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ARE Antioxidant response element

ATP Adenosine triphosphate

BPB Bromophenol blue

BPHC-GSH S-(N-4-bromophenyl-N-hydroxycarbamoyl)glutathione
DHAP Dihydroxyacetone phosphate

DMSO Dimethyl sulfoxide

DNA Deoxyribonucleic acid

DTT Dithiothreitol

ECso The half maximal (50%) effective concentration (in cells)
FBP Fructose-1,6-bisphosphate

FDG 2-deoxy-2[ 18F]fluoro-D-glucose

GA-3-P Glyceraldehyde-3-phosphate

GLO I Glyoxalase 1

GLS Glutaminase

GLUT Glucose transporter

GSH Glutathione

HIFla Hypoxia induced factor la

HPLC High performance liquid chromatography
ICso The half maximal (50%) inhibitory concentration (in vitro)
IDH Isocitrate dehydrogenase

IxB Inhibitor of NF-kB

IKK IxB kinase

MG Methylglyoxal

NAD Nicotinamide adenine dinucleotide
NF-«xB Nuclear factor-kappa B

PARP Poly (ADP-ribose) polymerase

PCR Polymerase chain reaction

PDH Pyruvate dehydrogenase

PDK Pyruvate dehydrogenase kinase

PDP Pyruvate dehydrogenase phosphatase
PET Positron emission tomography

PFK Phosphofructokinase

PKM Pyruvate kinase muscle
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1-1 =

%< ODRBOFTRANER L 2258 E, HRMICELAEML WD, BATIE
1981 4FLARE, SERIDFE (L& 7> TR, HHFEN 30 TAZBETADBNBATEL > T
wé(Féﬁ@é N O BERERRT L V), T, BARICB W T AMREBE BT X il

I TIFHIE T D 3 F & 5 TRV | HELHIA A O BIF K O 72 72 23 AR IIE DT
#% Lo TWA,

FATCHIAER L WA T, BDADZKIREIED 1 D& 725 TV DALFFIEIT, KA
DOIRACETHIC L > TEF O AMIICR L TIEEEITH 2 LN TE 5 (LFEIETH
W B DI KNI Y W), 3 AR O R C o 2 B 7 s sERE A ARy & LRI S
NTET, ZOLIREINRAKE LT, TAXULEK. FBRA VA5 —PHHESK, (CH
PR, AeRAl, MUNEREREN BT O 5D, 2D ORI AFNT X HILF LT
REITIEHL25, QOL DR TREERBEAZ 6T Z L MEER>TWD, 2
FUTARRE > 240308 AR R B 72 & O Cld 72 < | IEF LRI W T H iR R O A 72
HIRE TR A ABNC L2 TN BENTLE I DL TH D, 21 HELICAD L, A
AR RNYE D @OV FARRRIEIE SR IR THWON D X5 IZR > TETWND, 2D &)

720y ARSI, 2 AR OG- 5B B 5 0 T OE A ERMT & 35729
HEZBIERANIEROHINAA L0 D 72N EZEZ SN TN D

2000 4, Hanahan & Weinberg |, 23 AUMIRLOFFME & L CH CHEIROMER, HEFRHNH]
T F ST DIEEMEDIR T, 7R h—3 AD[EqRE, HEHIFR /G RIAE . Frgind 2e i s
B, 2 - BREOEMHELE WD 6 DORFMA R LTZ[1], & 5122000 FFREZ TR D
L IBADORE BEHSNDLIICR-TET, KEITHHELIBRDEN, BAD
REHNTR 90 AERTITIZD AMR ORI E L TRAINT- L DIE 57208, YEFOMFZE Tl
R & B ADBRE +ICHITE T, B FTAICR-o T e, Ll EFEOu
RFEORRICED | DAORBIZE (REEROTUE & Wiy ) o bomsl) 1%
EAEERBTHD Z ENEAL, TRAORHE ITHENERZED S L HICR> T
22

KL T, 20 IRAFA O3 ¥ —RE 128 L, 2 < O AMIETRIFEEL
L“Cb‘éﬁfk*fﬁ-f\ggj H%5E Glyoxalase | Z# FAERIE LT, N ABIKIZOWTER LD S D
Th b,



1-2 BAMBROREBHIRAREHEY 2537 [Warburg 23R |

IEH I BE R AL T TIIFFERIC DS TCA F A 7 /W L e EHniERIzh
T AR Y VEBLICE D =¥ — (ATP)ZEA L TWD, LavL, DAMIIZZ v

I — R ZEIERICH D AR, FRFER Z L S IBEDFEL T THEMER Y VER b X
D b IEFERIENLIC ATP Z AT 2R 7 eI I 7REZLTnd (K1-1) . =
DBLGIT 1920 4RI R A 7 D Otto Warburg #2338 . L. Warburg Zh 5 & L“Cf“< H
HITVWDH[3], —EMIZ, R TIX L DTN a—AND 20 FOELE gl
537D ATP BARR S, & HIZD3< TCA VA 7 /b & B5#ER TIEK 30 43 F D ATP
MPEE SN D, DA IRILAY Y ER b2 30 L TR R 2 T ST\ 5 Z DBi4
F, ZRAF—FEAL V) JUICBWTHERPENE S ICTEX 5, ZOoRFDOY Fr s
SVUNEIDHEM L LT, FREREBMICT D2 LI o T, AHIT ATP ZEAT
LT T < MBS LB R e, Z N B BB e & DEIRE ST DOJRE
HEERTEDLTDTIIRONEEZ BN TWD4], EEIZIE, BSAIHIEE T p53 D&
W ABIE T c-mye 12 K D glucose transporter (GLUT)SCfRR ABEZREO R EH-. (K
Fi 3755 K 7 hypoxia induced factor 1 (HIF1)72 & OHRBK 1~ 23 itk 5% O TLHEIC B 5- L T
WD EEBEZLITND [5-8], Bl IE, < OMAMBLTH SIS p53 OFERERH Tl.
IKK - NF-kB £ % 41 L T GLUT O3B EHE NS>, TP53-induced glycolysis and apoptosis
regulator (TIGAR) D3 Bl &I 2 L D fEFERDERER TH D phosphofructokmase
(PFK) D #illfi#B%, synthesis of cytochrome ¢ oxidase 2 (SCO2) D4 BiHHlIZ T bz
FUT%%%%E@@T@Eﬁﬁ%éhfwémﬁoﬁhﬁﬁ%omm®ﬁ%%ﬁm
GLUT ofif RSB OB R B2 TLHE S Z LR H TV B[9], £72. 2SAFHE
Mk OERESE T CLET 2 HIF &, GLUT R RIERHEOBIS TR B2 TS E, S
51T pyruvate dehydrogenase kinase 1 (PDK1)DWEFHELZ /T L CE/LE VBN L T ®F
IV CoA % PEAET 5 IIGIZWZE 7% pyruvate dehydrogenase (PDH)% U > fig{b L TATEMAL
SH. By /ﬁ&ﬂ:%?fﬂﬁﬂ‘f%’)[l()]o KRk 72 BRI L0 S AORENTFASE S T D
PZOREY) 70 7T I TR B ARIRORE RO -2 LB BN TWS[1],

ORI, B FOBRAMBTHRRTH D Z ENHBILTWD, HIZIX, BER T
F &3 TV 5 FGD-PET (positron emission tomography) iR A (%, 73 A DHEFTEE, TRIEZN R,
HROAMREZBWT 20 THLM, /b a—ALEKIC GLUT 1L VBV iAE
115 FDG (2-deoxy-2[18F]fluoro-D-glucose) DIV iAFrZ A A — 2 7T HH DT, B
IR DR R TLEE IS ETWDH L O TH H[12], F72. Hirayama 513 T-o72 A X R
02— ANENT Tl SREBABE T/ L a— 20 B LOHBOEREPIBIE I N TN D
[13]

D EITEL DB AT, FIEAR ) e 77 I 72 LTno 2 en
5. Warburg ZIRZHER & LT DBAMLTFERIEDRETHAH EE 26D,



7 Acetyl-CoA

Oxaloacetate Citrate

[ o )

Malate Isocitrate
a-Ketoglutarate

\ (Mitochondrion)

Glycolysls << TCA Cycle

X 1-1 2 AMIRO = 2L F—{K

Metabolic
Reprogramming

Warburg effect

<Cancer CelP>
Glucose

i Acetyl-CoA

e,

Oxaloacetate  Citrate

| Tcacycle | ¢

Malate Isocifc-riate

ethylglyoxal

u.-kl'(étoglutar‘é't’e
\ [Mitochondrioy

Glycolysis > TCA Cycle

#Y s (Warburg Zh4)



1-3 #l25 AFIRIBOEER 3T & LT Glyoxalase I (GLO 1)

Warburg 2R L DB AMILO —2>O R E R FrtEx, EFMEICIEE SN
glyoxalase (GLO)Y AT ADFRHTHDH, = @VX:J“AOD?%_E%%# glyoxalase I (GLO
I) [EC:4.4.1.5] THY ., fRFEROGEEE THERK X5 A 2 E methylglyoxal (MG) %
glutathione (GSH)7-7E F CHEF 72 S-D-lactoylglutathione (ZfX#f L. lactate (2 L CfEmR9 2
HEZFRIZ LTS (X 1-2) [14-16], MG RO EERREE 1L, RO TE Fefd v
TRV UERET VAT AT E R3-U VROIEEERN S TH Y . BNAMIEN
R MM D8, TORBIIAFRETH D [17], £72. MG-GSH HEEEK b IE
BEZANCATOND [18], MG X7 2 /O T VX =30k, DNA, RNA D/ 7 =1 &
FOG Uy & w37 BRSRER O EEZ L7203 2 &0 D, MG ORI ERITT A
M= AZFHERT DD, RN TTHEL TWANRAMRTIE, 20 GLO v AT A%
JTUESHTMG Z2HEHL L TVWDH EEZHLILTVA[LY, 20], FEEEIZ, GLOT IXk FoD
KIGD Aoy TWIES A, BEMERANE, BIZIRS A A, TS B W TR LD 2
HILH[21-28], & BT, s AFIMHPEREEE 23 AMIBRK I3V T GLOT O @I B H #H
HEINTNDR29], 72, GLOI OEHEILIX, BDAD THRARK T & 72 58E5 b H 5H[30-
32, TNHDZ ENnD, GLOT HEANLZ. MG NERET D Z LIk > T, BNAMKER
ST R P =3 AZ5F8T 5 L WO FBERETIC L 26 AAIE LTHIRFS LTV
%[33-35],

ZHVETIZ, GSH &R GLO 1 BHERISERE RS T 5 2336, 37]. GLO 1 4F
BMEPMMRNZ & 72 GSH B b 0T T REHBBLERE « WIE - ZE s E%
Bzt HIBRAKIBROY — MeGh e L TUIREE TH 0 | BRI XA
EEZ LIS, BHFIEETIL, insilico TiEZ AW THERD GSH 8K & 13R85
BHAEAH L7 GLO T HE2AMLER TLSC702 Z Rt L TEBY ., 5% S 52R 5 MR8 AEM
DRI & > T, Warburg ZhR A HER & L7 # BB A ABIBIRUC S22 > TN Z &
Mrrsins  (K1-3)  [38]



CHZOPOg)H)z CH,OPO(OH), CH,OH

o H
o « «_ (OH Apoptosis
H OH o] OH
oH Glucosa'
Fructose-1, 6-BP CH; ’
I Protein, DNA modification
5=0
CHO
C|3H0 CHOPO(OH):  Non-enzymatic
H-C-OH 4 C:O )  Methylglyoxal

CH,OPO(OH), CH,OH

GA-3-P DHAP GLO | I\GSH Glu-Cys-Gly
OH

Triose-phosphate

isomerase S-p-Lactoylglutathione s—co— S CH,
GLO Il 1 Glu~Cys-Gly
Lactate CH,CH(OH)COOH

DHAP; Dihydroxyacetone phosphate
Fructose-1, 6-BP; fructose-1,6-bisphosphate
GA-3-P; Glyceraldehyde-3-phosphate

12 GLO ¥ A7 AIZ X % methylglyoxal DfiFFES S & TR h— 3 Ak
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1-4 Warburg ZiR 24209 & L7225 AAIRFZE

% < OB AN, 25 AMRRITFFERZ2RH ) 7 e 7T 17 Warburg R ZE Z L

TWBH T LMD, 20 Warburg AT & Ll 8 AMLEREREH Th % L EZ bR
%. BUE, GLOT BLEAIOMIC b 728 AR B OIS « R Ei 25T 70 —F LT
W< DD OBUERIOIZAED bR TV 5, BRI, BT H Sh T BIEHIZ oL
Tl B,

1.

il.

iii.

PKM?2 FHEA

FABETHELIBRDD, iR OREBRERO—DOTHLE L E VIEF T —F
DT A VA LDO—>T 5 pyruvate kinase M2 (PKM2)IL AL TEFEBL L T
V. PKM2 (I3 AMIBERIRA R R - R 050 &2 bild [2], £70. DA
HEfE O PKM2 % PKMI (2 #1952 & CHIIBTEN B MBI SN D Z Enb b,
PKM2 I3 VKR Warburg ZRICEHEERERZRIZL TVLHEBZHNTND
[2], PKM2 FHEH] & LT shikoninn 208 8E STV 5 [39],

GLSI1 FHEH

ZHhB L4 TETHELRARD Y, BAMIITAEROMIZ, 7 ¥ I v E N
72 TCA A 7 VOMISIETHD 7NV I 7 U ALV REBFANRTE 5,
TNE ) AOREES glutaminase 1 (GLS1IE, fifRE BV A EnT= 7 v
B ETNNE I URICERT DRE ERT-T 38, T NE I UEBRPRE BT a-
7N ITNENEE (0-KGITEBM I TCA YA 7 V%2 RTI7A4 7 LTWb, £72, GLSI
WX 2 2DAT T A A28 7> b, KGAform & GAC form 23F7E L. GAC form |
AR BN TEFEBN DAL D 7o D DS KRR B R 272 0 155 &
EZ BTV D [40-43], GLS1 FHFE A & L T BPTES, Dibenzophenanthridines, CB-839
R STV D [41-43],

Nrf2 PHEA

%2 < OB AHIRIZ BT, 55K - Nrf2 (nuclear factor erythroid 2-related factor 2)
WEELTEY  DAMRIZEEA LR P2 e Tns 2 en
HHATWD, 7 Nrf2 1% Keapl (Kelch-like EHC-associated protein 1) & #5435 2
LICEV X T UMb Z T TSN TLEI N, LA L RIZE b ST
\Z Keapl OREIENZEAL L. Keapl OFEEDNiE L Nif2 SENBAT L, Bia 71
E—# —® ARE (antioxidant response element) fEIKIZAEST 5D & T F—2R Y
VRIS 2 I L S TR 2R L, 72 yGCL 24 LT= 7 v &2 F4 &Rk
ARESED, 207D, Keapl-Nrf2 R 1T A b L ATk 5 AARB#E O F T
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HEAHREERZL WD EEZLND [44], £ 2T, Nrf2 BEANX, A AMAED
[FEALEOG DL & 2 BEFEIHIhF, S AR IE AR A S I 2 Lic K
% ABARSE D FEE N R EDIE BT K D123 AR HIFRF T 5, Nrf2 BRE A
& L TML38s s ST\ % [45],

Z DX 9T, Warburg WAL & LT2W O DIN ABIOIFIERED ST 5D
. DO a7 I U 7 IRRA RERICK VIS TERY | HEORFIZE
BEBZTNDLZ LD, 29 LIZERIZEMTHWS XD b, O ER %A
EOELIHBEENAEN THD EEZ LD, £lo. 4 HOBKBSTYH, BA LFE
EIZBW T IERR OB R ZIANER OB AR Z 0N L TR 2 2 & nERi e 2
S TEY, Warburg ZhR AL & LI Fii-72filn A I OME L2 HiE+ ETH . OFAE
EOBRITEBERRA NI bEEZLND,
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B GLOT BEEAIOBESR., KTOYGLOI @ SNP (X5

BERTE M, PHEANC X9 2 B M O fiFAT
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2-1 #E

Fram T Hik 7273, GLOT FLEAIT, MG &R S5 Z Lok - T, BNAMINLE
REANZT R P =2 2 Z5F8 42 LW O FBUEMETIC L 2Hn A E LTHIff ST
W5, ZAVE TIZHMFIEE TIX, insilico FiEZRAWT 4=0, 5fi-OH 77K /A
L&’ GLO T BRSO IE Th % MG/GSH EBIREEZ I I v 7 T5 L0 ) Tl
5, FFCEWV GLOT BLERE A A7 5 myricetin 2 R L, T OHE IS W=7 7
—~ a7 3T ERHELTZ38], AETIE, 207 ry—~a 73 TET/VEMNMLZH
7272 GLOT FHEHRY — MEAORIRIC OV TR D,

—Ji. B F GLOLIZIZW D DB FZMBHRE SN TN D, BIaFEZMET TH
LEWREEN O ) ZEIEEY| P BN R U SN B S, E 028 BN
WNT 1% EOBETALNLIKE] EEHRSND, GLOI D—HEEZLA (SNP : Single
Nucleotide Polymorphism)iZ 1975 (2 J. Kémpf 512 X » THID THE S, £ D 70 O
SNP N[AIE SN TE T [46,47], £OHFTH GLOT D 332 FHOEEN T T=8H L
<IET by b2 SNP B—HToh 5, GLOIC332A £ 725 SNP, O£ VU AlalllGlu
X7 R RERE LT O TME— DS TH H[48,49], ZiLE TIZ GLO 1 C332A @ SNP
VL FLAS AL BISERRDS Auy WIS A B MM IREAT B 1T 3T 2 &S 0HE. B PRYE.
Nz 7 FEE LW o TR B TCERRFZE N Tl T 5[50-54], 2@ SNP 23 GLOT |Z4%
EEE BT26 L, TORRIEICEELEX BDADY AT 77 7 Z—=IZR5HDT
IT7eW N EHEET DAL H D [50,51], £72. TDO SNP I AFERH D & Vvbit T
% (K2-1)[55], L2xL. 2D SNP 2 GLO I OFEFRIEMER I E%E 5 X 2 0BT
DONWTIE, WEEARHOEETH D, £72. 2D GLOISNP 75 GLO 1 [HEANTKT %
MR E L B X DB ONTH o TRy, b L, 28R H D55 121E.
FIAAHKNE L TORMHADENIZ, SNP 258 L CHREECIARIN A RETT 20 ENTT
<%, ZT9L72ZLinb, SNP T K DEFRTENED RS GLO | FHEAIE MR & % fif
3% 2 LiX, GLOI FLEAIOB%, HAAKE LCoRME BT L CTHEHETH D,

ZOFETIL, ¥El GLOT FHEAIOLERE, KTOYGLOT @ SNP IZ X HEERTENE, FLEA
(25X 2 S ME DT 24TV, GLO T FLERI DI 23 Al & L T ORI O TREMEIC
ARG AU
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2-2 EBRMEL R OER A

4K 5 4-((1E)-2-phenylvinyl)phenol
Resveratrol
Oxyresveratrol
Piceatannol

3,3’,4,5’-tetramethoxypiceatannol
3-(1, 3-benzothiazol-2-yl)-4-(4-methoxyphenyl)but-3-enoic acid (TLSC702)
(X ¥R
S-(N-4-bromophenyl-N-hydroxycarbamoyl)glutathione (BPHC-GSH)
(AR BT IERIZ TERK)

PUA ; mouse anti-GLO I (Novus Biologicals)
mouse anti-B-actin (SIGMA-ALDRICH)
horseradish peroxidase (HRP){%:# anti-mouse . IRPLIA

(Jackson ImmunoResearch Laboratories)

In vitro GLO T assay
GLO 1 {G§M7FMIX,. MG/GSH Z i E & L, GLO 1 BER IS DA TH 5 S-D-
lactoylglutathione 7% 240 nm (ZWINARK A &> Z & Z I U 72 2848 AT BE I B 112
E0iT-o72, VareEF> b FGLOI (thGLO1)25 ul % 384 well plate (24377 L, =
T 15 37 LA % a_X— b LT SERIR(OS R TORAEIRE 7.9 mM MG, 1 mM
GSH, 182 mM imidazole-HCI (pH 7.0), 14.6 mM MgSO,) 25 ul %1% T % Bibh S,
10 2812 5 55, 240 nm (CB T DWOCE 2 HE L, HiEMEIE, mmol S-p-
lactoylglutathione formed/min/mg protein & L CHMH L7, F7o, Zd& X GLOIHEHA!
Z N % 72354 @ S-D-Lactoylglutathione DA E DA E%Z GLO 1 HEHIDOAEFIESE L
THERZHEH L2, BERIITFROKUTIVELT 5,
FHLEE=R (%) =[(Sb — Si)/Sb] x 100

Sb: PHEH (=) @ 5 3MOWSLE D&

Si: HEH (+) D5 2HOWICE O/ =

PRER ORI & OREOESRND 77 7 2El Uiz, iz, BEED 50%I27 5 fH
Z 1Cs0(50% FHFEIREE) & L7z, 1Cso 1ZPAFFH 50%LL & 50%AmM D 2 MO E & E D
R DRHER O EMRRNLEH L, BH L7,
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e 7
il U7 fAak & b ATESEERTE A s A8 HL-60 #f i
b IR S A NCI-H460 #iia
b IR S A NCI-H522 #ifa
fEH L7554 ;  RPMI-1640 (Wako) supplemented 10% fetal bovine serum
Mtk % 37°C. 5%C0, A ¥ F 2 _X— & —HThi# LT,

Western Blot 7%

2.0x10° cells ™ NCI-H460 #flifid, NCI-H522 #flifid % 3.5 cmdish (Z#5FE L, 37°C. 5%CO;
DEAET 24 HEEREEE UT-, [EUIX L7412 1xSDS Sample Buffer (50 mM Tris-HCI (pH
6.8), 2% (W/V), 8% (v/v) glycerol, 50 mM DTT, 0.02% (w/v) BPB)Z 12 CY =/ —3 a %
1TV, 100°CC 5 ZrINEVLEE 7= & D% SDS-PAGE Hi#> 7 /v & LTz,

%Y 7% SDS-PAGE IZX > THBEL-th. = hrbtrin—RARXA T L |liRE
LI ZDHBR AT L a7y X PRI L EIRTIRHZ ey 7 Lz,
A7 L% TBST (20 mM Tris-HCI (pH 7.4), 400 mM NaCl, 0.05% (w/v) Triton X-100)C
10 43[R X1 [EIBEA U, BRHSS RIS 2 —IRBUARSORH 2 AV TR T 1 RFEL. £7213
4CT—BHRIIASUE 21T o 1o —IRPURSUSHE D A 7 L % TBST T 10 43/ X3
e L, 3624 72 RGBSR & VO CRIE T 1 B PURIANOG 21T 72, IR
PURSEE D A 7 L 2% TBST T 10 47[# X 3 [AYEH L, ImmunoStar® LD (Wako) % H]
WA B o AT A L TN Light Capture System (ATTO)Z L - TrRIfAL L 7=,

WST assay
1) 3000, 1500, 750 cells ™ NCI-H522 #fifii Z 96 well plate [Z#FFE L. 37°C. 5%CO, DS:f:

T 24 K[ E5#% L 7=, piceatannol (0, 10, 30, 50, 80, 100 uM in 0.1% DMSO)ALEE % 1T\ 37°C,
5%C0, DSMT 24, 48, 72 BEfHiE5# L7=, % Z1Z Cell Counting Kit-8 (DOJINDO)A K %
10 puL/100 pL Mz, 37°C, 5%CO, ODEMETKIGE ST, ~(7u L — ) —F—
(Molecular Devices) % F VT 450 nm DWW 2 HIE L7z,
2) 3000, 1500, 750 cells ™ NCI-H460 #fifid, NCI-H522 #Hfid % 96 well plate (ZH5FE L, 37°C.
5%C0, DT 24 HEMES#E L 7=, piceatannol (50 pM in 0.05% DMSO)ZLEE & 4T\ 37°C,
5%C0, DS T 24, 48, 72 KEfElh5#8 L 7=, % Z1Z Cell Counting Kit-8 (DOJINDO)A K %
10 pL/100 pL Mz, 37°C, 5%CO, ODEMETKIESE T, ~(7u L — ) —F—
(Molecular Devices)% F\V T 450 nm O W 2 H1IE L 7=,
UL EDOFERR B LN WIEEIZONWT, MlRAFEE PR L v EHT 5,
HIAEER (%) =[(As — Ab)/(Ac — Ab)] x 100
As: BHEA] (+) ORI
Ac: FHEA] (=) OWSLE

17



Ab: 7T v 7 OWERE
PLERI DX & Z OREOMIAETFRNS 7T 7 2 Ek LTz, 72, MIAETFEREN 50%
(272 DAl % ECso (50% ZhEIEAE) & L7z, ECso 1EZPHER 50%LL & 50% A0 D 2 S50
TR L T OO AGFRN S EMRRZER L, Bl L,

MR~ DB B A

2.0x10° cells ® NCI-H522 #ifid % 6 cm dish (ZHEFE L. 37°C. 5%CO; DEAET 24 WfH]
Ei#& L7z, ©£®%. FuGENE® HD Transfection Reagent (Promega)Z iV T, GLO I ¥
7 Z— (pcDNA3.1/EcoRV/GLO 1) Z BInFEA L, 37°C, 5%CO, DA T 24 Weftlhs
e L7z, B L7240 3000 cells 2 2iesH T 96 well plate ([ZH#EFE L, 37°C, 5%CO, D5
T 24 RFfEIR5#8 L 7=, piceatannol (0, 10, 30 uM in 0.03% DMSO)ZLEE A 4T\ 37°C, 5%CO,
DT 24 BifEIEE2E L7-, % ZIZ Cell Counting Kit-8 (DOJINDO)& % % 10 pl/100 pl N
Z.\ 37°C, 5%CO, DEMHTRIGSHTe, v~ 7 a7 L — kY —4&— (Molecular Devices)
Z FAVNT 450 nm O SEEE 2 JI7E Lz,

111Ala-, 111Glu-GLO I R~ ¥ —D{EHR

KIGHE Z 2 37 ERBLRIZE D thGLOT ZFEHRT 5 72912, 111Ala-, 111Glu-GLO T %
BNy 2 —%FT 5L L Le, RIGEREBLHR2 % —pET28a (N K¥ii His-Tag)
(Novagen)lZ 111Glu-GLO 1 # > /X7 B % 22— K95 DNA A 24 A L7 REBLR 7 &2 —
pET28a/ EcoRV/111Glu-GLO 1 #Ff L7z, BT, ZDOHRINT X —nb FeD 77 A
~—ZHOTPCR ZITW FONIZ PCRIEME T A 75— a 4% Z & T 111Al1a-GLO
1 #2078 % a— 1% DNA 8 & 157-, Z® DNA fid%]% pET28a X7 ¥ —|ZHf A
L. pET28a/ EcoRI/111Ala-GLO 1 % %57z,
(1)5>-TTAGAATTCGCAGAACCGCAGCCCCCGT-3’

5’ GTCGCATCATCTTCAGTGCCC-3’,
(2) 5’-CCAGAGTTACCACAAT-3’

5"-AATGAATTCCTACATTAAGGTTGCCATTT-3’

RG22 7 B BRI L % thGLO 1T DFEHR

thGLO I # >\ V' E%#GHT-OIC, KB F /3278 PR TER L 72 GLO 1 B~
7 B —% K BL21 #RIZE A L, 2XYT 7L — b (+kanamycin)|Z#5FE L C 37°C THJ
16 BEfE# L, an=—%2&7, Abh/lae=—% 1ml ® 2XYT 1IN % T 37°C
THI 16 FEEIR G Uiz, ZO&EKZ 100ml O 2XYT H5#1IIZ1 X2 ODgge = 0.6 (2
725 F T 37°C CIRELE Lo, Z4UZ, BRE 1 mM O IPTG Z iR L CRELS G 4
1TVN, 37°C T3 FFfRZEE £ L7, Z ORI A 1,500 X g, 4°C T 5 oy 0o 1T
VW, KEBE & LTI 2RI L7, [EUY L 72 KAGEIZ Sml @ Lysis buffer (50 mM sodium
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phosphate (pH 7.0), 0.1% NP-40, 1 mM PMSF, 500 mM NaCl)%= Nz, Y =47 —3 3 > &1T
VMR LT, PR, 20,000 X g, 4°C T 20 Sy Dy BEZ 1TV, £ O EIEIZ 100 pl @
TALON® Metal Affinity Resins (Clontech) 2/l 2. T 6 X His-thGLO 1 #f5& S H7z, Tz
A =72 F v 777 L (SARSTEDT) % H VT Wash buffer (50 mM sodium phosphate (pH
7.0), 1 mM PMSF, 500 mM NaCl, 50 mM Imidazole) C#Ei4 L. Elution buffer (50 mM sodium
phosphate (pH 7.0), 500 mM NaCl, 300 mM Imidazole) C¥&H L7z, &H &H7= thGLOT (2
DWW, SDS-PAGE. CBB % THERE, HRIDZ /37 B DIF(E%Z MR L. Bradford
EB IOV VRAEGROMITIC L > THNY VRV EREZTER LT,

G N7 P EAE G AR O il i AT

111Glu-GLO T & S-(N-hydroxy-N-p-iodophenylcarbamoyl)  glutathione (HIPC-GSH) & @
fErmfEiE X, Protein Data Bank 7> 54572 (PDB entry: 1QIN) [56], Z Z72>5. 111Ala-GLO
I OFHREEZ1F5 7012, FEidmiE Lo 111 A2 Glu O, Ala ~D7 2 J fRE# %,
Swiss-PdbViewer ~ 7 k7 = 7 Z T 72 [57], 111Ala-, 111-Glu-GLO 1/ HIPC-GSH
DOHEEZ TN T Ialb—ray ($Bil) ICEVEEL, 111Ala-, 111-Glu-GLO 1/
HIPC-GSH O & KR L=, fEMEFLE 1AL 2/ BROIEEEA DS viewerPro & Fu
THEHH L,

DFEHFEMD)Y S ab— g

MD ¥R = L—3 a3 iE 99 i85, EIEER SO & AMBERY @ sander £
2a—/VERWTIAT L [58], & v/ 7 E-IHEAIEAAMEEIT, 82 A X 83 A X 85
A DR v 7 ZANIZAIL, TIP3P K53 +E T /IZ X DIEEETHi7- Lz [59], £7-. VAT
LDORERD 0T D LI Na A A ZEBMLTe, TOT AT AE, 250 A7 v 7D
BB TIE, FEWT 250 A7y T OB ARIEIC L =3 v ¥ —FoMb &2 S LT,
ZDH% NVT 7o o7 ADbh &, 400 EafT0 005 300K (CIRE A FH S8, Ffr
Whe & L7z, EpREEBICE LIZt%, NPT 7o ¥ 7 A T1F /BOMD ¥ 2L —
ayEFEIT LI, NIV MUIE10 BaRl IR LT, £ TOKER T ELE
AL TWAIRTIE, SHAKE 703U XA X AHIBRZMZ TW5 [60],

MM-GBSA {£

fEA B BT R LX —X AMBERY % VT, MM/GBSA {EIZ LV EHEZ{To72 [61],
AFETE, B—D 7V M) 2o T0D [62], fiAHBHTZ AT X, 5517
GHZ S =¥ — (AE_MM=AE elect AE vdw) & BRI R /L% —(AG_solv)D
FMELTEHELTWA, D FHBICES 2L — I . MDY Ia2b—r g LRET
DF I % VTN B, IR F L X —13, Generalized Born(GB)E 7 /WIZ L 5§ Y
TR SIET = R L 2 —( A GGB) & WA BEHE R 25 T R 1 355 < FERBME O P = R L 3 —(A
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GSA)DFN L L CEIEAE LT\ 5, FEMZRIEBAI = % /L ¥ —(X, Onufriev 512 XLV BA%E X
NIZER GB EFAE AWV, Z o RV BONELMTOFEERITZNEN L L 80 &
L7z [63], FEMRMEDAESEFI T KL —(X ICOSA % W CIEf it R mfE N bR L
72 [64].MD ¥ 2b—2arD 7Vl NUDB/LNATEATy T ay hEHN
THAHBHZRLX—%2HE L,
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2-3 FER

HBL GLO 1 LA DERER

ZAVE TITYMIE=E TIX, insilico FiE%Z AW THER D glutathione 758K & 135872 5
HHLEHZ A9 5 GLO TR ERYE AL EAI TLSC702 Z A L T\ 5, Zhd, in
silico fRRTIZ X > T 4{7=0, 507-OH 7 7R / A L&A GLO 1 BER G DEE T
b5 MG/GSHBBRIEZ I I v 7 T5 L0 FRING, FIZHEVGLOT EREL A
9% myricetin Z FLH L, ZOMEITESEMEI N Ty —~ a7+ TIZL D AELS
NizbDTh 2, Al RIEWILEWT A 77 VIZ GLOT BLERI OB LV VB & 5
RLTL A, AFARUEKE R L (Fig 2-1), AFAREKE LSO
9 B, 4-((1E)-2-phenylvinyl)phenol, resveratrol, oxyresveratrol, piceatannol, 3, 3°,4, 5°-
tetramethoxypiceatannol @ 5 S>DItE# D GLO 1 BHFEREZ . thGLO 1 % H\\7= in vitro
GLO I assay |Z L W #H~<7= & Z A, piceatannol 2358\ GLO 1 PHEREZ AT 5 Z L2300
72 (100 uM ZLEETHI 90% ) (Fig. 2-2), & HIZ thGLOT (2, piceatannol (0, 0.1, 0.3,
1,3,10,30, 100 uM in 0.1% DMSO)ZLFE L | in vitro GLO lassay 1T >7-& Z 5, 1Cso
230.75uM ThH D Z L0 ho T (Fig 2-3),

Piceatannol | X 5 553 53 AR~ D D fifHT

Piceatannol 7% GLO 1 OFEEIEMZLET D Z E NG -o72D T, IRITEEE N AR
RO ERNT T 5 L & Ui, £, BFEN VMR~ 2% 39~ 5 Mfatk & L
T, GLOI ~DIRFFVENE Ok Z WX 5 LB %7, £ 2T, b MREBEERYE A1
JrAMALIR HL-60 AlfL, & NIF/NRRLAS A MR NCI-H460 #fifu, NCI-H522 il 3 >
OMIfakD GLO 1 Bl % Western blot VEIZ XV T L7 & 2 A, NCI-H522 Hifuns
GLOI &ERBEMIECTH D Z &0 mh-7- (Fig.2-4), Z D NCI-H522 fifid %2 GLOT &
IRAEVERARL & L. NCI-522 #lf1C piceatannol (0, 10, 30, 50, 80, 100 pM in 0.1% DMSO)
Z 24, 48, 72 WML U 72 BR O A fF 3 %4 WST assay (X W IE L7, & DORER,
piceatannol 2 FEIKAFHY, F I RFRUK AN HIIE AT MK T L7z (ECso: 2410 49.9 uM, 48
h 24.6 uM, 72 h 20.3 uM) (Fig. 2-5),

Flo. ZOMIRAEFROIE T2 GLOL [HFEIZ L D & ONENZ T 572912, GLO
I {2 B A #k NCI-H460 i & GLO I = % Bk NCI-H522 fifuics i) 5
piceatannol &5z M DFMT 247 > 72, NCI-H460 ffifid & NCI-H522 #if@iZ piceatannol (50 uM
in 0.05% DMSO)% Z1LE 41 24, 48, 72 REEALEE U, Ml E7=8 %2 WST assay (2 & 0 JllE
L7z, = DS, piceatannol ZLPRIZ X 2 Ml ETF R OK FiX, NCI-H460 fifid XV & NCI-
H522 iR Tl < A 5 7= IAAETE R, NCI-H460 #lfd: 24 h 9 90%, 48 h #J 40%, 72 h
%9 50%, NCI-H522 #lific: 24 h 9 50%, 48 h #J30%,72h #J1%) (Fig. 2-6), = 512, NCI-
H522 HifEiC GLO 1 % @M FIR B X 72FE D piceatannol JE&ZMEDMET H 17572,
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GLO I i FFE I~ 7 X — %38 A L 7= NCI-H522 #if@ T piceatannol (0, 10, 30 uM in 0.03%
DMSO)% 72 WfHALER L 7= BROMIAAFE %4 WST assay (2 X D HIE L7z, & DRER,
GLO I Z i\l 872 NCI-H522 fifgd Cix = > b e —/ L L i LT, piceatannol ALER
2 & DML T A BEICIH S v GliRAE F®E 22 b r—/L: piceatannol 10
uM ZLEE 9 70%, 30 uM ZLEE K9 40%, GLO T 1 5 Bi: piceatannol 10 uM ZLEE 9 100%,
30 uM ALEE ) 70%) (Fig. 2-7).

111Ala-, 111Glu-GLO 1 O SEARHE S D fight

GLOI @ SNPIZ LV | {EHEICZER NG D BN ERETT 572912, Alall1Glu £ B2
SEEHEEICE LR BT DT E N RN TS 2 & & LTz, 111A1a-GLOT & 111Glu-GLO
[ #5087 PDB 77 A VEHEL, 11 FEEOT I /L GLO I OIEVEH L & DO
A B2 T U7z, T OBk 111A1a-GLOT 78 32.17 A, 111Glu-GLO1 28 32.08 A T&
o7z (Fig.2-8A), X BT, TSN EEEND, 2 DOMIEITITIT L A EENWDR
W2 EDRIE ST (Fig. 2-8B),

111Ala, 111Glu-GLO I Z > 78 7 B k5 il
SNP (2% rhGLO I # > /327'E X TALON 2 iW=T 7 4 =F 4 —ru~ s 757
Z X KR 72 (Fig.2- 9A, B), F58LL 7= GLOI D% /7 &% . Bradford i£8 &
U&zv%éﬁ{%@ﬁﬂﬁ IZL > TER L7 (Fig. 2-10A, B),

In vitro GLO 1 assay D E /N 7 7 — DRt

ZHIVE T, in vitro GLO 1 assay @ FlHIL, Oray, Norton H T & > T S4u, BRx 7
GLOI OMFEICHW LN TE 72 [65], LL, T —oDEEREEZxGE L2 DT,
AElD X HITE CREFE DS SNP 1T K 0 REIECVENEDS B 72 5 RTREME D & 2 B3R D&M %
FRNT T DBRIE. ZNENOBRIZERE RNy 77—t T A 0ENRS D L EZ T,

AEFME, SNPIZ X2 GLOT DTG AR A T3 5 729012, £7 invitro GLO
[assay (ZBITDEME NNy 77 —FKMEORGTEITO 2 LI Lf:o /NNy 7 7 =IO
<. mplﬁﬁ@m<%tné &L B FOERRNSHIZTWZ D2 SEEtE L,
EREITo T2,

HIDIZHERKD /N> 7 7 — (182 mM imidazole-HCI (pH 7.0), 14.6 mM MgSO)IZ72 5,
182 mM Imidazole-HCI (pH 7.0)777E F C MgClL £ % 0.01, 0.03, 0.1, 0.3, 1, 3, 10, 15 mM
& L. 111Ala, 111Glu-GLO I OyEMZfENT L7 & 2 A, 0.3 mM £ TiEEW GLO T {EME
RO Lol (Fig 2-11A), 8, MildN~ 7R 7 AREITK 0.8mM Th 5
e, TRV YLREZ ImM ERE LT,

WIZ pH OFif 475 Z & & L7z, Imidazole-HCl ® pH % 6.2, 6.6, 7.0, 7.4,7.8 & L.
182 mM Imidazole-HCI . 1 mM MgCL f#{E F Tl GLO I {&MEZfiftr L7z & Z A, pHT.0
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IZBWTEHRLEW GLOT iEM%27/R L7 (Fig.2-11B), Z ®7-&, Imidazole-HCl ® pH (%
70 THWA Z L ERE LT,

EBINy 77 —ORERT L LT, Imidazole-HCI (pH 7.0)D £ % 50, 100, 150, 182
mM & L. 1 mMMgCL Z(E F THiEf L7- & 2 5., Imidazole-HCI (pH 7.0) DI K AFHIC
W GLO I iE M%7~ L7= (Fig. 2-11C), Z Z T, MG-GSH JE & (AT 5% 12 Imidazole-
HCl (pH 7.0)D¥EE A m < 75 & BIRENZ 10, GLO L iEMERE < R- D Z &N
HI L7e (Fig. 2-11D), Z® & &, GLO 1 BERIENRIZ VY% Imidazole-HCI (pH 7.0) D
FES° NaCl 25 DO OIFAEDS GLOT IGVEICHE L2 N2 &b 0> TWnWd, BLED Z &)
5. GLOT E#35¥&I% A buffer 2 20 mM imidazole-HCI (pH 7.0), 150 mM KCI, 1 mM MgCl.,
GLO 1 FEE i buffer % 182 mM imidazole-HCI (pH 7.0), 1 mM MgClL & L. KGR D
AT FE 52.4 mM imidazole-HCI (pH 7.0), 120 mM KCI, 1 mM MgCl, & 725 X 9 72, GLO
L JEMEDS @ < PRT2AL, DY DAEENSEIETE Y, BEA Y 7 7 — DR ERE LT,

11Ala, 111Glu-GLO 1 # > X7 E D bk

111Ala, 111Glu 4% GLO 1 & ™7 B DO HIEMEZ T~ 25 72812, in vitro GLO 1 assay %
1To72, TOREE, 111A1a-GLO 1 & 111Glu-GLO 1 D HiEMEIZZE N4 4.48+1.10,
3.49+1.12 mmol/min/mg protein T ¥ | HIEMEICHEZEIT ) > 72 (Fig. 2-12A,B), HhiE
PEiX. mmol S-D-lactoylglutathione formed/min/mg protein Z #tH L, "R LT\ 5,

11Ala, 111Glu-GLO I @ GSH 58 AM GLO 1 BHEA| & DfE G HER

111Ala, 111Glu % GLO 1 & GSH #FE A% GLO 1 FHEH| (HIPC-GSH) & OfE &Gk
EWERRIT 572012, insilico FiEZ AW TEN S OFEAEREE MM-GBSA 1512 LY
fiEdT L7, % DS, HIPC-GSH X 111Ala, 111Glu 4% GLO1 # > X7 B 2Bk L 2Rk
FEDFEA H B =R /L ¥ — (MMGBSA value) CHEA LT\ 5 Z & A3 D - 7= (Table 2-1),

11Ala, 111Glu-GLO I ~@ TLSC702 D BHERNF O fitr

111Ala, 111Glu % GLO1IZH1) %5 GSH #FEAM GLO1 FHE#AI BPHC-GSH & TLSC702
DI ENFZ BT 57212, in vitro GLO 1 assay 217572, 111Ala-GLO I & 111Glu-
GLOI (Z%F9 % BPHC-GSH @ ICso 1%, £ E41 8.8, 7.7uM Toh 7= (Fig.2-13A), —
77, 111Ala-and 111Glu-GLOT (Z%}3 % TLSC702 @ ICso 1&, ZALE4L 1.9, 2.6 uM TH
-7z (Fig.2-13B), i GLOI {28\ T, —>® GLOI [LEHI~DBZMEICA BT 0

-7,
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Natural compound library
120,720 cpds

Apply GLO1
Pharmacophore and
Property Filter

Remove Flavonoid
Derivatives

Select New Scaffolds by
Visual Inspection

2 cpds

v
frans-Stilbene Scaffold

J

|
O ZINC35455244

Fig. 2-1 The workflow of virtual screening strategy for the discovery of GLOI inhibitory
new scaffold using the GLOI pharmacophore of myricetin

(A) Schematic representation of virtual screening approaches. Cpds stand for compounds. (B)
The pharmacophore for GLO I inhibitors derived from myricetin (Ar: Aromatic; D: Hydrogen
Donor; A: Hydrogen Acceptor). Carbon and oxygen atoms of myricetin are illustrated in marine
and red sticks, respectively. (C) Screened compounds with the trans-stilbene scaffold in the
current virtual screening. ZINC14505445 and ZINC35455244 are identification codes in ZINC
database.21 Carbon and oxygen atoms of screened compounds are illustrated in green and red

sticks, respectively.
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100

80

% inhibition

Fig. 2-2 The human GLO I inhibitory activities of frans-stilbene compounds
(A) The chemical structures of trans-stilbene compounds. (B) The inhibitory activities of the five
trans-stilbene compounds to thGLO I were investigated at the concentration of 100 pM. Data are

the averages of three independent experiments and bars show the SD values. N. D. means not

detected.
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Fig. 2-3 The dose-dependency of human GLO I inhibitory activity of piceatannol
(A) The structure of piceatannol. (B) The dose-dependency of thGLO I inhibitory activity of
piceatannol was measured by in vitro GLO I assay. Data are the averages of three independent

experiments and bars show the SD values.
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NCI- NCI-
HL-60 H460 H522

GLOI — —

B-actin | =e——

GLOI/B-actin 569 019 3.42
ratio

Fig. 2-4 Western blot analysis of GLO I protein levels in HL-60 cells, NCI-H522 and NCI-
H460 cells

The expression levels of GLO I in HL-60 cells, NCI-H522 and NCI-H460 cells were
analyzed by Western blot analysis as described in Materials and Methods. The values are the

ratios of each GLO I to B-actin band intensities calculated by densitometric analysis.
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Fig. 2-5 The antiproliferative effect of piceatannol on NCI-H522 cells
NCI-H522 cells were treated with piceatannol (0, 10, 30, 50, 80, 100 uM) for 24, 48 and 72
h. The cell viabilities (% of control) were measured by using WST assay. Data are the averages

of three independent experiments and bars show the SD values.
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Fig. 2-6 The comparison of antiproliferative effects of piceatannol on NCI-H522 and
NCI-H460 cells

NCI-H522 and NCI-H460 cells were treated with 50 uM of piceatannol for 24, 48 and 72 h.
The cell viabilities (% of control) were measured by using WST assay. Data are the averages of
three independent experiments and bars show the SD values (**: p <0.01). Statistical

evaluations were performed using the Student’s t test.
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Fig. 2-7 The effect of transient overexpression of GLO I on the viability of piceatannol-
treated NCI-H522 cells

NCI-H522 cells were transfected with the expression vector for human GLO I (GLO I) or
mock-transfected with empty vector (mock). After 24 h post-transfection, the cells were treated
with indicated concentrations of piceatannol for 72 h. The cell viabilities (% of non-
transfected/nontreated control) were measured by using WST assay. Data are the averages of
three independent experiments and bars show the SD values (**: p < 0.01). Statistical

evaluations were performed using the Student’s t test.
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111Ala
111Glu

Distance
to the active center (A)
111Ala-GLO | 32.17
111Glu-GLO | 32.08

Fig. 2-8 Schematic representation of the conformations of 111Ala- and 111Glu-GLO I
variants schematic representation of GLO I

(A) The conformations of 111Ala- and 111Glu-GLO I variants, (B) Expanded figure of (A).

Zn as the active center is shown in a ball representation with colored red. The structure of
compounds in the vicinity of Zn are GSH analog inhibitors. This analysis was carried out by DS

viewerPro.
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Fig. 2-9 The rhGLO I expression in E. coli and purification with TALON® resin

(A) 111Ala-GLO I, (B) 111Glu-GLO 1

Lane MW: Molecular weight marker (Bio-Rad); Lane 1: insoluble fraction of lysate; Lane 2:
soluble fraction of lysate; Lane 3: resin/lysate mix; Lane 4: supernatant of resin/lysate mix;
Lane 5-7: Wash fractions; Lane 8-10: Elution fractions. The experiments were performed three

times
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MW1 2 3 4 5 6 7 8 910 MW

kDa BSA GLO |

BSA

rhGLO |

MW1 2 3 4 56 7 89 10MW
kDa BSA GLO

Fig. 2-10 Quantitation of rhGLO I by Bradford method and gel imaging by SDS-PAGE
and CBB stain

(A) 111Ala-GLO I, (B) 111Glu-GLO 1

Lane MW: Molecular weight marker (Bio-Rad); Lane 1-4: BSA standards as the concentrations
of 1000 pg/ml, 500 pg/ml, 250 pg/ml, 125 pg/ml; Lane 5-10: thGLO I as the concentrations of
1000 pg/ml, 500 pg/ml, 250 pg/ml, 125 pg/ml, 62.5 pg/ml, 31.25 pg/ml. The concentration of rh

GLO I was calculated by protein assay. The experiments were performed three times
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Fig. 2-11 Optimization of in vitro GLO I assay buffer conditions

(A) In vitro GLO I assay was performed to measure each rhGLO I activity in the presence of
182 mM Imidazole-HCI (pH 7.0) and MgCl. (0, 0.01, 0.03, 0.1, 0.3, 1, 3, 10, 15 mM). The
relative GLO [ activity was calculated as 100% at 15 mM MgClL. The data are expressed as the
mean + SD from 3 independent experiments

(B) In vitro GLO I assay was performed to measure each thGLO I activity in the presence of 1
mM MgCl, and 182 mM Imidazole-HCI (pH 6.2, 6.6, 7.0, 7.4, 7.8). The relative GLO I activity
was calculated as 100% at 182 mM Imidazole-HCI (pH 7.0). The data are expressed as the mean
+ SD from 3 independent experiments

(C) In vitro GLO 1 assay was performed to measure each thGLO I activity in the presence of 1
mM MgCl, and Imidazole-HCI (pH 7.0) (50, 100, 150, 182 mM). The relative GLO I activity
was calculated as 100% at 182 mM Imidazole-HCI (pH 7.0). The data are expressed as the mean
+ SD from 3 independent experiments

(D) The effect of Imidazole-HCI buffer (pH 7.0) on GLO I activity during GLO I enzyme
dilution or substrate complex formation in the presence of 1 mM MgCl,. The relative GLO I
activity was calculated as 100% at 182 mM Imidazole-HCI (pH 7.0) indicated in the condition

of 4). The data are expressed as the mean + SD from 3 independent experiments
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Fig. 2-12 Specific activities of 111Ala- and 111Glu-GLO I variants

In vitro GLO 1 assay was performed to measure each thGLO I activity, the specific activity of
GLO I were calculated as described in “Materials and Methods”. Statistical evaluations were
performed using the Student’s t test. The data are expressed as the mean + SD from 3 independent

experiments. n.s. means not significant.
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Table 2-1 Calculated Binding Free Energies (AGBind)® of GLO I /HIPC-GSH complex

GLO I at AEMM ACisolv
o AGBind
position 111 AEqi AE aw AGgs AGsa
ALA -47.19 -180.82 -41.21 -7.34 182.18
GLU -44.86 -187.68 -40.98 -7.06 190.86

® The calculated binding free energies and the individual energy components (kcal/mol).
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Fig. 2-13 Comparison of the potencies of GLO I inhibitors on 111Ala- and 111Glu-GLO I
variants

In vitro GLO I assay was performed as described in “Materials and Methods”. (A)BPHC-
GSH and (B)TLSC702. Each data are the averages of three independent experiments and bars
show the SD values. There was no significant difference at any concentration. Statistical

evaluations were performed using the Student’s t test.
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2-4 BE

ZOFETIE, ¥El GLOT FHEAIOEER, KT GLOT @ SNP IZ K HEERTENE, FLEA
(X DB DT 24T o 72, £ AL RIREWILEaMmZ (477 Vb GLOT B
EHIOF LWVEREAER LI L 2 A AF AR EZ R LT (Fig.2-1), £ LT, %
F N ALEW) D H T 1 piceatannol 2358V GLOT FAEREA AT 25 Z & & R L(Fig. 2).
piceatannol @ in vitro GLO 1 assay (23317 % ICso 13 0.75 uM T > 7= (Fig. 2-3), 4 [EIFRET
L7z AT N UALEW O T piceatannol 23581V GLO 1 HEREZ /R L7128 & L C,
18 % Lbife L C |, piceatannol @ 1,2-diol 2ZEEER D Tl nEE 2 b5, 72, NCI-
H522 #HAEIZ piceatannol % ALEE L 7=, piceatannol JE LKA TR, F 7oK ARSI
AR MET L7e (Fig. 2-5), & BIZ, piceatannol ALERIZ X A MR A7 O T 25, GLO
I B AERE O NCI-H460 HIfE LV & GLOT 38 BLAAEAL NCI-H522 Ml T < & 5
m&:&a@aﬁﬁaGun%ﬁ%%ﬁéﬁkNaHﬂzﬁﬁfi:ybm~w&%@
L T. piceatannol ZLERIT L 2 Ml AEFARIK FAAEICHS Sz (Fig 1) 2 &b
piceatannol ALEE(Z X E)fﬁﬂiﬂ@%?ﬁ?fﬂﬁ?' hEIX, GLOI FHFEIC L 5 H D TH DA bﬁ?ﬁ)ﬂ?”f%
SNTc, TDZ LIFATH4, piceatannol DAEIEZ HEIC LT, AREMZ FEEZHTH GLOT
FLEA]Y — RALEW ORI L SRRnbH 0 L HIFF SN D,

T, GLOT FHEAIOERKISHEZE 2 5125720 . GLO1Alall1Glu DZRINZ D
HIEMEE GLOT BAFAI~DEEZ I BE L G X D IENET T o2 & Lic, £7.
in silico F1£% AV T 111Ala-, 111Glu-GLO 1 ¥ > /R 7 B OfEsEE 2 fhir L, 111 & H
DT I /L GLO 1 i&EMH.LE D2z ~72 & 2 A, ZOHEfHIZENEI 32.17,
32.08 A TH 7= (Fig. 2-8), GLO I I%. GIn33, Glu99, Glul72,His126 ® 4 ->D 7T 3 J i
FREDEEF LD ZoP 1Tl L, Zn* & 2607 I RO ERIIBE L% 2.0 A
ThDERESNTVD [66], £7-. MG-GSH FE B S RITIEMET LD Zn2 2B L.
TNEFF L OERTE InOHEHIBB L E 3.7 A Thd EHEIN TS [66],
ABEIOFERIZ, 111 FEHOT /&@u%i@$¢u#%30AUL%ﬂw:k%mb
THEY. GLO I Alall1Glu ®EA, BEROBEIITIETEAEEEL 52N EEZD
b,

WIZ, SNP (2L 5 111Ala-, 111Glu-GLO 1 # > /87 & DEESRIE M7 5 % L iRt 3 %
&b L, T TR, SNPIT L D AEECHEBE DIE O ATREME D &> 5 BT OTEME % fif
B9 581, ENENOBERICEGE Ny 77 —%RIRTLIUENHDLEE X in
vitro GLO 1 assay D /N 7 7 —FMHEOMRFI21T5 2L & L, BNy 77—
& LT, b GLOT IR R <. ARABREISEWSEGEZ BIE T2 L & Uiz, 16k
® in vitro GLO T assay /3~ 7 7 —I%. 14.6 mM MgSO,, 182 mM Imidazole-HCI (pH 7.0)
T®H Y. imidazole 75 GLO1 O{EMEICEE THH Z L n@E I TWD [67], £ZT
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FAIPER DN 7 7 —1Z72 B, Imidazole-HCl /Ny 7 7 — & K2, ~ 7 X0 AR
JZ. Imidazole-HCl @ pH, Imidazole-HCl IR EZMiFT 22 & & Lic, 7 XU AT
MgSOs & MgCl Z W THETZATV, AEENRN -T2 805 MgCh 25 2 &
E LT, TORER, MgCLIEEX 1| mM, Imidazole-HCl @ pH % 7.0 & %€ L 7= (Fig.
2-11A, B), F7-. Imidazole-HCI £ IZOW T, HEHEEAIZELFFHZ Imidazole-HCI 5
BETHD EEVGLOT {HEZ/7Rd 2 L2V L72 (Fig. 2-11D), ZiuL, @ik
Imidazole fF7E FIZB W THREBEEREROTLENBE TN DO TRV nhE B X
710 A EAT 5 72 in vitro GLO L assay [T E#HEA KR Z TR S THH GLO T BERIEIK &
AL, ICEBRGSEDEBRARTH D, DD, BERER & ERH DNy 7 7
—%%ﬁt ICRET HZ & T, KISHRICZHT D A& % 52.4 mM Imidazole-HCI (pH
7.0), 120 mM KCl, 1 mM MgClL &3 %, L0 AEERNEHICEL, 111Ala-, 111Glu-GLO
| APV k%%_ﬁbf%mwmﬁl@ﬁ%??ﬂ/77**#%&mﬁé &
MTET, FITRE LTy 77— T 111Ala-, 111Glu-GLO 1 O FeiiE 4 & it L
T2& A, TNEIIETEN 4.48+1.10, 3.49+1.12 mmol/min/mg protein & 72V | A E 7=
VA AN z’)nI:lJEﬁ L7z (Fig. 2-12), uL@fk%ﬁ% LT GLO 1 Alal11Glu & 2R X%
ROWEIIXZE A EREL B2 T, BRIEEICHLEL B2 b S RWn w7,

S 512, GLOT @ SNP (T X 5 HEHN KT DS DT 21T > T2, insilico FlE%
FWT 111Ala-, 111Glu-GLO I @ GSH #FHE AR FHEFH| HIPC-GSH & O A RN Z it L
7. & OFER, HIPC-GSH 1% 111Ala, 111Glu 4 GLO1 % > /37 BIZHE L T FRRE OfE
AHBHTZRLF— (MMGBSAvalue) CiEA L TV 5 Z Edbino7z (Tablel), FEBE, in
silico \Z L5 PAEIE Y | invitro GLO Lassay (23T, GSH #%EA% GLO 1 FHE %4 BPHC-
GSH & H#f9EE CRH L7= GLO 1 FHEA] TLSC702 @ 111Ala-, 111Glu-GLO 11Zx7 %
JEREZPEIXIE E A EER RN L 7bi‘§g\7b>of: (Fig. 2-13A,B), Z iUk, Gl ~_7= k9l
GLO 1 Alall1Glu 2L, FEREOMEICIXITE A ERBEEH 2T, 12L& A LR UG
PHTH D Lnb, HEANCKT 5t ic WL G5 2o lo 2 TR WinEH
bbb, EERZ LIZ, TLSC702 X GSH #FEAA GLO 1 FLEAIL W LRI
111Ala-, 111Glu-GLO 1 WM& Z RFREICHE T2 2 L2 oMz L,

U LR E2FE LD 5 L, ARIFAL, FHl GLO 1 EAIOEMIILEmE LT, AT
NSRBI E AT D RRY plceatannol R L, £72. SNPIZX D GLO I OE##HETE
P72 H % LLEGHENT T~ 2 72912 in vitro GLO L assay (23T 5 B/ Ny 7 7 — RO KRG %
1TV . invitro, in silico $¥£ IZEL W GLOTAlall1Glu 251X GLOT HiEtEicsw s 5 2 72
WZ EEPD TR L, 512, fE3kO GSH #FEAM GLOT BHER &, YFEEN A
Hi L7281 GLOT FHEHAI TLSC702 % AW T, 111Ala-, 111Glu-GLO 1 # > 237 '&? GLO
I [HEAI~OBZEEFM L& 2 A, BT EAEENRRN EER LT, 2
D EiE, BABFIZALND GLOTAlallIGlu 2%, GLOI OE#RIGHER S, KO
GLO I DIEMEHLALER & L7z GLO 1 [HEHROANEICEEL 520N L 2R L
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THEY, GLOT FHEHINERFEHIZIHWT, SNP OERZZETTIZTETO GLOT 12
WIS CXDAREMENRH D EEZ B D, £/, TLSCT702 I3 GSH #FHEAT GLOT FHEH
F 0 HERMIT 111Ala-, 111Glu-GLO T ZFHE L7z, L7223 > T, 111Ala-, 111Glu-GLO 1
IZBWTYMFE=E TR L2 TLSC702 I%, SNP O %5173, RO HEREZ &kl
FERITHLZ LD, FHBINAKBEDO Y — Meame L CORBBEFRFINDS,
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3-1. 5

GLOI [HEHNT, MG 2 Ef ST 52 L2k > T BAMBLBIRIZ T R F—2 2%
FHES DLV FHERBTIC L AHIRAAE LTHIfF SN TWD [33-35], MAfFsEE
TIXZHE TIT, in silico FiEZ2 AW THEKD glutathione 755K & 13872 2 5 LB # %
B9 5 GLO 1 FrEmA kLAl TLSC702 % R L T\W2% [38], L2 L, TLSC702 I,
in vitro T?® GLO 1 BAEREIZHNH DD, Ml L~ LTOT R b— v AFHFEIZILE O
JEEMELETDHENghoTWE, TOEBEO—D>E LT, NAMAZIE GLO T %[H
FIND L MG OERZ BN 27212, PRI e = L £ —Gi0 b TCA
A7 (R bay KU TRERMEIFNC 2D X5 7 TSHy 7 b 22 L TAEZZEY
TLEIARERSD E VIR EN Tz, ZOFBEEZOX, BEN MK
TLSC702 ZALERS 2% & ARAPMAD & i L TR 7 =/ — /L by ROAOZE L
DIFI SN TN EE2BIEL W EILLD2b0THD, 7=/ — Ly Rik pH
AR L L CHEBRRTICE EN TR Y, BAEER IR AICE T 508, ZAUdRE
Hukk D FLERFEAE & S L TN D, 2 2 CRAE, TLSC702 ALERIZ X Y B8RP 7 = / — v
Ly ROEOZERIH SN D Z LIE, BN AMBKOABEALEROIKT, T70bb
fRFEROFAEME T L TWHDOTII RN EEZDICEST-,

Warburg 23R4 13 U D, 23 AMIIZHIIEANL O & F & F 2201205 U TE ORI
ZUIVBRZHZENTEDLEEZLNTEY , —DOMHREK ZHE L2720 Tlidfho
R 2R L CTAERFLTLE D afEtEn &y [68], K- T, 2SAMIIEA GLOT %
PHRE S MSH 7 b 28l &EZTOTHIUE, ZhESIERIT RS v F 7%
—7 77X —] OREZITH Z &M, GLOI HEAIZHINAARE L THAT 27200E
BRRA L N ThDHEEZEZT,

AFETIE, GLO I BEAIOMEIZ L0 A MBS 7 b & 2 0G0 & fjhr
THEELEHBIZ R T "B ERZT AL v F U I X—T 7 7 X — | OREEITV,
Warburg Zh 5 2 #5219 & U T2 i s A OF L FRIERESL O 7o O O S I A 155 2 & &
BHE LT,
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3-2 EBRM B R ORI

PUIA ; mouse anti-GLO I (Novus Biologicals)
mouse anti-MG (NOF CORPORATION)
mouse anti-B-actin (SIGMA-ALDRICH)
rabbit anti-PDP1 (Elabscience)
horseradish peroxidase (HRP)f2%:# anti-rabbit —YRHTIA
(Jackson ImmunoResearch Laboratories)
horseradish peroxidase (HRP){%:# anti-mouse . IRKPLIA

(Jackson ImmunoResearch Laboratories)

AN TLSC702 (F 2 F )

siRNA ; GLO I knockdown: gtgattcaagatatttacat
control: MISSION siRNA Universal Negative Control (Sigma-Aldrich)

il by

i U7 Mk 5 & MR/ INHRT 23 AR NCI-H522 #ifa
b MRV R TIG-1 Al

EH L7285H ;  RPMI-1640 (Wako) supplemented 10% fetal bovine serum (Biosera)
and 100 U/100 pg/ml Penicillin/Streptomycin (Gibco).

MRk 2 37°C, 5%CO, A % 2 _X—Z — T LTz,

WST assay
3000, 1500, 750 cells @ TIG-1 #ifid & NCI-H522 #Hfd % 96 well plate (285 L, 37°C,

5%C0, DA 24 FEMES#E L 7=, TLSC702 (0, 1, 3, 10, 30, 100, 300 uM in 0.3% DMSO)
ALER %17\ 37°C, 5%C0, DEAHC 24, 48, 72 Bjffks2 L7=, % ZIZ Cell Counting Kit-8
(DOJINDO)AEHZ 2 10 uL/100 uL iz, 37°C. 5%CO, DRMETHIGE ST, v~ 7 a
L — kU —4— (Molecular Devices)% FH VT 450 nm OW Y ZHIE L7z, ECso 2D\
T T 22 FEBRME R OFER G 1ED WST assay DIEIZ R LTV 5D,

Western Blot %

2.0x10° cells @ NCI-H460 #fifid, NCI-H522 #fifid % 3.5 cmdish (285 L, 37°C. 5%CO;
DM 24 FEEER SR L7z, AU L 7=z 1xSDS Sample Buffer (50 mM Tris-HCI (pH
6.8), 2% (W/v), 8% (v/v) glycerol, 50 mM DTT, 0.02% (w/v) BPB)Z /N2 CTY =7 — 2 V%
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{TVN, 100°C T 5 ZrIINEVLEE 7= & D% SDS-PAGE Hi#h > 7/ & LTz,

#W 7 N% SDS-PAGE 1L - THBL7-t6, = bkl r—RRX T L UEEE
L7, EDHR ATV ET7a X JIRIRIGR L BIRT IR 7 ey X 7 LT,
A7 L% TBST (20 mM Tris-HCI (pH 7.4), 400 mM NaCl, 0.05% (w/v) Triton X-100)C
10 43 fE] X1 [EIBEA L. BRHSERITKET 2 — IRPUR BSOS 2 AV TR T 1 RFE, £7213
4°C T—BEHURIUASUE 21T o Tos —IRPURBUSHZE D A 7 L % TBST T 10 53] X3
[EIPEE U 362 72 IR BUAROGTEIR 2 -V CEIR T 1 REPURPUAR IS 21T - 72, IR
FURBS % D A 7 L % TBST T 10 43[#>3 [EIFE#E L. ImmunoStar® LD (Wako) & iV
7AbZF5 > AT 4 & O Light Capture System (ATTO)Z - T RIfiAL L 7=,

A et R D VE Y

2.0x10%cells ™ NCI-H522 #lifii1 %z 10 cm dish (Z#EFE L, 37°C. 5%CO, D Z:A4C 24 W[
B#E L7=, ZHIUZ TLSC702 (0, 100 pM in 0.1% DMSO) ZALEE L. 37°C. 5%CO, DT
72 BEMEEEE U7z, (B L 7= #MAEIZ buffer A (20 mM HEPES (pH 7.5), 10 mM KCl, 1.5 mM
MgCl,, 1 mM EDTA (2Na - 2H20), | mM DTT) =%, 26 7 — U8tz fHF7- U > Picis
L TR L7274, 16,000 x g, 4°C C 30 il O BEE 1TV £ 0 B & Miahhbg &
L7,

7V a— A HE & L AREA R ORNE

3750 cells ™ NCI-H522 #ifid & 24 well plate (ZFEFRE L, 37°C, 5%CO, DSA:T 24 Kl
B L7=, Z 42 TLSC702 (0, 30, 100 uM in 0.1% DMSO)ZZLEE L, 37°C, 5%CO, D&
¢ 72 By R LT, 20, £ OiE BiE &I L, = O i % 10 kDa Amicon Ultra-
0.5mL LA 7 1 L& — (Merck Millipore) Z FV T 14,000 x g, 4°C “C 30 47 iz 0050 B
ZATVN, I E 57 % Glucose assay, Lactate assay HHO Y%7 /L & L7z, Glucose assay kit
(BioVision) & IV T 7 /b o1 — A REHERR 2 5% L 72(0, 40, 80, 120 uM), Glucose assay FH D
BT E 150 5 AR L. Glucose Reaction mix & JRA S+, 37°C, #EYEDS5AMT 30 47
it wiz, ~A4 7 a7 1L — kYU —4%— (Molecular Devices)% IV T 570 nm DW
ZWE L7z, F£7-. Lactate assay kit (BioVision) % T FLEAFE HERE 2 FH %L L 72(0, 40, 80,
120 uM),, Lactate assay H D> 7"/ % 100 {57 B L | Glucose Reaction mix & iR S,
iR, EEOSEMT 30 oL EETz, vAf /v L— U —%— (Molecular Devices)
% FIVN T 570 nm OO A BIE L7z,

~A 7 a7 LA R

3.0x10° cells @ NCI-H522 il & 6 cm dish ([ZHFFE L, 37°C, 5%CO; DI\ T 24 FffH]
BEi# L7-, ZHUZ Lipofectamine RNAIMAX (Thermo Fisher Scientific) 4 V)T siRNA (=
> br—/b GLOT ZBUMHNZEA L, 37°C, 5%CO, DFAFT 72 Fefiftfa Lic, %
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D%, 2.0x10° cells ® NCI-H522 #lifuZ 10 cm dish (2EfE L1E L, 37°C. 5%CO, D54
T 72 WREfEEE L7z, BN L7-ff@iZ, RNeasy Mini Kit (Qiagen) % V> C RNA ffiHi %
1TV, 7Y b - 77 7 m U—RASFEIT T Agilent Array FEUEHT 21T > 7=,

RT-PCR £
3.0x10° cells ™ NCI-H522 #fifid% 6 cm dish I[ZFEFE L, 37°C, 5%CO, DT 24 FEH]

Fi4g L7z, Z T Lipofectamine RNAIMAX (Thermo Fisher Scientific) Z F\ T siRNA (=
> ha—/, GLOT REMHENZZEA L, 37C. 5%C0, DEAMT 72 FEfliEi#E L=, [l
I¥ L 7=l IZ NucleoSpin RNA Plus (Macherey-Nagel) Z fV > T RNA i %17\ >, Prime
Script RT reagent Kit (TaKaRa)% IV T ¢cDNA Z/E#{ L7z, Z @ cDNA Z##8l & L,
PrimeScript™ RT-PCR Kit (TaKaRa) & LL F D7 T A ~—% AN CTE NN OIER)EE T
DG AIT > 72, HAIE L7= DNA % 2% 7 H 0 — X7 )VESIKE THEEL, =F 7 A
T~ RYa %170, Gel Doc XR+ (Bio-Rad)iZ & - CTH# IVl & k% L. mRNA %
B DA & R LTz,
B-actin: 5° - CATGTACGTTGCTATCCAGGC - 3

5’ - CTCCTTAATGTCACGCACGAT - 3
PDP1: 5’ - TGTTCCTCATCGTACATTCCTCA - 3

5’ - AGAACTGACATTTTTGCCGTCAA - 3
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3-3 R

GLO I [FHEHAI TLSC702 (I K& % B Mtk ~ D%

GLO 1 BHFEAI TLSC702 IZ & A BB Mk~ DB A T 2 7o 12, IEFMia s L
T NG VT SRARME SR A O TIG-1 M & . GLO T 4&AFMED & N IE/ NIRRT 23 A A
Jit o> NCI-H522 ##1Z TLSC702 (0, 1, 3, 10, 30, 100, 300 uM in 0.3% DMSO)% 24, 48, 72
REMALER U 7= BRIl 3 % WST assay (2 L W HIE L7z, £OREE, EFMaTH
% TIG-1 A TIXWT I OMLEEREM T H ECso 23 300 uM LA ETH Y . GLO T (RAFHEN
AURIIERR T & 5 NCI-H522 e Tl R RIAY . RFEHE AR 2 A2 AR DR R 23
5372 (ECso: 24 h >300 pM, 48 h 240.8 pM, 72 h 172.0 uM) (Fig. 3-1A, B), £7-. TLSC702
VBRI 0 5538 A ARIIERRIC MG RN Z 5 O Z2 T 25 7212, NCI-H522
AIALIZ 300 uM TLSC702 % 0, 24, 48, 72 FFfHALEE L MG 1% X7 B &2t 3 2 Huik
% VT Western blot {512 K 0 T 24T -7 & Z A, TLSC702 ZLERIZ K W MG 14
VNTBEOENEF L TWADZ Lo T (Fig 3-1C), & 512, TLSC702 ALER|Z K
D BEFE 3 AUHIBER N @ GLO T 1EYEDPRE STV D 0 ENERNT T 5 72912, NCI-
H522 #AEIZ TLSC702 (0, 100 pM in 0.1% DMSO) % 72 HFRALEE L, = DM R %
fERLL . GLOlassay #1To7, EOFER. 100 uM TLSC702 LLEE L 7= BEDHifE TI,
Z® GLO T IEMEDH 40%FHE X T\ D Z &Aoo 7= (Fig 3-1D),

7V a— AV L FLERPE AR B D FEAT

3 AUMRE2Y GLO T BRI TLSC702 12 & VW =)L X —FEA 2 R R B B X h a2
RU TR BENIC 722 XD 7efRilit v 7 R &R T ENEMITT 5729012, NCI-
H522 #l2iZ TLSC702 (0,100 uM in 0.1% DMSO) % 72 BRIALEE L /=B, a1 T
DTN a—Ag, FHLEEEDOZIL% Glucose assay M O Lactate assay (Z L D JIE L7z, D
FER. TLSC702 % 100 pM AWFE U 7= DB h o 7 v o — 2 B o, Kk OHLEE
BOWVNB LT (v a— A EEER 60%IK T, FLEREA RN 20%IK ) (Fig. 3-
2A, B),

GLO I 8 il I OHEFE 53 A MARAK 0 18 {158 B 7 SLAFAT

FIROFER G MAAMIBIL GLO T #HEFESNLD & MG OFEMZ BT 5729012,
SR SR ARIF ) 7 = 2 L R — R0 5 TCA VA 7L (2 b= R U T IEREAERIIC 72
HEH7 M7 b 2RITAREENTRBEINT, 20 (@7~ 28T 47
THRT (A v F o r7x—T77 7% —] ZREET H7-DHIT, NCI-H522 M siRNA
HWAZFTV, GLO T Z 3B S 7-BoOBGFRABEDEERI > W T~/ aT L
A M 21T > T2,

Z OFEFE. GLO I FEBLINHIRF DR5HE 53 AMBRIZ 3 ThRk & 72385 TR BL & O ZE B 3
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F B AT=(Fig. 3-3), DR TH R 7 M) OFRKEEZRSKFF & LT pyruvate
dehydrogenase phosphatase 1 (PDP1)IZ7%& H L, & DOBE IR ESR 4.2 4 LA LTz
Z LDV LT (Fig. 3-4),

PDP1 ® mRNA JEHl &M O Z 23 7 B3 B & OfifdT

~A 7 a7 UAMEHTIZ KD . NCI-H522 #ifd> GLOT A 3B L 72 F=IZ PDP1 Eix
FHRBEN EF L TWADZ N gholcloh, S HIZ PDP1 @ mRNA #ELE M N
RO BRE A5 Z L & L, NCI-H522 flfiZ siRNA A 217V, GLOT %%
BAHNH] S E 72 B2 0O mRNA FEHE K ONZ o387 BB % RT-PCR 1% & O Western blot
2 XD fRAT L=, ZOfER., 22 mRNA BEENK 2.5 5, 2 X7 ERBENK
3f% ES LTz (Fig. 3-5, 3-6),
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WST assay (TIG-1 cells)
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Fig. 3-1 The effect of TLSC702 GLO I inhibitor on cultured cells

(A) The dose-dependent effect of TLSC702 on TIG-1 cells. The cells were treated with various
concentrations of TLSC702 for 72 h. Cell viability (% of control) was measured by WST assay.
The data are expressed as the mean = SD from 3 independent experiments. (B) The dose-
dependent effect of TLSC702 on NCI-H522 cells. The cells were treated with various
concentrations of TLSC702 for 72 h. Cell viability (% of control) was measured by WST assay.
The data are expressed as the mean + SD from 3 independent experiments. (C) Accumulation of
argpyrimidine adducts on NCI-H522 cells treated with 300 uM of TLSC702 for 24, 48 and 72 h
was detected by Western blot analysis. (D) The inhibitory effect of TLSC702 on NCI-H522 cells
by in vitro cell free GLO I assay. The cell extracts were prepared from the cells were treated with
TLSC702 (0 and 100 uM) for 72 h. Relative GLO I activity was measured by in vitro cell free
GLO I assay. The data are expressed as the mean + SD from 3 independent experiments (*: p <

0.05 vs. 0 uM of TLSC702). Statistical evaluations were performed using the Student’s t test.
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Fig. 3-2 Changes of glucose consumption and lactate production after TLSC702 treatment
in NCI-H522 cells

(A) Relative glucose consumption rate in NCI-H522. The cells were treated with TLSC702 (0,
100 uM) for 72 h and analyzed glucose consumption in the cell culture medium by Glucose Assay
Kit as described in Materials and Methods. Cell-free medium was used as a control. The data are
expressed as the mean £+ SD from 3 independent experiments (**: p <0.01 vs. 0 uM of TLSC702).
(B) Relative lactate production rate in NCI-H522. The cells were treated with TLSC702 (0, 100
uM) for 72 h and analyzed lactate production in the cell culture medium by Lactate Assay Kit as
described in Materials and Methods. The data are expressed as the mean + SD from 3 independent
experiments (**: p < 0.01 vs. 0 uM of TLSC702). Statistical evaluations were performed using
the Student’s t test.
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Fig. 3-3 Microarray analysis and change of PDP1 expression
(A) NCI-H522 cells were transfected with siRNA targeting GLO I on NCI-H522 cells for 72 h
and protein levels of GLO I was analyzed by Western blot analysis. (B) Pie chart showed the

up-regulated genes (>2.0-fold in relative to control) associated with biological processes. (C)

Pie chart showed the down-regulated genes (<0.5-fold in relative to control) associated with

biological processes.
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Fig. 3-4 Microarray analysis and change of PDP1 expression
NCI-H522 cells were transfected with siRNA targeting GLO I on NCI-H522 cells for 72 h

and upregulation of PDP1 was identified by microarray analysis.
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Fig. 3-5 The mRNA expression of PDP1 on NCI-H522 cells transfected with siRNA

(A) NCI-H522 cells were transfected with siRNA targeting GLO I on NCI-H522 cells for 72 h
and mRNA levels of PDP1 was analyzed by RT-PCR analysis. (B) Relative PDP1 mRNA
expression normalized by B-actin on NCI-H522 cells were calculated by densitometric analysis.
The data are expressed as the mean £ SD from 3 independent experiments (**: p < 0.01 vs.

control). Statistical evaluations were performed using the Student’s t test.
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Fig. 3-6 The protein expression of PDP1 on NCI-H522 cells transfected with siRNA

(A) NCI-H522 cells were transfected with siRNA targeting GLO I on NCI-H522 cells for 72 h
and protein levels of PDP1 was analyzed by Western blot analysis. (B) Relative PDP1 protein
expression normalized by B-actin on NCI-H522 cells were calculated by densitometric analysis.
The data are expressed as the mean + SD from 3 independent experiments (*: p <0.05 vs. control).

Statistical evaluations were performed using the Student’s t test.
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34 ZE

AFETIE, GLO I BFEAIOMEIZ L0 A MBS 7 b &2 2 0G0 & fihr
THEEBIC R T MBI ERZITIAAS v F U I —T 7 7 X — | ORIEEITV,
Warburg Zh 5 245219 & U T2 B0 A OF L FRIEMESL O T2 O OSSN RA 152 2 & &
HROE LTWD,

9. GLO I BHEHAI TLSC702 ALEEIC X 2 B fiflak ~ DB A i+ L & L
720 FAWTZHERHINERE CH 2 28, IEFHINE & LT MR VE b SRARMESEIL T 5 TIG-
1L . GLO I {KAFEDS AHINERE T 5 NCI-H522 il & f 7=, TIG-1 A s
HTHY GLOT LRI TH L Z End, FHEEY . NAMREREEYZ: GLOT FH
EHHITH D TLSCT02 BRIZ X DM EFRA~DOEEILIH F D AR o T=DTide
W& B 2 D (ECso>300 uM) (Fig. 3-1A), —F7, NCI-H522 #ifaix GLO LK FHED v I
/NIRS AFIRRE TH Y p53 R L TWADKRTH D [69], Fam Thik~<7= L 912,
pS3 DR KIBIIFERKGFOERDO—>THD L SN TWDHT8 [6-8]. NCI-H522
HIIRI IR R (IR LIZMIRR TH V. GLOT Z @R B ST Wb EEZ BN, £ 2
T, NCI-H522 fiff1ic GLOT BHEFA| TLSC702 ALFE U 72RO A FRA~D B % WST
assay (C L WHRENT L7=& 2 A, ECso 2 172 uM (72 BFRALED & . DRI H D DD, in
vitro GLO I assay T ICso=2.0 uM & Fls LT 23 AKBIRI k3 B 03 AL R E
WEBEZLELTSHZ N7z (Fig 3-1B), Z Z T, TLSC702 M EITEEFE 2N A
RO GLOT1 ZHETE TWDONENZHRHRH72HIZ, GLOTBHEROIERETF ThHh 5
MG A5 I L TWD D0, BEN MK O GLO 1 IEMEIFEENA TV D
D D% ZFLE L Western blot V£ } OSHIRafhH#E 2 IV 72 GLO Tassay (2 & 0 fiftr 35 & |
DT TLSCT702 ALERIZ LV Mifm L~ L TH MG LM GLO T 1EMEDBRE A3
TTCWVWDZ ENynD (Fig.3-1C,D), 2D Z &n, AL GLOT BEFEA] TLSC702 234
AL~V TOT R b=V AFEIZEHVREZ VL T2HAO—>2 & LT, BNAMIEIX
GLO I #PHFEIND & MG OEMEARRET 572010, MIERITKFEN 2 2L F —{R
HIND TCAYA 70 (X hay FUTHRKFENICRD Ko7 MUGH 7 b 2
LTAEZIHEPRTLE ) ATEEMERH D & WO R Z L Tle, £, NCI-H522 AlifuiZ
TLSC702 ZALPET 2 & RAHMIG & i L THRIRT 7 =/ — /L by ROBOZELL
DI S CnD Z E 2 BETBIE LD, Ziud, TLSC702 4LHLZ X 5 NCI-H522
AR DO ALBEPEAE BOIR T, TR b bFFEROFIHEIME T 2R/ L TV DO TR
EEBEZT, Flo, o Y7 M BEBICEZTWD ETHE, ZOAT=XL%
HOEMZL T Z 22k, 4% GLO 1 [LEAIOHINAIREZEmD, SHR5HH
M bl OIS TE D L HIfF S D,

ZZ TET, GLO HEMFMEN AMIIEA GLO I FHLEH] TLSC702 12 L = v —pEd:
ZIRBE RN D I Fay R TIREREBAIZ /2D X 57 TRE 7 b 2 23080
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HHRDHZ L& Ulc, DS AR THIREERE 21T © 7212, 1EFEIZ 7V a — A Z B AL
[70], & LT, fRbERZMGET 272 OB il NAD I, @ E HRERICBWD
THAIND D, BAKRUIEEAY Y b3 B S VRS RS TTHE L T 5720, &
FAREER TR < fRBERICB W CHEE Z AR T 2B NAD 2 AL T\ 5 [71], £
72, RPERNTLE L TW D NENERHMIT 572Dz, BAMIED 7“»:—1?‘%%‘1”%&
HBPFEABRZREST D & L L, FEBE 100 uM TLSC702 LRI X W GLOT % FHET
% Z & T NCI-H522 Miffdod 7 v 2 — 2 # &, FLEBBPEA B LTS Z LR 0o
7= (F L a— 2B 60%1&? FLEAPE A B 20%(X ) (Fig. 3-2A,B), £7-. =D
BRI AR IE 24T 5 72012 b U 80 T — A ZEHERIEIC X 0 M 2 B2 TV 578,
100 uM TLSC702 ALEE T, #EH@%@Z&&%’U 0% T LT, UL, SEAIBER BN
RO B ol T8, TLSC702 ALPRIZ X 0 HIFEEEFE S IH] S T2 2 & 3o
72o AU, TLSC702 ALERIC X W NCI-H522 M AR R 2 M) L, R 5 ok L
THEDR =R Vﬁéﬁ&%%\ 3RART VY VDD T R BEA T DR
DI SN D Z L2 X0 | IR LB R LR A HIR S T LE oo /i &
ZbND, TOZEND, NAMIKIE GLO 1 2NFLE S5 & Utk L7 fighs R 2 ) L
SR RUTREREN & 720 G 7 M 2RI rRetEr®» 5 2 <‘:75>n‘ﬂ"‘3é2h710

EHIC, 20 MBI 7 M) DEZAZADI=ALEZPELNICT L2012, R~ |k
ERIATTDHIAL v F U I X—T 7 7 B — | ORFEITH>Z L & u‘_o NCI-H522 #f
HilZ siRNA Z 3 A L GLO 1 FEELIHIRE OBIR TR B AR AT D 7-dlc~v A 7 n T
VAT 24T o7, £ OREER, GLOT FBUMHIRF O NCI-H522 #ifaiZ 3 T PDP1 D&
LfRBEEN ER LT L& R L (Fig 3-4), & 512, RT-PCR & Y Western
blot {52 K > Th, PDP1 @ mRNA BELEL NZ N7 EEBEN FH L TWNWDHZ &R
372> 7 (Fig. 3-5, 3-6), PDPI (%, pyruvate dehydrogenase kinase (PDK) & & & |Z pyruvate
dehydrogenase (PDH)DIEMEFREI 41T 5 B TH Y . PDH 13V U BR{IZ X > THRIEMEAL
S, Y ERBIZ Lo THEMAET % [72-74], F£7-. PDH X dihydrolipoyl transacetylase
& dihydrolipoamide dehydrogenase & pyruvate dehydrogenase complex ZfZfk L, E/LE Y
D T 2T /L CoA ~DEMAEFET 2 2 LD fifER E TCA YA 7 Va2 1%
Bz F =L TWD [72-74], L7~ T, GLOI FEMHIFFIZIZ, PDP1 2% PDH %1%t
fEEEDLZLICE->T, TCA VA I NVEALE R DY 7 FEFIEEILTWDH I &
DR E 5 (Fig. 3-7),

UbDZ &b, BAMIILGLOL Z IR IS5 & MG &% [Bl#E7 5 72912 PDP1
DRBEL EHSETELEVEENS T BT L CoA ~DEWZ Lt S, TCA VA 7
NWABML 7o = RNV X —EAICTID B DL 97 UG 7 b 2 L TAESIEOTLE
DT ENRBEINT, LIeRoT, 20 MG~ ~ ) 280195 X 5 723850 & O
5Z&T, GLOIHFIZ L DT AR b= AFRET L L TORDBARZ SO D Z L3
TE., Warburg W R A 1EH) & L7 BBiA A OF AL FHRIEHENLIC D70 3 D 2 L IR S 1L
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Fig. 3-7 Metabolic shift by TLSC702 GLO I inhibitor treatment via upregulation of PDP1
After GLO I inhibition, cancer cells undergo the Metabolic shift, which makes cells are more
dependent on mitochondrial respiration (TCA cycle) than glycolysis to repress MG accumulation

and to escape from apoptosis.
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4-1 &=

55 3 W TIE. GLOT KAFMEREER 23 AR Y GLO 1 BHE A TLSC702 JLERIZ X V) figthk
FADIRIFEZIR T S8 TCA VA 7 VEBNICR2 D L 97 TR@ 7 h) 2 Z L, MG
DEREZERELTCT R M=V AZERELTCLE ) ZENDhotz, EHIC, ZOHLN
PDP1 #fx 738 &E L%/ L7- PDH A ERERIEEEIZ LD TCA YA 7 WREIZ K -
THIEEZESNDATREMEZ R Lo, Z4UE, GLOT BREAIA B CTHW T & fb R L
R F N =N D TCA A 7V (2 hay RU TRRENIZ /D K9 22y~
FE2Z LT MG OZERBERMETE 5 A=A LEZNAMIIITEL > TS Z &2 EK
LTWS, ZDZENnG, 2R 7 M+ 2 Xk 5 edEH &0+ 2% 2 & T.GLO
[PBHEICE D TR b= ABREF L L CORIBAIREZEDO DL ENTELZENT
HWEiod, £Z T, GLOI [HEH & OPFbFRIEDOHLZ B L T, 2o/~ k
PP H & PHRIND TCA A 7 VD KT A4 TIZBE59 25 oD N AFMIBEr RN 72
B TIZER L, T7bb, MERICBWTELE VBRE AR T HMETHD
pyruvate kinase M2 (PKM2) &, TCA ¥ A Z VDTS TH DL 7 NH X 7 U v ZAOHGHE
%% glutaminase 1 (GLSDIZEH L7=,

FRFERDEEERZ D — DO TH DL ENE VYT —BIL, TORKER THHLHRART
J—IVENE VERND BNV E VBSOS E ML . B U EEE TCA A 7 Tt
T HEERERE R L TCWABETHL, ZOBERIZIT4TEOT A VA A (LR,
M1, M2)23 1 530 TW A 03 [75], ISR MER 72 &2 Br<1Z & A E ORI « MR T,
PKMI 35 XY PKM2 3 BBLL TW 5, BLBRZENZ L1, IER M TIX PKM1 23 EI12%
LTS T, NAMILTIZPKM2 OFENT L 70D [76], Z4LH PKM D 2 DD
TAY T H—NIHEEBTPOLBIROATZ 4 72k o viEsnsd [77].
ZDZ LD, PKM2 130 AMRINE iR 83 F L e 0 155 & B 2 Hivd, PKM2 I
HE ., IEEORWEER, “ &K THEEL TWD [78], PKM2 BSIEMHAL L 72 5729121
WEARZERTD2MNERHY, 77 h—A 1,6 B A Ui (FBP)ZETHZ L5
TWD [79,80], RiEMARD PKM2 1Z /L E U B ~DZHE SR EIME S . 2R
W% B DRy =R U VBRI~ OBAT 2R 2 Z L1270 | A AR LG
EILESEL 2 ENTEDLEEZLNTWD, £z, BNAMIEO PKM2 % PKMI (24
$ad % Z & CHRIIEEIE S BEEE IZINH S D 2 LD . PKM2 123 AR > Warburg %
RICEEREEHZR-LTWDHEEZ LTS [76],

I HIZ, BDAMIIIAREROMIZ, 72 I &2z TCA YA 7 )V ORFEIET
b5 T7VvEI VA bFIHLTWD, 2070, BAMREO GLOT & PKM2 %
B L, R RIS O LTH, ZA¥ 2 U U ARHT e 3V X —FEAE R I
e, NIV VAERAL TR VX —EAEETTH 2 LT MG OEE % Al
LTAEESHERD EW), BRsR#Ey 7 FaoTaREnENbsLEX NS,
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GLS1 1%, MEN OBV IAENTZ TN I BT NE I URICERT D, JVE
IV ABRHEIEEERZTHD [81], DT NE I UENE BIZ o7 b IIVEILEE (a-
KGIZEHEN TCA VA 7 V& RT7A4 7 LTnW5D, BARMIETIEZ va—2oftict
TNEI VOB IARNDEHT A ENRMLATED, WS ONDOREEN AMIaksz 7
NE I ) —OREBRTHEET S L, MEEMERED T2 0o MmELH D [81],
GLSL 121X 2 2D AT T A4 AN Tk, KGA form & GAC form N F(E L. GAC form
IR AHIRZ BN TRERIEEN A DD 12D | S /UK R B 0 T2 72 V155 &5
ZHATEY, ZHE TIZ GLS EAID RS ST D [41-43, 82],

AETIE, GLOI # EHEME LT, & 52 Warburg 18, 7402 37 UL ZADON A
N 24500 & L7 A BER LB OB R 2 B L. fifdR & TCA VA 7 V%
DR SENEVIREART AR TH Y . DAMIEFFRAIZHEILL TWD PKM2 &
TCA YA IV VOHERKIETHDH 7 NVZ I 7 ) v AOHEER GLS1 IZEH L, 21b
DOFLEHR L GLOT R MIFLEH] TLSCT702 & OOt HHINA IR ZFMET 2 2 2 HIY &
L7,

63



4-2 EBM B R OERR A

4H];  3-(1, 3-benzothiazol-2-yl)-4-(4-methoxyphenyl)but-3-enoic acid (TLSC702)
(7R F )
Shikonin (SIGMA-ALDRICH)
CB-839 (Focus Biomolecules)

PUA ; mouse anti-GLO I (Novus Biologicals)
mouse anti-B-actin (Sigma-Aldrich)
rabbit anti-PKM2 (Cell Signaling Technology)
rabbit anti-GLS1 (Abcam)
rabbit anti-PARP (Cell Signaling Technology)
horseradish peroxidase (HRP){%:# anti-mouse . IRPLIA
(Jackson ImmunoResearch Laboratories)
horseradish peroxidase (HRP)f%5# anti-rabbit —IKHTIAR

(Jackson ImmunoResearch Laboratories)

£ 7
i U7ofmfark ; & RIE/ IR 2N AR NCI-H522 Hifw
b halE Rk E A HL-60 Hi i
EH L7255H ;  RPMI-1640 (Wako) supplemented 10% fetal bovine serum
MRk 2 37°C, 5%CO, A & F 2 \—Z —HITH# L7z,

Western blotting

2.0x10% cells ® NCI-H522 fifi1 % 3.5 cmdish (Z#FFE L, 37°C. 5%CO; DEAET 24 HifH]
B Uz, [EIL L 7= #1212 1xSDS Sample Buffer (50 mM Tris-HCI (pH 6.8), 2% (w/v), 8%
(v/v) glycerol, 50 mM DTT, 0.02% (w/v) BPB)Z I CY =% —3 =3 > %{T\>, 100C TS5
Sy IINELER U 7= ¢ D % SDS-PAGE HH> 7L e L=,

KT N%E SDS-PAGE IZX > Tl L7=t%, =hrtEilo—RARX T L liEE
LT EDH%R AT L7 vy U JWRICELVEIRT IR 2y X7 LT,
A7 L% TBST (20 mM Tris-HCI (pH 7.4), 400 mM NaCl, 0.05% (w/v) Triton X-100)C
10 F3ffI=1 BIEE L, BRIk 2 —IREURSORHK 2 AV TR T 1R, £7203
4CT—BHURPUARIS 21T o T2, —IRFUBRRIGHE D A 7 L 2 % TBST T 10 4rfHix3
mIPed U, IRBUARIGTATR 2 -\ CERIL T 1 B PURPUAR G 21T o 72, “IRPUARK
JE% D A 7 L% TBST T 10 43[#1%3 [BElIFE#H L, ImmunoStar® LD (Wako) & FHV N 72 {b7F
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JEt s A7 2 K U Light Capture System (ATTO)Z & » TAIBHL L7z, Hilkiz %€/
7 1 —F/LHL PKMI1 $UfK (#7067; Cell Signaling Technology), 7€/ 7 o —J /L
PKM2 ik (#4053; Cell Signaling Technology), ~ W A& / 7 1 —7F/LHL B-actin FLIK
(A5441; SIGMA-ALDRICH) ., HRP £ &% $t 7 H F — K HT 1K (111-036-045; Jackson
ImmunoResearch)HRP £k 1~ o7 A “IRPLIK (115-036-062; Jackson ImmunoResearch) %
AV

WST assay
1) 750 cells > NCI-H522 #ififl % 96 well plate (Z#EFE L. 37°C. 5%CO, DEA:T 24 W]

K#% L7z, shikonin (0, 0.01, 0.03, 0.1,0.3, 1, 3, 10 pM in 0.01% DMSO)& % \ % CB-839
(0, 1,3, 10, 30, 100, 300, 1000 nM in 0.001% DMSO)ZLELZ 1T\ 37°C. 5%CO, DERM-T 72
IEMES# L7=, % 21T Cell Counting Kit-8 (DOJINDO)AEZ % 10 uL/100 uL Al z.. 37°C,
5%CO, DFEM TS S/ Tz, v~ 7 v L— kY —%— (Molecular Devices) % F\ T
450 nm OWIEEE 2 ]IE L7z,

au =—ERklk

1) 200 cells ® NCI-H522 #f1 % 6 well plate [ZFEFE L. 37°C. 5%CO, DA T 24 HifERS
#L7-, ZHZ. shikonin (0, 0.01,0.03, 0.1, 0.2, 0.3 uM in 0.1% DMSO)LH A 4T\ 37°C,
5%C0, DSMT 10 HRERSE L7z, 7=, TLSC702 (0,30, 100 uM in 0.1% DMSO) HifH L
H & 5\ TLSC702(0, 30, 100 uM in 0.1% DMSO) & Shikonin(0.2 uM in 0.1% DMSO)ff
AP L 37C, 5%CO, DEEMFT 10 ARMEEE L7z, £ 22, PBS (1) T L7zik,
methanol T 10 MEEZ1T 72, TD%, 05% 7 UV AZNLANAL ALy N
(SIGMA-ALDRICH) VT 10 ZrfHigefa L7z, Yeth L7z 6 well plate & F5HIOK THEE L 72
#%E 2 <, Gel Doc™ XR+ Imager (BIO-RAD)IC L W g L, Bk S izan=—n¥k
v VA N DY

2) 200 cells ® NCI-H522 fifil % 6 well plate [ZHEFE L. 37°C. 5%CO, DEA:T 24 FEfEES
# L7z, TLSC702 (0,30, 100 uM) HEARALEE & %\ & TLSC702(0, 30, 100 uM in 0.1% DMSO)
& Shikonin(0.2 uM in 0.1% DMSO)fFFHALEE L 37°C. 5%CO, DEAET 10 HEE#E LT,
% Z1Z. PBS(-) T _[|¥E¥% L 7=t . methanol T 10 3 MEE 21T > 7=, TD#H., 0.5% 7
U AL NASA F Ly MYk (SIGMA-ALDRICH) AT 10 2 Reta L=, YLz 6
well plate % FE K TP L 72 % B2 &1, Gel Doc™ XR+ Imager (BIO-RAD)IZ X V) #R5
L. FBkEShFan=—o¥sh v kLI,

3) 200 cells ® NCI-H522 #lfil % 6 well plate |Z#EFE L. 37°C. 5%CO, DEf:T 24 BifEi5E
#L7-, Z#E, CB-839(0,1,3,10,30, 100 nM in 0.1% DMSO)LFE 217\ 37°C., 5%CO,
DMET 10 HFEGE Lz, & 212, PBS(-) T __[HI¥EH L7=# . methanol C 10 4y [H[E &
AT o Tz, ED%, 0.5% 7 U AZ N ANAF Ly MR (SIGMA-ALDRICH)H W T 10
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Yt LT, Beta L7z 6 well plate ZAEHIK THeid L7 AGE S, Gel Doc™ XR+
Imager (BIO-RAD)IC XV fRE L, B SN can=—DHE v kLT,

4) 200 cells @ NCI-H522 #lff1 % 6 well plate |ZHEFE L. 37°C. 5%CO, DEAET 24 Wik
# L7z, 100 uM TLSC702, 0.2 uM shikonin, 10 nM CB-839 HUMALELH 5\ T 100 uM
TLSC702 & 0.2 uM shikonin & @ I AR, 100 uM TLSC702 & 10 nM CB-839 & @
THIPEFAALEL, 0.2 uM shikonin & 10 nM CB-839 & @ —FIfFFALEL, 100 uM TLSC702 &
0.2 uM shikonin & 10nM CB-839 & & =FIfFHLEL L, 37°C. 5%CO, DT 10 H#E:
& L7- (&34 7T 0.1%DMS0), % 22, PBS(-) T _[mI¥E#H L7-t%. methanol T 10 %7
MEEZIT > 72, FDH%., 0.5% 7 U AZ AL F Ly MYefaik (SIGMA-ALDRICH)
VT 10 TGt Lz, Yt L7z 6 well plate 2 A5 HUK CHEvg L 722 A2 S, Gel Doc™
XR+ Imager (BIO-RAD)WZ KXV fRE L, Bl SNlcarn=—0KE v LT,

b VSV T —fa SR HERRTE

1) 3750 cells ® NCI-H522 i1 & 24 well plate [ZFFE L. 37°C. 5%CO, D AT 24 HFH]
Bi#& L7z, Zihz, TLSC702 (0,30, 100 uM in 0.1% DMSO)HARALEL & 25\ ix TLSC702(0,
30, 100 pM in 0.1% DMSO) & Shikonin (0.3 puM in 0.1% DMSO){Jf FALEE A 470N 37°C.
5%CO0, DS T 72 WEHIRGHE Lo, Z01%.0.1% kU 7 & FH TRl & I <8,
[ 24T > 7=, FIIERETE & 0.4% kU 280 7 —Y ik (Gibeo) & 1:1 DR TRA
. MEREFEARICIEA L, NU R T —EMHIascE v N LT,

2) 3750 cells ¢ NCI-H522 #lfl % 24 well plate (Z#EFE L. 37°C. 5%CO, D 5:f: T 24 HEH]
& L7z, ZH#uz. 100 uM TLSC702, 0.3 uM shikonin, 50 nM CB-839 HAMMLEE & 5\ T
100 uM TLSC702 & 0.3 uM shikonin & ® —FIfFHALEE, 100 uM TLSC702 & 50 nM CB-
839 & @ “HIGFHMLEL, 0.3 uM shikonin & 50 nM CB-839 & @ “FIGFFLLE, 100 uM
TLSC702 & 0.3 uM shikonin & 50 nM CB-839 & @ = A FHALEE L 37°C, 5%CO0, D5
T 72 KRR L 7-(A T4 T 0.1% DMSO), £ Dk, 0.1% b VU 7o & AT
B S, BN A T 72, ARSI & 0.4% b U X0 70—k (Gibeo) & 1:1 D
FERTRA S, MEGHRERICIEAL, N AT A—EMEMase o o b LT,

HPLC (T X 5538 MG D iE &

4.0x10° cells ® HL-60 #ifil % 6 cm dish (ZHEFE L. 37°C. 5%CO, DA T 24 Fefihi &
L7z, Z#%. 100 uM TLSC702, 0.3 uM shikonin, 50 nM CB-839 EAfALERL & 5 U M iE 100
UM TLSC702 & 0.3 uM shikonin & @ ZFIfFHALEL, 100 uM TLSC702 & 50 nM CB-839 &
O HIPEAALEE, 0.3 uM shikonin & 50 nM CB-839 & o —Aff FALEE, 100 pM TLSC702
& 0.3 puM shikonin & 50 nM CB-839 & @ =HIfF HALEE L, 37°C. 5%CO, D5 T 72 I
F‘WP% L72( 34T 0.1% DMSO), # D¥5# FiEZ UL, #&KIRE 0SM 725 X5

TR 2 N 2, K I 10 A3 FERE L. 4,000 X g, SEIE T 10 2y 0Bt 2 1T - 72,
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mtk, TOEEEZT7® =KV 10 mM KH,PO4 (pH 2.5)IZ CHIZLEE L 7= C-18 SPE
cartridge (Waters) (Z 18 L 72, Z ®# B 5-methylquinozaline (72 FEE 2.5 uM), o-
phenylenediamine ({4 FE 25 uM) Z 1 2., 281 C 4 BEfFHE S 38 b 21T 72, £ D
%, HO'7E h=HKU/, 10 mM KH,PO4 (pH 2.5)I{Z THIJALEL L 7= C-18 SPE cartridge
(Waters){Zi# L, EARIH 21T >72, Zi#vad HPLC V> 7 vk L, LT OS5 CHIE %
1To7,

Column: Adsorbosphere 25 cm C-18 column (TSKgel ODS-80Ts 4.6*250)

Mobile phase: 68 vol% of 10 mM KH,PO4 (pH 2.5) and 32 vol% of HPLC grade acetonitrile
Detector wavelength: 315 nm (UV)

Mobile phase flow rate: 1.0 ml/min

Typical sample size: 100 pl

Column temperature: 20°C

Pump: JASCO PU-4180
UV: JASCO UV-4075
Column Oven: CO-4060
Inter Face: LC-NETI/ADC
Auto sampler: AS-4050
Software: ChromNAV
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4-3 FER

B A AR © PKM1/2 F& BB D fbir

B3 EIIBWT, BAMIRIE, GLOTIZAEFEIND &, =3 X — (2R b
TCA HA 7 IRFHI~E 2L S LM 7 a2 &I LTz, Z oG
7 b AuUE, GLOTEFIZ L 2T AR F— AaFFE & L CORIN AR Z D
HZENTELETHEND, EZTHEHLRE, TCA Y17V RTA 7IZHET5
DO ARG 72 PKM2 & GLS1 I22OW T, B PKM2 DA% F T HlA
NN REFET S Z & L Uiz, £9°. NCI-H522 #lia > PKM1/2 3¢ Hi &% Western blot 75
WZEDRIT LTz & 2 A IERMIR CERITIHEL L TV D PKMI 1T~ PKM2 OFEBLEN
R 10 2 & HB L 72 (Fig. 4-1A), & 512, TLSC702 (0,30, 100 uM in 0.1% DMSO)
JLFRIZ K- T, @V PKM2 BELEITMR SN £ £ 72> 7 (Fig.4-1B), L > T, GLOI
BRLEEH) & OF 3 2 AN OEER 7y 1D —2 & LT A AR B 72 PKM2 2 E L7z,

PKM2 BH.5E7 shikonin MD£238 )3 AKRAER ~ 0D B2

WIZ, PKM2 OFLEHR L LT, PKM2 #FFRMICHET L Z Ln@mE I Tn5
shikonin Z A\ % Z £1Z L 7= [39], Shikonin % Jf FALER T D BEOIRE 2R ET HT=DIZ,
NCI-H522 #H}fiZ shikonin (0, 0.01, 0.03, 0.1, 0.3, 1, 3, 10 uM in 0.01% DMSO) % 72 F# i Hi
MALER L, MR AT~ 2% WST assay {EIZ X 0 fENT L7z, ZO/EFE, 03uM £ T
WA R A R L2 (Fig. 42A), ZDOZ & X0, 72 FREALPRIZF 1 D TLSC702
& OGFHERIZ VN D shikonin JEE X 0.3 uM & L7z, F72. NCI-H522 flifdiZ shikonin
(0,0.01,0.03,0.1, 0.2, 0.3 uM in 0.1% DMSO) % 10 HREJHEAMMLE L, 220 =—EiE~D
%% colony formation assay (& &V ffbT L7=, ZDOREHE. 0.2 uM F CTE a4 7384k
FrL72 (Fig.4-2B), 2O Z & XV, 10 HEMLEIZI 1T S TLSC702 & OO FALERIT v
% shikonin R 1T 0.2 uM & L7,

TLSC702 & shikonin & O —FIPF IR K 5 il A3 Az R DO fFAT

Shikonin % {Jf FALER 9~ 2 BEOPLFE 2 P E L 72D T, WKIZ TLSC702 & shikonin & Dff
FALERIZ X 2 AIRBESERE ~ DB L LT, NCI-H522 @iz TLSC702 (0, 30, 100 uM in
0.1% DMSO) & shikonin (0, 0.2 uM in 0.1% DMSO) & % 10 HRIGFALEE L, 20 =—JF
J%HE% colony formation assay (Z & Y f##T L7z, TLSC702 100 uM HFIALEREE & 0.2 uM
shikonin & OO HALEREECam = —JERRE A ik L7z & 2 A TLSC702 HMALEERE Tl
an = —HRREDOEN A Do 7223, JFRAEEEEC B\ W T a2 o =— R g < BA
E X7z (Fig. 4-3A, B),

%72, NCI-H522 #if2iZ TLSC702 (0, 30, 100 uM in 0.1% DMSO) & shikonin (0, 0.3 uM in
0.1% DMSO) & % 72 HEROFHALEE L 7 BROMBSE~ DL ) {0 7 L — @ EHERR
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EIZ X 0T L7z, TLSC702 HiAMLELRE & shikonin & OOFHALERRE CHEMAR I OEIS
ZHEE L= & 2 A, TLSCT702 HMALERRE CIIHIIESE DFFE N I S 72 0y > T2 43, BFA AL
HEIZ XV TLSC702 OFEFEARATHNCAIIIENFE S D Z & AVHIA L7 (Fig. 4-30),

S 52, 100 uM TLSC702 HAHALEE, 0.3 uM shikonin HEAMALEE & TY 100 uM TLSC702
& 0.3 uM shikonin & OPFFMLEL L 7ZBIIC T AR b — 2 ADIRIE L 72 5 PARP O [RIE 5 fif
PEW) % Western blot {EIC K VI L7- & 2 A, ROUEERE-CHMALERRE & bl L COFH L
HIZ XV PARP [RIESFEFEY BEOWIMD A BTz (Fig. 4-3D),

TLSC702 & shikonin & OOFHALERIC L 2 5538 03 AFRIARE D GLS1 Bl &2 H)

TLSC702 & shikonin & OOFFMELIC X - THIZS AR OBEIRN I S8, 23 AH
FIX S 572 2 ARERE 2RI H L CESIENTLE ) AlfEENE 2 bnd, £2 T, 5H
LTS Y 9 — D200 MR B 725/ 53 F GLS1 122V T, NCI-H522 #fifaiZ 100
uM TLSC702 BLAALEE | 0.3 uM shikonin HLAMALER & TF 100 uM TLSC702 & 0.3 uM shikonin
& DOOFHALEE AT 4T 0.1% DMSO) L 72 B D & > /X 7 ‘B 58 Bl & % Western blot 152 &
DIRMT LTz, T ORER, RAPEMIL & el LC 0.3 uM shikonin HMALEE L Y 100 uM
TLSC702 & 0.3 uM shikonin & Off FALELTIX GLS1 % 8i&E (GAC form) DB 72BN
I 537 (shikonin HAMHALER: %) 9 f%. TLSC702 & shikonin & OFFHALEL: £ 10 %)
(Fig. 4-4),

GLSI1 FHEHI CB-839 D57 A AR~ D F 2

0.3 uM shikonin BAALEE K OY 100 uM TLSC702 & 0.3 uM shikonin & O ff HALERIZ I
T, GLSI BEENEIML TH Y, NCI-H522 A2 100 uyM TLSC702 & 0.3 uM shikonin
EAPFHAREELTH GLS1 HEE EAZN LTIV E I U AZFM L=
—PEEEITWEZSIERNTLE ) ARl d 5, 22T, SR 0FHAERIC X 5123 A
hEOEFR A BHEE L C, GLS1 OHEA & L CRECHE SN TW\% CB-839 Z#fvs =
ST L7z [43]. CB-839 % (FHALEET HEEDOIRE 2 RET S 7-HI2, NCI-H522 Mifiaic
CB-839 (0, 1, 3, 10, 30, 100, 300, 1000 nM in 0.001% DMSO) % 72 BB EAMRALER L flfe A
FRA~DOF B % WSTassay 1EIC X VAT L7, TOFEE, 50nM £ TERWIaAEFR %
MeRF L72 (Fig.4-5A), 2O Z & L0 72 RefHLERIZH51T S TLSC702 & shikonin & Dff
FAEIZ VD CB-839 #2fE1L 50 nM & L7z, F7=. NCI-H522 #fifi@iZ CB-839 (0, 1, 3,
10, 30, 100 nM in 0.1% DMSO)% 10 HEBEMMEE L, =21 =—KaE~D %% colony
formation assay |2 & 0 gt L7z, ZOFES. 10nM £ TEVWVIIAEFFRHERF L7 (Fig. 4-
5B), ZOZ & XD, 10 HEAEIZIS T 5D TLSC702 & shikonin & OFFFMLELIZ WS
CB-839 21X 10nM & L7z,
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TLSC702 & shikonin & CB-839 & @ —HIOFHALIRIZ X 2 il AY A 5h F D AT

CB-839 % {Jf FALEE 9~ 2 BE DL 2 P& L 7= DT, TLSC702 & shikonin & CB-839 &
D =FIGF LB X D852 05 VIR ~ DB A fftr 35 Z & & Lz, £7°, Mfuigsu
RE~OE L LC, NCI-H522 22 100 uM TLSC702, 0.2 uM shikonin, 10 nM CB-839 Hi
AR S 2N F 100 M TLSC702 & 0.2 uM shikonin & o ZFI{f FALEE, 100 uM TLSC702
& 10 nM CB-839 & @ “AIff AL, 0.2 pM shikonin & 10 nM CB-839 & @ — Al F AL
H, 100 uM TLSC702 & 0.2 uM shikonin & 10 nM CB-839 & o =H|HF I ALBRIAMEI T4 C
0.1% DMSO)Z1TV, 10 A FIE#E% I 2 v =—J¥REE % colony formation assay (T & V) fif
Brivz, ZO#E%,. 100 pM TLSC702 & 0.2 uM shikonin & o —FIHFHLLEE, 100 pM
TLSC702 & 10 nM CB-839 & @ “HIFHABIC B W T a2 m =— A HE S v, R
100 uM TLSC702 & 0.2 uM shikonin & 10 nM CB-839 & @ =AIffHALIEClIa v =—F
ENHE & TV /2 (Fig. 4-6A, B),

%72, NCI-H522 ##21Z 100 pM TLSC702, 0.2 uM shikonin, 50 nM CB-839 HifALFE & 7%
VM 100 M TLSC702 & 0.3 pM shikonin & o G FALE, 100 uM TLSC702 & 50 nM
CB-839 & @ “HIfGF AL, 0.3 uM shikonin & 50nM CB-839 & @ —FIfFHALEE, 100 uM
TLSC702 & 0.3 uM shikonin & 50 nM CB-839 & 0 = Al {f FIALEE (AL 4T 0.1% DMSO)
ATV, 72 BERIOFFAALER U 72 BROMBSE~ DR L N U R T —aEPERRIEIC L Y
M Uiz, ZOfEF, 100 uM TLSC702 & 0.3 uM shikonin & 50 nM CB-839 & & =Hlfif
FHAVERIZ B Tl b RO SE RS EARE N 2 B L7 (Fig. 4-6C),

E 51T, FAEORIREZITV, TR F— ZDFEIE L 72 5 PARP DORE S FRIEY %
Western blot {12 & W PARP ORE SR Z R LTz & T A, RUFRRECBMALEERE & b
2 LC. 100 uM TLSC702 & 0.3 puM shikonin & & —FIHFHLLEE, 100 uM TLSC702 &
0.3 uM shikonin & 50 nM CB-839 & @ =HIff FHALBEAEEIL 4T 0.1% DMSO)IZ L ¥
PARP BRE /3 iRPEY) B DOV INMN A AT (Fig. 4-6D),

TLSC702 & shikonin & CB-839 & O —FIPFHEEIZ K %3538 55 AR D MG D
fiRAT
FROBRTHALNIZ LD ROFALBIC L D TR b — 3 AFEEOTLEN, GLOI
FREANC L D MG AN LT b DO TH D&%, HPLC Z W THIrT 52 & &
L 72, HL-60 #i(Z 100 pM TLSC702, 0.2 uM shikonin, 1 nM CB-839 B MLEE & 2\
100 uM TLSC702 & 0.2 pM shikonin & @ ZFIHFHALER, 100 uM TLSC702 & 1 nM CB-
839 & » “HIPFFHMLER, 0.2 uM shikonin & 1 nM CB-839 & @ “HIGFHALEE, 100 uM
TLSC702 & 0.2 uM shikonin & 1 nM CB-839 & @ = HI{f FHALEEA 1342 C 0.1% DMSO)
ATV, 72 IR OFHALER U 72 BR OB R MG &% HPLC (2 K Vi L7, & Dfk
R, RAERREOHMALEERE & bl L C, 100 uM TLSC702 & 0.2 puM shikonin & @ —#Al)
OF FALER & TF 100 uM TLSC702 & 0.2 puM shikonin & 1 nM CB-839 & o =#I{f fALEE <
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IXEEEE R B3 MK D Ky 3 i
BEIRT MG B LNV 265, K3 EHEIML TWb Z &b ho7e (Fig 4-7)
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PKM1 PKM2 |

B-actin U B-actin

PKM1/B-actin PKM2/B-actin

ratio 0.13 ratio 13
Concentration of TLSC702 (M) Concentration of TLSC702 (M)
0 30 100 0 30 100
PKM1 PKM2 — — —
B-actin — — B-actin ——— — ——
PKM1/B-actin 4 13 020 0.19 PKM2/B-actin 14 11 1.2
ratio ratio

Fig. 4-1 The expression of PKM1 and 2 in NCI-HS522 cells

The expression levels of PKMI1 and 2 in NCI-H522 cells (control) (A) and TLSC702 treated
(0, 30, and 100 pM for 24 h) NCI-H522 cells (B) were analyzed by Western blot analysis. The
values are the ratios of each PKM to B-actin band intensities calculated by densitometric analysis.

The experiments were performed three times
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Fig. 4-2 The anti-proliferative effect of shikonin on NCI-H522 cells

(A) NCI-H522 cells were treated with various concentrations of shikonin for 72 h. Cell viability
(% of control) was measured by a WST assay. The data are expressed as the mean + SD from 3
independent experiments. (B) The effect of shikonin on the colony formation ability of NCI-H522
cells. The cells were treated with various concentrations of shikonin for 10 days, and then colony
formation rate (%) was calculated by a colony formation assay. The data represent the mean + SD

from 3 independent experiments.
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Fig. 4-3 The enhancement of anti-proliferative effect of TLSC702 on NCI-H522 cells by the
combination treatment with shikonin

(A) The effect of TLSC702 in the presence or absence of shikonin on colony formation of NCI-
H522 cells. The cells were treated with TLSC702 (0, 30, and 100 uM) and shikonin (0 and
0.2 uM) for 10 days. The colony forming abilities were then assessed by a colony formation assay.
(B) Analyses of the colony formation abilities in NCI-H522 cells. The number of colonies was
calculated. The data are expressed as the mean £ SD from 3 independent experiments (**: p <
0.01 vs. TLSC702 alone treatment). Statistical evaluations were performed using the Student’s t
test. (C) The effect of TLSC702 in combination with shikonin on the cell death of NCI-H522 cells.
The cells were treated with TLSC702 (0, 30, and 100 uM) and shikonin (0 and 0.3 uM) for 72 h,
and then the number of apoptotic dead cells was measured by trypan blue exclusion assay. The
data are expressed as the mean + SD from 3 independent experiments (**: p < 0.01 vs. 30 and
100 uM of TLSC702 alone treatments). Statistical evaluations were performed using the Student’s
t test. (D) The effect of the combination treatment on PARP restriction cleavage in NCI-H522
cells. The cells were treated with 100 uM TLSC702, 0.3 pM shikonin and the combination of
100 uM TLSC702 and 0.3 uM shikonin for 72 h. The levels of full-length PARP and cleaved
PARP were then detected by Western blotting as described in Materials and Methods. The values
are expressed as the ratio of cleaved PARP to the B-actin band intensity calculated by a

densitometric analysis. The experiments were performed three times
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B-actin | ~—— e -

GLS1 (GAC form)/B-actin 0,088 0.069 0.77 0.85
ratio

Fig.4-4 The expression of GLS1 on NCI-H522 cells treated with TLSC702 and shikonin
NCI-H522 cells were treated with various concentrations of TLSC702 and shikonin for 72 h,
and then expression levels of GLS1, including two GLS allozymes, KGA form (upper band) and

GAC form (lower band) were analyzed by Western blot analysis. The experiments were

performed three times
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Fig. 4-5 The anti-proliferative effect of shikonin on NCI-H522 cells

(A) NCI-H522 cells were treated with various concentrations of shikonin for 72 h. Cell viability
(% of control) was measured by WST assay. The data are expressed as the mean £ SD from 3
independent experiments. (B) The cells were treated with various concentrations of shikonin for
10 days, and then colony formation rate (%) was calculated by colony formation assay. The data

are expressed as the mean = SD from 3 independent experiments.
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Fig. 4-6 The enhancement of anti-proliferative effect of TLSC702 on NCI-H522 cells by the
combination treatment with shikonin and CB-839

(A) The effect of TLSC702 on colony formation in the presence or absence of shikonin and CB-
839 in NCI-H522 cells. The cells were treated with DMSO (control), 100 uM TLSC702, 0.2 uM
shikonin, 10 nM CB-839 and those of combinations which are indicated in the figure for 10
days, and then the colony forming abilities were assessed by colony formation assay. (B)
Analyses of colony formation abilities in NCI-H522 cells. The number of colonies (A) were
calculated. The data are expressed as the mean = SD from 3 independent experiments (**: p <
0.01 vs. TLSC702 alone treatment). Statistical evaluations were performed using the Student’s t
test. (C) The effect of TLSC702 on cell death (apoptosis) by the combination with shikonin and
CB-839 on NCI-H522 cells. The cells were treated with DMSO (control), 100 uM TLSC702,
0.3 pM shikonin, 50 nM CB-839 and those of combinations which are indicated in the figure for
72 h, and then the number of apoptotic dead cells was measured by trypan blue exclusion assay.
The data are expressed as the mean + SD from 3 independent experiments (**: p <0.01 vs.
TLSC702 alone treatment). Statistical evaluations were performed using the Student’s t test. (D)
The effect of TLSC702 on PARP restriction cleavage by the combination with shikonin and CB-
839 on NCI-H522 cells. The cells were treated with DMSO (control), 100 uM TLSC702, 0.3
uM shikonin, 50 nM CB-839 and those of combination which is indicated in the figure for 72 h,
and then the levels of full length PARP and cleaved PARP were detected by Western blot

analysis. The experiments were performed three times
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Fig. 4-7 The enhancement of MG accumulation effect of TLSC702 on HL-60 cells by the
combination treatment with shikonin and CB-839

NCI-H522 cells were treated with DMSO (control), 100 uM TLSC702, 0.2 pM shikonin, 1
nM CB-839 and those of combinations which are indicated in the figure for 72 h. MG

concentrations in the culture medium were measured using HPLC/UV. The data are expressed

as the mean + SD from 3 independent experiments (**: p < 0.01 vs. TLSC702 alone treatment).

Statistical evaluations were performed using the Student’s t test.
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4-4 BE

AETIL, GLOI ZTHEME LT, Warburg b5, 7% 2 7 U R &IER & LI
BB APERME S REDOBRIEZ B L T, R L TCA A 7 V2o B R %
AT DR TH Y . DAMBFFRAVIZHEELL TS PKM2 &, TCA A 7 )L OFffife
FIGTHD I NE ) U AOHEEES GLSI I2FH L, T b OFLERIE TLSC702
EDPFRBIN AR ZTHT 52 &2 B E LTWD,

ATEEIZIWV T, GLO T {KAAMERTEE A AMIRIRR Y GLO T FHE I TLSC702 ALERIZ LV fif
PERA~DIRAFEZART S TCA A 7 MBI 2D K57 MGV 7 b 2RI L,
MG ZEEZEREL CTT AR =V AZERELCLED 2N mhole, ZTOZENL IO
R 7 2T 5 L9 IR EPFHT 22 & T, GLOIBRFIZ L 27 R h— 25
T E L CORBADIREZEZDDZENTEDLZ LR TFHIEND, 2 TRIE, 20
Rt 7 FEMIHIT D EPREND, TCA A 7V K74 TICBET 2 —oORAM
N A REE > FICER Lz, 77200, FERICBWTE L E e AR 2R
To 5 PKM2 & TCA VA 7 VOMFTRKISTHL 752 I 7 ) o ZAOFEEEE GLST 12
FH L., TLSC702 & OOFHBINAREZRFTT D& & LT,

AL v M7~ 2 PDP1 OJEEL L5 24 L7= PDH A& IERAREIZ X 5
ENLEUEEIND T BTV CoA ~OEBEEIC LV ISR INTWDHAREERH 5 Z
LB, ZOERICALET D FERBER ORI Z 0 GHT 7 M 2l 2 R 1 >
FRBHDLDOTIHRWNEZEX T, TZTET, MFERICBWTE L E VIR AT DB
FTOON AR AR L T\ D PKM2 1235 B L7z, IEFMAE CIX PKM1 %
T L TND—FHT, AT PKM2 Z EIZHHAL TWDHZ ERMBTWY
%o FEEE. NCI-H522 > PKMI/M2 ZBLE 2 fi#T 95 & . PKM2 DA 10 f5, 3§
BEMNE -T2 (Fig. 4-1A), F£72. NCI-H522 |Z TLSC702 (0, 30, 100 uM) % ZLEE L 72 B
Z DEV PKM2 BB B ITHEF SN 7= £ £ 72 -7 (Fig. 4-1B), £ 2T, GLOI fiEL &
HIZ PKM2 HFHET S Z & TTCA A Z VORI RPN L, = )L —pEA 2 il
RENAITHE O D Z & TR IRANTHIN ARG SN DD TII RV EB 2 Tz, FEER,
PKM2 DFrEFILEAITH 5 shikonin & TLSC702 L GFH L= L& Z A, MRS A 5 <
il S A, MIEsE (7R b —3 ) bFERTDH T LN TE - (Fig. 4-3A,3B,3Cand 3D),
ZOZ L, PKM2 BFEAIN E L E AR AZRE L, TCA ¥4 7 L OFIHZIILES
H, TR —PEE AR RN O D Z & T, GLOT BEANC X 5 MG ERE0T R
N RAFFEA T = XA L BHIBAMERN LV DRICREEIND Z & 2R T 5,

Z ZTHME, GLOT FHFEAIE PKM2 [HER & OFFHLEIZ L0 . 2SAMIaR S 572
D MRy 7 b ZSIERI LU TEZIENTLE ) AIREMEEZ B 272, Thud, F10HIc
MR 7 b 26T 2N+ LTH Y —D2FH L TWEGLSIIZE S HDT
D, MNAMBIIFRESROMIZ, 75 &2V TCA A 7 VOMFETH D
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INEI VAL L TWS, 20720, BAMIEO GLOT & PKM2 ZFHE L,
FRFERIBALICHE DT LTH, XY UARHT- R R VX —FEARK & 7
D, INVZI Y VAEFIHA L TE=RAX—PEEEITH 2 & TMG O Z[RGEE L T
AZIEORTLE) AR H D LB Z B D, EBR, NCI-H522 il shikonin HHAL
HE, TLSC702 & shikonin & OO FALELZ L7-BRIZ, ARALEL, TLSC702 HMALHE & bk
L C GLSI BEENFEFZFITHE ML Tz (Fig. 4-4), Z O Z &%, NCI-H522 i i3A
k7 H U AORMAEMNMEN, PKM2 ZLE SN E L E VOGN TE 22
IpolzBC, ZRNAX—EAEITHI DI NZ I ) U ZAORAIZE Y Bz T
A fEME R LT 5, E7-. TLSC702 & shikonin & OHFFHLLFRIZI VT H GLSI
DEFBENBLENT-Z s, ZOBL I LZI 7 Y 2EFHA L T pLX—pEE
ATV, R ORI HAZERET 5 Z & TGLOT BEANC XL 2 MG R b L, A X
FEONTLE D AREME L /R LTV D, ZDZ Evnh, GLOT BHEAIE PKM2 FLEHID
THIPER T T <. GLSI FLERIE I Z 72 ZHIOFRAEIC X X0 5ROE]ID AR
NI CE 5 LB 2 7=, FEBE. TLSC702 & shikonin & CB-839 & ZfFHME L, =D
HINANEZ oo =—BEE. U N7 — 0 EHERRTE. Western blot 1212 K U f#HT
Uiz 2 A, BANMEL L g U Com O AR amsl/E R . e (7R h—v2) &
HiEE L OZ ENHL N E Ao 72 (Fig. 4-6), £7o. ZH ORI AFEN, GLOT
EHNZ XD MG EEEN LT b DO TH DB NEMITT 5 72$12, HPLC 12 X Y Hifa
B R D MG EAIE LTz, ZOREE, ARNBEEC BUMLEREE & ik LT,
TLSC702 & shikonin & @ —AI{fFHALEE & T TLSC702 & shikonin & CB-839 & @ =Hlf)f
FALFRIC BT, BRI MG &2 L T\ 5 Z &R - 1= (Fig. 4-7), ZDZ &
725, TLSC702 & shikonin & @ —AIffHIALER, TLSC702 & shikonin & CB-839 & ™ =
FIOFHAERIZ 3517 D M sEpnHIE A . ABRSERRE/E I, PKM2 & GLS1 ORRFIC
L 0L A~DIRGFEENE LV, £ ZICGLOT BLEIC L D MG EEMEtE SN2
TlE W EE2 oD, HERZ LT, MG OZEFEIX, TLSC702 & shikonin & CB-
839 & O ZHIPFRMEICB W TR LEINMN L Tz, Ziud, PKM2 [, GLS1 EIC
XY, GLOI LEICL D MG E/EABEEO -0 TG 7 ) Al &niz7=o, &
D NRAIIZ GLO T FREAIO MG S#MEIEARREI N EE X b D,
UbZzx&wsd, RETIE, GLOT HEAHI TLSC702 & & &I AR 22 3
fi# 5% PKM2 O FHEHA shikonin & Z0f 3 2% 2 & T GLO 1 BHESIOHISAAERAN LV %)
BHCEREND Z 2R LTz, 720 ZOBRICINVE I ) U ADOEREHZ TH D
GLS1 OFELN EH L TCWeled, FAZI 7V AEFIH LIS bR aR#v 7 M a
3 AREME A & 2. GLOT FHEAI, PKM2 BLEAI & & 612 GLSI FLER G OF v 4
52T, S OICHEREIN ANENE BN D Z L &R LTc (Fig 4-8), Warburg 2h 5
ZIX T, DS AN O & & SE R Z RIS U TE ORI ATV BFEZ2 5 2
EMTEDEEBEZLNTEY , — DO & [HE L 727200 Tl o SRR 2 51
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P2 OF FIEIE DRENL AN T2 3 A FIRIEDBRFRIZ D72 3 D L BEZ bivd, £72.GLOL,
PKM2, GLS1 [Z2&THAAMBFEMICERELL TS Z &b, ZiLb DOHEHZ H
WD Z EITEIWER QD720 s AL FIEIE DFENLIS D72 03 5 Z L B3I S D,
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%1 BT, MBEOEROE (L TH Y | HRh7R3EA - InEIEDORBNLE ENDHIE
BTHDLNRANTHONT, Z ORI 73— 2L F—H, Warburg 21 EICHOWTE &,
%2 < ORI TERBLL TV 5 GLOT OFERIOFHMEZG Uz, 72, Warburg %)
REEN L LR ORI AFIFFZEICOWTE DT,

%52 BT, BiEl GLO 1 [HERIOBEMEAM E LT, AFARERERT D5 KR
¥ piceatannol & WL L7z, £/ MR AAIE L THEHT S ETHEHE L7225 GLOI @ SNP
(2 K DIEED RSP EANESZ T 2B A i L7 2A . 7 2V REH A b7
LI ME—DZMTH S GLO 1 Alalll1Glu 28T GLO I HIEMEICEE L 52 a2 &
F MR TR LA IRy EA 9 TLSC702 X, SNP O % 52157, 58\l
EHeE LD GLOT [HEAITH D Z E2H LT LT,

5% 3 W TlE. GLO I ARAEMEREEE 7S AABRRAY GLO 1 BHE A TLSC702 ALBRIZ L V) figthi
F~DIKFEZILT S TCA YA 7RI e 2 X5 722G 7 h &R Z L, MG
EMAEEM L CT AR P—V AZEBELTLEY ZEEZBHOMNC LI, &I, Z08E
EHlERZT AL v F ¥ —T7 577 Z— L LTPDPl Z[FE LT,

B4 T TIE, B CHONIREENG . R 7 EflT 2 & 5 2e3gH & OFHT 2
Z LT, GLOIFEICK DT AR P = XFFEREF & L TORIN AR E@mD D Z LT
ELTENTHML, oK 7 beiild 5L TFHEIND TCA VA 7V FTA4 71
BA 592 2o DON KRR A 2R 43 CTdh D5 PKM2 & GLS1 OFREAI% GLO T BH
RN E PRS2 2 L THINRAR LV RMICERZ SN Z L2 LN LT,

AWFFENZ BT, FAE, 23 AKIRREE B 72 Warburg Zh 24519 & LC, GLOT FHEHA
L E LT Hi= 722 A BRI 2 #5589~ 2 72012, #7272 GLO I ORLERIEM{L S
R L, £EEMEHAEZFRB LT GLOI ¢ SNP (2 X 5 &M o 75 B0 E AR M
KT DB L. GLO T OIFMEH.LAERE L7z GLO T HEANIERR M HIZis v
TSNP DERAZEET, 2 TO GLOI I[ZHEISTE HAREMEZ < LT, F£7-. EEEN
AR~ GLO 1 BERIEMMEHICHWNT, 7H h—v A Z BT 57Dl %L
X —PEAERRIE & TCA YA 7 RFHNCE b SES RE 7 b BlExCTLES &
ERHL, ZORNTHDLAL vF o IF—T7 577 X—L L TPDPl ZRELT, £ L
T, GLOT PHEAIHEMAHICBIT D TR b— 3 A RRERE (37 b OREZ iRk
T 5720l R# 7 b 28T 280950 7 & U TR AMBRRAY)D TCA 1 7
VT A TIPS PKM2 & GLS1 IZE B L, GLO I [HEHR & b oREH & 4 0f
M7 52 L THRINAIEN LV IRMICEEESND Z L2 6 L,

F7o. SRIOFERNG ., Warburg RO & 5 R v 7o I &R LR A
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7 hTHZERHILNERD | — DD & [HLE L7272 Tl O RSB 2 51
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