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Fig. 1 Channel activators and thiol oxidants increase the size of the protein crosslinking clusters

(a) Channel activators and thiol oxidants increase the Z-average of RyRs. (b) Channel activators and thiol oxidants increase the distribution of RyR
clusters. [RyR1]: 10 mg/L; I: Control; 2: 10 wmol/L GSSG; 3: 30 wmol/L Na,SeOs; 4: 50 wmol/L 1, 4-NQ; 5: 2 mmol/L 1-methylxanthine; 6: 2 mmol/L
theophylline; 7: 2 mmol/L theobromine; 8: 2 mmol/L Caffeine. [1: RyR(%); @ : Clusters(%). The data shown are the x + s(n = 5).

2.1.2 3 R FFAHI I ) UK 51 A WA A Rk
>3l TE ) B RE AE IR R (DTT. GSH) AT 4 4] 51
(tetracaine. procaine A RR)FI1E 2 A~V 3 ki 12k
NE 2a), 155G 31.4 nm(CON), 4 5l &
26.6. 29.6. 26.8. 26.7 A123.9nm. K4 THEW
By be R B, A e A R (8] 2b). Hod,

procaine i K 7> 15 459 LA B R 1H) 20.6% T [+
2 1.4%, HAl 4 Hh KRG TR A
X H A 38 A R AR S R A R ) R R AL T
KPR, FERAAAL N, RN FEERAEAE
fEAA.



2013; 40 (8) RYEE, Z: FIETA B TR R S 8RN B S5 R U B R A R A R *769¢
b
(@) 35 ®) 120+
sof [ + 100+ T = = = o
2l saline
s 80
£ 201 z
2 £ 60f
Zost 2
40t
10}
| ol %
0 0 I

Fig. 2 Channel inhibitors and thiol reducers decrease the size of the protein crosslinking clusters

(a)Channel inhibitors and thiol reducers decrease the Z-ave of RyRs. (b) Channel inhibitors and thiol reducers decrease the distribution of RyR clusters.
[RyR1]: 10 mg/L; I: Control; 2: 500 pwmol/L procaine; 3: 500 pmol/L tetracaine; 4: 1 wmol/L RR; 5: 10 mmol/L DTT; 6: 100 wmol/L GSH. [1:

RyR(%); B : Clusters(%). The data shown are the x + s(n = 5).

22 BERAEFINI TS RER
A CAEC A UED], A5 b Bk H 0 s

7Y B AT R WIE W, L ryanodine.  Se.
1,4-NQ. NADH Fujunf 556 F 2 4] RyR1 HLil
TEFFIRG, Bk R 5 R 41, 3 e S B U
SR FEAGRETA. 1M i 2% S Ry 4 i) 38 e AT &b A
)38 T FFHORT SR B EGRE - 101500, R, SR
JIT 2652 1) T AT RS0 28 0E WA A o 11 8t e o)
RyRI1 IR, ASZEG 0 LAl ryanodine &5 5 11
Ti R G IR TE 0T RyR #1511

B3 Hhnf DU, w5 AL A 10
PR RO T SR AR T BRI, A
71 GSSG(10 wmol/L, PFHEXFHR), W& i caffeine
(1 mmol/L). theophylline(1 mmol/L)#1 theobromine
(1 mmol/L) 73 nidE 45 5 fe 1 ETH T 37% 44%.
30%F1 24%. IEJEF GSH(100 wmol/L, FHENT ).
DTT(10 mmol/L), #il5f] procaine (500 wmol/L).
tetracain(500 wmol/L)F1 Mg>(1 mmol/L, PFHPEXT )
AL EIE S B RE N B T 74%. 61%. 22%.
28%FN 43%.
23 BEERBEXTEAESER
2.3.1 o‘%uﬁ RS AT TE 2 1 ) PR S A
/b ZnCl, 1 Na,SeO; &b A, BAT TR RyR1
(IR RSO PE R, BEAE IR LA A0 2 I H 56

N
[

g
=
T

I—'—!

—
(=)
T

Ryanodine bound(nmol-g™)

[=]
W

JELGERT

CmnJ] 2 3 4 5 6 7 8 9 1011

Fig. 3 The effects of channel modulators

on the [*H]-ryanodine bindings
0.5 g/L SR vesicles were incubated in binding buffer in the absence
(Con) or presence of different oxidizing agents with 1 nmol/L [*H]
ryanodine at 37 °C for 3 h. Con: Control; /: 10 pmol/L GSSG; 2:
1 mmol/L caffeine; 3: 1 mmol/L theophylline; 4: 1 mmol/L theobromine;
5: 1 mmol/L NADH; 6: 100 pmol/L GSH; 7: 10 mmol/L DTT; 8: 500 pwmol/L
procaine; 9: 500 pmol/L tetracain; /0: 1 mmol/L EGTA; 1/: 1 mmol/L
Mg*". Control: n=6. The rest: n=3.
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Fig. 4 RyR modulators affect the free thiols on RyR
(a) Channel activators and thiol oxidants reduce the number of reactive thiols on the RyR. /: Control; 2: 10 wmol/L ZnCly; 3: 30 wmol/L ZnCl,; 4:
500 pwmol/L caffeine; 5: 500 wmol/L theophylline; 6: 500 wmol/L theobromine; 7: 30 wmol/L Na,SeO;; 8&: 10 mmol/L NADH; 9: 300 wmol/L

ryanodine. The data shown are the x + s(n = 5). (b) Channel inhibitors and thiol reducers increase the number of reactive thiols on the RyR. [RyR1]:

0.2 mg/L; [CPM]: 10 wmol/L; I: Control; 2: 500 wmol/L procaine; 3: 500 wmol/L tetracaine; 4: 1 mmol/L MgCl,; 5: 1 mmol/L EGTA; 6: 100 wmol/L

DTT. The data shown are the «x + s(n = 5).
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Fig. 5 Results of photon bleaching assay about electron transfer properties of modulators
(a) Oxidants are electron acceptors ([Na,SeOs]: 1 mmol/L; [GSSG]: 1 mmol/L). e—e: Control; o—o : Na,SeO;; ¥—V : GSSG. (b) Reductants are
electron donors ([DTT]: 50 wmol/L; [GSH]: 50 wmol/L). e—e: Control; o—o: DTT; v—v : GSH. (c) Activators are electron acceptors ([caffeine]:
1 mmol/L; [theobrome]: 1 mmol/L; [theophylline]: 1 mmol/L; [1-MXT]: 1 mmol/L). e—e: Control; o—o: Caffeine; Y—V : Theobromine; A—A:

Theophylline; m—m : 1-MXT. (d) Inhibitors are electron donors ([tetracaine]: 50 wmol/L; [procaine]: 50 wmol/L; [RR]: 50 wmol/L). e— e : Control;

0—o : Procaine; ¥—V : Tetracaine; A—A :RR.
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The Effects of Ryanodine Receptor Modulators on The Calcium Release
Channel Functions According to Their Electron Transfer Properties’

SONG Wei-Tao, ZHU Qian-Rong, YE Yan-Ping, XIA Ruo-Hong™
(Department of Physics, East China Normal University, Shanghai 200241, China)

Abstract Ryanodine receptor (RyR) locating in the sarcoplasmic reticulum (SR) is one of the most important
calcium release channels. It is known that RyR is rich in functional thiol groups, which play crucial roles in
controlling channel gating, therefore the protein is quite sensitive to the redox environment. The main purpose of
this research is to understand how the RyR1 modulators in general affect the channel gating according to their
electron transfer properties. In this research, methods such as CPM labeling, photon correlation spectroscopy (PCS)
and [*H]-ryanodine binding experiments were used to detect the change of free thiols' population, the diameter and
distribution of protein complex and the gating state of RyR1. Furthermore, we used photon bleaching assay to
determine the electron transfer property of the modulators. The results show that the channel activators and thiol
oxidants appear to be electron acceptors that affect RyR1 in the same manner, which is to decrease the free thiols
on RyR1 and to increase the size of the protein crosslinking clusters. In contrary, channel inhibitors and thiol
reductants appear to be electron donors and their effects on RyR1 are opposite to activators and oxidants.
Therefore, we propose that the similar electron transfer properties of channel modulators results in the similar
effects on RyR1 by changing the local redox environment around the active thiols, inducing changes in
thiol/disulfide balance and RyR1 gating.
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