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55—Ei High Throughput Screening %

KBS S TS 1) —%&FU\E high throughput screening (&, $HRZDORIZE % Hl1H

U, mRBZEERT DMEENZRERT D LTIFR(CHNIRFETHD. EERIC 1999 Fn5

2008 FDMICHEGRENTZEH] 239 FBEDM S5, 158 &M high throughput screening

(CLOTCRESNIALEN THD. =5IC. 75 D first-in-class DIFIFEFEAID S 5.

28 & (37 %) H' phenotype-based screening (4#Hi3% AL\ CHIREISsERE S DRIFA &

IBIZ(CEHME 9B high throughput screening). 17 # (17 %) 5 target-based

screening (EZMDFEREEZR % HU\/Z in vitro R CEZREE% 593 high throughput

screening) ([CXB 7T O—F TZDRBIEEMNRHENTVBZ M5 12, high

throughput screening EWWSFENASE BIFECEMU TSI ENFEX D(Table 1-1-

1),

Table 1-1-1. Discovery of first-in-class new molecular entities by therapeutic

area’.

Disease area

Infectious diseases
Immune

Cancer

Central nervous system
Metabolic
Cardiovascular
Gastrointestinal

Others

Rare diseaszes

Target-based
screening

i
1

= L R ¥y |

Phenotypic

screening

7

| T e T A Y I T

Biologics

e T T T -



RS ZETITIHONS high throughput screening (C &> THRE SN DEFIDEMZH &
L CEBERN BT BNS  (Fig. 1-1-1. 218). EHNTIBSOBRRIGHETLTHO.
SFUINTBEDY AL, INA AR I RILF—ELRERL RIS ZERMES S
CTHIRBHEEZ HERF LU TS, > CEREMDORE (FIEFE e zREL. HERIC

BEfELD DT, INZHIHT DREEDORFEIIRE TR I D L TIHECERTHD.

Enzymes 47% GPCRs 30%

DNA 1%
Integrins 1%

lon channels 7%

Miscellaneous 2% Transporters 4%

Nuclear hormone

Other receptors 4% receptors 4%

Fig. 1-1-1. Marketed small-molecule drug targets by biochemical class. GPCRs: G-

protein-coupled receptors®.
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ADEE. L By ORGSO RAORBE(CH T DERENBNZH. ERRNTHRZ(CFET
DEROPTEINS (CENDIEREEDERE(ICEHIT LT, SHANAMIRICIHE
BEIENZRE T CENTEDRMNRESNTE D EFEINZZF T I DIAFRHER
PMESNTNS *°, ERICHRIERERYT = BABIRERCHITBNILDR. £4A
DN FaH T DBEROZ S (INADRIREN ESNTED. INSOETEZFIET S

FH|DOBIFE (I ADEEEIED 1 DL TERTHS (Table 1-1-2)*%,
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Table 1-1-2. Targeting metabolic enzymes as a strategy to block biosynthesis or

induce energy stress.
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RIETC. £HlRR CTBRERZIMM T 27 v /RN EEALRFE SN TLRNWS a2k

Neht, —RE(CEERIETE(IEMRDTITS in cellulo @

S E EARRIEESRRZ UV in vitro

TOFHEENFIEL. "R ERIRUIEH” TBRESZIHUTE I B(C(E. in cellulo TD

@D in vitro TOFHMELDELFTLWNEEZSND. MIRAIICHSNT, BEEROIEEE

(35 2 )0-5 2 ) VOBBEERVREREER. BEECHEFOREREF(CEL > TEHIC,

BTSN TWLDTZE. " in cellulo” & " in vitro” TIERZBMDERIRGIAE

<EBRO>TWLBHSTHS (Fig. 1-2-1)"8,

Post-translational

modifications Endogenous
inhibitors
_OH
HG"TEL"Q\\ o
HO o _ﬁ/\
AcHN -
0
In cellulo _o-b-o
OH

Protein-protein
interactions

No
Post-translational
modifications No
inhibitors
In vitro

Lack of protein
binding partners

Fig. 1-2-1.Comparison of the in cellulo and in vitro environments typically

experienced by proteins, highlighting several natural modes for their post-

translational regulation. (Nat. Chem. Biol., 2005, 1, 130-142. XD —3BHZE)
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fflZ (. Pyruvate kinase (IEEAERDFBREEZR THD. €DF 1 VT A L PKM1 (FFEMED
B4 BRTHEEII DA, PKM2 (FTEHEDERL 2 2ARETFEEDE 4 2R THEIET D,
MAICENT PKM2 DRIRENEVC EHRSNTE D, FEREEREELT
phosphoenolpyruvate Z pyruvate NZ#19 3(FH. —EAD PKM2 (FZAICFEITLT
TOFA>2FF—TBLUTEIESE, BFADEFICERIMRREEOH T Z EAFSNT
3 %, PKM2 DfFEREESE & U COEMEHIREA L-serine (C&> TTORTU w2 I(CHI
HENdTENTMENTND. BEARIC(E L-serine (FERERN S DL I DESRREEICK
DT 3-phoshoglycerate ZHFEYE (CERRENDN. HEBAIC L-serine M+ =EFET
D5 PKM2 Z/EH LT D & THRIERZTUET 22— T, HMIIEA L-serine iIRE MK
T92E PKM2 DEMHMET L. BERDIAATZ glucose (& L-serine DESKR/NHESN
B2LSICST TS 0 HATERRNTDICHEEL CVBIRRCHNTE. BHEREF
FRUTATP EEZITDIRSK (Warburg #15R) 1Y 1924 F(CHERRESNTLURE. #ERZE
UeHEUTHA EHREIEEER (CRAT DATRISATON TSN, IEFEZDL DS L-serine £&
PR EFRTER IR DO OR b—0Z(FUHE UTHIBAENMESNTE D, K2
(CHEARCH T DEEREMHEHANDIRER I+ TIFR0N,

o T, BH—IFHRERZR\C in vitro DIRF TR SN BIBIRIZIT TIITDOBROLERN
(CHBITBDRF>OSTZHAIDICEFRATNTHDEERD. EHMllRZRHNDZ & TENEER
D> I)\T—5 > )R EERCHIIBABTER EDBREENOND Z L3R EHAZE
[RBR U T2 TIEMBE R DIE S & 5HlI D Z &NV alRE TH D E X 5ND (Fig. 1-2-2), L
WURMNSZED—AT. HRRADEZ S DBROFTNSBENDOERDEEDHZHET D

CEFERICRE#TH S S,
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in vitro vs in cellulo

Enzyme (in vitro) Lysate (mixture) Live cell (in cellulo, in vivo)

€ > .-

T+ — )y 2
BE - RFOBREZL
Loss of information =OIMEANET

Fig. 1-2-2. The three representative platforms used to study enzyme functions. (J.

Biochem. 2019, in press & O —EPHZE)
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fERFEstRmL, BE7FOJEUTOEETIO-JZMRTI LD, EHliER
THEDEREL XM T 22 ENAIEETHD (Fig. 1-2-3)1, &z, BXARHIE. 218
HOY> TIVEZIL—T v NELIRHT BT ENTIRETEH B2, high throughput
screening RORFE(CIL<KAVWSNTE,

Recognition Linker Fluorophore

site
o~ o”

NPP6

( 4 ®
Ao LI y SENE

“ éo\o’g\oe H)LN

TG-mPC ) 2-Me-4-OMe TG

NPP6 (+) NPP6 (-)

255
2
TG-mPC » I
2

Fig. 1-2-3. The fluorescent probe to monitor NPP6 activity in live cells.?
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INA =T v MCEHMRBORBNEEZ S D/, OEMIRERAWTIHFEDESR 1 D
T3, H2RHREZENE L. QTOFENRBIRIEZ R TEESND/ NI FREND
ZHYTILRTZ YA (CKD TEIRMIC in situ TEAERET S, £0\D 2 DOREEZHE
FHFENDTTZFRTZIREMEE R — XD high throughput screening 2&BERI B Ex2BHEL
Zo

DICDNT,

HDEEBZ input & UTEMRICHRIML. ToRRE SN TSN TR =Nz =
output EUTHERHE TS, D loutput 2% input 55 output (CE D FE TORBHEEED
EE] EUTEHMiIT 3T &R ER o, CNICKDIEROER DB DONRBEEEDIEN
ZIHET D ENAIRETH D D output EDFA ZTIEIR (IR RBEIRIE DR EHIFESR
ELUTRHWRZENTED LHFEEND. BIX(EHDEMNENRBEHR (CBIH DB

ZPHE UT2%E output (FRA I ENMERIEND (Fig. 2-1-1),

Biomolecule X Biomolecule X Biomolecule X
(Input) (Input) (Input)

5 : @
/1
l
N

Normal Tumor Inhibitor

——— Inhibitor

O €E— O«—— >

YT _ Metabolite Y T

Metabolite Y l
(Output)

(Output)

N4
N

Fig. 2-1-1. Schematic view of Pathway-Oriented Screening (POS).



@ICDWT.

IREXIRTHDHMARIMEEND (output) % in situ TERN(CTREITDIFEELT. D
RN ZERN (T I DEMEETEEZRZAVT NAD (P) HY H.0, ZEA SH. N5
ERBGTDCETHEALRIDIENTO-TZRAVWTHRRET DY TILRF7Z v ZFIH
IdEEEBRZ (Fig. 2-1-2),

’ _NADH—>

‘Dehydrogenase‘

7
Metabolite Y
(Output)
o, —

d

Fig. 2-1-2. Detection of metabolites by using coupled assay.



AV TILRTZ YA (DT
. 7 BEEUHETDIEDERKNNDFIE. NS EBIRNICRIGT DEELETT
FEZR(CK DT NAD (P) HYP HyO, N\NEZEHIT D ENAIRETH D, TS5 NAD (P) HA®
H,0, ERIET D & THENEART DBERZHAVTENONAET ZEHEIRE TS 2 &hta]
RETH»D (Fig. 2-1-3) DY TILRTZYEADFED 1 DEL T, RENICHRE I DME
(& NAD (P) H® H,0, TH D, #&REMKRONRHN (CIGU CTRHWDERZERDLITTR
<. BRAIDBEZBNCIE U THE - BT DBREN RV, HEICHKRA ST Z

R T D ENFIRERRMETEND.

NADH NAD*
S
N N
HO o o DT-diaphorase o o 0
resazurin ’ resorufin

Peael *4» Foest

Amplex Red ’ resorufin

Fig. 2-1-3. The fluorescent probes for coupled assay.

AARTETDID. HRREHREE (Pathway) EAZ & U TEMEL IV THRENESE
ZHHT B SN alEERME &R EMS 9 B high throughput screening %% Pathway-

Oriented Screening (POS) &&31F. MUEZDEINEERZEITOIZ.



ETE  fRRRSMUEMIEYIRE T O— T ORIF

E—Ei T POS & (C KL 25l (SRR T T2 OMRBA AL LIz BENASEY 2R S
BDTENFERD, HIRARFT CREOHRBIMBIM ZEAARE T D(CE. DY TILRT
v [CAWSEXTO—ITHHIREN TRIGL. MNDORISHIDH T O— I lizAE
B LRV WENG D, MIAICEATO-TNEEL TLED & MIBNICEEICHEFREY
% NADH & EBMERTEERZT U CRIGL. CNICHERT DEASTFHILI/I\v OIS0
> RIOFILERD, HRRSMUEYICEE T DEAS T FHILOBIENREH (C/RDI2HTH
3 (Fig. 2-2-1).

ZIT. AARTIKEEZESHDZ ETHIRRSMNIEF D, HRIMEZRHARET D

CENTIRERFAREN T O - T =R I DL L.



Output NAD+

metabolite *
, ,X

NADH

% -
Target-
independent

AN\

background signal "
N\

Fig. 2-2-1. The concept of extracellular metabolite detection module under the co-
presence of live cells. The fluorescent probe is modified with hydrophilic
substituents to make it membrane impermeable to avoid target-independent

background signal.



HRRRIMR S (BRI TTEESR (C KD T NADH Y2 H,0, (CEMAT D& L. NS Z&H
I 2R NADH R EHN T O — T B KUHIR H,0, RHEENXTO— T ORREIT o /2.
NADH #&HO0—J & L TIE. B3k DT-diaphorase ' NADH W\ THJ 2 i8&E%ET
TEIHEEFAL. BABRITUS E ) U BEERMAEDEETO—- TR - R
UTze WUF Fig. 2-2-2 DESRFJ A8, BranNI T/ —IUBEEER T3 EDTF
RTEONNCEBL T ZMEE S DS (trimethyl lock system) 2. Tn&EFIALT
NADH & DRISHEICHABRITU >SS ) EENIREEL T, HAX LRI BT EEH
BFUIz. REKBEEBDHDIEH. BVBITYUSICERILREEZEBALTNS (Fig. 2-
2-3).

NADH NAD*

OH

DT- Dlaphorase

Fig. 2-2-2. Rapid reaction of a trimethyl lock acid to form a s-lactone.

H,O, %7 0O0—7J & UTIE. B3k Horseradish peroxidase (HRP) ZHHU\T H,0, &&
ISUENERTIENATO—T APFRPER(CVREREAT I ETKEEESSICE

oretEEEsRst Uiz (Fig. 2-2-3),



H

NADH NAD*

e
|f f 0,8

DT-diaphorase H,N

MNH

H,0, H,0 °

AN

Horseradish
o peroxidase

Fig. 2-2-3. Novel fluorescent probes to detect NADH or H,0,.




ZTNTNOTO-TEUATDORF— AL D> TEK LT,

OH o o o
(a) 0. ° (b)
+ Y\)I\OH - - . OH
HO
OH i
SO,H SO;H

/di (C) o i HOOSSB(&
H,N 0" 0 WN 0 0

Scheme 2-2-1. Synthesis of a hovel NADH detection fluorescent probe (SQC).
(a) MeSOsH, 85 °C, Yield: quant. (b) NBS, MeCN/H-0, r.t., Yield: 76.7 % (c)
CISO3H, 0 °C -> 120 °C, Yield: 13.5 % (d) 1,4-Cyclohexadiene-1-propanoic acid,

HATU, DIEA, r.t., Yield: 6.1 %.

(b) O SO,H

—h- —_—

S0.Cl SO;H ‘ RS ‘
r
HO 0 0

Scheme 2-2-2. Synthesis of a novel H,O, detection fluorescent probe (APsF).

(@) Acetone/H>0, 50 °C, Yield: 49.8 % (b) i) sec-BulLi, THF, -78 °C ii) DITBS
Xanthone, THF, -78 °C -> r.t. iii) 2 N HCl aq., r.t., Yield: 32.5 % (in 3 steps) (c) p-
fluoronitrobenzene, K,COs, MeCN/DMF, 180 °C, Yield: 49.1 % (d) Pd/C, H,,

MeOH/CH,Cl;, r.t., Yield: 30.5 %.



NADH (H;0;) EDRIGH] « RIGEDENEBIR(CDOWNT, TONPRFMEZES U,
NADH #&EZT0—7., H0, RETO—-TVWITNERISRIDBETIZHNE L. RIGEDIE
ETHNAHEIRE EFLUTED. RIGAIEROHEHGEE (E DX S/N ZEITDENE

Z BNJz (Fig. 2-2-4, 2-2-5),

(a) (b)

0.03 - 2.5 -
D.DZS . . 2 i _ch
. 002 7 —sac E 1.5 4 ==sulfoC
£ 0.015 - —sulfoC B
= X 1
0.01 ~ ~
0.005 T 05 A
0 0 i .
320 340 360 380 400 420 370 470 570 670
Wavelength (nm) Wavelength (nm)
@ =]
(c) SG; SOy
S =)
035 0,5
I sQC sulfoC
®,, < 0.01 ®,, =0.82

Fig. 2-2-4. (a) Absorbance and (b) emission spectra of 1 uM probes (SQC or
sulfoC) in PBS (pH 7.4) containing 0.1 % DMSO as a cosolvent. (c) Chemical
structure and the fluorescence quantum yield of SQC or sulfoC. For determination
of the fluorescence quantum yield, quinine sulfate in 0.1 N H,SO4 aqg. (®g. = 0.55)

was used as a fluorescence standard.



(a) (b)

0.1 + 7 -
0.08 = APsF 6 e A\ PsSF
' —=sulfoF EEE —=5UulfoF
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& o
] =3 3
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0 - T T T T 1 0 - ! T T
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O =2
SO,
\
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o o o

sulfoF
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Fig. 2-2-5. (a) Absorbance and (b) emission spectra of 1 uM probes (APsF or

sulfoF) in PBS (pH 7.4) containing 0.1 % DMSO as a cosolvent. (c) Chemical

structure and the fluorescence quantum yield of APsC or sulfoF. For determination

of the fluorescence quantum yield, fluorescein in 0.1 N NaOH aq. (®g = 0.85)

was used as a fluorescence standard.



ERRCHFELIZTO—TN NADH SKU H,0, ZRRHE LD DdMMREI LIS, LWINd
JO-J&YIYAo0A—4—D NADH (H,0,) ZHAREAIEETHDIZENDH DI

(Fig. 2-2-6), $F(CEHATO—T SQC (CDLTIE NADH &(FEFERNCKIGELTVNDZ

ENDH B,
(a) 15 ~ EEE 15 -
Rk HEE
;12 - R ';‘12 i
g <
= 9 4 = 9 -
s 3
= 6 - = 6
w ok w
37 aw 31
0
0 01 03 1 3 10 30 0 0.5 1
NADH (M) NADH (M)
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ook
— 25 4 ok
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qru 20 4
=
g 15 4
— 10 - R
T
5 ook
*
0o 4
0 01 03 1 3 10 30 0 1 2 3
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Fig. 2-2-6. Detection of NADH or H,0, by using SQC or APsF.
(a) Probe solution: SQC (1 uM), NAD" (100 uM), DT-diaphorase (1 U/mL) in

DPBS. Ex./Em.=355/460 nm. Error bars represent S.D.. n=3, *** p<0.005



(b) APsF 10 uM, HRP (1 U/mL) in DPBS (Dulbecco’s phosphate-bufferd saline; pH
7.4). Ex./Em.=485/535 nm. Error bars represent S.D.. n=4, * p<0.05, ***

p<0.005

BWTC, BRELETIO-TJZRWZAYTIL R YA (XKD TERN/ND FZIRHTIEE
MM&RET LTz, L-lactate. glucose ZXRICENTNEBIRM(ICRIE T DELETERTH
3 L-lactate dehydrogenase. glucose oxidase ZFU\T NADH 8KV H,0, ZEE =

B, INZRELETO-TCLDORELIZETS, M OREMZIRETIRETH D
EREMNDSNTZ (Fig. 2-2-7). BRERWEN NADH. H,0, BEADEF EEERTERT L TWLY

BREH(FEULETBERORITECIDEDEEZI SN D,



—
Q
S’

o2
|
[s.]
|

s 3
=E 6 1 S5 6 /.
S %
= =
E 4 4 T T ‘;'r: 4 4
[ 2 . O e 7
&
0 - 0
0 0.3 1 3 10 30 0 10 20 30
L-lactate (LLM) L-lactate (LM)
(b) 16 - een 16
14 14
S 12 5 12
<10 P10
S o
X g8+ ..; 8
- B A ROk - b
u_' .
41 EEES - 4
2 * 2
0 - 0
0 0.3 1 3 10 30 0 5 10
glucose (LLM) glucose (LLM)

Fig. 2-2-7. Detection of L-lactate or glucose by using SQC or APsF.

(a) Probe solution: SQC (1 uM), NAD" (100 uM), DT-diaphorase (1 U/mL), LDH
(1.5 U/mL) in DPBS (pH 7.4). Ex./Em.=355/460 nm. Error bars represent S.D..
n=3, * p<0.05,*** p<0.005

(b) APsF 10 uM, HRP (1 U/mL), FAD (5 uM), GOD (0.25 mg/mL) in DPBS (pH
7.4). Ex./Em.=485/535 nm. Error bars represent S.D.. n=4, * p<0.05***

p<0.005



% (CHIFREF T THIRESMCIFE 3 RS 2 &EIRI (CIRHE U D 2 hRET Uiz, HlifgRE
MRIC L-lactate. glucose ZEZNTNHIML. CNETO-TBRZRESELECS, &
N ERNESNZ. ESCTOHERXLERE. INSEFRANGFZRINUIZEZAFCBNT
b ETERZSFRVTO-TBRZAVZHEECERSNRM > e M5, Hfast
([CANIUTZ L-lactate (glucose) (CHRTDEN LR EEZISND. DT, WELET
O— 7 ([FHREF T (CEVTHREROMIBIMUEY) Z IR (TR T D Z ENEIEET

HdZ MRS (Fig. 2-2-8),
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035 -
[\ L-lactate NAD* m 3
®) L-lactate ) HaN S 10 4
\»,‘J:*"-z dehydrogenase DT‘qlaDh'Q ase >
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- pyruvate NADH g’sm w5E EEE EEE
INI 0 s} o -
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(b) O . 20 -
[\—- D-Glucose /‘:!':\‘. ] ™

=
m
\c_f—j Glucose H:)ra*:edwh S 10 A
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Fig. 2-2-8. Detection of extracellular L-lactate or glucose by using SQC or APsF.

(a) Probe solution: SQC (2 uM), NAD" (200 uM), DT-diaphorase (2 U/mL), LDH (2
ng/mL) in DPBS (pH 7.4). A549 cells (2 x10° cells) were mixed with L-lactate
solution and then probe solution was added to the mix solution. Ex./Em.=355/460
nm. Error bars represent S.D.. n=8. *** P<(0.005.

(b) APsF (10 pM), HRP (0.1 U/mL), FAD (5 uM), GOD (0.05 mg/mL) in DPBS (pH
7.4). A549 cells (2 x10° cells) were mixed with glucose solution and then probe
solution was added to the mix solution. Ex./Em.=485/535 nm. Error bars

represent S.D.. n=8. *** P<(0.005.



- BFOHYTILR7Z YA (CAWSEXTO—T EDLEE
BIFDHw IV RI77w 2o (CHULS NADH #HHE T O—2 (resazurin) ZAWT. £
52 (Fig. 2-2-8.) EFEROERRZITL. ERN (SHRIMUEI Z IR PTRENMRET L. BIR
Lz TO—-J Lo& =TT,
I CARESRORB Z RN UIimE,. BT O-TBEREMA D ETEELEFEN
HRENITA. REWIERIGUT NADH ZE4A S 3B REZEFRVTO-TERZAN
THEEE LR IEESN. BNOHRIMESEIOERICEDSTHilREHF I L(CEK
DEY FRITDIRFAER SN ENS. MRIMUSETD [CHRRURWENS T FHILE
U TWDZ ENDND. U resazurin HMHERBANEEL. BMLETREZE LT
resorufin WEK I D LT, HEALEMNRSNZEEZISND. —A. HARLLEXT
O—7 SQC Diz&. TOXSREN R EHRENT. MiFE T cllfgsMiaziE

RN (CRE I 2EATO-T L TEIZEEXSND (Fig. 2-2-9),
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Fig. 2-2-9. Detection of extracellular L-lactate by using SQC or resazurin.

A549 cells (2 x10° cells) were mixed with L-lactate solution and then the probe

solution was added to the mix solution.

(a) Probe solution: SQC (2 uM), NAD™ (200 uM), DT-diaphorase (2 U/mL), LDH (2

ug/mL) in DPBS (pH 7.4). Ex./Em.=355/460 nm. Error bars represent S.D.. n=8.

(b) Probe solution: Resazurin (50 uM), NAD* (200 uM), DT-diaphorase (2 U/mL),

LDH (2 png/mL) in DPBS (pH 7.4). Ex./Em.=544/590 nm. Error bars represent

S.D.. n=8.
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H=F /ME

HHREIM S Z HREHTE T (CHE UV THBIRM (CEICIRH BT REI3TAR NADH AREEE T 00—
7 SQC XU H04&EHENTO—T APSF ZFFE LTz, CNSHFELZEXTO-T (&
BIYAoOA—45—®DNADH. H,0, ERIGU THRIREN ERERT ZEMNS, g

SHOWNEDOHHZIRHBIGEETH D ENEZ BN D,
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55 =5 Methylglyoxal (MG) HIZREZERIDER

$E—E& HA & Methylglyoxal (MG) A%

EZEBF CTORS CTHIRRAE T (CHVWTEENOMRIMUE ZRH T D Z EH E]Re/aEH
FHTO—TORFECHKRINUIEC EZRE U, HULVT POSELWSEERICEDE., ERRIC
FFELCEATO-TZRVCEHRORENEGZFHEL. TOEERIZRRI DI LE
LTz, B—ETE. EHRNNDFaHT IBROZ S (IFADRIEEN ESNTNS S
& TEUTER LSRN SEZDOEFIOHEFENET U TCORWEBRENMFEI DLz
NIen. ZDORENREIN Methylglyoxal (MG) REIRTHD.

MG (. FRFERER Y TdD glyceraldehyde-3-phosphate 3 KU dihydroxy
acetonephosphate (DHAP) WEAETND EERFICEMRETNDIZHILN)UEED/IND
FTHD. MG (FIINOOREE, VBB ERIET D, MG (FF /T EEFECTILF
ZUBREERIGUT imidazolone #8&Z 26k L. DNA E(@FECTAFSITT7 IS ER
Jits LT imidazopurione #8i&% a9 2 (Fig. 3-1-2). CNSH R T DT & TIEFERH
FtEENPAE SNDcsd. BIRED MG OHIfgNETE (FHllfEiEHE>Hest Z5| SHE =
FTTEMHBNTUND, CDOKD(CHIREAT MG (IARZ IR Z FZRR 3 21, HF(C
glutathione (GSH) HMIBI0LIENZ 7 —)ILENREE <R SN, B3R GLO1 (TN
ZEEB & UT S-D-lactoylglutathione (SLG) ZEAT D, B#3% GLO2 (XSLGZEBEL
T D-lactate & GSH ZE49 3 (Fig. 3-1-1).

CDESIC. MG HRHIRITEESR GLO1 (glyoxalasel) & GLO2 (glyoxalase2) (CKkDEk

BEORIGZER T, BER MG &S/ D-lactate NEEHT BHEIREB > TWLS 18,

p. 33
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Fig. 3-1-1. Methylglyoxal metabolic pathway.
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Fig.3-1-2. Biochemistry of dicarbonyl glycation-glycation by methylglyoxal®.

(@) Formation of MG-H1 residues in proteins. Other minor adducts of MG are: CEL,
argpyrimidine, bis(lysyl)-4-methylimidazolium cross-link MOLD and arginine/lysine
cross-link MODIC (MG-derived imidazolium cross-linking).

(b) DNA adducts. Adduct residues of deoxyguanosine are shown with guanyl base.

Z<DONATFFBRNTUEL THED. CNICLELT MG OELEEINT D1 A TIE
MG Z##E2 D-lactate NAHTFT D MG RERNTUEL THED. TNH MG OFMHECITT
BHENCHFSLTND, 2T MG ABFRZEEL. MG DifeAEEZlRE T 5L T

M AHRGERI MRt 28 < C ENVEIRETH D T EMFISN TS 10,
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KBRIC, TRICRTKLICEZSDHAT MG RBRDTUELTED., CNZREIDL

(C K BBBEABEENRESN TS (Table 3-1-1)1%, Ffz. ANARIMEDSOHA

(CHBNT MG REIXREEE GLOL OFEIRNA BN EMNASHCENTED, HIRETI MRS

RDLSRTRI—2REFET HRNAFCIEZ S DE bEMFHER UK711 (&

GLO1 FEE(IC KNI MRS REEZUNESEDZ ENRESN TS 2%,

=T5(C2D MG RBRNBIFEZRN & UTEERRE U TG, Fiv)liight AX® Triple

negative LA BEfENY AR EDEEETEDN A ICHWTE MG REIRIFTUEL THD

21,2325 Bt/ RN AU IC DWW T ZDBEE (C K BAE BN RE SN TR & Th

50

Table 3-1-1. Methylglyoxal metabolic pathway is a biomarker and therapeutic

target of many tumors.

Cancer Upregulation

Cell growth

Reference

Gastric cancer GLO1 gene

GLO1 mRNA and
protein

GLO1 activity

Breast cancer
Prostate cancer

Melanoma GLO1 mRNA

Hepatocellular GLO1 mRNA
carcinoma
Lung cancer

(NSCLC, 5CLC)
Leukimic stem cells
(Bcr-Abl*)

Breast cancer
(Triple negative)

GLO1 activity

GLO1 activity

GLO1 activity

Pancreatic cancer GLO1 protein

Leukimia
(apoptosis-resistant
UK711 and UK110 cells)

GLO1 mRNA

Inhibition by BBGCD
(in cellulo)

Inhibition by siRNA
(in cellulo)

Inhibition by BBGCD
(in cellulo and in vivo)
Inhibition by siRNA
(in cellulo)

Inhibition by shRNA
(in cellulo and in vivo)
Inhibition by BBGCD
(in cellulo and in vivo)
Inhibition by BBGCD
(in cellulo)

Not Determined

Not Determined

enhanced etoposide-
induced apoptosis by

cotreatment with BBGCD

(in cellulo)

Oncogene, 2015, 34, 1196-1206.

Int. J. Clin. Exp. Pathol., 2017, 10,
10852-10862.

Clin. Cancer Res., 2001, 7,2513-2518.

Melanoma Res., 2010, 20, 85-96.

Int. J. Clin. Exp. Pathol., 2014, 7,
2079-2090.

Clin. Cancer Res., 2001, 7,2513-2518.

Cell Death Differ., 2010, 17, 1211-1220.

Oncotarget, 2012, 5, 5472-5482.

Anticancer Res., 2012, 32,3219-3222.

Blood, 2000, 95, 3214-3218.
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CDXRDITERRIGPACHENT MG HRERETTEL TH D FF(CHEEM DM MEREHAIC
XU TCTEDHEECKLDBEAEENMRESN VD S L 2EHDE. MGRBIRZEET
D EBIDFFE (I ABBROBE RS 725 C EHHFEN D,

UL U5, TIRE LT MG R ZEE T 2EFIORRESETLTLRN, T’E &
HRKRME MG RHBERAZEHI & LT GSH 25&{AD BBG (S-p-
bromobenzylglutathione) Nf#1£9 3. BBG (d&#3= GLO1 ZHEL. €D Ki (&£ 100
NMIETH DN, HREESEEME< . £HRRTHRITIZHICIRTIULZMmUZE
E{H BBGCD T35, BBGCD WM4EHMRR TEZDEEMRZ R (C(X 10 yM U ERET
HD. BHRICAETEHTONT . £FERBRTOERICEBE> TS %,

=5(C. BIfFDEEHI BBGCD & (3R DEMUICED <FREEFDORFENVE L EIND
D1 DEUT, it AHREOEERR T(E BBGCD hIBIEHIFIIR 2RI (C(FIER
L D ERRELE TH DI ENAKAFTDIRET TIHSNNIIRD TS,

BAM(C(E. ZERMMNAMAE (A549, H522, H226, DMS114, DMS273). AhilEEHHAE
(NHBE) (Z3# LT BBGCD %&iRI U T 48 BERIHSE% CCK8 v A Z{TSTET
BBGCD (C & DHREFEHIHIRZ /AL 3. IEEHAE NHBE (CX U CRBIERET
1EIEINH 2R Uy DAAMERE A549 TIHBIEINHIZNRZ RS F TICE+uM D BBGCD H'ih

ETHho/z (Table 3-1-2),

p. 37



Table 3-1-2. ICsq of BBGCD toward cell growth. Cells were incubated with BBGCD

(0-50 uM) in culture medium for 48 hr at 37 °C and cell viability was evaluated by

CCK-8 assay.
Normal Tumor
NHBE A549 H522 H226 DMS114 DMS273
ICso (LM) 2.7 29.6 9.8 4.7 6.3 10.8

p. 38



CHRAEUT. HRARORERIEENESHEENAMIRTARAEERRDZENAHIAL
1z, BBGCD (BN TIT AT IUEEL KD RS, BBGC BELU BBG HWERKT D
(Fig. 3-1-2),
BBGCD BBGC BBG
&oj\é/\)‘i\ﬁ’g‘/n\jj\o/o Ho)oké/\)iﬂir(n\j]\o/o Hoj\é/\)iﬁ’[“/n\)ol\w
SERSNATS

Fig. 3-1-2. BBGCD is hydrolyzed to BBGC or BBG.

IEEHIRAID BBG 224 (C UIZRF DR HIREIE(CEH 17D BBGCD. BBGC. BBG DHlIfEMIE
BZzUTDISTIRY ., 15 BBGCD. BBGC. BBG DHHREAREE (EL\ T NEN AM
LD BIEEHIBICHSWTHEFIICE <. BBGCD HIEEHMIBICK U TXDIKEE CHifziEsE

FRaRUEEREEXS5NSD (Fig. 3-1-3).

p. 39



B BBGCD ®BBGC ™ BBG

Relative Intracellular level

NHBE A549 H226 H5322 DMS114 DMS273

Normal Tumor

Fig. 3-1-3. Intracellular level of BBG, BBGC or BBGCD. Cells were incubated with
BBGCD (10 uM) in DPBS (pH 7.4) for 2 hr at 37 °C. Cells were lysed and the

lysate samples were measured by LC-MS/MS. Error bars represent S.D.. n=4.



BUF (CHEREA DBEEFRE 3 JOMBIEHIHIZNERD ICso ZIRICE &8Iz, NHBE DHEEA
BBGBEZ 1 & UTC&HMARIE(CH TS BBGCD. BBGC. BBG ffifdNEEZHEL LTz,
{RRE CIETENHIZNR N R SNCHllgiE F CHIRRORERIEEN S MER(CH D (Table
3-1-3).

Table 3-1-3. ICsq of BBGCD toward cell growth and intracellular level of BBG,

BBGC or BBGCD.

Relative intracellularlevel

BBGCD BBGC BBG IC5p (M)
NHBE 441 1.08 1 2.7
A549 0.48 0.27 0.027 29.6
H522 0.57 0.39 0.074 9.8
H226 1.36 0.62 0.062 4.7
DMS114 0.69 0.38 0.12 6.3
DMS273 0.50 0.15 0.026 10.8

ZDXDIC. BIHOBEER & UTHMAERZRT C N5 1D BBGCD THDM'. fib
NADIEEHIE TORE T I ERHRKL DERE CEIBIIFIEE 2RI R TH O,
DT, FRERICED < MG RBIREERZRAFE T ST ENEHF LV, BIFD MG
SR OIEMESHEE & U TIIBREESRZ AU/ in vitro TOFHEETH D, IREFTIC MG
RERDE M= EMRR TEME 9 S high throughput screening RIFFAFESNTLVRUL

(Table 3-1-4)%¢,

p. 41



Table 3-1-4. Methods for measurement of glyoxalase metabolic activities. (Clin.

Sci., 2016, 130, 1677-1696. K DAZ)

Detection of metabolite = Method Throughput Assay
Glyoxalase 1 activity S-D-lactoylglutathione Spectrophotometric  High In vitro
assay at 240 nm
LC-MS Low In vitro
Glyoxalase 2 activity S-D-lactoylglutathione Spectrophotometric  High In vitro
assay at 240 nm
LC-MS Low In vitro
GSH LC-MS Low In vitro
D-lactate LC-MS Low In vitro

T T, AL T(E Pathway-Oriented Screening ;& (C K> THAR MG RBIREEZEFIEIE

FIdTezBEELUE

p. 42



5E"E1  Methylglyoxal (MG) REIREZEFIDIER

MG RBRDOTTENFSNBNADTTE. VBRI A ICHITD MG REIRODEEZ T
fiL. TOREFZEETZTEEURE. MG RBIRDOBEZE GLO1 DIEME(4E TN AT
TRELTHD (Fig. 3-2-1)°1, HEGMEORIEREN AT LT MG R#RERET 3 &

(CKDEEAEENRESNTND,

e

Ll

GLO1 activity (umolfminimg proteln)

y =0T*‘

P T--r-,—.—.—.—.—.—i
oG BERA”

Normal Cancer cell lines
tissues

Fig. 3-2-1. Glyoxalasel enzyme activity in 38 human solid tumor cell lines and

human normal lung tissue samples®..

fiv RO A FEVVREMN. BEEMZRFS. SRREEOR VAT 5 FEFRF 7% E3E
BCPFRERBNSENMSNTS D, HEHTERICEAL T 30 FASREREIIR

<. BARBIRMAABINRNC EhS recalcitrant cancer (FICEXRVLHAA) EFEENT
W3 %, DT COLDPEENRE E SN TNBIH ALK LT MG REROBEH%Z

R D & (IS & UTHIfT NS,

p. 43



AR TIE. A VEREAYAMIRE DMS114 20\ T, MG % input. D-lactate % output &

ULTZD MG REIFRZHEiT 22 & & U, output T DHHARIID D-lactate (FTFEID LD

(C D-lactate dehydrogenase (DLDH) ZFRU\T pyruvate (CEH#IL. ZDREEETND

NADH ZRFEUIzEATO—T(CKDi&EFSD (Fig. 3-2-2).

Input Methylglyoxal
|
'

Methylglyoxal

GSH "‘4rliﬂi!|

S-D-lactoylglutathione
(SLG)

| E=R

D-Lactate

GSH

output

— D-Lactate

NAD+

D-lactate
dehydrogenase
(DLDH)

Pyruvate NADH

e
NADH NAD* 805

E f .5
3 S

DT-diaphorase H,N

d

0 o]

Extracellular D-Lactate Detection Module

Probe
(On)
DT-diaphorase
(DTD)
Probe
(Off)

Fig. 3-2-2. POS for identification of compounds to inhibit MG metabolic pathway.



- FFELIZEATO—T SQC ([CLD MG RESIRDH

input T3 MG ZHIf2(TRINE. RSN THEIMNIKRE NS D-lactate Z&EIREY(C
BT D ENBJEEMMRET U TE,

BEMT DMS114 #lifgz 1> Fa1R—>3 2%, BEATO-TERZMR. TL—KU
—45 —([CCHENBEZTAELL.
HEE MGHFEULRVWESF T > FaNR—2a> UBE,. B ERERSNAV—A
T, 2B MGH'FRETDIHZATEEA LFENERINC, FeDEN EFEFEIHND MG
REBIREZERITHSD BBGCD ZREEE EBICA>F AR 32 URERHFCHBNWTNZ S
NdZEMER=NIZ, =B6(1C. BEMGZRMUTA>FaAR—>3 > UIIBETEEH
HTO—TBRIC D-lactate % pyruvate (CEHE L TE DR NADH ZE4 9 D D-lactate
dehydrogenase M#E URRITNIEEE LR ER 5nam o7z (Fig. 3-2-3).
CNSOERNS. MG HE. MG AR TS S IizIARIE SNz D-lactate &3
RICEARE T DS ENTAIRETHD T E. TULT MG HBIROBAEZ B RE DR &
WSRTEHEIRIAE T D C NS SNz, DFED. AHIIERT MG RSBIROEEZ R

FULENATO—-TJICKDIHERIEETH D Z EARENT,
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Fig. 3-2-3. Detection of extracellular D-lactate released from DMS114 cells.

DMS114 cells (2 x10° cells) were incubated with MG (0 or 200 puM), BBGCD (0 or

50 uM) in DPBS (pH 7.4) for 1 hr at 37 °C. After incubation, probe solution was

added and the fluorescence intensity was measured by plate reader (Ex./Em.=

355/460 nm). Probe solution: probe (2 uM), NAD* (200 uM), DT-diaphorase (2

U/mL), D-lactate dehydrogenase (0 or 2 U/mL) in DPBS (pH 7.4). Error bars

represent S.D.. n=4.



- BAERI RO U —Z> T DENE

ROV—Z2 0% EMIDICHIZD. BEUTYEARNMDRT7 v EAEEZBLT
WBMMRET UTee —RRICROU—Z2TRD7 v 1 HEE &
Z' = 1-{(3*SD;+3*SD,)/(Average;-Average,) } TEH =1 (Average;. SD; (&
negative control. Average,. SD, (& positive control). 0.5 U EAEFLLNEETND,
MG Z 73 N19 D8F%Z negative control. #H1UL7&UVEFZ positive control & UT ZZEH

95&L0.69 LD +DRRTFYVEARBEZBEL TS ENRSNIZ (Fig. 3-2-4).

Z =0.69

2.5 A

1.5 A+

Fl. (x10%*a.u.)

0.5 A+

0 -

MG 0 V! MG 100 pM

Fig. 3-2-4. Detection of extracellular D-lactate released from DMS114 cells.
DMS114 cells (2 x10° cells) were incubated with MG (0 or 100 uM) in DPBS (pH
7.4) for 2hr at r.t.. After incubation, probe solution was added and the
fluorescence intensity was measured by plate reader (Ex./Em.= 355/460 nm).
Probe solution: SQC (2 uM), NAD* (200 uM), DT-diaphorase (2 U/mL), D-lactate
dehydrogenase (2 U/mL) in DPBS (pH 7.4). Error bars represent S.D.. n=16

(treatment with MG 0 uM), n=336 (treatment with MG 100 uM).
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Fig. 3-2-5. Flow chart for screening of the small-molecule compounds library.



c1RROI—Z27

N ARG DMS114 Z8E MG S LUERBEEY & L E(C 384 wellplate AT >+
—>3>%, JO-J@RERNL. BEEZTAE L. BEXREORI ZLEMICK
D MG ARHIRICHITBHEEEL Uiz, MG Z3N1 LRV \E¥Z positive control & U CHHESR
100 %. MG ZHh U8 % negative control & UTHEESR 0 % EESD. ZLEYIDE
EXRzZEH U (Fig. 3-2-6). FAEX 50 %&BX DLEWZ 2 RV -2 (i

7::0
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Fig. 3-2-6. The result of 1% screening. DMS114 cells (2 x10° cells) were incubated
with MG (0 or 100 uM) and compounds (0 or 10 uM) in DPBS (pH 7.4) for 2 hr at
r.t. After incubation, probe solution was added and the fluorescence intensity
(Ex./Em.= 380/490 nm) was measured at 30 min after probe solution was added.
Probe solution: SQC (2 uM), NAD™ (200 uM), DT-diaphorase (2 U/mL), D-lactate

dehydrogenase (2 U/mL) in DPBS (pH 7.4).
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C2RROVI)—=Z270

2IRROU—Z20TlE 1IRROVU—Z2JOBEIRMEHERS KU, #MIED MG HHERT
(FR<ARHEFRDIEEZRY L S7 false positive b <EEZE1TD /2. Fig.3-2-7 £(TR
TELIE. BREIEEMFEEEZRLTULZ, HRIFFETDORAETE. MG, D-
lactate. {EEMDREBRICTO—TBRZFIMNT DT LT, D-lactate ZHRH T DiBIE
ZAEL TLBIHEMRET UTz, false positive ZBR< fzsb(C. 1 IRR O -7 LEHR
(CHfeHF T CHEXZER ULBEE L. MRIFFE T CHRERZEH UIBEZEE L
(Fig. 3-2-7 &), HRIEFEFORMGLD GHREFE FOERMA TR DARSLRAERZRL
eibEMZEEY hEUT3IRADU—Z2ONEDTZ ( (HRFE T (CHITDHEEXR) >

30 %H'D (MBFIE T (CHIFBMEE) > (MIHFET CHITBMEER) ).
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Fig. 3-2-7. The result of 2" screening.

“Presence of cells” conditions: DMS114 cells (2 x10° cells) were incubated with MG
(0 or 100 uM) and compounds (0 or 10 uM) in DPBS (pH 7.4) for 2 hr at r.t..
“Absence of cells” conditions: MG (0 or 100 uM), D-lactate (0 or 5 uM) and
compounds (0 or 10 uM) in DPBS (pH 7.4) were incubated for 2hr at r.t..

After incubation, probe solution was added and the fluorescence intensity
(Ex./Em.= 380/490 nm) was measured at 30 min after probe solution was added.
Probe solution: SQC (2 uM), NAD* (200 uM), DT-diaphorase (2 U/mL), D-lactate

dehydrogenase (2 U/mL) in DPBS (pH 7.4).
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c3RROY—ZT
2 RRAOV =T TRENTALEMHMEIBINEINRZ R I MRS Uiz, DRAMER
(DMS114) CIEEHIFRE (NHBE) ZAWTCHER I DL L, BEBMICTEEMFET
48 BFESE LT CCK-8 7wz TEHIL/Z (Table 3-2-1.). MAMIET K DL METE
FRZ R IIEEMz Y MEEME LT, BUFD 2 BEADEEM =R (Fig. 3-2-

8)-
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Table 3-2-1. The result of 3™ screening. DMS114 (NHBE) cells were seeded at 5 x
103 cells to 96 well plate. After incubation for 12hr at 37 °C, compounds (0, 0.3,
1, 10 uM) were added to cells. After incubation for 48 hr in culture medium at

37 °C, CCK8 assay was performed.

Cell growth inhibition (%)
NHBE DMS5114
0.3 pMm 1pm 10pM  0.3pM 1M 10 pMm

I R R R T

] R
REEREREERREEREESE

cl
F
N— N S
< AN
F - |
— o}

; e}

Fig. 3-2-8. The chemical structures of hit compounds.
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- SRR ZRAWZ 4 RR O -2
3IRROYU—Z2JTHESNZ 2BEADEEMICDVT. TNTNOHERAK (5T 29 &)
ZRIFERMABEN SIRH U TIEE. MG RHIREZRE BB R R Uz,
IEIEINHIRNER (. IEEHAAE 1 8 (NHBE) &AYAMMRE 2 & (DMS114, DMS273) THEE
IRDIEEL, BEEBMICTUEEYIFE T 48 KEEE L2 CCK-8 77y tzr TFHEL
2o MG RBRIAZREE. BB MG ZHIRE(CRNE. SHREY & U TRRIMNIRtEENS

D-lactate Z LC-MS (CTRIE T D & THRFT Uz (Table 3-2-2),
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Table 3-2-2. The result of 4™ screening. Cell Viability assay: DMS114, DMS273 or
NHBE cells were seeded at 5 x 10> cells to 96 well plate. After incubation for 12hr
at 37 °C, compounds (0, 0.05, 0.5, 5 uM) were added to cells. After incubation
for 48 hr in culture medium at 37 °C, cell viability was evaluated by CCK8 assay.
Measurement of extracellular D-lactate: DMS114 or DMS273 (2 x10° cells) were
incubated with MG (100 uM) and compounds (0 or 10 uM) in DPBS (pH 7.4) for

3hr at 37 °C. After incubation, the supernatants were measured by LC-MS.

D-lactate inhibition (%) Cell growth inhibition (%)
DMS114 DMS273 DMS114 DMS273 NHBE
10pM  10pM 0.05pM 0.5pM S5pM 0.05pM 0.5puM 5pM 0.05pM 0.5uM  5pm

W 0 NN R WN R

N NNNNN-NRNNERRRRRR B B B 2
0 N O E WNROWOWDOBOBNOMHR WNROO

N
[X=]
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D-lactate EAEPAZEDFE D MG RHRAZFZRL. W DIEEMIEL D ENAMARICH LT

15258 < MHRRIBIE IR ERIUT D 7 B2y MEEME LT

Table. 3-2-3. The hit compounds of MG metabolic pathway inhibitors screening.

D-lactate inhibition (%)
Structure

at 10 uM

Cell growth inhibition (%) at5puM

NHBE (normal)

DMS273 (tumor)

@}j 49.4
CQ}@( 28.6
m_}q 52.6
:l’?ffgﬂ@ 40.8
0 40.0

Dﬁvsg 57.5
0 40.5

9.4

1.3

10.4

-2.8

9.7

27.1

43.8

44.4

68.2

33.5

20.6

31.8

INSIEEMDORTERFCUTDIEE 1 (CDWVWT, EE#RRCETZRET. RENA

fHRR (S U TSR 2 m L CWV e &S, BREI L& L.
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E
1
E
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F9 MG REIRAEINE S EIEHNFHIZNERD dose response (CDWLWT. IEFEHIAE (NHBE)
ENAHIRE (DMS273) ZiEdigst Uiz,
{EEYD 1 (X MG R REENR SIBIEHNFIZIRDNT NUC DWW TEIEEH#RK D BN A

FE(C3 U TR (CR <HIRZERT EWDS T EMDH DT,

——DMS273 (tumor) —8—DMS273 (tumor)
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Fig. 3-2-9. Suppression of cell proliferation or MG metabolic pathway by
compound 1. Cell Viability assay: DMS273 or NHBE cells were seeded at 5 x 10°
cells to 96 well plate. After incubation for 12hr at 37 °C, compound 1 (0-30 uM)
were added to cells. After incubation for 48 hr in culture medium at 37 °C, cell
viability was evaluated by CCK8 assay. Measurement of extracellular D-lactate:
DMS273 or NHBE cells (2 x10° cells) were incubated with MG (100 pM) and

compound 1 (0-50 uM) in DPBS (pH 7.4) for 2hr at 37 °C. D-lactate was detected

by SQC probe. Error bars represent S.D.. n=6.
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RIAEEW 1 (LD MGREIRAZDAIZZAICDWVT., FILEW 1 H MG REFRD
EDEMEZEL TV EHDTzH. MG RBIROREZRIE Uiz, MG RERE MG
% %3% glyoxalasel (GLO1) H'S-D-lactoylglutathione (SLG) (CZH# L. KRICEE®R

glyoxalase2 (GLO2) MCMN % D-lactate ANEH#ad B, €D T. MG (100 uM). {E&EW 1
(10 uM) & DPBS BT DMS273 #lia% 2 BRI > F1R—> 3> L. ZO%MEIREA
SLG £ L HRE5hD D-lactate EZAIE LTz, TOFERMAIEI D-lactate &S XUHAIEA SLG
(HMEEW 1 OFIMCKD, KEHPALTVBZERNIMD. (EEY 1 (F GLOL (C L DB%

RRIGZRELU TS EREMENE X SN,

150 - ek ok 150 - o o

< 100 A 5 g 100 ~
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control Compound 1 control Compound 1

Fig. 3-2-10. Intracellular level of S-D-lactoylglutathione (SLG) and extracellular
level of D-lactate. DMS273 cells (2 x 10° cells) were incubated with MG (100 uM)
and compoundl (0 or 10 uM) in DPBS (pH 7.4) for 2 hr at 37 °C. After
incubation, extracellular media was collected and cells were lysed and the lysates
were measured by LC-MS/MS. Extracellular D-lactate was detected by SQC probe.

Error bars represent S.D.. n=4. *** p < 0.005.
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ZZT. GLO1 OfEHEERZRAWTHEM SLC DELSZTRAEI DT LICIDIEEN 1 (C
K BPEEMRZIE LN, {EEW 1 H'EER GLO1 ZHE T DRF(FRSNEM Tz, 1b
a1 (CKD MG HRBREZENRZ in vitro DEERTIFBBIRLRVWZ EN D DT,

120 -~
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opM 3 pM 10 M 50 uM
Compound 1

SLG (%)

Fig. 3-2-11. Inhibition of compound 1 toward GLO1 in in vitro assay.

MG (100 uM), GSH (1 mM) and compound 1 (0-50 uM) were mixed and incubated
in DPBS (pH 7.4) for 15 min at r.t. After incubation, glyoxalase 1 (1 ug/mL) was
added and incubated for 5 min at r.t. and the glyoxalase 1 activity was quenched

with MeOH. The sample was measured by LC-MS/MS. Error bars represent S.D..

n=4,
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GLO1 (& MG (Z GSH AMIMNUTENZ 75— )L EEBEEB E U THRE SLG ZELET D
&, HFZA GSH D= (3 GLO1 DFEMEICKEHE T D EEXS5ND. T THIREA GSH
STRAELZETS, EEW 1 2RI UTZRAFCHEWTHAEN GSH £(FAE <FL LT
Wz, ZFiz, BIEY>TILZHRAE T DERC TCEP ZMMX TERTAUEL TS Tzs., HiRE
M GSH DEEELD GSSG (C72D T & T GSH EhNE> TV DIFTIFR<, GSH &
GSSG ZEZHHENRI L TVWDEER D,

COOFRERNS. ALEW 1 (SHRRATILIFA> OREZRI =D ET MG REIRZH
FITDEND T ENREENT,

L o

140 ~
120 ~
100 ~

80 -
60 A

GSH + GSSG (%)

20 H

control Compound 1
10 uM

Fig.3-2-12. Intracellular level of GSH + GSSG.

DMS273 cells (2 x 10° cells) were incubated with MG (100 pM) and compound 1
(0 or 10 uM) in DPBS (pH 7.4) for 2 hr at 37 °C. After incubation, cells were lysed
and the lysates were measured by LC-MS/MS. Error bars represent S.D.. n=4, ***

P < 0.005.
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L&Y 1 (CLBEZIHMRICOVT, @HEHG (RPMI1640) THIRSLIZEZS. GSH
DR HERSNZ. EZ LU TEEY 1 CRARICHIRBIBIIFINR 2R U2 S D)L
AOTHIA I REBEDLEY) ((EEW 1'E9 D) THIRET LITHEEN (SHIFZA GSH (&
WA LTV Z (LAY 1/ fEiE SHIRRIBIEHIHIZNR (C DL T (3&R Fig. 3-2-14).

EEB MG (in DPBS) DHDEMFELEND EZDRADBEFNSVY, BRI T(EHERERD
EETHD GSH DEENTD(CEIEETH D Efeeh. GSHIRABR(CEZBILS L TL
DEHBED 1 DTHDEEZEZISND. HDNHMEEY 1 HMEFD FBS ADIRETDZ &
TRIRENNSIEDTND EVSEREREEZSNDN. WINDEEEMEICEXKES

¥ 1 WYHIREA GSH Zi =82 SV S (IS EFBEREPR THITON TS EERS

na.
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Fig.3-2-13. Intracellular level of GSH + GSSG.
DMS273 cells (2 x 10° cells) were incubated with compound1 (0 or 10 uM) or

compound 1’ (0 or 10 uM) in culture medium for 2 hr at 37 °C. After incubation,
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cells were lysed and the lysates were measured by LC-MS/MS. Error bars
represent S.D.. n=4. * P < 0.05, *** P < 0.005.

L&Y 1" DS SIEIBINFEINRDI S &2 U T (T T Do
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Compound 1’ (LM)
Fig. 3-2-14. Suppression of cell proliferation by compound 1°.
DMS273 or NHBE cells were seeded at 5 x 10> cells to 96 well plate. After
incubation for 12hr at 37 °C, compound1’ (0-30 uM) were added to cells. After
incubation for 48 hr in culture medium at 37 °C, cell viability was evaluated by

CCK8 assay. Error bars represent S.D.. n=6.
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CCETOREINSEZERD L. EEY 1 ([CXD MG RBEREZEE. HIZA GSH DR
KD MG & GSH DAZT7 25 —)UADERSNIE< D, cNZBE LTS GLO1 D
RIshElESNZizdsl SR ISNEEEASN D, MFETEIIHEIZIROERERE & U T,
{EE¥D 1 ([CXD GSH BN LTS T &N MG REERIBEEK(C I DHRTF 2L,

GSH W' BN D& 4 DERERIEVEEA bL AGEDREIC LD EDEEZSND,

Methylglyoxal
I I?i .o

Voo
Methylglyoxal

GSH"‘\‘

S-D-lactoylglutathione
(SLG)

A

D-Lactate

GSH

—> D-Lactate

Fig.3-2-15. Compound 1 decrease intracellular GSH level and this causes inhibition

of MG metabolic pathway and suppression of cell proliferation.
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HHREA GSH DA CDWTI(E. OGSH &1EEYD 1 M IFEEERR D U\ FEER (CRIG T
2. OHlEA GSH DA EEET D, @GSH DEMRZHEET D, LUV\DAJEEENE
ZBNns.

ODEEEMIC DT TH BN, B3R GST (glutathione-S-transferase) (&> T GSH HY
2,4-dinitro chlorobenzene AKZIHINL. CIHAREE T 2B BEKRKERRIGZAE T D
T &T GSH (AR SNB T ENMSNTHD 2. GST DSEMEIRNIRE T DitE
& LT 2,4-dinitro chlorobenzene (FBELSN S, BEHRICIEEW 1 (X GSTDEEELT
GSH ERIGUTWBEIREMNEZER B5ND. T S IILAOAM I RBELVWOSEFERE
DIRLEEZ B U TL\D I ENSIEEERIN (CHERRRBIR G2 Z U T GSH H'kix
MU FARREE T DRIEEIEEE X 5ND. 1Z/ZL. GSH ERIGLD D EWVWD T &FH >IN
ODSHEEETDRIELD DTz, 1EEW 1 1 GSH DEEROIBENERMBE (CHFS L
TWBEREEE TR (CEZR BND,

L&Y 1 ([CKDIEEHRE NHBE EAVAMRE DMS273 Z Rz MG REIRIEE & I85BHHI
MREARS UTTiERZ ST UIeh (Fig. 3-2-9.). WINOMREN AMAR THICR <R
SNTLZ. TNIEDVWTIE EEY 1 AHlkEN GSH 2R S E23RZB L. SHEL

RIGUIEDEVWDHBERITTEHRAT DI LEHULS, SEIFEEIT DIRENDD.
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E=HE /ME

EEAMEDR VAREN A TITE L TLVD MG REIR(CH L. POS RZEBEI D (LD,
SRR TEMHTR MG REIRAZHZEG Uiz, CNSHFHRASEIOSSEEaM 1 (&
M AMBRBICST U THICH8 < MG REIRBAE R SIBIEIHISIRZR T Z EHBASHNTED
Jzo BAEDOANZXALEUTIE LAY 1 (3 MG RBREBERCERIEAIT D TERL,
HEFEA GSH ZiRA =822 & T MG HRBIRZHEL TV EVD T ENEZ BSND,
HHREMA GSH DA CDWLWTI(E. OGSH &1EEYD 1 MIFEEERR DU\ (FEER (CRIG T
3. OHfaAN GSH DN Rz lEETD. @GSH DEMFRZHETD. ELWDHEEENNE
25NN, EEMEENAMRCHS T IEEDRNERRDIBAGEH TEHELULWAHLZX
LFSEDIRFTTRE CH D,

{EEY 1 LAOFFFRBAZERICDWLWTE. S IILAOTHILA = REEZE L TLVRL)
ILEMEBERESFENTDED, (LEW 1 EFRRBAHZXALAT MG RERAEERT
CENEFEIND. DT INSDERAANZILERET DT ETHHR MG B
EROHEDOEMIDCENTETDIEEZISND.

F/z. SEEFELUIZ NADH BREEATO—T SQC (& UTFITRY K3 (ChMEREA AIC
[R5, #RLQXEFEMHE. MAMRICDNTZED MG REIROEEZ AL )L T
AlEETd oIz (Fig. 3-3-1). R LIEEXTO-IH M NEDOREMZIRHAIEETHD 2
&, EBEIEOMIRET MG RBIROESZHEaAE TH DI oL EEZX D L. POSEFSHE

R ISR DASIEMZ ML 537 v EA R THD I M <HiF=ns.
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Fig. 3-3-1. Detection of extracellular D-lactate released from normal (NHBE,
HCoEpic) or cancer cells (H226, A549, HCT116, HT29, DLD1, HepG2, MIAPaCa2).
Cells (2 x103 cells) were incubated with MG (0 or 200 uM) in DPBS (pH 7.4) for 1
hr at 37 °C. After incubation, probe solution was added and the fluorescence
intensity was measured by plate reader (Ex./Em.= 355/460 nm). Probe solution:
SQC (2 uM), NAD* (200 pM), DT-diaphorase (2 U/mL), D-lactate dehydrogenase

(2 U/mL) in DPBS (pH 7.4).
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BT 7= BASRIEER ORE

£—H FERASBRBOER

CNETOIRFI T, NMAICHWTITE L TODREHRER(CXT U T, @7 input & output
BRI DL TEDFERZFHD TS ENEIRETH D EDM DIz, Pathway-Oriented
Screening J&(&. HRR(CARNIIT D input S4&H I DHARISID output ZZ XD & THRA
IR Z M I 2 Z N ElRETH D EER BNDA. ALYD input & output DFEH
BHEEUTIE. %3 input ZHIRRICHINT D2 LT, @IS DHigsMUEIZ output
EUTEINMEN DD, Input ZRERLU TENNT D output Z:EIRIT D2 ETED input
& output DRECME I DABHRIBOEMLZFHE IS Z N IREE /2D . AT T
Pathway-Oriented Screening JE&EWD 7y FEN. MG REBIFRDENERARIEER
RERBZHER L. BRSEEONERZITD 2L LU (Fig. 4-1-1). MHBRIC (34R4< 724K
SHERIOFET DN T ENERFEPRZRRE U TH AMRRODEEEHR CEETHD
TENS BAAFRTIE T =V BABRICERL, TOEM%E Pathway-Oriented

Screening JE(C K D MR EE7R input & output DEAEDEEFER U,
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Question 1: Which input? Question 2: Which output?

Input A
(MG)

OutputA

(D-lactate)

|nput B OUtpUtB

Input C OutputC

Fig. 4-1-1. Discovery of a pair of input/output for Pathway-Oriented Screening.
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Fig. 4-1-2. Heat map showing concentrations of extracellular metabolites (output,
horizontal axis) produced by cells in the presence of the input compound. The unit
is nM. NHBE (non-tumorigenic) or A549 (tumorigenic) cells were cultured in DPBS
(pH 7.4) containing specified input metabolites (vertical axis, 1 mM) for 4 hr, and
the extracellular media was collected, dansylated, and analyzed by LC-MS/MS.

The data are average values of 6 experiments.



E— b Y ITRTEO control (. EEZRIMNURWREFCH T DN 7= BETR
LTHED., INEEITD & BEORMICKH U TEKRI DHMEsn 7= JBH RSN,
Pathway-Oriented Screening ;AN EAB]EE & BIF SN DHEELD input & output DFEH
anghiRtianse (Fig. 4-1-2). =5(CZd input & output D) \F— > (FHHREFEIC K
DTRRDTHOD. FI(C L-GIn DRHEOMAEst L-Asn. L-GIn Oihi#&OEst L-Ser
DEFUTICRT X SIC A549 MIflB TAE <IBIL TL\D—T. NHBE Hl2TIZZD K
SRASZMENMIESNAMN>Z (Fig. 4-1-3). COFEEMNS. GIn -> Asn (GIn ->

Ser) EWLWOHRBHEREN A549 TILEL TWLD T ENERSND,

14 4 Output = Asn 4 5 Dutput = Ser
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2 é ook ok
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Fig. 4-1-3. The relative amount of extracellular metabolites (L-asparagine, L-
serine) released by cells after incubation with 1 mM input (L-glutamine). The
value was divided by that without inputs. n = 6, and error bar represents S.D..

***pP < 0.005



ZDL SRS L-Asn BXT L-Ser DIENNIE. INS5ZELEL DS DAHEBRORETH

% glucose > glycine RN TIERSNT'. L-GIn DFMICHEHENRZE(LTH D Iz,

14 - 49
Qutput = Asn Qutput = Ser
12 1 o W NHBE
W NHBE 3 WAS9
510 A 5
= W A549 £
= z
= 8 + e
] 4]
< N2 1
B :
2 6 - 3
= o
j_ -
2 -
0 - 0 - Input=
Input = Glc GIn Gly
Glc Gln Gly

Fig. 4-1-4. The relative amount of extracellular metabolites (L-asparagine, L-
serine) released by cells after incubation with 1 mM inputs (D-glucose, L-
glutamine, and glycine). The value was divided by that without inputs. n = 6, and

error bar represents S.D.. ***P < 0.005



ZN5 GIn -> Asn EHRIEB KU GIn -> Ser SIS0\ D 2 DOREEICER LR
HELUT, INSAKRERBEUTORIDKSIC L-GIn ZREITDTILY=Z US| L-
Ser DEERK. TCA BIEMNSIEBHREIND EEZ SN, NADRIFEENNZEFNTLD
RIBTHDZENDNDB 2273, > TTNSHABHFIRICKT LT Pathway-Oriented
Screening Z1T5 Z & T, EHORIEENZHRICHERR S ENENDORERNZEUSIT D
CENTIEETH D LB SND,

TNA= IR

Input EMBO J., 2017, 36, 1302-1315.
ASCT2 Nat. Rev. Cancer, 2016, 16, 749. Bl A
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|_<;|u Mol. Cancer, 2008, 7, 14.
‘/{KHvdrowpvrmteP Cell, 2012, 148, 259-272.
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TCARRE (7 ~JLESIFIR)

J. Cancer, 2017, 8, 2088-2096.

Cell Death and Disease, 2018, 9, 756.
Biochim. Biophys. Acta, 2012, 1820, 643-651.
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L-Asp —» L-Asn 4’» L-Asn
.

Fig. 4-1-5. The metabolic pathways that produce L-asparagine or L-serine from L-

glutamine.



B5(C. L-GIn Zh0X TZBROMRESY L-Asn DIEANICDULT, ZFEEEHAE (NHBE,
HCoEpic, HUVEC) &hYAMMRE (A549, Hela, MIAPaCa2, HT29, HepG2) THRET L=
ECB, ERHRTRIFEAEZRE UMD o= THAMIRT(E L-Gln DFIIC K D
f2gt L-Asn iARE <EBAUTULVZ, TOIRFINDSHENC GIn -> Asn AR (IMATTL
HELUTWBDZEMDMefesd. BIPRIE GIn -> Asn RSBIRIEDEEZFHAIL. €DEE

RleES 9 & & LT,

17 - Output = Asn
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[Asn]lnput / [Asn]No input
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Fig.4-1-6. The relative amount of extracellular L-asparagine released by cells after
incubation with 1 mM L-glutamine. The value was divided by that without L-

glutamine condition. n = 6, and error bar represents S.D..



Gln -> Asn RBIEERICDUNT. Fig. 4-1-5. TRUEKS [CHIFRICER DA ENTZ L-GIn Y
TCA EIEE&ENT LT L-Asn ARSI, MIIRANIRESNTVR T xR T e
2. BERMATER SN PCs L-GIn ZAWVWTIRF LIz & 3. TNICHKT ZEER
DREL)L-Asn (m+4) HEE NIz (Fig. 4-1-7). L-GIn H' TCA [EIf& & /T L T L-Asn
A"RBENZIBE. TCAMBRT—ERKREET Bz, °Cy L-Asn BMER T D & FBEND
TENS, BEROAE L-Asn (M+4) D HERESNIHERE L-GIn H° TCA @ERZENT L
T L-ASn AREIESNB T EAXIBITBIEDTHIEERD. PCh L-Asn UM L-Asn &
FEESNTHD. TCARBENST(C L-Asn HNELSNBEEREEZ SNBH. L-Asp
M5 L-Asn BMER SN BT > DERE LT PCs L-GIn D7 > hMEnNZ &,
FIAI(CTFTE T BRTEED L-GIn [CHR T IRIEEMNE X SNB T, Fig. 4-1-5. TRUSE
K57 TCA @R ENT UTERBHRRUADEBNETH D L (FEX(C . BRADIILY =
J USSR EWDHE EARERIERNS L-GIn RHII&(CIEIN S DHlkEst L-Asn (&, Fig. 4-1-

5. CTRUEREIRIRZRRUTZEDEER 5ND.
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Fig. 4-1-7. The relative MS peaks of extracellular metabolites released from
cells incubated with 1 mM inputs (L-glutamine or *Cs L-glutamine). The graph
legend designations of “m+1”, “m+2”, etc., indicate the increased mass

numbers of 1*C-labelled L-Asparagine. n=4, Error bars represent S.D..



FE_E1  GIn -> Asn EHRIRPEEHRIDER
GIn -> Asn RIS ZEE T DL D/MEEMZRFTIT D EE Uz, L-GIn Z input. L-
Asn % output & U T, output TdDHRZHD L-Asn DIERHBIETRID KIS (CHYT)ILRI7
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o
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L-Asp L-Ala Acetyl CO;+ H0;
phosphate {Oﬁ)

Fig. 4-2-1. POS for identification of compounds to inhibit GIn -> Asn metabolic

pathway.
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SRS, L-Asn ZZHL T H,0, ZEL T B RAFz—8EF 2L\ IO-TERT
(FZDEL LR IR S5SNIz, MG HRBERDIZE EERR(IC, L-GIn A& (CHERZS iRt
ENBD L-Asn ZRFE LB TO—J TEHRHET DT E(CHKINL. GIn -> Asn AEH#E
BOEMZENTO—T(CKDFHMETIEETH D ENRSNIZ. S5ICT7YEARES
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Fig. 4-2-2. Detection of extracellular L-asparagine released from A549 cells.

A549 cells (2 x10° cells) were incubated with L-glutamine (0 or 2 mM) in DPBS
(pH 7.4) for 4 hr at 37 °C. After incubation, probe solution was added and the
fluorescence intensity was measured by plate reader (Ex./Em.= 485/535 nm).
Probe solution: APsF (10 uM), asparagine detection kit enzyme solution (diluted to
1/100, from BIOVISION) in DPBS (pH 7.4). Error bars represent S.D.. n=8.
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Gln -> Asn fUGHERE (O LT POS RaHEHE T D ENFIRETH D T EHIRSNIZIZSD.
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Fig. 4-2-3. Flow chart for screening of the drug-repositioning library.
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c1RROI—Z27

L-GIn AINEHRRIN B NS L-Asn ZEETO—J THRHE L. EXBD ZRUIEE
7%z Gln -> Asn BRI ZHEE T DEEWE U, L-GIn ZRNIN LRV \E$Z positive
control, L-GIn Z#&00U7=8%% negative control & LT 50 %% X JEEXRE RIS

% 2 RROU—Z>2 (TSI,

200
150 . .oo.:i o o...‘ - * s w
P LR - - A . . -
o e T e TR e e T
100 Je*" L, R T

Inhibition (%)

-100

-150 -
Fig. 4-2-4. The result of 1% screening.
A549 cells (2 x10° cells) were incubated with L-glutamine (0 or 2 mM) and
compounds (0 or 10 uM) in DPBS (pH 7.4) for 4 hr at 37 °C. The fluorescence
intensity (Ex./Em.= 485/535 nm) was measured at 1 hr after probe solution was
added. Probe solution: APsF (10 uM), asparagine detection kit enzyme solution

(diluted to 1/100, from BIOVISION) in DPBS (pH 7.4).
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BXT YA OBREERS LU Y 21 RBAE R ILEMDHRZITO T,
FEIRMRER (MRRFIET) (3 L RROU—Z2J EEHRICITV. HRIEEIE FDEM(CD
UL\C. positive control: L-Asn 1 uM, L-GIn 0 mM in DPBS (pH 7.4). negative
control: L-Asn 9 uM, L-GIn 2 mM in DPBS (pH 7.4) &EWSHIREIEFIE FDEMAT L-
Asn ZHRIET DT L L UTz. HIREIEFIE T ORMA TEICRD Z R TIEEM (SRR ZRE
ITRAEEMEEZEZAOND, MIRIFFET (CHITDIHEERMN/NSV. DEDIRERADEE
Hhe< (BBER <10 %) . filRFETFCHITIEERNSMEEY PAEER >

80 %) &ty MEEME LT 3RRIYU—Z2ONEDTZ (Fig. 4-2-5).
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Fig.4-2-5.The result of 2" screening.

Gln -> Asn metabolic pathway inhibition
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o9t xt . .
- o] 50% 100% 150%
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Asn detection module inhibition

“Presence of cells” conditions: A549 cells (2 x10° cells) were incubated with L-

glutamine (0 or 2 mM) and compounds (0 or 10 uM) in DPBS (pH 7.4) for 4 hr at

37 °C. “Absence of cells” conditions: L-glutamine (0 or 2 mM), L-asparagine (1 or

9 uM) and compounds (0 or 10 uM) in DPBS (pH 7.4) were mixed and incubated

for 4 hr at 37 °C. The fluorescence intensity (Ex./Em.= 485/535 nm) was

measured at 1hr after probe solution was added. Probe solution: probe (10 uM),

asparagine detection kit enzyme solution (diluted to 1/100, from BIOVISION) in

DPBS (pH 7.4). .
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c3RROY—ZT

Ew MEEY 42 El(CDVWT. OXIRSIENEREESRE (CCK8 77w tz-1) MIRET @L-GIn ¥l
B OHERES L-Asn = LC-MS/MS THRIE. &£UL\D 2 DDIREIZITDfz. CCK8 7wtz (&
MG REIREERIROU -2 TR ERARRIC, (EEYIRINE 48 BfEiEth TEEL. Ml
18YERE" CCK8 7wz TaMl L7z, &7z, #fE5t L-Asn (& L-GIn ZINL T 4 B5fE&(C
fHREsRZEIUR L. Dansyl {bALIEZE L7218 (C LC-MS/MS ZRWCRIE S S Z & T

U7z (Table 4-2-1),
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Table 4-2-1. The result of 3™ screening.

Inhibition of GIn -> Asn (%) Cell growth inhibition (%)
0.1 uM 1M 10 puM 0.1 uM 1uM 10 M

O 00~ R W N

DB DWW WNWNWNUNNNNRNNNDRNN
NEOWLONGOUNRRWNROLOLRNOURON EDbDh e BERRE S




42 BOIRFHEEMD D 5. Hlkash L-Asn DA 2R E KUHRRBIETELIHINR DM /5 Z 7R~
ILUTD 5 BOMEM=ZEY MEEMEUTz,.
Table 4-2-2. The hit compounds to inhibit GIn -> Asn metabolic pathway of live

cells.

Structure Name Asn inhibition  Cell growth inhibition
(%)at 10 uM (%) at 10 M

Comment

H H
HoH . . o
N Z N Tyrosine kinase inhibitor
a © ;.-D\D NG Regorafenib 89.7 61.7 Anti-tumor drug
FToF ¢
Hm,ﬁ i Tyrosine ki inhibit
] yrosine kinase inhibitor
ca’? © Oo’g\lru\ Sorafenib 89.0 60.6 Anti-tumor drug
F T ¢
a /©)<)< Benzethonium 68.6 68.6 Monocationic detergent
> chloride Anti-bacterial drug

o (Q}\ Thonzonium 37.5 91.5 Mon(;cationilc :etergent
M ; Anti-bacterial drug
yE \{; bromide

Y Anthelmintic, Helmintic
“]/C? Niclosamide 79.9 41.3 DNA damage
oM " Mitochondria uncoupler
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INskey MEEWN GIn -> Asn BRI ZAZE I D L(CALT. CORBHEIRICE

DDHRRAREDCOVWTERET UTZ, L-GInfFEF Ty MEEWMZRIML T >Fax

—> 324, HRAREMZHME Uiz, #lgR’” = /B2 Dansyl L2 (C LC-MS/MS

(CTHRE L. g ATP (X ATP #&iH+w b (Cell Titer Glo 2.0) ZAW\WTTL— KU —
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Fig. 4-2-6. Intracellular level of metabolites after treatment of benzethonium

W Gin
W Glu
H Asp
W ATP

1M

withoutGln BenzethoniumRegorafenib Niclosamide
Chloride 10 pm 10 pm

10 pM

chloride, regorafenib or niclosamide. A549 cells (1.2 x 10° cells) were incubated

with L-glutamine (0 or 2 mM) and benzethonium chloride, regorafenib or

niclosamide (0 or 10 uM) in DPBS (pH 7.4) for 2 hr at 37 °C. After incubation,

cells were lysed and the lysates were measured by LC-MS/MS (for detection of

GIn, Glu and Asp). Intracellular ATP level was measured with Cell Titer Glo 2.0

solution by plate reader. Error bars represent S.D.. n=4.
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N5 5 DDy MeEYIEFF—TEEHI (Regorafenib, Sorafenib). FREEEA!
(Benzethonium chloride, Thonzonium bromide). 77>73w = — (Niclosamide) (C
DFEESNDM. LWINE GIn -> Asn HAHHEIR (CEID DB DI R =N IT (Fig.
4-2-6),

Niclosamide (377> Hw TS5 —& U THEEL . HRIBIEINEIZ/RI C A IESND 28
*°0 TR RUTPOEEBMEBERSE. TOWEEERET S ET GIn -> Asn 112
B(CH T DHEZRUICEERSND. FF—UHEERSREEERICDOVTIE GIn ->
Asn RIS (CREND 7= VB & ATP DIRIMHRSNTZZ EM5S. GIn -> Asn AEHER
(CRADDVINHDERESZINHE L, TCABBZEELIZZ ETATP OEAZREEL
TEEZXBNS.

B¥Cbew MEE¥ & L TEUS Uz Regorafenib. Sorafenib (=7 T Z)UREREZRDYILF
FF—UREFITHD. MEHECEDDFF—T (VEGFR1-3) HifaiEsiECRE1DD+
F—t (KIT. RET. Raf-1, BRaf)ZRET D EICLDABENRERL ¥,
Regorafenib (ZFFHAEN A EICERIEESE (GIST). Sorafenib (FE M ANCAFHHRD (xS
FRIMDABE L TERENTND ¥ ZOLDRFF—TEEFN GIn -> Asn (LHHIEF
BZAET D E(IIERICHERREWZEH. LUBF(E Regorafenib (CDWTHERZESHD &

cUTz.
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- Regorafenib MEERMEZZR(IC DT

BC TR ERMMEH SNTZ L-GIn (1°Cs L-GIn) ZRWTESNIZIAERIOENEE SR ZIE
FRUTE. PCs L-GIn &BRINU 2 Bffl 1 >FaR—2 3> Uiz, Mg aimt U
T °Cs L-GIn ([CE3R T DHRBADE 7= /B (P°Cs L-GIn, Cs L-Glu, C, L-Asp.
13C, L-Asn) % LC-MS/MS (CTHIE LTz,

BUF DTS (& Regorafenib ZFRIM UIRVMEED > SO—ILBHCHBIT IRV S HE"
100% & UTEIBE D Regorafenib WINBHCH TR V7= /HBEZERLUTLD,

M GIn (M+5)

W Glu (M+5)

H Asp (M+4)
Asn (M+4)

150 ;

100

50

[Amino acid],pipitor
/[Amino acid].jypipitor (%)

Regorafenib
10 um

Fig.4-2-7. Intracellular level of metabolites after treatment of regorafenib.

A549 cells (1.2 x 10° cells) were incubated with *3Cs L-glutamine (2 mM) and
regorafenib (0 or 10 uM) in DPBS (pH 7.4) for 2 hr at 37 °C. After incubation,
cells were lysed and the lysates were measured by LC-MS/MS. The value was

divided by that without regorafenib condition. Error bars represent S.D.. n=4.

p. 90



Regorafenib RN 3 & THIFEA 13Cs L-GIn (3L, CsL-Glu. 13C4 L-Asp.

13¢, L-Asn (EHA T B EMS. Regorafenib (& L-GIn % L-Glu A {319 33 GLS

(glutaminase) ZEND 1 DEUTHEIT B EEHRET D[R THDIEEZI SN

50

L-GIn

/—*W

L-GIn T

- |
1.
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Hydroxypyruvate-P
J bﬂT
L-5er-P — L-Ser

o-KG I{G DH

Succinyl CoA
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Fumarate

Regorafenib

| W
L-Asp | — L-Asn 14’—. L-Asn
\

Fig. 4-2-8. Regorafenib is assumed to inhibit GLS.

p. 91



- Regorafenib MPAEA DX AICDNT

Regorafenib 1 GLS ZFAE T 2 Z &N IRz n’. FF—UBEEFIN GLS ZfEE

IRIANZXALLEDVWTATDOZENEZ BND.

FI'. AR THLVHIRE A549 TIE GLS DB TS TDS55, GLS1 ZE(CHALTY

JLVIZREETO TR ENMSN TS P, ESICEERHRELT, GLSL (&

Ras/Raf/Mek/Erk =T FILIC K> TEH LN DZHEZE I DI EMRESNTED

0 2L TESNIZAER Regorafenib (& Raf-1 ZHET B ENEISNTLS 3742,

B EDFEITHRFTN S, KRas EEZH T D AS49 flifa(CHULT, FH =N TL\S Raf-1

% Regorafenib MPAET D & T GLS1 DEHMNMIFIEN. ZDFER GIn -> Asn (LR

B EESNZEEASND.

0

L J

L-GIn

Y

L-Glu
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-
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FTF
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Fig. 4-2-9. The probable mechanism of inhibition toward GLS by regorafenib.
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- v MEEY) Benzethonium Chloride (CDUL\T

Benzethonium Chloride (FE/ OFA> OFREEHAHI & LTSN, HEEEZRIIL
BMTH D 3, TOIEEWICTDULTE Regorafenib EREKEC Cs L-GIn ZARUVWV TP vtz
A =T IeAER=ZE AT (CRT (Fig. 4-2-10),

BCs L-GIn (#BANL. °Cs L-Glu. °Cy4 L-Asp. C4 L-Asn (FIHA L TWBHY,
Regorafenib & (FFEED/\F—2MNEIRD., CDFEERE. Benzethonium Chloride KY€
I PFAZOREEERITH D EZERXDE. GIn -> Asn AEHEIS (CBIN DEERDER

REEELTVDZENFEREND,
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Fig.4-2-10. Intracellular level of metabolites after treatment of benzethonium
chloride.

A549 cells (1.2 x 10° cells) were incubated with *3Cs L-glutamine (2 mM) and
benzethonium chloride (0 or 10 uM) in DPBS (pH 7.4) for 2 hr at 37 °C. After
incubation, cells were lysed and the lysates were measured by LC-MS/MS. The

value was divided by that without benzethonium chloride condition. Error bars

represent S.D.. n=4,
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FJz. Benzethonium Chloride (C X DIEFEINHIZNR(C DT TH DM, GIn -> Asn {3
RIEZEEETDICENS. HIBOERFRE - TRILF—IETHSD glucose & L-GIn S5
L-GIn (CHR T DERZHET D ENEBERISND . FERAERICHAI D LI
LBDMNAERZIRET T DT L& LTz, BEEICHSNT, AERBER 2-DG (20 mM)
& &6 Benzethonium Chloride (0-30 uM) ZRIIL. 24 BFEEEUZ.

FRYERBEER 2-DG 1#7£ F (&, Benzethonium Chloride (& A549 flifa(Cxd U THF (T
IEBIEFIBIRZ RS S ENBASHMERD T (Fig. 4-2-11) ZLDRATEFIILTZ>
RBHTTELTH D CORBCTRILF—OREBEOEFRZMT L TLD I ENSN
TS, FERAEFRFET CIHFCIRILF—OREBERZIILY AR CBDIHED
HDIcH. EEHEENAMIBICEITDITRIILF—POREROEKRMEDEN DK SN

AEIRIBIBHIRIRN R Z R IR ERB O T EERX NS,
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Fig. 4-2-11. Cell growth inhibition of benzethonium chloride with 2-DG.

A549 or NHBE cells were seeded at 5 x 10° cells to 96 well plate. After incubation
in culture medium with 2-DG (20 mM) for 12 hr at 37 °C, benzethonium chloride
(0-30 uM) were added to cells. After incubation for 24 hr at 37 °C, cell viability

was measured by CCK8 assay. Error bars represent S.D.. n=6.
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Benzethonium Chloride ($25 < DAY AFE(CxT U CHERBIBIBHIHIZIRZ R U, 45 (CIREEN
AICDNT, IEEHMRE &R U GERINMBIENFIMRZB L. EFTILY DA TD in vivo
KR CHIEBENRZ R Y Z ENRESN TS . Benzethonium Chloride (C&D>T=
hO> RUVEEMDETHHFSND NS NAEIEIIFIROZER L LU TETFSN
TUWLBHY. KIAZLT Benzethonium Chloride ¥ GIn -> Asn IR ZBEEIT D &N
BASMTIRD, COBEECKD TATPEENHEESN. = IO RUVESAET (RN
BDEEZIBND. 72HVITS—ELTE RO RUTFOEEZRISEDETE
O RUTZOMEEZRTEE. GIn -> Asn REHRIEZAZE L CTL\DAJREEIFE X 5ND
H. BUF®D Cs L-GIn ZFLZ#&E$H'S Niclosamide 2&8 7> v IS5 —(C L2 Gin -

> Asn REHRISPAED/ Y —> S (FBIRDCEN D> TULSB,

B GIn (M+5)

150 - W Glu (M+5)
| Asp (M+4)
Asn (M+4)

100

[9)]
o

[Amino acid],innibitor
/[Amino acid]inpipitor (%)

Niclosamide CCCP
10 uM 10 uM

Fig. 4-2-12. Intracellular level of metabolites after treatment of niclosamide or
CCCP. A549 cells (1.2 x 10° cells) were incubated with *Cs L-glutamine (2 mM)
and niclosamide (0 or 10 uM) or CCCP (0 or 10 uM) in DPBS (pH 7.4) for 2 hr at

37 °C. After incubation, cells were lysed and the lysates were measured by LC-

p. 97



MS/MS. The value was divided by that without inhibitor condition. Error bars

represent S.D.. n=4.

N5 ey MEEYIOER(C DT, PCs L-GIn ZRAU\Z4&53HS Regorafenib &
Benzethonium chloride MR (FEIRD Z EMHDHD. Sorafenib (& Regorafenib (D4R
B TH DT ENSEDIEN(ERE U EHEAIENSD. Thonzonium bromide (&
Benzethonium chloride LERICE/ HF A OREEEFITHDZENS. TDOEM
BUEFEEIND. BSNIEHARBEERE GIn -> Asn REHRIEEIED D ENDHATIER
BLTWDED, TDEMEESRFFF—TEEHI (Regorafenib. Sorafenib) &€ HF
Z>HEEMSH] (Benzethonium chloride. Thonzonium bromide) TERXDEEX 5N
Do DT\ GIn -> Asn EHHERA CRIRIEN E UCEBR L SNDBRIERFET D
7. Pathway-Oriented Screening J&(C &> T GIn -> Asn BRI ZHNZ . D DIEMNER

RN RIXDEEEDRER CHIS I D EICHRINUIZEERD.
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- Ev MEEYID Viability HIHIZHRIC DT

Sy MEAYIOD Viability IR C DV TIEEHINE (NHBE) EhAMRE (A549)
TR U, L-GIn DHNDRERE U THIGESNDEM4 CHIRE(CAEERIZRIML. 2 BFRE

DA >F2ANR—32%(C calcein-AM ZRVWTZOEEEENSHIRED Viability & H

U7z (Fig. 4-2-13),

p. 99



[si]

F

100
80
60
40
20

Cell Viability (%)

120

[y
=
L]

80
60
A0
20

Cell Viability (%)

200

150

100

50

Cell Viability (%)

NN
T “
o LK
F o ~
. o

Regorafenib

_ oo bbb

10 uM 30 uM

Benzethonium chloride

. o

- oo

Niclosamide

10uM 30uM

N
'T[’ “ N
o AN
(] o ™~
s}
FTLIoF

Sorafenib

B.NHBE 120 + Rkl

u A543 .

mMNHBE

)
[y
2
(=]

mAS4S

[2.1]
(=]
1

Cell Viability (
B o
o o

Ped
(]
|

o
I

10 uM

30uM

L
$ }:j>QJ< ®
©/\P?/\¢D"‘f‘o B
IS

N

Thonzonium bromide

m NHBE 150 ~ W NHBE
masds o m A549

= 100 -

5

m

50 -

=

(9]

0
10uM 30 uMm

u NHBE

m ASAS

Fig.4-2-13. Cell viability after treatment of hit compounds. A549 or NHBE cells (2

x 10> cells) were incubated with L-glutamine (2 mM) and hit compounds (0, 10 or

30 uM) in DPBS (pH 7.4) for 2hr at 37 °C. After incubation, calcein-AM (1 uM)
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was added and incubated for 1hr at 37 °C. The fluorescence intensity of calcein
was measured by plate reader. Ex./Em=485/535 nm. Error bars represent S.D..

n=16. **P<0.01, ***P<0.005

7> 1Y TS5 —T&S Niclosamide (FIEEHAZ (NHBE) SKUNAMAIE (A549) (CxF9
3 Viability #i# (FZHO SN DTz,

F > —TREHITHD Regorafenib. Sorafenib (& L-GIn DAHNERBRE L THIBEEIND
ZMHTFICHBVWTIEEMHIE (NHBE) KDEMAMAIE (A549) (Cxf L THE(CHR < Viability &
Ml 3 EhHBBLTE. Regorafenib. Sorafenib i+ —tREHI & U TEES DS
JUICEA1DD VEGFR f° Raf-1 ZPAE I D ZEHS. INSICEKD GIn -> Asn REHREEPE
ENCTDL S Viability HIFIDOERER TH D LMIET D E(FREETH DM
Regorafenib Y2 Sorafenib MF—tHAEARI & U TEFZ5 <(FHC GIn -> Asn AREHRES
ZRET D ENAHAFTR THSMI/RD 22 & (& biological BAIRESZ Iz EBhHhnd.
EROIEREDOIBIEZINE T D (CHhizD. FF—THERIE U CHRIEIECHERSTFIL
RIBZEEIT DT TR, L-GIn [CEERTDIHRE - IRIILF—DEEAZINHT DI LEE
FREBMRICHFS LU TS ENAATBRNSHRETND,

T HF A OREEHEFITIHSD Benzethonium chloride. Thonzonium bromide (CD
WT. INSEWITNH A549 HifE(Cxd L THI(CH < Viability 23§ L TU ez,
Benzethonium chloride & 2-DG Z AU \ZHlifgtBIEI Iz R 2 RS UTZHER N 5.
Benzethonium chloride. Thonzonium bromide @ GIn -> Asn RIS NS

(CL B Viability HIFHZIRICAET<FS5ITDEDTHDEEZISND.
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Parand

E=f0 /&
BBV RS (input) EUTRIIL. ZORMRINCHE SND 7= JBEZIE
FEHIFE (NHBE) EHVAMERE (A549) THEEI D2 & T GIn -> Asn. GIn -> Ser &L
S TDOREHREEN AS49 HIFE TITEL TLBD T ENDMOD. HF(C GIn -> Asn AREBHEES
(FEHFEDH AMIBICHENTE L-GIn DBEEET L-Asn DEAEENKES LT D EN
5. GIn -> Asn [FEHONAETIUEL TLDIREHEIR THD EEZ SN
ZD GIn -> Asn AHHREE (CX3 U T POS RZMBERI D &(C KD, EHiRT I
Rz AE I DFFRPAEFI OIS (CRAINLTZ. CNSHEERNE L-GIn DHNRERE U
THIGENDREM T ICHUT AS49 Ml THRIC Viability 2258 <ilHl LTS Z EHVRE
1. %¥(C Benzethonium chloride (FEFEFERMFT 2-DG LHRAT DT LT A549 (I
U THF(C8 < HRRIESEINFIZI R Z R UTz. & 5(CFF—TEEHRITH S Regorafenib (&
GLS ZHE T D N <REEN. GLS EMZFIHT IS I HIILRREHEEI I &
T GIn -> Asn BHREEOFEENIEI SN EVWDS T ENFEREND, FUVWEEANT
ALEDWTFSEDIRFIRETH D,
BONHEEREERDIENZEEL TVD I ENTREEN, AARIICKDTGIn ->
Asn REHEIRZ BRI DEEDEERR (CX U TEMRE L ANIL TEMRBEERZES LIz

ECHINUIZEER D
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FhE HBELISBOREE

SE—H #1E

AR TEMSHMEN R B R (C LT, INSBEREEZ AL NLTHET 310
EYEIER T DEFCIREMZR— XD high throughput screening 2 T3 2. Pathway-
Oriented Screening (POS) ZZRFE LU, NMAICHEEBVRAHEHRIR (O U CHEERIZE
FIDZEICKD, INFETICHMEDRRL, EHIEL NV TERIRHR MG REIREE

El - GIn -> Asn EERIZRH U, CNSHEER(EHAMIRE TR SRV BIBHIFIZN R 2 7~
LizZEMS. #FRriENEEHHEEL DR AR EEY & UCORENEIFEND.
ERRNDFZRETDBER(ICDODVWT, AYTILRZ YA ZRANS L THREERZH
L\/Z in vitro T® high throughput screening (FRJgEEE X SNDIM. AN TINSEE
=M CHEISN TLD T ENS. AAKTHFE LU POS AL WD EMRER— X THH
SEMEZ MY B high throughput screening (&, SEERRY—ILERDEEZ SN
2. BIEEIJOCRDS 5. EMARED (CHITD 7 HFTZTVRROEMIEAEL. DD
% high throughput screening 2O#ATFAFE> U — RMESYIDRER (T I DEIEWVWDE
RN SAMERDBREFRENEEZ SN, SBARBEEMS TS —2AL\z POS E(C
L DEFIFREANOEMNEIFEND,

ABAFE T HFE UIZHIRBIMEIY & IR IRM (SR 9 DFTREA T O - T (DT, Ins(d
ffEM S =N Z in situ TRIETIEETHD 2 EN'5. fifieDd 2 EEEE Y
VILVIALTHA TS ENTEDEVDSHRZRBL. BERIROYU-Z2JBSMNIEIE

RTE3aEE MO TS,

p. 104



POS E(FEE (input) AN (B SN TR =Nz (output) Zi&H
9D ET input & output DREICITTE T DABHEROEN ZFHIE T D728, RHHHE
EIENK I DBERTNENZENE UCTHERIROU -2 077D 2 ENAlEETH D,
EIR(CESHZ GIn -> Asn REHRIROELOEERZ. MieN)77 = BEOCE(ENSE
NENERDENZHEEL LD ENREENT,

POS SEDFLAMEICDVNT., ROME L input KT output, FHREFEZ R4 (CFEIRBIEET
HDZENSEDONAEDOE SHEFEIND. ERICAAFT TIE 2 DORBHEE(CDULT
POS SAICKBMAZRIR U -0 %470\ FRESEHIZEE LI, GIn -> Ser AR
B(CDWTEEATO-T(CXDEETHAN A TH D LZMRLTH D, INEDN
THRERN(CETORERIOEEN AR EEZ B5ND. SSICEATTRAMEREC DL
T. MGHERICEALT 10 AU L DIEEHRE - HNAHRRICHITD/EEZMFE L ITEN
JO-JI(CKDFHARIEE TH > I ENS. ERATEEHIREIZ U\ ENHEREN D,
CDKD ([CHEHMONHHER - HIRRECK U CEARIEETH > e ENS. POSAIFAAM
DEVWFYEARTHDIEEASBND,

FIz. POSEFEBDH UMNMFIEURWRMGTT v A ZITS e, EROMISIEESMt
E(FRIRD. > T, EHRREAVNTVIN, MOEBENFET DBEBESXMTIES
NIZBAEFNOENEHRIE (X T REZREREFERD I EMNEZASNDCH. ROU—-Z>
D TORMG EBEEERMG EOMBECDVTIFIEBR I IRENGD D LFSROFRETH
B, UL, CNEEZREE, REZMZRTE UIZIRIE T (IR (CENREHRIEZRE
9272, BIREHNABIDHA VWS KR TESNSRBEEERERIZRESED LN

Hiffens.

p. 105



ETE SROEZE

POS JE(& input - output (344 (TEIRBIGETER A IRAENE 4 Z £ L )L CEHMfn]gE T
HHD. BLSHIRE(OELFRIFR EORBIRYIREINEIZNT ENS. NAZEDIRA TR
RBR(CDOVWTHENEE ZF MR8 C CNZHiEl 3 DILEaMaERRTED LHfFNns.

¥R TRHBRRAE (CRIFRIRE S L\ D RICDWT . SRIEBIZ(EHD DA DNHTE M T U |
ZTOEERZEIS I DT ENEBZSND. BINAE [FRRICEZRSNDIEF DL 10
3 ATz DEER 6 BIKBDN Al ERFEBICLDERINBZINATHSD Y. FOHNADE
BRORE(FE (BN VRN E(CERU, TDFRED 1 DICHDDNADHRENIM L
ZRIIBEADMII N EE & WD ENEET B P, POS EEAUNAICERT ST LT,
REEEEVWSERAN SE L DRI ADREE R . TN AR EEYIDORAMNBIET
HDEEZABND. FIRET7 =/ BEAHRAZEFNORZDOARE (BNUE) THMNIZKD
(S, BERDHAICDNT input & output DIAENEZHRERT D & TRENEEDIFE
ZHD . CNZE(SERTIREIREIFEDERR® POS 717D Z L IC K DFARIMN ABNERIL
BYIDRZBENAIEECIRD EHFEND,

=5(2. POS E(FEMREDER 4 2AHNES Z MBI AE LWV DRICDVT, BIUE TR
Gln -> Ser AHHEIR®. HDUV\IEHER - 7 VBB CRRICHAADBEIREN ESND
BEEMRHIR “° (O L TH POS iEEAVWVEESRIEREITD Z & THRNMAARIRMES
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Methods

Materials. General chemicals were of the best grade available, supplied by
Tokyo Chemical Industries, Wako Pure Chemical, Sigma-Aldrich, and were
used without further purification. All solvents were used after appropriate
distillation or purification. Silica gel column chromatography was performed
with silica gel 60 (Spherical) (Kanto Chemical Co.) or silica gel 60 N (Spherical,
neutral) (Kanto Chemical Co.). D-lactate dehydrogenase was purchased from

TOYOBO.

Instruments. NMR spectra were recorded on a JEOL JNM-LA400 instrument
at 400 MHz for *H NMR and 100 MHz for *C NMR, or ECZ400S instrument at
400 MHz for 'H NMR and at 100 MHz for 3C NMR. & values are in ppm relative
to tetramethylsilane. Mass spectra (MS) were measured with a JEOL JMS-
T100LC AccuToF for ESI. Preparative HPLC was performed on an Inertsil ODS-
3 (10 x 250 mm) column (GL Sciences Inc.) using an HPLC system composed
of a pump (PU-2080, JASCO) and a detector (MD-2015 or FP-2025, JASCO).
Preparative MPLC was performed on a silica gel column (silica gel 40 um or

Amino 40 um, Yamazen) using an MPLC system composed of a pump and

p. 108



detector (EPCLC AI-580S, Yamazen) or (Biotage). LC-MS analysis was
performed on an Astec CHIROBIOTIC (25 cm x 2.1 mm, 5 um) column (sigma
aldrich) using an LC-MS system composed of a pump (1260 Bin Pump, Agilent
Technologies), PDA detector (1260DAD, Agilent Technologies) and MS detector
(6130 Quadrupole LC/MS, Agilent Technologies). UPLC-MS/MS analysis was
performed on an Acquity UPLC BEH C18 1.7 um (2.1 x 50 mm) column
(Waters) using a UPLC system Acquity UPLC H-Class, Waters) and MS/MS

detector (Xevo TQD, Waters).

UV-Vis Absorption and fluorometric Analysis. UV-Visible spectra were
obtained on a Shimadzu UV-1650. 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. Relative fluorescence
quantum yields were obtained by comparing the area under the emission
spectrum of the test sample, such as coumarin derivatives (SQC and sulfoC).
SQC and sulfoC were excited at 350 nm in PBS solution (pH 7.4). Quinine
sulfate was excited at 350 nm in 0.1 M H,SO, aqg., which has a quantum yield

of 0.55%.
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For determination of the fluorescence quantum yield of APsF and sulfoF, APsF
and sulfoF were excited at 490 nm in PBS solution (pH 7.4), and fluorescein
were excited at 490 nm in 0.1 N NaOH aq., which has a quantum yield of

0.85%.

Preparation of cells.

H226, H522, DMS114 and DMS273 cells were cultured in Roswell Park
Memorial Institute medium (RPMI medium 1640 (1x), Gibco 11875-093),
supplemented with 10% (v/v) fetal bovine serum, 1% (v/v) Penicillin-
Streptomycin (Gibco, 15410-122).

A549, HepG2, MIAPaCa2, HT29 and Hela cells were cultured in Dulbecco’s
Modified Eagle medium (DMEM medium (1x), Gibco 11885-084),
supplemented with 10% (v/v) fetal bovine serum, 1% (v/v) Penicillin-
Streptomycin (Gibco, 15410-122).

NHBE cells were cultured in Bronchial Epithelial Cell Basal medium (BEBM,
Lonza CC-3170), supplemented with Bronchial Epithelial Cell Growth Medium

SingleQuotsTM Supplements and Growth Factors (BEGM, Lonza, CC-4175).
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HCoEpic cells were cultured in Colonic Epithelial Cell Medium (CoEpiCM,
ScienCell, #2951), supplemented with Colonic Epithelial Cell Growth
Suppllement (CoEpiCGS, ScienCell, #2952).

HUVEC cells were cultured in Endothelial Cell Basal Medium-2 (EBM™-2, Lonza
CC-3156), supplemented with EGM™-2 SingleQuots™ Supplements (Lonza,
CC-4176).

All cells were cultured in a humidified incubator under 5% CO, in 95% air.

Measurement of NADH in in vitro assay.

Fluorescence (Ex/Em = 355/460 nm) was measured by microplate reader
(Envision) 20 min after mixing probe solution and NADH solution at 37 °C.
SQC (1 uM), DT-diaphorase (1 U/mL) and NADH (0, 0.1, 0.3, 1, 3, 10, 30,
100 uM) were used. The reaction buffer was Dulbecco’s phosphate-buffered

saline (DPBS, pH 7.4).

Measurement of H,0; in in vitro assay.
Fluorescence (Ex/Em = 485/535 nm) was measured by microplate reader

(Envision) 20 min after mixing probe solution and H,0O, solution at 37 °C.
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APsF (10 uM), Horseradish peroxidase (1 U/mL) and H,O, (0, 0.1, 0.3, 1, 3,
10, 30, uM) were used. The reaction buffer was Dulbecco’s phosphate-

buffered saline (DPBS, pH 7.4).

Measurement of L-lactate in in vitro assay.

Fluorescence (Ex/Em = 355/460 nm) was measured with a microplate reader
(Envision) 20 min after mixing probe solution and L-lactate solution at 37 °C.
SQC (2 uM), DT-diaphorase (2 U/mL), L-lactate dehydrogenase (2 ug/mL),
NAD* (200 uM) and L-lactate (0, 0.3, 1, 3, 10, 30 uM) were used. The

reaction buffer was DPBS (pH 7.4).

Measurement of D-glucose in in vitro assay.

Fluorescence (Ex/Em = 485/535 nm) was measured with a microplate reader
(Envision) 20 min after mixing probe solution and L-lactate solution at 37 °C.
APsF (10 uM), glucose oxidase (0.25 mg/mL), Horseradish peroxidase (1
U/mL), FAD (5 uM) and D-glucose (0, 0.3, 1, 3, 10, 30 uM) were used. The

reaction buffer was DPBS (pH 7.4).
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Measurement of L-lactate in extracellular media.

DMS273 cells were seeded at 2 x 10° cells per well in 100 puM L-lactate in
DPBS (pH 7.4) and then probe solution was added to the medium.
Fluorescence (Ex/Em = 355/460 nm) was measured with a microplate reader
(Envision) 20 min after addition of probe solution at 37 °C.

SQC (2 uM) or Resazurin (50 uM), DT-diaphorase (0 or 20 ug/mL), L-lactate

dehydrogenase (0 or 2 ug/mL), NAD* (200 uM) in DPBS (pH 7.4) were used.

Measurement of D-glucose in extracellular media.

A549 cells were seeded at 2 x 10° cells per well in 10 pM D-glucose in DPBS
(pH 7.4) and then probe solution was added to the medium. Fluorescence
(Ex/Em = 485/535 nm) was measured with a microplate reader (Envision) 20
min after addition of probe solution at 37 °C.

APsF (10 uM), glucose oxidase (0.05 mg/mL), Horseradish peroxidase (0.1

U/mL), FAD (5 uM) in DPBS (pH 7.4) were used.
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CCKS8 assay (cytotoxicity assay).

Cells were seeded at 5 x 103 cells per well in culture medium on 96-well
plates. After 48 hr incubation at 37°C, CCK8 assay kit solution (Dojindo, 343-
07623) was added. After 1- 4 hr incubation at 37°C, the absorbance at 450

nm was measured with a plate reader (Envision).

Measurement of Methylglyoxal metabolic activity of cells

Cells were seeded at 2 x 103 cells per well in 100 uM methylglyoxal in DPBS
(pH 7.4) with or without BBGCD (50 uM). After incubation for 1 hr at 37 °C,
probe solution was added to the medium. Fluorescence (Ex/Em = 355/460
nm) was measured with a microplate reader (Envision) 20 min after addition
of probe solution at 37 °C.

SQC (2 uM), DT-diaphorase (2 U/mL), D-lactate dehydrogenase (0 or 2 U

/mL), NAD* (200 uM) in DPBS (pH 7.4) were used.
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Methylglyoxal metabolic pathway inhibitor screening.

1st screening.

High-throughput screening (HTS) was performed against a chemical library of
9,600 compounds at the Drug Discovery Initiative, The University of Tokyo.
First, test compounds (50 nL of 2 mM DMSO stock solution) were placed in
wells of a multiwell plate (Corning No. 3677) using a POD Automation Platform
(Labcyte). Then, 10 pL of DMS114 cells (4 x 10° cells/mL) in 100 uM MG in
DPBS (pH 7.4) was added to all wells using a Multi-Drop combi (Thermo
Fischer Scientific). After incubation at r.t. for 2 hr, 10 uL probe solution (SQC
(2 uM), DT-diaphorase (2 U/mL), D-Lactate dehydrogenase (2 U/mL), NAD*
(200 uM) in DPBS (pH 7.4)) was dispensed into the wells, and the plates were
incubated at r.t. for 30 min. The fluorescence intensity of SQC was measured
(Ex/Em = 380/490 nm) using a microplate reader (PHERAster, BMG LABECH).
Negative or positive control wells (i.e., including 100 or 0 uM MG, n = 16)

were also prepared for all plates.
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2nd screening.

2nd screening was performed against 583 compounds that showed high
inhibition (cutoff = 50%). The confirmation assay was performed in the same
way as in the 1st screening, but the inhibitory effect was tested in two
independent experiments. Inhibition was also examined under cell-free
conditions. A 10 uL aliquot of 5 uM D-lactate and 100 uM MG in DPBS (pH 7.4)
was injected to all wells containing hit compounds using Multi-Drop combi
(Thermo Fischer Scientific). After incubation at r.t. for 2 hr, 10 uL/well of probe
solution was dispensed, and incubation was continued at r.t. for 30 min. The
fluorescence intensity of SQC was measured (Ex/Em = 380/490 nm) using a
microplate reader (PHERAster, BMG LABECH). Negative or positive control
wells. Negative or positive control wells (i.e., including 5 or 0 uM D-lactate, n =

16) were also prepared for all plates.

3rd screening.
3rd screening was performed against 21 compounds that showed high
inhibition (cutoff = A, A > 30 %) in confirmation assay, and did not inhibit the

assay system itself (cutoff = B, A > B). NHBE or DMS114 cells were seeded at
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5x 107 cells per well (96 well plate) in culture medium with/without inhibitor
(0.3, 1 or 10 uM test compound, n = 3 for each). After 48 hr incubation at
37°C, CCK-8 assay was performed. Absorbance at 450 nm was measure by
microplatereader (Envision). Two compounds that showed stronger cell growth
inhibitory activity toward DMS114 cells at 10 uM than that toward NHBE cells

were selected as hits.

4th screening.

4th screening was performed against 29 compounds that are derivatives of
two hit compounds at 3rd screening.

Evaluation of the inhibitory activity of each test compound toward MG
metabolic pathway was performed by LC-MS. DMS114 or DMS273 cells were
seeded at 4 x 10’ cells per tube in 100 pM MG and test compounds (10 uM) in
DPBS (pH 7.4) (n = 3). After 2 hr incubation at 37°C, the sample was
centrifuged and supernatant was collected. The supernatant was analyzed by
LC-MS (Agilent Technologies).

Evaluation of the cell growth inhibitory activity of each test compound was

performed by CCK-8 assay. NHBE, DMS114 or DMS273 cells were seeded at 5
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x 10° cells per well (96 well plate) in culture medium with test compounds (0,
0.05, 0.5 or 5 uM, n = 3) and incubated for 48 hr at 37°C. Seven compounds
that showed inhibitory activity toward MG metabolic pathway of DMS114 or
DMS273 cells and had stronger inhibitory activity toward cell growth of

DMS273 cells at 5 uM than that of NHBE cells were selected as hits.

Measurement of metabolites of methylglyoxal metabolic pathway after
treatment of hit compound 1.

DMS273 cells were seeded at 4 x 10 cells per tube in 100 uM MG and hit
compound 1 (0 or 10 uM) in DPBS (pH 7.4) (n = 4). After 2 hr incubation at
37°C, sample was centrifuged and supernatant was collected. Extracellular D-
lactate was measured by analysis of the supernatant with SQC probe. After
collection of supernatant, the cells were washed with DPBS (pH 7.4) and lysed
by vortexing with MeOH/H,0 (80/20, v/v). The lysate was centrifuged and
supernatant was collected. Intracellular S-D-lactoylglutathione was measured
by analysis of the cell extract with LC-MS/MS (Waters). For detection of
intracellular GSH, the cell extract (15 uL) was mixed with 15 uL 5 mM Dansyl-

Cl in MeCN and 15 uL 100 mM borate buffer (pH 9.1) at r.t. for 30 min, then
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quenched by adding 15 uL MeCN containing 10% formic acid. The mixture was
subjected to UPLC-MS/MS. Detection was performed in the positive mode. For
S-D-lactoylglutathione, the fragment of m/z = 380.1 > 233.1 was used (cone

voltage: 20V, collision voltage: 20 V), for GSH, the fragment m/z = 541.2 >

170.1 was used (cone voltage: 45V, collision voltage: 40 V).

Evaluation of the inhibitory activity of hit compound 1 toward
methylglyoxal metabolic activity in in cellulo.

DMS273 or NHBE cells were seeded at 2 x 103 cells per well (384 well plate)
in 100 uM MG and hit compound 1 (0-30 uM) in DPBS (pH 7.4) (n = 4). After
2 hr incubation at 37°C, probe solution was added to the medium.
Fluorescence (Ex/Em = 355/460 nm) was measured with a microplate reader
(Envision) 20 min after addition of probe solution at 37 °C.

SQC (2 uM), DT-diaphorase (20 ug/mL), D-lactate dehydrogenase (2 U/mL),

NAD* (200 uM) in DPBS (pH 7.4) were used.
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Evaluation of the inhibitory activity of hit compound 1 toward cell
growth.

NHBE or DMS114 cells were seeded at 5x 103 cells per well (96 well plate) in
culture medium with hit compound 1 (0-50 uM, n = 6). After 48 hr

incubation at 37°C, CCK-8 assay was performed.

Evaluation of the inhibitory activity of hit compound 1 toward GLO1
activity in in vitro.

GSH (1 mM), MG (100 uM) and hit compound 1 (10 uM) were mixed for 15
min at r.t. and GLO1 enzyme (1 ug/mL) was added. After 5 min incubation at
r.t., the mixture was quenched by MeOH and measured by UPLC-MS/MS
(Waters). Detection was performed in the positive mode. For S-D-
lactoylglutathione, the fragment of m/z = 380.1 > 233.1 was used (cone

voltage: 20V, collision voltage: 20 V).
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Measurement of extracellular metabolites by UPLC-MS/MS
(input/output screening).

A549 or NHBE cells were seeded at 1.2 x 10* cells in a 96-well plate and
incubated with each input metabolites in DPBS (pH 7.4) at 37°C for 4 hr. After
incubation, extracellular medium 30 pL was recovered and mixed with 30 uL 5
mM Dansyl-Cl in MeCN and 30 uL 100 mM borate buffer (pH 9.1) at r.t. for 30
min, then quenched by adding 30 uL MeCN containing 10% formic acid. The

mixture was subjected to UPLC-MS/MS.

Measurement of extracellular metabolites by UPLC-MS/MS (*3*C-labeled
amino acid input/output).

A549 cells were seeded at 1.2 x 10* cells in a 96-well plate and incubated
with 1 mM L-glutamine or *Cs L-glutamine in DPBS (pH 7.4) at 37°C for 4 hr.
After incubation, extracellular medium 30 pL was recovered and mixed with 30
uL 5 mM Dansyl-Cl in MeCN and 30 uL 100 mM borate buffer (pH 9.1) at r.t.
for 30 min, then quenched by adding 30 uL MeCN containing 10% formic acid.
The mixture was subjected to UPLC-MS/MS. Detection was performed in the

positive mode. For Asn, the fragment of m/z = 366.2 > 170.1 was used, for
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Asn (m+1), the fragment m/z = 367.2 > 170.1 was used, for Asn (m+2), the
fragment m/z = 368.2 > 170.1 was used, for Asn (m+3), the fragment m/z =
369.2 > 170.1 was used, for Asn (m+4), the fragment m/z = 370.2 > 170.1

was used (cone voltage: 25V, collision voltage: 25 V).

GIn -> Asn metabolic pathway inhibitor screening.

1st screening.

High-throughput screening (HTS) was performed against a chemical library of
1,600 compounds at the Drug Discovery Initiative, The University of Tokyo.
First, test compounds (50 nL of 2 mM DMSO stock solution) were placed in
wells of a multiwell plate (Corning No. 3677) using a POD Automation Platform
(Labcyte). Then, 10 pL of A549 cells (2 x 10° cells/mL) in 2 mM L-glutamine
in DPBS (pH 7.4) was added to all wells using a Multi-Drop combi (Thermo
Fischer Scientific). After incubation at 37°C for 4 hr, 10 uL probe solution
(APsF (10 uM), enzyme solution (diluted to 1/100, Asn detection kit,
BIOVISION )) was dispensed into the wells, and the plates were incubated at
37°C for 1 hr. The fluorescence intensity of APsF was measured (Ex/Em =

485/535 nm) using a microplate reader (Envision). Negative or positive
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control wells (i.e., including 2 or 0 mM L-glutamine, n = 16) were also

prepared for all plates.

2nd screening.

2nd screening was performed against 271 compounds that showed high
inhibition (cutoff = 50%). The confirmation assay was performed in the same
way as in the 1st screening, but the inhibitory effect was tested in four
independent experiments. Inhibition was also examined under cell-free
conditions. A 10 uL aliquot of 9 uM L-Asparagine and 2 mM L-glutamine in
DPBS (pH 7.4) was injected to all wells containing hit compounds using Multi-
Drop combi (Thermo Fischer Scientific). After incubation at 37°C for 4 hr, 10
uL/well of probe solution was dispensed, and incubation was continued at
37°C for 1 hr. The fluorescence intensity of APsF was measured (Ex/Em =
485/535 nm) using a microplate reader (Envision). Negative or positive
control wells (i.e., including 9 or 1 uM L-Asparagine, n = 16) were also

prepared for all plates.
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3rd screening.

3rd screening was performed against 42 compounds that showed high
inhibition (cutoff = A, A > 80%) in confirmation assay, and did not inhibit the
assay system itself (cutoff = B, B < 10%). Evaluation of the inhibitory activity
of each test compound toward GIn -> Asn metabolic pathway was performed
by UPLC-MS/MS. A549 cells were seeded at 4 x 10* cells per well (96 well
plate) in 2 mM L-glucose in DPBS (pH 7.4) with test compounds (0, 0.3, 1, 10
uM, n = 3 for each). After 4 hr incubation at 37°C, sample was centrifuged
and supernatant was collected. Supernatant (15 ulL) was mixed with 15 uL 5
mM Dansyl-Cl in MeCN and 15 uL 100 mM borate buffer (pH 9.1) at r.t. for 30
min, then quenched by adding 15 uL MeCN containing 10% formic acid. The
mixture was subjected to UPLC-MS/MS. Detection was performed in the
positive mode. For L-Asparagine, the fragment of m/z = 366.2 > 170.1 was
used (cone voltage: 25V, collision voltage: 25 V).

Evaluation of the inhibitory activity of each test compound toward cell growth
was performed by CCK-8 assay. A549 cells were seeded at 5 x 103 cells per
well (96 well plate) in culture medium with test compounds (0, 0.3, 1, 10 uM,

n = 3 for each). After 48 hr incubation at 37°C, CCK-8 assay was performed.
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Five compounds that showed consistently strong inhibitory activity at 10 uM
toward both GIn -> Asn metabolic pathway and cell growth were selected as

hits.

Identification of the target enzymes of hit compounds.

A549 cells were seeded at 7.5 x 10 cells in a tube and incubated with 2 mM L
13C5 L-glutamine in DPBS (pH 7.4) with hit compounds (Niclosamide,
Benzethonium chloride or Regorafenib, 0 or 10 uM) at 37°C for 2 hr. After
incubation, sample was centrifuged and supernatant was collected. After
collection of supernatant, the cells were washed with DPBS (pH 7.4) and lysed
by vortexing with MeOH/H,0 (80/20, v/v). The lysate was centrifuged and
supernatant was collected. Intracellular *C-labeled amino acids were
measured by analysis of the cell extract with LC-MS/MS (Waters). The cell
extract (15 plL) was mixed with 15 uL 5 mM Dansyl-Cl in MeCN and 15 uL 100
mM borate buffer (pH 9.1) at r.t. for 30 min, then quenched by adding 15 uL
MeCN containing 10% formic acid. The mixture was subjected to UPLC-
MS/MS. Detection was performed in the positive mode. For °Cs L-GIn, the

fragment of m/z = 385.2 > 170.1 was used (cone voltage: 35V, collision

p. 125



voltage: 30 V), for *Cs L-Glu, the fragment m/z = 386.1 > 170.1 was used
(cone voltage: 45V, collision voltage: 20 V). for *C4 L-Asp, the fragment m/z
= 371.2 > 157.1 was used (cone voltage: 30V, collision voltage: 40 V). for
13C, L-Asn, the fragment m/z = 370.2 > 170.1 was used (cone voltage: 25V,

collision voltage: 25 V).

Evaluation of the inhibitory activity of hit compounds toward GIn -> Asn
metabolic activity in in cellulo.

A549 cells were seeded at 7.5 x 10 cells per tube in 2 mM L-glutamine and
hit compounds (Niclosamide, Benzethonium Chloride or Regorafenib 0 or 10
uM) in DPBS (pH 7.4) (n = 4). After 2 hr incubation at 37°C, sample was
centrifuged and supernatant was collected. After collection of supernatant, the
cells were washed with DPBS (pH 7.4) and lysed by vortexing with MeOH/H,0
(80/20, v/v). The lysate was centrifuged and supernatant was collected.
Intracellular amino acids were measured by analysis of the cell extract with
LC-MS/MS (Waters). The cell extract (15 uL) was mixed with 15 uL 5 mM
Dansyl-Cl in MeCN and 15 uL 100 mM borate buffer (pH 9.1) at r.t. for 30 min,

then quenched by adding 15 uL MeCN containing 10% formic acid. The
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mixture was subjected to UPLC-MS/MS. Detection was performed in the
positive mode. For L-GIn, the fragment of m/z = 380.2 > 170.1 was used
(cone voltage: 35V, collision voltage: 30 V), for L-Glu, the fragment m/z =
381.1 > 170.1 was used (cone voltage: 45V, collision voltage: 20 V). for L-
Asp, the fragment m/z = 367.2 > 157.1 was used (cone voltage: 30V,
collision voltage: 40 V). for L-Asn, the fragment m/z = 366.2 > 170.1 was
used (cone voltage: 25V, collision voltage: 25 V). For detection of intracellular
ATP, sample was mixed with CellTiterGlo2.0 solution (Thermofisher) and the

luminescence intensity was measured by microplate reader (Envision).

Evaluation of the inhibitory activity of Benzethonium Chloride toward
cell growth in the presence of 2-DG.

NHBE or A549 cells were seeded at 5x 10° cells per well (96 well plate) in
culture medium with Benzethonium chloride (0-30 uM n = 6) and 2-DG (0 or

20 mM). After 48 hr incubation at 37°C, CCK-8 assay was performed.
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Evaluation of the inhibitory activity of hit compounds toward cell
viability.

NHBE or A549 cells were seeded at 2x 10° cells per well (384 well plate) in 2
mM L-glutamine in DPBS (pH 7.4) with hit compounds (0, 10 or 30 yM n =1
6). After 2 hr incubation at 37°C, Calcein-AM solution was added and
incubated for 30 min at 37°C and the fluorescence intensity (Ex./Em. =

485/535 nm) was measured by microplate reader (Envision).

p. 128



Synthesis of a novel NADH detection fluorescent probe (SQC).

OH . o o
(a) SN (b)
. \f\)L"“ o . o
HO
OH I
SOH SO,H

/di (C) o i HOOSSB(&
H;N 00 WN 0" Yo

(a) MeSOsH, 85 °C, Yield: quant. (b) NBS, MeCN/H-0, r.t., Yield: 76.7 % (c)
CISO3H, 0 °C -> 120 °C, Yield: 13.5 % (d) 1,4-Cyclohexadiene-1-propanoic acid,

HATU, DIEA, r.t., Yield: 6.1 %.

Preparation of compound 1

0 0

HO

Trimethylhydroquinone (3.04 g, 20.0 mmol) and 3-Methylcrotonic acid (2.20 g,
22.0 mmol) was dissolved in MeSOsH (15 mL), and the solution was stirred at
85°C for 6 hr under Ar. Then, the mixture was cooled to r.t. and extracted with
AcOEt and washed with sat.NaHCOsaq.. The organic layer was evaporated to
dryness and pumped up to afford 1 (4.70 g, 20.1 mmol, quant yield ). 'H NMR

(400 MHz, CDCl5): & 1.44 (s, 6H), 2.17 (s, 3H), 2.20 (s, 3H), 2.34 (s, 3H), 2.53
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(s, 2H), 4.73 (s, 1H). 3C NMR (100 MHz, CDCl5): 5 12.4, 12.7, 14.6, 26.7, 27.8,
35.6, 46.2, 119.0, 121.9, 123.5, 128.3, 143.6, 148.9, 169.0. HRMS (ESI*):

Calcd. for [M+H]" 235.13342, Found 235.13197 (-1.45 mmu).

Preparation of compound 2
0 O

OH

0

Compound 1 (4.70 g, 20.1 mmol) was dissolved in MeCN/H,0 (6/12 mL), and
then NBS (3.86 g, 21.7 mmol) was added. The mixture was stirred at r.t. for 2
hr, then the mixture was extracted with AcOEt/2 N HCIl aqg. and evaporated to
dryness. The residue was purified by MPLC (silica, eluent, 50% CH,Cl,/hexane
(0 min) to 100% CH,Clz/hexane (9 min)) to afford 2 (3.86 g, 15.4 mmol, 76.7 %
yield). 'H NMR (400 MHz, CDCl3): & 1.33 (s, 6H), 1.82 (s, 6H), 1.85 (s, 3H),
2.04 (s, 3H), 2.91 (s, 2H), 10.94 (s, 1H). *C NMR (100 MHz, CDCl5): & 12.1,
12.5, 14.3, 28.8, 37.9, 47.3, 138.3, 139.0, 143.0, 152.1, 178.7, 187.4, 190.8.

HRMS (ESI'): Calcd. for [M-H] 249.11268, Found 249.10864 (-4.05 mmu).
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Preparation of compound 3

SO;H
HO,S X SN
2 x k
H,N o~ ~o

CISOsH (2 mL) was added slowly to 7-amino-4-methylcoumarin (554 mg, 3.16
mmol) at 0 °C and the mixture was stirred at 120 °C for 4 hr. The mixture was
cooled to 0 °C and quenched with H,O and neutralized with 2 N NaOH aqg. and
evaporated to dryness. The residue was purified by HPLC (eluent, 4%
CHsCN/0.1% TEAA aqg. (0 min) to 80% CH3CN/0.1% TEAA aqg. (25 min); flow
rate = 5.0 mL/min) to afford 3 (230 mg, 0.43 mmol, 13.5 % yield). ‘H NMR
(400 MHz, CD50D): & 4.19 (s, 2H), 6.18, (s, 1H), 6.63 (s, 1H), 8.20 (s, 1H).
13C NMR (100 MHz, CD;0D): § 52.5, 100.9, 108.2, 111.4, 125.5, 126.4, 149.3,
149.4, 156.5, 162.0 HRMS (ESI'): Calcd. for [M-H] 333.96913, Found

333.96614 (-2.99 mmu).
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Preparation of compound 4

SOH
HO-.S
0 0° N 2></\"(\
N 0" o
H

o)

Compound 3 (54 mg, 0.10 mmol), compound 2 (73.5 mg, 0.29 mmol), HATU
(108 mg, 0.28 mmol) and DIEA (81 uL, 0.47 mmol) were dissolved in MeCN (1
mL). The mixture was stirred at r.t. for 16 hr, and evaporated to dryness. The
residue was purified by HPLC (eluent, 4% CH3CN/0.1% TEAA aqg. (0 min) to
80% CH3CN/0.1% TEAA aq. (25 min); flow rate = 5.0 mL/min) to afford 4 (4.70
mg, 0.0061 mmol, 6.1 % yield). 'H NMR (400 MHz, CDs0D): & 1.48 (s, 6H),
1.95-1.96 (m, 6H), 2.11 (s, 3H), 3.12 (s, 2H), 4.28 (s, 2H), 6.49 (s, 1H), 8.29
(s, 1H), 8.42 (s, 1H). HRMS (ESI"): Calcd. for [M+Na-H] 588.06102, Found

588.06169 (+0.67 mmu). .

p. 132



Synthesis of a novel H,0, detection fluorescent probe (APsF).

gj\ (a) (b)
— —_—
$0,Cl SO;H

(a) Acetone/H-0, 50 °C, Yield: 49.8 % (b) i) sec-BulLi, THF, -78 °C ii) DITBS
Xanthone, THF, -78 °C -> r.t. iii) 2 N HClaq., r.t., Yield: 32.5 % (in 3 steps) (c) p-
fluoronitrobenzene, K,CO5;, MeCN/DMF, 180 °C, Yield: 49.1 % (d) Pd/C, H,,

MeOH/CH,Cl,, r.t., Yield: 30.5 %.

Preparation of compound 5

SO;H
Br

2-Bromobenzenesulfonyl Chloride (4.09 g, 16.0 mmol) was dissolved in
acetone/H,0 (16/8 mL), and the solution was stirred at 50 °C for 6 hr. The
mixture was evaporated to dryness and the residue was purified by HPLC (eluent,
4% CH3CN/0.1% TFA ag. (0 min) to 80% CHsCN/0.1% TFA aq. (25 min); flow

rate = 5.0 mL/min) to afford 5 (1.89 g, 7.97 mmol, 49.8 % yield). 'H NMR
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(400 MHz, CDs0D): § 7.62-7.64 (m, 2H), 7.91-7.93 (m, 1H), 8.17-8.19 (m,
1H). 3C NMR (100 MHz, CF;COOD): § 119.8, 127.8, 130.3, 134.8, 135.6, 137.4.

HRMS (ESI'): Calcd. for [M-H] 234.90645, Found 234.90747 (+1.02 mmu).

Preparation of compound 6

HO

2-Bromo-benzene sulfonic acid (324 mg, 1.38 mmol) was dissolved in THF in a
dry flask, and the solution was stirred at -78°C for 10 min under Ar. Then, 1 M
sec-BuLi (2.76 mL, 2.76 mmol) was added slowly and the mixture was stirred
at -78°C for 10 min under Ar. A solution of DiTBS-xanthone (161 mg, 0.35
mmol) in THF was added slowly and the mixture was stirred at r.t. for 1.5 hr
under Ar. 2N HCI aq. was added and stirring was continued at r.t. for 20 min.
The mixture was evaporated to dryness and the residue was purified by HPLC
(eluent, 4% CH5CN/0.1% TFA ag. (0 min) to 80% CHsCN/0.1% TFA aq. (25

min); flow rate = 5.0 mL/min) to afford 6 (42 mg, 0.11 mmol, 32.5 % yield).
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'H NMR (400 MHz, CDs0D): & 6.57-6.60 (m, 4H), 6.99 (dd, 2H, J = 1.6, 8.8
Hz), 7.22 (d, 1H, J = 7.2 Hz), 7.60-7.68 (m, 2H), 8.17 (d, 1H, J = 8.0 Hz). '3C
NMR (100 MHz, CDs0OD): & 102.7, 114.7, 121.3, 127.8, 129.2, 129.9, 130.1,
130.8, 132.1, 144.2, 155.7, 158.3, 177.4. HRMS (ESI'): Calcd. for [M-H]

367.02763, Found 367.02754 (-0.10 mmu).

Preparation of compound 7

Compound 6 (15 mg, 0.041 mmol) was dissolved in MeCN/DMF (4/0.6 mL), and
then 4-fluoronitrobenzene (22 uL, 0.21 mmol) and K,CO5 (11 mg, 0.08 mmol)
were added. The mixture was stirred at 180 °C for 40 min with microwave, then
cooled to r.t., and evaporated to dryness. The residue was purified by HPLC
(eluent, 4% CH3CN/0.1% TEAA ag. (0 min) to 80% CHsCN/0.1% TEAA aqg. (25
min); flow rate = 5.0 mL/min) to afford 7 (12 mg, 0.020 mmol, 49.1 % yield).

'H NMR (400 MHz, CD;0D): & 6.41 (t, 1H, J = 0.8 Hz), 6.53 (dd, 1H, J = 2.0,
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9.6 Hz), 7.00 (dd, 1H, J = 2.4, 8.8 Hz), 7.09 (d, 1H, J = 9.6 Hz), 7.18 (d, 1H,
J = 8.8 Hz), 7.26-7.32 (m, 4H), 7.63-7.71 (m, 2H), 8.17 (d, 1H, J = 7.2 Hz),
8.30 (d, 2H, J = 9.2 Hz). HRMS (ESI'): Calcd. for [M+H]* 490.05966, Found

490.06237 (+2.71 mmu).

Preparation of compound 8

(...

ROSYeS
o o o

Compound 7 (12 mg, 0.024 mmol) was dissolved in MeOH/CH,Cl; (3/3 mL),
and then a catalytic amount of Pd/C was added. The mixture was stirred at r.t.
for 30 min under H,, and evaporated to dryness. The residue was purified by
HPLC (eluent, 4% CHsCN/0.1% TEAA aq. (0 min) to 80% CHsCN/0.1% TEAA aq.
(25 min); flow rate = 5.0 mL/min) to afford 8 (4.1 mg, 0.0073 mmol, 30.5 %
yield). 'H NMR (400 MHz, CD;0D): & 7.12 (dd, 1H, J = 2.0, 9.2 Hz), 7.18 (t,

1H, J = 2.0 Hz), 7.28 (dt, 1H, J = 2.0, 9.2 Hz), 7.34-7.39 (m, 4H), 7.45 (dd,

2H, J = 2.0, 8.8 Hz), 7.54 (dd, 1H, J = 2.0, 9.2 Hz), 7.59 (dd, 1H, J = 2.0, 9.2
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Hz), 7.71 (t, 1H, 1 = 8.0), 7.79 (t, 1H, J = 8.0 Hz), 8.21 (d, 1H, J = 8.0 Hz).
13C NMR (100 MHz, CD;0D): 5 102.1, 103.4, 118.0, 118.8, 118.9, 121.7, 122.2,
124.1, 127.9, 128.9, 129.3, 130.0, 130.6, 130.9, 133.9, 134.8, 144.5, 153.1,
157.7, 160.8, 166.7, 167.3, 175.3. HRMS (ESI): Calcd. for [M+H]*

460.08548, Found 460.08628 (+0.80 mmu).
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