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Detection of H,O»induced changes in redox status of tumor-type pyruvate kinase (PKM2)
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Recent studies shed light on a crucial function of M2 isoform of mammalian pyruvate kinase (PKM2) on tumor

cell growth. Pyruvate kinase activity of PKM2 was shown to be negatively regulated by growth factors or reactive

oxygen species (ROS). The negative regulation of PKM2 enhances tumor cell growth. Despite biochemical and

genetic evidences to indicate mechanism for the ROS-induced negative regulation of PKMZ2, an apparent oxidized
form of PKMZ2, which is induced by cellular ROS such as H;O,, has not been identified so far. Thus, we aimed to
identify oxidized PKMZ2 in cells in response to H:O,. To identify number of free cysteine thiols, we examined changes

of molecular weight shift of PKM2, which is determined by the number of pegylated-maleimide molecule (MW

2000) bound to PKM2 thiols. Our results suggested that one or two out of nine cysteine residues in PKM2 were

oxidized in response to H;O,. Our system may be useful to determine changes in PKMZ redox status in cells in

response to ROS-inducible environmental changes such as oxygen and nutrient availability.
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SNAHZEDPHLNIZ R o7z, EHREWT &2,
Z OIS &R A LR OB AT 9
52 Enb, BMBOMEDORWEHIZITE LY
ERF - EEHEBRR MRS EDPLETH D
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KETHA. 22T, BERILKEIZL S PKM2 D
HIERELH S 2 ICT A2 RERH DL EEZ T 2
NFETHLIE, WFEHHBOPKM2KET S ThHD
YL ¥ Uk - — ¥ Pykl OF%E %179 #@FE T,
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1. HEEE EEFFEORE

H1299 (e h3R/highiifEsiia k) &, ATCC
IOEALZ. Zofilgx 003% (w/v) L-
gultamine, 0.075% (w/v) KEEKZEF N 74,
10% (v/v) FE@ b > E R IM{E (BioWest)
Penicillin-Streptomycin (GIBCO) (penicillin 100
units/mL, streptomycin 100 ug/mL) %@L 72
D-MEM (H/K#SE) ez, EfFEE, 9%
ROFEFET A4 v 22 1RH72 012 1,000 H oM %
FRAE | — MR 1210, RACIRAE 10 mM #PMRILKHE
T 10 7 ALEE L 72 7%, Bibh— e R e o A
£ % AlamarBlue (2 AENA ) ZHWTER
L7z,
2. EERREL, SO N BHESE

BT A v v a3 L7z H1299 filia % # Bk,
5x 104 M/ ml DIREEIZERE LI LT 1 v 22 TH
FL72 BH, BFBLKELEZ 1T 721212
ok L7z PBS THE#%, K ETI125% MY 71
OFEEE (TCA) T30 MM L7, A7 L—
N HWCTHIlEEZ T+ v 2 XD RBEL 15 mL
DF 2 — T\ EOH G LR L 721, 7T T3
mPEE L7z, ®IZ, Urea-SDS buffer (50 mM Tris-
HClpH 75, 8 M Urea (Invitrogen), 1% SDS, 100
mM NaCl) #Mz, ¥ N7 EikEr2ERLEIC
50 mM K1) ZF L 7)) a—nfbkv LA I FaE
& (LLF PEG-maleimide : F 35 45 F & 2000,
SUNBRIGHT HAWMIE) &L 37C T 30 70 Rt
& 472, PEG-maleimide % [WFERINT 5546, L
At Urea-SDS buffer 12 5 mM PEG-maleimide % 75/
L7zzboz Wz, 7TVEMELET Y TV,
50 mM DTT % @l L EXUKENC B L 72, 41,

ZNF T TE 5 K @ PEG 1t maleimide (PEG-
maleimide) #H\WT, Mz & 27 B5THD
VAT A VEREOBALE 73R Y AT A VK
Loz WET B EIToTCE72. 19 Lal,
CONETIIERKERDO A > T L U ~DEER)
P LAY Tay T4 2T E T
TND S o7 Ea i T 52 L3 TE ol
(F—2I3HRER). 22T, SEEISFE2KD
PEG-maleimide % H\>7z.
3. PKM2DJIIRAZ>TOYyT 1 JICLBH%HE
TILAY T TA Y TEEORA YT L IAND
WEEEDLIO, 70y T4 TNy T 7—
IZSDSBLURXY /= VEFRIML YTy MikixH
W7z SDS-PAGE (Fig. 2A BX U 2B : 10%KY) 7
JUNTIF, ENUINE8B KR T 7V ILT 3
F) #HWCESKESE#L 2y v 87 B,
Immobilon™-P (Millipore) X ¥ 7 L ¥ EIC
Criterion k7 ¥ A7 1 v b+ )L (BioRad) % H\w
Tyxy MEZEYVEE L/ 2Lo7ay 714>
7 (25 mM Tris, 192 mM glycine, 0.1% SDS,
20% methanol) % H\y, &HIL 2255 30 V T—Hf
P THEE L7z, 5% AF LIV TTaYyF T
AT o 7212, — kPR & LT 5,000 fEA R L 72
anti-PKM2 $ifF (Sigma-Aldrich; SAB4200095) T
PUS &7z, 72, ZkPifk L L T anti-rabbit
IgG/HRP (Dako) # F\»7z. Immobilon™ Western
Detection Reagents (Millipore) T5 4% L BJG &
W72 L 1556 % Versa doc imaging
system model 5000 (Bio-Rad) %W T L7,

o R

1. PKM2 B bR EDRET

B L72E912, STNEFTOHRETIEIITIF
I2& ) PKM2 O Cys358 2SEEIL S % 2 L Wk &
N7z, O ZOMFETIEPKM2 DY AT A4 VRIS
Bibshizr)rxmiti35%& LT, SDS-
PAGE " OB BB E OZLe, BRILE S 27
1A UvEErz e F b~ L4 3 FFEARTHREDY
WZBHi#ZmTEY VA A EHWT T VY7 v
TLHEPHs N, LeLrL, 2TOHETIR
PKM2 NICHFFET 5 9DOD Y AT A Y IERFEDHF T
W ODTAL SN2 HRET H 2 LIETE W,
% 2T, RWIETIEs T2 2 K @ PEG-maleimide
TR 247 o 72,
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Fig. 1. Strategy for detection of redox status of PKMZ2 by using a pegylated-maleimide derivative and western blotting.

We performed western blotting analysis of PKM2 in pegylated cell lysate. We expected shift in protein mobility that is depended on
the number of reduced cysteine residue by alkylating the sulthydryl groups with PEG-maleimide (MW 2 K; PEG-mal). Protein X (1)
with four reduced Cys that is reacted with four PEG-mals (3). Protein X with one disulfide bond (2) can be reacted with two PEG-mals
(4). Differences in the mobility of these X proteins in SDS-PAGE are expected to be dependent on the number of PEG-mal molecules

that are covalently bounded to X.

PEG-maleimide 16k O JEH % Fig. 1 1ZR L7z,
PEG-maleimide (&#ECH D > A5 1 v 5#E# (SH)
WA TE LD, BB LKREREICEY DAL
714 Fkiga (SS) ®#ANV7 1 VB (SOOH) 12
MRAILE NIz AT A VHEREIZIEHET A ENT
EWw. Fig 1lOXZ U2 BD4ODY AT A
YHEIEOT T EITE (CysSH) THIET 5 &,
PEG-maleimide 2% 4 7 in L =28 K 12
Hhn L, SDS-PAGE T/l L 72 & & I2REYEEAMIK
T9a [((D)E@rkE] —F, X237 8N
IZYVANVT 1 FEEE (SS) B—2FET 54,
PEG-maleimide (& 2 53 F#5& 9 5729, Hidk L7z
BILENZIRT4L K7 OBEHEDE WD, A
TA VRIS AT A VEREP—OFETNIE2 K
SGOBBEOREL ECPHIGFEI NS (4). PKM2
DG FEIZ60 K TH D728, PKM2ID 9 DDA
T4 yEEETTHE (Cys-SH) THAET S &,
PEG-maleimide %% 9 437 L 2= 2% 18 K ¥4hn
L SDS-PAGE THr8EL7-& 21278 KL LR H)
EFMFEESNDL. 20X ) ICBEIE O EW
WX DERLI S A7 4 VREOHZTFHRT L L
WTELEEZT:.

WIS, MR OB L & 23 7 G O R EE % BET
L7z, Anastasiou® HI12X AT 73 FULHIZK S

PKM2 DAL % e L 72 9288 Cld, Ml % S
PHI TR L7, ¥ o2& T VX VL L
LB PKM2 2 M3 2 Hikas e b/, T ok
T, MIRBEHRBEANTFI L XY v E0Y AL
T4 REICERICLLEITR, 7V T4 50
SATFA VIEENY VST END Y AT A VR
ETVANVT A4 FERKT B EBEENE 2 6/,
ZFIT, FUNTEYATA VEREOBILIZTF F
L—b7=4> (CysS) fLiCkiFESNLZ L
Mo, INETOY 2T H72010% ) 7 oo
B MR RN LR EEE T TR = % L 72
(TCAME). F7-, TCA MBI DAL=
TCEER, & VX M REER O RGO [ I AR
ENb. MM %A L C SDSPAGE T/l v =
Ay ryTay T4 7 THRIBT AL PKM2 12 63 K
I kBY S zhs (Fig 2A 72), TCA MLEED
R & JRFE, SDS % & T is R SR L 72 #2102
PEG-maleimide #L¥E % L 72354, 110 K 4012 k@l
a7z (Fig 2A 1), M@ PKM2 (#H O RE#
BRICBICRI CHIET A 2 EHAURENT WD 20, ©
COFETBEINZ 110 KONy Fasmchl
PKM2 CTH 5 L%z 517z, —J7, PEG-maleimide
WLER F CEERI DS 0 o 72 A — B B E O K
100 K DNy FHEWBT 275 &, 2w Lk 3
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PiESNe o7 (Fig. 2BE). TO/NY i,
7 b I X B PG & PEG-maleimide #LPE % &5 3
il L7 ERRE R v 7 AW TERZITH L%
L7z (Fig. 2B4i) Z&h5, PKM2ZDOY AT A »
FAED O TV 22 AR S TR &
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Fig. 2. Detection of mobility shift in PKM2 by treatment
of pegylated maleimide.

A. PKM2 (a reduced form) in H1299 cell lysate is detected
as 63 K Dalton (left), whereas pegylated PKM2 is 110 K Dalton
band (right). B. PKM2 was partially oxidized (100 K Dalton)
during the sample preparation under air (Air), however the
oxidation of PKMZ2 was prevented if sample preparation was
performed in oxygen-free condition under nitrogen (N,). C.
PKM2 Cys is oxidized in cells treated with thiol-oxidizing reagent
diamide (0.5 mM for 5 min, “+”). The artificial oxidation is
prevented by immediate alkylation after neutralization (the
acetone wash; left lane). Positions of molecular weight standard
are indicated as K Dalton with arrows on the left of the western
blotting image.
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Fig. 3. Oxidation of PKMZ2 in cells in response to HzO,.

HT1299 cells were exposed without (0) or with series of
concentration of H;O; (0, 0.01, 0.1, 1.0, 10 mM) for 5 and 30 min.
Pegylated PKM2 was detected by western blotting. Positions of
molecular weight standard are indicated as K Dalton with
arrows on the left of the western blotting image.

RIELTWwA., —F, TCAWEZRD Y V37 BiE
fift 5 12 PEG-maleimide % [ BF (2700 L 724 5, 4
R ARy 7 ANOEIEE R RB RN D B Z & H
ok -72 (Fig 2Ck). 22T, ZOhE
FHWT, BATHIZES EEERICY T I FIZL 5
PKM2 OFRALE O % il A7z, wAERETO0.5
mM DT 7 I F &SI AN L 5 4 AL E
L7268, #mollonNy KX ) BEIED S 100 K
FIZ2RONY FHBMBLPKM2 DY AT A~
BN SNS Z EDRHL NI 572 (Fig 2C
). AR TIEY 7 I FIZX ) PKM2 D
Cys358 WAL I NAD T LR ENTZANS, O Z Dk
FIIMIL PKM2 O PEIZ 25T DY A5 14 Vi
EDHALSN T VWD RESEZRIEL T 5.
2. BEREAFLERE S JUBHORE

PKM2 O ¥ A7 A VFEEOMBACIRE 2 i3 %
EERADPHEETEX /20, TRTFTHEIRER
T\ b o 72BERILKFEIZ & 5 PKM2 OB LIREE
DAL & fE L7z, BEEE I &R EE T 001 mM
~10 mM OBRILKFZZ AL 55748 L 0730 47
%12 TCA LB 2 47 VR {L R PKM2 OM i % 17 -
72, Fig. 3128 F X 912 10 mM 0 @bk oL
HCTPKM2 DAL 2 M35 2 &3 TE 72 K
12, 10 mM BERLAKFEIC X 5 PKM2 ORI 75 R
LIRFEDZAL Z AT L7 2 A, 6045, 12047 &
BLBRIRE ] 2 RE R 2 & ALBRIRE RARAE A9 12 BRI S

Time after H2O2 addition (min)

Q N
o O AP

100> - . . .. - ((:}?educed
c!
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63 > <9

Fig. 4. Time-dependent oxidation of PKM2 in cells in
response to 10 mM H,0..

H1299 cells were exposed without (-) or with 10 mM H,0,
for 5, 10, 30, 60 and 120 min. Numbers with arrows on the right
side of the western blotting indicate positions of possible oxidized
Cys residues. Pegylated PKM2 was detected by western blotting.
Positions of molecular weight standard are indicated as K Dalton
with arrows on the left of the western blotting image.
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Fig. 5. Effect of 10 mM H,O, on viability of H1299 cells.

Cells were incubated with 10 mM H,0, for the indicated time.
Cell viability was observed in a fresh medium without H,O, using
AlamerBlue. Error bares indicate + standard error of the mean
(n=3).

BYATAVEREORDPEZ D EFHL IS
% o7z (Fig 4). 120 4 Tl ch PKM2 (371 %
LOKRDOEALIIE Bb b /Ny K85 77— IRICHK
a7z, ZoERIE 9O AT A4 YRR D
MRALT D% BEL 2 2 E DT RELR EBRARATH B
ZEERBELTVS.

Z 2 THW 72 10 mM O @R bk 3k i 2 s
Y52 LN D LRETH 5720, Mgk
HLTWDLIRELE ) ERET L2, 10 mM D'
FRALKFE T 54 F 7213 10 5 O ALER TR o A 73
12 80%FESE, 30~120 47T 50%ETH - 72 (Fig.
5. €2T, EFEFEOOLEME (10 mM O #EE
1tk 10 43) TEALE 7z PKM2 2SFEICE b
PRE L7z, TORER, BRILSNBEIENE <
7572 PKM2 O3> R, R sc#e L CalmRb
KRFEZ BN THRFFIICEE L 724K, 6057 Taa
WZEIEHICRE - 72 (Fig. 6). 2 OfEFIE 10 mM @
WAL SR 10 75 CTHRAL & A7z PKM X W] #1912 3%
TLENLEZEEREL TS,

% %=

KFFE T, PKM2D9MldH 5> AT 1 Y 5RIED
HTYLA I NI L %L ho/2bkd, T4b
LBELAKER Y 7 I TR L SN REOZ
AL 2 e Cc&7. 572 2K ®PEGAL
<L A3 FFEEREz A, vy MEILX RS
ITHZETYIAY Ty T4 Y7L B
PKM2 OFRALIREOM M 2 WTREE L 72, Ml O

10 mM H202 (10 min)
Time after wash (min)
(-) 0 5 10 30 60

Reawced 2|

Fig. 6. Reversibility of oxidation of PKMZ2.

Cells were treated with 10 mM H,0, for 10 min (0). Cells
were further incubated for indicated time (5, 10, 30 and 60 min)
under fresh medium without H,0,. Pegylated PKM2 was
detected by western blotting. Positions of molecular weight
standard are indicated as K Dalton with arrows on the right of
the western blotting image.

oy 27 BIZBWTHFEBRIZY AT 1 Rk
DOERALETCIREE (L F v 7 ZREE) ZHd+ 5%
ELTHERTH A EEMENH 5. Anastasiou 5 9
DL T, V7 3 FULETPKM2 » ML & b
CEIEHLPIIRENT WD, Bk A
TAVEEOHERBELAZ LIETETC 2o
7o KW, Y7 I FIEPKM2D 1272132
DDV AT A YRR BALT SRR RIE L7z
SDS-PAGE % DTT K TITo 72346 & PKM2
D2BEAEEEZONLGFEONY NI S
ol CREH) e, V73 FidgTW
D2ODYATA VEREEN LIV AN T 4 i
B EFE LR 2 s,

F7, AWFETIE, MO TPKM2 ¥ A7 1 Vi
EDBBALRFIC L VRIS D Z L E2RLT:.
g% 10 mM O B\ER{L/KE TS 5 & PKM2
X7 0— RNy FELTHRIBENZ2S, 55T
AT A VEE1REGOBEIED, 304 T 25k
TOBEEN EA L7 bEigE SNz 1204 T
X775 —RICRD, 1 E~9 DY AT A »5EIED
RAL X 72 PKM2 5 OB gEECTH 5 2 &
L7z F72, #ERILKE 10 5B Z IR 1 %
L BERLKRFEE R WIEE, 605 TREIE
TLENTZ L5 10 mM HEERLAKEDOMLELIZ X %
PKM2 OFEALIZIZ T80  5 Z L ARIBE 7z,
CITHBIRINTEROBRILY AT 4 YIRIEDMH
TYANT A FREEEEBRL TWE 20 E ) i,
BEICHIVLEL I 7V F WAL T 5 7 EOER % Il Z
HZETTFRTAZENUEEEZLNS., 2D
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