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Jeffrey Thomas Emmick

Functional Separation of the Biphasic Actions of Ryanodine.

Ryanodine, an alkaloid purified from Ryania speciosa Vahl,
exhibits two opposing actions on the sarcoplasmic reticular Ca2+
release channel (SR CRC) of striated muscle. Lower (nM to low uM)
concentrations activate (open) the channel whereas higher (high pM)
concentrations deactivate (close) the channel. Direct binding studies
have failed to establish the number of binding sites on the SR CRC.
The aim of the present study was to further characterize the
structural and functional characteristics of the SR CRC at the whole-
cell and subcellular levels.

The primary objective of the first section of the thesis was to
identify and characterize a membrane current that is regulated by
Ca2+ and could thus provide a potential means by which to evaluate
the biphasic actions of ryanodine. The present study demonstrates
that delayed rectifier K+ current (Ipr) does not exhibit Ca2+
activation in guinea pig ventricular myocytes. However, ryanodine
did enhance the amplitude of the slow inward Ca2+ current (Igj).
Ryanodine also prolonged the action potential duration of the
myocytes. A possible mechanism for these results, based on
alterations in intracellular Ca2+, is proposed.

At the subcellular level, the present study evaluated the effects of
ryanoids and allosteric modulators of the SR CRC on Ca2+ fluxes across
SR membrane vesicles. The results demonstrate that the
concentration dependence of activation by ryanodine varies
independently of deactivation when allosteric modulators of the SR
CRC are present. The study also demonstrates that two C10-Oeq semi-
synthetic derivatives of ryanodine possess only activator effects on
the SR CRC. The addition of allosteric modulators produces a leftward
shift in their activation profile that is very similar to that observed
with ryanodine. These results, together with evidence from previous
studies, support the premise that functionally independent binding
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sites on the SR CRC are responsible for the biphasic effects of
ryanodine.

Finally, the present study demonstrated that the anti-cancer
agent, suramin, functions both as an activator of the SR CRC and an
inhibitor of the Ca2+-ATPase of the SR membrane. Suramin exerts its
effects on the SR CRC at a site distinct from the ryanodine binding
site.

vii



Dedication
Acknowledgements

Abstract

List of Figures

List of Tables

Table of Contents

................................................................................................

..................................................................................

..........................................................................................

L I OUCTION. ..o e e e e e e et eee e et ee e e eeeaaan s

Co oy

=R

TOTMmY AW

Preface. .....ooooueeieiiee e
Striated Muscle Cell Ultrastructure................ocvveeeeeni....
Functional and Structural Differences Between
Skeletal and Cardiac Muscle.............ccccoviiiiiiiiiinin..
Initiation and Regulation of Contraction by Ca2+
Ion Fluxes Across the Sarcolemmal Membrane
Removal of Intracellular CaZ+............cccoocoeiiiieiiieice .
Structural Aspects of the Sarcoplasmic Reticulum
Structure and Function of the Sarcoplasmic
Reticulum CaZ2+ Release Channel................ccoooeeeeeiiienen.n,
Regulation of the Sarcoplasmic Reticulum

Ca2+ Release Channel........c.cccocivuiiiiiiiiieiceniie e
Alterations in Regulation of the Sarcoplasmic
Reticulum Ca2+ Release Channel by Ryanodine................
Structure-Activity Studies Among Ryanoids........................
Hypothesis and Rationale for the Present Studies............
1. Electrophysiological Studies..................ccocooiennn.
2. Subcellular Molecular Pharmacology.........................

viil

P
o O 00 1 W

S

1

o

14

15
19
22
22
24



II. Methods

A. Whole-Cell Voltage Clamp Experiments...........................
1. Isolation of Guinea Pig Ventricular Myocytes
2.  Recording Procedures.................cocoveviiviieeeeie e,
3. Recording of the Delayed Rectifier K+ Current
4. Recording of the Slow Inward Ca2+ Current

and Myocyte Action Potential.............cocoeeininniiieannnnnn..

B. Studies of Ca2+ Fluxes Across Isolated Sarcoplasmic
Reticulum Membrane Vesicles...........cocoeoiiiniiiiiii,
1. Isolation of Crude Skeletal Sarcoplasmic

Reticulum Membrane Vesicles..........ccoocciinin
2. Sub-Fractionation of Crude Skeletal Sarcoplasmic

Reticulum Membrane Vesicles.......c.oocooocnniinniiiiii.
3. Isolation of Crude Cardiac Sarcoplasmic

Reticulum Membrane Vesicles.............
4. Sub-Fractionation of Crude Cardiac

Sarcoplasmic Reticulum Membrane Vesicles...............
5. Ryanodine Relative Binding Affinity Assay.................
6. Assay of CaZ+ Efflux from Passively Loaded

Sarcoplasmic Reticulum Membrane Vesicles...............
7. ATP-dependent CaZ+ Accumulation Assay...................
8. Assay of Sarcoplasmic Reticulum

Ca2+-ATPase ACHVILY...cccoooeviiiiiiieieie e
9. Statistical ANALYSES.......ccovvrveiiiiiiiiiiee e
10, Materials......ccoveeiiiiieiiniieicicieee e

...........

TIL. R ESUIES . . o ieien et ettt eee e e e e e e e e e

A. Whole-Cell Voltage Clamp Experiments..............cccoeeeniinnn.
1. Ca2+-Dependence of the Delayed Rectifier
K+ Current in Guinea Pig Ventricular Myocytes.......
2. Effects of Ryanodine on the Slow Inward Ca2+
Current in Guinea Pig Ventricular Myocytes..............
3. Effects of Ryanodine on the Action Potential of
Guinea Pig Ventricular Myocytes...........ooooeiii,
B. Separation of Ryanodine's Dual Actions at the
Subcellular Level..........oooiiiiieeiiie et
1. Comparing the Functional Properties of Pure
Ryanodine with those of Pure Dehydroryanodine.....

1X

26
26
27
30
32
33
33
34
35

36
37

38
40

41
42
472
44
44
44

50



10.

11.

12.

13.

14.

Augmentation of ATP-dependent CaZ+ Accumulation
by Ryanodine and Dehydroryanodine.............................
Effects of AMP-PCP on Activation and Deactivation
Induced by Ryanodine..........cccoooevceeiieiiiiiiiic
Effects of AMP-PCP on Ryanodine Binding.....................
Effects of AMP-PCP on Activation and Deactivation
Induced by Dehydroryanodine.........c.coocooeeieeiiiiiiiiin L.
Effects of AMP-PCP on Activation Induced by
B-alanyl-ryanodine.............ccccoeeeieiioiiieei e
A Pharmacological Analysis of Guanidino-
propionyl-ryanodine.............cccoceiiiiiniiiininiie e
Blockade of the Modulatory Actions of

AMP-PCP with Suramin.........ccoocoeeevimniiiiiiiiiiceee e,
Effects of Suramin on Ca2+ Efflux from

Sarcoplasmic Reticulum Membrane Vesicles..............
Effects of Suramin on [3H]Ryanodine Binding.............
Effects of DTT on Suramin-induced Ca2+ Efflux

from Sarcoplasmic Reticulum Membrane Vesicles......
Additive Effects of Suramin and AMP-PCP on Ca2+
Efflux from Sarcoplasmic Reticulum

Membrane Vesicles..........cccccoviiiiiiniiiiiiieecee e,
Effects of Suramin on Ca2+-ATPase Activity of
Junctional and Longitudinal Sarcoplasmic

Reticulum Membrane Vesicles.............ooooeeciiiiiiiiieiininnn
Effects of Suramin on ATP-dependent Ca2+
Accumulation by Junctional and Longitudinal
Sarcoplasmic Reticulum Membrane Vesicles.................

J V2 B I LY 101 L) ) VOURUR RO UER U OO ST TR TUR TR

A. Whole-Cell Voltage Clamp Experiments...............................
B. Effects of the Ryanoids on Sarcoplasmic Reticulum
Membrane Vesicle CaZ+ FIUXES........cccoovveiiiiiiiiieiiiiisecceeiee

1.

2.

3.

Comparing the Functional Properties of

Ryanodine and Dehydroryanodine....................c.....oo.
Effects of the Adenine Nucleotides on the
Functional Properties of the Natural Ryanoids...........
Effects of the Adenine Nucleotides on the
Functional Properties of the Cjp-Ocq

Ester Derivatives of Ryanodine..................ccociii

70

78

79
83

83

88

90

93

93

95

96



C Pharmacologic Actions of Suramin on the

Sarcoplasmic Reticulum...............cc.ooooooiiiiiiiiiiiicce e 99

D, CONCIUSIONS. ..o e e e e et e e 101

E. FULUIE SOUAIES. ..o ooeeeeeeeeeeeeeee ettt e e s 102

V. REIEIENCES. ..o e e 104

X1



