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Abstract

Phosphate-containing compounds are involved in biological systems such as production of energy. Thus, selec-
tive and sensitive analysis methods are highly required to clarify their functions in our body. However, it's difficult
to extract phosphate-containing compounds selectively because of their various properties. Therefore, fluorous
affinity was used for selective pretreatment to extract phosphate-containing compounds from biological samples. In
this study, we have developed some methods for selective extraction of phosphate-containing compounds by
fluorous affinity in conjunction with ‘jon-pair and ‘metal chelate affinity’. These methods were applied to extract
nucleotides and a phosphopeptide. We believe that these methods are useful and helpful for analyzing variety of
phosphate-containing compounds.
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Fig.2 Selective extraction method with a specific partitioning technique of fluorous via non-
covalent interaction.
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Fig.3 The principal of the ion-pair extraction method for ncleotides with HFUA.
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BFONHIMHEE ZOFFLCANEEALMEEZIT) o AWMEIIBWT, X7 L4 F N6 (AMP,
ADP, ATP, GMP, GDP K IFGTP) & xR & LM FMTOME 2170720 S 512, KREOH HME % HEE
T, DAL (MCF-7) KU Zoa >y ba— ) Uiliia s LT s n 53U EEz M (MCF-10A) ~ &
BN A

<FEER >
BRAETFIE - SEHAW 100 uL % & 1), 100 xM 6-Chloropurine riboside- 5-O-diphosphate (6-Cl-PuDP, PfZii
WE) 10 uL, 7K300 uL, 100 mM FEERS 1) 7 28R (pH 4.0) 100 uL 2 U840 mM HFUA (X %/ — )b
) 500 uL &Nz CTIRE L7720 IRWT, 7V T A% Tetradecafluorohexane (TDFH) : 1 H,1H,2H,2 H-
Tridecafluoro- 1-n-octanol (TFO) DiifE (3 : 1, v/v) 100 uL W2 C1050 IR E 95 L7ze #0458 (17,500
X g, 15min) %, FEZBRELOL, A% 7 —)b 20 mMEEEEF MU 7 L 54%E (pH4.0) DWW (1:1,
viv) 100 uL 2 I C P2 3k L72e 20, 1% 7 v E=T72&870% 7 = MYV % 100 uL N Z,
07 MR E 9 L7ze w00 (17,500 X g, 15 min) 2, EEO—H (5uL) # LCIZIEA L7,
LC&M /1 7 41213 XBridge® BEH Amide (150 X 3.0 mm LD., #74%2.5 ym, Waters) %/ L, BEIFHA
ELT20mMEREET v E=ax &L T2 M= MYV K (80:20, viv) BEIHB & L C20 mM jREET >~
FEZTLAEELT N MYV K (40:60, viv) AL, U#0.6 mL/min T/ 7 Y L MAHEEZITo
72 (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) o % 7 AR IL35C, UVHHIZ254 nm IZ3%5E L 72
M BB ALEE © MCF-7 X O"MCF- 10 AfIiE % 15 mL O F 2 — 712 1.0 x 108127 % £ 9 H L, A
AR E N2 TR % 3PS L 7ze PR A5 C, FRIEIOKG A ¥/ — )V 320 uL &N Z T 150k &
I L, ITKETK220 uL 2 MMZ TS HIZ30HRE D L7z. @058 (17,500 X g, 10 min, 4°C) 1%, 155
N7z LiED ) 5100 L & AR E L7z,
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Fig.4 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,
6-Cl-PuDP; 2, AMP; 3, ADP; 4, GMP; 5, ATP; 6, GDP; and 7, GTP.
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AF Y RTHEHNLZET, X7 VL4 F FEHEFETI VLG T AEANEHMT 52 L TE, R
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FHIES RIF2ESBE N, 612, IDPAMBEEF X 7 LA F FEOMBAN ARG 2@ Lz L
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EMEEER X 7 LA T FEORILELEE LCHEHTH S 2 EDMERTE 72,

[BB2%E] Tt T 24 & /X7 ED N HORARGURN X 7 VA F FBGIiAOMH

<HM>

RETIE, FIBIZBWTHE LA IVF FIAALF U RTEOFABEERIT R, ARET LS
L4+ F#% 18F% (AMP, ADP, ATP, CMP, CDP, CTP, GMP, GDP, GTP, IMP, ITP, UMP, UDP, UDP-
Glc, UDP-Gal, UDP-GIcNAc, UDP-GalNAc X UNUTP) ~EJEER L7z F72, RFEICL B X7 VAT N
it oERMsEE LT, MlaNX 7 LA F FEOGHT 2170720 ARWFZETIE, Ml X 7 L4 F FER
FEZAL SR IREE DAL WL L TW B DH L) OMER AT H R, Mgz 4B L (0, 24, 48
Te OS2 HER) ICHTALER - HIsE L, BEEMEE T L OMBA X 7 LA F NIBEOER 217572, AED
ey Cid, b b THIlEEHIME 7 A )V A (Human T-cell Leukemia Virus Type 1, HTLV- 1) FE&GMED 24
HHEE A S T & 5 HL60MlE, HTLV- 1 JFEAE 0 2 > 7 Yk H e T & % Jurkatflifid & OF
HTLV- 1 BEet o s A T AR AL < d 2 MT-2 #iig % v 72,

<GB >

BVEFIE ¢ 55 1 EOBLMEFMUNE - THEAIE L 72

LC &M @ /1 7 41213 XBridge® BEH Amide (150 X 3.0 mm L.D., fif£2.5 um, Waters) %, FEJFHA & LT
20 MM IRBET Y E= Y A% &L 72 M= )b 1K (80:20, viv), BEIMB & L T40 mMKERT ~ €=
TLAEREGT 2 M= MYV K (40:60, viv) Z A L, ii#0.6 mL/minTY T YLy MEMEEZ 1T o 72 (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) o % 7 AIREIX 35T, UV 254 nm (278 L 726

FR R BT ALEE © PR & L7 % 24 BRI & 121.0 X 1001272 5 & 9 UL L, stk & LTz,
PRI 7oMifg <Ly MK A S 2 — )V 7% 320 uL IR C, 10MRE 5 %, JKE7K220 pL &2 Mz 1551
& H L, #mLoEE (17,500 X g, 15 min) 21T-5 72, o7z RiEZ AR E L THW .

<HERBROEEE>

TIWETAA G ARTHEICLY, AR R (HL 60, Jarkutflifie & O"MT-2#18) % 7
L FEISH 2 B#IICHIE 35 Z L 2STRETH o 72 (Fig. 5)o S 512, F72, MT-2#iflg & v Cif
IEGRERZ T o728 2 A, X7 LA F FEOBEIEEL, 43.8~138% O#HMICH Y, MEMOBERME (r
=0.9925) R OFFHE (RSD<8.0%) 13 & bIZEIF 2RHERI G LNz,

X502, HL60KMME, JurkatfIfE K OSMT-2 M 12 D\ CEEZRBAIG A & 24 B T8, 72 £ T &4
AN X 7 LA F FERBEOERZITo 7. TOERMERIIN L TEERMTE_L/-L2A, AaT7 T
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Fig.5 Chromatograms obtained from (A) HL60, (B)
Jurkat and (C) MT-2 cell samples. (a) Non-
extracted cell sample; (b) extracted cell sample
with the present method. Peaks: 1, 6-CI-PuDP; 2,
AMP; 3, UDP-GIcNAc; 4, UDP-GalNAc; 5,
UMP; 6, UDP-Glc; 7, UDP-Gal; 8, IMP; 9,
ADP; 10, CMP; 11, GMP; 12, UDP; 13, ATP;

Detector response

00 20 40 60 80 10 12 14 16 18 20 22 min 14,CDP; 15,GDP; 16, UTP; 17,1TP; 18, CTP;
Time (min) 19 N GTP.
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Fig.6 The PCA (A) score and (B) loading plots obtained with quantitation of the nucleotides in cell samples.

0y hOFERD S, HL60 ML - Jurkat MIfEHE & MT-2 BB D 2 BER O &R A W LT 5 2 L TE 72
(Fig. 6A)o F72, =74 770y bOFKENS, MBEZICEE X7 LT NEEHRT S S
ENTET (Fig.6B)o SNOLDFEREDS, TIVF T AL F v X7 ERISH L2 X7 Lt F FERITIZL -
T, &M 2 7 LA F NEOEEZLZED 2 & T, RO BT K O RE O H) 5 (2@ RE T
BB ENPIREEINTZ,

[3%) ILAFABIBMEL LT 74 =74 %I X3 X7 VA F FEORRKHIHE & LC-MS/MS 7
<HBy>

IR OE2FTETIX, V) VLA AR R E LB IR 2179 X<, 7Ivd 7 R A
FURTOWMETIY AN, AETIE, S5 YBILAYW~OBERMEoOm EE HIEL, &EF 1L —
N7 74 =74 =1 [40,41] % 7 )V 7 AGEBMEICEA L AEmE s L. Rk, $396mL
7oA 3 ZREEREL 7 v 4+ 5 AFREE (4,4,5,5,6,6,7,7,8.8,9,9,10,10,11,11,11 -Perfluoro-n-alkyliminodiacetic
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acid, PFIDA) 1248 1 4+~ (Fe (D)) % [EE Lk, 2O&EA 4 212 YBILEMHEMNT 52 LT, Z
DEEERTE 7NV F T ZAERIZHIE T 5, RWTHF L — F%’J%ﬂiv\TL?Hiﬁ%1Tb‘, FETNF T AW
HHICEINLINEMEEZNET D LW HETH S (Fig. 7)o SHICAMIETIX, X7 L4 T FHED
i~ & @A L, 30fE (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 % (N dUTP) % %
R ELTLC-MS/MS 3T 24T > 720 F72, TR M= A%FHE (Anti-FasPuRiRhn) 872050 > 3%
F IR A (Jurkat MIAE) WX 7 L F FEOGHTICARSEZ#EH L7z,

Coordination o
(”) linkage _OJH F e e el ke
_P—Qp «— P NN ) )

R\O' 07‘) FFFFiFlF
Nucleotides

¢) Fe(ll)-immobilized PFIDA

| |
Fluorous Remove Back Aqueous
extraction upper layer extraction phase
e —_— _
Complexation Decomplexation
LC-MS/MS
Sample solution Fluorous solvent analysls

€ Matrix Components

Fig.7 The principal of the extraction method for nucleotides by fluorous-assisted metal
chelate affinity technique with Fe (ITI) -immobilized PFIDA.

<R >

PRVETFIE © FEHAT 400 wL 12, 50 mM Fe (1) B PFIDA {5 (TDF H: TFO =3 : 1, v/v) 20 uL % i1 %,
FMTI0MIRE 9 Lz @008 (17,500 X g, 10 min) %, FE GE7 v 45 2A) #BEL, 0.2%
trifluoroacetic acid (TFA) # &8 60% X % / — )50 yL CFE (7 V* T ARE) = L7z RWT, 7
FITABIZI% T VEST EELT0% T N = MY VS0 uL 2NN A, B TI05HIEE 5 Lz mOs
#E (17,500 X g, 10 min) %, fSo6h7-bE GE7 V45 AE) O—FR (5uL) % LC-MS/MS IZiEA L 72,
LC-MS/MS £t © /1 7 2 121% Acquity UPLC® BEH Amide (100 X 3.0 mm I.D., #i{% 1.7 um, Waters) % {# i
L, BEHHA L LCT250 mMREEKET v E=T 22587 b= M)LK (80:20, viv), BEIHIB &
LC250 mMKFEAKET v E= 7 2% LT b= M)V 17K (60:40, v/v) ZfEH L, 0.6 mL/min
Tr7 9 Yx > MEEE (0-10 min, linear change from 20 to 30 % B; 10— 12 min, linear change from 30 to 60 % B,
12—25 min, linear change from 60 to 100 % B, 25-25.01 min, linear change from 100 to 20 % B; and run time, 40
min) 2175720 BT AREIE35CICREE L. T2, MSEEIZIZLCMS-8050 (E5EBfErT) %M L,
A4 LZESIA T T 4 7E— FTITo 72,

MINE BB ALEE © I FHSRAIIE T 5 Jurkat fiZICxf L, 7R b — 2 AFHEH]TH 5 100 ng/mL Anti-
Fas mAb 1L, 0 GRINAT) ,1,2,3,4,5,6, 12 X OV ISHEH A ICAIL LA R L LTz, —E=
BRI 728081 v b (1.0 X 108) 12K A% 7 — V%320 uL BN A, 10HRE %, X 512KkEK
220 uL 7Nz 1 MRS 5 L7z w08 (17,500 X g, 15 min) 20 LiEz 5EHAR & L THW 2,



<KERT O ELE>

KWFRIZBNT, IVFITRAERFL— T 74 =714 —iExHwiz X7 Lt F FEOBRRGH A
WHETH o720 REFEIZ X o CRINISHTH Sz X 7 L A F FEEIE, HILIC-MS/MS 5T ic B\, Hik
HRBEHEM T TR 2582 #E8 TS 72 (Fig. 8A)s S ORI, MENX 7 L4+ F FgEOE=RC
bHMTH D Z EDFERTE T (Fig. 8B)o KIZ, Jurkat M I Anti-Fas LA 2 IRIML 7R b — v 2 2 5HE
S, FEEREE L OMIBBA X 7 LA F FEREOLB Z BEE L 72, 50N ERMEICx LA R T
L7 AH, AaT7 7y bOFKREIS, KRR L OMBIKEOZLEMBA X 7 L 45 N
FEL OIS BB ETHEILT 22 & TEL (Fig. 9)o SO ENS, X7 LFF FEDE
EEALEE ) T LIk o C, MBIREOLAL A BE T 2 WREIRIE SNz, DL EOR2 S, Kk
M7 Lt T FEOERGMNEE LTHERATH 5 2 LD MR TE 72,

1 1
n A A B
2
S i
4" 4 ’\
5 " Sn
sﬂ
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2 A
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Fig.8 Chromatograms obtained from (A) standard solution and (B) cell samples 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; 30, GTP.
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Fig.9 The PCA (A) score plot obtained with the quantitatively value of nucleo-
tides in Jurkat cell.

[B435] IVAFTALBBMIV—bT 74 =74 =k 7u 574 v+ —E¥EENEAD
<HmM>

KETIE, FVATAEGEBFL— T 74 =74 =% ) VIRIEAT T FORERIH A~ S @A L,
707 A » %+ —+¥ (Protein kinase; PK) (i1 7E 2 il 7z0 PK &1L, FVE Y ORUIIG L TRTF F
BREDY YRTED) YA L, BAFREBCMIIEE R &, e e r o b — g
LMFETH D, SHII, PRKOTFEERFIIDAICREI NG L) k4 RBEEOFIEX 1 = XL IELH
L, TNOREBOZMPL~Y - —L LTHHTH L LN TS, T74bb, PKIGTEEIZERRFM
BRSO TE o 4 A, CyclicAMP-dependent protein kinase (PKA) X N Z D EE X TF R TH 5
Kemptide (H,N-Leu-Arg-Arg-Ala-Ser-Leu-Gly-COOH) % Fi\»C, KiEOFHMEDOMEZR % 1T - 72 (Fig. 10).
A1, Carb-oxytetramethylrho-damine (TAMRA) T 7 L a0 GIERRAL L 728 < 7 F I (S-kemptide) %
PRKABERIGIZ L T YERILL, 2D YERILAK (P-kemptide) D % Fe (I11) BLAZ PFIDA THiHE L,

* carboxytetramethylrhodamine
** cyclicAMP-dependent
protein kinase

Measurement of
fluorescence intensity

Aqueous phase ——

()
S-Kemptide 0
©

(Substrate)

%% PKA ‘X‘ .
7
ATP -
/ ° Selective extraction
o o to “Fluorous phase”

Fe(II)-immobilized PFIDA
(Rf = CgFy7)

P-Kemptide 0
(Product) 9 -

Fig.10 The removing extraction method for P-kemptide with Fe (III) -immobi-
lized PFIDA by fluorous-assisted metal chelate affinity technique and
measurement of protein kinase activity assay.

_9_



TIVE T ABHERANEHBT ALV FEIICEDOC, ToEE, KEIZRY) YBRILE e ro 7
S-kemptide 2557 L T\ 5 Z & h 5, O AT RO 5RO 3 h 5 PKIFEDBEIEDS W HEE 72 %0
ARIFZETIE, B % BV C PRIGTEINE D 72 8 O FEMEHE A 2 17 - 72,

<FEBRTE>
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Fig.11 (A) Fluorescence emission spectra of aqueous phase and (B) the relative fluores-
cence emission intensity changes at 585 nm obtained before (I0) and after (I)

fluorous extraction of enzymatic reaction solutions with different concentrations of
PKA (0-10U/uL).
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