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BEEBG KR OULA A H - Ryanodine 25 & 5712 4L

AHE JRE HERZ BAa MEE

UAE] HH WEGRN-FHEEMRGARDLNAREKE BEZHh RyREAHFERT. HiE HHE
Wistar J B EEHL 4% IRT A B F A (Sham) A , G5 WK 3 bk A2 £ T &8 52 IR A, °H - Ryanodine 145
LSEAFAEHOUIMAKEZ L RR BXESEECGna) MIREFR (KD . 48 KR ONAREEES
FEM A8 RyR,IRI 413 Sham 4 Bmax B 29 % (P<<0.01).Kd 2 % F B Ftk (P>0. 05), IRl AF Sham 4
O LA B 2 1 S S (PMA) -+ BE IS B 2 B8 (PSY AL /5, Bmax 3 18 3 3 0 (P ¥ <0. 01) , {2 IRT 4 3§ 1
& B 82/ (P<<0.01); IRT 4 A Sham 4 /D ALAI K% £ Ca** -5 iH R (CaM) 4 B 5, Bmax ¥ B K (P B <
0. 05),{8 IRT ZH 08 B /N (P<<0.01) 5 ERALEMPEAH Kd T B ER W (P ¥>>0.05). &g IRI.LH
#HHI% RyR 4 Bmax BB ;2 PMA+PS fil Ca®t- CaM &7 J5 ,Bmax fY B H] &, M Kd T %.
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Changes in the feature of *H - Ryanodine binding to cardiomyocyte nuclei in reperfusion injury in rat
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Pharmacology, College of Fundamental Medical Sciences, Third Military Medical University, Chongqing
400038, China

[ Abstract]  Objective
cardiomyocytic nuclei in reperfusion injury in the rat, and the effects of phosphorylation regulation on the

To investigate the changes in binding features of *H - Ryanodine
binding characteristics. Methods Healthy male Wistar rats were randomly divided into ischemia/reperfusion
injury (IRI) group and sham - operation group. IRI model was reproduced by ligating the left main coronary
artery for 30 minutes followed by reperfusion of the heart for 3 hours, while in the sham ~ operation group
the animals underwent a thoracotomy only for 3.5 hours. Cardiomyocytic nuclei were isolated by sucrose
density gradient centrifugation. The maximum binding capacity (Bmax) and the dissociating ratio (Kd) of
Ryanodine receptors (RyRs) were measured by radioligand binding analysis as well as Scatchard plot. Results

There was a high affinity of RyRs to bind with *H - Ryanodine on the nuclear wall of rat cardiomyocytic
nucleus. Compared with that of the sham - operation group, Bmax of RyRs of IRI cardiomyocytic nuclei was
decreased by 29% (P <Z0.01), but there was no difference in Kd between two groups (P> 0.05). With
phosphorylation by activating the endogenous protein kinase C (PKC) with phorbol myristate acetate
(PMA) +phosphatidyl serine (PS), Bmax of both sham and IRI groups were increased markedly (P<{0.01>,
but in the latter group it was less increased (P<C0.01). With phosphorylation by Ca’*~calmodulin(CaM),
Bmax was decreased in both sham —operation and IRI groups(both P<C0. 05), but was less decreased in the
latter (P<C0. 01). However, both PMA +PS and Ca’*~CaM did not change the Kd of nuclear RyR in either
group (both P> 0.05). Cenclusion After IRI, Bmax of °*H - Ryanodine of cardiomyocytic nuclei is
decreased and the impact of PMA + PS and Ca’t - CaM on the Bmax is impaired, but the affinity of
*H - Ryanodine to cardiomyocytic nuclei is not altered under above circumstances.
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i W22 IRI K B0 L4 B #°H - Ryanodine
CH - Ry) % & ¥ i e A8 LA R B BR b 3T H 45 &
¥, 5 7EHEH O L4 RyR £ IRT
AIRERIYE .

1 HEFFE

1.1 FBPEEHESHH: KEEILS B ERFR
(Sham) ZE 1 IR1 4H , ¥ Maulik %% J5 B 0% 7F oit i -
IRT £ 25 28 3 45 L 5 R 3 Bk 22 ) 3 T B0 L sk 1
30 min, PR HMHRAILLEBCCNLHE#E 3 hiSham
HFERERGI, AutEBA 3.5 h, EREHGE,
MU T ER BT B A, SZ B A 50 ml 7k TKM ¥
(Tris —HC! 50 mmol/L, KCl 25 mmol/L, MgCl,
5 mmol/L,pH 7. 5)i% ZZL 41 M . M| YL LR B
FkZEM ETFETHES IRI RBARE QMRS
ERG X, T RGO RTFKSERE.
1.2 CHAMZE 5 B EE O o B
YE SCHR C6 B fE oicatt - AL RIS A 5 L d
S AR CE B 250 mmol /L. 2 B Z B B
(EGTA)>1 mmol /L. ZH 5 #E B (DTT)1 mmol/L,
% B BB % (PMSF) 1 mol/L . BBk % 1 mmol /L.
M EKEE 1 mmol/L. EEEM K 1 mg/L # TKM #3,
AT IS IREILRBRIT RAHREH 1L,
200 H JE 1 Rt 3855 80> (X1 500 g, 10 min), F L
W. BUUER s BRBENIXSRBFEEKRAK
15 KRG B (X1 500 g+10 min) , % L&, KL
A 1 EEBRHE MR ACGERESE 1 mol/L 1
SENFORPRIE BMA 3 SRR R
B(ERESE 2.5 mol/L M5 KA B RTIRS, i s
BEREHER.C (X110 000 g,60 min) , ITIEE Kt
WL 4ifatz. ERERIEHE O~4 CTHT. XH
Lowry T EA R R, KM KITDNA B8, &
B BRI & LR A7 e 5 - RER S ALK
HEBEBEE- 6 -BIMEIEE, R AR
ELRR R SRR IE MR SR T 1 .

1.3 CHU4MRZH-Ry R G AT . 4a8R
WFENBES 37 CT#HE 90 min, RYZEWRA
A F: 25 mmol/L — B¢ M, pH 7.4;1.0 mol/L
KCl; 1. 013 mmol/L CaCl,; 0.95 mmol/L EGTA
(20 pmol/L Ca’**),*H -Ry 0. 5~16. 0 nmol/L, %
K5 UAE, DA % 1k (& 166.6 mmol/L
KCl,33. 3 mmol /L — B B, 16. 7 mmol/L NaN,)
MR 10 15, B W ZE B 38 47 4 38 B (FL 42 0. 45 pm)
AT EE, L 5 ml 7K % /9 2 v (& 25 mmol/L
B 1.0 mol/L KCl; 1. 013 mmol/L CaCl,;

0. 95 mmol /L EGTA,pH 7. 2) % ., 18T/
N TR W, B W I i 30X (Beckman, 1.86500) ]
Bat R E. RS S E 20 pmol/L HIIEARID
Ryanodine fF & F#ATHMIE, A L4 G BH 15%~
30% . ‘H-RyW¥ B Perkin Elmer 7 #,Ryanodine
W Sigma 22 H].
1.4 B (PMA) + BEIEBEZ &M (PS) .Ca® -5
AR (CaM)X°H - Ry G &R WA B B H
LA B H B R 200 pg > B 28 1 (30 mmol /L
Tirs - HCl,pH 7. 2,10 mmol /L. MgCl,,10 mmol/L
NaF, 1.5 mmol/L EGTA, 0.3 mmol/L ATP) 1,
EEHRXARSE OS5 pmol/L. PMA, 40 pg/ml PS,
0.1 mmol/L CaCl,;®1 pmol/L CaM,0.1 mmol/L
CaCl,,20 CHBEE 5 min, HE A KA RILZHE
(1 mmol/L NaF. 1.5 mmol/L EGTA. 10 mmol/L
Tirs -HCl,pH 7. )% B 10 fFUA K L R V., &L
(X5 000 g)30 min, KA TTIEH 4 ML A T°H - Ry
ZEA K CaM . PMA .PS ¥ H Sigma 2AF].
1.5 HWFIph 2k &% Scatchard fEIE . £ B GraphPad
Prism 4 edition {4 %F 5 & ¥ oF ¥ #F 17 40 &,
BFrEs MM AHEYNEREGRR
(Bmax) fl# 55 ¥ ¥ (Kd) {H , #4T Scatchard fEA.
1.6 Hit#4 . FRUMETREEGE)E
7~ Student’s ¢ R HITHRITF L,
2 & R
2.1 AN OCUIARERIEGE D . BEEERHE
R B0 B O LA R E B T 2B
KWEE, CHRERIsE:AEEI TR ASK
f1/40~1/35,EHK 5 DNA & B&LHL{EHN 6~8,
B I 25 %0~ 3500 5 40 B &% T2 40 A 4 20 o 3 g
BRI ERTIRY 5% .

£1 ODNORSHARBEERIEYNE (cts.n=6)

Table 1 Activities of marker enzymes in myocardial

homogenate and nuclei(x+s,n=6)

i HEn-c REE S-BHKE EHNKK A8
- (nmol » mg=*-h™1) (nmol-mg~'-h"') (nmol-mg~'-h"1)
IR kALY 93.616.0 278.5177.8 510211 088
AHBN) 3.741.9" " 7.9+ 2.7% ¢ 66+ 547 °
N/H(%) <4 <3 <2

E G OUAR L. P<0.01; L 3 HIERH N L mg BH
/& & AT A % nmol Pi, J§—1 % nmol Formazon

2.2 IRIGCHLAMEH - Ry 4 & FreEf s &
(M 1,% 2):"H-Ry & 50 8xR. X O
B F R E &R /18 RyR, H Kd 4 nmol/L 4 ;
IR1 2H5 Sham ZH H. %, RyRs ] Bmax BE{K29% ;1
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2.3 PMA+PS F Ca?*-CaM 3HUHI4HREECH - Ry
2 A ERY B (3 2) IRI A1 Sham 4.0 UL 40 M
¥ % PMA +PS 4 ¥ J5,RyR # Bmax 4 5 3% 0
0.8 f&H1 1.5 4%, b B /5 Bmax ¥ NIEH £ E;{H
IRI #H Bmax 3% 148 4% Sham A B4 8 8/ . IRI
21 F0 Sham ALALA B £ Ca®t - CaM b H 5
Bmax 437l BEK 14 %00 30%4, BEBR L #I /5 Bmax [&
B3 ,{H IRI 4 Bmax & {KHE & Sham 418 §
wh. PEFALEE X IRT A1 Sham 2.0 AL 40 A
# RyR #y Kd ¥JJTC B %0 ,

i e £
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Figure 1 A typical saturation curve and Scatchard plot for
3H - Ry binding to nuclear RyRs
x2 AR UNAREH - Ry S &4514 R PMA+PS,
Ca*" - CaM FINg (x+s,n=5)
Table 2 Characteristics of *H - Ry binding to rat
cardiomyocytic nuclei and the effects of PMA-+PS
and Ca’*- CaM (x+s,n=5)

k% 03 CRARH
il g PMA+PS Cazt-CaM
Kd(nmol/L) Sham # 0.840.2 1.0£ 0.1 0.940.2
IRIA 0.940.3 1.0t 0.4 0.940.4
Bmax(pmol/g)  Sham 73.015.9 184.6£15. 222 5].246.1428
IRI# 56.545.3% % 99.5410.288  48.5%4.92

.5 Sham @ &« * P<<0.01; SRAZ L
AP<C0. 05,248 P<C0.01

3 W i
MRS RSETIH IR FEHMUT

BB RyR & IP3 F 4 LA K AL FRR SRy Ca®t -
ATP g X% 1P4 Z 4k, & RyR K IP3 Z k%
IR AR A Ca B AN EED, &
TR A, IR LU KEZH - Ry B Bmax
Sham 20 Bf B RE K , $2 7 38 18 30 H 5/, W T 7638 8
FF ik $5 # (probability of opening,Po) A~ AF Bt 4E £
B HE 1K B4 . {fH RyR # Po 2 B #EE E#9 837, 10
Ca’™ .Mg*" .ATP.CaM FI 3 {k — BE MR I8 B i
(cADPr)%, %41 RyR #3818 Po 7E A #F % Ca**
WET 248 dZ, B RyR WERBRBIEE R A R
e Ca® B, S RELE SR iFE Ca IR
P& MK RyR H i1 Po; Mg fl CaM i@t A [A] H1 il
/N RyR B Po. ] W ,RyR #y Ca** B HE S1 R E
TFEEHEHMPo AMEE. BRAFLRAWE Po
B (BRI HERR T IRI B4 RyR %0 H 3% N i 338
Ca®™ BB RS,

W3R, RyR 5% 8 (i & 0 ¥ E A (PKA))
LR E E B R EF (40 PP1 Al PP2A) 5843 & AL 2%
(adaptor) FE HH B K5 F» B RyR #9456 B B0E
2B BRI/ BRI BEVIRAY AL P RA
BRI PMA+PS ISIENEHEN EA HKEE C
(PKC) R 40 Ca’* - CaM W BERL 1k 18 35 %+ 40 B
%'H-RyZ &M Em . 2 25BN PMA4-PS 5
FA.CULA BB RyR B Bmax ¥ 8 Z 3810, {H IRI
28 3% v BE BA B /D F Sham 40 1 55 0 Ca®* - CaM
J= WA Bmax ] &g FREAK, (H IRT 20 F& K 8 B BH
S/NF Sham A, 7] A, IRT LALLM RyR g Xt
PMA+PS S8 N PKC B iE, B & Xf Ca®t -
CaM A W AT RV EBHISH . FLTRERAEER,
IRI.PMA+PS 8 Ca’**—CaM b B A kAL L4
HiEZ RyR By Kd, Bl RyR 5°H - Ry £/ A%,

IRI G4 M RyR B Bmax BEKERE M EE
H— B N M5 M RS54 B R RESEAY,
TERE EREVIHECH . M mETF.OUAKRA
FEREHFREFTURBEREEEE, SHEAHR,
IRT %L UL4H M RyR mRNA §LH#A B 0] 5 B RE K,
B TH B RyR 5 B R #E13% RyR KX RME
W, 8 IRT .- AL4 i %% RyR B9 Bmax R A]ES
RyR ZATFHEEX. KEWFFRIEHA,IRT L UL40HaE
AR E BENERS MR EREHBK. EEH
ETUBTAREL R ERE RS FHR . F L5
FYRRERR EE—REWHTR, mEE Rk
FENT R . i IRT.OULAEHIE RyR ) Bmax BEKRY B
b= FET R RIREHESBWZEREA
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H.ZHREASHERRAIEELR, EETEEE
RAREAKEN A, B W, IR & O] B[] B 77 1E
RyR FixBH MM & RyR BREpy I, &
2B IR G KR RyR ) Bmax BEK. & L5
R, ZEHR I PMA+PS & Ca®t - CaM J5,IRT L
MMIE°H - Ry 45 & ¥ LE Sham H B B8/,
BB A /IR A SCHRIGE , AR E AR RS
B[ MmF) Ca’*- CaM 5 RyR &S FIHEAE SRR
PO, EEALPIH AT, Ca’t - CaM 5 RyR M55
SIBEAK, T KIS Ca’t - CaM Xf RyR i & ¥
il IRT-LALARMIFETERH B ALY 8, P E)] Ca®t -
CaM 5 RyR B 456 FIXHEE EER T, XWIFA
FA A B FT LUARRE 9] IRT Bt Ca®* - CaM XL AL4H
Bia# RyR () Bmax BE{KE: Sham 4/,

B Z,IRT L4 M #°H - Ry B Bmax BE1K.
PMA +PS 3% A ¥ PKC K Ca®* - CaM Xt AL
MM #%°H - Ry Bmax BZ MK 55, Kd Fo A B 57,
XK :
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1 =Bt

BE. B33 . ENEEH ER
BLE4hEHALFH . L& 5.5
. zZhTAR. ARREEK. KR
K 37.4 °C, WU $0 3 35 25 K /min, ML
% 127.5/90.0 mm Hg (1 mm Hg =
0.133 kPa),fk#§ % 100 &K /min, BiHlE
EHMEE NBEALSASEH.ER
3 mm, X RS R 0B A . H
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L, 1 L SB K aVF T #AKE M,
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RS ES SEESRIT EEEG
HEBRE SEZM. AR 6hGEE
HASR. BEREFS K ARER
28 mmol/L L& 686 umol/L. JR B & E
600 mmol/L . B MaAEH 1.46 g/L;
FREH - WBC 10~14/5 45008 , T 40 B
RBO2~3/SG M REH(++), |k
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17X 10°/L ,Hb 100 g/L, LW . 5% ¥ Rk
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