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F—H BREMHRE(CKDREBZM

LA T (IR TEREZBR DERRICIEITUTE D, ENICXK > TR DEHMIAHE
HC LD TEGEINHEITFINTND, ERRNOERELORSE (FELDERELEEL T
B0, WEEZRIRL TIRFIRE (RN (CRNDBREFEIDIENS. MRPD
FRATIMEBEZRIEMZATE I D C EICKDIEREZRINBIEETH D ENHBSNTND, FIZIE
amylase?, alkaline phosphatase?, gamma glutamy! transferase® 7 & DB E 4% 8
EIDEAFREBE. E<HBBRRICSITIEREZHO—IREUCHIAESNTE
CDRDIERZZHII I\ OBZIRETDFEEL UGAFE, ELISAPEEDITECK
BTOFAZORICE T DMEARMEATND. UNUBAS. mFEDIMHPDT > )\
BOFRIREMNTOERLD . SEORMMHIEIET DIMRREDERY > T)ILEE DTS
BR. JOFAZORICKD CEICHATIRE THIMRFDI I\ OBEEHDREL > &
BEDEREREBET D/ AAN—N—ERDBDYINDBRDEEL > Z(C(FP a5
FREENHSNTND * (Fig. 1-1-1). TDfesd. TOFRBFEDODVRSHSRRICEDC
EMTETVVRWI IO EYD, ZMTFEDHEIICE D TOWRWI I\ IBELHEFEY
BEDEBZINRENTED., EEBTILRICHEET D, KDEBREEBDSI /D&, K
UHERZEREICIRE T 23FEOMFENRDSN TS,
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Fig. 1-1-1. Depicted are the plasma protein concentration. Red dots indicate
proteins that were identified by the HUPO plasma proteome initiative and yellow
dots represent currently utilized biomarkers.



BE 1 FETELE

BERERREOSRECERIRUEDRAME U TE. OIS 7045 —(CBRZE 1
DFIOHEL., HHXTO—TDELIRLNR—F—DFERANTEDOFEEZRETD 1D
FEHAEZRAWZFENHFESINTE Iz, TORENREDE U TRRAZFTZERAR
Bl AR ZE CHE SN TLBINILF I IILF v 2 /IN\—BOYro05 /1 X =FB U
FERREGING B, 5 SDAFHI T3 beta-galactosidase® i E D, EH—DIERIBER(CE
BUZ. AMELCEREUREDS > I\ DBEHEEDIREICAWVWSNTEZ(Fig. 1-2-1, A).
AFETE TyvEEEZI -7« >0 UIzX 5S4 RIS RI(CH U TN Tizdtiz it
L. Z8OMINRD TIVEERKR UTEX 007 )\« A2 EA L TH D (Fig. 1-2-1, B). 7
A ACRIGERZO— RUEOS(CHRKEEE CENENDD T ZEHTDILETE
HENeNRIER TOBRERISZETEE S (Fig. 1-2-1, C). TNTNDDIILOSHE
(F L A== EIEBE(TNEV ). BER 1 DFHEEITDLR—F—3FTho CEiER
B CREATRE/NEE (CEIEL. BRENEZ 1 DTFHEMAEVWSERE CTRE T D 2 NV EIEE
THD. BEDHRETIE. COFEERNTERPD alkaline phosphatase DiE 4%
0.4 pg/mL &UL\S ELISA OB _EORE TORHZER LTS °,



CYTOP

¢=4 um

Slide glass /

Nat. Biotechnol. 2005, 23, 361-5. Nat. Commun. 2014, 5, 4519.

5pm

Fluorogenic
reporters

Fig. 1-2-1. (A) Fluorescent images of the enzymatic activity in the chambers. (B)
Illustration of microfabricated chamber. (C) Schematic illustration of the single
enzyme activity detection assay.




F=H MRPOBREMEREZFA Uz DRE

BESREMERL Z R A UTDRBZINECHITD 1 DOREN . FBUOEEZHE I DEERET
(PAIYTA L - BTIAT) DFECTHD,
fBIZ (X, alkaline phosphatases (ALPs)DIZE. EIXDAEZFEHFRD ALP SEIEDEEN.
TNTNERDEBEFEL TVDZEMBSNTHE D, WEZIICFHIAESNTWLD
(Table 1-3-1), EANICIE. FI ALP DIRFEEE TS p-nitrophenyl phosphate %
ALP B Ik D9 3 & & TH B p-nitrophenol @ 405 nm DIRSEE Z & (C IEHRD
ALP £RDENZRIE (ISCCHEEMMIGE) U, T TERBENARIIBE(CE. FFEHE
BRIKBNECIODTEDT A VYT A LNEBEZRLUTVWDDOMNCDNTRAET D ENDS
WA ESNTWVB(Fig. 1-3-1)e COFEEFHMSHEEZEFTHIRONTNBIEDT
BN, WK DONDREEFEIT D, FIEMEFAULRNETE, BEREEZmPD
BEREEDOI T UNHEN TERVZD., CORIERITNST ST DIERDT VAL
DARERZHD Z ENTERN, Fz, IFEMEUKENEACDOVT(E, BIEMNEMT—ED
AE (CHTDIEENMNDRERIL—Tv MMEL . HIBEOFIREN 2 EBEREED
REAN TSRS, MPCHNEFET DERZREULD EEXZRC(E. ZDBE
(L TUVRULY,
XA 007/ \A RzZ2RWEREHRB (CHNTE. £AHY> TILR(CHFTE T DEHDEE
FENRAOO0DTIVAICS A ACHASNTUER D2, FICFELDEE =R DI RET
WFE I DBRBZREITIHECHNTE. INSOBERZXEIU TR T D2 ENR
HTHD, COLIRMEBERNS 1 PFEHAECHNTE, MR - FRIZEDEFRTZTIL
ZRAWZESREEE M Thnca/an sz



Isozymes Derived Organ Related diseases

ALP1 Liver Obstructive jaundice
Metastatic hepatoma
Biliary tract disease

ALP2 Liver Hepatitis
Hepatic cirrhosis
Hepatoma

ALP3 Bone Bone diseases

Bone metastasis
Hyperthyroidism

ALP4 Placenta Late pregnancy
Malignancy

ALP5 Intestine Hepatic cirrhosis
Diabetes

ALP6 Ig binding Ulcerative colitis

Table 1-3-1. Subtypes of ALPs in serum and their relations to diseases.

0 NO, ALPs O/NOZ
B —> o
HO 0 o]

Liver +high Mr ALP ‘ .

Bone ALP
Placental ALP
Intestinal ALP ‘

Liver +high Mr ALP ] ‘

0 — +

HEpRYm, 1983, 26, 671-9.

Fig. 1-3-1. (A) Reaction used in JSCC reference method. (B) Electrophoresis-base
detection of ALPs in serum of patients showing abnormal values in JSCC reference
method.



EUEl 1pFEREMIOI 71U

CDLIBEEZRTT. BRAICTFET DBROELZ. 19FI DEHD/(SA—4
THHE I 2 ETTAVYT AL - T FATLNILTODEIREZS RS2 L&2BHEL
2o TNUCEKD T, 1 DFEHABAMICHITDERRHELVDHRZENULDD. BLUDEMS
B I DERBFOSHIFEI DERT T ILOAE (CEHEARRE L /2D Z ENEIfFEN
Do

BARREIEE U TR, FIERBICERIDIRGUZ RIEREOENLTO— T =T
L. AIEFTDEARTTILICIMRA T A 007 )\ A ANDHAZITD, DTILROREER
NENTNRRDRIGEZ U > TEHEDTO—J LERKICRIGTDE. FEOEL LR
BEOHEAEDE (FH/\(F—2) NEERECERBDEDERDIEH, TDEE/F—
DCEDWTRBSFEZXAAE THD CHFIND. COXDIRIFECKD, BEEHS
R ICE D < FETEDBHRENEE# IR+ VT A LBERI (CIRHT DT ENEIHETH D
ZECIMR. BEFE(CHIEITDIDIIIDERZHA DL TEEZTDOILEHETD
D, TLUT, KEBELBEELOBTOEREZRE I L THREDZIIICHAIT L
Z=B1EY(Fig. 1-4-1.)c COXSREBETH > TILHDERDOEREEZ 1 DFLANILT
DEHMRH T DA ERZ 1 DFEREETOT 7V J L L. TORIZ(CEDHEA
1z
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Fig. 1-4-1. Schematic view of single enzyme activity—based protein profiling.
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E—H1 EBXTO—TRFORMRE

FIAAROELZRIEE U T, EHREDOTO—T DEAENDECL D T ALP DERDIHEE
HRD7 A VYA LEDBIRE T D EZAH T

KAETRES SUBLRIECH VT, KAFKDER(TE S phosphatase S&EHRHE Y
JO-JRDORFEZEITO.

Blue fluorescence Green fluorescence Red fluorescence
(350-450 nm) (450-550 nm) (550-650 nm)
OMe 1)

HCCA-Phos sTG-Phos sTM-Phos

OMe OMe
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Fig. 2-1-1. Developed novel probes to detect phosphatases activity in microdevice.
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BT O—JHOMRICHITDIISITUT7 1 - KSHEREEETD
ARARTHERAIT DIV OO0F7 /A XTlE. BRRICOEEREERDENTNDD TILHEIK
HEEERIC L > TEHESNTLD I, EXEROEEENrE\NTO—-T B : 4-
methylumbelliferyl phosphate, LAF 4MU-Phos) Z{ER UEIBE. BERRIGICKDESE
SNDEAMEERRMIBKEBERNFBLE LU TUERL. EEEHOEWRIEN R THD &
WORIEN S Dz, £ T, BEODEAERZEI I TO-TD0EKRELTE 7-
hydroxycoumarin-3-carboxylic acid (HCCA)Zi&ER L. #kE - REBOENKEEEE TS
TO-T 08 E UTEARFELFRCBVTHREUKEEOBVLEER (STG,
sTM) ZfERUT.
ZTNENOBEREDI T/ —)UK (pH 3.0). Jx /F R4 (pH 13.0). ALP DZEiE pH
(pH 9.3) ([CHIFDHFFEEBEERLUIZ, TORRZUTITRY (Table 2-1-1, Fig. 2-
1-2),

Absorbance max Emission max Molar extinction Fluorescence
wavelength (nm) wavelength (nm) coefficient (M-1cm1) quantum yield

bttt Spate 350 445 2.3x10¢ 0.955
HCCA  Dethanolamine 388 446 3.2x10¢ 0.826
et oy Bygyexide 387 445 3.2x104 0.986
buffer (o 3.0) 444 521 4.5x10¢ 0.045
STG  pioetol o3y 499 517 9.9%10° 0.679
Solution (o 15/gy e 497 520 1.0x105 0.885
buffer (o 3.0) 472 545 1.6x104 0.004
STM  postoe (ot 3y 589 608 9.5x104 0.518
Solution (o 15gy e 587 605 9.4x10% 0.547

Table 2-1-1. Photophysical properties of developed dyes. Measurement were done
in indicated buffers.
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Absorbance Spectrum Fluorescence Spectrum Excitation Spectrum

0.2 — 5000 . 8000
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——Sodium phosphate buffer pH 3.0 ——Sodium phosphate buffer pH 3.0 ——Sodium phosphate buffer pH 3.0
1M DEA buffer pH 9.3 1M DEA buffer pH 9.3 1M DEA buffer pH 9.3
—0.1N NaOH aq. pH 13.0 ——0.1N NaOH aq. —0.1N NaOH aq.
Absorbance Spectrum Fluorescence Spectrum Excitation Spectrum
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Wavelength (nm) Wavelength (nm) Wavelength (nm)
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1M DEA buffer pH 9.3 1M DEA buffer pH 9.3 1M DEA buffer pH 9.3
——0.1N NaOH aq. —0.1N NaOH aq. ——0.1N NaOH aq.
Absorbance Spectrum Fluorescence Spectrum Excitation Spectrum
0.12 5 400 s 300
01 g3%0 250
° %‘ 300 %
0.08 200
E 5250 5
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£ 004 £190 2100
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1M DEA buffer pH 9.3 1M DEA buffer pH 8.3 1M DEA buffer pH 9.3
——0.1N NaOH aq. ——0.1N NaOH aq. ——0.1N NaOH aq.

Fig. 2-1-2. Absorbance, fluorescence and excitation spectra of HCCA (upper, 10
HUM), sTG (middle, 1 uM) and sTM (lower, 1 uM) in sodium phosphate buffer (100
mM, pH 3.0), diethanolamine-HCI buffer (1 M, containing 1 mM MgCl,, pH 9.3) or
sodium hydroxide solution (0.1 M, pH 13.0). Fluorescence spectra were measured
under excitation at 405 nm (for HCCA), 514 nm (for sTG) and 594 nm (for sTM).
Excitation spectra were measured under emission at 450 nm (for HCCA), 530 nm
(for sTG) and 620 nm (for sTM)
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CNSDKBEBREZE I 2ENXTO-JZAVWTCEENEZITO S E T, HEAMERK
MDD TILMSDIRENBHLEEN. E2HEOSWEIENBgEE 2>z (Fig. 2-1-3),

(o)
OE’;_P (0 N0}

°|9

4MU-Phos HCCA-Phos

Fig. 2-1-3. Representative fluorescence images of a microdevice containing ALP
(from P, pastoris, A = 0.1, where A is the existence probability of a protein
molecule per well) with fluorescence probes (4MU-Phos and HCCA-Phos, 100 uM)
in tris-HCI buffer [100 mM (pH 7.4), containing 1 mM MgCl, and 0.1% (w/w)
CHAPS] after 50 min incubation.
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BT O—J#HEARICHITDIIVS1TU7 2 - BREBTREIECERDSD S EE MR
DIBEZEEI S

ALP D71 VY A ABITTRISH(CERZRF B D/zH(C. ALP DERERHEMI CTH D>
BT R )LEMIDIEBEN RIS TO— T 72 EBHHFELUIc. EANCE. BEXeRICEED
SESTRAF)LAEES UTeHBd (HCCA-Phos, sTG-Phos, sTM-Phos) (CHIX. YU EET X
FILDIEERNEE RS TE D ETHEED phosphatase B TOREERIRE(CEE RS
ABTENTEDEVNDIRE ' (CEDE, BABREUSEBIITILOMCAFL O E%E
B93TI0O0—T (HCCA-mPhos, sTG-mPhos, sSTM-mPhos) ZEARFIETRIZ(CH VN TH
FUle. cnNso7O—-J(& UZBTXF)LONKS#EEICERK T D hemiacetal @&
HUEYOMNC formaldehyde Z4R U DDMREET D2 & T, BEXIEANE DT ENHAFS
ns.

Frz. VBT RTILOALENEEDRRDEERHESPUOBEZMD ANDZET, 2
CETICHR U 2BEEERNEDORIZZTO-TZRFEI DN TE D L 2HFHF
L. BEXEREYSEET XF)LOMIC 4-hydroxybenzyl alcohol 18i&%H 3 DFxEDE N
JO—7. sTG-gmPhos ZAZIETRIZCHVWTHRELE. codO—-T(d. UEBTX
T ILDNNZK 3 f##(C 4-hydroxybenzyl alcohol EMiANMETHNC p-quinone methide Z4
B UDDMiEE I D& T, HABANE D Z ENEIFFEND,
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STG-gmPhos (FUATFTDRF—AICTED TEK UTZ.

o e O v OP

SOzH
OMe MeO O
SO;H
2 + MeO O ()

— e O™
A N
986 () os°
HO (o) o

OMe

SO3H

MeO O

>
O (o) O (0] O o
HO’(I)\I-? 4

Scheme 2-1-1. Synthesis of a novel phosphatase activity detection fluorescent
probe (sTG-gmPhos).
(a) dibenzyl phosphite, DMAP, DIEA, CCls, CH5CN, -10 °C, Yield: 52 % (b) PPhs,

CBr4, CH,Cl, r.t., Yield: 46 % (c) Cs,CO3, DMSO/CHsCN, r.t., Yield: 70 % (d)
TMSI, pyridine, 0 °C, Yield: 65 %.
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B EDKS(CHFEUTZ phosphatase /&R EE T O—TEHE. ALP ERIG L. ®RY2H
[CEAELEZRURE. TO-TJENU. TDALP EORIGETEICH TR NFFEERERL
&R ZLU T (CoR9 (Table 2-1-2, Fig. 2-1-4),

Absorbance max Emission max Fluorescence
wavelength (nm) wavelength (nm) quantum vyield

HCCA-Phos 350 445 0.955
HCCA-mPhos 388 446 0.826
sTG-Phos 387 445 0.986
sTG-mPhos 444 521 0.045
sTG-gmPhos 499 517 0.679
sTM-Phos 497 520 0.885
sTM-mPhos 472 545 0.004

Table 2-1-2. Photophysical properties of developed dyes. Measurement were done
in diethanolamine buffer (pH 9.3).
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Fig. 2-1-4. Absorbance, fluorescence and excitation spectra of (A) HCCA-Phos, (B)
HCCA-mPhos, (C) sTG-Phos, (D) sTG-mPhos, (E) sTG-gmPhos, (F) sTM-Phos and
(G) sTM-mPhos (10 pM for HCCA-based probes and 1 uM for sTG and sTM-based
probes) after incubation with/without ALP (from Pichia pastoris) in diethanolamine
buffer (1 M, containing 1 mM MgCl,, pH 9.3). Fluorescence spectra were
measured under excitation at 405 nm (for HCCA-based probes), 514 nm (for sTG-
based probes) and 594 nm (for sTM-based probes). The excitation spectra were
measured under emission at 450 nm (for HCCA-based probes), 530 nm (for sTG-
based probes) and 620 nm (for sTM-based probes).

Flz. INSOTO—TECDUVT, & ALP ZPAYHTA AW I BIRGEERETUIZED
3, 0TI BARIGHEDBENE A VYT A AICLO>TERDCENRE SN
(Fig. 2-1-5, Table 2-1-3).
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Fig. 2-1-5. Michaelis-Menten analyses of the reactivities of developed fluorescent
probes toward different ALP isozymes. Assays were performed in DEA-HCI buffer
(pH 9.3) containing 1 mM MgCl,, 0.1% w/w CHAPS, 1 mM DTT and ALPs
(recombinant, ALPI: 0.84 ug/mL, TNAP: 0.87 ug/mL, ALPP: 0.8 ug/mL).
Incubation was performed at 25 °C for 30 min. Error bars represent S.E. (n = 4).

ALPI TNAP ALPP

Keat Kn keat/ K Keat K kea/ K Kea Ko keat/ K

(/sec) (uM)  (/sec/uM)  (/sec) (uM)  (/sec/uM) (/sec) (uM)  (/sec/uM)
HCCA-Phos 0.14 94.18 1.53x1073 - - 3.19x10# - - 3.10x104
HCCA-mPhos - - 6.93x10* - - 7.48x10% 0.21 19.84 1.06x102

sTG-Phos 1.28x10% 21.14 6.04x10* 1.50x102 21.62 6.93x10* 6.70x103 23.07 2.90x10+4
sTG-mPhos  3.02x102% 44.73 6.74x10% 1.34x102 52,50 2.55x10% 1.89x102 9.36 2.02x103
sTG-gmPhos 1.86x10-2 31,57 5.89x10* 2.38x102 24,67 9.64x10* 2,09x102 8.34 2.50x1073
sTM-Phos 8.82x103 41,95 2.10x10% 2.24x102 41.05 5.45x10* - - 1.55x104

sTM-mPhos - - 2.64x104 - - 1.32x104 - - 2.48x10

Table 2-1-3. k.t and K, values of developed probes with different ALP isozymes.
MW = 66 kD, (ALPI), 66 kD, (TNAP), and 62 kD, (ALPP) were used for
calculation. For substrate-enzyme pairs whose K, values were higher than the
measurable ranges, linear fitting was performed to calculate the k..t/Kn values.
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cNsnIO—-TI D55, HCCA-mPhos, sTG-Phos MEAENDEERBLT. b MMVEE
ALP (ALPI) &#Ef#3ERFEEE ALP (TNAP) DOBEREEZRDEEZEN1 007 )\ X THI
ELRECE MPAVYTFAAICHUT., 13FILARILTOEEOBEICEERZREI T
entcEre (Fig. 2-1-6).

@ 25000

20000 - '--ﬁ:|"_';,'.:f' : HCCA-mPhos (Blue)
OMe o

SO,
MeO O
® ALPI
. ® TNAP GO’E"Q L,
0

0 500 1000 1500 sTG-Phos (Green)
Blue fluorescence increase (a.u.)

—
an
o
o
o

10000 .

5000 - .

Green fluorescence increas

Fig. 2-1-6. (upper) Representative fluorescence images (432-475 nm and 500-
580 nm) of microdevice containing mixture of ALPI and TNAP (recombinant, A
0.1, A: existence probability per a well) with fluorescence probes (HCCA-mPhos
and sTG-Phos, 20 uM) in Tris-HCI buffer (100 mM, pH 7.4, containing 1 mM MgCl,,
1 mM DTT, 0.1% w/v CHAPS), 50 min after incubation at 25 °C. (lower left)
Scattered plot of the fluorescence increase of the well containing enzyme
molecule. A result was analyzed by discriminant analysis based on Mahalanobis'
Distance (see Methods). (lower right) Chemical structures of using probes in this
assay.
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SETEN ALP 7YY A LDEE - R

CNET. ALP 7YY A L'ZDFEN/N - CKDDEiEH T EZ2BIBLTULE
A ALPI - TNAP (CDWT, 1 DFI EDFEECHRTFEREIICEBFEF>THD., IO~
(I DRIGHEDEAFENDEDENCE DV EHBIRH (RER TET TLVRN DI,
ZIT. MP7AVTAATETO—T (T T IRIGHEDHEAEDE (CEREREENREHE
BDEO/E (BRI LETEAEICERDISRY—E LU TIRNDLDR) AERMDIRETZ
T2z, ALP OIEMNREEKIRBDRMT CRAEZITDCETEEICH I DIRIGHEDERE
ER<IANDDTIFROINEER, TDXRDIREREMAHDT (1 M DEA buffer with 1
mM MgCl,, pH 9.3) ¢, sTG-mPhos, sTM-Phos D7 0O0—J D#FHENEZRNTENE
AIEZITDTET. ALPL - TNAP @771 VA LADEM/ 5 — > (CEABIRERZRHET
ECInUTz (Fig. 2-2-1). Ffz. M7 VYA LDREBREAE UBEICHNT
B, RESNZEDFICDOVWT, HBREREATCOAET -5 28T —45 &3 2H5EID
#r (32BRDEP. Discrimination analysis £88) &7 2 &(CKD> TLWINDT7 A VA A
WZEHEL. DB I D ENalEETH o (Fig. 2-2-2),
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Fig. 2-2-1. (A) Chemical structures of using probes in this assay. (B, upper)
Representative fluorescence images (530-580 nm and 610-700 nm) of
microdevice containing ALPI and TNAP (recombinant. A = 0.1, A: existence
probability per a well) with fluorescence probes (sTG-mPhos and sTM-Phos, 30
uM) in DEA-HCI buffer (1 M, pH 9.3, containing 1 mM MgCl,, 0.1% w/v CHAPS),
50 min after incubation at 25 °C. (B, lower) Scattered plot of the fluorescence
increase of the well containing enzyme molecule.
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Fig. 2-2-2. (left) Representative fluorescence images (530-580 nm and 610-700
nm) of microdevice containing mixture of ALPI and TNAP (recombinant. A = 0.1,
A: existence probability per a well) with fluorescence probes (sTG-mPhos and
sTM-Phos, 30 uM) in DEA-HCI buffer (1 M, pH 9.3, containing 1 mM MgCl;, 0.1%
w/v CHAPS), 50 min after incubation at 25 °C. (right) Scattered plot of the
fluorescence increase of the well containing enzyme molecule. A result was
analyzed by discriminant analysis based on Mahalanobis' Distance (see Methods).
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FJ/z. ALPI & TNAP DfgREESRZENTIURELE 1 : 5,1 : 1,5 1 TRAULILERZ
AL, X707/ \A XA TEGZRAE URER. RESNTZEROSS ALPL LTS
BRI SNIZD FROEIG (. RROES ULEISCiE> TER LT (Fig. 2-2-3). 973
D5, AFEFEVWEENZU > TERFD ALP 771 VT A L DEIRE 92 Z & h'alEe
THDZENREENT.
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Fig. 2-2-3. Experiments were performed with mixtures of different ratios of ALPI
and TNAP (horizontal axis), and the percentages of spots that appeared in the
area of ALPI were counted (vertical axis). Experiments were performed three
times. Error bar, SD (n = 3).
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SE=f IM&RPALP 71 IYTALDHIE - EE

HIETC. MBHEBERZRAVCAECHSWT. ALPL & TNAP ZEWEEHZ U > THRHRH
IBDENTRETHD ZEMNRENEN, ERTTIVZRWTHELBEICHENTSE
ERRDOBIEN BTN Z1T D e, 10 ROIRKICHR T DIME T > TILZAIE UITER.
2 FBROEYL) Y-z FDERMEH =N (Fig. 2-3-1). 10 2OMET> T ILORIE
T—HETICDVT, BEREROUNEST —YZ2HE7T —5 & UIHBIDHICEDE,
ALPI - TNAP Z0B# R 32 2 M algETHho 7z (Fig. 2-3-2).

Fig. 2-3-1. Representative fluorescence images (530-580 nm and 610-700 nm) of
microdevice containing 1/3,000-diluted human serum with fluorescent probes
(sTG-mPhos and sTM-Phos, 30 uM) in DEA Buffer (1 M, pH 9.3, containing 1 mM
MgCl,, 0.1% w/v CHAPS), 50 min after incubation at 25 °C.
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Fig. 2-3-2. Scatter plots of activity acquired for 10 samples from human serums.
Each point was assigned to the ALPI or TNAP cluster by discrimination analysis
(see Methods).
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Fle. TNETNOMEY > TIVICBWT ALP 71V A AZTEEN (COBIRETET TS
DHIVEIRET T DIcsD,. —RICENLFREBTHUVSNILEBEDT(C KD TAE N BRI
H>T)LHR?D ALPLI DiEMEE . N 2o0F /A RTHUWT ALPL TH D EHBIESNTZDFD
EHEDSET Z R U Tz,

LtEEDHICKDAUECSNTE. MBRPTEEZRFTD TLD ALP 70 VYT A AFE(C
ALPI & TNAP THERL SN T D EWVWVSIRED T, TNAP BIRIIABEFITEH S
levamisole® &R\ TINED ALPL SEHDES %Az, MEPD ALPL (CHET BIEHHE
(F. MBERERCHITDEEBOEZESNIZEIS & ALPI, TNAP TNENDOIEREEZZRDE
HDREENZEIGICEDVWTER U (Fig. 2-3-3, 2-3-4),
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Fig. 2-3-3. Hydrolysis rate at 10-40 min of 5 mM solution of p-
nitrophenylphosphate in NEAE buffer (100 mM, pH 10.0, with or without 100 uM
levamisole) containing 5.2-fold diluted serum, 0.41 ug/mL ALPI and 0.28 ug/mL
TNAP. Incubated at 25 °C. Error bars represent S.E. (n = 4)
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Fig. 2-3-4. ALPI activity value in serum calculated by under formula derived from
former experiment at Fig. 2-2-1. ALPI activity = (a - 0.088 * b) / 0.828, a =
serum activity values with levamisole, b = serum activity values without
levamisole.
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LEESIFTTH/SNIZ ALPILDJEHES. Y007/ \ARICHWNT ALPL THD EHBIEN
2R FOEHEDEST FRARIRCH N THIVMBREZRUTZ (Fig. 2-3-5). 97305 AR
HERMERT > T ILEBWEEE(CHNTE. EEUSE IBRPD ALP 71 VYTA L%
BRI T DT ENFIRE CTHh D T LN RE SN,
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Fig. 2-3-5. The comparison of the integral of the activities calculated from the
spots assigned as ALPI and the ALPI activity monitored by conventional
biochemical assay (see Fig. 2-3-4.). The analysis with serum from 10 individuals is
shown.
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ALP (ZZOEMICTIEMEIZF DT ENMSNTHE D, TS 1 D FEA COFEEEHAIEST
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(IR R EMEY > TP TRESNZED ETERD TULVE, TNAPICDWTIE. 18
HERTITEEDBUVRELL -2 3 >08NE <. EY>TILHRTEmEDORE L
—> a2 FREEFELRE. —/. ALPI (CDWTIE., BRERTEEEDIEVREIL —
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CDALP DAEICEEL T, EARNDIEIERE (CDWTI(E. TDORZEEDNER EIRDERL 1S
IERZES|IERTT ! (FH. BRI TOENA A BENA AU DM EES X
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Fig. 2-4-1. Each cluster was fitted to a straight line. In the diagrams, “Distance”
represents the distance to the origin from the foot of the perpendicular beneath
each point. (Top) The result with recombinant TNAP and ALPI mixed ata 1:1
ratio. (Bottom) The result obtained with 1/3000 diluted human serum.
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$£—E MMTRPDZERIR phosphatase D&t

MR (E ALP LIS E acid phosphatase, protein phosphatase &% 4%7a
phosphatase HMFEL TLBZENMFBNTULND, T TINSHEEDH. LDZHDERR
DIEMN/\Y -2 B I DERZREAGEREG T COREZITOI 2L LU,

BAHRMIC(E, 1R SHOBEHEMIOBmEZE I 20— J DiHEHE (HCCA-
mPhos, sTG-gmPhos, sTM-Phos) ZFUL\. Z< DEZRDOZEE pH THIFMHEDEMFTT
BIEZITSCEE U, Fe. —8BD protein phosphatase (C DWW TIEEMEEBIDTF A —
LD BMBIREEDIS A KET Biced P, RISHRIC DTT ZRIMU T, BRI T Y
A&7,

FEROEFETICHVWTRIETHLZ 10 ROAEBRRITEY > TILOAEZIT DIz, TD
&R, AIE COALPREICEUSAERGF T TOHZE LR U T, KDZBEDRRDE
I\ - DOBRZRE I SN TEe (Fig. 3-1-1, Fig. 3-1-2),
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Fig. 3-1-1. (A) Representative fluorescence overlay image (432-500nm, 530-580
nm, and 610-700 nm) of a microdevice containing 1:3000 diluted serum with
fluorogenic probes [30 uM; HCCA-mPhos (blue), sTG-gmPhos (green), and sTM-
Phos (red)] in tris-HCI buffer [100 mM (pH 7.4), containing 1 mM MgCl,, 100 mM
dithiothreitol, and 0.1% (w/v) CHAPS] after 2-hour incubation. (B) Chemical
structures of using probes in this assay. (C) Representative scattered plot of the
activities of the phosphatases in experiment of (A) from subject #1.
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1, ¥8% Green-Red M 2 RITICIRE).

Flz. BREECERREETORAET —FICHBNT. BISRI—-ELTHEIREEN
IEBERODFEZELR Uz &S, Cluster7 & Cluster9 & U TR SN TEBER D7D FER
N, EREEECHVWTERCEBMULTLWE (Fig. 3-2-2).
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Fig. 3-2-1. Whole plots were distributed into 9 clusters by VBGMM (see Methods).
Contour lines show the Mahalanobis’ distances of 0.89, 1.47, and 3.03 from each
cluster (corresponding to 33%, 66%, and 99% of the population being inside the
contour lines) and their intensity represents the number of points included by the
cluster.
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Fig. 3-2-2. The contour lines show the distribution of each cluster. The dot plots
show the number of plots assigned to each cluster. P value was analyzed using
Mann-Whitney U test™”.
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D> Cluster 9 [CDUWT(E. BIEMHT ALPI OFEREBZRZAITE UIEiBanEE/ (P —>
CHOLTVWB ZENREENnz (Fig. 3-2-3).

CHNUSHEFRRBEE DM CH OV T/IBEL ALP HMHEIIL TLB &V DBEDIRE 1° & FE
UiRLER &> TWLD,

FROEXRAUESZEZERANDCET., MRP(ICHFET DZLED phosphatase (CHKT S
SEHETOT 7 A EEBDCENTEETHD. TDHRTHRHEDI SRE — =8 T DiER%E
FBREZROFE/ Y- (CEDVWTHEL., KREOEEZRE T DERZFDIIENT]
BETHD I ENRENIZ,
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Fig. 3-2-3. (left) The contour lines show the distribution of cluster 9. (right)

Scattered plot of the fluorescence increase of the well in measurement of purified
recombinant ALPI.
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F=H BEERIZAVZT YA (LKL DREEESROHEA

HIEIE T TESNIEAET —2(CHUT. sTG-gmPhos (Green)D#H ERIG L TL\BEESR
TR SNSRI -IEHRE=NTULS (Fig. 3-2-2, cluster2, 3, 8). sTG-
gmPhos DIBEMNS. CNBDT SRS —I(IHMESHD protein tyrosine phosphatase (C
LU TVWDDTERVNEDIRERZIZ T, BEERIZRVWARSNZITD L TIOS RS —
ZhEA T DEROHEAI AT,

Z 9 protein tyrosine phosphatase (Cxt U CGEIRIIIRFAEHRI T3S bpV(phen)lCkD
C. protein tyrosine phosphatase @ 1 DTé&23 PTP1B OEMMNEEENDINESHE
TL—hU—EF-TDO7vEACENTRIT UTc. TORER. SENFENCRIEL TS
EBTH S sTG-gmPhos [C349 3 ICs ( 15.1 uM TH> 7= (Fig. 3-3-1).
ZITNA70O7) A X CHEFDRETRIGAERIC bpV(phen)ZRIIL. MMEFD
phosphatase SEHEDAIEZEITDIe&E B, sTG-gmPhos (Green)Dd+ ERIE L TULNDEE
REEICHRTDISRI—MEKLUIZZSD (Fig. 3-3-2). DTSRI —(HASHD
protein tyrosine phosphatase (CHH¥X 9 3 EH#EHIEN S,
FIIDEERY > TILHWSKRAUEFECL > TESNITEETOT 7AILDD5. FED
DS RE -7 T DEROHERIN, BAE&IZRWVC7 YA (CLOTEIRRTHDE
RENnsz,

F/z. protein tyrosine phosphatase (&3 (CHIFRAR - MHIRE(ICHBEL CLDERTHD
o ZOEMAMBEP CAESNZEVWDIHREJFLAER, FTRDETORRE. Y
> TR DLIERDERZ 1 BFLANILOEER/IF—2(CEDWCTTOI7AMU>093D
ZET. INFTICRESNTEEVWDIREDIEIN D ILERZDBIRHE I 22 DTS DA
BEMZRETDEDTH D,
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Fig. 3-3-1. (left) Chemical structure of bpV(phen). (right) Inhibitory curve of
recombinant PTP1B (a representative PTP) with bpV(phen). Assay was performed
in Tris-HCI buffer (pH 7.4) containing 1 mM MgCl,, 0.1% w/w CHAPS, 100 mM
DTT, 30 uM sTG-gmPhos and PTP1B (recombinant, 0.01 ng/mL). Incubation was
performed in 25 °C for 30 min. Error bars represent S.E. (n = 4).
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Fig. 3-3-2. Detection of fractions of phosphatases with unique reactivity against
sTG-gmPhos. Scatter diagrams of activity profiles in four serum samples with or
without 100 uM bpV(phen). The unique reactivity fraction is indicated by red
arrow.
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SHIUED  /NME

> HCCA-mPhos, sTG-gmPhos, sTM-Phos M#EAENHDEDTO—TZALY, H4s
. BNRG T CTRAEZITO LT, SHORRDIEL/ Y- Z2E T DHERZIR
HydcenTer.

> MEY>TILORIET -2 (3 LT VBGMM (CKB IS RY—DiEiToIe&EC B,
I DDUSAI— RSNz, CDIEDTSAI—D1DICDNT. DFENHE
FRIFEETHERICBIMUL TS D, TDEMH/(F—2 (3 ALPT S2BEBILTULVZ, 973
BIRS > TSRS NIZEETOT 7 AILDDIE, FEDI SRS —ZIERT D
BEREARRBEROENL/\F -V ([CEDWTHE L., RREDOHEZRE T DERZE
B ENTIRETH D EMRENTZ,

> MEP>TILORAIEST - TRHEESNIZEOS XS —DS5, sTG-qmPhos D& &R
U CTUV\BERR TR SNTc U =5 X5 —(& protein tyrosine phosphatase MBEEXI%
AWIIL TP Y EAZITD EERUE. TIRDEREDISRY —ZiE 3 DERDHE
BIEPEERIZRAWNZ7 YA IC KD TEARETHD I ENRENIZ, F/e. protein
tyrosine phosphatase O/EMHEMNIMBER TRIE SN EVWSHBRE(HFEAERLS, 1
PDFEFREETOT 74U ITlE. BECEREEINTEEVWSREDRN D IEBERE
DEHRH T D EDTEIHREENRE SN,
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M&E @D ENPPs @ 1 DFEREHETOTI 71>
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E—H1 BHEMNU ENPPs SEMHRHEEN T O— T REORF

HIEFE T C. U TILRICHFET DELUDEEZEDOBEREZT. €D 1 DFBOENE
ING—=2(CEDWTHReE LT O 7 U J I D ENAIRETHD Z ENRENT.
T T, BHOY I HA T2 DRIDOEREH MU CECOAERELCATDEZ2ER
fz. F—4"w b3 ectonucleotide pyrophosphatases/phosphodiesterases (ENPPs)%
FEIRUTZ, ENPPs (FEARACETE I DER-EE.. RUODMEDEERT. MfgsDRTL A
F R©U S AEEDNKDERIC L > TSI FIUREDHIEZEIT> TS V. ENPPs (3 7 8%
DU T FATZHFHE. TNSICIIHETLEBNRRAREDOELZ LN, autotaxin ELTE
H5ND ENPP2 (CRAUTIE I VB AZRBDOIMBER COFEMEN LR U TS EWDIRE
BEH3. TIT. EHEY>2T)LHD ENPPs 22D 1 DFEDEM) (F— 2 ([CEDNT
DEREC. TOT7AVUITIDIRZWET D ET, TUVIENABRE (CHRIENIUES
JOOrA)=REITEzBRELUL

Subtypes functions substrates
ENPP1 multifunction nucleotides
ENPP2 (autotaxin) multifunction lysophospholipids
ENPP3 Basophil marker unknown

ENPP4 unknown unknown

ENPP5 unknown unknown

ENPP6 unknown lysophospholipids
ENPP7 unknown lysophospholipids

Table 4-1-1 Functions and substrates of subtypes of ENPPs.
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F9. Y007/ A ABEHDOENERTHD TG, sTM & E U, BERMEMIE
LU THEEUIERAD nucleotide monophosphate %35 ENPPs &M T 00— T BEDBIF
#1121z (Fig. 4-1-1.), JO—T OERRRAF— AFARAFAR(CE DU\ F LA

Eg7z2 (PCT/IP2020/22546),
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Fig. 4-1-1. Developed novel probes to detect ENPPs activity in microdevice.
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Bk U7 0—TJ (3 ENPP1-3 OffRIEER (CHHBieN. 88 ER= R0 (Fig. 4-1-2.),

sTG-mdTMP sTG-GMP sTG-dCMP
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Fig. 4-1-2. Reactivity of ENPPs toward probes based on sTG and sTM with diverse
nucleotide reactive sites. Assay was performed in Tris-HCI buffer (pH 9.0)
containing 100 mM NaCl, 5 mM MgCl,, 10 uM probes, and 1 ug/mL enzymes.
Experiments were performed three times.
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FETEN  MEIEY > T ILHRD ENPPs SEHIRH & 97U \EAY A & DRESE

FFE LT ENPPs JEHRHEN T O—TED S5, KT > T)LHD ENPPs SEHRIE (CEH
WTEDHAENDEZER T D2OMRNZITO . BELIZTIO—T8D 2 BOHEHED

B ZRWTRIRERRDIEEY > J)LHD ENPPs S&MZAIE LIz £ 2B, sTG-
mdTMP & sTM-dCMP D AEDE TAE UITIBZEa &L/ (Y- DR DBRERES
<BRHEIDZENTSSD. COMAFEDERZHEMA L TMmERY > )LD ENPPs JEE
ZRIES D EE UM (Fig. 4-2-1, 4-2-2.),

OMESO H OMESUnH OMeso H
il g
MeO O MeO O 0
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Fig. 4-2-1. Choice of sets of fluorescent probes to monitor ENPPs activities in
plasma. Indicated probe pairs (100 uM each) were used in the assays of 1/500-
diluted plasma in the microdevice.
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Fig. 4-2-2. Representative overlay fluorescence image (530-580 nm and 610-700
nm) of a microdevice containing 1:500 diluted serum with fluorogenic probes
[sSTG-mdTMP (green) and sTM-dCMP (red), 100 uM] in tris-HCI buffer [100 mM
(pH 9.3), containing 1 mM MgCl, and 0.5% (w/v) CHAPS] after 40 min incubation.
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STG-mdTMP, sSTM-dCMP MfEHEDEDTO-TZHANT. BEHE 14 4. TULEN A
BE 31 BOREERMEET > TV EAEL. BEE ST VENARE EORIT ENPPs /&
IO 7 AIVICERNREE MR ZIT D1,
AELET—FICDNTE. CESEE=ZEBE_EH EERCEMRUN DI ST —#HM
TEATH DI, 45 BDDREFT —FZHEL. VBGM [CKD TSR —DHZEITD
Jzo TORER. AET—HFREBT 3 DDUISRAI—(CHFEENIZ (Fig. 4-2-3 top).
CDI SR —DOFERICBNTI(E. 1 DDILER LN DTS RS —DEBERINCED
fEDLEEBIEEF DR 2 DDISRY —MNEEICEFNTLE O TLD, €I T, OJEER
BRDCNSHEE L TUOVRWEID ZHE I D72sd(C. FREOENEE FFMEICDVT. L
EIEEEIDIR 2 DDI S RE — ([CHWTHEEH(C 99%DDFHEFN D _ERDIFFHR(IC
Threshold #5|&. TO&EHEHIICESENDDFEHHT Clusterl, 2, 3EULTEHRELE
(Fig. 4-2-3 bottom).,
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Fig. 4-2-3. Whole plots are distributed into 3 clusters by VBGMM (see Methods).
(top) Contour lines show the Mahalanobis’ distances of 0.89, 1.47, and 3.03 for
each cluster (indicating that 33%, 66%, and 99% of the population is included
inside the contour, respectively) and their intensity represents the number of
points included by the cluster. (bottom) threshold analysis determined by cluster
analysis
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CCT. BIEUREEBBREDT —FICHBNT, BEUERISRAI—(CHBEEINDIERDD
FHRZEHRI2E B, Clusterl &EUTHREESNDIBEZRODFEN . TUVENAZBECHSL
TEREmLTWhWE (Fig. 4-2-4),

200 P=0.014

1

- L ]
O 150

o %o
Y a

O

100

O
O . :

g 50 * :ég.
Z —E?— "l::'

Healthy Cancer

Fig. 4-2-4. The dot plot shows the number of plots assigned to cluster 1 in Fig. 4-
2-3. P value was analyzed using Mann-Whitney U test'*,
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FNT, TNENDISREI N EDERICHR T DDONEHTET D/, ENPP1-3 DiF
HEFRTZANTIYII0O7 /A XA TOEEREZITO /2. TDFER. ENPPL (FLLEAVEE
DFFLVRE 1L —23>DH THERENTLDD(CT L. ENPP3 (FEHEDRNEDNSES
WEDANE. [EWazERUE (Fig. 4-2-5.), ENPP2 (CEEL T, ¥ro0O7/\1 X%
AWTEEZIRE T L (ETEMN oz, TNENDERN, CTHFTTHRELIZ3I D
DISAF—DOIEEZICHTIEFRDIDONERENDEZE TS, ENPPL DD BREND
Cluster2 (C%EEN. —8B(3 Cluster3 DIETEHDERD (CHEEENIZ. ENPP3 DS E5EH
DRWED(E Clusterl (. JEHEDIEWVED(E Cluster2 (CHFEENZ. K> T. Clusterl
(& ENPP DY T 54T DSE5E(C ENPP3 (CHRT D EMHER Nz (Fig. 4-2-5).
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Fig. 4-2-5. Measurements of purified recombinant ENPP1 and ENPP3. All points in
each measurement were assigned to one of 3 clusters.

56



ENPP3 (& CD203c #R & U TEASNBIFHERERDEH (LY —H—T&H 0D *°. Clusterl
A ENPP3 (CEREL TULVEIBA. MADEITICHE D IEMENRRE TIRADREEHE
LTWzEWSEERDIEZ B5ND 2. ERICT VBN AREZZI 2EMTD ROC |
%7 Clusterl DD FERICEDWTERLIZEC S, TDHEEERIETEH S AUC [F3i5k
DT VNABEDRT—ZHETT B> TERULTULE (Fig. 4-2-6.).

F/z. ENPP3 & T VN A EDRBEFBECRESN TS ST, CORRED 1 DFRRTE
MITOT7AUIICL > THEREEEREEOHICIREEERE T EOTEDAEEMN
EREFTDEDERD TS,
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Fig. 4-2-6. The ROC curves were calculated from the number of points assigned to
cluster 1 for pancreatic cancer subjects at each stage versus healthy subjects.
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E=E 1DFEREETOT 7 AU TDRERE

CCET. 19FBREETOT 7V IDFEICKD. £EHRS 2 TILRICEFIET DE
BOBEZRZHALUDEEZE I D2EDETED CORMRE T DI EZEM L TEEN,. AL
flalE 1 DFEHAFEMIICED L TWVWD )., TOBUVMEERE VWS RE., AT > T
DERTEHERE EVWDBRICHBWNT 1 DORERFILRERDED.

ENPP3 O#E&REEZZHALTY o707 /1 ACHITDAUEDREREFEZ IR Ulc &
3. COWMREEFMEE 1.8 fM (180 fg/mL, Fig. 4-3-1.) T. F£/RIEI CHRE SN,
Clusterl (CHHE T DEZRD D FHN ST HE SN DRIERPODREEDHIRENE 2 pg/mL
THD. WIFNEEE 100 pg/mL EEHNTLVS ELISA DRHIEFRYE 2t # A=< TE
>2TWB,

RIEAD 7wz T(EMmiEZ 500 BEHRRLU TAELTWLWDIEsH. EFEOMFRE 1
ng/MLIBETHDEEZ SN, DIRY>TOVT+ 2IJICKBBIETIE ENPP3 D
BREROERHER(E 2 ng/mLIZE EHEESN. F/z Clusterl OiERkEZZSRN ENPP3 T
HBEFTBDE. MFEY>T)LHRD ENPP3 ZRET BT EFTETLRLY (Fig. 4-3-2).
COWERNSHE 1 DFEREETOT 71U D FBFDS > )\ UBERE R & e LT
KDREOESMRERMTHDEEX D,
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Background + 3SD

0 5 10
ENPP (fM)

Fig. 4-3-1. (A) Fluorescence images of microdevices containing recombinant
ENPP3 (0, 3.05, 5.78, 10.4 fM) with fluorescent probes (sTM-dCMP, 100 uM)
in Tris-HCI buffer (100 mM, pH 9.3, containing 1 mM MgCl,, 0.5 % CHAPS),
after incubation for 40 min. (B) The fractions of ENPP3-containing chambers
versus ENPP3 concentration. The error bars represent S.D (n = 3). The red
line represents the fraction of the background count (measured under ENPP3-
free conditions) plus 3 times the S.D.
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Fig. 4-3-2. The result of Western blotting analysis of ENPP3 detection in serum.
The analysis was performed using an automated capillary electrophoresis system
(Simple Western system and Compass software; ProteinSimple). Recombinant
ENPP3 with indicated concentrations were analyzed as a positive control. The
plasma samples meant for electrophoresis were prepared by removing serum
albumin by Pierce Albumin Depletion Kit (Thermo Fisher Scientific); the final
loading sample was diluted to 1/10 of the original blood, and the analysis was
performed using duplicates of samples prepared from three healthy subjects and
three patients with stage 4 pancreatic cancer.
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SHIUED  /NME

> X007 )\A ESHEOENEXICE 2 D nucleotide-monophosphate &% 5
592%2&7T. ENPPs SEH&IE RN TO—JBFZHFE LI,

> STG-mdTMP, sSTM-dCMP @7 O—J DfiHEDEZ BV TRARERMEY > 7 )Lo
BEZITOTET, 3DDISRY—(CHASNDIERDIEL/ Y- 2B I DBER
ZRETDICENTE ., CDSIEDISTRI—D 1 DICDUVNTIEENPP3 THD E
RSN, ZODFEN T VBN ABETERCIBEIMLTULZ, ENPP3 &9 WIEN A
EDRBEFBECHRESNTHE ST, COBRE1DFERFETOT 71U
RO CEFREN KRB EOHZIEEZRET CEDTE IR REMZRETDEDT
DDEERD

> NA0OF7 /A RCBFTDAEDIRERREZE X TR, ENPP3 DiERIEEzR%Z L VTR
HRFMEDIRET, MR > T2 BVSERE DT NICE U TE ELISA DIRHIR
FEZRXE<FE>THD. DIRF>TOAYVT+ 2 IDERNSE. BIFEDSI >IN
DBREFAMT LR U TRDBREDOSRERIMT CHD EERD.
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£—HE KO

AART(E. EERD>TIHRCHEREITDILHOERZ 1 FIDOOEEL. BESRZRMEMID
BIEDRRDIEHREOTO—- I ZHAHENE TCEBICRIGESERZET. TORIGMHEDIA
HEDECEDWT, BLOETZHE I DERAFE CHORIMRE 32 C EDulRE/RRAl. 1
DFEREETOT 7D DI ZIT DIz,

AEMOELESEEE U T, X205 )\ GBS MHD phosphatase &M & E N T T —
TR zEFEL. BYIRNEREH T YA ZITDOZET, BRERRRIET > )LD ALP
7AVUHTA L ALPI & TNAP O REREZIER Uiz, CNIIEERMOIFE (CEEUL T
WBEP A VYA L%z ZDEECEDNTHRIRE LIz TORITH D, SSICAIMAR
Tld. ENENDT A VT A LARVCZORERCHEC T, EEO_IRECERD DMz R
LTHED. 92N\ IBEERICEDDIERNDRIBEZ L ERRUZIERERSD LN TED
AJREMZERIE LTS, CNE1DFLANILTODES/ING -2 =T EICKD T,
FERDENIRERDHRS I BN/RFREED Z ENFIRETH D VD AKKIMOEE I
RERIERTHD.

E5(C, BIRTO-JTDMAEHE - SEEOERICEUSBREG T v A ZITD
C & T, phosphatases, ENPPs (CBIU CRERBIENL/\F—> 2B 9 DERDEREINS
RBAEED > TIBOTOT 7 (I ZEDENTIRETH DIz, BENIEREETOD
FAINDT—=FCHUTISRAI—DHZEITDOIZET, BEREE/\F—>2TEDISR
H—(CHFITDZENTIRETH D . BREZDET —F EOEREHERURERZH
WEZYEACKD, FEDISRY —DtEKEREHET D LN TH T, &
Jz. COKDPUERVFRZITDZE(CKD. ENPP3 EF VN A WD e, BESRIE N
EIRBEDHTZ/IAEEZ RE I 2 EN TS DRREMERE T DERMNEFSN TS,
CDEDC. &EERD > TIHOSHDEERZE /T — 2 (CEDVWTHEIRH IS ED
BIRERARIIM TH DN, TOREBE(C DV THERRDS >/ B T & LR U TIE
BCEBLWEWDSERBRMNMESNTED. £AHY>TILRICHEIET DX DIREEERONESE
ZEBECRE T DI ET. HIRZMFEOMIIICE TR LOTEInREZEITD
R CHpdENWDTENER D,
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19 FREFEEFEIOI 7MY > DERH
AARK(CHITD 1 pFEREETOT 71U > DiEAE phosphatases, ENPPs (RS
NTWN, #XT0-TJZ2RAVWTCERZIRERIRRRER ChNE. Y1o0O07 /)1 &
ABEDTO-T&#HZICHEIT DI ECLO>THEEBLEINTHENRET D ENAIRET
HDEEZBND. ESICEERY T )ILRTOEERE (CIREDIRMN D IZEEZR TH D T
B, REBEDSS - FENEMNL) (5 — 2 (CK> THEUDEEZHE I IEREFNSDD
BRI EIEE. EWVDmhS. FiECEHEZRET CENTIEETH D ENAHAR TER
EENTLD,
Fre, AEMIEY > TIVERENMBRD TR BREECKLDIRETHDIEHLEERNIE
R CRIERIRE CTH D ZEMNS. S AEMTC KD THEEDE VR A A —H—D
XA BINIZRICE BEEFEEEDTVDUFTY RINAATS —ADICAEBHFEIN
D UFwy RINAATS— & eRINEFEERT DD AMAZ (circulating tumor

cells; CTC) DIRHICKBEZRBEE UTHREIN . BIE(FECKEED FORB(CKBIN
ADZIEBR L CHRRESINTOIEIITEH D 2. THITHH U TR L. 5>/ (OBD
Hge & U COBEREMHZIBHE U TV EWVWDSR TR DERDRIE (CEET DIBFESX
DT EDTED2MNEE UTHRFEN., ERICHY/I\OBDHEE(CEB U2z iEsd D
M. EEFREEDHTNDIDTTESD
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—2ZBIDVSTRAI—ELUTRHSNCERZ—ENICAEIT D ENEMTHD L0
SEMHB.

KARCHENWTIE, BREROAUEST —INSBSNDIEL/ F—2 EOEREDE. ©
USEBEEZRZRWZ YA (CRDEXISAI—DER. EWDSREENICHET DF
EERUlL. KDBEENICHTEITDIFELLUTE. TR ERWZRELFEDERERE
MEZSNDN. KEAMSEABIEENEMNNIFRARET T, FITHREDBL WHADFIET DB
RICUMBATERNEVWDHIKINGD D,

UL U5, EEETRUZEHERNIGHEE (R T, ANAFKICHTD ENPP3 ERIERIG
EDOBELENDTE, HESNDBEROEMRN TOMEE ERIFE EOBERZHRRI D&
T. H2EEHEEORV\HE(IRIEETHDEEZISND.

Fe. 1DFIANILEWSTBD THEDY )\ UEZRET DHEL LT BN
DFOIINIBEEEL. TRIZDRCK > TF I/ BESIERES DA% 2O/
R7 & BB Y DEOBMZEFAL CF =/ BEIERET 355 CHlFEEINTL
Do INBRIUI\DEBEDT Z JEEEHZERET D ET—HNRRAENTREEEZER SN
BH. BoNBEREH T TE—REINDHTHDZH. NS EERRNTOHEETH
DEHICHT BBHRZETD LD TEDIAKMZEAENE D LRECKD, MERS
SINOBEESD. ERRDY ) IOBZ L DEREN - SIENCDINT DT EN LD
ZEBHIfFEND.
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AATRICHWNTIE, MEEP(CH 1 ng/mL DBETHFELTULD. TLIEBNAEZECHL)
TERCEMUTWSEET O 7MIILOBESRZIRE I D EEER UL, TZEFRCE
HARTZRD(C, BEFTRRICEDCENTET TR /OB D, T EDHLIC
EDSTWRWII\OBEFRIZ(ICINAAY—H—E UL THRTIEHIC. Y2 TILHDiE
EH pg/mMLIUATDL>ZDE 2 )\OBFX THRIEBIEEEIRD ZEMNEF UL,
HHYTIVRICTFET D KDREBEDERZIRETDIHICE. 2 DDHENEZ S
nd.

1 D& AECAWVDERD > TILOFREZ TIFRZETHD. AAFRICHSNTE. I
B - MY > T)LOFAIRE (L 500-3000 B TRAELTLWBN. COFRERZTIFRIET
B TI)ILRCEBRICTFELTCVDRE L. BIERBICHSITIRITREZIADITDZENT
=, BT ILEEN AR ORERFMEIC K DIEWNS )\ OBE TRHEAIEEERD EE
Z5ND. UNURNSRISAERTDY >IN\ UERENGRE THDHBE. BUKEREZ
FAWZD TILOZEE O HEEE U MEBRN(CH D fesd. MRS > FILhd 7))L T = > F%&ER<
WIBZITOMEN DD, <HEECUMFEL TLRWY -5y NERDN DK D72
WIBDFEZZITIRNC EZIBRITDINEN DD,

2 DB AIERRET DI TILOEZEENCT ZETHD. 1 HFeHAliiCHNTEZ
DO L. #ERFNREERCEFNDENDOD FOBOHEX(CKD> TREZNDZ
&. SRIEEFE IR EIZN (CRE DM L (CEND Z ENFEIND.
ZOERICBNT 1 DFetlIRMiOERENZEZ TR, ARCEMORMIE L TT
&)L ELISAY WZ1E T M. COHiIFRIE E, RERFUMEN Y —4'y M F EHURED
FAMCHESNTUEDS LIS U, AT TIRERTNERDOE I DHEEEIRE LT
WBJzsd. CORIEEFEDILEN TDEEFHEB LICHESITDENDIEAT. SERDILIMR
F(CLDEFREMNDBREERFIDBNEEZSND.
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Materials and Methods
General materials

ALP from Pichia pastoris was purchased from Roche. Recombinant PTP1B was
purchased from Enzo. Other recombinant proteins were purchased from OriGene.
ENPPs were prepared according to the literature®®. General chemicals were of the
best grade available, supplied by AdipoGen, Tokyo Chemical Industry, Wako Pure
Chemical Industries, and Sigma-Aldrich, and were used without further

purification.

Serum samples from diabetes patients

Serum samples from diabetes patients and healthy subjects were purchased from
in.vent Diagnostica GmbH (Germany). The experiments are covered under the

company'’s ethical guidance and the approval of patients.

Plasma samples from healthy controls and patients with pancreatic

cancer

Plasma samples (n = 45) were obtained from untreated pancreatic ductal
adenocarcinoma patients (n = 31) and healthy controls (n = 14) at the National
Cancer Center Hospital and Osaka Medical College between 2006 and 2008.
Written informed consent was obtained from all of the participants. Blood samples
were collected in EDTA glass tubes. The supernatant was separated by
centrifugation and cryopreserved at -80°C until analysis. All samples were
processed in the same manner. The study was reviewed and approved by the
ethics committees of the National Cancer Center (Tokyo, Japan; authorization no.
2014-246) and Tokyo University (Tokyo, Japan; authorization no. 30-9). Patients
were classified as having clinical disease stage I, II, III, or IV according to the

International Union against Cancer®® %,
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Instruments

NMR spectra were recorded on a JEOL JNM-LA400 at 400 MHz for *H NMR and at
100 MHz for 3C NMR. Mass spectra (MS) were measured on a JEOL JMS-T100LP
AccuTOF LC-plus 4G (ESI). Preparative HPLC was performed on an Inertsil ODS-3
(10.0x250 mm) column (GL Sciences Inc.) using an HPLC system composed of a
pump (PU-2080, JASCO) and a detector (MD-2015). Preparative MPLC was
performed on an Isolera One purification system (Biotage) equipped with a
Biotage SNAP Ultra C18 column (for reverse phase separation) or on an MPLC
system composed of a pump and a detector (EPCLC AI-580S, Yamazen) and
equipped with a silica gel column (silica gel 40 um or Amino 40 um, Yamazen) (for
normal phase separation). LC-MS analysis was performed on an Acquity UPLC H-
Class system (Waters) equipped with an Acquity UPLC BEH C18 1.7 um (2.1x50

mm) column (Waters) and an MS detector (QDa, Waters).

UV-Vis absorption and fluorescence spectroscopy

UV-Visible spectra were obtained on a Shimadzu UV-1850. Fluorescence
spectroscopic studies were performed on a Hitachi F-7100. The slit width was 5.0

nm for both excitation and emission. The photomultiplier voltage was 400 V.

Enzyme activity measurement with a plate reader

For Fig. 2-1-4 and 3-3-1, the fluorescence in 384-well black plates (Greiner) was
measured with a microplate reader (2103 EnVision; PerkinElmer, Inc.). To
determine the enzymatic activities, the time course of the fluorescence intensity
(excitation and emission: 335-375 nm/448-473 nm for umbelliferone derivatives,
478-492 nm/523-548 nm for TokyoGreen derivatives) was measured at 1 min
intervals at 25°C, and the initial velocity of fluorescence increase was converted to
enzymatic activity using the corresponding fluorescent products (1 uM) as
standards. For Fig. 4-4-1, the fluorescence was measured in 96-well half area
plates (Corning) with a microplate reader (ARVO X5; PerkinElmer, Inc.). To

determine the enzymatic activities, the time course of the fluorescence intensity
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(excitation and emission: 478-492 nm/523-548 nm for TokyoGreen derivatives,
519-544 nm/565-625 nm for TokyoMagenta derivatives) was measured at 5 min
intervals at 25°C. For the measurement of ALPI activities in serum by
conventional biochemical assay, the absorbance was measured in 384-well clear
plates (NuncTM) with a microplate reader (SH-8000 Lab; Corona Electric Co.,
Ltd.). To determine enzymatic activities, the time course of the absorbance (at
405 nm) was measured at 1 min intervals at 25°C, and the initial velocity of
absorbance increase was converted to enzymatic activity based on measurements
of 10, 30, and 100 uM standards.

Preparation of microdevices for assay

Chamber array devices were prepared based on a previous report®!. A glass
coverslip (24x32 mm) was sonicated in acetone and isopropanol, and deionized in
water for 10 min. Then, the coverslip was immersed in 10 M KOH for several
hours and rinsed with deionized water. It was spin-coated with an amorphous
fluorocarbon polymer (CYTOP 816AP; Asahi Glass, Japan) at 3400 rpm for 30 s
and baked for 1 h on a hotplate at 180°C. The thickness of the CYTOP layer was 3
um. The CYTOP-coated coverslip was spin-coated with a positive photoresist (AZ-
4903; AZ Electronic Materials, USA) at 7,500 rpm for 60 s and baked at 55°C for
3 min and then at 110°C for 5 min. Subsequently, photolithography was carried
out using a photomask with 3 um holes, separated by 3 um. The resist-patterned
coverslip was dry-etched with O, plasma in a reactive ion etching system (RIE-
10NR; Samco, Japan) to remove the exposed CYTOP. The substrate was cleaned
and rinsed with acetone and isopropanol to remove the remaining photoresist.
The resulting CYTOP-on-coverslip substrate had an array of exposed SiO, patterns

with a diameter of 4.3 um, each held a water droplet in the digital enzyme assay.
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Digital enzyme assay in the microdevice

The enzyme stock solution was diluted with the assay buffer containing
fluorescence probes. Next, 15 uL reaction mixture was introduced into the
microdevice by manual pipetting. Then, 40 uL AE-3000 (AGC Chemicals) and 40
uL Fomblin®PFPE (SOLVAY) were introduced into the microdevice to flush out
excess reaction mixture and to form W/O droplets. The fluorescence imaging was
done using a Leica Application Suite Advanced Fluorescence (LAS-AF) instrument
with a TCS SP8 and 20x dry objective lens (HCPLAPO CS2 20x 0.75 DRY). The
light sources were diode, argon and HeNe lasers. The excitation wavelength and
the emission wavelength were 405 nm/432-500 nm for umbelliferone derivatives,
514 nm/530-580 nm for TokyoGreen derivatives, and 594 nm/610-700 nm for
TokyoMagenta derivatives. All measurements were performed at 25°C. Optimized
conditions for enzymatic assays were as follows. For ALPs, biological samples
were mixed with HCCA-mPhos (30 uM), sTG-mPhos (30 uM), and sTM-Phos (30
uM) in diethanolamine-HCI buffer (1 M, pH 9.3) at 25°C, and the fluorescence
increase was monitored for 40 min (for Fig. 2-2-1, 2-2-2, 2-2-3, 2-3-1, 2-3-2, 2-
4-1, and 2-4-2). For general phosphatases, biological samples were mixed with
HCCA-mPhos (30 uM), sTG-gmPhos (30 uM), and sTM-Phos (30 uM) in tris-HCI
buffer (100 mM, pH 7.4) at 25°C, and the fluorescence increase was monitored
for 2 h (for Fig. 3-1-1, 3-1-2, 3-2-1, 3-2-3, and 3-3-2). For ENPPs, biological
samples were mixed with sTG-mdTMP (100 uM) and sTM-dCMP (100 uM) in tris-
HCI buffer (100 mM, pH 9.3) at 25°C and the fluorescence increase was
monitored for 40 min (for Fig. 4-2-1, 4-2-2, 4-2-3, 4-2-5, and 4-3-1).
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Image processing

The fluorescence increase was calculated by linear fitting of 4 time points of
fluorescence intensity inside ROIs corresponding to each well. ROIs were set by
the following procedure. First, a suitable threshold for almost all wells in the
microdevice was set and the areas meeting appropriate conditions (diameter: 10-
50 pixels, circularity: 0.7-1.0) were selected as ROIs. Second, each ROI was reset
to a circular ROI whose center was the same as that of the original ROI and

whose diameter was 8 pixels. All processing was performed with Image]

(https://imagej.nih.gov/ij/).

Discrimination analysis

In Fig. 2-2-2, 2-3-2, and 2-4-1, each well was assigned to the ALPI cluster or the
TNAP cluster using discrimination analysis. The training data for ALPI and TNAP
were decided by measuring the purified recombinant protein (Fig. 2-2-1). The
Mahalanobis’ distance from the training data of each well was measured and the

well was assigned to the cluster that has the smallest Mahalanobis’ distance.
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Cluster analysis

The assay was performed under conditions where & (probability of existence of a
protein molecule in a well) was around 0.01. We treated each spot as a
representative of a single enzyme molecule. Cluster analysis was performed using
a variational Bayesian-Gaussian mixture model (VBGMM, implemented in Python
with scikit-learn; https://scikit-learn.org/); the model assigns all data points to a
mixture of unidentified numbers of Gaussian distributions by means of the
variational Bayesian method. The initial cluster number was set to 9 (in
phosphatase assay, Fig. 3-2-1, 3-2-2, and 3-2-3) or 3 (in ENPP assay, Fig. 4-2-3
and 4-2-5). We omitted the data from the empty wells, defined as wells whose
Mahalanobis’ distance was less than or equal to the threshold calculated from the
assay with blank buffer. The wells with apparent increase in fluorescence below
zero for all wavelengths (in phosphatase assay) or for the green wavelength (in

ENPPs assay) were also omitted from the analysis.

Western blotting

Western blotting was performed with serum samples treated with Pierce Albumin
Depletion Kit (Thermo Fisher Scientific) for the removal of serum albumin. All the
electrophoresis samples were diluted to 1/10 of the intact serum for the loading.
The proteins were separated and detected using an automated capillary
electrophoresis system (Simple Western system and Compass software;
ProteinSimple) using Wes Separation Capillary Cartridges for 12-230 kDa.
Antibodies against ENPP3 (Abcam, ab233777) were used at a dilution of 1:50.
The signals were detected using an HRP-conjugated secondary anti-mouse

antibody and were visualized using ProteinSimple software.
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Synthesis of a novel phosphatase activity detection probe.
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Synthesis of a novel phosphatase activity detection fluorescent probe (sTG-
gmPhos).

(a) dibenzyl phosphite, DMAP, DIEA, CCls, CH5CN, -10 °C, Yield: 52 % (b) PPhs,
CBr4, CH,Cly, r.t., Yield: 46 % (c) Cs,CO5;, DMSO/CH5CN, r.t., Yield: 70 % (d)
TMSI, pyriding, 0 °C, Yield: 65 %.
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Preparation of compound 1

A solution of dibenzyl phosphite (3195 uL, 14.5 mmol) in CHsCN was added
dropwise to a solution of 4-hydroxybenzyl alcohol (1241 mg, 10.0 mmol), DMAP
(122 mg, 1.0 mmol), DIEA (3666 uL, 21.0 mmol) and CCl, (4836 uL, 50.0 mmol)
in CH3CN at -10°C. The reaction mixture was stirred under Ar at -10°C for 6
hours, and then evaporated. The residue was purified by column chromatography
on silica gel (eluent: AcOEt/hexane = 29/71 > 50/50) to afford 1 2012 mg (5.23
mmol) as a colorless solid, yield 52%.

'H-NMR (400 MHz, CD;0D) & 7.27-7.32 (m, 12H), 7.07 (d, 2H, J = 8.2 Hz), 5.09
(s, 2H), 5.07 (s, 2H), 4.53 (s, 2H)

13C-NMR (100 MHz, CDs0D) & 149.6, 138.9, 135.5, 128.5, 128.4, 128.1, 128.0,
119.7, 70.2, 63.1

HRMS (ESI™): Calcd. for [M+Na]*, 407.1024, Found, 407.1021 (-0.3 mmu).
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Preparation of compound 2

A solution of PPh3 (491 mg, 1.87 mmol) in CH,Cl, was added dropwise to a
solution of 1 (600 mg, 1.56 mmol) and CBr4 (1035 mg, 3.12 mmol) in CHyCl,
under Ar at r.t. The reaction mixture was stirred under Ar at r.t. for 6 hours,
and extracted with CH,Cl, and H,0O, and the organic layer was dried over
Na,S0, and evaporated. The residue was purified by column chromatography
on silica gel (eluent: CHCly) to afford 2 (318 mg, 0.71 mmol) as a colorless
solid, yield 46%.

'H-NMR (400 MHz, CDs0D) & 7.27-7.35 (m, 12H), 7.05 (d, 2H, J = 8.7 Hz),
5.10 (s, 2H), 5.08 (s, 2H), 4.50 (s, 2H).

13C-NMR (100 MHz, CDs0D) & 150.2, 135.8, 135.4, 130.5, 128.6, 128.4,
128.0, 120.1, 70.3, 31.7.

HRMS (ESI™): Calcd. for [M+Na]*, 469.0180, Found, 469.0170 (-1.0 mmu).
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Preparation of compound 3

sTG was prepared according to the master’s thesis. A solution of 2 (270 mg,
0.60 mmol) in CH3CN (anhydrous) was added dropwise to a mixture of sTG
(86 mg, 0.20 mmol) and Cs,CO3 (261 mg, 0.80 mmol) in DMSO and CH3CN
(anhydrous) under Ar at r.t. The reaction mixture was stirred under Ar at r.t.
for 6 hours. Then, sodium phosphate buffer (pH 7.4) was added, and the
organic solvent was removed in vacuo. The aqueous solution was purified by
HPLC (eluent: A/B = 99/1 > 0/100, A: 100% H-,0 containing 0.1 M TEAA, B:
80% CH3CN and 20% H,O containing 0.1 M TEAA). The eluate was desalted
on a Sep-Pak C18 Cartridge (Waters), and evaporated under reduced
pressure. The product was freeze-dried to obtain 3 112 mg (0.14 mmol) as an
orange solid, yield 70%.

'H-NMR (400 MHz, CD;0D) & 7.71 (s, 1H), 7.42 (d, 2H, J = 8.7 Hz), 7.11-
7.29 (m, 15H), 6.95 (dd, 1H, J = 8.9, 2.5 Hz), 6.91 (s, 1H), 6.54 (dd, 1H, J =
9.6, 2.3 Hz), 6.38 (d, 1H, J = 1.8 Hz), 5.18 (s, 2H), 5.09 (d, 4H, J = 8.7 Hz),
4.05 (s, 3H), 3.77 (s, 3H).

13C-NMR (100 MHz, CDs0D) & 185.9, 164.3, 160.1, 160.1, 155.1, 151.0,
135.5, 135.4, 133.4, 131.9, 130.8, 130.2, 129.2, 128.6, 128.4, 128.1, 128.0,
125.3, 120.1, 120.1, 118.0, 114.8, 114.7, 111.2, 104.1, 101.1, 96.3, 70.3,
69.78, 55.38.

HRMS (ESI™): Calcd. for [M+H]", 795.1665, Found, 795.1662 (-0.3 mmu).
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Preparation of 4 (sTG-qmPhos)
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A mixture of 3 (50 mg, 0.063 mmol), TMSI (130 uL, 0.945 mmol) and
pyridine (77 uL, 0.756 mmol) in CH,Cl, was stirred at 0°C for 1.5 hours.
Sodium phosphate buffer (pH 7.4) was added, and the aqueous phase was
separated and evaporated. The residue was purified by HPLC (eluent: A/B =
99/1 > 0/100, A: 100% H,0 containing 0.1 M TEAA, B: 100% CH3CN
containing 0.1 M TEAA). The eluate was desalted on a Sep-Pac C18 Cartridge
(Waters) and evaporated under reduced pressure. The product was freeze-
dried to afford 4 (25 mg, 0.041 mmol) as an orange solid, yield 65%.

'H-NMR (400 MHz, CD50D) & 7.68 (s, 1H), 7.21-7.39 (m, 7H), 6.98 (dd, 1H, J
= 8.9, 2.5 Hz), 6.92 (s, 1H), 6.57 (dd, 1H, J = 9.6, 2.3 Hz), 6.42 (d, 1H, J =
1.8 Hz), 5.20 (s, 2H), 4.05 (s, 3H), 3.80 (s, 3H).

13C-NMR (100 MHz, CD50D) & 185.9, 164.7, 160.1, 155.1, 154.0, 151.1,
131.9, 130.7, 130.2, 130.0, 128.8, 127.9, 125.3, 120.3, 120.2, 118.0, 114.8,
114.7,111.2, 104.0, 101.1, 96.3, 70.4, 55.4.

HRMS (ESI*): Calcd. for [M+Na]*, 637.0546, Found, 637.0552 (+0.6 mmu).
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