EfEAXFZZHMBHRI NI U
Keio Associated Repository of Academic resouces

Title

EHRETOIVYY —LARNpHNEEZAREL T2 EXTO—T ORAK

Sub Title

Development of a ratiometric fluorescent probe for quantifying the lysosomal pH in living cells

Author

16/, 8 —BB(Hanaoka, Kenijiro)

Publisher

BEESEEZES

Publication year

2023

Jtitle

BENSCSERBRFEREESEREEE (2022.)

JaLC DOI

Abstract

DYV —LHDpHIFHEHRETH V), BUETERLTIRLBINKDBEBRRICI > TELE D ZD
BID, Fle, VIV-LBEHSVWTR, VYY—LApHOEENKKBICEAN > TVR L 0H/E
£H% (JBC, 284, 7681-7686 (2009)5 & ), TDI=®, VY V—LHNDOpHZRAET D Z &,
ERANZALDEBICEN D EHEFEND, AHARTE., £EELMABRT, UTILEAALICD
YV—LRNpHZE EEFREAFLEEXTO—7 OEKEENEL =,
BESICK2PTINETICHAREATVWA L AEpHE AT O—7 : SIRpHE ( J. Am. Chem.
Soc., 140, 5925-5933
(2018) ) OEEERZ. EXBEHBEOL —HV—BERICEEGE B2 L HIZIF20-30 nmOERKRALA
BETH2 =, TIT, ¥AXFFB%ZC-rhodamine(CR)E IR X =CRpH2% 7 F5&5t &M L.
ZTORFRMERAN. TOBER, RIUKROERRILICKIIL, RAZATLVAL—¥—KE
0561 NMEBIINMIZTKETH 21z, Tlo, EXBRBRELZADET, HEAEFPWREAEL
EREBBICECHILIE, BBAI2ERTHEL EBROEXBEOL > FEZLOMER. pKa=
55cEHEN, VDY Y—LRpHOBRIEICHEL TV, RIC, BARLECRpH2ZBME A I HEXS
THBDVIVY—LNEFEETRIEH, TVRYARN—2RICKY VY Y —ALANEEEEND L
FHSNTVREDFTHEDTFANT > (Dex)ICCRpH2ZZEE L. CRpH2-DexZER L =, E
LT, DIYVY—LDIY—H—BZNIVETHBHTmem192(EGFPRIE) 2 ZERE < & -MEF#HiE
(CCRpH2-DexZE AL, £MfBA X =2 T %7212, TOHKR. N—Hh—2N0EE7O—
TOEXNFBVEAY ERLLERLEGI RSN, VYV —LROFEpHIFS1EBY), 2hE
TOBEETFEOBEMETH2fzo COKRSIC, AAKOEVWIY Y —LANpHOREICEL 2%
K7O—7T OBERICEBL .
The pH in lysosomes is weakly acidic, and the lysosomes contain various hydrolases, which can
be activated in acidic conditions and metabolize biomolecules. Further, it is reported that, in the
lysosomal diseases, the lysosomal pH is unordinary and this may be deeply related to these
diseases (JBC, 284, 7681-7686 (2009), etc.). Therefore, to measure the lysosomal pH is expected
to lead to the elucidation of the mechanism of these diseases. In this study, we aimed to develop
novel fluorescent probes for quantifying the lysosomal pH in living cells in real time.
So far, the applicants have developed ratiometric fluorescent probes for pH: SiRpHs (J. Am. Chem.
Soc., 140, 5925-5933 (2018)), and their excitation wavelengths need to be 20-30 nm shortened to
be fit for the widely used laser wavelengths of the confocal fluorescence microscopy. So, we
designed and synthesized CRpH2 by changing the dye scaffold of the pH probes to C-rhodamine
(CR) and examined their photophysical properties. As a result, we succeeded in shortening the
absorption wavelength of the pH probes, and their wavelength was suitable for the widely used
lasers, i.e., 561 nm and 633 nm. Moreover, we also succeeded in a large increment of the
fluorescence quantum yield of the pH probes by changing the dye scaffold of the pH probes. The
fluorescence intensity ratio by using 2 different excitation wavelengths was calculated to show pKa
= 5.5, and this pKa value was suitable for the measurement of the lysosomal pH. Then, to deliver
the developed pH probe, CRpH2, to the acidic organelle lysosomes, we labelled CRpH2 to a
macromolecule dextran (Dex), which is well-known to be delivered to lysosomes by endocytosis,
and prepared CRpH2-Dex. Then, we applied CRpH2-Dex to EGFP-fused Tmem192 (lysosomal
maker protein)-stably expressing MEF cells, and performed the live-cell fluorescence imaging. As a
result, the well-merged fluorescence image between the marker proteins and the pH probes was
observed, and the average lysosomal pH value was calculated to be 5.1, which is consistent to that
of the previous reports. Thus, we successfully developed a widely useable pH fluorescent probe
optimal for the measurement of the lysosomal pH.
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Development of a ratiometric fluorescent probe for quantifying the lysosomal pH in living cells
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Uy —LRAD pH LB ETHY . BBETEMIL T 55 LKEMKAPBERICE>TERERERET D, T, VYVY—LIFIZHEL
TIE UV —LH pH DEENERIBICELA->TNSEDHELH S (UBC, 284, 7681-7686 (2009)75E) , ZDT1=8 ., VI VY—LKHD pH
FRAETDHLE RKFANXLDRRAIZENBZEHFIND, AR TIH, £ES-HEAT, YTILEALIZIYY—LNpHEEE
AlBEET =R TO—T DMK EBEMELT=.

HEELICEK O TINETIZHEEINTLAL AR pH #3770 —7 : SiRpH #5 (J. Am. Chem. Soc., 140, 5925-5933 (2018)) M i
BEE S EMEDOL—F—EEICEAIER=HIZIL20-30 m DEEEIEADETH -, FoT. HXFARB%E C-
rhodamine(CR)$EIZHX 1= CRoH2 1 FE&&H-EHL. ZORXFHEEFAR-, TORE. RIGEROEREKEEICHIIL. AASH
TWBL—H— KR D 561 nm & 633 nm [CRBETHoT=. Tl ENBOEBREZLEZIDIET, EXEFINELREC(ERSERIE
IZRILT=, BH% 2 R CTHELEEBOELBEDL A ELEILDEIL, pKa=55 LEHEN, VYY—LKN pH OBEIFEIZELTUL
T=o RIZ. BFELT= CRpH2 ZEAEA WA RS THDV I —LAEEET B0 TURH A= RIZEKYIYY—LANERERESN BT
EDRHLNTVNEERFTHDHT T A5 (Dex)|Z CRpH2 Z1Z5L . CRpH2-Dex #ER L1z, ZL T VYVY—LDI—H—E2 /Y
BTH5 Tmem192(EGFP gt &) L EHKIHE - MEF #iB81Z CRpH2-Dex B AL . AN A—2 5 % (Tt TR . 7—H
— BNV BETA—TDEANEVELRYERL-EXREGRABRIN, JYY—LKNDTFY pH (X 5.1 EHY, ChWETORELF
BOEIMETH = ZOESIZAAKOEWNYY—LRN pH QAIFEICELEERTO—T ORFICHILT=,

2. HREBEREREOBE (FER)

The pH in lysosomes is weakly acidic, and the lysosomes contain various hydrolases, which can be activated in acidic conditions and
metabolize biomolecules. Further, it is reported that, in the lysosomal diseases, the lysosomal pH is unordinary and this may be deeply
related to these diseases (UBC, 284, 7681-7686 (2009), etc.). Therefore, to measure the lysosomal pH is expected to lead to the
elucidation of the mechanism of these diseases. In this study, we aimed to develop novel fluorescent probes for quantifying the
lysosomal pH in living cells in real time.

So far, the applicants have developed ratiometric fluorescent probes for pH: SiRpHs (J. Am. Chem. Soc., 140, 5925-5933 (2018)), and
their excitation wavelengths need to be 20-30 nm shortened to be fit for the widely used laser wavelengths of the confocal
fluorescence microscopy. So, we designed and synthesized CRpH2 by changing the dye scaffold of the pH probes to C-rhodamine
(CR) and examined their photophysical properties. As a result, we succeeded in shortening the absorption wavelength of the pH
probes, and their wavelength was suitable for the widely used lasers, i.e., 561 nm and 633 nm. Moreover, we also succeeded in a large
increment of the fluorescence quantum yield of the pH probes by changing the dye scaffold of the pH probes. The fluorescence
intensity ratio by using 2 different excitation wavelengths was calculated to show pKa = 5.5, and this pKa value was suitable for the
measurement of the lysosomal pH. Then, to deliver the developed pH probe, CRpH2, to the acidic organelle lysosomes, we labelled
CRpH2 to a macromolecule dextran (Dex), which is well-known to be delivered to lysosomes by endocytosis, and prepared CRpH2-
Dex. Then, we applied CRpH2-Dex to EGFP—-fused Tmem192 (lysosomal maker protein)—-stably expressing MEF cells, and performed
the live—cell fluorescence imaging. As a result, the well-merged fluorescence image between the marker proteins and the pH probes
was observed, and the average lysosomal pH value was calculated to be 5.1, which is consistent to that of the previous reports. Thus,
we successfully developed a widely useable pH fluorescent probe optimal for the measurement of the lysosomal pH.
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