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Why Calcium?

Double positive charge provides increased affinity for negatively charged proteins
but lower affinity than larger divalent cations such as Cu, Zn, or Mn.  The
coordination chemistry of Ca is higher and more flexible than for Mg.

The fact that Ca complexes with inorganic compounds and to proteins suggests
that the maintenance of low [Ca] intracellularly would require less energy than for
other cations.  The maintenance of a large transmembrane gradient is critical for
a second messanger ion.

This large transmembrane gradient  provides the signal-to-noise ratio required for
efficient signal transduction.

Resting intracellular [Ca] is ~100 nM versus mM extracellular [Ca] or a
concentration gradient of ~10,000.
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Role of Ca++ in contraction
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Excitation-contraction coupling

Ryanodine receptors

P r o pe r tie s o f C alci u m R e lease Ch an n els

R ya n o d ine  R e cep to r s

R y R 1 R y R 2 R y R 3
Siz e (a mi no a ci d s)

of m ono m er 5,0 3 7 4,9 7 0 4,8 7 0
Siz e (d a l ton s ) o f

m o nome r ~ 565, 0 00 ~ 560, 0 00 ~ 560, 0 00
S ed ime n tat ion
c oef f icie nt of

tet rame r
30 S 30 S 30 S

S to ic h iom e tr y o f
F KB P /R yR 4 4 4

Si ng le c h a nne l
c on d u c tan c e
in C a 5 0 m M

~ 120 p S ~ 120 p S ~ 100 p S

Si ng le c h a nne l
c on d u c tan c e

in Cs 2 5 0 m M
~ 540 p S ~ 540 p S ?

E n d og e n o us
m od u la to r s

µ M Ca a c t iv ate s y e s y e s y e s
m M C a inh ib its y e s y e s y e s
m M Mg in h ib its y e s y e s y e s

ki na s e s y e s y e s ?
ph os phata ses y e s y e s ?

DH P R in tera c t io n y e s ? ?
c a lm o du li n y e s y e s y e s

ad e n ine
nu cl e o t ide s y e s y e s y e s

M g A T P y e s y e s y e s
N O y e s y e s ?
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Pharmacology of Ryanodine Receptors

RyR1 RyR2 RyR3 Site of action
Xanthines
(caffeine) activates activates activates Ca activation sites

Ryanodine
/ryanoids

subconductance
state

subconductance
state

subconductanc
e state

carboxy
terminus

ruthenium red inhibits inhibits inhibits
Ca binding

site(s)/channel
pore

Antraquinones
(doxorubicin) activates activates activates ?

FK506 &
rapamycin activates activates activates FKBP12/12.6
Purinergic
agonists/

antagonists
(adenosine)

activates activates activates ATP binding si tes

Calmodulin
antagonist

inhibits inhibits inhibits calmodulin binding
site

Local anesthetics
(tetracaine) inhibits inhibits inhibits ?
Dantrolene inhibits inhibits ? ?

Phenol derivatives
(4-chloro-m-

cresol)
activates activates ? ?

NO generating
compounds Activates/inhibits Activates/inhibits ? ?
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Voltage-gated ion channels
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RyR2/calcium release channel phosphorylated 
by addition of cAMP alone
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IP3 Receptors

IP3R1 IP3R2 IP3R3
Size (amino acids)

of monomer 2,749 2,691 2,685
Size (daltons) of

monomer 313,000 ~300,000 ~300,000
Stoichiometry of

FKBP/RyR 4 4 ?

Endogenous
modulators

IP3 activates activates activates
nM Ca activates yes yes yes
µM Ca inhibits yes yes no
ATP <2 mM activates activates activates
ATP >2 mM inhibits inhibits inhibits

tyrosine kinases activates ? ?
phosphatases ? ? ?

Pharmacology of IP3 Receptors

IP3R1 IP3R2 IP3R3 Site of action
(caffeine) inhibits inhibits inhibits Ca activation sites
heparin inhibits inhibits inhibits ?
2-APB inhibits inhibits inhibits ?

xestospongin inhibits inhibits inhibits ?

IP3 signaling



17

Stable transfectant 
Jurkat T cells do not

express IP3R1

IP3R1
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Activation of IP3-gated Ca2+ channel by fyn
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