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Cameleon;l| 5 2 5t £ H,0,15 58I AS4970 fe ) 1=
HIERBIN B

KWt F oA B A WTY ERET
(o [ BE R SRR 0, YR BT 1100015 201 [ B2 RER 270 3124 20022, vk B 110001)

WE WA CameleonM| 45 £ 4 £ H,0.%5 F 69 AS494m i A T i A2 F 649 2 ), 52 B o) 52 i %
Ca” IR E([Ca™]), FHRIT[Ca? 5 o fe /A FPyk2BFBR AL 69 X & . R A Ca*' 48 7 % Cameleon YC3.6
34 AS494m iR, 24 hJ/E A 50 mmol/L H,O, %) ik 4m AtL, #4246 45 TR & B 4% 52 B ) 52 18 R 4m it 49
[Ca ] Z k. KA Western blot# I H,O, 4] 84 89 28 e, ¥ Pyk2-tyrd 0285 BR ALK T, KA DAPI &K 7
EEH,0%) U BT L. 4 RE I, EHOME R T, AS49%a i M % B [Ca> il ik 71 5,
] B Pyk2-tyr4025 BR AL K -F 2 F F 5(P<0.05), A= @@ e & 4 bk %38 hm(P<0.01). B, H04%
BEAS549%m R M Ca> B4R, 7 fkil i L Pyk2 53 40 iR 8 .

X##im  H,0,; Ca*'; Cameleon YC3.6; Pyk2; 4 i 1

Application of the Cameleon Monitoring System of Ca*" in the Process of
H,0O, Induced Apoptosis of A549 Cells

Zhang Siyang', Yu Miao', Gao Jian', Qiu Xueshan?, Cui Zeshi'*

('Center of Laboratory Technology and Experimental Medicine, China Medical University, Shenyang 110001, China;
*Department of Pathology, China Medical University, Shenyang 110001, China)

Abstract  The aim was to evaluate the Cameleon monitoring system of Ca*" in the process of H,O, induced
the apoptosis of lung adenocarcinoma A549 cells. The cytoplastic Ca** concentration ([Ca®'];) was determined in
real-time, and the correlations between [Ca®];and cell apoptosis as well as proline-rich tyrosine kinase 2 (Pyk2)
phosphorylation were explored. The Ca*" indicator Cameleon YC3.6 was transfected into A549 cells, and cells were
stimulated with 50 mmol/L H,O, 24 h later. Laser scanning confocal microscope was applied to perform real-time
monitoring on the variation of [Ca®]; in selected cells. Western blot assay was used to evaluate the activation of
Pyk2-tyr402, and DAPI staining was used to observe apoptosis in H,O, treated cells. Our results showed that the
cytoplastic free [Ca*']; was rapidly elevated in H,O, stimulated A549 cells. Pyk2-tyr402 was significantly phospho-
rylated, and the apoptotic rate was increased in H,O, treated cells, compared with untreated ones (P<0.01). In sum-
mary, H,O, promoted Ca’" release in A549 cells, and induced cell apoptosis probably by activating Pyk2.

Key words H,0,; Ca’; Cameleon YC3.6; Pyk2; apoptosis
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Ca™ 7 B E 41 L N 28 A5l Z 50140 i
A MRANL b, PR TURE B, A0 M o AR T
SRR A0 P A FECa” Y B 2 10~100 nmol/L, Ca™*
FEAR A B A FEREIR FE A 1065 2 47, S vy il
I JRE A5 22 B % DA OGN . HoOd 5 LIRS 1R
A1, A B AMBOIN AH,0,, W LA 4H fd b 1440
FECRAS, Ca> A3 T H004F FH T K BB it
ARA2JAN I T2 Pyk2FR A MO Ca™ ) i 4 1R
P (Ca* -dependent tyrosine kinase, CADTK), Z 5 i}
WCH BN T IIE T S MK [Ca* [T A
A LMYk IR AL, 5 1D — R 41 40 i AR 4 27 250N,
UM TR S6f O LB AT S0 R IR, HaOn A BRI
LS JULAH L Py k2 B3 PR A /K P T e, 05 3 2 1 435
Pl Calmidazolium it P WrH,0,17% 5 (Pyk2 i 2 111,
SR JER R M e 2 o 403 £ FH B R 28 L R P, Ho O A
SEMR 20 i A [Ca®" Y, 10 A2 0 ek IR A 2k B 1 CrkI, i
HFPyk2 55 CrkIDE it A A S AR i AL

Cameleon YC3.6/2 4t T~ 2% t5,2¢ . £ [ (green fluo-
rescence protein, GFP)Z5 & ¢ 6 M4k fE 12 4 #2 (fluores-
cence resonance energy transfer, FRET)H; A [f1Ca* 5 71~
o MRPRFRETIS !, Horikawa = WF i i Ca® K91 5
48, #% 1y 44 JCameleon. Cameleon e A1) Fi] 5t [F 5 41
F B B A R A, WIS 25 B
(calmodulin, CaM), ZEZH W N 5 Ca* &h & M13, A2 LEK
W R B K261 2 LR T 41, HCaM4 & 9t
£ #ACFP(cyan fluorescence protein) ! 57 {4 YFP(yellow
fluorescence protein). CaM[1]—¥ij i FECFP, ) —%ijill
M3 FLYFP. CaMJy 1 MR TE, 454 Ca™ Ja Kk
AR AR, FEP S ) BRI S 7 [ v R S, LAMIL3
Sy Alats, YFPAICFPIRI B 25 d /s T A ZEFRET . IXAY,
2111440 nmP A EOEHU N, CFP AT (5t
(480 nm)# 55 1M YFP A HH K3 (452 6(530 nm)s 5, |
FIYFPHICFP¢ ) 5i i 1) LU AE (FYFP/FCFP) i 1] L[]
FLE 5 L 515 5 AR 1

ATFFEFUF] H Cameleon YC3.68 22 Si 1 A Ca*
FE7R %, W EEH0.AL B (14 fiti i AS4941 ffd HH [Ca™ 1) 42
1k, FFRIHEHONE FI R PyK2A IR AL AN A0 LI T 15 o

1 MR57A%
L1 X7

Cameleon YC3.6)5Uki(FHProf. Atsushi Miyawaki
I Laboratory for Cell Function Dynamics, RIKEN

Brain Science Institute, Japan). ¥ )t 1 i 3t ¥ £E
S BOBE L RS 97 L35 mm, NEST). 40 Jitg #% %% ik
7| TransI(KeyGen)s HOx([H 7). fifi 5 A54940 Jy
(KeyGen). 7% /N HTAPyk2. Pyk2-Tyrd02(Cell
Signaling). B-actinPi{£(Santa Cruz). 4il i T-DAPI
Pt ik & (KeyGen). ECLA G (KeyGen).
1.2 YHREIEFRFNEE S

JIls 925 ASA94M I A FH = BEDMEMKS 5% 2, s T
10% FBS, 7£37 °C. 5% COAMF FREF%, HE Y4124 h
BU AR, B SERIR R Y A, WO T
DMEM#5 774 5 Cameleon YC3.650R7 787018 2~1, T
N YA F TransIT % i i 2 0% 5 15 min. i il 577 22
Br g3k, FIPBSIELE3IR, IMANERE Y. 52
REE AN TCES A0 A AM(135 mmol/L NaCl, 2 mmol/L
KCl. 2 mmol/L. MgCL+ 10 mmol/L HEPES. 4 g/L %),
1.3 [Ca®|illE

FEFV10002 J0' 4 4 35 28 48 0 7 BE(Olympus,
Japan) W48 PRI BE [ Uf . TEASITRE. 95
Be Ay, BB RS AU K440 nm. CFP/
YFPAUEIE . 5%HOGHEE . PMT(CFP 890, YFP 774).
Pinhole(500 um). [F] i RAEDICEG, &5 sRAE 1,
HERAE22 min. FRGEUGAF9OLRE I Zeta e Ja, W
S i ZMBIN AH,04(50 mmol/L); 5 £ AN FEAR AL I, 17
41 HuAMB I ANBGTA®4 mmol/LyHonomycin(5 pmol/L), 15
HZeAe e Jm, M AN CaCl( L AER S mmol/L),
FEHILF R RIS, [Ca it AR N
Kd[(R-Rmin)/(Rmax-R)]"", : *'Kd=250 nmol/L, n=1.7,
R=530/480%(n A hill coefficient, & X T —/N & & & W
(BN I VE /N o n=1IRF, 2 AN T By ] 4
45 [N n> 1, BB A, B — AN A AL
AT AR A S 2R REEWLS G T
cameleon YC3.6K Ui, /e 5 %0)
1.4 Western blot

i FH UKV IPBSEE PR3, B 10K 3R,
RV A 3520 mmol/L Tris-HCl. 1 mmol/L EDTA.
50 mmol/L NaCl. 50 mmol/L NaF. 1 mmol/L Na;VO4. 1%
Triton X-100 11 mmol/L PMSF. 4 °C T, 15 000 r/min
B50030 min, B B3, % 5 s VA E R
80 gl K H18% SDS-PAGEHLIK /> 1, It 4
PVDFJ. 5% BSAZ i & 1412 h)E, /) B Ht APyk2.
Pyk2-Tyr402H1B-actin—#t T4 °CF 7 L &, 1t F$i
NRIgGT37 °CHEE2 h, ECLR GG . 2 EE3
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R, WPyk2-tyrd02M4 1 fb 2%+ FIPyk2 85 171 4% 45 43 K
JlImage Pro-Plus 6.08 1+ 147 #7306 % [ {1 (IOD) 7>
T, T3 FHIOD by -tyra0a/ TODpyio [ EL A 3K EU 5 X5) 1 4 AT
H, 0,40 FEZH 21 I Pyk2-tyr4 02 R Ak K -4 545 25 5+
1.5 DAPIZ: e 20 peE T

Yl L ZH, 0. FE 10 mini, H4%% 28 I =3
E10 min, JIADAPIZ R 30 min, 7513
HIOGWIEE TS, BEALIE ESN200% 8 T L E,
THE T A E L.
1.6 FitFHH

K HISPSS 13.048 U 2% A AT Hds 73 Mt S A L
J3 F Chi-square LU T 400 1 43 Ll N FH BN ttest PP
Pyl R AL K481k, P<0.05 4 2554 Gt 2 7 X o

2 FHR
2.1 H,OIERIRE[Ca* Tk

Cameleon YC3.6JJUKi 4% G J& 1 41 I 7440 nmif
RGO N Rt B 2k € 9, Y5 CFPIEEPMT
I 0 PR R A 4l i 2 IR i 1 7 B e (B 1A, T
YFPIHEPMT I N LA R A5 40 10 52 04wk 55 1 5 €65
(F1B), [7] i 5% 42 41 FIDIC P A% (B 1C) T XU i i
K& 1D). gl AN ANHL0, )5, 5650 5 1 28

(B1R2E) R AEARE, (90 B Wi gy, B9t
o4 JEE T T I 5, RAEL(530/480) il £k (161 2F) i@ T, Je
T2 E. £ AEGTA(4 mmol/L)+Ionomycin
(5 umol/L)Ji5, RAE(530/480) H TG B T 5, 2 Je B ik
/N2 dg /MERmin) 2 #4888 . 55 i1 AS mmol/L
CaCly, T 05 5 FE X A el 55, 7 €4 9 6o FEE PR
W08, RIE(530/480)12 4 14 K ik i KME(Rmax), f5 %
RREATAN. WAL EAR R A
fRI[Ca® 124k Y0 [l J42.28~918.12 nmol/L(/¥2), —4
A0 H I [Ca® TR Ak 5 ] J6.30~122.45 nmol/L(£13).
2.2 H,O,432 Y48 Bte N 2 Pyk2-tyr4 02 R4 ER 14

A SCHRHE, g0 M TR A A N A 1R, Pyk2-
tyrd02457 pii K A= W R A4 5 4l i P Ca 1) 1 2% D) A
FH B AT K FlWestern blot V2= 6 ITH,O, 40 21 11
AS4941 iy H Pyk2-tyr4021% IR 1L /K V- 10 A2 4k . Se it
SO HT g R B OR, 41 FTHL0,40 B A110Dpyio 00/
10Dy U AH 43 51 450.160 1£0.040 44110.474 7+0.074 9,
259 i 2 X (P=0.042), £ W AEH0.4F K
Pyk2-tyrd02f B AL /K F- Tt =i (&1 4) o
2.3 H, O BRIMAA S AT

SO %% 4 MuDIC K%, & I i AH0..2 T,
S N BE R A, TR AR, ] LB I 40 M A% A A

A: E440 nmk R AN WS 4k (59, I 1T CFPIEIEPMT I N 04 R (8 240 S DAL I 7 (U 500, B 3 YFPI IEPMTIF N 04 24 41 g

SIS T ETOE; C: AIDICK %, D: XUl iE fl & K4

A: the bright green fluorescence was observed under 440 nm excitation, and the image of CFP was pseudocolored with cyan after PMT modulation; B: the

image of YFP was pseudocloored with faint yellow after PMT modulation; C: the DIC image of cells; D: the overlap image of both CFP and YFP channels.
El1 %Cameleon YC3.6H9A54940 A, [/iXCa* {5~ EH
Fig.1 The Ca* indicator is expressed after the transfection of Cameleon YC3.6 in A549 cells
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200 300 400 500 600 700 3 900 1000 1100 1200 1300
Time (5)
AB C D
(F) 1.2 I 1 1
1.0 ¥ i
0.8 b X3 A

o LN i
~ T

IonomycintEGTA CaClz M

19 17 25 33 41 49 57 65 73 81 89 97 105113 121 129 137 145 153 161 169 177 185 193 201 209 217 225 233 241 249 257 265273
A: RINHO I % 1018 15 B: INAH0.)5, 4N [Ca™ 1 22 55 K %l 3E K4 C: i A\ Tonomycin+EGTAJ5, AN [Ca™ ] I B 42 d5e /N 453
T % D: INACaClyJi5, 4 Py [Ca® ] v 22 e K AR I 4538 38 PE5; B 20 (0 S 2R 0 15 (008 om0 fh il 28, 21 (5 j 28 b o (0 5 e B AR Ak il 2k
F: RIEAEAINZS .
A: cells without H,O, treatment; B: [Ca*"]; was increased to the top after adding H,O,; C: [Ca®"]; was increased to the bottom after adding Ionomycin

and EGTA; D: [Ca®"]; was increased to the top after adding CaCl,; E: the red solid line represented cyan fluorescence curve, and the red dash line was

yellow fluorescence curve; F: the ratio curve.
B2 HAAMERERRERE R EN[Ca” ]k

Fig.2 The time-lapse monitoring of [Ca®"]; by laserscanning confocal microscope in the red circled cells

200 300 400 600 700 800 900 1000 1100 1200 1300
Time (s)

(F) 1.2 ¢ l l 1
1.0
0.8 f\ l\‘
0.6 oo ANV A s Ly =
04 L § i ‘ \
02 TonomycintEGTA CaCl N
0
1 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 201 211 221 231 241 251 261 271

A: K INH0.0 #1844 B: MAHO0,J5, 4l N [Ca® [0 2 fe KIS &0 B4 C: il A lonomycin+EGTAJS, 41 [Ca® ] T B 22 e /M 53
TG, D: IIACaCLJ, 40 N [Ca® Tt e 23 de XA I #5338 S E: S S8k 5 (O AR A i 2k, Skt ke 46 0 38 6 5 nim e Ak 1 25
F: RGN .

A: cells without H,O, treatment; B: [Ca>']; was increased to the top after adding H,O»; C: [Ca®']; was increased to the bottom after adding Ionomycin
and EGTA; D: [Ca®]; was increased to the top after adding CaCl; E: the green solid line represented cyan fluorescence curve, and the green dash line
was yellow fluorescence curve; F: the ratio curve.

E3 SEEHABARERMTEITICa™ iNE
Fig.3 The measurement of [Ca*']; by laser scanning confocal microscope in the green circled cells
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(A)
Control H202
p-tyr402 - -
Pyk2 s s—

B-actin  ——  ——

(B)

10D ratio

0.8 010D(Pyk2/B-actin) ® [OD(p-tyr402/Pyk2)

T [ * 1
0.6 |

0.4

0.2

0

Control H202

El4 H,O. b3 B AS4920 i A Pyk2-tyr402FEER (L K EH S
Fig.4 The phosphorylation of Pyk2-tyr402 was increased in H,O, treated A549 cells

A: HOAE BT AN IE; B: ZHL0040 RS (RN, m WA M4 « AR /N L Gk i, A7 A0 E H IR B S (i Sk DT ); Cr ARZEHL 0, AR B ) 21 i

D: HoOAEBIIF AN, AT WAZ [ 45« Je O IRiEESE LL SR 2

A: cells before H,O, treatment; B: cells were found smaller in size and shrinked with strong refraction, showing vesicular membrane was bulging (ar-

rowhead) after H,O, treatment; C: cells without H,O, treatment; D: karyopyknosis, chromatic condensation and nuclear fragmentation were observed in

H,0, treated cells.

E5 H,O,{ZFHAS494 AT
Fig.5 H,O, promoted the apoptosis of A549 cells

17, oW B BRL(EISA). 41 il ZH,0,4t P )5 [Ca®'];
Fhen, ] WAl et gn. ARRUAR AN Pk R o,
AW S 1 A S S Y I B (1615 B), $ 7 4l M e A U
To. fEMF MR, 41 & H,0,40 2 )5 [ %2, DAPI
et o KB, TN A AL [ 4 H G R, %
Yot TR T AZ I — 10, A% R BN AN 2 1 ]
T /INA, LR T /NAR(EISD), i B2 40 i A% %
ASHN, Bty B A O5%EES0). 4R E
71 55 0t R ZH 40 AT G, HLOL A0 38 A 40 i 8 12 i 3

B h0(11.5%%4.0% vs. 60.0%+8.5%), 13 4t iF 2 = X
(P=0.000). FRATTAE S I WL 558 ik 4 v A IR, 40 i o
U OB . AN S, X AN BRI [Ca 40
5 197.16 nmol/LA1106.92 nmol/L, iX 7] it & 5] ik
S HLPE T BN Ca®' T, 5 40 B AR BARES A HL00 4]
W 52 B8 A7 2K

3 g
ARBFFCRIN, TEH0AE R, 40 i Py [Ca )T,
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B FASAYN AT, A Pyk2 8 (1 I IR L. 1E
S I R, 4l AN A A Ca, B AEHL 001
TR [Ca® T i I 1% A2 -1 40 J P 425 F26 (o 5 )
BETBCH R B Ca?, ] R A 40 M A T D9 PR A A Y 3
IS T A M T B W R I Pyk2 e — A
T-Ca® 8 TN, M40 M N [Ca® [T i, n) fig i
I 5 R A 45 A S Pk IR ALY, S R
RYUESHBE N, S5 A aimsht. fEA
WG, FATTH R IHL 040 B AS494H il 1, Pyk2-
tyrd 025 R A0 /K 7 2 2 T, #2755 il i N [Ca* ]
A e WFIT B, HyO,15 5 40 I 7° 15 45 i 4 %
DIAH ORI, FRATT I 25 B3R WIHLO, W] e i iE i3 A549
20 1 P RS T Ca?, 5 AN T, TS Ak I Pyk2
WREZ 5 THO I M T2 fE . SCkkiE
Pyk2 = 22 2 5 41 i IR G A R 40 B A7 3% £ 5 i
5, SLEEIR AL S5 AN MU T 1 K R H TR ANE 48, Pyk2
(5 A5 T T AR 5 8 2 (1) 8 R A F5 TIRABE L
TEARTFE, BTG T o8 40 L AR R 0L
J 55 AR B Ca* B o, TSI 0 I A A R 1)
H,0, (5 mmol/L. 10 mmol/L)I, ¥ M <51 i 2%
[FI[Ca* 1AL 4k, 7] A H 55 I W 52 I ] AN I
DR LA 7 58 i P2 TR HL O, IR P TR HL O 2 15 56
M) A SA94H f SLAh A= 24T A 1 T3 — DA
Ak, AHFFE A Cameleon YC3.6/50F7 4 G fitiJe:
ASA94 ik Ca? R R B 1, KR HIBOE IR
B SN SR HLO0 1 1 48 i P [Ca™ 7R AL, 3PN
AN PSS B [ Ca* AR A BN R — 3%, nT g
S T4 MR 2 1) 22 5308 O Ho O I S5 B AN [
AT I, INANHO,J5 RAE I R AHAS 2 F e 5 Bt v
K, HED AT B8 T 40 i ) Ca** 5 CaM I 45 5 AN
FasE I, 15 CameleonilIF5 R SE BN )1 %A K. MIAIA
Tonomycin+EGTA &, RIH H I8 38 K, FAT1 40 #r i
AT e FE TR [Ca® 1T T MU 2K i, Ca** YETonomycin
YEFTR, Akak i f 2% iz T 3 2 N [Ca 1) ke 8 T
Ao FRATIMEE R, Ca¥ F7 7~ E [1Cameleon YC3.66;
W[Ca 1A ) R BBURER , Th L BET 40 i 4 [Ca? sk
17 i, 132140 N [Ca> TR IE . #E[Ca? il ik
R, BN A% — 2L ] 8 (1)K 42FRET & Cameleon
ratiolll & [Ca® Tif1) F £ F $2, PRI 40 JHOIR A 2 4,
5 D) 25 S M i YU R R O R, T RERDAH[Ca? i
AL A G BIFRETHL G () 3545 38 1R il B 1R 32
SR B AR T 2L, Q) S% oG, R k>

PR, (4)IEFE2A LA A R 7 G I 4 e; (5)[R)
KA HUDICK %, HI M ai R A LU A5 A A
TERZ, B LI 960 B R R I AUE
Bl —

JE 4% 5| BeiftProf. Atsushi Miyawaki (Laboratory
for Cell Function Dynamics, RIKEN Brain Science Insti-
tute, Japan)1§ & f11Cameleon YC3.6/7 5.
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