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1. Summary

2 Ry BOFHRR Y VEBLRIGIE, %< OEBHIEEEICED A2 EERLFEE
EiD—2>Th D, LIzBoT, ZURIEDY VEELDANT VABBEND Z LI, &
WELEDTRERERTHD, AVBFTETHAMAEETIL, ) VEELFEICHIE
THENF (ZARET) ZHWEY VBMEZ X0 OB EROBRREEZ1TR> TV
B TARE TN, 2ODEBAAVBHHTHI LT, UIEET =4 (R-OPO5Y)
PR TAESFTH D, AFETIE, BEAAREMMULIZT7FRF TE2HEST, X
TF DY VB LIREEER U TNV Z A LA TRET D EEHRE =RV X —FE) (FRET)
B RT LDORFEEITo72, FRET BBIL, N —¢Ra®EAnFLT T E—L
RBDENXSFNETET AR, BESN FF—SFDRXNF—RBT 727 ¥ —505F
CBETAEETHD, TIVF—BENEIBL, BRLET 7€ 78 —HFI3E
BOENEHETD,

ARFFE TS LI FRET Y AT AIZIE, RP—¢ L Tr<l o aasdirr R
BINTFH, TOETHE =L LTINF LS U TER LA BRTTF REE A
Az, 7<) RENHEFE 6-((7-amino-4-methylcoumarin-3-acetyl)amino)hexanoic acid
(BLF, AMCA) % RF—%L LT, 7iF A U RENEFE 5-carboxyfluorescein
(BT, FAM) 27 27874 —R L LTEBR Lz, Zhb 2 00ENMBROELED
¥id, FRETREZEZ TN bDTHDH, ETHHIT, N-hydroxysuccinimide 2
THEBHIELTHSD AMCA L —HOT X ) EZRRICELDT7 + X FZ T ERATF,
N-(5-(2-aminoethylcarbamoyl)-pyridin-2-ylmethyl)-N,N’, N -tris(pyridin-2-ylmethyl)-1,3-
diaminopropan-2-ol Z=iE T, 7k b= PV VR CRIGZETZ, BoNzT7+ A% JH
NLFIZ 2 ODHENA A FEMNSED T & TAMCAER 7+ A ¥ 7 (LUF, AMCA-
THRET) L LI, pH 7.4 @ HEPES #2## (10 mM HEPES-NaOH, 0.50 M NaCl,
20%(v/v) EtOH) 1 TD AMCA-7 + A Z 71X 350 nm (2RI K %, 445 nm (2 EHE
K&, 7T F—5FITIL, AnaSpec D FAM HE S iz Y VEMERTF K
BLOIEV vB{ERTF F (LT, FAM-RZFF) Z2ER L7, flRILTW AN
U VEELEE (E7iEY VEMEER) 1, SHETAIEY VEMLE (F13Y VEMLE)
DX F—FRIE (FRIZT7+R77 Z—FPRIE) Ik AR LI,

BT, AMCA-7 + A% Y (KF—) & FAM-V VEBB(LRTF K (T8 7¥—)
FHRFEEBL, FRETESNEZ A Z L 2R L, FFH—&EK (0.80uM) Z77



B Z—ThHd FAM-J VERELTF K% 0~2.0 pM H£FSEDH &, AMCA HRDHE
YFEE (445 nm) PEERTFHICHED L, #IZ FAM BEOEEARE (520 nm) 233
MUTz. 725, AMCA DRI RLF—H FAM O R F—& LTEDbR
% FRET B&NBZ o TW5B, —F, FAM-3EY VLR T7F R E S B84,
AMCA BRDHENHBEITELS B Ligd o7z, AFROERIZ, BV VYV, ALF=r
UMb ENATF FCHLBESNT, ThODEEZ, K RTF LA p E/VEBE
DOV VBRI F FEBIRBICEETEDZ L ZRLTWS, RIZ, Y VEBERTTF
FEHMIZE D AMCA OB ERTFHRENEREL(LI O, U UVBEXTTF FBRFEEL
72 AMCA-7 #+ A % JIE AR DOIEREER Ke [uWM] & FRET /R 2 EH L7, Z OFEFTH»
b, Fairol VBIEENTATTF ROZRMMEL, B A vA=00 ) VERE
EOFEFMEL VL 10 fFRENVZ ERbLPoT, B URAVA= A0, Fry
VNCREA LY VEBREDFRRTF FEL LN TWA DT, Y UEEEED OSIEE
ENDPRNWZ LR EORRO—D2EEZ LD,

AVATLEISHALT, BRICLH) VBIERIGEEEART MAELE LTR
H L7, AMCA-7 A Z JHET, TVH Y 7+ A7 7 Z—EIZ L5 FAM-V VE(L
~_7F F (FAM-DADE-pY-LIPQQG-OH) DY VEMLRISZITV, —ERFEIZ LI
HAEBEEFTo72e AMCA-7 + AFZ 7 L FAM-V VLT F FOBEIXENTH
0.80 uM, 1.0uM & L7z, #R, FEEE L & HIZ AMCA HROENERE (445 nm)
WML, FAM BEOEEEE (520 nm) 2ED Lz, #hbOERIE, FHEEN
55 DB—RRINZIRBE TE Iz, AMCA BHEOENFEEL(LIL, 7V —D AMCA-7
F AE T OBRBEELICHIS L, FAM R0 ENEEELIE FAM-U VEME_TF KL
AMCA-7 + A& 7 L DBEEEDOREERILIZHIST 5, L ELOFRRLL, TAA Y 7
A7 7 Z—EHEMZEL Y FAM-U VEBMERTF RO Y VEEESREIRE L & HIZE
DR, FAM-RT7F KL AMCA-7 + 2 ¥ VB EEBER LR RB Z L BHL
Mo,

AR TIE, ERER L7+ RZ T ERAWE IXRTF Fo ) VEMEREEEZ R T
5 FRET BV AT L) ZBR LTz, 2O, ) V VB{ERTF FE2BRIREYITHRE
15, i) VVBBMbLENTWAT I/ BOBBRICELOTRHAETH S, i) WY
BLOBRTFE Y TLE A JIBRHTFTEETH B, iv) XT7F FZEHET 2 LET 2L,
BEREER L THD, ZOEMEB 7+ A Z T ERWTEY VEBERTF RORKRE
B, SBOXFT—E/7ART7 7 F—FBHREICERTDHLHFL WD, BHELLE
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2. Introduction

Protein kinases and phosphatases are implicated in a variety of cellular processes, such as
proliferation, differentiation, and apoptosis. An estimated 20% of all proteins in humans are
- phosphorylated, and the families of protein kinases and phosphatases represent up to 5% of
the human genome [1,2]. These enzymes increase (or suppress) the activity of other enzymes,
mark proteins for destruction, allow proteins to move from one subcellular compartment to
another, or enhance (or impede) protein-protein interactions. Any change in the expression
level, activity, or localization of these enzymes greatly influences the regulation of key
processes. Because of the critical roles of protein kinases and phosphatases in cellular
functions, they represent important drug targets [3,4]. The existing methods to detect
phosphorylation and dephosphorylation include the radiometric assay [5], enzyme-linked
immunosorbent assay (ELISA)' [6], ATP consumption assay [7], and several
fluorescence-based assays, such as the time-resolved fluorescence [8], fluorescence
polarization [9,10], fluorescence resonance energy transfer (FRET) [11], and fluorescence
quench assays [12]. Although the radiometric method can be applied to almost all kinase and
phosphatase targets with high sensitivity, radioisotopes are inconvenient to handle regarding
certain safety and disposal. The ELISA method requires specific antibody-based detection
reagents. Unfortunately, the specificity of antibodies is problematic in some cases.
Fluorescence-based methods do not necessarily require a radioactive or immunoactive label
and are thus attractive as convenient and high-quality approaches for the analysis of the
phosphorylation status of targeted substrates.

Recently, we reported original methods for detecting phosphorylated compounds, such as
phosphopeptides, phosphoproteins, and phospholipids, using a phosphate-binding tag
molecule  (Phos-tag), which is a  dinuclear  metal(Il) complex of
1,3-bis[bis(pyridin-2-ylmethyl)amino]propan-2-olate [13]. The procedures for matrix-assisted

laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) for the



enhanced analysis of the phosphorylated compounds [14-16], phosphate affinity
chromatography for the separation of phosphopeptides and phosphoproteins [17,18], surface
plasmon resonance analysis for reversible peptide phosphorylation [19,20], Western blot
analysis for the detection of phosphoproteins on a blotting membrane [21,22], and phosphate
affinity electrophoresis for the mobility shift detection of phosphoproteins on an SDS-PAGE
gel [23—28] have been established and put to practical use.

Herein, we describe a novel FRET system using Zn>*—Phos-tag for the real-time analysis
of peptide phosphorylation status. FRET is a distance-dependent interaction between the
electronic excited states of two dye molecules in which excitation is transferred from a donor
molecule to an acceptor one without emission of a photon. For this FRET system, a Phos-tag
derivative as a fluorescent donor attached with a 7-amino-4-methylcoumarin-3-acetic acid
(AMCA) and carboxyfluorescein (FAM)-labeled peptides as fluorescent acceptors were
prepared. As the first practicél example using the AMCA-labeled Zn**-Phos-tag, we
demonstrated the detection of the time-dependent dephosphorylation of the FAM-labeled

protein-tyrosine phosphatase 1B (PTPIB) substrate.



3. Materials and methods

Materials

Bovine intestinal mucosa alkaline phosphatase, L-serine, O-phospho-L-serine
(phosphoserine), O-phospho-L-tyrosine (phosphotyrosine), ATP, glycerol 2-phosphate
disodium salt hydrate, and boric acid were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Thin-layer and silica gel column chromatographies were performed using a Merck
silica gel TLC plate, numbers 5554 and 5567 (Darmstadt, Germany), and Fuji Silysia
Chemical NH-DM 1020 silica gel (Kasugai, Japan), respectively. DIAION HP-20 was
purchased from Mitsubishi Kagaku (Tokyo, Japan). 2,4,6-Trihydroxyacetophenone was
purchased from Aldrich (Milwaukee, WI, USA). A recombinant mouse protein kinase A
(PKA) catalytic subunit and sodium orthovanadate were purchased from Calbiochem (La
Jolla, CA, USA). Recombinant mouse mitogen-activated protein kinase 2 (MAPK2), and
recombinant Abl were purchased from Upstate Biotechnology (Lake Placid, NY, USA).
6-Carboxyfluorescein (6-FAM) succinimidyl ester and
6-([7-amino-4-methylcoumarin-3-acetyl]Jamino)hexanoic acid succinimidyl ester were
purchased from Invitrogen (Carlsbad, CA, USA). 5-FAM-labeled Kemptide, 5S-FAM-labeled
EGF receptor 661-681, 5-FAM-labeled Abltide, a 5-FAM-labeled phosphorylated PTP1B
substrate, and a 5-FAM-labeled phosphorylated histone H1-derived peptide were purchased
from Anaspec (San Jose, CA, USA). Microcon YM10 filter units were purchased from
Millipore (Bedford, MA, USA). NANOSEP MF GHP (45 pm) centrifugal devices were
purchased from Pall (Ann Arbor, MI, USA). All reagents and solvents used were of the
highest commercial quality. All aqueous solutions were prepared using deionized and distilled

water.



Apparatus

UV and visible spectra were recorded on a Jasco spectrophotometer V-630 (Tokyo, Japan)
at 25.0 £ 0.1 °C. Fluorescence spectra were obtained with a Hitachi F-2500 fluorescence
spectrophotometer (Tokyo, Japan) at 25.0 £ 0.1 °C. The IR spectrum was recorded on a
Horiba FT-710 infrared spectrometer (Kyoto, Japan) with a KCl pellet (Real Crystal IR Card)
at 20 + 2 °C. 'H (500 MHz) and "*C (125 MHz) NMR spectra at 25.0 £ 0.1 °C were recorded
on a JEOL LA500 spectrometer (Tokyo, Japan). Tetramethylsilane (in CDCl3;) (Merck) was
used as an internal reference for the NMR measurements. MALDI-TOF MS spectra (positive
reflector mode) were obtained on a Voyager RP-3 BioSpectrometry Workstation (PerSeptive
Biosystems, Path Framingham, MA, USA) equipped with a nitrogen laser (337 nm, 3-ns
pulse). Time-to-mass conversion was achieved by external calibrations using the peaks for
angiotensin I (m/z 1296.7 for M + H") and a peptide, ACTH (clip 18-39) (m/z 2465.2 for M +
H"). The pH measurement was conducted with a Horiba F-12 pH meter and a combination pH
electrode (Horiba-6378), which was calibrated using pH standard buffers (pH 4.01 and 6.86)
at 25 °C. High-performance liquid chromatography (HPLC) was performed using an HPLC
system Jasco LCSS-905 with a column oven CO-2060 (at 40 °C), a UV-detector UV-2070 (at
480 nm), and a reversed phase column (Shiseido CAPCELL PAK C18 UG80, 4.6 x 150 mm,
Yokohama, Japan). All samples were separated under the proper gradient conditions (eluent:

0.1% [v/v] TFA/H,0 and 0.1% [v/v] TFA/CH3;CN) for 20 min at a flow speed of 1.0 mL/min.
Synthesis of the AMCA-labeled Phos-tag ligand

An amino-pendant Phos-tag ligand (N-[5-(2-aminoethylcarbamoyl)pyridine-2-ylmethyl]
-N,N’, N -tris[pyridin-2-ylmethyl]-1,3-diaminopropan-2-ol) was synthesized as described
previously [17]. A solution of 6-([7-amino-4-methylcoumarin-3-acetyl]Jamino)hexanoic acid

succinimidyl ester (9.7 mg, 21.9 umol) in 1 mL of N N-dimethylformamide was added



dropwise to a solution of the amino-pendant Phos-tag ligand (10.5 mg, 19.4 umol) in 5 mL
CH;CN at room temperature. After the reaction mixture was stirred for 1 h at room
temperature, the solvent was evaporated. The residue was purified by silica gel column
chromatography (eluent: CHCl;/MeOH = 50:0 to 50:1, silica gel: NH-DM1020) to obtain the
AMCA-labeled Phos-tag liganci, N-(5-[2-(N-6-{(7-amino-4-methylcoumarin-3-acetyl)amino]
hexyl)aminoethylcarbamoyl]pyridine-2-ylmethyl)-N, N’, N -tris[pyridin-2-yImethyl}-1,3-
diaminopropan-2-ol) as a pale-yellow oil (16.2 mg, 18.6 umol, 96% yield). TLC (Merck 5567,
eluent: CHCl3/MeOH/28% (v/v) aqueous NH; = 10:2:0.5) R,= 0.6. IR: 3339, 3226, 3063,
2930, 2854, 1648, 1598, 1553, 1475, 1436, 1390, 1367, 1249, 1172, 1150, 1035, 846, 765,
472,408 cm™'. '"H NMR (CDCls) 8 1.20-1.28 (2H, m, CCH,CCC), 1.42 (2H, quin, J = 7.0 Hz,
CCCH,CC), 1.58 (2H, quin, J = 7.3 Hz, CCCCH2C), 2.15 (2H, t, J = 7.1 Hz, CH,CCCC),
2.43 (3H, s, CH3), 2.54-2.68 (4H, m, NCCCH,N), 3.15 (2H, dd, CCCCCHa, J = 12.6, 6.4 Hz),
3.49 (2H, s, NCOCHy), 3.51-3.65 (4H, m, NCCH>N), 3.80-3.96 (9H, m, NCCHCN and
PyCH;,N), 4.40 (2H, bs, NHy), 6.49 (1H, d, J = 2.1 Hz, COOCCHC), 6.54-6.58 (2H, m,
COOCCCCHC, and CONH), 6.66 (1H, CONH), 7.10-7.12 (3H, m, PyH), 7.33 3H, d, J =
7.8 Hz, PyH), 7.37 (1H, d, J = 8.7 Hz, COOCCCCCHC), 7.42 (1H, d, J = 8.0 Hz, PyH),
7.56-7.60 (3H, m, PyH), 7.87 (1H, CONH), 8.02 (1H, dd, PyH, J= 8.1 and 2.2 Hz), 8.49 (3H,
m, PyH), 8.95 (1H, d, J = 1.6 Hz, PyH). >*C NMR (CDCl;) & 11.6, 15.5, 24.9, 26.1, 28.8, 35.7,
36.4, 39.1, 39.4, 41.6, 59.2, 60.8, 61.0, 67.3, 100.6, 111.9, 112.3, 115.1, 122.1, 122.7, 123.2,
126.4, 127.1, 128.0, 128.3, 135.4, 136.6, 145.0, 149.0, 150.8, 154.2, 158.2, 159.3, 159.4,
163.1, 163.5, 163.8, 164.1, 165.7, 166.3, 166.6, 170.3, 175.0, 176.8. MALDI-TOF MS:
AMCA-labeled Phos-tag ligand in a 50% (v/v) CH;CN solution containing
2,4,6-trihydroxyacetophenone (5 mg/mL), m/z 869.4. 1:1 phosphate-bound dizinc(II) complex
(AMCA-labeled Zn**~Phos-tag-HOPO;>) in a 25% (v/v) CH3;CN solution containing
2,4,6-trihydroxyacetophenone (2.5 mg/mL), 20 pM ZnCl,, 10 uM AMCA-labeled Phos-tag
ligand, and 20 pM NaHPO4-NaOH (pH 7.4), m/z 1090.7.



Preparation of 6-FAM-labeled serine, phosphoserine, and phosphotyrosine

A solution of 6-FAM succinimidyl ester (5.5 mg, 12.4 pmol) in 230 pL of dimethyl
sulfoxide was added to a solution of the amino acid (serine, phosphoserine, or
phosphotyrosine) in 2.3 mL of 0.20 M NaHCO;-NaOH (pH 8.4) at room temperature. After
stirring overnilght at room temperature, the reaction mixtures were diluted to 7.3 mL with
distilled water and acidified by the addition of aqueous 6.0 M HCl to pH 3. A lipophilic resin,
DIAION HP-20 (6.0 g) was added to the reaction mixtures. The resin was washed with 20 mL
of aqueous 1.0 mM HCI and the adsorbed compound was eluted with methanol. After the
solvent was evaporated, the residue was lyophilized to obtain 6-FAM-labeled serine,
phosphoserine, and phosphotyrosine as orange-colored powders. The purity of each powder
was determined by HPLC. As for 6-FAM-labeled serine, TLC (Merck 5554, eluent:
CHCI3/MeOH/0.10 M CH3;COOHag = 5:6:2): Re= 0.7. HPLC (eluent: 0.1% [v/v] TFA/H,0
from 90% to 40% (v/v) and 0.1% [v/v] TFA/CH3;CN from 10% to 60% [v/v], 20 min):
Retention time = 11.5 min, purity 90%. MALDI-TOF MS: 6-FAM-labeled serine (100 uM)
dissolved in 50% CH;3;CN solution containing 2,4,6-trihydroxyacetophenone (5.0 mg/mL) and
0.1% (v/v) TFA, m/z 464.0. As for 6-FAM-labeled phosphoserine, TLC (Merck 5554, eluent:
CHCl3/MeOH/0.1 M CH3COOHag = 5:6:2): Rs = 0.3. HPLC (eluent: 0.1% [v/v] TFA/H,0O
from 90% to 40% (v/v) and 0.1% [v/v] TFA/CH;CN from 10% to 60% [v/v], 20 min):
Retention time = 9.0 min, purity 77%. MALDI-TOF MS: 6-FAM-labeled phosphoserine (100
uM) dissolved in a 50% CH3;CN solution containing 2,4,6-trihydroxyacetophenone (5.0
mg/mL) and 0.1% (v/v) TFA, m/z 544.1. As for 6-FAM-labeled phosphotyrosine, TLC (Merck
5554, eluent: CHCl3/MeOH/0.1 M CH;COOHag = 5:6:2): R¢= 0.4. HPLC (eluent: 0.1% [v/v]
TFA/H,0 from 90% to 40% (v/v) and 0.1% [v/v] TFA/CH3;CN from 10% to 60% [v/v], 20
min): Retention time = 10.9 min, purity 82%.7 MALDI-TOF MS: 6-FAM-labeled serine (100
pM) dissolved in a 50% (v/v) CH3CN solution containing 2,4,6-trihydroxyacetophenone (5.0
mg/mL) and 0.1% (v/v) TFA, m/z 620.1.



Preparation of 5-FAM-labeled peptides and phosphopeptides, and
6-FAM-labeled tyrosine

Kinase reactions were conducted at 30 °C. For phosphorylation of 40 nmol of
5-FAM-labeled  Kemptide '(5-FAM-LRRA-S-LG-OH), EGF  receptor 661-681
(5-FAM-KRELVEPL-T-PSGEAPNQALLR-NH,), | and Abltide
(5-FAM-KKGEAI-Y-AAPFA-NH,) by PKA, MAPK?2, and Abl, respectively, a reaction buffer
(200 pL) containing 0.10 M MOPS-NaOH (pH 7.2), 25 mM dithiothreitol, 50 mM EGTA, 50
mM glycerol 2-phosphate, 50 mM sodium orthovanadate, 20 mM MgCl,, and 300 uM ATP
was used. The amino acids between two hyphens are phosphorylated by each kinase. The
amount of each kinase in the buffer was 2,500 units of PKA, 0.4 ng of MAPK2, and 0.16 pg
of Abl. For the dephosphorylation of the 5-FAM-labeled phosphorylated PTP1B substrate
(5-FAM-DADE-pY-LIPQQG-OH), the 5-FAM-labeled phosphorylated histone H1-derived
peptide (5-FAM-GGGPA-pT-PKKAKKL-OH), and 6-FAM-labeled phosphotyrosine by
alkaline phosphatase (4.3 units, 86 units, and 4.3 units, respectively), a reaction buffer (200
uL) containing 50 mM Tris-HCI (pH 9.0) and 1.0 mM MgCl, was used. These phosphatase
reactions were conducted overnight at 37 °C. To remove the enzymes, the reaction mixture
was put into a Microcon YM10 filter unit and centrifuged at 14,000 x g for 10 min. One
micro-liter of aqueous 6.0 M HCI and 0.2 g of DIAION HP-20 were added to the filtrates
containing FAM-labeled compounds. After the solutions were stirred, the resins were applied
in sample reservoirs (Centrifugal Devices, NANOSEP MF GHP) and centrifuged at 2,000 x g
for 20 s, and the filtered buffers were discarded. To wash the resin, a 1.0 mM HCI solution
(300 pL) was added to the sample reservoir. The filter units were centrifuged at 2,000 x g for
20 s, and the filtered buffers were discarded. The washing operation was repeated 5 times. To
elute the adsorbed FAM-labeled compounds, 300 puL of methanol was added to the sample
reservoir. The filter units were centrifuged at 2,000 x g for 20 s, and the filtrates were

collected. The eluting operation was repeated 3 times. The eluting fractions were combined,
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evaporated, and lyophilized. The residues were dissolved in 100 pL of a 10 mM Tris-HCI
buffer (pH 8.8). The washing and eluting operation was also carried out for 5-FAM-labeled
Kemptide, EGF receptor 661-681, Abltide, the phosphorylated PTP1B substrate, and the
phosphorylated histone H1-derived peptide, which were not treated by kinase or phosphatase.
The purities of all prepared compounds were determined by HPLC. As for 6-FAM-labeled
tyrosine, HPLC (eluent: 0.1% [v/v] TFA/H,0 from 90% to 40% [v/v] and 0.1% [v/v]
TFA/CH3CN from 10% to 60% [v/v], 20 min): Retention time = 14.2 min, purity 83%.
MALDI-TOF MS: 6-FAM-labeled tyrosine (100 pM) dissolved in a 50% (v/v) CH;CN
solution containing 2,4,6-trihydroxyacetophenone (5.0 mg/mL) and 0.1% (v/v) TFA, m/z
540.1. As for all prepared peptides, the data of purity and MALDI-TOF MS were shown in

Supplementary material.

MALDI-TOF MS analysis of a complex of the FAM-labeled phosphorylated
compound and AMCA-labeled Zn**~Phos-tag |

Six aqueous solutions (pH 8, 1 mM Tris-HCI) containing AMCA-labeled Zn**~Phos-tag
(10 uM), a FAM-labeled phosphorylated (20 pM) compound, and its nonphosphorylated
counterpart (30 pM) were prepared. The FAM-labeled substituent groups were serine,
tyrosine, Kemptide, the PTP1B substrate, the histone H1-derived peptide, and EGF receptor
661-681. An aqueous solution containing AMCA-labeled Zn**—Phos-tag (10 pM),
5-FAM-labeled phosphorylated Abltide (27 uM), and its nonphosphorylated counterpart (33
pM) was prepared. Each solution (0.50 pL) was mixed with 0.50 pL of a CH3CN solution
containing 2,4,6-trihydroxyacetophenone (10 mg/mL). The predicted Phos-tag complexes
with phosphorylated compounds in the mixed solutions were determined by MALDI-TOF

MS analyses (positive mode).
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Fluorescence analysis

All fluorescence measurements were performed in duplicate at 25.0 + 0.1 °C with 5-nm slit
width. The quantum yield of AMCA-labeled Zn**~Phos-tag was determined by comparison of
the integrated corrected emissio‘n'spectrum of a chemical standard (quinine). Excitation at 345
nm was used for quinine in 0.10 M H,SOs, and its quantum yield was assumed to be 0.54. In
all fluorescence analyses, a HEPES buffer (a 10 mM HEPES-NaOH buffer [pH 7.4] |
containing 0.50 M NaCl, 2.0 uM ZnCl,, and 20% [v/v] ethanol) was used. For the excitation
and emission spectra measurements of AMCA-labeled Zn2+—Phos-tag, the emission and
excitation wavelengths were 445 nm and 345 nm, respectively. The fluorescence spectra of
the solutions containing the FAM-labeled compound (02 pM) and. AMCA-labeled

Zn**—Phos-tag (0.80 uM) excited at 345 nm were measured.
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4. Results and discussion
Preparation of AMCA-labeled Zn?*-Phos-tag

The fluorescent Phos-tag ligand was synthesized by a coupling reaction of an active ester
of AMCA (a coumarin derivative) and an amino-pendant Phos-tag derivative in 96% yield
(see Materials and methods). The AMCA group emits visible light of wavelength 440-460 nm
on irradiation of UV light (ca. 350 nm). The Stokes shift of 100 nm allows easy filter
discrimination of exciting and emitting radiation. The coumarin derivative is frequently used
as a fluorescent donor of a coumarin-fluorescein-based FRET pair [29-31]. The structure of a
dinuclear zinc(Il) complex of the AMCA-labeled Phos-tag ligand (AMCA-labeled
Zn**~Phos-tag) is illustrated in Fig. la. The UV absorption and fluorescence spectra of
AMCA-labeled Zn**~Phos-tag in a buffer solution (pH 7.4) containing 10 mM HEPES-NaOH,
0.50 M NaCl, and 20% (v/v) ethanol at 25 °C are shown in Figs. 1b and c, respectiyely. The
absorption maximum (Amax) is 350 nm and the fluorescence peak appears at 445 nm. The
quantum yield of AMCA-labeled Zn®*-Phos-tag in the HEPES buffer was 0.38. We
confirmed that the fluorescence intensity of AMCA-labeled Phos-tag is proportional to its

concentration up to 5 pM.
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(a) Structures of AMCA-labeled Zn**—Phos-tag and its 1:1 complex with phosphomonoester
dianion (R-OPOs%). (b) Absorption spectrum of AMCA-labeled Zn?*—Phos-tag [50 pM] at 25
°C and pH 7.4 (10 mM HEPES-NaOH, 0.50 M NacCl, and 20% [v/v] ethanol): Amax = 350 nm
and € = 1.32 x 10* L/mol-cm. (c) Emission spectrum of AMCA-labeled Zn**—Phos-tag (1.0
puM) by 345-nm excitation at 25 °C and pH 7.4 (10 mM HEPES-NaOH, 0.50 M NaCl, and

20% [v/v] ethanol): Amax = 445 nm.
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Determination of the 1:1 complex formation by MALDI-TOF MS

The Phos-tag ligand forms a stable dinuclear zinc(II) complex in the presence of two
equivalents of zinc(Il) ions at physiological pH [13,14]. In the presence of a phosphate
dianion such as HOPO;®™ and phosphorylated peptides, the Zn**—Phos-tag molecule captures
an equimolar phosphate to give a phosphate-bound complex (see Fig. la). The
phosphate-bound AMCA-labeled Zn**~Phos-tag complex was confirmed by MALDI-TOF
MS (e.g., m/z 1090.7 for the AMCA-labeled Zn**-Phos-tag complex with HOPO;®).
Similarly, we performed MALDI-TOF MS analyses using all pairs of the prepared
FAM-labeled phosphopeptides and their nonphosphorylated counterparts. Figures 2a, b, and c
show typical mass spectra for the 5-FAM-labeled phosphorylated histone H1-derived peptide
(m/z 1690.2), the nonphosphorylated counterpart (m/z 1610.1), and the phosphopeptide-bound
- Zn**—Phos-tag complex, respectively. The szimple for Fig. 2c was prepared by mixing of
AMCA-labeled Zn**~Phos-tag (50 pmol), 5-FAM-labeled phosphopeptide (100 pmol), and
5-FAM-labeled nonphosphopeptide (150 pmol) at pH 8. The MS signal of the
phosphopeptide-bound Zn_2+—Phos-tag complex appeared at m/z 2682.6. While the signals for
the phosphopeptide and nonphosphopeptide were also detected in the same spectrum (Fig. 2c),
there was no signal for the nonphosphopeptide-bound Zn**~Phos-tag complex. These results
demonstrate that the AMCA-labeled Zn**~Phos-tag preferentially captures FAM-labeled

phosphorylated peptides to form the 1:1 complexes.
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Figure 2.

MALDI-TOF MS spectra: (a) the 5-FAM-labeled phosphorylated histone H1-derived peptides,
5-FAM-GGGPA-pT-PKKAKKL-OH (100 pmol), (b) the nonphosphorylated counterpart,
5-FAM-GGGPA-T-PKKAKKL-OH (150 - pmol), (© a mixture of
5-FAM-GGGPA-pT-PKKAKKL-OH (100 pmol), 5-FAM-GGGPA-T-PKKAKKL-OH(150
pmol), and AMCA-labeled Zn**~Phos-tag (50 pmol).
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Determination of the Phos-tag-based FRET system

We conducted the FRET analysis using AMCA-labeled Zn**—Phos-tag (a fluorescent
donor: Aex 345 nm, Aem, 445 nm) and FAM-labeled phosphorylated compounds (a fluorescent
acceptor: Aex 490 nm, Aer, 520 nm) in an aqueous solution (pH 7.4) at 25 °C. The test solution
contains AMCA-labeled Zn2+—Phos-tag (0.80 uM) and a FAM-labeled phosphorylated
compound (0-2.0 pM). The reference experiments were performed using the
nonphosphorylated counterparts (0—2.0 uM) under the same conditions. The spectra of
6-FAM-labeled phosphoserine, 5-FAM-labeled phosphorylated Kemptide, the 5-FAM-labeled
phosphorylated PTP1B substrate, and 5-FAM-labeled phosphorylated EGF receptor 661-681
are shown in Figs. 3a—d, respectively. The left panels are the spectra using the phosphorylated
compounds, and the right panels are those using the nonphosphorylated counterparts. As
shown in the left panels, the fluorescence intensity at 445 nm, which is derived from the
AMCA-labeled Zn2+—Phos-tag, decreased with an increase in the concentration of the
FAM-labeled phosphorylated compounds. Among the phosphorylated compounds tested, the
efficiency of FRET varied widely, which is possibly due to the differences in the length (5-9
amino acid sequences) between the AMCA and FAM groups and the dissociation constants Ky
for the Zn”*—Phos-tag complexes with the phosphorylated compound (see below). On the
other hand (see right panels), the fluorescence spectra using the nonphosphorylated
compounds showed almost no change in intensity at 445 nm. Furthermore, the increases of
the emission intensity at 520 nm, which is derived from the FAM group, using the
nonphosphorylated compounds were smaller than those using the phosphorylated counterparts.
Similar changes in the fluorescence spectra were observed using 6-FAM-labeled
phosphotyrosine, the 5-FAM-labeled phosphorylated histone H1-derived peptide, and
5-FAM-labeled phosphorylated Abltide (see supplemental F1g S1 in supplementary material).
Thus, the combination of AMCA-labeled Zn**~Phos-tag and a FAM-labeled phosphorylated

compound provides a novel FRET system for quantitative analysis.
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From the changes in the fluorescence intensity at 445 nm as shown in Fig. 3 and
supplemental Fig. S1 (see supplementary material), the dissociation constants K4 (uM) of the
1:1 complexes of AMCA-labeled Zn**~Phos-tag and FAM-labeled phosphorylated
compounds (Ks = [AMCA-labeled Zn**-Phos-tag] [FAM-labeled phosphorylated
compound]/[1:1 complex]) were' estimated [32]: 0.04 uM for 6-FAM-labeled phosphotyrosine,
0.07 uM for 6-FAM-labeled phosphoserine, 0.06 uM for the 5-FAM-labelded phosphorylated
PTP1B substrate, 0.07 pM for 5-FAM-labeled phosphorylated Abltide, 0.6 pM for
5-FAM-labeled phosphorylated Kemptide, 0.6 uM for phosphorylated EGF receptor 661-681,
and 0.7 uM for the 5-FAM-labeled phosphorylated histone H1-derived peptide. Although
there is a small difference in the Ky values of phosphotyrosine and phosphoserine, the values
of the phosphoserine- and phosphothreonine-containing peptides are over 10 times larger than
those of the phosphotyrosine-containing peptides. Similarly, the FRET efficiencies
determined from the changes in intensity atv 445 nm varied as follows: 84% for
6-FAM-labeled phosphotyrosine, 84% for 6-FAM-labeled phosphoserine, 86% for the
5-FAM-labelded phosphorylated PTP1B substrate, 84% for 5-FAM-labeled phosphorylated
Abltide, 59% for 5-FAM-labeled phosphorylated Kemptide, 55% for phosphorylated EGF
receptor 661-681, and 47% for the 5-FAM-labeled phosphorylated histone H1-derived
peptide. These facts suggest that the steric hindrance around the phosphate groups of the
phosphoserine- and phosphothreonine-containing peptides would be larger than that of the
phosphotyrosine-containing peptides. The other factors responsible for the difference in the
phosphopeptides might be the charge and hydrophobicity of the amino acid sequence context.
The donor-to-acceptor distance for an efficient FRET system should be in a range of 1-10 nm
[33]. The distances between the FAM and AMCA groups in the phosphate-bound Phos-tag

complexes used are all in the range, which is shown by the general molecular models.
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Kinetic study of the dephosphorylation of a phosphopeptide

For the kinetic study of the dephosphorylation of a phosphopeptide using alkaline
phosphatase, we applied this FRET system. Real-time analyses of the dephosphorylation of
5-FAM-labeled phosphoserine,'phosphorylated PTP1B substrate, and phosphorylated histone
H1-derived peptide were performed using a 10-mm quartz cell under stirring at 25 °C. The
reaction mixture (3 mL) contains AMCA-labeled Zn**~Phos-tag (0.80 uM), a FAM-labeled
phosphorylated compound (0.80 or 1.0 pM), 1.0 mM MgCl,, and 10 mM HEPES-NaOH (pH
7.4). The dephosphorylation reaction was initiated by addition of an appropriate amount of
alkaline phosphatase. Immediately, the fluorescence intensity at 445 nm increased
time-dependently. The rate of the dephosphorylation increased with an increase in the
concentration of alkaline phosphatase. Typical fluorescence changes using 6-FAM-labeled
~ phosphoserine in the presence of five concentrations of alkaline phosphatase (0.05, 0.10, 0.20,
0.40, and 0.81 pg/mL) are shown in Fig. 4a. The fluorescence spectrum change for the
5-FAM-labeled phosphorylated PTP1B substrate (1.0 uM) in the presence of alkaline
phosphatase (0.60 pg) is displayed in Fig. 4b, which shows the ﬂuofescence increase at 445
nm and the decrease at 520 nm. The plots of the intensities at 445 and 520 nm against the
reaction times (0—60 min) are shown in Fig. 4c. At 60 min, the fluorescence spectrum was the
same as that for a solution (pH 7.4) containing AMCA-labeled Zn**—Phos-tag (0.80 yM) and
the 5-FAM-labeled nonphosphorylated PTP1B substrate (1.0 uM). The dephosphorylation
reaction progressed according to a pseudo-first-order rate kinetics until 20 min. Thus, the
fluorescence change is consistent with the time-dependent dephosphorylation of the
phosphopeptide to produce the dephosphorylated PTP1B substrate and the
phosphopeptide-unbound the AMCA-labeled Zn>*~Phos-tag. On the other hand, there was no
change in the fluorescence spectrum using another substrate, the 5-FAM-labeled
phosphorylated histone H1-derived peptide (data not shown). This result indicates the

substrate specificity of alkaline phosphatase under the experimental conditions. Consequently,
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this FRET system would be useful to determine the profile of various phosphatases at

physiological pH.
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Figure 4.
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(a) Time-course changes of the fluorescence intensity at 445 nm of the solutions containing
AMCA-labeled Zn**—Phos-tag (0.80 pM) and of 6-FAM-labeled phosphoserine (0.80 uM) in
the presence of alkaline phosphatase (0.05 [black circle], 0.10 [triangle], 0.20 [open circle],
0.40 [cross], and 0.81 pg/mL [square]). (b) Overlaid emission spectra of a mixture of
AMCA-labeled Zn**~Phos-tag (0.80 uM) and the 5-FAM-labeled phosphorylated PTP1B
substrate (1.0 uM) at 0, 5, 10, 20, 30, 40, 50, and 60 min after the addition of alkaline
phosphatase (0.60 pg). (c) Time-course changes of the fluorescence intensity taken from the

spectra of Fig. 4b at 445 nm (open circle) and 520 nm (triangle).
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5. Conclusions

In this report, we introduced a novel FRET system to analyze the dephosphorylation status
of phosphorylated compounds. For this system, a novel fluorescent phosphate-binding
molecule, AMCA-labeled Zn**~Phos-tag was synthesized. The Zn**-Phos-tag derivative
selectively captures a FAM-labeled phosphorylated compound, resulting in efficient FRET.
Using this FRET system, the real-time analysis of the dephosphorylation reaction of the
FAM-labeled phosphopeptide using alkaline phosphatase was demonstrated. The
Phos-tag-based FRET system has the following major advantages: 1) The real-time analysis of
the dephosphorylation reaction is possible without multiple samplings, ii) the analysis
requires a simple procedure just using two solutions of AMCA-labeled Phos-tag and a
FAM-labeled phosphorylated compound, and iii) the system would be useful for the reliable
and comprehensive dephosphorylation assays for various phosphopeptides containing
phosphoserine, phosphothreonine, or phosphotyrosine, in vitro. Thus, the principle of this
system would be useful to a high-throughput phosphatase profiling, such as an array-format
screening involved in the investigation of substrate specificity, the measurement of enzyme

activity, and the determination of an activator (or an inhibitor).
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7. Supplementary material
The purity and MALDI-TOF MS data of all peptides used

As for 5-FAM-labeled Kemf)tide (5-FAM-LRRA-S-LG-OH), HPLC (eluent: 0.1% [v/v]
TFA/H,0 from 90% to 20% [v/v] and 0.1% [v/v] TFA/CH3CN from 10% to 80% [v/v], 20
min): Retention time = 11.7 min, purity 98%. MALDI-TOF MS: 5-FAM-labeled Kemptide
(100 uM) dissolved in a 25% (v/v) CH3CN solution containing 2,4,6-trihydroxyacetophenone
(2.5 mg/mL) and 0.1% (v/v) TFA, m/z 1130.2. As for 5-FAM-labeled phosphorylated
Kemptide (5-FAM-LRRA-pS-LG-OH), HPLC (eluent: 0.1% [v/v] TFA/H,0 from 90% to
20% [v/v] and 0.1% [v/v] TFA/CH3CN from 10% to 80% [v/v], 20 min): Retention time =
11.5 min, purity 91%. MALDI-TOF MS: 5-FAM-labeled phosphorylated Kemptide (100 uM)
dissolved in a 25% (v/v) CH3CN solution containing 2,4,6-trihydroxyacetophenone (2.5
mg/mL) and 0.1% (v/v) TFA, m/z 1210.1. As for the 5-FAM-labeled nonphosphorylated
PTP1B substrate (5-FAM-DADE-Y-LIPQQG-OH), HPLC (eluent: 0.1% [v/v] TFA/H;O from
90% to 20% [v/v] and 0.1% [v/v] TFA/CH3CN from 10% to 80% [v/v], 20 min): Retention
time = 11.8 min, purity 95%. MALDI-TOF MS: the 5-FAM-labeled nonphosphorylated
PTPIB substrate (40 pM) dissolved in a 50% (v/v) CH;CN solution containing
2,4,6-trihydroxyacetophenone (2.5 mg/mL) and 0.1% (v/v) TFA, m/z 1605.6. As for the
5-FAM-labeled phosphorylated PTP1B substrate (5-FAM-DADE-pY-LIPQQG-OH), HPLC
(eluent: 0.1% [v/v] TFA/H,O from 90% to 20% [v/v] and 0.1% [v/v] TFA/CH3;CN from 10%
to 80% [v/v], 20 min): Retention time = 11.0 min, purity 97.2%. MALDI-TOF MS: the
5-FAM-labeled phosphorylated PTP1B substrate (40 pM) dissolved in a 50% (v/v) CH;CN
solution containing 2,4,6-trihydroxyacetophenone (2.5 mg/mL) and 0.1% (v/v) TFA, m/z
1685.3. As for the 5-FAM-labeled histone Hl-derived peptide (5-FAM-GGGPA-T-
PKKAKKL-OH), HPLC (eluent: 0.1% [v/v] TFA/H,0 from 100% to 50% [v/v] and 0.1%
[v/v] TFA/CH;CN from 0% to 50% [v/v], 20 min): Retention time = 12.3 min, purity 96%.
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MALDI-TOF MS: the 5-FAM-labeled histone H1-derived peptide (100 uM) dissolved in a
50% (v/v) CH3;CN solution containing 2,4,6-trihydroxyacetophenone (2.5 mg/mL) and 0.1%
(viv) TFA, m/z 1610.1. As for the S-FAM-labeled phosphorylated histone H1-derived peptide
(5-FAM-GGGPA-pT-PKKAKKL-OH), HPLC (eluent: 0.1% [v/v] TFA/H,O from 100% to
50% [v/v] and 0.1% [v/v] TFA/CH3;CN from 0% to 50% [v/v], 20 min): Retention time = 12.1
min, purity 99%. MALDI-TOF MS: the 5-FAM-labeled phosphorylated histone H1-derived
peptide (100 pM) dissolved in a 50% (v/v) CH3CN solution containing
2,4,6-trihydroxyacetophenone (2.5 mg/mL) and 0.1%(v/v) TFA, m/z 1690.2. As for
5-FAM-labeled Abltide (5-FAM-KKGEAI-Y-AAPFA-NH;), HPLC (eluent: 0.1% [v/v]
TFA/H;0 from 90% to 20% [v/v] and 0.1% [v/v] TFA/CH3CN from 10% to 80% [v/v], 20
min): Retention time = 11.5 min, purity 94%. MALDI-TOF MS: 5-FAM-labeled Abltide (100
uM) dissolved in a 50% (v/v) CH3CN solution containing 2,4,6-trihydroxyacetophenone (2.5
mg/mL) and 0.1%(v/v) TFA, m/z 1622.1. As for 5-FAM-labeled phosphorylated Abltide
(5-FAM-KKGEAI-pY-AAPFA-NH,), HPLC (eluent: 0.1% [v/v] TFA/H,0 from 90% to 20%
[v/v] and 0.1% [v/v] TFA/CH;CN from 10% to 80% [v/v], 20 min): Retention time = 10.8
min, purity 44.2%. MALDI-TOF MS: 5-FAM-labeled phosphorylated Abltide (100 uM)
dissolved in a 50% (v/v) CH3;CN solution containing 2,4,6-trihydroxyacetophenone (2.5
mg/mL) and 0.1% (v/v) TFA, m/z 1702.1. As for 5-FAM-labeled EGF receptor 661—681
(5-FAM-KRELVEPL-T-PSGEAPNQALLR-NH;), HPLC (eluent: 0.1% [v/v] TFA/H,O from
100% to 50% [v/v] and 0.1% [v/v] TFA/CH3CN from 0% to 50% [v/v], 20 min): Retention
time = 15.1 min, purity 97%. MALDI-TOF MS: 5-FAM-labeled EGF receptor 661-681 (100
puM) dissolved in a 50% (v/v) CH3CN solution containing 2,4,6-trihydroxyacetophenone (2.5
mg/mL) and 0.1% (v/v) TFA, m/z 2674.9. As for 5-FAM-labeled phosphorylated EGF
receptor 661-681 (5-FAM-KRELVEPL-pT-PSGEAPNQALLR-NH,), HPLC (eluent: 0.1%
[v/v] TFA/H,0 from 100% to 50% [v/v] and 0.1% [v/v] TFA/CH3CN from 0% to 50% [v/v],
20 min): Retention time = 14.9 min, purity 92%. MALDI-TOF MS: 5-FAM-labeled
phosphorylated EGF receptor 661-681 (100 uM) dissolved in a 50% (v/v) CH3;CN solution
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containing 2,4,6-trihydroxyacetophenone (2.5 mg/mL) and 0.1% (v/v) TFA, m/z 2754.3.
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Supplemental Figure S1.
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Overlaid emission spectra (Aex 345 nm, 25 °C, pH 7.4) of the mixtures of AMCA-labeled
Zn**-Phos-tag  (0.80 pM) with FAM-labeled phosphorylated (left panels) and
nonphosphorylated compounds (right panels): (a) 0 (solid line), 0;2 (Circle), 0.4 (triangle), 0.8
(square), and 1.6 uM (cross) of 6-FAM-labeled tyrosine, (b) 0 (solid line), 0.3 (circle), 0.5
(triangle), 1.0 (square), and 2.0 puM (cross) of the histone Hl-derived peptide
(5-FAM-GGGPA-[p]T-PKKAKKL-OH), (c) left panel: 0 (solid line), 0.1 (circle), 0.2
(triangle), 0.4 (square), and 0.8 pM (cross) -of phosphorylated Abltide
(5-FAM-KKGEAI-pY-AAPFA-NH,), which contain 1.3 eq of nonphosphorylated counterpart;
right panel: 0 (solid line), 0.2 (circle), 0.5 (triangle), 1.0 (square), or 1.9 pM (cross) of
nonphosphorylated Abltide (5-FAM-KKGEAI-Y-AAPFA-NH,).
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8. Appendixes

8-4.

8-5.

8-6.

. AMCA-7 # 24 JEBHIF® "HNMR, °C NMR, IR,

AMCA-7 # X & 4/ MALDI-TOFMS A R4 pJL

FAM-7 2/ BERERTF FOHEREE (DIAION HP-20 4o3)

. FAM-7 2/ BEEXRTF FO MALDI-TOF MS, HPLC &4t

AMCA-D A R4 YT OBFWMEBORE = » = = = = = = = = = s =
AMCA-Z# R4 5L FAMMRHEERALEWC L DR

FER_HEKBELI DY VBIELFRITEED
BREART FILELE - -

. AMCA-Z#RBJICKBBY VRBRIEREORHE = « =« =« -

THRRTEOBRNEITEREZEADY VRERAOHE
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8-1. AMCA-7#+ X 4 B F® 'HNMR, '°C NMR, IR,
AMCA-7 # X 4 4/ MALDI-TOF MS AAXR% k)L

8-1-1. AMCA-7# X3 B FDHE

Molecular Weight: 869.02
Exact Mass: 868.4

8-1-2. AMCA-7# X2 JBHUFDFNHBRIRA RS kJL (with a KC pellet)

88.20

%TRANSM | TTANCE

Wavenumbers  (car')
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8-1-3. AMCA-D# X4 JBEF® 'HNMR X~R% kJL (in CDCly)

H
!
T mn L ,

. 4 g f
AR S Hg [ﬁ
Ul AL

I Y b el At B 06 ﬁ#

8-1-4. AMCA-7# R4 JBEFD BCNMR XR% kJL (in CDCls)
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8-1-5. AMCA-7# X4 45-1) LBEE&# D MALDI-TOF MS XR%J k)L

EP, DFICRT 3 ORI R Lk,

«2.0mg/mL (23 mM) @ AMCA-7 # A % J'BALF D MeOH AR

« 100 pM D ZnCl, 7KK
» 10 mM NaHPO,-NaOH (pH 7.4)

b 3 ODEKR E Milli-Q KEIEA L, AMCA-7 4 A& JENF 27 uM), ZnCl,

(53 uM), NaHPO4-NaOH (27 pM, pH74) 2 5 0WREFAB L=, T OHHK 0.75 uL
& 10 mg/mL @ THAP O7 % b= b ) JL¥A#Z 0.25 uL % MALDI-TOF MS ¥+ 77
V—hETREMLE, 37V 7L —bRIZARy b LEEBEITBARER S, UL

LOBETHRE LB OEELSIT 21T o7,

N
CH, H
0
HO\ ,0 0] N’\’NH
\&/0’\0- N’/ H ‘ .
,'Zni* ‘Zﬁ” : E. AMCA-Z A4 ARZ45-1) L EED
NN 1: 1HE1
s \——k_N r‘ll\
= Exact mass 1091.3
200001
150001
100004
10p0.89
5000
YV L TP N —
o~
1000 1500 2000 2500 3000 3500 4000

Mass (maz)
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8-2. FAM-7I/BFELEFEARTF FOFENZ (DIAION HP-20 A1)
8-2-1. DIAION HP-20 # 8D K1t

DIAION HP-20 #th5 (18 g) # 100mL A7 T A = |Z&V BV, 50 mL F2E D MeOH
FIZ, 1EERLAER U, £ 0% 3EIEE MeOH TH L, 100 mL OF > 7L
FEIZHE L MeOH % F&%E LTz, Bl THEE/K%E 50 mL F2EN X, DIAION HP-20 DX |
v 7R E Lz,

8-2-2. 6-FAM-£Y Y, YVR{EEYY, YYREFRIVOBBE (Ha)

BRI TR (9R—UBR) ORIGER%Z 50mL TRAT7 7 2a~BLiz, 20
BREAS—7—TH#ALDD, 6 NHCIZHE T LISKROpH & 2~3 £ Liz, 22~
k(L% %0 DIAION HP-20 8% 6 g /1%, 10 SR EER#: L7z, U EDBIEIZ L 9,
6-FAM-7 2 J BRIIBHBICRE T 5. W CZOREEZ T T ABOA—T > T h~F
WUz, RELUZEESZ, Y7205 | mMHCI AR % 20mL BRER L, HiF
Lz (REBDOT I ) BOKRE), KEICHT LHEEIS MeOH 2L, #HICHE
LTz 6-FAM-7 X BRREH S8, BGoNBERP O MeOH TR L —F —
W&o T, Bolo/KITBRERIZL o TBREL, FAM EZREOHERER-, Zhb
DOMAILDMSO ICHEMEL, Ay 7BKE LT,

8-2-3. 6-FAM-FAY Y, 5-FAM-ARTF FOERE (K b)

200 pL OEERRGHORIGER (BLAB=2=y b YM-10IZ & Y EERBREFE S,
10 X—VBMH) IT1~2uL ® 6 NHCl 2%, BREEEL T5, ZOBEKR~BEKL
#FH D DIAION HP-20 #iiE#% 02 g ZMARNT v 7 AEIZ X VE#H L, ULk
fEIC XV, FAM EBEIIBIBICRET 5, HIVWTZOMEZELABZ=Y

(NANOSEP MF GHP) D¥ v 7Y H—rReniB LTz, BOERME (2,000 x g) 12X
> TREM L L THEET DEAMIESTF (ADP,ATP, Mg™ 72 &) #BRELE, &bI,
RIS DBEEHRIEL LT 1 mM HCIAIRZ 300 L X HE#H L, BOBREICE > TRE
L7z (SE#EYIRT), H&H%IZ MeOH % 300 uL MR L, #EOEBEZLI-TELR
EsEEIRLE G EHMEYVIRET), GONBETHO MeOH &Kid, HAEIERE
X o TREL, FAMEREOMEEZ G-, 2 50HFRIE 10 mM Tris-HCI (pH 8.8)
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CHEEREL, Ay ZBIRE LT,

d
DIAION HP-204885
6 NHCI :
||
pom— ‘ — pr—
N7
NRIGEEOEME  2)DIAION HP-20MFEM  JBE~D DI =T HhSLAD
FAMIZH R O RS BiEDFE
1 mM HCI MeOH

v

5)1 mM HCIZKBH#&IZED
HEED RS

(>

6)MeOHIZ& 5
FAMIREE (R DD HH

DIAION HP-2044 15

Vod
Y HF—si—
p—1 @ fr—

NREEBAROERL 2)DIAION HP-20DiEml  3)EIE~D 4)NANOSEP MF GHPA M
FAMER S ORE HiEDFIE
1mM HCI MeOH
EOBE SEDBE  EES A= £
o > P 7 Iz
BEOKRE

5)1 mM HCUKBHIZ LD 6)MeOHIZ &5
BWIBD %% FAMIRIR DS

a. 6-FAM-EUY, YUEMEEY Y, Y UBEFOL D ORRE
b. 6-FAM-FR Y, 5-FAM-RTF FOFEEE
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8-3. FAM-7S/BE-IIRTF FO MALDI-TOF MS, HPLC 4#f

R U7& FAM-7 X B, RX7F FR by 78K (10~11, 36~37 X—TY2H) §
O FAM EZBRRORE, BMAEREIZLVRE L FENT IO OBERERWT,
% FAM-~X7F RO MALDI-TOF MS 5347 &{To7z, 72, £ivbHOHMEX HPLC 4
FIC Lo TRELT, |

8-3-1. FAM-7 3/ BELRRIFFREDEE

%9, 6-Carboxyfluorescein (1.0 mM, #i&ElX 59 *—T &) @ DMSO VAT % TAm
L 72, %2V > T 6-Carboxyfluorescein @ DMSO %K% 0.1 M NaOH EIRIC L > THIRL 8
uM Wi & Uiz, ZOEEE FAM-T X JBERERTF FORBERED =D DIEHE
BIRET D, AENZ ABDOI 7 o)L CEEE x HEIE x B =10 mm x 2 mm x
45 mm) #RAVWCTEERROBNCEREZIT) &, 495 nm OBIEEL 0.7 2R LT,

BRI U72% FAM-7 2 JBEE 12137 F ROR b v 7 3iRIE, 0.1 M NaOH HiRIC &
STHEEIZFRL, EROEAVZRAVTERAEZRAE Lz, BONTEIEEDNEL 8
uM @ 6-Carboxyfluorescein DE & LB L, &R kv 7 BEKF D FAM ZEDRE %
BH L,

8-3-2. ERSH

%& FAM-X7F FOEESWFIELZLUTICRYT, £7, 8-3-1 TRERE L7z FAM-
RTF RIEIR % 0.2%(v/v) TFA KIEIRIZ L 2T 200 pMIZFR L=, ZO@EHK 0.5 pL
¢ 5mg/mL @ THAP O 7t b= bk U VEEHR 0.5 uL % MALDI-TOF MS A A7 L
— FETEMLE, Yo7 L7 —FERCARy LB ERER S Y-, Dk
DEMETHY L =RBOEEST 21T o T

FAM-X7F K& AMCA-T+ A Z 7D 1: 1 BEEROEESFTIT 11 R—VITRLE
SMETITo T, FIEE U TIZFRT, £7°, 2.3 mM @ AMCA-7 #+ R ¥ JEALF D MeOH
BRERAB LUz, £72, 100 pM O ZnCL /KB EZFAB L=, FUWV T, FAM-X7FF
DY UBMEEEIEY VMDD R by ZEEI L, B LT 2 SOWEIRE RS L, FAM-
RTF RO Y VERbEE 40 uM, FEV VERLEE 60 uM, AMCA-7 + X & TR F%
20 uM, ZnCl, % 40 pM S AR Z AR L7z, OB 0.5 pL & 10 mg/mL ® THAP
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DT b=tV /EEHK 0.5 pL 2 MALDI-TOF MS ¥ > 77— bk ETRfIL 7=,
PV T —PEICARy U EARR IS, U EOBRIETHE LR
BOEEST 21T o712,

FAM-Abltide i, U VEMLU7-BRIC Y VEMEATENICEE T, U o Bbik L 3EY >~
BLEOREME o7 (29, 51 R—VBR), £Z T, ZOXRTFFIE, VUt
BIZBON) VEMBE L FEY VBMEEDIREWMIC AMCA-7 A AZ T RREL, B
BT EiTo7,

8-3-2. HPLC &#1

% FAM #Zi 4y F @ HPLC FIEZ LLTITRT, DR D 7 MW HER I 7 A TH
% Shiseido CAPCELLPAK CI18 M L7z, LLTFIZRT 2 o0OBEEEL K77 b T
FRIL, BEHRLAEIZL > THE LT,

KRR ENE : 0.1% TFA(V/V)KIEIR
HHESIAIRBEIE : 0.1% TFAVVZ BT b= F U VAR

BRI, T b 2 o0BEOLEEGENICEX ST T VT MEBRETIT> 72, AV
vy vy 7 AIUTIORT, BEHIKRBER THRL, REZ 100 uM,
50 M & L7z, FARL7=&3E %2 HPLC EEICHEAL, HBEZIT o7z, BREBITRLX
Ei TiTo7 (BHEK 480 nm), HIER, RE 50 uM & 100 pM OFREZ ST L T
Bi- BRSO — 7 ERERS 1 : 21282 TWA Z L 2R L (EEMOER),
Eni, BtEYor—smRERHEN-2TOr—JEETEHVEL, HESL
HELE,

ZoJ54 KABRHE: ARABNA  HERM KE

6-FAM-[p]serine
6-FAM-[p]tyrosine

1 9:1to 46 20 min

5-FAM-[p]Kemptide
2 9:11t02:8 20 min 5-FAM-[p]PTP1B substrate
5-FAM-[p]Abltide

5-FAM-[p]histone H1-derived peptide

3 10:010 5:5 20 mi .
: ° Omin - o FAM-[PJEGF rceptor 661-681
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Data1. 5-FAM-labeled Kemptide

Data 1-1. 5-FAM-labeled phosphorylated Kemptide 0 # i

H,N . NH,*
2 ¥ 2 ?H
NH 0=P-OH
)

5-FAM-LRRA-S-LG-OH (3EVY VELE) D
Theoretical mass (M + H'): 1131.2

Data 1-2. 5-FAM-labeled phosphorylated Kemptide @
MALDI-TOF MS AR %7 kL

10000




Data 1-3. 5-FAM-labeled nonphosphorylated Kemptide @
MALDI-TOF MS X X% kL
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Data 1-4. 5-FAM-labeled phosphorylated Kemptide,
5-FAM-labeled nonphosphorylated Kemptide,
AMCA-Phos-tag JE & 583 ® MALDI-TOF MS AR % kJL
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Data 1-5. 5-FAM-labeled phosphorylated Kemptide,
5-FAM-labeled nonphosphorylated Kemptide ® HPLC & #7153
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SHFER a. 50 uM 5-FAM-labeled phosphorylated Kemptide @2 BT 5 5 L
SR b, 50 uM 5-FAM-labeled Kemptide 4 0<% 455 L
SR c. 50 uM 5-FAM-labeled phosphorylated Kemptide &

50 uM 5-FAM-labeled Kemptide B&Rf D 0 +5 S5 A
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Data 2. 5-FAM-labeled PTP1B substrate

Data 2-1. 5-FAM-labeled phosphorylated PTP1B substrate 0 #§i&

HO o o OH
]
L) 0=h-o

pP-
|
(o]

E:O:A L:m 5} Eﬁg .

COOH

5-FAM-DADE-pY-LIPQQG-OH (! “E&ILE) @
Theoretical mass (M + H*): 1685.6

Data 2-2. 5-FAM-labeled phosphorylated PTP1B substrate )
MALDI-TOF MS A XS kL

!
w»[ BT .
:
1mese
kol a2 P " z ade W
0= .
r

2500
Mass {inz)
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Data 2-3. 5-FAM-labeled nonphosphorylated PTP1B substrate @
MALDI-TOF MS A X% kL
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5000+ | 1 734

Data 2-4. 5-FAM-labeled phosphorylated PTP1B substrate,
5-FAM-labeled nonphosphorylated PTP1B substrate,
AMCA-Phos-tag E& R ¥ ® MALDI-TOFMS AR )L
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Data 2-5. 5-FAM-labeled phosphorylated PTP1B substrate &
5-FAM-labeled nonphosphorylated PTP1B substrate @

HPLC iR

a uv
3.0E+04

2.0E+04

1.0E+04

S "FAM pPTPIB 11.100

0.0E+00 )
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L
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5.0E+04

FAM PTP1B 11.775
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S

o

4.0E+04 a
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3.0E+04 =
&

2.0E+04 |

1.0E+04

0.0E+00"

5.00 10.00 - 15.00 20.00 [min]

SH$EER a. 50 uM 5-FAM-labeled phosphorylated PTP1B substrate D9 BT + 45 5 L
SHTER b. 50 uM 5-FAM-labeled PTP1B substrate @2 BT b5 5 A
SHER c. 50 yM 5-FAM-labeled phosphorylated PTP1B substrate &

50 uM 5-FAM-labeled PTP1B substrate [E&RE O/ AT F TS L
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Data 3. 5-FAM-labeled histone H1-derived peptide

Data 3-1. 5-FAM-labeled phosphorylated histone H1-derived peptide O # &

5*5

,
5-FAM-GGGPA-pT-PKKAKKL-OH (') »E&{EE!) D
Theoretical mass (M + H'): 1691.8

o H,\rrﬂ\,wu,\"_

Data 3-2. 5-FAM-labeled phosphorylated histone H1-derived peptide @
MALDI-TOF MS X X% kL
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Data 3-3. 5-FAM-labeled nonphosphorylated histone H1-derived peptide )
MALDI-TOF MS AR %Y ML
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2000
Mase {miz}

Data 3-4. 5-FAM-labeled phosphorylated histone H1-derived peptide,
5-FAM-labeled nonphosphorylated histone H1-derived peptide,
AMCA-Phos-tag JE& M O MALDI-TOF MS AR k)L
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Data 3-5. 5-FAM-labeled phosphorylated histone H1-derived peptide &
5-FAM-labeled nonphosphorylated histone H1-derived peptide
HPLC i R

a uv
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2.0E+04

—" 7 50uM FAMpHist 12.133

N AN , -
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ft N

i . N
sk S - e

c 00E+00 |
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i [

1 l’! R [ S R 4 S

0.0E+00
5.00 10.00 15.00 20.00 [min]

SR a. 50 uM 5-FAM-labeled phosphorylated histone H1 derived peptide @
VA4 /A FN
SiT#ER b. 50 uM 5-FAM-labeled histone H1 derived peptide ® Y A< k455 L
SR ¢, 50 uM 5-FAM-labeled phosphorylated histone H1 derived peptide &
50 uM 5-FAM-labeled histone H1 derived peptide EESRE DI OT RS 5 LA
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Data 4. 5-FAM-labeled Abltide

Data 4-1. 5-FAM-labeled phosphorylated Abltide O &

OH

HO o ) ' o=l:=-OH
O /‘ )

ouzr_:;/ 2 N’\rr J\rrj;l 1)1‘ ’I\:r E%J\WNHZ

coon
NH;*

5-FAM-KKGEAI-Y-AAPFA-NH, (GEY ~E{LE) O
Theoretical mass (M + H*): 1623.8

Data 4-2. 5-FAM-labeled phosphorylated Abltide @ MALDI-TOF MS A X% kL
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Data 4-3. 5-FAM-labeled nonphosphorylated Abltide @
MALDI-TOF MS A XY kL

1621.78
10000 )
o Sl lh l [ L

Data 4-4. 5-FAM-labeled phosphorylated Abiltide,
5-FAM-labeled nonphosphorylated Abltide,
AMCA-Phos-tag iR & 54 MALDI-TOF MS A R% kL
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Data 4-5. 5-FAM-labeled phosphorylated Abitide &

5-FAM-labeled nonphosphorylated Abltide @ HPLC 2 #T#5 %
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SR a. 50 uM 5-FAM-labeled phosphorylated Abltide @9 8% ~ 75 A
SR b. 50 uM 5-FAM-labeled Abltide D BT b5 S5 L
TSR ¢. 50 uM 5-FAM-labeled phosphorylated Abltide &

50 uM 5-FAM-labeled Abltide IBEEHM DI/ BT T35 4
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Data 5. 5-FAM-labeled EGF receptor 661-681

Data 5-1. 5-FAM-labeled phosphorylated EGF receptor 661-681 M #i&

Data 5-2.

o

A

*H,NZ NH,

5-FAM-KRELVEPL-T-PSGEAPNQALLR-NH, (EVY v E&{LE) D
Theoretical mass (M + H"): 1131.2

5-FAM-labeled phosphorylated EGF receptor 661-681
MALDI-TOF MS A %Y kL

275381

2000
Mase {miz)
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Data 5-3. 5-FAM-labeled nonphosphorylated EGF receptor 661-681 M
MALDI-TOF MS XY kL

N | zit’

Data 5-4. 5-FAM-labeled phosphorylated EGF receptor 661-681,
5-FAM-labeled nonphosphorylated EGF receptor 661-681,
AMCA-Phos-tag B & & ¥ ® MALDI-TOF MS AR Y kL

1000 1500 2000 260
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Data 5-5. 5-FAM-labeled phosphorylated EGF receptor 661-681 &
5-FAM-labeled nonphosphorylated EGF receptor 661-681
HPLC SR

uv
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SHEER a. 100 uM 5-FAM-labeled phosphorylated EGF receptor 664-681 0

JAT RIS A
SHEER b. 100 uM 5-FAM-labeled EGF receptor 664-681 M4 O 4’5 L
SHEER c. 50 uM 5-FAM-labeled EGF receptor 664-681 M9 O k4’5 L
FH#ER d. 50 uM 5-FAM-labeled phosphorylated EGF receptor 664-681 &

50 uM 5-FAM-labeled EGF receptor 664-681 E& R/ n<T + S LA
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Data 6-1.

Data 6-2. 6-FAM-labeled phosphoserine &

6-FAM-labeled phosphoserine 0 #§3&

Exact Mass: 543.06

Molecular Weight: 543.37

6-FAM-labeled serine ® HPLC > #i & HR
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SR b, 50 M 5-FAM-labeled serine @2 07 F 55 A

X 6-CF = 6-Carboxyfluorescein
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Data 7-1. 6-FAM-labeled phosphotyrosine 0 i &

Exact Mass: 619.09
Molecular Weight: 619.47

Data 7-2. 6-FAM-labeled phosphotyrosine &
6-FAM-labeled tyrosine @ HPLC 34T &R

a so0e+044V <
5,
4.0E+04 S
=
3.0E+04
o
3
>
2.0E+04 =
[&]
50
1.0E+04 ‘ ;;
I ]
}‘ ‘ ‘ ,_.\_\:L ______ A
0.0E+0 0_____.. J i] ’!!l_ " - e e et e e et o B 18 4o
i
b v §.00 10,00 145,00 [min]
<
8.0E+04 =
=
=
=
6.0E+04
4.0E+04 %
2.0E+04 ﬁ
| |
11 SRR | Ut | U . RSO N,
0.0E+00F"

5.00 10.00 - 15.00 [min]

SHEER a. 50 M 5-FAM-labeled phosphotyrosine @2 O F5' 5 L
AHEER b. 50 pM 5-FAM-labeled tyrosine D5 O + 5S4
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8-4. AMCA-7#+ X2 DEFINEDRE

FKAFERISITHB VT, RIGRICEIR SN ETF ORI T ARG LIz FOED
HoZ EZBFIEL VW, $RICBT 3 EFINRIIRR SN tBEFREKE SN
TERETFEREDOHTREND, AEFINEOREEIZIL, HKEFROLEZEERD
BHHREXHAIE &, 1ZEEEHE DRI L LB U TRD 2H5HBIED 2 FBE1 H 5, 5t
BIEZIT O BROIZENE BERMOBTFINEZF O L D) [TFEHE & B CERRHREIEkIC
BIE—7 LR THEEBRRT D, MERGITRMYE LR —&ET (ORELE
5, BhEER, RV v ME, BERLEZE—ICTS) TTV, TOEMKRE L HEL
ToFERTREfE (FENETFNE) 2EHET5, SEORE T, ZEMEL L TH=—
XD 0.1 NFREKAEKR (90=054) ZHV, ARHEICL ) BFNERERDT,

8-41. HERAVEOBERH

F=—3% (AR) ®05M® 0.1 N FE/KIAK %
AR L7, AR UBRE 0.1 N BEKBKIZE -
THIRL, 100, 50, 25, 12.5 pM OF =— R IFK & 7R
LTz, TNOOBEBREBRCEREREBKRE Lz,
E5HiZ, 5.0,4.0,3.0,2.0, .0y M IBRZFABL, Zh
b EELRERABRKE L,

1|

8-4-2. AMCA-D#RA T DERAR

AMCA-7 x 25 70 100 uM B % FA8 U7, BT, 0.5 M NaCl & 20%(v/v) EtOH
%Z&7r 10 mM HEPES-NaOH iZfEX (pH 7.4) TH 5D, M LI-IEIK % RIEEWR T
L, 100, 50, 25, 12.5 uM D AMCA-7 # A ¥ JEKREZFAR L=, ZhbDREIREZR
FEREREKRE Lz, E5I7, 5.0,4.0,3.0,2.0, 1.0 pM IBRZFARL, Zh b Z2HE
BIERBEKE Ui,

8-4-3. BFINEDHK

BWBEOWY « EHANEZITY, REDBE L, WEEF - L858 I e FIBAfR
BHHIEERER L, ZHAAEITF=—X, AMCA-7 + A& 7 & HIZRIEE &K 345
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nm TiTolz, BONEEN « AT M hd, RRNEAVWTEFINELZHEL

7‘4
—o

¢x = ¢st * FAx * Ay /FAq * A

¢x':

HKEME (AMCA-7 + A& 7)) OEFINE
EEHE (F=—F) OETFILE

: REMpEOY— s BoE
. BEMEOY— 7 RaE
D REEOBE
. REMEOBRILE
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8-5. AMCA-J#4# X445 & FAMMEEERALEWNC ORSE

Carboxyfluorescein (FAM, TI) ¥, 7=/ —NVESLHINVEF I NVEEFFOLLEY
Thd, INODDERENR T AR T EHEEERLRNWI & 2#HAER7 MABEIEID
Ko THER LT,

AMCA-7 # A% 7 (0.8 yM) IIRIZx LT, 0~2 uM @ 6-FAM % LTFEX ¥, H4ER
~R7 MVEBIE Uiz, BIEICA W= B, 0.5 M NaCl & 20%(v/v) EtOH % & ¢ 10 mM
HEPES-NaOH i (pH 7.4) TH D, BEHKE 345 nm THEZT-7c, TROH
EfEFRa%x2RD L, 7V —D AMCA-7 + A F JIZXHd % 445 nm D3 E3EE 1T
LTWRY, ZDZ &S, 6FAMIZAMCA-7 4+ A Z 7 HEERA LRV & 255
BT&ET,

HO o) (0]
0
! COOH
HOOC

. 6-Carboxyfluorescein M1

a b

300

200 |

100

Fluorescence Intensity

1
0 L L L

400 450 500 550 600 400 450 500 550 600
Wavelength (nm) Wavelength (nm)

Ka. AMCA-Z#+ X474 (0.80 M) IZxf L 6-FAM (0~2.uM) Z#HEFESH-BHOD
HEART B
[6-FAM]= 0 (—), 0.25 (O), 0.5 (A), 1.0 ((0), 2.0 (X) [uM]

b. 6-FAM (0~2 pM) DERERKXAARY kL
[6-FAM]= 0 (—), 0.25 (O), 0.5 (A), 1.0 (O0), 2.0 (X) [pM]
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8-6. HM—_BHEGHELEEMISY VvEESFHIEARED
HREARY FILEIL

AMCA-7 + A # JEALF (0.6 uM) & 6-FAM-U E{btE U > (0.8 uM) ZETE
AT 0~2.0 uM @ ZnCLEREZHML TV E, AT PAELEZRE LTz, *HE
EEBRL LT, 6FAM-U VEMELE Y L R S ERVEETH RBOBEELTo 72,

8-6-1. BERAAVEMIZL D AMCA- T+ R4 45 & 6-FAM-Y) VB{EEU VD
MEGE AR

AMCA-7 + A % JELF (0.6 uM) & 6-FAM-V VEfbk V> (0.8 uM) ZETels
WRAEFRE LT, BEEIE, 0.5 M NaCl & 20%(v/v) EtOH % &3¢ 10 mM HEPES-NaOH #%
&K (pH 74) Th5, ZOBK3 mL 2EXHEREAL~BL, RF—F—TH#
L22, 100 uM ZnCL B % 6 uL 328 L7z, ZnCLIERZ TN 5 72 NTHIER
R7 MERE LTz, BEEE 345 nm TRIEZTTo 7,

8-6-2. »E=EE

AMCA-7 # A % JBALF (0.6 uM) B ST AT Ui, W, 0.5 M NaCl
& 20%(v/v) EtOH % & ¢» 10 mM HEPES-NaOH #2&i# (pH 7.4) TH D, Z DK 3 mL
BERBERALL~BL, RF—F—THEB LD, 100 uM ZnChL iK% 6 pL 7o
T L7z, ZnCLIERZ M B2 ONCHE AT PV ERIE LTz, B R 345 nm
THIEZTT> 72,

TROBERF alL, 6-FAM-Y VML Y V2 EFEIE RV oG EDELRARS
v (REREE), bI#TFEIREFEOENRARS MV TH B,

BIEFRER a 220iE, AMCA-7 + A JENLFIZ 1 HEDOHESRA A 20MT 5 L
HIRENBDTHZ LMo oT, 2HERENOIFEARELITITTREEINT
WAV, RICHIERER b 51, AMCA-7 4 2 ¥ JEMIFIZ 1 YROHENA A %
BIMLTWARIE, FRET idH I (FAM HEOEEEEIIE(ET), AMCA
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HREDOEEREDOWIDDOHLBPBRHINDZ ERbnD, SHIZ2YERB DA A
ZUINULED S &, FRET B &7z (AMCA BROHLIEE DO & FAM BH3E
DENIREDEM, N DDEEND, £79 AMCA-7 + A% JEL TR HEEREE S
T 5 & EABENBOTH I EBbrotz, EHIZ, AMCA-7 + A ¥ JELLF
WX LT 1 HEDESRA A LHFELRVESITIR, EH TESERIISIEEESET,
U VBERMRREEFEL2WI ERbholz, 2UEBDOHEPA A UBFEELTHHT
U UBREPEIET D, INBE, 7+ AREZTHR200TBAA 2N LTY VEEEE
T 6FEL—ET 5,

q oo 2 300
@ 7]
=] =
3 3]
£ 200 * E 200\\'—0%«,
3 5] |
g S
o 100 2 100
13 -]
|9 e
(=] (-]
= =
= 0 = 0
450 550 0 0.5 1.0 15 2.0
_ Wavelength (nm) [Zn?*] (uM)
b 2 300 2 300
@ ‘B
g S
Z 200 = 200
3] [-*]
2 100 2 100t
£ £
g S
= 0 = o0
450 550 0 0.5 1.0 15 20
Wavelength (nm) : |Zn?*] (uM)

aZ. AMCA-7#+ XA JEBEI+F (0.60 uM) (=3 L ZnCl, (0~2 uM) %
FMESEBLBORILRARY ML
afh. HaZxd445nm DERNEBETILE ZnClZ,EzFFIJ]‘ LTt7ayv L=

bZ. AMCA-D# R4 JE{IF (0.60 uM) & 6-FAM-U “EkiE+Y) > (0.8 uM) @
HEBRRICHL, ZnCly (0~2uM) ZFEMESELLBOEILARS ML

b%. bZE® 445nm (O) & 520nm (O0) DEABELEILE ZnCLBEICH LT
JavbLi=3m

61



8-7. AMCA-7#RAHFIC&kBBY VvRBIEREORH

B% L7Z FRET Y A7 252 VT, TAN Y 7+ A7 7 #—BIZL DY VBEEK
IREBH L, EFEELT, 6FAM-Y VEE bR Y v & 5-FAM-U VER{ERTF K
* (5-FAM-DADE-pY-LIPQQG-OH ¥ 7= i 5-FAM-GGGPA-pT-PKKAKKL-OH) % i\ 7=,
£, 0.8 tM D AMCA-7 + 2 # 2 & 0.8 £7213 1.0 uM @ FAM-Y VEEL F% 0.5
M NaCl & 20%(v/v) EtOH % &#¢ 10 mM HEPES-NaOH #2%&# (pH 7.4) FIZIEfE S,
ZOBED I B 3mL EENBERBALFA~B LI, ZOFREFTIL, AMCA-7 4+ R4
7 & FAM-V) VB LS FORESEL - 1 OBEEERT 5, Lo T OBK%E 345
nm DX THIE T 5 & FRET HANEE, FAM Db OHEXNHRBEIND, VT
COENXAERENVFOBEE AZ—F—THE LD, TLVHV T+ RAT7 7 F—F
WML, —EBEIEICENRART MAVERRIE LR, B VLRSS REZS &,
1 HEEITAEREL, FRET BIRITEEAT S TSNS (THD,

FRET 520 nm
N /—\ 'JJ‘/
'\H\PP/ HN
345 nm

} -

U Dephosphorylation

0 o o
% 2 coo
o

ﬁi;%

B, Bty oBElc& B FRET HEOLE A
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8-7-1. 6-FAM-U VBtV OB Y BIERE

TEIX, 0.05~0.81 pg/mL OTNVAY T+ A7 7 X2 —E% 6-FAM-V VEB{LtE U
(0.8 uM) & AMCA-7 4+ A& 7 (0.8 uM) ZEHIFIRICKI L THEM LR TH 5,
TNA) 7+ A7 7 Z—BEHEMETER 042 & L, #MN& 0,5, 10, 15, 20, 30, 40, 50, 60 4>
BOHNART MEEREX L ThHD, ZNODHRLY, BEFBEL & i 445
nm OEETREIHEM L, 520 nm DEFLFRENFD L TN Z & 3bho7z, 445nm
DENEEIFRFOT7 Y —D AMCA-7 # A5 7 OREIZHETF L, 520 nm DH IR
EiXl:1 BEEOBREIEKET D, Lo TREBENEEARS MBI, T
AV THRT7 7 ZF—EDOEMILY 6-FAM-V BbE Y > DU UEEEME D R,
1: 1 EEEPHEEEL TWBEFERLTWS, SETEASIE, BNTs37A000 7
ART77E—EBORIZKFLT, WY VBLRIGOEENENRT LI Lbbnd, &
HEEEDEEZONIRTLLTHEDIZ, TVIY 73 A7 7 Z—BEHEMNED
445 nm OB IEER (L ZIFMEI LT ey PLEL OB 22—V D Fig. 4a TH

D '

Alkaline phosphatase
0.81 pg/mL 0.41 pg/mL

!

0.10 pg/mL 0.05 pg/mL

300

200

100 ¢

Fluorescence Intensity

400 450 500 550 600
Wavelength (nm)

300

200

100

Fluorescence Intensity

400 450 500 550 600 400 450 500 550 600
Wavelength (nm) Wavelength (nm)

B ZivABYYI+RT72—EI2&kD6-FAM-U VEEE U VOB VBEERIG
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8-7-2. 5-FAM-U VRERTF FOBY YRERRE

b X, 5-FAM-DADE-pY-LIPQQG-OH (1.0 pM) #FEZH L U THY VE{tRIS%E
BRHLEBRTHD,6-FAM-Y VELE Y VEEBE L L1256 L RROZIEARS B
NVEEARH SN (Rbe1, 22—V D Fig. 4b LR L), TAHY T+ AT 75—
BEIMED 445 nm OENEBREL (L ZREMEIC L TTay FL72b DA b2 TH
Do

¢ i%, 5-FAM-GGGPA-pT-PKKAKKL-OH (1.0 uM) ZZFEE & L THY VEBYLEIG
EREUZERTH D, BAEART MVEEBBEINLTVWARVWOT, Y VEMEK
JEREIT L T RWIZ bbb, S TRLEANRY Mg, Y VB LRI E
TL, ZECESEPMEEELZGEOTHRINDENAZ bL (0.8 uM @ AMCA-
TFAZ T DH, 1.0 uM @ 5-FAM-GGGPA-pT-PKKAKKL-OH D HDE AT kL
ZRLEDLERELD) ThHD,

b-1 Alkaline phosphatase

> 300 300

Fi

2

£ 200 200

51

H

g 100 } 100

@

s

=

&5 0 M a " 0 2 .

400 450 500 550 600 400 450 500 550 600
Wavelength (nm) Wavelength (nm)
b-2 £ 2 [030 pg/mL | C gz

£ 200 8 ;

= . E 200}

E 150 0.10 pg/mL s ;N

= =

g 100 % 100 }

o B

g % E S

= 0 = 0 M 2 M

0 10 20 30 40 50 60 400 450 500 550 600

Time (min) Wavelength (nm)

b-1. 5-FAM-DADE-pY-LIPQQG-OH MY v EE{ERIG
b-2. RV UERIERIGIZE D 445 nm DENEELE(L
FILAYIARXT7H—EEE 010 yg/mL (A), 0.20 pg/mL (O)
c. 5-FAM-GGGPA-pT-PKKAKKL-OH DBt Y v EE{LRIG
B #21% 5-FAM-GGGPA-pT-PKKAKKL-OH (1.0 uM) DEXLARYT kL &
AMCA-Z7# X2 %7 (0.8uM) OERFXARYT FILERLF-3D
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88 J7ARATLOBMEICRELZEZASY VEBERIOREE

INETOTARE T HRANARLRFERT, V UBEEAUOEEICL>TY VB
b FDOT+RETEDBEFMERRRDZ EBDLPro TS, ZOERTIE, BHEL
72 FRET Y AT L% VT, UTIR LIRS FY VBILDF DT + R F 7 ~DEF
HOEWER LT S,

« Y@ : Sodium dihydrogenphosphate, dihydrate (JIL{bZT3)

« 7x=)LY B : Phenylphosphoric acid disodium (+HZ 457 Z7)
- Y ®{t® Y > : O-phospho-L-serine (Sigma-Aldrich)

-V VEB{EA LA =2 : O-phospho-L-threonine (Sigma-Aldrich)

-V UER{LFru v : O-phospho-L-tyrosine (Sigma-Aldrich)
*D-7Vva—2R-6-Y B : D-Glucose-6-phosphate disodium salt hydrate

(FHFATAT)
*D-UAR—2R-5-Y B : D-Ribose-5-phosphate disodium salt dihydrate
(Sigma-Aldrich)

AMCA-7 + 2% 7 (0.8 pM) & FAM-U Bkt ) o (0.8 uM) DHEEEIEIKIC
DY VERMLES % 0~100 pM OFEFHTHEM L, WIROEFE A~ FAVEZRIE Lz,
BIEIZAW=ESIE, 0.5 M NaCl & 20%(v/v) EtOH &3¢ 10 mM HEPES-NaOH #& &
#® (pH74) ThHD, £V VBILESFIX, FAM-U VB EE Y > &5EA LT AMCA-
T AL EHEERT DD, FRET BHEIIHEEL TWL, FRET HEEZHEIZ5]
XRITY VEBUIESTFIE, AMCA-7 4 R &Z 7L ORMERBEWNEZ L LD,

UTOR al, AMCA-74+AX% 7 (0.8uM) & FAM-U »E{btEY 2 (0.8uM) @
BEEERIZRL, 0,5, 10,20, 30, 40, 50, 60, 70, 80,90, 100 uM & 725 X 5 &V VERL
ESFERML, BMBEBLZ15DEEAT PLVERHIE, BEREZLEZLOTDH
5, ¥£72, &V UBMULIESFIZOVTO 445 nm OEALHEELRLLE 7oy b LIZHD
BEDbTHD, Mabk¥, 7=V B, VVEE VUB{tFaorr2imLi
BaEDEXEART MERIE, VB bR R0V VB LA VA=V ERIM LGS
ICHRKREL, 73R P TEOHFERFNZ B3,
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300

200

100

Fluorescence Intensity m

o
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100

Fluorescence Intensity

o

300

200

100

Fluorescence Intensity

o

Phenylphosphate Phosphate 300
M l E
=
72}
<
<

= 200}
2
Phosphoserine Phosphothreonine §7)
g
l l =
o
Q
=
&

S 100 H
Q 74
ot
=]
=
- 3
Phosphotyrosine
0
0 20 40 60 80 100
[xM]

g D-Ribose-5-phosphate

i 200

g 100

g

E o

400
Wavelength (nm) Wavelength (nm)

Ha HEEEER
0.8 (M AMCA-7 + A4 5 -0.8 yM FAM-1 VESEE Y VESERICH L T,
Iy UE{ESDF% 0, 5, 10, 20, 30, 40, 50, 60,70, 80, 90, 100 uyM #(FS= 1=
BEDRIERARY ML

b. 445nm OHENMEEIL

ad 445 nm DRNMBEL{LE) VEELAFOREICHLTIAY FLEED
Jz=L) Ui (O), YUE (D), VUBEEY Y (O),

DUBMER LA =Y (M), YUBEFOIY (X),

D-#)La—R-6-Y) Vg (@), D-)R—R-5-1) Vi (O)
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HEEBREMETTORY VB{EDFDO AMCA-7 + A& 7 L OBFMHEDIEMIZELTO X 5
I35,

- . ). D-Z)La—X-6-Y VK Uity
JT=NVYYE o mrznyy  DoUR—R-5-UVE  UVEMERLA=Y

20 > 8 > 2 > 1

LROBFMELRTBBEIREE (Vo) Yy, VUVBEA VA= 20T
DfEE1 & L) 1X, RbHDAMCA-7+ A F 7 L FAM-V VEBRLE Y OB EED
ATHEERE () VB LS FOuUMERFET) 2EoEESEH7-DICLERY VB
SFORENLGHE L, Z0X57, 74 RZ 7 LEOBRTMEDENEALLIEIE
HELTEZOLNDLDELTIZRLE,

- U UERED pKamﬁb\
< U BRI O KESE
- FEROMFE

U VERED pK, byiuiE, 5 pH TOY VEEEDOT 1 F EEEDRER D =
ENTED, ATIZRL7=FKIL, Robert M. Smith and Arthur E. Martell & [Critical
stability constants] 5| LIZBIETH D, 4 AV RE 0.1 TOEZLHETHE, U
VEEDIEE D-VAR—R-5-) VEEDEIZ T ==Y VB, U UEEMER YV, U UERE
AVFA =V DEITHERTREY, VB D-VAR—R-5-U VERICER~N, U UEbE
Do) VBLA VA= DY UBRED pK, /M S VDI, EFEICFET ST I &
DEEFMIZ Lo TY VEBEDABWIREMINI LD EELLND, 20D, &
No7I/BOY VBEOAERIIT IV EOEEMIZL - THD LN, AMCA-7
FRE T EDBEFIMEP/ NS RDETFHRTE D, EE, VBt Ly, VUEBEX
VA= D AMCA-7 + A& 7 L OFRFEILY VEERY VB EHE (D-7Vva—2R-6-U
VERETIED-VAR—R5-U UEE) L DNEW,

SFPUICIEEEREFZRNWY VEEE Y VB EEORTYH, AMCA- 74+ AZ 7LD
BAMEIT 4 (ERRE R D, TROY VEEE D-U R—R-5-U VD pK, LB T2 &,
UVBEDFBRED, pKaBRKEWVWZ LIIEWpH £ETTRITIET 2 by (14)
DREBELIRWZ L ZRL, TRhbLTIRAMEDA A EOBRMERTRNZ & 27T,
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Lo TCHOEEMZHF DO AMCA-7 + A% 7 LB HEERT A R H 5, LLE
DEHITY VEBEED pKIL, VUVBIERFO T+ RAEZ T ORI EEE 5 XD L
%”I#E\LT\_O

JURIES T 1r Bg 0 01 015 02 05 1.0 20
ERICAW:UVEBIERF

Phosphoricacid 7.2 6.7 - 68 66 65 64

Phenylphosphate 6.3 5.8 - - - - -

Phosphorylserine 6.2 5.6 - - - - -

Phosphorylthreonine - 5.8 - - - - -
D-Ribose-5-phosphate 6.7 6.3 - - - - -

&5
O-Phosphorylethanolamine 5.8 5.6 - - - - -
Glycerol-1-phosphate 6.7 6.1* - - - - -
Glycerol-2-phosphate 6.7 - - - - - -

O-Phosphorylpicolinol - 6.3 - - - - -
D-Fructose-1-phosphate - 58 - - - - -
D-Glucose-1-phosphate 6.5 - - - - - -

Pyridoxal-5-phosphate - 6.0 - - 583 - 575
Phosphoric acid 1-naphthylester 6.4 5.7 - - - 5.4 -
Phosphoric acid 2-naphthylester 6.2 5.7 - - - 5.3 -

DL-Phosphoserylglycine - - 5.4 - - - -
Glycyl-DL-phosphoserine - - 6.0 - - - -

®. UUVBED2OHOTO RO pK, (R-OPO;H" «» R-OPO;* + HY) (25°C)
(Critical stability constants & Y 51H) *XRIEEH 20°C

MZT, VB EEEIXY VBRA AT, V) VEBBERO DM EEENRE N &
HLINDDGFFD AMCA-7 + A X ZIZHTHABRMMEDENIEEY>E X TS EF
L7,

Eh, TV UBRE Y VEMER Y DU VERED pK, IXRRETH B3,
AMCA-7 # A Z 7 L OB 20 FRRERER D, ZOREREE LT, FEROHFEN
Zxbhb, EE, VOBt RV VEMEA LA =), U VB ETFr Y v
IX AMCA-7 + R & 7' L OBFERKE L,
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UEDEDIZZOERND, VVEBbRFOT 4+ AZ TR 28T, V>
Bl pKy, U VEREEAIDOSIKRES, TFEFRVEELEX D L THETES,

ERICAVWEUVRIESF
‘00C :
0 G\ oo N
HO'P“O!I1 O‘P”O NH,* K NH;* ,P\,
o o ‘oH 0" OH 0" OH
Uk =B DBet) YUBIEALAZY
Phosphoric acid Phenylphosphate Phosphoryliserine Phosphoryithreonine
o
i
Ho~ £ =0
-00C n S =
NHz* o
’ 020 "0
N OH
© o OH . HO OH
YoBiEFasy D-7 a—R-6-j B D-YR—2Z-5-)
Phosphoryltyrosine D-Glucose-6-phosphate D-Glucose-5-phosphate

TOHDIBRIESF (68 R—JDEPICRLI=HD)

o
-P=0
o, .0 HO N N0, L0 Ho™y
NH P oH A
0 OH 0 OH HO\/[\,OH
O-Phosphorylethanolamine Glycerol-1-phosphate Glycerol-2-phosphate
H OH
HO 0
HO
OH
o\P,,o
7’ 7 N
HO H o oH 0 OH
D-Fructose-i-phosphate D-Glucose-1-phosphate
~ cO
N <
P o ' o. .0 0. 20
N °: z HO” “p? 0. 20 -o’P‘on
0 OH o © OH o \og =
. e Phosphoric acid- Phosphoric acid-
O-Phosphoryipicolinol Pyridoxal-5-phosphate 1-naphthylester 2-naphthylester
ﬂo‘P"o N coor
0" 0 N
,HaN)ﬁvacoo 0: ,,
o 0 oH
Phosphoseryiglycine Glycylphosphoserine

. VUBIES FOBE
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