100%) 
Broken curve: 5.0 μM TAMRA–Phos-tag + 10 μM pyrophosphate, λem = 580 nm 

(relative intensity = 49%) 
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pH 7.4 (10 mM Hepes–NaOH 0.10 M NaCl) 5.0 μM TAMRA–

Phos-tag 5.0 μM TAMRA–Phos-tag 2.5 μM 

25 °C Supplemental Figure S1

(λem = 580 nm)

TAMRA–Phos-tag

 TAMRA–Phos-tag 557 nm

520 nm

Fig. 2 TAMRA–Phos-tag TAMRA–PEA 1:1

TAMRA–Phos-tag

TAMRA–Phos-tag TAMRA

523 nm

TAMRA–Phos-tag

580 nm

Fig. 3 TAMRA–Phos-tag TAMRA–PEA
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8.1 TAMRA/TAMRA  

( ) TAMRA

(Static Quenching) (Dynamic 

Quenching)

( 1 nm )

π-π

FRET(Fluorescence 

resonance energy transfer)

( 10 nm )

TAMRA

TAMRA

TAMRA TAMRA TAMRA

TAMRA

 

(TAMRA/TAMRA

; ) TAMRA TAMRA–Phos-tag

TAMRA–PEA

Phos-tag TAMRA

TAMRA–Phos-tag

TAMRA–Phos-tag

Phos-tag

TAMRA TAMRA/TAMRA
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TAMRA

2 nm  

 

TAMRA–Phos-tag TAMRA–PEA ( ) 

TAMRA–Phos-tag

( ) 
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8.2 TAMRA  

 

TAMRA TAMRA–Phos-tag TAMRA–PEA

5-TAMRA-NHS  

 

8.2.1 TAMRA–Phos-tag

 

5-TAMRA-NHS 96 mg (0.18 mmol) 5 mL

Phos-tag 100 mg (0.18 mmol)

5 mL 12

NH-DM 1020 (CHCl3 = 100 mL, 

CHCl3/CH3OH = 100 mL/1 mL, CHCl3/CH3OH = 100 mL/2 mL, CHCl3/CH3OH = 100 

mL/5 mL) NH-DM 1020

TAMRA N-

Phos-tag

TAMRA Phos-tag

123 

mg(TAMRA–Phos-tag 0.13 mmol) 72%

CHCl3/CH3OH = 10:1 TLC

Rf = 0.50 TAMRA–Phos-tag

TAMRA–Phos-tag scheme  
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TAMRA–Phos-tag scheme 
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8.2.2 TAMRA–PEA

 

5-TAMRA-NHS 96 mg (0.18 mmol) DMSO 1 mL

O- (PEA) 200 mg (1.4 mmol) 1.0 M NaOH

pH 8.0 5.0 mL

2 pH 8.0 ± 0.2

1.0 M 2.0 mL

HP-20 ( ; 25 mm, ; 150 mm)

HP-20 -

300 mL

PEA N-

TAMRA–PEA 

5-TAMRA-NHS TAMRA TAMRA

(100 mL)

C18

140C18-OPN( ; CHCl3/CH3OH = 50:1) C18

140C18-OPN (ODS )

 

5-TAMRA-NHS TAMRA TAMRA–PEA

65 mg (TAMRA–PEA 0.12 mmol)

65% CH3OH /H2O = 1:1 TLC

Rf = 0.40 TAMRA–PEA

TAMRA–PEA scheme  
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TAMRA–PEA scheme 
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8.3 TAMRA–Phos-tag  

 

TAMRA–Phos-tag 1H NMR 13C NMR IR

MS TAMRA–Phos-tag

 

 

8.3.1 1H NMR(500 MHz, in CDCl3) 
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8.3.2 13C NMR(125 MHz, in CDCl3)
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8.3.3 IR (with a KCl pellet) 
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8.3.4 MS (High-resolution MS, in MeOH) 
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8.3.5 TAMRA–Phos-tag

( 1.0)

Rhodamine B

TAMRA–Phos-tag 542 nm

10 mM Hepes–NaOH (pH 7.4) 5 μM Rhodamine B 

( 4.0 mL, 25 °C) Rhodamine B 0.65

542 nm 5.0 μM 

TAMRA–Phos-tag Rhodamine 

B TAMRA–Phos-tag

0.30  

 

Φx = Φst Ast FAx / Ax FAst  

Φx = (TAMRA–Phos-tag)  

Φst = (Rhodamine B)  

FAx = (TAMRA–Phos-tag)  

FAst = (Rhodamine B)  

Ax = (TAMRA–Phos-tag)  

Ast = (Rhodamine B)  

 

5 μM Rhodamine B 5.0 μM TAMRA–Phos-tag
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(5 μM Rhodamine B) 

 

(5 μM Rhodamine B) 
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(5.0 μM TAMRA–Phos-tag)

(5.0 μM TAMRA–Phos-tag)
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8.4  
 

(

)

ALP1 
( )

ALP2 

ALP3 

( ) 

ALP4 
 

ALP5 

 

( B O )

ALP6 
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8.5  
 

8.5.1 

 
Kind-King

pH 9.9 30 ℃ 2-

(EAE) JSCC ( ) pH 9.8 25 ℃

GSCC ( ) pH 10.4

30 ℃ 2- -2- -1- (AMP) IFCC

( ) EAE JSCC

EAE

EAE

P-

( )  
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P-

EAE

(pH 9.9) EAE

P-

pH

pH

P- 400 nm 410 nm P-

 

 

8.5.2 

 

GPI

GPI

GPI
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/

GPI

GPI

pH

3- 5- -4- -3-

-p-

 

8.5.3

EAE JSCC

B O

(ALP5)

AMP IFCC

AMP

EAE
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(ALP5)

(ALP1 ALP2 ALP3)

pH
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8.6  
 

TAMRA–Phos-tag TAMRA–PEA TAMRA/TAMRA

TAMRA–PEA

2.5 μM TAMRA–Phos-tag

2.5 μM TAMRA–PEA (pH 7.4)

TAMRA–PEA

( Fig. 1 )  

 

8.6.1  

 

1.0

1–cm (10 × 10 × 45 mm)

3.0 g (3.0 mL)

2.5 μM TAMRA–PEA 2.5 μM TAMRA–Phos-tag 0.10 mM 

MgCl2 0.10 M NaCl 10 mM Hepes–NaOH pH pH 7.4

 

 

8.6.2  

 

1–cm

25.0 ± 0.1 °C 1

523 nm 580 nm

15 μL 20

0.11, 

0.33, 1.0, 3.0 units/mL  
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8.6.3  

 

60

( Fig. 4 ) 3.0 

units/mL 100%

TAMRA–Phos-tag

TAMRA–PEA

( )

TAMRA/TAMRA

TAMRA–PEA
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TAMRA–PEA

 

= (mol/L-sec)

(%
)

(min)

(%
)

(min)

d 

d [TAMRA–PEA]
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8.7  

 

TAMRA–Phos-tag TAMRA/TAMRA

(

)

 

5.0 μM TAMRA–Phos-tag 2.5 μM (pH 7.4)

( Fig. 5 )

100%

5.0 μM TAMRA–Phos-tag 2.5 μM (pH 7.4)

50%

(IC50)  
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8.7.1  

 

1.0

1–cm (10 × 10 × 45 mm)

3.0 g (3.0 mL)

2.5 μM 5.0 μM TAMRA–Phos-tag 0.10 mM MgCl2

0.10 M NaCl 10 mM Hepes–NaOH pH pH 7.4  

 

8.7.2  

 

1–cm

25.0 ± 0.1 °C 1

523 nm 580 nm

15 μL 20

0.025, 0.050, 0.075, 0.10 units/mL 5.0 μM TAMRA–Phos-tag

pH 7.4 100%

( )

TAMRA–Phos-tag

( ) pH

(TAMRA–PEA/ )

Km pH 7.4
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(pH 9 )

Km  

 

8.7.3 

 

1.0

1–cm (10 × 10 × 45 mm)

3.0 g (3.0 mL)

2.5 μM 5.0 μM TAMRA–Phos-tag 0.10 mM MgCl2

0.10 M NaCl 10 mM Hepes–NaOH pH

pH 7.4

0.010 30 μM  

 

(mol/L-sec)

(%
)

(min)

100%

0%

TAMRA–Phos-tag
(mol/L)

Kd = (sec-1)
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8.7.4 

 

1–cm

25.0 ± 0.1 °C 1

523 nm 580 nm

15 μL

10

0.05 units/mL

0.02 units/mL

 

 

8.7.5  

 

8.7.2

100%

( Fig. 7 )

50% (IC50)

TAMRA/TAMRA
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