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[# ZE] B8 2ME0EETT SO0 D2 HALO RS, 558 T R E RN, 2 x0T e
TooC JULZR0 ML P 55 8 3 Bl R R 7 A s ) (ELAS ) o 2B 9 400300 5 1 T 5 A B A 1Y, B 5 1 P i A% JUL 2
HE 45 & (calmodulin, CaM) | 45/45 8 2% 4K #8514 25 11 34 11 ( calcium/calmodulin-dependent protein kinase 11
CaMKIT) {355 S Ho AE P Ca®* 3 ShI5E IR TR T 8 VE BT O ED AE X i 15 Sh A se Bl . 3% o
W AR B 5 58U (Fi0, 1 10% ) Fl S A8 PR B WAL . ES86 1 A A 3 JE I, ] RT-PCR, Western Blot
T3 853 SRS I %ok B 2 RS 1 Bk 4 2H Sl 0 L AR L P CaM T CaMIK Ty , CaMKIIS mRNA FI4 14635 5 43 85 0 5 57 1E
O LA AT B 3 TR A, 187 FE O R A TR A G T B A0 JULAR I P Ca®* 355 ), [T st a7 ] CaMKIL R S 41 )

7l KN-62 , W58 CaMKIL 7EH B O ILAIIP Ca®* FEBIEE IR . SR S0 1 JAIAN 3 JE It 1 M S oo
JULAR LN CaM FiI CaMKITy ,CaMKII3 f) mRNA Fl1EE 3R HHEH Sh¥ i (P <0.01) s fESRA 1 A 3 JH 2 3y i)
CaM FlIl CaMKII3 Wf7-7E 2% 5 (P <0.01) ,{H CaMKIly Jo22 5% (P >0.05) , BOGCIRMAERTTR I, 18 PE B4 LA
P Ca 5 FE AR E DA JEE 57 >0.05) EBGEAT BEAE K (P <0.01) ] KN-62 I, At
BRI B ST (P <0.01) 6 HEBURAT (1 R0 LATIEPS CaVl T CaMKIL 4 L
B, ARFE A B WU P B AR 2, AT 7E — XEHTE}'?WQETTIUIJJ BEE o (H BB EI E] S, .0 DI R FT 5240 0F 7T 3%
DEERH [HhEL /LR ZE,2008,10(3) :381 —385]
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Effects of chronic hypoxia on the expression of calmodulin and calcicum/ calmodulin-
dependent protein kinase II and the calcium activity in myocardial cells in young rats

ZHAO Peng-Jun, PAN Jun, LI Fen, SUN Kun. Shanghai Children's Medical Center, Shanghai Jiao Tong University,
Shanghai 200127, China ( Email; pjunzhao@ sina. com)

Abstract: Objective Calcium plays an important role in the impairment of heart function and arrhythmia under the
condition of acute hypoxia, but the mechanism is different from that of chronic hypoxia. This study aimed to evaluate the
effect of chronic hypoxia on the expression of calmodulin (CaM) and calcicum/calmodulin-dependent protein kinase 1T
(CaMKII) and the calcium activity in myocardial cells through an animal model of chronic hypoxia in order to get a deeper
sight into the mechanism. Methods A chronic hypoxia model of the rat was prepared by hypoxia exposure (FiO, =
10% ). The expression of mRNA and protein of CaM and CaMKIIy and CaMKII§ in myocardial cells were measured by
RT-PCR and Western Blot in normal rats and hypoxia rats 1 and the 3 weeks after exposure. The cardiac cells of the rats
from the control group and the 3-week hypoxia group were cultured. Then the intracellular calcium activity was detected
using laser confocal equipment. The effect of CaMKII on the calcium activity in myocardial cells was evaluated by the
application of KN-62 ( CaMKII specific inhibitor). Results The expression of CaM, CaMKIly and CaMKII§ mRNA in
myocardial tissues increased in hypoxia rats compared with that in normal controls (P <0.01). The CaM and CaMKII§
mRNA expression was different between the 1-week and the 3-week hypoxia groups (P < 0.01). The laser confocal
demonstrated that the amplitude of calcium wave in hypoxic myocardial cells was not different from that in normal controls,
but the duration of calcium wave in hypoxic myocardial cells was longer than that in normal controls (P <0.01). After KN-
62 use, the amplitude of calcium wave decreased and the duration of calcium wave prolonged significantly. Conclusions

The contents of CaM and CaMKII in myocardial cells increased under condition of chronic hypoxia as a compensation to

[ i F J6112007-05-09 5 [ 161 F 11 12007-12-04
(MRS VRS ZE, 55 Wt TR BR I . IOy 1 /N LSE R A OISR A AL 53 1 A M2
LR IER Mg, B2, Bl Sl R B p B s i LB BE 2 A0 ik 45 :200127
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keep calcium homeostasis in a certain time. With more prolonged hypoxia time, abnormal electric activities of heart

occurred and the heart function may be impaired.

Key words:
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P P BRSO O JUE ) e R B 22 LT 52 2, ik
AUA O IR S Yy e el As SOH A Py 2 AL i A B
To DHEZERFIEH R ThRE S0 WM N Ca” A5 36
DA N AN A AR S A HEE LR, DN A
Ca** G T2 iy CaM 1 CaMKII 87, 58 £
B4 3k 45 s 20 Ik , 384 000 JUE B A7 4R T 0 UL
4 ffs CaMKIT [ 52 38 0 AN 9E PE G o o [RIAE, 12 P Bk
S AT 3 A0 LA M Py CaMIKIL g 3 14 384 i, H 92 4
AR B CaMKIT {5 PEIS I g AL o AN 2. B
FEl A CaMIKIL B A 5 A ) B T 4 28 2R 48, b0
A CaMKIT DIFEIIBFTE i = 2

A A e AR SRR B A AR A 7 R S K B
WG  RADLING ARG 5K 1 1 1 Sl 0 s 1 o Bl A2
J¥ Ffl RT-PCR ,Western Blot %5543 il AFF 55 18 1 B4
1500 L LA CaM F1 CaMKIL g 2% , 33 3o 1ot 58
SRR LA LN Ca®* 75 3, LSS M e 48 0}
LY RERE BTS2 I I T — DR H e AL o

1 #EFE

1.1 KIewha

Sprague-Dawley K B ( L8 P9 /R — L dL s
Sgm LR HE) 21 H HEE, A 20 Ao FEHLSY A 3
21, A0 B DR IE N IR B 1 RN 3 SR A
1.2 ZHAHE
1.2.1 RESADHBEAGE S
ley KB, A4 KAE B Hl B4R T, A S FIO,:10%
10 ~12 h/d, R 1 J8 ) 3 Ji . H A K Fd Ak
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1.2.2 RT-PCR # M) Algm i, CaM ,CaMKIT mRNA
o £ ik K] A TRIzol ( Invitrogen Life Technolo-
gies, California USA) 42 HUZH 21 5L RNA SR J5 dd ik
WL SR - P HEE A I H 1 5L Y mRNA &5k,
CaMI F 5% 5' GTCAGAACCCAACAGAGGCT 3’
FUiE9 5 GCAGGACCACCAACCAATAC3 H: PCR
=)k 519 bp; CaMKIly FiiF5]14) 5'TTTTCAGTTG-
GCAGGCAGAG 3" T 514 5" GGTTTGTGGCTC-
CATTAGGTG 3’ H: PCR =4/ 159 bp; CaMKII§
7514 5" AACTGGCAGACTTCGGCTTAG 3" T ii#5|
¥ 5'GTTCGGTGGGACATAAGGTT 3'H: PCR ;=¥ H
1 093 bp, WS N Bactin FIiF5|4) 5" CCTG-
TACGCCAACACAGTGC 3’ Ti#514) 5" ATACTCCT-
GCTTGCTGATCC 3’ H PCR 7= #1k 211 bp, H
MMLV 4% 55 ( Promega) 7£ 37°C 1 h W% 54
¢DNA, CaMKIIS fj PCR #" 4l 5  95°C .5 min i
A8 94°C ,1 min;56°C,1 min;72°C, 1 min, {EFF 30
W, )5 T2°CHEAf S min, CaMI  CaNKIly il B-actin
(IR JGR 530 57°C ,54°C A1 S5°C , AR KA ]
PCR ;=4 5 100bp DNA Ladder (¢34 ¥ T 14
A ) 15 2% S le BEBEIR F UK TR AL S B e (5, KAk
FEAONEEEE R IR S R R G AT . TR E Rt
Ay HrER 44 ( Tanon GIS 1D K43 #r 4k 4 Ver. 3.73 |
M R BERHA BRA W) #7404, PIA s B L ( H
FIFED/ B-actin) Dy FE DR 3K AR RHE o

1.2.3 Western Blot #m|.& plzm iz, CaM . CaMKII #4
Fadsm  JIREHSRUINRE A VKIA K RIPA
Zm i (1 x PBS, 1% Nonidet P40, 0.5% sodium
deoxycholate, 0. 1% SDS) , 1A 10 mg/mL PMSF
(Santa Cruz Biotechonology, California, USA) ,fif} J&
24 i K 30 min, JUESL.AE H 4°CTF 10 000 r/min
B0 10 min, fIrfs FIEBCON AR . BCA kit
745 H 5k B2 ) % ( Pierce Biotechnology , Inc. 1L,
USA) , 43 A4 fi B S0pg Jin 25 & BLAY 2 x SDS
(125mM Tris-HCl (pH 6.8,25C) , 4% W/V SDS,
20% Hifi, 100mM DTT, 0.02% W/V EL ) FAE
GEMOT A 4 ming SRJE TR LR R S
AW & B R FR UE (Cell Signaling Tecnology, MA,
USA) B 10 ik, L 12 % df4E Tris2 SDS 5
PR I fie 5 1 T 15 B L Uk & 48 (SE 250, 3£
Hoefer 0 F]) FLIK 3 ~5 h J5 BUR BERE, 5 5 S AiF R
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LI AER N (36 Sigma 230 H]) Je TURANZ ] HLA
R R ED 8 ~ 12 ho X PR 4T 4k R I vk 5
T3P B CaMIgG | E4T K Bl CaMK Iy TgG B,
PR B CaMKIISIgG (1: 1 000, 32 [F Santa Cruz Bio-
technology) i 1 h, SR IS AR BRAR i 451 9
bR bt il = =40 (1: 1 500) P& i1 h, 7
SuperSignal West Pico k% & 3617 & ( Pierce Bio-
technology ,Inc. IL, USA) Az ij 5 min, X 2 Ji¢ F i
6B ER . B X LB TR A R
tr 2245 (Tanon GIS 1D EMZ 43 ¥k A4: Ver. 3.73
KAERHECA IR R e Hbsi AL 5, i 2
M GAPDH &4 LR G Ge 14 #T
1.2.4 R ER £ S I e R Ca" E 3
IR T A (0. 25% BTG + 0. 1% i it ity 45 14
BURAT) 10 mL,37. 0°C /K Ik 5 #% (100 1/min)
HIHAL 15 min, BARTCHE, 75 B0 SR UCIH fik
HATHLEA , B R AL 58 A5 A2
WS ARSI R 55 24 h 20 i 5 8 )5 oot
ILIARSIYG IO 0 G BE A A Y B e TR
mr, imA 1 mL DMEM $53% /% 1 10 pL. Furo-3-AM
FOCERER,37. OCHHIRAR HEF 30 min, L BIE
W, FH DMEM 56 3 O, SRR A 1T mL BR 52K
B A AR FOCIE RN A i B & |,
ASHLEF T HC10 ~ 15 A2t B [ F R4 T R A4, 394
BCHE 3 s —MWT, ZELLA T 100 W, 7EFH 10 Wi
BEIA Sl KHE FRRE LKL 107, 505
20, JBCHS 0 B B A B, TR LR, A
1 mL DMEM #5323/ il 10 pL Furo-3-AM 264541,
37. 0CHEIRAR P IEE 30 min, SRJ5 A KN-62 , ffiifk
JEi5%) 0.01 uM/mL, fE AR P IEF 20 min, #1749
E , AR BOE X B4, 1 Carl Zeiss LSMS Tm-
age browser FRAFX A HE G AT S AL 31T
1.3 fritz4atiE

F SPSS for windows 11.5 47808403, B 48
HI Y% + ARUEZE (v £5) FIR, NS ILECR T ¢
Krg, o) 2= St U BCR T 2290 o
2 #HR
2.1 RT-PCR R

18 P A0 R RO LA A CaMT . CaMKIT mR-
NA F£ikpIsZm (£ 1), CaMI, CaMKII3 mRNA &
TEHHFNGRAE 1 A, B 3 22 8], DL k4 1

JARI3 I Z I b 22 5 A B (P <0.01);
CaMKIly ) mRNA FiEHIA[R, IE 5 A R4 1
4 AR 3 R AL IR, 2 R A BEME (P <0.01) ;{0
B SRS B 3 SR AL R 25 5 0

2.2 Western Blot Z5 5§

PP B K B WLAR . CaM | CaMKIT 25 175
RN (#2) . CAMI H1 CaMKIIL § 1E 7 £H Al 4
1,3 A DA S 1,3 JRI 4 2 0] 25 S A o 2 1k (3
P <0.01) ,1fif CaMKIIy D J g 1F 5 41 F ik S 41 A 22
5 AR 2 R 2= e B E
2.3 HAHRELRER

TEH AP B AL D LA N [ Ca® " i A8
R 3, B 1,2, LA, ELHYE FIRER
(NA)VE T Wi4LCo L2 B85 38t i 32 G B 8 25 575 AL
B AL S AR b B R A OE R OR BB A K
(P<0.05), FJ KN-62 4bBHAYIE 5 2H e o i 20
D HLANIEAE NA FE R, 48 1 Sl 42000 UL 20 805 0
W B I, A L A 5 0 W 2 S S (P
<0.05) 5 {FMZ P e S A1 45 8 A8 Ak B R A8 0E KR
FERK W E 25 A B EME(P <0.05)

*x1 FEEAMBEEE OIS CaM, CaMKII &

E 3 18 3HE
o CaMI CaMKIId CaMKIly
seap 1 gy AL 011001 0.5010.07 0.3910.04
P b B 4EA1 0. 192 £0.03° 0814 0. 04 0.594 0. 05°
EE4] 0.125£0.02 0.532+0.12 0.387 0.02

g3 | |
18Pk B4 ZH 0. 312 £0.06° 1.525 +0.28* 0.563 +0.06

a: SFIE R 2 SR 1A ST 3 A4, P <0.01

x2 EFEMEHSREXROHNMAMEE CaM F1
CaMKII £\ & £H3E
Iyl CaMI CaMKII3 CaMKIly
. L IEEA 0.074£0.02 0.316+0.03 0.289 +0.05
i 18 M4 2 0. 121 £0.02a 0.601 £0.07° 0.726 +0. 10°
53 Ewg 0.082 +£0.02 0.376£0.02 0.341 +0.04
PB4 ZH 0. 174 £0.01* 0.760 £0.11* 0.807 £0.07

a: M MEEUA 1 RLURNE R A, B 1 R AL E e 3 R4l Wi

5,1 P <0.01

*3 WRAMIWAPEEMEHRIOAHAEA

Ca’ BUBH
e RS KN-6 15 1T KN-62 f: 38
IR I (s) IRl W E(s)
E#4L 33.63+1.58 75.85£7.22 34.06+2.34 74.4 +4.74

TPk 32.91 £2.41 89.56 +12.45* 29.82 +3.41* 93.86 +12.7*

a: I AURMS PR B 2 18] Fe 5, P < 0. 05
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