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VTR AGE IR 650~900 nm (ZERDZE) DR REK
RY F—v b e X BAEEE T 210EW
ROS IEMEESEFE (Reactive oxygen species)
H,0, Rk (Hydrogen peroxide)
CyBA R UBERI T ZATF T = RO Y — T
JS-R HHEWIZR U U2 N L= aoet v o Y —25+ (JoSai-Red)
B-N#H & R BB R OBNLRE G
HEPES 4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid
Fru D-7 /v 7 k— A (D-Fructose)
Gle D-7' /L =— A (D-Glucose)
Gal D-%Z 7 k— A (D-Galactose)
Man D-= Y/ —A (D-Mannose)
Fuc L-7 @2—X (L-Fucose)
Sor D-Y /)L E | —/L (D-Sorbitol)
NeuSAc N-T®F N/ A4F I B (N-Acetylneuraminic acid)
Neu5Ge N-7U =z /)AZ I M (N-Glycolylneuraminic acid)
CA 717 =1 —)L (Catechol)
JS-R/CA JS-R & CADER = AT VAR
JS-R/Fru JS-R & FruD B AT VAR
NMR FERESEE (Nuclear magnetic resonance)
FAB-MS (R B VA E B4y M7 (Fast atom bombardment-mass spectrometry)
EI-MS 1A A AbiE-E &5 HT (Electron ionization-mass spectrometry)
DFT 7 FEINLBE%L (Density functional theory)
HOMO B =% H#E (Highest occupied molecular orbital)
LUMO AR ZEH1E (Lowest unoccupied molecular orbital)
4I1QBA 4-1 Y F 7 Y e P (4-Isoquinolineboronic acid)
GOx TNha—AF %X —1E (Glucose oxidase)
PVA Y B =17 L z2—/)L (Polyvinyl alcohol)
DMSO Dimethyl sulfoxide
PBS Phosphate buffered saline
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FOGHIE R, RS ISEMEN S ERE THMAARETH D, 3t A=Y 7
EEOWES L LI A BT o — T BRI TE T, 4 E T, 7ULbREK
WM T EOEN T v — T, AFEEAERE O MO S I EE &
Bl o TE e, AMBEaH CHW L8 o —4 1. ZOFIH BIC
G U7k 2 7o RO H D (Table 1), #YEt o —0 1 OFEHE, Table 11
RUTZETOWEZW-T0HEIXR <, BMISCEHEZFHAT 2T oy
— & L THiRET 2 Z L HIfFTE 5,

Table 1. Desired properties of fluorescent sensor molecules.

HOLEE = IR BN S MEE

RWVE R IR A R T,

R E DRI ReE & 7R 9, (GEARAMEL (AR D& HEK): 650~900 nmA3ZE LV, )
W E DOREIR OpHIZ AT 5,

JEVOpHFBH CZEE L 7 s 2 on g,

BEEDYF 3 DT A AT L CREMICHE AT 5,

BE Oy B IC B W TR LR E L 2 R T,

KETE D43 TRdak B W Tt R 2T,

WAL BN R,

FEEDORRKIC & 0 ZEMENELT .

UTAETIL, in vivo WA A=Y U ZICBT AN S G ShTnws P AR
DEE & WREIN D ITARFMERL (650-900 nm) D6, ERRERKS TH HKP~EZ 1
B KW B RO OB E T < < MRREE D mV &V D REED B
% (Figure 1Y, 2 ORIL. in vivo A A —V 2 T ~OFIFICAL L STV D,
ZDZ LD, EIRAMEBUITRIN & 2 TR AROFEREE > TV D, FE
FEI O pH ([ISETHMWEA2HET 5 Z & T, pH HRESE~ORMAICHfETcE 5
—J7. pH ZABITxE U TLE L7zaOtRrE 27”92 & T, pH LT 2 BRE T Ick0»
THED) TREBE~OHEANYHFETE D, o, BEOH T4 4> AT DMl
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TOMEEZAT 2H0EGRIT, REMEDZLIZHE O L 2RI Lizd0et o
—F & LTOBEMbBHFRFTE D,
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Figure 1. Absorption spectra with the biogenic substance and optical window”.

Ao UEERERIE, FIGERO—2 L LTHEAZED TV D, Ao U EFHEARIT,
WENET2EEOe FaXxvik (R A—n) L RWMICERIRT A7 VS S & TE K
THZENMSNTND (Scheme 1), F£72, 7z =R o UEEHEMRIT, #@EEL
A
M7 e CEERIE OB AT, 7 = ) — NV ERER A~ LA SIS (Scheme 2)'H12,

K (Ha0,) ZEDIEMEREFHEFE (Reactive oxygen species: ROS) & DRI LD |

OH OH- o HO  OH c,’_
R—E R-B=OH —=== R-B_
/
‘OH H* OH HO

Scheme 1. Equilibrium of boronic acid derivatives and a sugar.
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Scheme 2. Reaction of phenylboronic acid pinacol ester and H,O,.

AMETIE, AUFEELv o T M T 5 2 EEOGHE S o — 0 FET
YA L, ZOICHICET 2MET 21T o7, % 1 BT, IRIMEBIE R 2R
THOEENC A v CBREAL 2 LRI B L, BrBlaot i o —4r - (Figure 2,
CyBA) Z1%7-, % 2 BETIE, dOLHNICHA TR 25 A LIttt o9 —n+
(Figure 2, JoSai-Red: JS-R) Ak L7z, Z LT, HIETILH | ELOFE 2 ETHDL
MTHRLAOEE Y v — 0 F OIS BT 2 et 217 > 72,

CyBA JS-R

Figure 2. Structures of new fluorescent dyes.



% 1 FE: TRIMER (650~900 nm) IR ERTR e VBEMT T = REHE
Zu—7 (CyBA) DHFT YA v

W1E S

Yoon HIZX T, #OtM bR P —L LTHIET 27 > M TR e @
1992 fEICHE &= M, Z4 Lk, Shinkai & James % Tl & L72% < ORFZE S L —
T Lo T, Au v BEME oL =t aRE I T
IBITISD © pin S LT 7 Z b A 2 REHOLH & LizAR o a8k 1 (Figure
3) 1%, 493 nm TORIEEIZ LV | 567 nm ([ZHEMKE RS, 7=, 77 h—R (Fru)
PFED ERICHE, BB OB LY, 550 nm ~OHOEBAK ORI E AL E R

Is »@

600
o _N__o o._N__o 500 - D-Fructose
400 4 0-500 mM
HO OH
) == 0.

200 A

1

Fluorescence intensity / a.u.

HO § \ 100 4
B B
HO’ e 0 . . .
1 500 550 600 650 700
A, 493 nm, A,,, 567 nm A, 493 nm, A,,, 550 nm Wavelength /nm

Figure 3. Suggested structural change and fluorescence spectra of 1 (50 uM) upon
addition of D-fructose (Fru) in 100 mM phosphate buffer at pH 7.4, Aex 493 nm'®.

L2rL7eA 6, 500 nm IO FHEIGIE, FEEROEOFMHNATH Y | AEESIC X
HDWEEZZTROT W ENBEEND, ZNOOREE RS 572X, FTHRIME
RN e O SRR 2 R PRI DA R TH D,

FFHSEEMEIR E L TARE TERRBEINTWEAL V Ry T =7 V= (VT 77
U —2% SRR 13 I E LTATEATF UL T =B AR L, T
IRAMEI S FERFVE (Maps ca. 775 nm, Aem ca. 820 nm) Z/RT Z E RSB TND
(Figure 4, left)”’, ZHE TIZ, IRAMEIR CHIEST D2 ~T X A F v T =Bk EH



T O T =T PRE SN TER 2, AT ERAF T = BRI &
L7AbEMD—>2 L LT, IR-780 NZEF Hv5 (Figure 4, right), IR-780 & T /RS 1Mk
I IEFHEME (abs ca. 780 M, Aem ca. 820 nm) %359 22324

ARETIE, Awu UEREALZ IR-780 (TALAEM L, IT/RAMESE CHRE T 5 HO M
> ¥ —53F (Figure 2, CyBA) ZAH L, £ DML FRIRHE DA & R Y A — VR EPE K
O H,0, IS A LT,

;i////,q

Figure 4. Structures of indocyanine green (left) and IR-780 (right).
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%2 i GERAMERIOERFEE R T AR VBB T = U REOEAFR (CyBA) O
AL
2-1 CyBA DAL & HEERE

CyBA 155722, 3R v UEEAL CToh 5 2-(aminomethyl)phenylboronic acid @
B E1T > 72, 2-(bromomethyl)phenylboronic acid % i LEW & LT, 2 EpED
)i % %% C 2-(aminomethyl)phenylboronic acid hydrochloride % 24.2% MUK THH7=, it
VT, Z L% N,N-dimethylformamide }2 O® triethylamine ' C, IR-780 iodide & )it &+,
CyBA % 24.1%MD IR T47= (Scheme 3), CyBA L. BlA LIS (NMR)E &1 (MS),

TLHR AT KGR E 21T o 72 (Figures 5 and 6),

N
Br N H3 CI
OH .. ?H
|'3\ . NaN=N=N" N
Tetrahydrofuran/ water, 1) Methanol, 80°C, 15 hr
65°C, 1.5 hr 2) 36%HCI aq

2-(Aminomethyl)phenylboronic
acid hydrochloride,
Yield : 24.2% (2 steps)

i N
NH; CI’
~ Q
B >
‘OH Triethylamine, Dimethylformamide, N
r.t., 15 hr

CyBA, Yield : 24.1%

Scheme 3. Synthesis of CyBA.
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Figure 5. "H NMR spectrum of CyBA in methanol-d;.
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Figure 6. FAB-MS (positive mode) and structure of CyBA glycerin complex.



2-2  CyBA DY R

CyBA (%, 10 mM HEPES & A methanol/water (1/1, v/v, pH 7.4) HIZHV T, 659 nm
(SRR K 2R L, B AWOAREIE 1.1x10° Mem™ Th-72, £72. 659 nm TODJi)
I XD 726 nm IZE K EZ R LTz, LLEOFENS, CyBA 1, dT/RAMEIRIZE
X EHarnd 2 ENH BN E 22572 (Figure 7). F£72. methanol FIZF1F %5 CyBA

DENEFILR (D) 1L, 3.8x10° TH o7,

=
1

"\ —— Absorption
]

©
(o]
1

' — — Fluorescence
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o
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Figure 7. Absorption and fluorescence (Aex 659 nm) spectra of CyBA in methanol/water
(1/1, v/v) containing HEPES (10 mM) solution at pH 7.4.



2-3 CyBA @ pH {KfEMEEA

ATAIZIE, 45 pH (pH 4.0-12.0) (Z351F 5 CyBA OHEOE AT MV ORERERZ /7T,
CyBA (. pH @ EFITHEV HOBTREE O K M Qa0 R R ORI R b Z R~ L
7o £72. K pH & XD pHIZEIT D 700 nm DEERED 7~ hEHWTHEH L
CyBA DR T FHED pK, 1%, 9.52 TH-7= (Figure8), Z DI L5, CyBA X, HmUHE
(KA A A 2 SBAAL T D 2 & T #OGIRE O & HOUMR DR R L& 7R
LEZOND,

(a) . 100 - (b) 100 A
-] >
2 @
~ - . .
E 80 § ?6 80
2 i £ < i
§ 60 . & 60
£ e <
40 4 v Q9 40 A
8 g E’ )
3 20 A S ® 20 A
4] =
S (T8
3 0 EE— | 0 T T T T T T T 1
- 600 650 700 750 800 850 4 5 6 7 8 9 10 11 12
Wavelength / nm pH

Figure 8. (a) Fluorescence spectra of 2.0 uM CyBA (pH 4.0-12.0) and (b) pH profile of
the fluorescence intensity at 700 nm of 2.0 uM CyBA. All samples were measured in
methanol/water (1/1, v/v) containing 10 mM HEPES solution, Aex 659 nm. The pK, value
of CyBA was 9.52.
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F 38 CyBA DRV F—/iEAMEDTHM

CyBA |Z 50 mM Fru %N L. £ pH (pH 4.0-12.0) IZ

B DHIEART bz fllE

L7z, Fru £FETFIZBEWTY, pH O _EFHITLEV ) 3R E O K & 8otk O &
Tk Z R LT, F£7-. 50 mM Fru 7 TI2B W T,

KFL=

(@) 120
100
80
60
40

Fluorescence intensity

20
0

(Figure 9),

600

650 700
Wavelength /nm

800

850

(b)

Fluorescence intensity

at 700 nm/ a.u.

CyBA DR #ED pK, 1. 6381

120
100
80
60

40[

20

—-without sugar
TFwith 50 mM fructose

6

7 8 9 10 11 12

pH

Figure 9. (a) Fluorescence spectra of 2.0 uM CyBA with 50 mM Fru. (b) pH profile of the
fluorescence intensity at 700 nm of 2.0 uM CyBA in the absence and presence of 50 mM

Fru. All samples were measured in methanol/water (1/1, v/v) containing 10 mM HEPES
solution, Aex 659 nm. The pK, value of CyBA with 50 mM Fru was 6.38.

Figure 9 (b) 7°5 ., CyBA IZH MR T TR Y A — ARG ) AN R K Th
HZEBbhrolz, £IT, FHERETICEW T, &H Fru 2 (0, 1,2, 5, 10, 20, 50,

100 mM) |

&ET, PR TR YR

5D,

BT D CyBA DHN AT MV ZRE LTz, FrulRED LRV, #O
B DHE R S OV YRR D 700 nm ~OELE RZEZ 7~ L7 (Figure 10), ZiuE, &
1 PRI D Fru OFE RIS IV BRIRZ AT AV ZE L, RURO pK, MET L2 Z
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100 -

T 100 mM
80 A1 fructose
60 - T
40 - 0mM

fructose
20 A

600 650 700 750 800 850
Wavelength / nm

Fluorescence intensity / a.u.

Figure 10. Fluorescence spectra of 2.0 uM CyBA upon addition of Fru (0-100 mM) in
methanol/water (1/1, v/v) containing 10 mM HEPES solution at pH 7.4, Aex 659 nm.

Fru, Z7/v2—2Z (Glu), #7727 h—A (Gal), ¥/ —A (Man), 7 2—A (Fuc),
YVE R—JL (Sor). N-T&F )L/ AT 2 (NeuSAc) 1%, A7 AR
TodH D (Figure 11), FFIZ, NeuSAc [TREMR T TR TH Y . ABREREICE 5 L C
B, AR TOZ=T Y N VGS, £ 2T FHESEME T T Fru, Glu,
Gal, Man, Fuc, Sor. NeuSAc Z i L7 & & OH IR ICFE DWW TR FRBEEIC R
HAEEERM K #H5 M L, R A — 5G4 7ML 7= (Figure 12, Table 2), Fru, Sor,
NeuSAc OFEAEEIL, HBHIEVMELZ /R L7122 &5, CyBA X Fru, Sor, NeuSAc

WX L TEWEBRE 2 R EE 2 BND,

OH

OH
H
HO HO
°“ OH AcHN O COOH
OH
oH' o H H
OH HO OH HO OH HO OH OH OH H OH
H
Gal

OH H

Neu5Ac

Figure 11. Structures of D-fructose (Fru), D-glucose (Glc), D-galactose (Gal), D-mannose
(Man), L-fucose (Fuc), D-sorbitol (Sor) and N-acetylneuraminic acid (Neu5Ac).
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Table 2. Binding constants (K) of CyBA to sugars.

Sugars Binding constans K (M™)

Fru 173.2

Glc 4.0

Gal 35.6

Man 11.1

Fuc 12.0

Sor 317.0

NeuSAc 1354

:;. 3.5 -
(7]
§ 3 “-Fru
c 2.5
.q; #-Glc
S E 2
g = A-Gal
a 815
= N @-Man
S® 1
= =>-Fuc
@ 05 -
- =¥&=Sor
2 0 L] L] L] L] 1
o 0O 20 40 60 8 100 —+Neu5Ac

Concentration of sugar / mM

Figure 12. Titration curve of fluorescence intensity at 700 nm of 2.0 uM CyBA
(methanol/water (1/1, v/v) containing 10 mM HEPES solution at pH 7.4, Acx 659 nm)

against sugar concentration.

CyBA 25, M EMIC K DR Y A — WIREME L R LT A =X LIZDONT, Jin B3
5 L7 1 (Figure 3) OIEEA D= AL EIKITEL LT, 11, FREDO ERIZHES
T HOGIRE OBR &SR OB R A\ E RS, FERTETO 1%, AU HE L
T57 X EOERPENAS BN fG) 2L TWD, —7, BEFTTHRE
VERERIEDHE L BRR AT VEE T D L. R UERD pK, MR T L, KB A A
AR T FITENL LT BN EADS IR S D, 20 B-N fEG OB, #pMAk kL
WREEBIBEOHKE LT L ENTWD (Figure 3)°, AETHKLTZ
CyBA b 1 L[AIFRIC, KU A— /VRED EFIZE- T, #BTREOBK & 3k o
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HWEAAR LT, 207 Eib, 1 L FEEOR Y F— LA I = AL ThH5 &
HEZZ I 5 (Scheme 4),

Scheme 4. Proposed mechanism for polyol induced fluorescence change of CyBA.
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H4M CyBA OBEBMLAR (M0 RISHEOHE
ﬁftlL/ﬁéﬁﬁﬁg%EF#’DEEﬁ%fﬁé%Lj\ H,0, &jO)BiM$ﬁ:(I ) R ﬂft1>/E§E%£%<k b Ro
VEEORZWNE Z Y | #OEE b Z R T (Scheme 5)'12,
o o]
QI\JB o é& ° o OH
OO we . LK
o
DS g

Non fluorescent Highly fluorescent

COOH

Scheme S. Boronate modified fluorescent probe for detection of H,O..

CyBA H Hy0, EDOIGNIC L DR U ERRE L B e U ROBERN/A T, HHE
fbzrmd e PRENT, LLRBSG, BRIRT AT AZER L Ty CyBA 1,
H,0, Z WL T H a2 b &2 /R S 720y 7= (Figure 13), — . 50 mM Fru L7 F CE
W AT NVEEM LTz CyBA 1Z, Hy0, DUINC LV kR 72 A7 M AVELZ 7R
L7 (Figure 14), ZOHNEZE(GIZ. Hy0, & DRIRIC R W R m UGN L Fr ks
BICEBR SN OTHLEEZEZDND, TOZ LN, BIRZAT A ZERHEL T
720 CyBA 1Z. H,0, I K DR b Ui L OB Z 5 72 W ATREME 2V RIR S h
oo ZHUE, BRIRT AT LV EIEAL L TR CyBA 28, B-N #8252 & T,
HO0x ICE DR TR A~DMHIMIENE Z VIZL K RoTeledTh b g d, F
7o, —ERFERRIEE O 700 nm OE LR N —E & 72 o 72 (Figure 14b), Z DR, BIR
T AT VA LTz CyBA & HoO EDRUSHE T LI b D EHRIND, ZORIG
I%. CyBA DERIRT AT VDAL & KER{EIA A2 OENLIZ LD . B-NFEE BB L
722 & T, HiOy DR TYBASDHIMNEZ /o2 DIZE U E RIS, Uk
D EME, CyBA X, BIRT AT VAT 52 & T, MO KGR EE D LB R
545 (Scheme 6),
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Figure 13. Time dependence of fluorescent spectral changes for 2.0 uM CyBA
without polyol upon addition of 1.0 mM H,0; (0-15 min), measured in
methanol/water (1/1, v/v) containing 10 mM HEPES buffer at pH 7.4, Aex 659 nm.

@) (b)

& 400 >

~ 3

Z 5

' 300 £

3 )

c o

‘o 200 S

2 2

o g

Q

§ 100 5

o ('S

é 0 1 O 1 1 1 1

600 650 700 750 800 850 0 1500 3000 4500 6000
Wavelength / nm Time / sec

Figure 14. (a) Time dependence of fluorescence spectral changes of 2.0 uM CyBA with 50
mM Fru upon addition of 1.0 mM H,0, addition (0-90 min). (b) Plot of fluorescence
intensity at 700 nm upon addition of 1.0 mM H»O,. All samples were measured in
methanol/water (1/1, v/v) containing 10 mM HEPES solution at pH 7.4, Aex 659 nm.

Scheme 6. Proposed structural change of CyBA cyclic ester form reacted with H,O,.
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ESHI NE

KRETII, AT ZAF T =B EAT 5 IR-780 (T4 1 UL Z2 (LSS
Efid 5 2 & T, FlaottE o —00F CyBA 2155 2 &N T&E 1o, £ORHUDE
#)% Table 3 12779, CyBA . IEARIMEBUIEFHAFE (Mavs 659 nm, e 726 nm) 7R
L. BEARETFAOEGFETICBWT, ZRZEpH 9 LLEK O pH 6 LA =D pH &~ C
WIEbZ R LTz, £72. NeuSAc HIZEHWEAMEEZ R L, BRZAT AV EBAT S
T & THUDEIREE O R L AR ORI BAb AR Uiz, ZhUE, BRRT= AT LR

M2 X2 B-NFEG OB E BRI ES HEEED B A 7o b L LHER S
N5, BIZ, CyBA X, BRIR= AT /LVOFEIZL Y, HyO00 \TKkFT 2 SULMEN R Y |
BURT ATV EE T 5 2 & THO ISR EED EEZ BN D,

Table 3. Characters as fluorescent dye of CyBA.

CyBADH LA & L COMWE
GEAROMEIR (Mex 659 nm, Ay 726 nm) (TGRS,
PERLETT TIEpH 9BA L, BEE(E T CTldpH 680 E TR T 5,
Fru, Sor, NeuSAclZmW\ \iEaMEE =<7,
BERT AT VOIS, SOERES KT 5,
BRI R T IVOIRUZHE HOER A R AT 5,
Btk A T VI RRIRE I H, 0, NS L 0 ZEMER 2T 5,
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B2 E: RURSTAEFRER RV VBEEXVT T UER) L2867 —T

(JoSai-Red: JS-R) DH3FT ¥ A v

F1E S

n—& I UBERICREBEEINDFY T U RENAE T, WELRAIC L EEN G
<, HIEBEFWERPENZENMENTVD P, ITETIE, B—% I UFEROEE
MThsen = BENOBERTZKE, 7%, U, ESICHERLZHEE
SEIE. SEARAMEIATSE OB B AT SRR I U &2 R L B B TR AR
T2 ENME SN TN G 078D ESiClE, B n = U BRI T A B Lo amon ek
ZISH L7287 0 — 7 BRSO N E A THh T % (Table 4)*'72, % Z T,

Table 4. Structures and optical properties of pyronines and rhodamines.

Structure Aas (nM) A, (nM) D Structure Aaps (nM) A, (nM) D

J
\,‘.,‘.‘/ 547 562 0.40 “O 610 637 0.46

O-Pyronine C Rhodamme

J
\TT./ 634 648 0.42 / O 701 733 0.70

Si-Pyronine Sulfone Rhodamme
z 549 569 0.35 z 688 702 0.36
LA
O-Rhodamine Phosphorus Rhodamme

O
/ O 646 660 0.31
SN Si N
|

Si-Rh(gd\amine
TG EFEERIC, B = EN OB T2 R Y VBT =4 [R:B(OH),] T2t
TBH LT, NI RN & L TR TR EA L H-RaotaFzZ 255
N5 &EEZ T (Figure 15), 2O X 512, #OEMNIZAR Y VLA BEAT L2 &id, B

Y= FRHEOFHLWT T o —F & LTHIRFFTE S, 1 ETHE CyBA 250,
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X R X
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N S ~ - +
N o N N B N
| i E ey

Figure 185. Strategy of new fluorescent sensor molecule design.

MERMEE DR v VI EMT LM o, BORE &R e VAL A D X R
7 UL AR Y A= L OFEEITEE LT, B-N fE& Ok & B O BIR 7 2 b 2 Rl
ALTY I FINEERL TN P —J5 0 BOEMNICR Y ViR T =4 v 2 NE LT
PG T, AV A= Dv v v o ZICBIN S L 2 LB L Lpwarete e o
— TR VRS LRSS (Figure 16),

Typical structure New structure

Figure 16. A typical structure and the new structure of fluorescent
sensors containing boron.

ARETIL, B = EENOREBER2R Y VT =4 0@ LB ettt
VY= FEAEKR L, EOLFERRHEORAE LR Y A — U EEA MO HyO, SUSRMED
M 21T o 7,
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E2Hi RV UVBERERZEEHERNCET 2HRAELEESR JS-R) DAL
ARETHR LR Y iRz s HNICA T 2 BRSO ¥ —4r 13, B X
WA EIRITIC K> T2 OME L 82T 5 2 LN TE 7o, Bifldh X SR E i3,
B ERF ARG T2 e BEAL 2R M M AR RE BRI HESR A AUER JEE O
R R IO FCEM LT, £72. ZOMEMOKERIZ, RAELEHET D,
ZI T, ZOEMITHONT, WM RFELEERT, REEEHLARTZIY |

JoSai-Red (JS-R) & s L7z,

2-1 JS-R DEPL & EEIRIE
3-(N,N-Dimethylamino)phenylboronic acid & folmaldehyde 37wt% solution % FEfEEH C
i S/ % Z & TIS-R #4572 (Scheme 8), 155417 JS-R iX. NMR, EI-MS. Jt3&%)

WHZ CIRE 21T - 7= (Figure 17),

(o]
OH
/
HO—B N
HJLH
N/ . . o > \N /B-\ N+/
\ Aceticacid, 85°C,2hr | HO OH |

Scheme 8. Synthesis of JS-R.
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tTOO DD = OO ®© oo NW S — < oo dwo o«
SNN O woSS N © © d|© © © w0 SRRk foReRo
NNDN © O © © OO < S S A < [spepep} ™ ™
NSNS N i —
[ /
S / J
- Ay \LL~ - ‘JL»JA_._
T 7 T T T
o
o ™ o » S
S o < 5 N
- d = : : : : : : =
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0
f1 (ppm)

Figure 17. "H NMR spectrum of JS-R in 25 mM phosphatebuffer/methanol-ds (2/1, v/v)
atpD 7.4.

F 72, methanol TR L7 JS-RIZHT 22—/ (CA) ZEH L, =R T T 48 K]
HiE9 5 Z & T JS-RICA AR (JS-RICA) Dbk %4%7- (Scheme 9), & HiL7-
JS-R/CA DFfdbIE, s X BERERNT 2 1T o7& 2 A, RY VBT =4 CA &

BAIRT AT NV EIR LT FHEETh D 2 L 3 bnro 72 (Figure 18),
OH
=
~ . o . +o
T HO/B\OH T MeOH T B\O T

o/

Scheme 9. Crystallization of JS-R/CA complex.

21



Figure 18. Crystal structure of JS-R/CA.
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2-2  JS-R ORI A

JS-R IE, 10 mM HEPES buffer (pH 7.4) HIZFHBWT, 611 nm (2RI AR L, £
I IEARENE 1.3x10° Mlem™ TH -7z, F£72, 611 nm TORIKLIZ L Y 630 nm (28
MK %R LTz, Z0Z &H 5 IS-R 1L, Si-pyronine [FIEEIZ A Y PF /LT % O-pyronine
&V Rl R I e OV e 2o L 7= (Figure 19), #(Z. methanol 28T %

JS-R @ @11 0.59 TH Y . O-pyronine =° Si-pyronine & ¥ &l %7~ L7- (Table 5)%,

B
1

|“ —— Absorption

o
co
1

— = Fluorescence
(excited by 611 nm)

c ©
£y (o)}
1 1

o
N
1

Normalized absorbance and
fluorescence intensity

O b T | p— T r= 1
450 500 550 600 650 700 750
Wavelength / nm

Figure 19. Absorption and fluorescence spectra (Aex 611 nm) of JS-R in
10 mM HEPES buffer at pH 7.4.

Table 5. Photophysical properties of pyronines.
}“abs (nm) }\'em (nm) D

O-Pyronine®* 547 562 0.40
Si-Pyronine® 634 648 0.42
JS-R 611 630 0.59
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2-3  JS-R @ pH KM A
AIAIZIE, 45 pH (pH 2.0-13.0) 1Z81F D IS-R DEOE AT MV ORERERZ /7T,

JS-R &, pH 5.5 725 pH 11.0 DJRHIPFH pH S FicBW T, —EDHEFHMEZ R LT
(Figures 20, 21), £D7=®, JS-RIZpH ZLIZKH L TLETHDLH EER D, ZDIRHI
pH 5tk T C&E LT8O e 2 759 JS-R DA% E A4 FRAIR-S 5 72012, "B NMR %l
E L7z, "BNMRHIEIZ, RAYEORBIRELBLZAETHD, — AT sp” IRAHL
WORY VA 7T 30-60 ppm (T, sp’ IAFIE DR 731X 0 ppm (HTIZ Y 7T
ABEE SIS P, ISR T, FHESETTO "BNMR 227 R LIZEWT, -0.81 ppm
\Z> 7 F VIR LTz (Figure 22), L7273 > T, JS-R DR 7 XA T C sp’ IR
BLUEDRY VET =4 L L TIFEL TS EEX NS, YLEORHENS, pHS.S
UUEDpHEM FTISSROKRUFIZ. AV VBT =4 L LTHFEET DI EEZLND,
F72. pH 4 (L OENIRELALNDHEH L7z ISR DR TFED pK, i, 3.99 TH-o7

(Figure 21),
pH 5.5 pH 6.5 pH 8.0
120 . 120 120
3 =] =]
« 100 © 100 « 100
~ ~ ~
Z 80 z 80 z 80
2 ‘a a
§ 60 § 60 § 60
£ 40 £ 40 £ 40
[ Q [}
g 20 e 20 e 20
Q [ Q
3 0+ 2 04 a 0
[} Q [}
] 5 750 & 5 750 & 5
3 =2 3
o Wavelength/ nm w Wavelength/ nm w Wavelength / nm
pH9.5 pH 11.0

=R
D 0 O N
o O O o

N
o

A

Wavelength/ nm

80
60
20
0 4 T T T
550

Wavelength/ nm

o
19}

750

Fluorescence intensity / a.u.
B
)
Fluorescence intensity / a.u.
B
)

Figure 20. Fluorescence spectra of 6.3 uM JS-R (pH 5.5-11.0) in 10 mM HEPES
buffer, Aex 611 nm.
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) 100
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Fluorescence intensity
at630 nm/ a.u

20

0 L] L] L] L] L] L] L] L] L] L] 1

2 3 4 5 6 7 8 9 10 11 12 13
pH

Figure 21. pH profile of the fluorescence intensity at 630 nm of 6.3 uM JS-R in 10 mM
HEPES bufter, Aex 611 nm. The pK, value of JS-R’s borinic acid was 3.99.

6-0.81 ppm

6I0 56 46 3b 26 1‘0 6 -‘{O -éO -3IO —4IO —éO
f1 (ppm)
Figure 22. ''B NMR spectrum of JS-R in 25 mM phosphate buffer/methanol-d,
(2/1, v/v) at pD 7.4. Boron trifluoride diethyl etherate (BF3;*OEt;) in chloroform-d

was used as an external standard (0 ppm) for the ''B NMR.
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EIHE ISR OBV F—UEAHERUONREELA =X L0OHE

JS-R IZ 50 mM Fru 2% L. 45 pH (pH 2.0-13.0) (28T D HEART FL&2HIE L
720 50 mM Fru 377 T JS-R I%, pH 5.5 2>5 pH 11 OJAHiPH pH S F ¢, —E LT
AT MV EIR LT (Figure 23),

pH5.5 pH 6.5 pH 8.0

550 600 650 700 750
Wavelength/ nm

550 600 650 700 750
Wavelength/ nm

~
[
o

550 600 650 700
Wavelength / nm

Fluorescence intensity / a.u.
S
S
Fluorescence intensity / a.u.
Fluorescence intensity / a.u.

[

.0

T
I
(]
(%]

pH1

=
o
o

80
60
40
20

o

Fluorescence intensity /a.u.
S
o

550 600 650 700 750
Wavelength/ nm

550 600 650 700 750
Wavelength / nm

Fluorescence intensity / a.u.

Figure 23. Fluorescence spectra of JS-R (6.3 uM in 10 mM HEPES buffer, Acx 611 nm)
in various pH without sugar (blue solid line) and with 50 mM Fru (red dotted line).

B ETHLNZ CyBA X, RUA— L EEEGTHZETHELDLAVFED pK, E1L
(&0 AT TOENEE N E R LT, —J7 IS-RIFARUHRED pK, 23 4 HETH Y |
pH 5.5 75 pH 11.0 ® pH #ifl T HEOFMIZ LV A U7 —F LI-® 2 b % pK, Tilk

B35 Z 23 T& 720 (Figure 24),
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(a) 120 - (b) ~4-without sugar
LI-with 50 mM fructose

120 -

100 1 .100

a o
o O

40
20

0 L] L]
4 5 6 7 8 9 10 11 12 2 3456 7 8 9 10111213
pH pH

L
IS
o

at630 nm/ a.u

-—-without sugar
L-with 50 mM fructose

N
o

Fluorescence intensity
at 700 nm / a.u.
(o))
o
Fluorescence intensity

Figure 24. pH profile of the fluorescence intensity, () without sugar, (o) with 50 mM
Fru. (a) 2.0 uM CyBA in methanol/water (1/1, v/v) containing 10 mM HEPES solution, Aex
659 nm. (b) 6.3 uM JS-R in 10 mM HEPES buffer, Aex 611 nm.

Figure 24 (b) (27”3 &L 9 72 BEOFMEIZ X D pK, FEIKTFHI72 JS-R O L D&
ZHET S 720, £ Fru #2EE (0, 1,2, 5, 10, 20, 50, 100 mM) (Z331) 5 JS-R DY
MOEN AT MVERE Lz, S FIZB W TIS-R L, 611 nm (2RI K 2
AL Fru D EFIZHEV 630 nm ~DOWIAR R DR R ZE 2R LT, £72. IS-R
I%. 611 nm DOJhEE T T Fru RO ERICHEN, #OBKERORERZEEZ LT

HOLIREE D % 7~ LTz (Figure 25),

(a) 82 1 omm T (b)=§ 160 A 0 mM
. fructose ) : 140 - fructOSe
0.7 A = 120 A
S 06 3
g l € 100 - l
805 A 2
2 £ 80 A
2 04 1 100mM ) 100 mM
Q -
< 0.3 { fructose < 60 fructose
0.2 - g 40 1
e
0.1 5 20 -
>
0 L T T T o O T T T 1
450 500 550 600 650 700 550 600 650 700 750
Wavelength / nm Wavelength / nm

Figure 25. (a) Absorption spectra and (b) fluorescence spectra (Aex 611 nm) of 6.3 uM JS-R
in 10 mM HEPES buffer at pH 7.4. The effect of concentration Fru (0-100 mM).
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o~ enel

SN B. ———————— | oo |

B w0 o | o O- 4

= S
H H

Scheme 10. Equilibrium of JS-R and Fru and aqueous buffered solutions (10 mM HEPES,

pH 7.4) irradiated by 532 nm laser, the left containing 6.3 pM JS-R and the right
containing 6.3 uM JS-R with 100 mM Fru.

ISR DR Y A—FEBITE D WEENA N = R L EEBRZT DI, BT LA
7’1 77 L (Gaussian 09) & 728 EPLEIEEE (Density functional theory: DFT,
B3LYP/6-311G++(d)) (2 X DatH %4772 *, JS-R KON JS-R 7 V7 h—AEEK
(JS-R/Fru) Dixm#% 58hiE (Highest occupied molecular orbital: HOMO) &, (FIE[6]— D
DFHETHY, O F—L LT E AV EBR RN LGRS, —
7. HlKZediE (Lowest unoccupied molecular orbital: LUMO) 1%, JS-R } O JS-R/Fru
FOHE K O RV F— LUV B2 DEHRFR 3G b7z, JS-R/Fru @ LUMO T
X, RUBREZBESIICHER SRR > TEY, TOZXLF—L UL, JS-R O
LUMO (-2.83 eV) X YV{KE (-2.90 eV) THD Z ENFHE SN, bz b,
JS-R iE, 707 b —=RABEEEEITE. LUMO OLEAPELTZLELBND,
Z @ LUMO D2 EALIZ X Y . HOMO-LUMO D = F VX —X % » 789 571 E
FERPE LNz, —IIZ, HOMO-LUMO MO R /LF—F v v T N/NEWNT L,
BWEMITRI L BB R Z R~ LEDZ &b JS-RIE, Fru LBRR= 2T L
BEAEEBEZEHKT 5 Z & T, HOMO-LUMO MO TR /VF—F ¥ » 703 L, IR
RECENWBRKEEDORREBIZ R LIZEE X HiLd (Figure 26),
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LUMO
HOMO HOMO
Shorter wavelength Longer wavelength
-2.83 eV LUMO + .
T + LUMO -2.90 eV
Energy gap Energy gap
2.64 eV 257 eV

-5.47 eV HOMO + ----- + HOMO -5.48 eV

Excited fluorophore Excited fluorophore
(IO
+ ~ - +
\N /B'\ N 4 N /B\ N
| Ho” “oH | | 0o |

HO O-
OH

H
0H|-I

Figure 26. Calculated molecular orbitals and their energy level of JS-R and JS-R/Fru
complex in water, DFT (B3LYP/6-311+G(d)).

F7-. PHESETICBWT, £ AR U 4 —/L (Figure 11; Fru, Glu, Gal, Man, Fuc, Sor,
NeuSAc) EEIZHIT D IS-R DHEE AT MIVERIE L, SR Y A — k3 55
AERZHE M LT (Figure 27, Table 6), &F#R U A — /LB T D GG EBR DL
BB, IS-R T Fru iZmWBAMEZ RS LB b5,
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Table 6. Binding constants of JS-R to sugars.

Sugars Binding constans K (M™)

Fru 112.1

Glc 33

Gal 2.3

Man 4.2

Fuc 2.4

Sor 433

NeuSAc 11.2

Z
g ~-Fru
=
9 #-Glc
2 E
9 €06 & Gal
S
g § 0.4 @-Man
5 ©
= -Fuc
S
s —%-Sor
2 O L] L] L] L] 1
& 0 20 40 60 80 100 —*NeuSAc

Concentration of sugar / mM

Figure 27. Titration curve of relative fluorescence intensity at 628 nm of JS-R (5.0
uM in 10 mM HEPES buffer at pH 7.4, Aex 611 nm) against sugar concentration.

30



WA JS-R D H,0, Rt DFAE
4-1 HO0p SUSHE DT
WOCHER 1 CEERR AR L R, JS-R IZB VT H, H0, OFEIC K0 S IZHE
SN b E R &P L=, IS-R L. pH 7.4 OFEER Y T 611 nm (2RI K
Zx L. 100 uM H,0, 23N 25 Z & T, 564 nm ~WIUABR KA ER EEL L, £ O%
RILHE O LI~ LTz (Figure 28),

(a) 0.8 1 — without H,0, (b)
0.7 4 *+ with 100 pM H,0,
0.6 -
3
c 0.5 4
©
204 -
o
3203
<
0.2 -
0.1 A

without  with 100 um

’ H,O0 H,O
450 500 550 600 650 700 2=2 V2

Wavelength / nm

Figure 28. (a) Absorption spectra of 5.0 uM JS-R in the absence and the presence of
100 uM H,0O,, measured in 10 mM HEPES buffer at pH 7.4. (b) Photograph of JS-R
solution in the absence and presence of 100 uM H,O,.

F72, Fru 28 720 IS-RIFIR & T8 50 mM Fru 2RI L, BRIRT 27 L 2Bk &
72 IS-RIEHRIZ, EAZEI 1.0 mM H0, ZWIN L, #EART MLVEZRIE LT, &
JeANT RV, HyOp 17 T O K& T 5 564 nm Z e & & L THIE L
72o JS-RIZ. Fru OFEIZ L 5T, H0, HAF TV T, 584 nm (ZHOBMBK ZoR L
2o Fru FEAF1E R T 30 22 £ T, Fru /71E F Tl 45 70 £ THERFRYICHDE A~ T F L
ZWET D & IS-R 1T Fru IEFE FOF BN ESC0 2 Z k%~ LT (Figure 29a, b), IS-R
DHOEH KPR TH % 630 nm & Hy0p A7 F OSBRI TH 5 584 nm (2B 5
LR 2 e (FLssa nn/FLezonm) & LT, FFRNCXT LT 2w 9% & Figure 29¢, d
DX S5 72, Fru IEAFEAE T TIL 300 B CatZE(bnd—E & 72V | Fru f#/E F Tl
REREN AR A L 7o B8 & 7R L. 1800 B CHOEEMN —E & 7e o 7z, B —E
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272 o 72 BF JS-R K OBRIR T AT LB TER LT- JS-R & HoOy E DG T LTIZ&E
265,
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of 584 nm/630 nm

o N b~ OO0

1 1 1 1 0 1 1 1 1 1 1

0 500 1000 1500 2000 0 1000 2000 3000 4000 5000
Time / sec Time / sec
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Fluorescence intensity ratio

Figure 29. Time dependence of fluorescence spectral changes of 5.0 uM JS-R upon
adding 1.0 mM H,O,, (a) JS-R without Fru, (b) JS-R with 50 mM Fru. Plots of
fluorescence intensity ratio of 584 nm/630 nm of 5.0 uM JS-R upon addition of 1.0 mM
H,03, (c) JS-R without Fru, (d) JS-R with 50 mM Fru. All samples were measured in 10
mM HEPES solution at pH 7.4, Aex 564 nm.

H,0, & FRLSFOR LIZBRIR = AT VA TER L TRV JS-R IZDOW T, A H0,
BEIZRBIT D8 AT FVE HO N 15 3% ICHIE L=, JS-R 1%, H0, BED
BRIV gt R O EE (LA R LTe, £72. 584 nm & 630 nm OH IR b
ZH0 EBEICH LTy b5 L, 0uM 235 100 pM H,O, BEEE#IPH T, B &

KT e Do Tz (Figure 30),
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Figure 30. Fluorescence spectra (a) and titration curve concentration of H,O, vs.
fluorescence intensity ratio of 584 nm/630 nm (b) of 5.0 uM JS-R without Fru 15 minutes
after H,O, addition, measured in 10 mM HEPES buffer at pH 7.4, Aex 564 nm.
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4-2 Hy0, & DRGSR D LRI DA
1 EORMEICLY, BIR= AT VEEA LTz CyBA 1%, HO, & DIRIZED
Au Ul e e v RoEBBRKEHAE LT E TFHISND (Figure 31a), — 4.
JS-R T Hy0, ZWIN L T2 BRDHE AR bV, EEZRIZE DS Wb D & HELR
SNDD, EDORISAENY) ORIEITI AP TH S (Figure 31b),
(a)

te
O @ O e (O J? O

NS NG N ANF N
e ‘ [ N ‘ v

?
—_—
~ - +
N B N
I Son |

Ho”

Figure 31. (a) Proposed structural change of CyBA cyclic ester by H,O,. (b)
Unknown structural change of JS-R reacted with H,O.

ZZ TV ISR & Ho0, & DISERIN, RV A—NAEEREZRFF L TV DG E
R L7 JS-RIE, HoO RIE FIZEWT, Fru LG5 2 & T, dOtME DR &
MR DR RZ{LE 7R (Figure 32a), —7, T 1.0 mM H,O, THLEE L 72 JS-R
(X, Fru ZiRINL72BRC, SERE O & 3K O Rl EE LA iR T 7edo
72 (Figure 32b), Z D Z &b, IS-R & Hy0, & DRISERMIT, R A — L iEEHEE
KoTWpEHEIND, £ T, KIGERYOHEEIZOWT, ELMS (B fitieE
IINT) 12 K D REERAT & SEhE LTz, BULNER DT A A B —2 (267.1498 m/z)

Gl

I, O-pyronine (Aex 547 nm, Aem 562 nm) D534 A 2 B — 27 HmfE (267.1497 m/z) &
—FH L7z (Figure 33), 2D &M, JS-RIEH0, & &d 5 Z & T, O-pyronine (Z
BN EEZHND (Scheme 11), T7b b, I ORESEEL SR O &
ElbE bbb Ll &EZIOBNS,
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Figure 32. Fluorescence spectra of JS-R (5.0 uM in 10 mM HEPES buffer at pH 7.4) in
the absence and presence of 50 mM Fru. (a) JS-R without addition of H,O,, Aex 611 nm.
(b) JS-R pretreated with 1.0 mM H,0, (15 minutes after H,O, addition), Acx 564 nm.

[%]
2500480 150
100

80—

136

60

40

122
20 7 251

151 65 53
224
1 235

Ll

151 267

286

YT

O-pyronine
m/z 267

Tj 180 208 I ‘
ol L. 1|\ i |
i B |

50 100 150 200 250

300

4
I

m/z

Figure 33. EI-MS of JS-R treated with H,0O,.

—_—
~ . +7 ~ S
N B N N o N
| Ho” “oH | | |

Scheme 11. Proposed structural change of JS-R reacted with H,O..
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ESHI NE

ARETIX, B—F I VEHOEKHTH L B = U EENOBER T 2R VT =
FANCEZ T HRE S Y —23F ISR 2155 Z LN TE =, Table 7 (2% DR
DERZ T, JIS-RIL, @ 73059 & EfEz s L, SO pH §fF F CLE L7 T
BEME (Mabs 611 nm, Aem 630 nm) 2R L7=, 2D ED, JS-RIFFHE T O pH 234
UHEETTYH, 4t —L LCOIREPEFCTE 5, £/, Fru I LTH
WEEEMEZ R L, BIR= AT L DOTERIC K 0 a8 E O &Aook O R R 21k
s Lo, 2L BRIR= AT V2B 5 Z & T, LUMO O 1)L F— L UL MK
L. ZHUZfE>THOMO-LUMO D =R F—F v v TR T 52 & T, WL
R SR D ERREZ b b5 LIz LA RN ZER I, 72, Bk
T AT VG O OECTRE DA 1T, EAETIROETICE 2D LEZEZ LN,
BT, JS-RIE, BR= AT VB OFEIZ L 6T, H0 1Tk T D itz R LT,

Table 7. Characters as fluorescent dye of JS-R.

JS-ROEIAH L L TCOME
W EFINEE T, (@ 0.59)
E BT (A, 611 nm, A, 630 nm) (ZIEF2HEME 2R,
pH 4131} OpH 12453 DpH SR T Tt it 2814 5,
pH 5.5/ 5pH 11 O JRAFFH TRE LIz # e 2 b2~
Frull @A E T,
BAR T AT )V DIAUT R EOETREE DR T 5,
IR AT VORI, #EIEBRPRIREE(ET 5,
R AT VOFEIZED 5T, H0,ORIPKIC LV ST 27~ 7,
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8 3 E: CyBA M} JS-R O HIC R 5 Mgt

E1E RS

xR NE R OSBRI K0 | AR E A B L ZDERP TS 5 & BERIA
ROZAUTE D BHERE DA T OB, RIS DA OHE, /LI ZECM AR 72 &
DIFBR BRI, FRAVE, WORIEY 27 BEED Y, 2o oEBICHEY, Ak
N7V a—2RED B MdOBEHAE R DE, KOZ 37 B OFEC UG TTHEDS
BT D, ZNDIE, BEOMFEZEZENICHRET 20, &2 WIIHERED 5 A UG
Z SNSRI TE 240t =012 d 2 & TRHARREIZ R S L HifFS
N2,

Gle IE, BBRILAFF T/ NV a—RFF X —F (GOx) EHRFRMIZHNL, 7=
VgL H0p 2B % (Scheme 12)4, 20 & 5 AR GIE, BRALFH I L
REEECILD I Vva— At o —ICRIH SN TE 7, GOx OEERPUS THEREND
H,0, 3BT 5 2 LIC L D Gle I EDHSRIIE biThh T & 7z 2%,

OH OH

H - OH Glucose oxidase (GOXx)

v COOH
OH OH

Gluconic acid

Scheme 12. Reaction scheme of Glc and G(:;c.)z
SEVEREE Clx, U7 VEEORR RSN L BEHORE SR OB N BE I Z 5 Y,
ZDTH, T NVBERT S LE, BRI AEHTHL LB BND,
Fo. W EROSEZ T T2 T BO—HL, AL OZHO~—7—& L THIM
Enb, e LT, Hb~EZr by (HbA) BT V7 0%, £hEn3 » A
KOV EMOMREZMD ZEnTx s, Fo, #by v XV BEO—2ThD a
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7= b Fu TS VRO BE—— LTHRBRTINS 5%,
RE T, CyBA & ISR OFE HIc, MAICHIT BB 211572

38



E28Hi CyBA. JS-R DRV F—/LEEA R KR O H0, R Hig
2-1  HBEEPUE D Hig

AT, CyBA K TR IS-R OFERE G OBEFRBRIUE A Ll 5 7o 012 Fhlgoe iEk
3K, CyBA, JS-R @ Fru, Gle, NeuSAc (ZXIT DA EHDOILE 2 ~d, Holexf Ek
KE L CE, ®mAEBRIC L AMEREEZ R A e VEBHERE LTHREIN TN D
4-isoquinolineboronic acid (4IQBA) % f\ 7= (Figure 34)", W oa0tMsr 2k
TH Fru I3 L TEWRE ERZ R Lo, BIRERWZ L1, CyBA 1Z. NeuSAc (Zxf
T DREETEEN 41IQBA K TVIS-R LI L T2 &3 - 7= (Table 8), = Z T,
FFEHSEMESY O Gle ITRT B FEAEE L NeuSAc IZxH T DA EH % ZE 1 Fru
IZX T DAEA TS Tl A2 L | BRI ED I 21T > 72, CyBA (f. NeuSAc (Zx%f9
%R (NeuSAc/Fru) 73 4IQBA DFJ 16 {5 . JS-R DRI 8 5=\ 2 & 237> 7= (Table

9)e

| Ho” “oH |
4-Isoquinolineboronic JS-R

acid (41QBA)
Figure 34. Chemical structures of 4IQBA, CyBA and JS-R.

Table 8. Binding constants K (M) of 4IQBA, CyBA and JS-R.

4IQBA CyBA JS-R
Fru 1794.1 173.2 112.1
Gle 207.5 4.0 3.3

NeuSAc 87.0 135.4 11.2

Table 9. The ratios of binding constant in Table 8.

41QBA CyBA JS-R
Glc/Fru 0.1157 0.023 0.029
Neu5Ac/Fru 0.0485 0.78 0.10
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2-2 H0p ST D ELi

ATIZIE, JS-R LT CyBA D H 00 (XS 2 SUSTHED Bl 2 /-3, HyO SUGHE % H
#9572 12. Figure 29¢, d } 0" Figure 14b O FEBREE R4 I Akt 7 7~ b 2Bk
L. ROSHEEER ZHEH Lz, BRIR= AT L EAL L T2 JS-R O Fru & 88
IR AT VEFEA L= IS-R IZ. 584 nm & 630 nm DO GIREELL (Fr) &R, HOEHE
R DIKRME (Frim) 72D 7 (Frim- Fr) ZHME L. Tha AL L, FeEicxt L
TH%# 7y h& L b2 L CTEMME LT (Figure 35a, b), Z DK, [JS-R] << [H,0,]
(5.0 uM JS-R, 1.0 mM H,0,) THDHZ D ik 1 IR & A7 L CHEBOMEE 206 k
sHzEHEH L=, (K 1,2, Table 10)

Fr = Friim (1 — e7*%) - (A
In (Friim — Fr) = —kt + 1In Fryim, - (H2)
Fr; 584 nm & 630 nm 7> 6RO 72 FRE L (FLssanm/FLe3onm)s Frim; #OGIRE L
(FLssa o/ FLe3onm) DOEKAE, k; SOSTEEEEE (57, ; HoOp WINTE OFBIFR (s)

F72. Fru EBRIRT XTIV AR L7 CyBA X, 700 nm DEOEFRE (FL700 am) % B
wxtt e L, R L Chxt# 7 ey & &0 | E#R bk L7c (Figure 35¢), Z DI,
[CyBA] << [H,0,] (2.0 uM CyBA, 1.0 mM H,0,) TH D Z &b, #E 1 IR E A7 L

ELAROME X 2 & RSB ER k (s7) 2B L7 (X3, 4, Table 10),
F.l.=F.lLye™® ... (3)
InF.l.= —kt +InF.I, -+ (0 4)
E1L;700 nm (2331 A HEEREE . F Lo, HoOp WS 0 43 700 nm (235 1F D R5RE | k;

FOSEE TR (s7). £ HoOp I OFEIERE (s)

Fru JEF1E FIZBIT D IS-R O E CEA Kb EVMEEZ R LI=2Z &b, BRik=
AT NV ETER L TWRN IS-R 1T, HyOo 12X D SHEREmWZ & BTz,
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Figure 35. Kinetic plots of fluorescence intensity or fluorescence intensity ratio of the
pseudo-first order reaction of new fluorescent sensors to H;O; (1.0 mM). (a) JS-R (5.0
uM) without Fru, (b) JS-R (5.0 uM) with Fru (50 mM) and (c¢) CyBA (2.0 uM) with Fru
(50 mM).

Table 10. Reaction rate constants & (s™') of 4IQBA, CyBA and JS-R with H,0,.

Reaction constants k (s™)

CyBA without Fru -

CyBA with 50 mM Fru 1.50%x10
JS-R without Fru 1.11x102
JS-R with 50 mM Fru 1.90x107

INETOMFNDS, CyBA 1 NeuSAc (269 2RV & < . T RAMER TY6f
FtE B L R R E AT 5 Z ERbholz, £, ISRIT H0, L FERLIE L,
ERE I HoOy ORI FRETH D Z & b h - 7= (Table 11, Figure 30), & Z T, A
HHEIHAOE 4H TII, 200 OF AT, FaottEt o —0F oMz o
THF LRI oW Tk 5,

41



Table 11. Summary of CyBA and JS-R properties.

CyBA SO Y — IR B D EE JS-R

_ ETE S ST 0,59
Aaps 659 nm, Ay, 726 nm ITARAMIEIR (VERDZR: 650-900 nm) (S FHFEE RS _
] e E OpHEIR CH b2 R T, :

- JRVpH#LPH TZEE LIz dO et 2 7m 9, pH 5.5~pH 11
NeuSAc BEIRVER FrE Doy 112k L TRENICHET D, -
5PN R Doy FRBFRIC BV TH IR E A L 2 R, HOL
R FeE D FRRIC B W THOGR R B LA R, RHEZ
- WEML A L EVED R, -
- FrE ORI & 0 REMENET D, H,0,
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E3H CyBA D invive A XA —T 0 7 ~DEH DBRES

A HETOREHEMRICEL Y, EERE, WX o7 E, BIRESEN S 2 ABEN
BRBICHEE R EE 2 H S TWD ZERH LN SN TE 2, T VERIL, FigHbgRED
B 22 B LI B D> TV D, BUETIR, IbREBHRITAEETH D NeuSAc X N-
7V alY /)47 EE (NeuSGe) 1L U8 (Figure 36), 50 fELL LD T IVEE T 7
LU =RH6NTWD, NeuSAc I, KED DT TIROLEMETH Y, MK
(CAFIET DEEHER., B2 X0 B BEIRE ORI E T g 9, — o g
FaClE, 7 ABEZBEEICEER L TWD Z ENALNTEY, U7 VRS AFIH L
TR A A — 2 SEHINA S — 7T 4 v VT HRFZEN S ShTun g #4490,

OH OH
OH OH
Ho| H HO Ho | M

AcHN O COOH H(HN O COOH

H H & KH H
H OH H OH

OH H OH H
Neu5Ac Neu5Gc

Figure 36. Structures of major sialic acids (Neu5Ac and N-glycolylneuraminic
acid: Neu5Gc).

CyBA I3 NeuSAc (25t 2RI & < | T ARAMEE TR 2 b & 7R 3 R %
BT %, £D7H, CyBA ITMNEDOFEERERRIZES < in vivo #EA A —T 0 7 ~Dii
Anirssh s,

AREITIX, BEHA MRS 2 EEBH T D NeuSAc DENA A—V U Z7ICHT 5
At a7 572, ZOMFHIER L T, RO B O KR EBICF R Z RT3 RS2
TANE =T L, a5 KRR EMEEE L. (Figures 1 and 37), Z DEBRR
TI1E.300-600 nm DA T HF &/ PR (300 W) % CyBA FKICHEST L NeuSAc
DEWETaY N T A NDRRDENMGN, N RRRAT gV E =% LTRIETE D

TH LD (Scheme 13),
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Figure 37. Transmission spectrum of 660 nm band pass filter.

NeuSAc RTE T D CyBA kI, #0OITME CTE 2 o7, —F . 30 mM NeuSAc
HAF T D CyBA K Tl BB BB Sz (Figure 38), 2D Z &b, A
VRRAT AN =" L THNBREBIET D5 ZOFERZDOAENEZ R TE T,

Band pass filter
(A 660 Nnm=+10 nm)
300 W Xe
CyBA
lamp Aem 726 nm
(300-600 nm)

b
(b) Band pass filter
(A 660 Nnm=+10 nm)
300 W Xe Aem 700 nm
lamp
(300-600 nm) — —
em 660 nm

Scheme 13. Evaluation system of fluorescence image of JS-R (10 uM in PBS containing
50% DMSO solution at pH 7.4) in the absence (a) and presence (b) of 30 mM Neu5SAc,
using band pass filter (660 nm = 10 nm).

(a)




CyBA without CyBA with
Neu5Ac 30 mM NeubAc

Figure 38. Fluorescence image of 10 uM CyBA in PBS containing 50% DMSO
solution, (left) CyBA without NeuSAc, (right) CyBA with 30 mM NeuSAc.

RIZ, polyvinyl alcohol (PVA) 7' /L Z fffEr) Zefifik & L, MANICHA L7z CyBA
DHEIEARIZ OV T, Scheme 14 (TR THEBREZHWTHEIZE L7z, ZOERRRITENT
660 nm (RN R BB A TR TN R T 4V E—Z AW TR 21T - 7,
Wi & EREIC PVA 7L HIC B WO T 6 NeuSAc AE FIZEBIT 5 CyBA DEEREE & |
NeuSAc A L7z CyBA Da g 2 BIET 5 2 &3 TE - (Figure 39), Loz &
235, CyBA IFHIEESH D NeuSAc ~DifE G & THA B2 5T HORIZES< in
vivo WA A=V v T ~OEHNHETE 5,

(a) (b) Band pass filter
I (A 660 Nnm=%10 nm)
10 uM CyBAin
DMSO/PBS (1/1), 20 uL 300 W Xe lamp
(300-600 nm)
CyBA without CyBA with CyBA without CyBA with
Neu5Ac 30 mM Neu5Ac Neu5Ac 30 mM Neu5Ac

Scheme 14. Preparation of 5% polyvinyl alcohol (PVA) gel containing 10 uM CyBA
without and with 30 mM Neu5Ac in PBS containing 50% DMSO solution at pH 7.4 (a).
Evaluation system of fluorescence image of 10 uM CyBA without and with 30 mM Neu5Ac
in 5% PVA gel, using band pass optical filter (660 nm = 10 nm) (b).
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CyBA without CyBA with
Neu5Ac 30 mM Neu5Ac

Figure 39. Fluorescence image of 10 uM CyBA in the absence and presence of 30
mM NeuSAc in 5% PVA gel.
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F4H JIS-R D GOx ZHAR LRI NV a—R k& —~DO@EH DK

F2HEFAHKLO, HI3EFE2H T, BRZ AT AZIEAL TV IS-R 1L, H0,
EDEMEICEN TS Z EE2R LTz, O &1E, ISR B H,0, 2+ 52 L1
KoM v v T~ a2 fES® 5, Affilcix, ISR #H T, Z/va—
AF XU H—E (GOx) OBERIETERIND H0, T 5 Z LItz s
v a— 2k oY — O H E2 G L2 R A2 7~ (Scheme 12),

o hr—bE LT, Gle R7EFIZEBWT GOx DFHMET JS-R OHE AT b
HIE L7, JS-R L, Gle AE FIZHBWT, GOx WIS 8 AT MVELE /RS
7RNT L D HERE S L7z (Figure 40), L7225 T, JS-RIE GOx & EEELS LW &
DR T T,

. 40 -
3
N 35 -
-‘; 30 1 ——without GOXx,
g 25 1 glucose
£ 20 - ----with 10 pg/mL GOx,
Q .
S 15 without glucose
[}
3 10 A
e
o 5 1
=]
T 0 . . ; ,

550 600 650 700 750
Wavelength / nm

Figure 40. Fluorescence spectra of 5.0 uM JS-R without Glc solution in the absence and
presence of 10 pg/mL GOx, measured in 10 mM HEPES bufter at pH 7.4, Aex 564 nm.

WIZ, KFE Gle 2 (0, 1,2, 5, 10,20 mM) (Z81F 5 GOx H7F T D JS-R D AL
7 MVERE LTe, #IEARY MARIEIEL, Gle iWIN 15 531247272, Gle DEANZ
X0 JIS-R OEEMA DY 629 nm H 5 584 nm ~EHIEE (LA R L= (Figure 41), =
DOEALIX, JS-R IZHEEE: H,0, 2 LI L FAFEOR AT MAVE{LTH - T
(Figure 28, Scheme 11), L7273->C. Figure 41 TEE S =8t A~ ML,

Glc & GOx & DORJHIZ &V A% L7z HyO0, & TS-R M3t L. O-pyronine (A& Z8{E L
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2 eIk DEEZXLND, 584 nm DHEOLFREZ T, 1.0-20 mM @ Gle §#E TIZIE —E

DRFEZ R L, SR (FLssa nm/FLesonm) 140 11 T—EME %~ L7 (Figure 42),
ZHUEL ISR 2% Gle 1.0 mM DIRIRESRAF T CTh > Th H0, Z EE IR TE 5 2
EERLTND, 77206, KIRED Gle 7 HAEK N7 H0, 12 L5 TISR BAET
53 S 4L, O-pyronine I[CE# LI NTZEFE X LD (Scheme 15),

GOx ZFIH L7 —fry72 Gle JIEF » M, 1 BifLd 2% 2 HALO GOx A&
NTEY ., Gle #EE 1-33 mM (20-600 mg/dL) DO CRIEAIRETH D, AEITH
VW2 GOX OFRFE 10 pg/mL 1%, #E 1 HAZLICHEY LCEY, BREL L THOTHD
EEZEZ NS, Fi2, JS-RIBEIZEBW T, JS-RIBE 5 uM T Gle O @R 23 7]
RETH 203, BIK CTHRIH S5 Gle IREEFLFHN T O Gle JEERIEIZITHE S 720, JS-R
& GOx ZAAE O T Gle IRERIE 21T 9 7201213, JS-R IR K O GOx 5
Db EAT O MENHDH EEZBND,

(b) 5 120 -
< 100 1
= 0 mM
‘2 80 o glucose
b
£ 60 - l 1
Q
(%]
g 40 1 20 mM
g 20 - glucose
S
O

550 600 650 700 750
Wavelength / nm

Figure 41. Fluorescence spectra of 5.0 uM JS-R containing 10 ng/mL GOx solution
upon addition of Glc (0, 1, 2, 5, 10, 20 mM) in 10 mM HEPES buffer at pH 7.4, Ax 564
nm.
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Figure 42. Fluorescence intensity ratio of 584 nm/630 nm vs. concentration of Glc
(0-20 mM) plot, measured in 5.0 uM JS-R containing 10 pg/mL solution in the 10
mM HEPES buffer at pH 7.4, Aex 564 nm.

OH
H OH
H
OH H
HO OH
H OH
Y B N
| Ho” “oH |
OH OH JS-R
HO™ ™ COOH
OH OH
Gluconic acid
SN 0 N7
| |
O-pyronine

Scheme 15. Fluorescent Glc sensing system based on detection of H,O, by using structural

change from JS-R to O-pyronine.
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ESHI NE

CyBA X, ITARIMEIZ SR EZ 7R U, NeuSAc BRI FLERH) & WFS A A5
5o Fio, BIRT AT AEA L TR0 ISR IE, HOu ICHT B IENFERL, &
J&E 72 HyO, DS FRETH 2,

CyBA 1T I J TR, 5.0% PVA 7V 2 BHgeny Zefifk & LT 7 /VINICTEA L7 BR,
NeuSAc &fEET 2 2 & T, HOLMERHR L, 660 nm /N R/NRAT 4 )V F—%&Jr L
T, TOENEBETDHLENTE, CyBA I, #EETICEOE THENRH Y |
INEYEET D0 FRETE1T O 2 & T FRRAYIC in vivo #OGA A —T 2 T~ D
NHIE S NG, T E LTIE, CyBA O X HICT 7 VR L BIRIICHE AT 540
Yt o= F ThHIUX, 7L mEI B UGS~ L, 201 A —
U 7RI LTS O "I b~ OB AR IR T E 5,

JS-RIE. GOx A7 FITHBWT 1.0 mM DIERIREE Gle TARK S 7z H0, &S LT
JS-R 34T O-pyronine IZE# I N/ LB BND, ZDIZ L1, HO0 RHITHE SN
7= Gle O @ 8 YE I E ~ O H 3 IFF T X 5, JS-R /KNI 7 Vv a— Rk o —
E L THIHT 2 720121E, BRICK T 5 Gle IBEOWEHFH TH 5. 1.0-20 mM D Gle
REZWETEZHZENRODLND, INERRT H7-0121E, IS-R LT GOx #RJE
DL EITD 2 L BUETH 5, IS-R D & 5 20t o9 —45F1%, dERlIE
L7 va—2gr vy Y=o E LTHEETH Y, FMCBRIRIC XL D142
WHZBR 53, PR~ OBEIZ L D in vivo TOIMPREDE=2 U > 7 ~Di#
HHIFFTE D,
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N
VN

AMEE 1 BERLONFE2ET, By 7EHE LTHRUFEEARAT D 2 DO
Ptz o —437 (CyBA KTVIS-R) AR L. EOLFHIRR, AV A — I AEGE &
O WO S A ENE VA Lo R A b~ T, Fo, 8 3 BTk, Alaot
Pt L — 03 T ORI A I8 L= ISR 2 Mt 21T o 7o R A sad L7,

CyBA 1%, UTRAMEIBUZIN & 8 R E A 7R L, NeuSAc (X3 21BN EmWZ
ERENEROEIENOHLNE o7z, £7o, H3EIFHOBT, WRTEDY
HELAk 2 A5 L 72 7 VN T, NeuSAc & DFEEIZ L VEOEERT 52 L Z2H BT L
7oo UL EDORERS D 6 CyBA 1, ARSI & F 41D NeuSAc @I Z D2 in vivo
YA A=V T ~OBEAPEHEIND,

JS-R IE, EWVENETIGE (0=0.59) 2R L, KU A—/EEMHE H0, s
AT ZEDE 2 EORF PO LN ol DT E0 G IS-RIFEEN AR Y A4
—VIBERIE L W0, ZFH LA A v v TOMBICARATH D Z L IVRIE S
Ni-, BiEIE. e B 4 —L L OFEAICL D | IR DR &3k DEE
FArRTHRBEzETHZ D, R A—VHGFET T, EEO®ENEELEZ WS
VYARIEEATS 2 LT AU A— /LR E R < M alaeZ2ak 3K & U C ol 23S Wi 7f
TE D, BEICOWTIL, &2 BROE 3 BETRFAZITV. ISRIZH0, &EHFRIK
Jix L. O-pyronine ~DHEIEZA & Z U E- TodO b2 /R L, SREEIC Hy0, 21
HABECTH D Z b otc, ZOZEICHESE, BIFEL4EH T/ Va—AkLr v
BT it R T o7, T ORE IS-RIE, GOx IZ L HEEHR IS THEK D H0,
EEREICHRET 2R L, Zva—2v s Z~OmMAnEETE 5,
F7-HIZ, JS-R X ROS O—FETH D H0, & Jis L, O-pyronine ~DHEEE(LICLE
DENEE TR L, WIREIC H0, ZRIIARE TH 72 Z &b, MR T
JRFTHIC T AT 5 HoOp &5 8072 ROS IZXF9° 5 in vivo B h—& LT & #iFf
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TE D,

AR TRy R v T THFHENE =T 2T A T2
Z & T RAMEII O R E 2 0RTT CyBA & W EDE B IR E RN U R
KTHDHISREZNENGD Z LN TE, ZablL, AU A —/LX° ROS O EEERH
BRSPS SRR LA e v v VT ~OABETE 5, 5%, HF
0 B R ONRIE SRR Db 24T 5 2 & T RERINITHERIR O 2 B REARAT D BT 7= 72
— & LTUSHATRBIZ R D E IR %,
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A

AWFTENCER U RAGTEIZREE 72 D EFR S K OEMHESE 2 ) ) £ L 72 R RSP
WHIERR B L R B CEICRE R DR ER L X T,

AWFFEIC R LT, BFEE ONSEBI S 215 0 F U723l KRR AR A FE R = 5
TR (At LT 6 T NV S S Ta Y N S (PN R D=

AWFFEIC R LT, FEE ONSEHBI S 215 0 £ U723l KPR A e 1=
WL LBV SARE STAEICERHOEEZRLES,

ABFZEITER UL AR NC S KRR 2B E 215 0 £ L7 KRR PR
WFFERHR B R PR R DR BEICRE OB 2R L £,

ENGIE AN I ONE (S ¥ SR AN i SR VMR Byt 1iTNE SN S8 S e B St/
e Bh F = RBCKES SEEICTR#OEER LET,

AMFFE D B b X AAEEARAT I B LT ) M O EZ 150 £ LR ERER

FEeH TR E R P E R RE BRI MR OLER oA NS R
REBFONT R o 7 — B EER] eAICRBOEZ R LET,

(2. AWIFROZATICH TV | S 2 W72 & F U723 KRR PR 7E

GRE Skl ae s T AW AONNNE Tt Ne 2 SEHIP L/ E2 a2 S -G AV T e g
£,
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Boron trifluoride diethyl etherate liquid(BF;*OEt,), 3-(N, N-dimethylamino)phenylboronic
acid, dimethylsulfoxide-ds (DMSO-d), formaldehyde 37 wt% solution ACS reagent, glucose
oxidase from Aspergillus Niger, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES),
IR-780 iodide, 4-isoquinolineboronic acid, D-sorbitol X, > 7 ~7 /W KU v F V¥ NG
R (ER) 226 A L7z, Acetic acid (st 4F %), chloroform (F3E 45 #k),
dichloromethane (FAFAFH%), N,N-dimethylformamide (G #%S R, HBML/K), disodium
hydrogenphosphate (FAZEHFHL), D-fructose (FAZEFFHL), D-glucose (FAEFFH%), hydrogen
chloride (5#%k7A3E), hydrogen peroxide (FAZFEKF#)), magnesium sulfate anhydrous (FRZEHF
%), methanol (HPLC H), methanol-ds4 containing 0.05% TMS (NMR), polyvinyl alchol
2,000 (FX3K), sodium azide (7% FX3E), sodium chloride (7R 3 45 %), sodium
dihydrogenphosphate (FRFEKHH), sodium oxide (FFikit3K), tetrahydrofuran (A R,
#AMEL7K), triethylamine (RFERLFUER) IXFOEMEE TS (KRB BREA LT,
2-(Bromomethyl)phenylboronic acid (%, Combi Blocks (Inc., CA, USA) 7 HEEA L7z,
D-Galactose, D-mannose & . H R bk N4 (H) "o AL K,
5-Acetylneuraminic acid 1%, £ RV A = 2RS4 (R) »HEA L7, Sodium
sulfate |3, BARA LIRS GOR) 2BHEA LTz, L-Fucose (%, 7747 A7 (X
) mBHEA LTz, Cresyl Violet (for fluorescence standard reference) (£, = AE « /31
AREASAE CGER) M OHEA L72, CHROMATOREX DIOL 75/100MB-200 (34— /L3
U i, By T bEsRast (B oA LT, AT LT 4 uE—
1%, Bk PTFE, OMNIPORE A > 7' L 7 ¢ )L X — (25 mm, pore size 0.2 pm) A /L7
Rt G 2BlEA L=, 660nm /N> KSR T 4 W H—X, BT T v 7 VxR
YRt (RE) DIEA LT,
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it PR

SREEOHTIL, IMS-700 (A AT A, ) 2 L7z, A NMR A~
2 R UL, Varian 400 MR (Varian Inc., CA, USA) THlE L7=, JTTHEOHTIL. CHN 22—
H— MT-6 ((RR&HET 7 v 7 - v F =, 5#) 2EH Lo, SFRBINA~LY hLi
AN AIAR A S FE R JASCO V560, ETC 505T (H Ay ki, BK), 1X1X4 cm
D 2 EEHAREVEMER L, 25°CRIF T THE Lz, FHEEEART RVRE
HEIEERE RF-5300PC (EEE R EFTIR NS AL, 5UER) 1 X1 X4 em @ 4 EZEH A5tV
R L, 79 vvazua~v N7 40—E, YIVBTAADTE (AT N
T AMYA R, LEREH), Smart flash AI-580S (1L SH, KK 246 H L7z,
HAAE B X RS AR 1T, B B K212 C APEXIT CCD (Burker Inc, MA, USA) Z{#iff L
720 53 FET U v 71, Winmostar' ¥ (BRE7 0o 2720 7 ¢, ) M LT,
B EH I, Gaussian 09 ver. 5.02 (Gaussian Inc., CT, USA) ZfEf L7z, &/~
FIRIE . MAX-303, 27— =—/ L UV-VIS (300-600 nm) (F H 73 YAkt BUR)
ZEH LT,

55



1-1.  2-(Aminomethyl)phenylboronic acid hydrochloride @4 ik,

Sodium azide 390 mg (6.00 mmol) % 7% ¥ /K 14 mL (2 & fif & & 7=,
2-(Bromomethyl)phenylboronic acid 859 mg (4.00 mmol)% tetrahydrofuran 3.0 mL (&M%
S, sodium azide KK FCTIMA Tz, REWE 65CAA /L/XANT 90 43N
BT, ROGERSE 90 312, ROSEIK 2 =R F TWMAIT L, ethyl acetate (20 mL x 2) THh
H U7z, A 2 fafn /K CHei® L 7=, magnesium sulfate anhydrous (MgSOg4) CHit
K U7z, MgSOs Rz Licte, WA LM% L, 2-(azidomethyl)phenylboronic acid
& LT EIR A 1572, %i\ T, 2-(azidomethyl)phenylboronic acid % methanol 10 mL
2V fi# S, triphenylphosphine 1.58 g (6.02 mmol) % J1 % T 80°CA A /L X ANT 90 4>
PR L7z, BUSBRLE 90 0%, PUCHIR Z =R E TmAI L, WA RIEREE LT,
BN ICARR K 10 mL, 36% HClaq 1.0 mL, chloroform 10 mL Z 1z, =& T
T 90 I HR L7z, BOUSBAAA 90 7312, BUSEHRIZ 757K 30 mL & chloroform 30 mL
ANz, KE L ARREZ 3BEL7-, /KJE% chloroform (20 mLx3) THH L=, /KiH
NORIEZ B L LT, £ OFRE% HZ250% L, 2-(aminomethyl)phenylboronic acid
hydrochloride & LT, HEARBEKEZGZ (L& 181 mg, I 24.2%),

FAB-MS (positive mode, glycerol matrix), 208 m/z, [M-Cl+glycerol-2H,0] .
'H NMR (400 MHz, DMSO-ds): & 8.44 (s, 2H), 8.04-8.03 (s, 3H), 7.77-7.74 (d, 1H),

7.44-7.33 (m, 3H), 4.18-4.14 (s, 2H).
1-2. CyBA DAL
IR-780 iodide 335 mg (0.502 mmol) & 2-(aminomethyl)phenylboronic acid hydrochloride

143 mg (0.764 mmol)% N,N-dimethylformamide (#2i7K) 5.00 mL (2R & &,
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triethylamine 500 uL 1R 72, 77 A aN%& Ny E#L L7, #OLER F T 16 FFfHR
L7z, BRUSEIAG 16 Bt ., WIEEZRIERE R L, Bonl Rz oA —n v U -0
T L7~ b7 F 7 4 — (chloroform/methanol = 20/1—5/1) TR L7, &HEL 72
CyBA RN LIS ZER L L, REZ E20RT 5221280 REARBKSE L
T CyBA #1572 (I 94.0 mg, K 24.1%),

FAB-MS (positive mode, glycerol matrix), 710.5 m/z, [M-Cl+glycerol-2H,0]". "H NMR
(400 MHz, methanol-d,): & 7.63 (d, 2H), 7.51-7.40 (m, 4H), 7.34-7.29 (m, 4H), 7.10-7.06 (m,
4H), 5.87 (d, 2H), 4.90 (s, 2H), 3.92 (t, 4H), 2.56 (t, 4H), 1.88 (t, 2H), 1.80 (m, 4H), 1.45 (s,
12H), 1.01, (t, 6H). °C NMR (100 MHz, methanol-d,): & 168.58, 167.89, 143.02, 141.28,
139.99, 139.74, 132.88, 129.70, 128.27, 127.95, 127.11, 122.75, 121.59, 120.34, 108.92,
94.97, 54.79, 44.09, 27.42, 24.51, 21.61, 19.76, 10.31. Elemental analysis, calculated for
C43HssN3O3BCl [CyBA<H,O]: C, 73.01; H, 7.84; N, 5.94. Found: C, 73.21; H, 7.65; N,

5.92%.

2-1. 2-(Aminomethyl)phenylboronic acid 2 U8 CyBA D'E &7 4T
FAB-MS A-~X7 [JL (positive mode) 1%, glycerin 2~ kU v 2 A methanol % 4t
E LT, WEEIT->T- (Figures 6,43),

CyBA @ FAB-MS %, Figure 6 |[Z7”77,
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Figure 43. FAB-MS (positive mode) and structure of 2-(aminomethyl)phenylboronic
acid glycerin complex.

2-2.  2-(Aminomethyl)phenylboronic acid hydrochloride M U8 CyBA @& NMR #I &
(Figures 5, 44, 45)
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Figure 44. '"H NMR spectrum of 2-(aminomethyl)phenylboronic acid hydrochloride in
DMSO-dg.

CyBA ® '"HNMR A-XZ kL% Figure 5 12/~
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Figure 45. °C NMR spectrum of CyBA in methanol-d,.

3. CyBA O 4rMEaH A
3-1. RN A~2Z R OVHIE

HEPES (10 mM) % & &9 methanol/water (1/1, v/v) ¥&#& (pH 7.4) T 4.0 uM CyBA I&i&
ZHEORTHIZHHE L7z, 2D CyBA WK OWIN A~ MVRIEZE{T T2, CyBA O

WLRR KR (habs) 13 659 nm, B /VSEAREIT 1.1x10° Mlem™ TH - 7=,

3-2. WIHAT FAHIE

HEPES (10 mM) % & ¢ methanol/water (1/1, v/v) % (pH 7.4) C 2.0 uM CyBA A%
ZREOHT I L7z, 2O CyBA WK DHEIEAR7 FLiE, =R T CTHIE LT,
SR ORERMHREIZLLTOEY TH S (EEE (k) 659 nm, HIEHK K
450-900 nm, AEAHE Fast, 7 U 7R 1.0 nm, /3> RiE BhiE 10 nm F&

10 nm, /& Low), CyBA OHEARKIEE (hem) (. 726 nm ThH o 7=,
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3-3. #HLEFICR (@) DR

W 600 nm (21T DL 0.02 LLFIZ72 5 K 9 ZRIRE D CyBA (020 uM) LT
Cresyl Violet (0.20 pM) @ methanol ¥ 2 i3 L, M¥EHED 600 nm DU 2 HIE L
72 (CyBA DOWSEFE=0.0113, Cresyl Violet MW FE=0.00756), KIZ. R Z W
Hr DEICANRT SV ERIE LTc, BOOCEFOMESRMREIZULTO®@Y Th 5
(hex 659 nm, JIEHE FEIFH 450-900 nm, E&IEE Fast, > 7 U 7 0.2 nm, /N
> Ribg bkl 1.5 nm F&E 5 nm, AL High), SAEHEEA~T MLVOFEME (4G E
AN e K E IR AR D 031272 2 R ORREONE) ZF W CEHE L-mfEz F L LTH
HiL7= (CyBA @ F=54.9, Cresyl Violet ® F=5201), 1Z#E33K (Cresyl Violet) D&
FUV 1L, methanol H CTHIELIK & 600 nm ([Z81F HHOEE IR (D) =0.54 & -
S EEE TR D72 CyBA KUK Cresyl Violet DU IEEE . HOE AT b LoD - EIE HEIFE .
Cresyl Violet D @y =0.54 % LL FORXUTUA L, CyBA OFEAIE N & IR (D) &
B L7 220

@ ActF. ‘
(psm:M (KS)
AsmFst

D MEREOHOE BT, &y FFHERBOFOCE T IR, A+ WIERED 600
2B DML, Ay FEUEELD 600 nm (Z31F D WLE . Fon @ HIERENOHOE
W & O BRI F6 0T 2 #OGTREEEIAE, Fy o AR HERUE O SO R O - EF 2
VF 2 HO R T A

Methanol H11231F % CyBA @ &g, 1%, 3.8x10° ThH - 7=,

4. CyBA O% pH IZHBIT D EIART MAHIEE pK, DHE H

HEPES (10 mM) % & &9 methanol/water (1/1, v/v) ¥&#& (pH 7.4) T 2.0 uM CyBA &Ik
ZHEORTBICHHR L7z, ZHIZ 1MNaOH aq &5 \ME I MHClaq 2% L. pHO0.5
[#F7 THFE pH (pH 4.0-12.0) ([ L, ZOENAT MVEZRE LT, wOLERT
DWPERMFHEITLLTOEY TH D (hex 659 nm, HEIEHFH 550-900 nm, EAH
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JE Fast, o7V 7RG 1.0nm, /N> RiE b 10 nm %% 10 nm, & Low), &
& pH IZ351F 5 CyBA @ 700 nm DGR A pH (23 LT =2 » | L7z, Kaleidagraph

ERHWTCH—T7 4 v T 4 7 &AT, FlRHEFR) D CyBA DR TR pK, &R T

53,54

o

F o= Fro+FiimKa[H]
I 1+Kg[H*]

Fr BOEREE, Fro: SCTRERIMME, Fu,: BOGRE R, K, FRFEEESR. (H]: 7
7 R PR (M)

CyBA DR UHED pKfEIX, 9.52 Th o7z,
F£7-. 2.0 uM CyBA i % AT 50 mM Fru & 72 181 2 HIEORTHICHEL L, [F]
FEDJ71E T CyBA DR 7 HED pK, %KD 7=, Fru (50 mM) 7 F D CyBA RV FED pK,

X, 638 THoT-,

5. CyBA OBFEFHREICEKIT 2306 A7 MVIANE LA ER K OHEMH

HEPES (10 mM) % & &9 methanol/water (1/1, v/v) ¥&#& (pH 7.4) T 2.0 uM CyBA I&i&
w L7z, ZOWEE AW T, FHEEEOEREERZHEORT R L, 20
HICANRT MV lE LT, BRHEEOPEREIX, Table 12 (TR Lz, H#OUGERTD
HERMERTCIILUTO®EY THD (hex 659 nm, JHIEIEHPIA 550-900 nm, &7
Fast, &> 7" U > 7@ 1.0 nm, 73> R hEE 10 nm %8¢ 10 nm, FE Low), &F#
FERFE 23T 5 CyBA @ 705 nm O YEHRE 2 BRI 25 L C7 2 v h L7z, CyBA
EHED 11 OEAEREET 5 Z & Z{E L. Kaleidagraph Z HHWNTH—7 7 1 v 7
(VT R, [EUF AR D BRI D R A ER K &R 7= (Table 12),

__ Fro+FnimKI[C]
F, =
1+K|[C]

Fr HOEHREE, Foo SOCREPIMIE, Fu: SOCBERKE, K EEEHk ()., [C]:
N A — L EMIRE (M)
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Table 12. Concentration (mM) of polyol for fluorescence measurement and calculation of
binding constants K (M™).

Concentration of polyol (mM) Binding constans K (M™)
Fru 0 1 2 5 10 [ 20 | 50 [ 100 173.2
Gle 0 10 [ 20 | 50 | 100 | 200 | 500 | 1000 4.0
Gal 0 1 2 5 10 | 20 [ 50 | 100 | 200 35.6
Man 0 1 2 5 10 | 20 [ 50 | 100 | 200 11.1
Fuc 0 1 2 5 10 | 20 [ 50 | 100 | 200 12.0
Sor 0 1 2 5 10 | 20 [ 50 [ 100 317.0
NeuSAc | 0 0.1 | 02 ] 0.5 1 2 5 10 | 20 | 30 135.4

6. CyBA @ H,0, KJSMEDOFHA
6-1. BRIk 2T VIR D CyBA ~0 Hy,0, HINEF ORI SO 27 R VHlE
HEPES (10 mM) % & &9 methanol/water (1/1, v/v) ¥&#& (pH 7.4) 2.0 uM CyBA I&i&
ZMEDOHT ISR L7z, JES HIS, ZOWROEIEART FvEa HO0, i 0 73
ELTHE L7, T, 2.0 uM CyBA ik A VT, 1.0 mM H0, & 7 2 V5K % 7Y
Lz, ZOWHIZ, AAT v 7 & TR DR ZEED . 5,0 10, 15 /0 fmRE O E Ok 2
N7 MV ERIE LTz, #OCREFORIERMREITLUL TOEY) TH D (hex 659 nm, M
EPE#PE 550-900 nm, AEAHE Fast, 27U 7R 1.0 nm, /3> RiE FhiEd 10

nm F¢ 10 nm, F&E Low),

6-2. Fru & BRIRT AT LA IERL L= CyBA ~0 Hy0, USHIRF OMERFRYHE 1 A7 kL
I E

52 2.0 uM CyBA A% % T, 50 mM Fru & 72 2 A% (2.0 uM CyBA containing 50
mM Fru) ZREORTHICHHM L=, WEY HIZ, ZOEWROEAHART FLE H0,
wWhno sy & UCHIE L7z, ¥iZ, 2.0 uM CyBA containing 50 mM Fru Z AT, 1.0 mM
H,0, & 72 DR AT LTz, ZOWHRIZ, A AT » I TR DR ZEH0 | 5, 10,

15, 20, 25, 30, 45, 60, 90 F3fRiFFDH AT MV ARIE Lz, dOIEEERHOH]
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ERMIE, EREEREF R ERE L, AT PVEZIT T,
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1-1.  JS-R ®& K (Scheme 15)

3-(N,N-Dimethylamino)phenylboronic acid 3.00 g (18.2 mmol)% acetic acid 15 mL (2%
fi# X, formaldehyde 37% solution 6.8 mL (91 mmol) ZJ1% T 85CA A /L/NANT 2
TR Lo, BONEGE Y Z2 iR £ TWmAIL SafnfEgAKFE T Y 7 Lok THin L7z,
IEE5 % % dichloromethane (100 mL x 3) THiMH L7, B2, A % fafn K o
L. sodium sulfate (Na;SO4) THi/K L72t%. Na,SO, ZFRE L., B2 BITEEE LT,
BONTEEZ VDTN ATAILD T Ty varsa~y NI 7 40— (BEIM
dichloromethane/methanol = 100/0 — 0/100) THUER L, crude JS-R & L CHAME K%
7=, VT, crude JS-R % pH 2 ® HCl aq (258 &I ¥ 7-1%. 1 M NaOH aq %
Mz TpH3IZHEE LTz, IBEEITV, FlEWZFRE L%, 1 MHClaq Z/12 T pH
2T LTz, Dk, fAFNJREEfTIT E T sodium chloride 1z, 28R T C 5 Reff4R
L7z, T L7=F@EK%Z JS-R (borinic acid form) & L CIEH L 7= (& 39.0 mg,
G 63.5%),

EI-MS: 279 (M" without CI), "H NMR (400 MHz, methanol-dy): & 7.76 (s, 1H), 7.58 (d,
2H), 7.24 (s, 2H), 6.83 (d, 2H), 3.34 (s, 12H). °C NMR (100 MHz, methanol-d,): & 161.06,
157.53, 142.73, 130.22, 119.12, 113.74, 40.87. Elemental analysis, calculated for
C17H24N2BO3sNa; sCl3 5 [JS-R (borinic acid form) *5/2NaCl*2H,0]: C 41.09, H 4.87, N 5.64%,

found: C 41.26, H 5.00, N 5.44%.

(o]

HO B'OH R A
e
@,,{ Acetic acid, 85°C, 2hr . - N*~ HClag,NaClrt, 5hr N B SN
\ | Ho” “oH | | OH |

JS-R JS-R (borinic acid form)

Scheme 15. Synthesis of JS-R and JS-R (borinic acid form).
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1-2.  JS-R/CA complex fiigtfl:

Crude JS-R 48.9 mg % methanol 5 mL (23 L, CA92.9 mg N % 7o, IRATRIK A =
5T C 48 BRMIEHE L7=, #riH L7z JS-R/ICA HAKRDHKE % PTFE A7 L7 4 )b
4 —TIRBR L, FonfifzBEEwE L (& 11.4 mg).

2. FEERREAT
2-1. MS HIE

JS-R (borinic acid form) ¢ EI-MS % H|5€ L 7= (Figure 46),

[%]
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o e oottt il I

Figure 46. EI-MS of JS-R (borinic acid form).

2-2. NMR #J7E

JS-R (borinic acid form) @ 'HNMR, “C NMR Z~<Z kL ZlE L7- (Figures 47, 48),
"B NMR (%, boron trifluorodiethyl etherate (BF3*OEt,) % chloroform-d ' CHlE L, J&
Y —2 (0ppm) & L7z, JS-R @ "BNMR 2% kL%, JS-R (bornic acid form) %
25 mM phosphate buffer/methanol-dy (pD 7.4) |ZIEfE ST, JS-R & L CHIEZ T 7=

(Figure 22),
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Figure 47. "H NMR spectrum of JS-R (borinic acid form) in methanol-d,.
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Figure 48. °C NMR spectrum of JS-R (borinic acid form) in methanol-d,.
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2-4. Hiflidh X SRS AT

B £ K512 T, APEXIT CCD (Burker, MA USA) % VT, WIS 217 - 7=,

3. JS-R ORI A
3-1. WA~ RVHITE
HEPES #2/{% (10 mM, pH 7.4) T 6.3 uM JS-R ISR 1B L, WL A7 kL2

FE LT, JS-R D s 1F 611 nm. E/AIEAREIT 1.3x10° M lem™ ThH - 7=,

3-2. WIHEAT FAVHIE

FRRIFEBR & A CEIR O AT SV RIE Uiz, G EE G ORE SRR E LA
TDEY THD (hex 611 nm, HIEWRHIPH 500-800 nm, EEIEE Fast, 27U
Z' M 1.0 nm, 23> R B 3 nm &% 3 nm, BE Low), JS-R @ Aen 1X. 630 nm

ThoT-,

3-3. #HETFICR @ DR

HE 600 nm ([ZFIF AW 0.02 LTI D X5 REED JS-R (0.20 uM)D
methanol AWK Z 78 L, 600 nm OW LR ZHIE L7z (JS-R OWRE =0.0175), IRIZ,
[FEAHR 2 I CTHOE AR 7 bV 2 llE LT, SO R ORIE SRR EITLL T D@ v
TdHD (hex 600 nm, JHITH FHiPH 450-900 nm, EAHE Fast, o7 U > 7RG 0.2
nm, /32 NiE Fh# 3 nm 76 3 nm, K High), #0627 MLVOYfEME (8GR
FEAE D e RECIRENE D53 1272 5 MO BB OME) 2 W CEHAR Lcmfaz F & LT
B L7 (JS-R D F=10508), FFLTRD7= IS-R O, #E AT R LD -fHiE

HifE. 55 1 3 3-3.127% L7z Cresyl Violet Dz (20 5) (XA L, JS-R D &g, ZHH L

7" 5,26,52
—

o

Methanol H1Z381F 5 JS-R D &g, 1%, 0.59 TH - 7=,
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4. #FE pH 2B 5 IS-R DA~ FVRIE KR, pK, DR H

HEPES #&f##% (10 mM, pH 7.4) T 6.3 uM JS-R iFEZ W EDORTHICHTHB L7, Zh
(Z 1 M NaOH aq 5\ MI 1 M HClaq Z ¥ L. pH 0.5 [ff& TH&FE pH (pH 2.0-13)
FEEL . ZOHEANT MR IIE LTz, SR OMIE SRR EIZLL T D@y T
H5 (hex 611 nm, JIEIEFPE 500-800 nm, ELHE Fast, 27V o FRIE 1.0
nm, /N Rig ke 3 nm FE% 3 nm, . Low), %7 pH (23517 5 JS-R @ 630 nm D
I Z pH IZd L TTry MLz, ffbh/c7my P&z, 5§ 1 =L RIS
Kaleidagraph Z W CH—77 4 v 7 4 T &7V, [BUFHIER)NS JS-R DFETHED
pK. %R 7-,

JS-R DARTFRD pKfEI%, 3.99 Th-oT=,

F72. 6.3 uM JS-R Ak % T 50 mM Fru & 72 2R 2 HIEORTH IR L, [F
FRDF1ET CyBA DARTFED pK, K7z, 50 mM Fru 17 F D JS-R RV FED pk,

fElX. 322 ThHoT-,

5. ELFER

SFET V77 Winmostar' ™ & T, JS-R 2 OY IS-R/Fru D4y 113t & 1E
AR U7z, VB L7850y THEIE 2 IS & U<, (L5 7 1 7 7 A Gaussian 09
ver. 5.02 Z W C, MEERE(b 21T o 72, RBICHWERIRSEMFE, BIFo@y T
& % (DFT, B3LYP/6-311++(d), solvent water)’®, ¥SH%) B1%. HiEFHEARE T IL
(Polarizable continuum model: PCM) % W TEE L7, &b S-S
HOMO K O LUMO O 3/L¥— (au) % eV IZHH L7= (1 Hartree (a.u.) = 27.2114
eV), FHEHLED =R X —DMHRFERZ L TFIoRT,

JS-R: (HOMO -5.47 eV, LUMO -2.83 ¢V), JS-R/Fru: (HOMO -5.48 ¢V, LUMO -2.90 eV)
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6. FHOEE K DR

HEPES #&f##% (10 mM, pH 7.4) T 5.0 uM JS-R {RiE 2 s L 7=, Z Ok % V¢
BHHEFH O WER AR 2 E ORI R I L, £ OEEA~7 ML ZJIE L7z (Table
13), WIHEHEEFHOMESRMEREIZLLTOMEY TH D (A 611 nm, JIE I #iPH
550-800 nm, AEAIEE Fast, o7V 7 RIfE 1.0 nm, /3> N B 3 nm F6 3
nm, EE Low), SFEFFIEEEICIIT D JS-R D 630 nm D EIREE 2 B EE (2% L C
2y b L7, e my b &RRIC, 51 LRI Kaleidagraph 2 W T —7
T AT 4T EITV, BRI D AP T A A E K 2RO 72 (Table
13),

Table 13. Concentration (mM) of polyol for fluorescence measurement and calculation of
binding constants K (M™).

Concentration of polyol (mM) Binding constans K (M™)
Fru 0 1 2 5 10 [ 20 | 50 [ 100 112.1
Gle 0 5 10 [ 20 [ 50 | 100 | 200 | 500 | 1000 3.3
Gal 0 5 10 | 20 [ 50 [ 100 [ 200 [ 500 23
Man 0 5 10 [ 20 [ 50 [ 100 | 200 | 500 | 1000 4.2
Fuc 0 2 5 10 | 20 [ 50 | 100 | 200 | 500 24
Sor 0 1 2 5 10 | 20 [ 50 [ 100 433
NeuSAc | 0 0.1 | 02 ] 0.5 1 2 5 10 | 20 11.2

7. JS-R ~® H,0, FINEER
7-1. BRI A7 R VHIE

HEPES #&f#% (10 mM, pH 7.4) T 5.0 uM JS-R A% % i

FEOHTHICHRE L7z, HIE
EL

WHIZ, ZOBWEDOWILARY FvZ 0 uM H,0, & L CH| 72o HIZ, 5.0 uM JS-R
HiR 22 IV TL 100 uM Ho0, O IR 2B U7z, FE S 15 R (I A7 |

VERIE LTz,

7-2. Bk 2T VAR D JS-R ~D H,0, TRINIF OMERFI L S A~ 27 R VHGE
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HEPES #&f##% (10 mM, pH 7.4) T 5.0 uM JS-R {&i& 2 1€ DR BB L 7=, HIE
WHIZ, ZOWEROEIEART S vE H,0, W05y & LCTHIE LTz, #i2.5.0 uM JS-R
WiRZ T, 1.0mM Hy0, &R DR 2T LTz, TOWHKRIL, A AT v TR T
MO ZFEED . 5, 10, 15, 20, 25, 30 /3RO E G AT MV AHIE Lz, &
FENEEF OWE SRR EIILL FDOEY TH D, (hex 564 nm, P EH EHFH 550-800 nm,

AERIHE Fast, o7V 7RI 1.0nm, /3> FiE B 3 nm #5563 nm, [EE Low)

7-3. Fru EBRIRT= X T VAR L 72 IS-R ~D Hy0, USHNEF OMERFRYHE 6 A~ kL]
i

52 5.0 uM JS-R A & T, 50 mM Fru & 72 53 (5.0 uM JS-R containing 50
mM Fru) ZHEORTHICTAR L=, WIEYHIZ, ZOBEROFEKALT MLE H0,
W04y & UCHIE L7z, ¥IZ, 5.0 uM JS-R containing 50 mM Fru % VT, 1.0 mM
Hy0, & 2 DR AT LTe, ZOWIRIZ. A AT » TR TRE LR A FHD | 5. 10,
15, 20, 25, 30, 45 pfRERFOESE AT MV ERIE Uiz, 8L R O HIE S 3%

EIE, B2RET2 LR—FFEZEE L, AT MVHTEZTT T,

7-4.  BAIRT R T IOVEEZRLOD JS-R DAFE Ho0, I EEIC I 1T D a0 A~ FVHIE
HEPES #&f##% (10 mM, pH 7.4) T 5.0 uM JS-R {&i& 2 1€ DR B ICFHRL L 7=, HIE
WHIZ, ZOWKRDENAT MvE 0 uMH,0, & L CHIE L2, FIZ. 5.0 uM JS-R
Wi & VT, &1 H0, 1B (1,2, 5, 10, 20, 50, 100, 200 uM) DI Z 8L L 7=, i
R D 15 R T HOE AT MV ERIE Ule, @GR OWE SAFRREI, 5 2

72 LR-RERE L, HEANT PAREEIT T,

7-5. JS-R & Hy,0, & DISERM DR Y A — VA5G HEDO A

HEPES $&f % (10 mM, pH 7.4) T 5 uM JS-R ¥ & JE O w7 BIZTHEL L7z, HIEY
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HiZ, AWK EZ DT, 1.0 mM H0, DIRiR 2T Lz, 35 15 ot tkic,
HANT "VERE LT, £, RS 15 ik ORI Z2 T, 50 mM Fru
ERDWE AR L, #OEAT MVERE LT, R ORERMZREIX, 5

2F 62 LA —RMFEAREL, FEANT MVRAIEZIT T2,

8. JS-R & Hy0, & O FUGA R DR IEfRHT

JS-R (borinic acid) 1.30 mg % methanol 500 uL (2 fiF S+, 30% H,0, & 1.00 pL ¥#N
LT N T 15 oM#E Lz, £ 0%, WA IER £ L, B4 52508 L T ISR
& Ho0, DFRARM) & IR & LT T2, 45 BT USAERIIE B &0 8T (EI-MS) %
1To 7z (Figure 33), ¥IZ., mnfeE &SI 21TV TOMBAZ RO T,

Calc. for C;7H19N,O; 267.1497 m/z, found; 267.1498 m/z.
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FIE

1. 4-Isoquinolineboronic acid (4IQBA) @ Fru, Glc 2T}, NeuSAc (k3 DA EH K
DEH

HEPES fZ## (10 mM, pH 7.4) T 10 uM 4IQBA ik # B L7=, Z Ok % W
T, BHEPEEHOPREEREZNEOR B IZHRK L, 20927 MV 2RIE LT
(Table 14), HEGEFFOHESRMUREITZLLFOEY TH D, (hex 331 nm, HIE K K
300-550 nm, AEAEE Fast, 27U ZHBE 1.0 nm, /3> Rig Bk 10 nm &
Jt 10 nm, J&EE Low) AHEFEIRELICISIT 5 4IQBA @ 371 nm DHGIREE 2 B EE (5t
LC7my b, b7 my h&EIT, 5B 1 % & [AFRIC Kaleidagraph 2 VT
N—=TT7 4T 4T EATV, BURHER D AFIEIC T oA ER K 2R 7
(Table 14),

Table 14. Concentration (mM) of polyol for fluorescence measurement and calculation of
binding constants K (M™).

Concentration of polyol (mM) Binding constans K (M)
Fru 0 1 2 5 10 [ 20 [ 50 [ 100 1794.1
Gle 0 10 | 20 [ 50 | 100 [ 200 [ 500 [1000 207.5
NeuSAc | 0 | 0.1 | 02 ] 0S5 1 2 5 10 | 20 | 30 87.0

2. CyBA JxTVJS-R @ H 0, \Zk}F 2 SO HEE E 4L k DR
2-1. BRIk AT L&k L7z CyBA @ Hy0, (%45 k OFH

[CyBA] << [H,0,] (2.0 uM CyBA, 1.0 mM H,0,) TH 2D Z &N bH, $#E 1 IR & A 72
LChkEHERH LR,

FEROIEF 1 T 6-2. TH LN, BRRHICIIT 2 700 nm OEIETRE 4 B RcH L
L. FFECx L Thx# 7 m > M L CESMEEZIT 7o, BONTCEROEE 0 k%
Rd7,
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F.l.=F.l,e® --- (58
InF.l.= —kt +InF.I, -+ (F9)
FL;700 nm (28T BRI . F Lo HoO, U1 0 43 700 nm (2 331) D@ iRz, k;

BOSHEEER (s7) £ HaOp WRINEE DFLBEERT (s)

2-2. BRT AT VI AL QAL TIZ31T 2 JS-R D HaOp (2532 k DHELHY

[JS-R] << [H20,] (5.0 uM JS-R, 1.0 mM H,0,) THDH Z L, 81 IR E &7 L
ThkEHEHEH L,

FEROFRE 2 5 72 OV 7-3. THREB I, ARFRHICIS T 5 584 nm D HOLTRE 2 630
nm OHEFETRE TR L THEINIREL Fr (FLsss nm/FLezo nm) 23RO 7-, IR K
. (Frim) 2>DFAEICHRELL (Fr) D7 (Frim - Fr) 23RS, ZOZELZ AR E L,
RefZe L CA R T vy B L CEBMEZIT o7, B ONTCEROMBEEDNS bk 2K
77

Fr = Frum(1 — e7%) <o (3 10)
In (Friim — Fr) = —kt + In Fryim cee (A1)

Fr; 584 nm & 630 nm 7> 53RO TZHOGIRE L (FLsga nn/FLe30 nm)s Friim; HOCTREE L
(FLssanm/FLyonm) PR, &y SOSEEEERL (s, 1 HoOr WINHE OFLEKER (5)

3. CyBA OHIEA A=V v 7 ~DiEMH % B K LT~ ER
3-1. YU TR

DMSO (50%) % & ¢e PBS A1 T, 10 uM CyBA &k (CyBA without NeuSAc) %
U7z, R 2 T, 30 mM NeuSAc & 72 5 (CyBA with 30 mM NeuSAc) % il

L7,
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3-2. WRERAWZEEA A=V T DR

REENIC, RRRSERR (BB 3 % 3-1) Taifl L 7= CyBA without NeuSAc & U CyBA with
30 mM NeuSAc ##% & L7z, F72. 660 nm D2 RN HZBE T H /3 KSR T 4 b
4 — (660 nm£10 nm) % BFEEMImEICID (11072, BF=E EEH o5& 2 R (300 W,

300-600 nm) % 15 cm O A5 FEEE CREGT L 7= (Scheme 16),

Band pass filter
(A 660 nm=+10 nm)

300 W Xe lamp
(300-600 nm)

CyBA without CyBA with
Neu5Ac 30 mM Neu5Ac

Scheme 16. Evaluation system for fluorescence image of JS-R solution using Xe lamp
(300 W, 300-600 nm) and band pass filter (660 nm=10 nm).

3-3. PVA (5%) Z7VEBRERZEME S L THWZEEA A —2 0 7 D FER

PVA AR (5%) ZiH L., BREEARIEIC L 0 Z bz T o7, 2D 5%PVA 7 VN
(ZFEBR OERE 3 7 3-1 THEL L 72 CyBA without NeuSAc & OY, CyBA with 30 mM Neu5Ac
ENZEN20uL TOFEAL, BENICHE LTz, BELEIZ AN XA T 4 14—
(660 nm=10 nm) & BV {72, BEEMEN S 1 7 VNI (300 W, 300-600 nm) %

STEREE £9 6 cm, MRS L K9 60° THRSYT L7 (Scheme 17),
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Band pass filter
(A 660 nm=+10 nm)

300 W Xe lamp
(300-600 nm)

CyBA without CyBA with
Neu5Ac 30 mM Neu5Ac

Scheme 17. Evaluation system for fluorescence image of PVA gel containing JS-R using
Xe lamp (300 W, 300-600 nm) and band pass filter (660 nm + 10 nm).

4. JS-R O H,0, IS v a—2v oo 7T 5 5
4-1. Gle METIZHET D GOx DA L2 JIS-R DEOEA~T b VEIE

HEPES #&1&#X (10 mM, pH 7.4) T 5.0 uM JS-R #&# (JS-R without GOx and Glc) % 7
BLUT-, [AVRIE AT 10 pg/mL GOx & 72 H¥E (JS-R with GOx, without Gle) % ]
EDRTHICTHR L7z, WEROWE AT MU, BLF OHOELE RS TRIE L7z,
(hex 564 nm, JHIE I EHiPH 550-800 nm, EAEE Fast, > 7 U 7K 1.0 nm, /3

> K& JEbkd 3 nm F6E 3 nm, E Low)

4-2. GOx HAFE F D JS-R ~D Glc FSHNEBR

HEPES #2/@{% (10 mM, pH 7.4) T 5.0 uM JS-R iFR&ZFHH L. [REEE AT 10
ng/mL GOx & 72 5¥HR (JS-R with GOx) ZHIEDORTHIZHHM L7z, HIE%H, JS-R
with GOx % T, & Gle JRFEEDIEE (0, 1,2, 5, 10,20 mM) 2 FH% U 7=, iR
DD 15 SRS A FE Gle IREEDWIK DH AT MV EFROa o R

THIE LT,
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