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Activatable Raman probe utilizing enzyme-induced aggregate formation for selective ex vivo imaging
(Department of Life Science and Technology, Tokyo Institute of Technology', Graduate School of Medical
Sciences, The University of Tokyo?, Graduate School of Pharmaceutical Sciences, The University of Tokyo 3,
RIKEN BDR*, Research Center for Advanced Science and Technology, The University of Tokyo®, Living Systems
and Meterialogy Research group, Tokyo Institute of Technology®) FUJIOKA, Hiroyoshi!; KAWATANI,
Minoru'?; URANO, Yasuteru>*; OBATA, Fumiaki*; OZEKI Yasuyuki’; KAMIYA, Mako!¢
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bole, T ZTARMFICENTL, 2O X ) Rz wik TR T~ 7 n =T RBICEF LT,
EARBIZIE, BATIE C 7 e — 7 Rt 5E & LT 2 9CN-pyronin #FEKD 3 D7 X /K&
Z b Nw X LT E L7 9CN-rhodol B8RS PHESME T TRV EEMEZ AT 5 Z LITEH L,
FESR BUS 4 I A RS 2 (3R O BEERIRTZ A K THIRIPN IR MEAS A) | U | BRI SR S BRI D 7
IR AT REIC e D & B 2 1o, £ 2T, Ixii72 9CN-rhodol ‘& 2 ¥R+ 2 ~ < Flix OFFH
KEAR L, ZORMELFIM L7z, ZORR. ICN-JICR /27 m—7 R L L GREEL, #
L7V av =BT I ) RIFHX—EBEENE L3 HO T~ T —T 2T 52 &
T, AESTAIRICERT D 3 FEHOBERTEMEO FRF RIS L7, & biZ, BAJE L7z 9CPN-JCR-
Bn-BGal 13, PR DEEEARTEAIC X - THARIZ I W T O EEIEESE Th 5 B-galactosidase DI
PR 2 PRI 5 2 E N HRECTH o 72 2,
1) H.Fujioka, J. Shou, R. Kojima, Y. Urano, Y. Ozeki, M. Kamiya, J. Am. Chem. Soc., 142,20701-20707 (2020)
2) H. Fujioka, M. Kawatani, S. Spratt, A. Komazawa, Y. Misawa, J. Shou, T. Mizuguchi, H. Kosakamoto, R.
Kojima, Y. Urano, F. Obata, Y. Ozeki, M. Kamiya, J. Am. Chem. Soc., 145, 8871-8881 (2023)

Enzyme (-)

Fig. 1 Schematic illustration of activatable Raman probe utilizing

enzyme-induced aggregate formation for selective ex vivo imaging.
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Observation of drug uptake in living cells by Raman spectroscopic imaging (National Institute of Advanced
Industrial Science and Technology', Graduate School of Engineering, Osaka University?, Kuwansei Gakuin
University 3, Open and Transdisciplinary Research Initiatives, Osaka University) BANDO, Kazuki' 2, LI,
Menglu'2, HAO-XIAO, Liao?, NAWA, Yasunori’, FUJITA, Satoshi'?, FUJITA, Katsumasa'->*

T VAT, HESCE T NTE T B E A O T A LG I L - ThH 2 DD o FIREE
LT, EHT A ER<MHTE 2720, ALFEOSE THIEANEEFI N TV D, MO DR
B2 Db 0O DIREERS, W L MO EEREZ T~ L7 ) —THOWAREIC R D, X ITEED T~
ELTSEE A B L D, AR 2 A ST E T~ A A=V U BT D TEORRICERV A T
W5, AENTHIEANOEYEREBIZIC SOV THEEZ1T 9,

FIRLPNER D 4547 & Z UK MRS 2 U TV E A D)o T A TRV LUV TAHILT S Z &
WL M OEREF 2 BT 2720 OF =72 L 72 D, Las L, MIEN O /34 & AT b4 5 2h=%
HIZR FIEDR RN T2 | BERREALIZ 31T D YN R O E D > T\ b, OV AL L Eh
(R < MR E %2, EET2EE, HDVITH I L~V TRIPME T 2 M HauE, SEehHeh R
T IEHEC B2 = E A HIfF T B,

ASRIFAIET 7 F ) ~A 2 D (ActD) IZHFEH L, A 72O EENAOBIEZE %3 Z 78> 72, PAcD
X, DNA O —FELHAIHA L TRNA G ZET L2 LICLY, BT R h—v A EZFHET L
FUAEME L LTHOHN TS, ActD @ DNA ~DA ' Z—H L—3 3 03, R TIERIL, 806,
T UVBEMBEE O TE RIS T DR, ATl COBLZITHRE STy, Fixld, A
YED T < BAMEE % FV T, ActD (2 X 2 IR TEENE & AMIRIZERIT 5 ActD DA LT, Exil
Y hralc (cyte) OB, cyte DRI Y b7 R h— 2O~ —I—ThHs Z L2b
MHoT, EHIT, ActD DMEENICAS & 1266cm™ 735 1259ecm™ ~D > 7 b BBH I, T~ A A—
VUTIZEY ActD DENSAANHER S, ZFOEREF L BET 5 2 LS, T~ RS
(2 & 2 ARSI EL D A Fx & FIR FEE O [RIFFER A FTRE & 72 0 | A 14 OIBTEN 72 38 i F koo 11
MA[EE & IR o Tz,

1) Almar F. Palonpon, Jun Ando, Hiroyuki Yamakoshi, Kosuke Dodo, Mikiko Sodeoka, Satoshi Kawata,
Katsumasa Fujita, "Raman and SERS microscopy for molecular imaging of live cells," Nat. Protoc., Vol. 8, pp.
677-692 (2013).

2) Menglu Li, Hao-Xiang Liao, Kazuki Bando, Yasunori Nawa, Satoshi Fujita, and Katsumasa Fujita
"Label-free monitoring of drug-induced cytotoxicity and its molecular fingerprint by live-cell Raman and

autofluorescence imaging,"
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Imaging of Inner Mitochondrial Membrane Dynamics Using a Super-photostable and Environment-
sensitive Fluorescent Marker (Institute of Transformative Bio-Molecules, Nagoya University!, Graduate School

of Science, Nagoya University?) TAKI, Masayasu!; WANG, Junwei!; YAMAGUCHI, Shigehiro!~

FEAEDTNVTRZIFBERICHENTEY, TNENOF AT R T HME OMEEZ L LB
HAOCHEET D Z L THEERMRERE 2R LTV, 2 b RUTIE, WNE IMM) & 4ME
(OMM) MO SN D “HOBREEZ RS E L, IMM [ZO7RICIT 27-En-7 U AT &%
T 5. IMM IZIZ S AR BIRAEIRE CHERR SND I LAV B 2% &0, I har N TERES
AN R T RIMEAEH, &2 7EO3Bl SICEERER E R LTS, Fald, BiErEI b=
> R U 7 HEEH] MitoPB Yellow % BA%E L, #f## STED A A —Y v 7 Hifiz W T 74 7RIS
7V ATEEEE AL T 5 Z LIk L CE M ARFFETIE, 2 DR AR Y VI E G A FREISE
PEX b= B U 7HE#A] MitoPB Red Z#BH%E L (K1), d40tFHFmA A — 2 7 (FLIM)Z H 72 RS &
B EITHo T2,

MitoPB Red TY«fa L7-#flifa% STED BAMMEE CBIZ L& 25, 7 U ATHEENHIBRICEIZE SN,
MitoPB Yellow & [FIAEICEV IMM B2 A L TWA Z LRS-, £7-, MitoPB Red |ZiRIALE
FRFFAH(Lo #H) & WRIRERFAH(LA M) DRBMEDE W 2 8t OE N E L CREEICRITT H Z &N T
HZlbbmnotm, LER-T, Ao —TZ2HNWAHZ Lk, IMMBEHEOEE Y T LVZ A LT
B CELLDEEZT-.

[X] 2 |Z MitoPB Red TH+f% L 7= HeLa fifid ™ FLIM ®i{% Z ~9. s HFMITIEF I WD iz~ LTz
ZED, IMM ORI AR TRV ERH LN E oz, BENZ I, —oDI ha R
THNTH > THREEIIAE —THY, LofHE LdFHE FAA U ETEM L TWAEETFREEINT.
£, fAFEMB T L VI TFUB, bOHWIESMARMIENE CH DY/ —/VEERF(E T Cllaz
B2 L, FLIM TEIZE L= L A, A& TiE Lo lHOERIZHE 5 e FHam ORFMERED L0l
XL, BEDOI bary R T CTEREREHEMENRBD N, 2L, V) —igaeateh U4
U AEGHR SN, BEIFNRE LK T LD LB X BL5H. RIZ, Time-lapse FLIM % %
MEL7=E 2 A, TEEBREEENSRIFIIC Lo BT DTN I 4 7 TR A b, 2, IMM I
GENDINTAY EUNEBEREICL > TSN D Z & THREAFIRE OREMET L, RN
(EIFIARE ORI ER- Lz B2 6N 5. FEEE, 2 har RU TN CEEBRERE BAESE
HTEPMBNTNAENY <A X° CCCP CHIluZ LT 5 &, I har R T ORIEZE L LK
BPED AL Z FRFICHE 2 D Z ST L7z,

"y 0

Histogram

Frequency

RY/R? =
AN PPhB
OR%(R") N 52 54 56 58 60 62
(¢] Lifetime / ns
1 MitoPB Red (O X 2 MitoPB Red % F\ 7= HeLa MO FLIM W% (7£) &

WHFMOE A NI TN ()
[1] M. Taki, S. Yamaguchi et. al., PNAS 2019, 116, 15817.
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Evaluation of Relative Potency of Calibrated Ciguatoxin Congeners by Near-infrared Fluorescent Receptor
Binding and Neuroblastoma Cell-based Assays (Department of Research & Development, Japan Food Research
Laboratories', Graduate School of Science, Osaka Prefecture University 2, Graduate School of Science, Osaka
Metropolitan University *) YOKOZEKI, Toshiaki!?; HAMA, Yuka?, FUJITA, Kazuhiro!; IGARASHI, Tomojit;
HIRAMA, Masahiro?3; TSUMURAY A, Takeshi??

A MR TA(CTX)E, R THER S TALL RICHEE KIS TRERTEC VT 7 ORRKEHRETH
Do FOFHHEEL LT, CTX BNEMEIFNET U U LF ¥ Fv(Nav F v R/WTHEET HMEE ZFIH
LIz e T X =R T 4 7T v EARBABLUNN2a 7 v A BdH DA, 6D RBA &7
CTX IEERM A ZEITIHE L, N2a 7 v A 3P 48 UL L& WO RER & D, £ 2 TR
T, TNHORROEEEZRF Lz, SHIZ, ZHOT v EAICEIT S CTX [RBEIKDFE )
NzEmMDZ EVE, EEOFRBREPIRET 2 MR OREEZ IS 5 72 OICEEZN, WEOALR R
IERFZERI CRE S TBEL, ZHITHH SN CTX IBEORERSNFEREE2 bNS, LEER->
T, EENMR CEfHT S AER S VEER L, W7 v A CBI M0 %2 BRI RN L7,

£9, 7L _EFTUBTX, RBACEITD CTX ITHTBHA Y v )OI RO EIER A
PREX710-BTX(Fig. )&Z &L, THEANWDZ LI VERED b CTX OMLEEED 1/4 LLUF O &
FE RBA ZBHIHE L7z, e\ T, N2a 7 vk A OFMEL Rl L, TERIEE A% ORE 2R Lo E

F, TORIETIEM STz N2a fifao 24 B 0 7" LR 28 L=, &I, EfT Sz CTX

JEARD Nav F ¥ FVEEA BN KOSl EE 2 m 7 v A TRl L, 1Cso 38 X OVECs 25 L7
(Table 1), Mw??%wﬁAﬁﬁ@ BWTIE, FBRAETIZE A EERITRS, vU AH M%) L HHE
Lighholz, 61T, ZOFREN G EBRMOMEREEEDEVT, FEBRMMEICREL TS0
:&ﬁ%ammﬁoto —J7, N2a M4 2@ MEid~y 2wt RSAHBEAT 52 L6, N2a 7
v A N~ T ARERBRIEOEN I RE L 2D Z ENFEFEE Y,

Table 1. ICsgs, ECsos and TEFs of CTX congeners.

Toxic equivalency
factors (TEFs) based on
acute toxicity in mice

Binding affinities Cytotoxicities

Gongeners ICs = SD (pg/mL) ECs = SD (pg/mL)

CTX1B 3364 + 469 (1.0) 1.08 = 0.06 (1.0 1.0

O P CTX3C 3314 = 364 (1.0) 203 = 0.20 (0.5 0.2

° CTX4A 376.8 = 51.1 (0.9) 124 % 0.89 (0.09) 0.1

/\w//p O W~ 52-epi-54-deoxyCTX1B 268.0 = 26.2 (1.3) 298 *= 0.24 (0.4) 03
O//@ N 54-deoxyCTX1B 2304 *+ 267 (1.5) 273 £0.18 (0.4) 0.3
51-hydroxyCTX3C 286.1 =243 (1.2) 1.18 =0.10 (0.9) 1.0

Fig. 1. Structure of PREX710-BTX. Parentheses shows relative values when CTX1B is set to 1.0.

1) Kato, T., Yasumoto, T., Mar. Drugs 15, 309 (2017).
2) European Food Safety Authority (EFSA), EFSA4 J. 8, 1627 (2010).
3) Yokozeki, T., Hama, Y., Fujita, K., Igarashi, T., Hirama, M., Tsumuraya, T. Toxicon 230, 107161 (2023).
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